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Summary

Executive functioning o f cognition and emotion in chronic M DM A
(ecstasy) users.

Gloria Roberts 
Department of Psychology & Institute o f  Neuroscience 

Trinity College 
University of Dublin 

2009

Drugs of abuse produce widespread effects on the structure and function of neurons 
throughout the brain's reward circuitry, and these changes are believed to underlie the 
long-lasting phenotypes that characterize addiction. Ecstasy (3,4- 
m ethylenedioxymethamphetamine) is a drug often in the headlines owing to concerns 
about its contribution to the death of young people and also to whether its widespread 
use will result in an ‘epidem ic’ of people with cognitive problems later in life. To 
date, most studies have investigated the effects of Ecstasy on adult animals. Although 
loss of serotonergic neurons in non-human primates has had a powerful impact on 
how the danger o f  ecstasy is perceived, whether it occurs in humans remains 
controversial.

This thesis focuses on microstructures of specific cognitive subcomponents as they 
may be more likely to reveal deficits than using standard batteries o f  complex 
executive tasks. More specifically, the research presented in this thesis uses cognitive 
functional magnetic resonance imaging (fMRI) in chronic ecstasy users to investigate 
differences in neural activity related to response inhibition, learning and memory 
functioning, processing of drug-related cues, and emotion regulation. Given that the 
literature is suggestive that females may be more susceptible to the chronic effects of 
ecstasy sex is included as an independent variable, and menstrual cycle phase and 
contraception usage is controlled for between ecstasy and control groups.

Using fMRI this thesis has provided strong evidence for alterations in the executive 
components of cognitive and emotional neuronal processing in ecstasy users. 
Dysregulations were observed in ecstasy users with respect to response inhibition, 
learning and memory functioning, processing of drug-related cues, and emotion 
regulation. Furthermore, these results were independent o f  sex, promoting future 
studies to take menstrual cycle in to consideration and reducing the rationale for 
excluding women from pharmacological studies.
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Chapter 1 In t roduction

Chapter 1

General introduction

Ecstasy is the most comm on street name for 3,4-methylenedioxym etham phetam ine 

(M DM A) or its analogues. This compound is also known as "xtc," "adam," "eve," or "x" 

and is one o f  the m ost widely used illicit drugs (Scfifano, 2000; Schifano et al., 2003). 

M ost commonly, ecstasy is ingested in tablet form, but it is occasionally smoked, 

injected, or absorbed as a suppository. Ecstasy is likely to contain other substances such 

as caffeine, ketam ine, and/or ephedrine, and interestingly one analysis o f  "ecstasy tablets" 

revealed that 29% o f  tested samples constituted o f  no ecstasy and 8% contained no 

psychoactive drugs (Baggott et al., 2000). Ecstasy is a ring-substituted amphetamine that 

was first produced by a German pharm aceutical company, Merck, in 1912 as an appetite 

suppressant for German soldiers during World W ar I. During the 1960s and 1970s, there 

were a few reports o f  ecstasy being used to facilitate psychotherapy. Ecstasy was declared 

illegal by the U.S. Drug Enforcement Agency in 1985. Use escalated during the 1990s 

and early 2000s and in different investigations, 0.5% to 39% o f  young adults reported 

using ecstasy on at least one occasion (Murray, 2001; Pope et al., 2001b). Ecstasy is 

believed to predom inantly m ediate its effects through the serotonergic system and this 

chapter comm ences by examining this mechanism o f  action along with the consequential 

brain abnormalities that are associated with the use o f  this illicit compound.

In the short-term, users lose their inhibitions, feel euphoric, and are stm ck by an initial 

rush o f  energy, "butterflies" in their stom ach and tingling, followed by a warm euphoric
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Chapter 1 In troduction

glow with increased empathy towards others. Users feel "in tune" with people and the 

world around them. Early effects include sweating, a dry mouth and throat, dilated pupils, 

raised blood pressure and more rarely, psychosis or death (Fineschi et al., 1999; O 'Connor 

et al., 1999). The "crash" occurs 24 to 48 hours later, where m uscle aches, depression, 

fatigue and decreased concentration are common (M organ, 2000). The long-term effects 

are more controversial and will be discussed in detail in this chapter. Em phasis is given to 

the concern that chronic ecstasy users m ay be particularly vulnerable to dysexecutive 

problems. As sex has been identified as an important factor in moderating the effects o f  

ecstasy, potential explanations for the apparent sex differences will also be examined. It is 

emphasized that the inclusion o f  females while controlling for menstrual cycle phase and 

contraception intake might help explain inconsistencies in the literature.

Addiction

DiTjg addiction, is a chronically relapsing disorder that is characterized by a compulsion 

to seek and take a drug (loss o f  control in limiting intake) (Ellison, 2002). Both clinically 

and in experimental animals, the occasional or limited use o f  an abusable drug is 

distinguishable from repeated drug use and the developm ent o f  addiction. (Koob et al., 

2004). Preclinical and clinical reseai'ch is now beginning to produce convincing evidence 

that the repeated administration o f  drugs o f  abuse can bring upon changes in the brain at a 

molecular, cellular and circuit organizational level (Volkow et al., 2002; Volkow, 2004). 

The neural mechanisms underlying addiction and reinforcing effects constitute o f  the 

mesocorticolimbic system, in particular the ventral tegmental area, nucleus accumbens 

(NA), amygdala and prefrontal cortex (PFC) which act by m eans o f  dopam inergic and
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C hapter 1 I nt roduct ion

glutamatergic pathways (Figure. 1). (see Feltstein et al., 2002 and Everitt et ai., 2008 for 

an extensive review).

Figure 1. Addiction circuitry (a) Four circuits that have key interdependent and 
overlapping roles in addiction: (l)Red=  reward prediction and the core substrates o f  
pleasure in the nucleus accumbens (NAcc) and ventral pallidum (VP); (2) Purple= 
memory and learning, and the main substrate o f  conditioning in the amygdala (Amyg) 
and hippocampus (HIP); (3) Green = motivation, drive and salience evaluation in the 
orbitofrontal cortex (OFC); and (4)Blue= cognitive control responsible fo r  restraining 
cravings, in the prefrontal cortex (PFC) and anterior cingulate gym s (ACG). (b) 
Hypothetical representation o f  drug dependence. Compared to the right non addicted 
brain: (I)Red =salience o f  drug is enhanced; (2)Putple=salience o f  associated cues is 
enhanced; (3)Blue=the magnitude o f  inhibitory control is weakened; (4)Green= red 
purple and green from  b results in the motivation to become a compulsive drug 
user.(adaptedfrom Baler and Volkow, 2006)

(b ) NON-ADDICTED BRAIN ADDICTED BRAIN

PFC PFC
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Chapter 1 Introduction

Mechanism of action and neurotransmitter involvement

Ecstasy m ainly acts as a substrate releaser with high affinity for the serotonin (5-HT) 

transporter. The binding o f  ecstasy to the serotonin transporter both increases 5-HT  

release and inhibits 5-HT neuronal reuptake ; (Rothman et al, 2002; de la Torre, 2004; 

Parrott et al., 2005). Ecstasy is in addition, a weak inhibitor o f  the degrading enzym e 

m onoam ine oxidase (M AO), and this mechanism may also contribute to increased 

synaptic levels o f  monoamine neurotransmitters (de la Torre, 2004; Parrott et al., 2005). 

Doyon (2001) reviewed the basic pharm acology o f  ecstasy toxicity, reporting the onset to 

be 30 minutes, with maximum effects in 1 to 3 hours and a half-life o f  16 to 31 hours. 

Although ecstasy induces an immediate serotonergic response, a state o f  relative 

serotonin deprivation secondary to increased consumption o f  stores and reduced synthesis 

becom es apparent at a later stage (e.g. B ynie et al., 2000). This decrease is associated  

with the loss o f  serotonergic terminals (M cKenna and Peroutka, 1990). h is assumed that 

neurotoxicity is mediated by the construction o f  free radicals followed by a dem olition o f  

neuronal cell membranes (Colado and Green, 1995).

Ecstasy also affects non-serotonergic neurotransmitter system s (Battaglia et al., 1988). 

Recently, in a primate study, Capelo et al. (2007) provided evidence that direct 5-HT2a 

receptor stimulation produces intracellular oxidative stress that leads to a neuronal 

apoptosis accompanied by capase 3 activations. Although the dopaminergic system  does 

not seem  to be affected by ecstasy-induced chronic neurotoxicity, extracellular dopamine 

(D A ) concentrations may raise transiently (W hite et al., 1994) and possib ly be mediated  

by the activation o f  5 -HT2 heteroreceptors (Gudelsky et al., 1994) and after high doses o f
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ecstasy, by an inhibition o f  DA reuptake. Neurotoxic effects o f  ecstasy were minimised 

after experimental inhibition o f  the dopaminergic system (Stone et al.,1988; Schm idt et 

al., 1990), whereas vegetative reactions remained unaffected (Liechti and Vollenweider, 

2000). However, within the hippocam pus, the neurotoxic mechanism appeared to be DA- 

independent (Shankaran and Gudelsky, 1998). The activation o f  the GABAergic system 

m ight inhibit the release o f  DA leading to a reduction o f  DA-m ediated neurotoxicity 

(reviewed in. Green et al., 1995). The administration o f  clom ethiazole (sedative and 

hypnotic that acts on GABA (gam m a-aminobutyric acid receptors, which cause the 

release o f  the neurotransm itter GABA) before and after ecstasy exposure revealed a 

neuroprotective effect in the neocortex and hippocam pus (Colado et al., 1992). Recently, 

Granado (2008) provided the first evidence that the striatosomes and matrix 

com partm ents o f  the mouse striatum  are differentially affected by ecstasy and that chronic 

neurotoxicity induced by ecstasy in the mouse is prim arily associated with a reduction o f  

striosomal DA fibres. The neurotoxic effect o f  ecstasy is not ftilly understood and even 

though the predom inant contributory neurotransm itter is 5-HT, m ost probably it has to be 

regarded as a concerted action, with multiple transm itter systems involved (Fischer et al., 

2000). As there are consequent long-term serotonergic decreases, we will examine 

ecstasy’s effect on the serotonergic system  in m ore detail.
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Markers of serotonergic neurotoxicity

Primates that are administered ecstasy develop persistent losses in various markers o f  5- 

HT axons, including 5-HT, 5-hydroxyindoleacetic acid (5-HlAA), tryptophan 

hydroxylase, and the 5-HT transporter (Commins et al 1987; Schmidt 1987ab; O 'Heam  et 

al., 1988; Ricaurte et al., 1988; Slikker et at., 1988; Insel et al 1989; M olliver et al 1990), 

which suggests a distal axotomy o f  central 5-HT neurons (McCann et al 1998a). In 

animals, the loss o f  5-HT axonal markers is long lasting (Insel et al 1989; Ricaurte et al., 

1988) and may, in some brain regions, be irreversible (Fischer et al., 1995; Ricaurte et al., 

1992a). Even seven years after ecstasy treatment, the density o f  immunoreactive 

serotonergic axons was reduced in monkey cerebral cortices (Hatzidimitriou et al., 1999). 

Recently Busceti (2008) reported that ecstasy increases tau phosphorylation in the 

hippocam pus o f  mice. Although serotonergic im painnents in non-human primates has 

had an influential impact on how the effects o f  ecstasy are perceived, as we will see in the 

next paragraph, w hether it occurs in humans remains controversial.

In humans no difference in cerebrospinal fluid concentrations o f  5-HIAA was found 

between ecstasy users and control participants (Peroutka et al., 1987). As a m easure for 

the fianction o f  the serotonergic system Price et al. (1989) investigated the prolactin 

concentration after administration o f  L-tryptophan. In comparison to the control group, 

prolactin secretion was reduced in the ecstasy user group but the results were not 

statistically significant. In a later study, 5-HT concentrations in the cerebrospinal fluid o f  

ecstasy users were found to be reduced but prolactin concentrations following the 

administration o f  L-tryptophan were sim ilar in both groups (M cCann et al., 1994).
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(Verkes et al., 2001) reported that ecstasy use is associated with a blunted neuroendocrine 

response to 5-HT agonist challenges, and Gerra (2000) provided data to indicate that 

neuro-endocrine impairm ent may be due to a partially reversible neurotoxic action. In this 

latter study, Gerra (2000) reported that the stimulation o f  the serotonergic system with 

fenfluramine resulted in a significantly reduced release o f  cortisol and prolactin in ecstasy 

users after 3 weeks o f  abstinence but 12 months later cortisol concentrations were 

reported to have nonnalized whereas the prolactin concentrations remained decreased . A 

post mortem study o f  a single ecstasy user revealed striatal levels o f  serotonin and 5- 

HIAA but not DA to be reduced (Kish et al., 2000). Chang (1999) found elevated 

concentrations o f  myoinositol and inteipreted the result as an expression o f  a reactive 

gliosis after neurotoxic lesion in a m agnetic resonance spectroscopy study.

Neuroim aging

Imaging studies have examined serotonin receptor binding, m etabolites, blood flow, 

blood volume, glucose uptake, structure and functional activation encom passing several 

very different measures. There is little in the way o f  replication o f  findings, but the most 

consistently implicated structures that have shown ecstasy effects belong to the 

frontostriatal (thalamic) cerebellar network.

Receptor binding

M easures o f  5-HT transporter (5-HTT) availability are generally considered to be a 

m arker o f  the num ber or integrity o f  5-HT nerve term inals, even though the validity o f  

this assumption has been questioned (Kish et al., 2002). The first positron emission
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tom ography (PET) study found that serotonin transporter binding in primates was 

decreased 40 days after ecstasy exposure in al! brain regions examined but after 9 and 13 

months, specific binding in the hypothalamus had increased above initial rates whereas it 

remained decreased in the neocortex (Scheffel et al., 1998). Also using PET, M cCann et 

al. (1998a) found a global and local (frontal, cingulated, occipital, and parietal cortices; 

striatum, cerebellum ) reduction o f  serotonin transporter binding in ecstasy users 

compared to controls with the radioligand carbon-11-labeled McN-5652, which 

selectively labels the 5-HT transporter. This decrease was positively correlated with the 

lifetime ecstasy doses. Using single photon emission computed tomography (SPECT), 

Semple et al. (1999) found the binding rate o f  the specific ligand [123I]B-CIT to the 5-HT 

transporter to be reduced in posterior cortical regions o f  ecstasy users as compared to 

participants who had taken drugs other than ecstasy. Using the postsynaptic 5-HT2A 

receptor ligand [123IJ-5-I-R91150, Reneman et al. (2000ab) conducted a series o f  SPECT 

imaging studies. In the first o f  these studies, binding was significantly decreased in 

frontal, parietal, and occipital cortices in 10 recent ecstasy users (abstinent 1-8 weeks) as 

compared with 5 former ecstasy users (abstinent 8 or more weeks) and 10 control 

participants. The fonner users had slightly higher binding ratios than control participants 

and this correlated with impaired performance on a delayed memory task (Reneman et al., 

2000a). In a com panion regional cerebral blood flow (rCBV) study (using contrast- 

enhanced MRI) o f  a subset o f  each group, decreased rCBV and serotonin receptor binding 

were positively correlated in the globus pallidus and occipital cortex in 3 recent ecstasy 

users. Increased rCBV was found in 2 former ecstasy users but not in 3 current ecstasy 

users or in 8 controls (Reneman et al,. 2000b). The elevated binding rates may reflect a
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possible expression o f  a serotonin receptor up-regulation following the lesion o f  

serotonergic afferents.

However, there has been much debate about the limitations o f  these investigations with 

regard to the individuals studied and the imaging protocols used. Nevertheless, more 

recent studies using the same tracers have reported reduced 5HTT levels throughout the 

brain o f  current ecstasy users (e.g. thalamus, left caudate, hippocampus, occipital cortex, 

temporal lobes, and posterior cingulate gyrus) (Buchert et al., 2004; Thom asius et al., 

2003). However, in ex-users, 5HTT levels were not significantly different to those in a 

control drug-naive population. In these studies, another control group o f  polydrug users 

who did not use ecstasy was included for comparison. In this polydrug control group, a 

trend towards increased 5HTT levels was seen compared with drug-naive controls, 

suggesting that ecstasy m ight have a specific effect on 5HT neurons. More recently, 

Thomasius el al. (2006) reported that the reduced 5-HTT can be restored in abstinence. 

The mechanisms underlying this altered 5HTT availability and recovery are not yet 

determined but might provide important potential therapeutic targets.

Cerebral blood flow

Since the cerebrovasculature is regulated partly by the serotonergic system, ecstasy may 

affect regional cerebral blood flow (rCBF) in humans. Using SPECT and PET Chang et 

al. (2000) reported abstinent ecstasy users showed no significantly different global or 

regional CBF compared to the control participants. However, within the 3 weeks
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following ecstasy administration, rCBF remained decreased in the visual cortex, the 

caudate, the superior parietal and dorsolateral frontal regions compared to baseline rCBF 

and decreased rCBF tended to be more prominent in participants who received the higher 

ecstasy doses. Two participants who were scanned at 2-3 months after ecstasy 

administration showed increased rather than decreased rCBF. Low-dose recreational 

ecstasy use does not cause detectable persistent rCBF changes in humans. As mentioned 

above, increased rCBV was found in 2 former ecstasy users but not in 3 current ecstasy 

users or in 8 controls (Reneman et al. 2000b). Reneman et al. (2001b) reported rCBV 

measured by contrast-enhanced MR imaging to be higher in 8 ecstasy users who had been 

abstinent for 3 or more weeks compared to controls. The lack o f long-term rCBF changes 

may be due to a non-significant effect o f serotonergic deficits on rCBF, or regeneration o f 

serotonergic nerve terminals. The subacute decrease in rCBF after ecstasy administration 

may be due to the direct effect o f  ecstasy on the serotonergic system or the indirect effects 

o f  its metabolites on the dopaminergic system; the preliminary data suggest these effects 

may be transient.

Cerebral glucose uptake

Cerebral glucose uptake is also considered to be indicative o f neural activity. By means o f 

fluorodeoxyglucose (FDG) PET, Obrocki et al. (1999) found that ecstasy users had 

reduced glucose metabolic rates in the hippocampus and striatum and increased rates in 

Brodmann’s area (BA) 10 and 11 compared to controls. In a later PET study o f regional 

cerebral glucose metabolic rate in ecstasy users (Obrocki et al., 2002), metabolism was 

significantly reduced in left amygdala, and bilateral caudate/putamen, with global, non-

10
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significant reductions in all areas studied except BA 10, where there was a non-statistical 

trend for increased m etabolism  in ecstasy users.

Proton magnetic resonance spectroscopy (PM RS) studies that provide a way o f  m easuring 

brain m etabolites have indicated normal N-acetylaspartate (NAA), Creatine (CR), and 

Choline (Cho) in the hippocam pi o f  ecstasy users (Obergriesser et al., 2001). Chang et al., 

(1999) did not specifically study the same regions reported by Obergriesser (Chang’s 

occipital voxel was m idline and did not overlap with the BA 18 occipital region reported 

by Obergriesser), but did report increased parietal and occipital m yoinosito (Mi) with 

nonnal NAA. Mi is taught to be a glial m arker with increases potentially indicating brain 

insult or ongoing repair processes. Conversely, Reneman et al., (2002b) examined 

m idlrontal and midocciptal grey and m idparietal white m atter using IH MRS, finding the 

ratios o f  NAA to creatine and choline were lower in the Irontal grey m atter o f  users 

compared with nonusers, and reductions correlated with the extent o f  previous ecstasy 

use.

Voliimertic brain morphology

Cowan et al. (2003) used volumetric brain morphology (VBM ) to com pare grey and 

white m atter concentrations in the brains o f  human ecstasy users com pared to control 

participants. Several brain regions were reported to have decreased grey m atter 

concentration in ecstasy polydm g users: neocortex in bilateral BA 18, left BA 21, and left 

BA 45, as well as bilateral cerebellum , and m idline brainstem.
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Functional im aging

Using fijnctional magnetic resonance imaging (fMRI), Jacobsen et al. (2004) showed that 

ecstasy users failed to deactivate the left hippocampus during high verbal working 

m em ory load. In another fMRI study during a working memory task, Daumann et al 

(2003a) revealed that heavy but currently abstinent ecstasy users showed increased 

activations in the parietal cortex compared to controls. This sample consisted o f  polydrug 

users. A subsequent study was conducted comparing users w ithout significant 

concom inant use o f  o ther drugs, polydrug users and matched controls. This verified that 

parietal effects were ecstasy specific, although in inferior temporal regions, the angular 

gyrus, and striate cortex, ecstasy-specific differences were evident in the opposite 

direction (Daumann et al 2003b). Also studying abstinent users, Gouzoulis-M aylrank et 

al. (2003) reported that memory dysfunction in heavy ecstasy users may be related to 

hippocampal vulnerability. In a longitudinal study using fMRI, Daum ann et al. (2004a) 

reported that continuing ecstasy users revealed a dose-dependent increased parietal 

activation during a m em ory task, in the absence o f  performance deficits during the 2 

testing periods. During an immediate and delayed memory task, M oeller et al. (2004) 

reported that during the delayed m em oiy task ecstasy users showed greater functional 

activation in the medial superior frontal gyrus, in the thalamus extending into the 

putamen, and into the hippocam pus, compared to controls. During a fijnctional task 

involving the retrieval o f  face-profession associations from episodic memory, retrieval- 

related brain activation in ecstasy users was lower and more spatially restricted in the left 

anterior hippocampus com pared to controls (Daumann et al., 2005). Results from another 

m ore recent fMRI study (Jager et al., 2008) reported that ecstasy use was associated with

12
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altered brain activation during associative learning in the left dorsolateral prefrontal 

cortex (DLPFC) and right middle occipital gyrus. It is also o f  interest that in this study 

both amphetamines and ecstasy affected associated memory-related brain activation but 

that these effects were in antagonistic directions in prefrontal and middle occipital 

regions.

The diverse methodologies employed to examine ecstasy’s effects on brain function and 

structure mean that studies are not always in agreement. For example, regions shown to 

have altered serotonergic function or altered neurochemistry or m etabolism  in most 

neuroim aging studies do not consistently overlap with brain regions o f  reduced grey 

m atter concentration reported in the study o f  Cowan et al. (2003). For instance, McCann 

et al. (1998a) did not report reduced 5-HTT in the temporal cortex but it was reported in 

the hypothalamus, midbrain, caudate/putamen, cingulate and parietal cortex and regions 

did not show reduced grey m atter concentrations in the Chang et al. (2000) study except 

for the finding o f  anterior cingulate concentration loss using the more sensitive threshold 

to produce SPMs. Reneman et al. (2001c) reported increased apparent diffusion 

coefficient and increased relative cerebral volume in the globus pallidus o f  ecstasy users, 

but other studied brain regions included frontal and occipital cortex, which did not reveal 

any deficits. W hile several neuroim aging studies have employed various different 

m easures yielding inconsistent findings, 5-HT has consistently rem ained the predom inant 

neurotransm itter associated with ecstasy use. This m onoaminergic neurotransm itter is o f  

vital importance to cognitive and emotional functioning.
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5-HT and cognition

5-HT has been impHcated in the regulation o f  a range o f  cognitive and executive 

fijnctions. Short term reductions in 5-HT, induced by tryptophan depletion, have been 

reported to produce a rapid lowering o f  mood in normal males (Smith et al., 1987; Young 

et al., 1985) and a relapse in remitted depressed patients (Delgado et al., 1990). There is 

evidence that low levels o f  5-HIAA are associated with increased im pulsivity (e.g. 

Soubrie and Bizot, 1990; Brown et al., 1982 and Virkkunen et al., 1994), and behaviours 

characterised by impaired impulse regulation (e.g. parasuicide, substance abuse (Lidberg 

et al., 1985; Fishbein et al., 1989), anxiety (e.g., Garvey et al., 1995), impulsive and 

aggressive personality traits (e.g., Linnoila et al,. 1993), and aggression (Bond et al., 

2004). It has also been postulated that 5-HT may play a role in cognition, and that 

extreme impairments o f  5-HT activity can result in biases in cognitive processing 

(Spoont, 1992) and deficits in learning and memory (e.g.. Hunter, 1988). In agreement 

with the biological findings, many o f  the adverse effects o f  ecstasy involve dom ains that 

are putatively influenced by serotonin. As acute and chronic administration o f  ecstasy 

m anifests differential serotonergic patterns, the chronic effect o f  ecstasy on these domains 

is o f  vital importance. Next, the studies that reveal deficits in these neuropsychological 

fiinctions are summarised. First, as several studies have revealed chronic deficits that are 

m ainly associated with executive dysfunction, I will briefly introduce this concept.
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Executive functioning

The executive functions are a group o f  superior abilities o f  organization and integration 

that have been neuroanatom ically associated with different neural interaction pathways 

involving the PFC (Goethals et al., 1994). These include anticipating and establishing 

goals, designing plans and program s, self-regulation and monitoring o f  tasks, and 

effective execution and feedback (Elliott et al., 2003; Lezak, 1995). M iyake et al., (2000) 

proposed that executive fiinctions comprised three generally-agreed components: 

m onitoring and updating o f  short-term  memory, inhibition o f  pre-potent responses and 

task-shifting. Using factor analysis techniques, they were able to show that these three 

com ponents are clearly separable. W hat is noteworthy is that attempts to unravel the 

effects o f  ecstasy on executive dysfunctions may be more productive if  they focus on the 

m icrostructure o f  the cognitive subcomponents. One reason for the lack o f  agreement 

over ecstasy’s effects on executive fiinction may be that m any o f  the standard tests 

involve multiple cognitive fijnctions and only some may be affected by ecstasy (Dafters, 

2006b). Rather than using standard batteries o f  com plex executive tasks, in this thesis the 

concentration is on tasks which target specific cognitive components. This thesis utilizes 

a variety o f  tasks to investigate various specified com ponents o f  executive functioning in 

ecstasy users and healthy controls.

Memory

The first report o f  m em ory im pairm ents was published in 1991 by M cCann and Ricaurte. 

Since then, various investigations have reported deficits in m em ory tests among ecstasy 

users compared to non drug users. (Krystal et al., 1992; Bolla et al., 1998; PaiTott et al..
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1998; M cCann et al., 1999; Morgan et al., 1999; Reneman et al., 2000; Gouzoulis- 

M ayfrank et al., 2000; Fox et al., 2001; Heffeman et al., 2001; Verkes et al., 2001; Curran 

and Verheyden, 2003; Gouzoulis-M ayfrank et al., 2003; Thom asius et al., 2003; Fisk et 

al., 2004; Halpem  et al., 2004; M cCardle et al., 2004; M oeller et al., 2004). In these 

studies, mem ory tasks included measures o f im m ediate memory, delayed memory, verbal 

m emory, and visual memory. Importantly, dose-dependency has been established in 

studies reporting a correlation between the extent o f  ecstasy consum ption and the degree 

o f  cognitive im painnent (BoIIa et al., 1998; Semple et al., 1999; Croft et al., 2001; Fox et 

al., 2001; Gouzoulis-M ayfrank et al., 2000; Verkes et al., 2001; Gouzoulis-M ayfrank et 

al., 2003; Halpem  et al., 2004). If this deficiency is a consequence o f  neuronal damage, 

one should expect fiirther deterioration with chronic use. However, longitudinal tests over 

18 months failed to identify increased memory loss in regular users and there was no 

correlation between the extent o f  ecstasy use and the severity o f  m em ory loss (Gouzoulis- 

M aylrank et al., 2005). In contrast, other researchers reported declining or static test 

perform ance in ecstasy users who were tested yearly over a 2-year period (Zakzanis et al., 

20001; Zakzanis et al., 2006). It is noteworthy that memory im pairm ent is most 

frequently reported in heavy ecstasy users, and that moderate users often are 

indistinguishable from control participants in mem ory performance, although in a recent 

m eta-analytic study (Laws and Kokkalis, 2007) the total lifetime num ber o f  ecstasy 

tablets consumed did not significantly affect m em ory performance. The above paragraphs 

have already sum m arised fianctional brain structures that have been associated with 

w orking mem ory tasks in ecstasy users. In Chapter 4, fMRI is used to investigate the 

chronic effects o f  ecstasy on a hippocam pal-dependent memory task. As our ecstasy users
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were also heavy users o f  cannabis, and as several studies have found no difference in 

cognitive abilities between populations o f  cannabis users and o f  mixed (cannabis and 

ecstasy) users (Croft et al., 2001; Cuiran and Verheyden, 2003; Gouzoulis-M ayfrank et 

al., 2000; Laws and Kokkalis, 2007; Simon and M attick, 2002), we combined data from 

an earlier study that used this same task in a sample o f  cannabis users (Nestor et al., 

2008), to unravel the differences between cannabis use alone and a combination o f  

ecstasy and cannabis, on functional brain activation and memory perfoiTnance.

Psychopathology

It is a consistent finding that ecstasy users display significantly more self-reported 

psychopathology than non-users. The relationship is most evident for anxiety (Daumann 

et al., 2001; Morgan et al., 2002; Parrott, 2000a; Schear and Sato, 1989), aggression 

(Geira et al., 2001; Gerra et al., 2000; Parrott et al., 2000b), and impulsiveness (Parrott, 

2000; Pan'ott et al., 2000 ; Gerra et al., 2001; Fox et al., 2002 ; Morgan et al., 2002 ; 

Moeller, 2 002 ; Butler and M ontgomery, 2004; Halpem  et al., 2004; Morgan, 1998; 

Morgan et al., 2006; Quednow et al., 2007). There is uncertainty as to the significance o f  

the apparent increase in depressive sym ptom ology in ecstasy users. It has been reported 

that individuals on ecstasy often experience feelings o f  euphoria but once these effects 

have subsided, feelings o f  depression predom inate (Parrott and Lasky 1998). Clinical 

studies have found that ecstasy users report depressive symptom s (Gerra et al., 1998 ; 

Gamma et al., 2001; Morgan et al., 2002; Failing et al., 2002; Hanson et al., 2004; Me 

Cardie et al., 2004) but generally these effects are mild and often clinically irrelevant, and 

Flack et al. (2008) reported that ecstasy use does not result in depressive symptomology.
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A m eta-analysis com prising o f  25 studies found that depressive symptoms were 

significantly increased in ecstasy users, but that the effect size was 0.31, which the 

authors deemed to be not large enough to be o f  appreciable clinical significance. It is, 

however, notew orthy that this analysis found a correlation between the effect size and the 

total num ber o f  ecstasy tablets consumed and that termination o f  use did not influence the 

effect size (Sumnall et al., 2005). If ecstasy use leads to psychopathology, it is reasonable 

to expect a dose-effect relationship. A correlation between the degree o f  ecstasy use and 

the severity o f  psychopathology has been apparent in several investigations (Morgan, 

1998; Parrott et al., 2000b; Dughiero et al., 2001; Bhattachary and Powell, 2001; PaiTott 

et al., 2002 de Win et al., 2004b) In this thesis the Beck Depression Inventory (BDI) 

(Beck et al. 1996) is administered during each testing session as a self-report measure 

pertaining to symptoms o f  depression including agitation, concentration, difficulty, 

worthlessness, loss o f  energy, and changes in sleep and appetite. Several cross-sectional 

studies have provided evidence that vulnerability to psychiatric disorders such as 

childhood neglect often precede ecstasy use (e.g. Singer et al., 2004; Lieb et al., 2004), 

and that psychotic symptom s oiten precede ecstasy use (e.g. de W in et al., 2004; 

Thom asius et al., 2005; Flack et al., 2006). Two longitudinal studies failed to provide 

evidence that an increase in psychiatric symptoms results in ecstasy use (Win et al., 2006; 

Thom asius et al., 2006).

Im pulsivity and response inhibition

Im pulsivity is a risk factor for the development o f  substance abuse (Chambers and 

Potenze, 2003), and greater impulsivity has been found in ecstasy users compared to
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dmg-nai've controls in a range o f  im pulsivity tasks (Halpem , et al., 2004; M organ, et al., 

2006; Quednow, et al., 2007) and as mentioned above ecstasy users display significantly 

more self-reported impulsivity than non-users. Additionally in relation to the regular use 

o f  ecstasy im pulsivity has received particular attention as behaviours such as aggression 

(Gerra et al, 2000), and serotonergic depletion in animals and humans (Hatzidim itriou et 

al 1999; M cCann et al., 2000; Reneman et al., 2001; Gudelsky et al. 2008) have been 

associated with both ecstasy use and impulsivity. As im pulsivity is a complex 

psychological teim  that has been characterized as a multidimensional construct (M oeller 

et al. 2001) this thesis opted to study ju st one well-characterised aspect o f  impulsivity, 

namely response inhibition, that is defined as a failure to suppress automatic or dom inant 

response. We chose response inhibition given that its neuroanatom y is very well 

understood, it is easy to implement and obtain robust functional m easures (Caravan et al, 

1999) and, critically, given that it is an aspect o f  impulsivity that has been shown to 

reveal performance and/or functional differences in many previous tests o f  various drug 

using groups (Kaufman et al., 2003; Fu et al., 2008). In chapter 3 using a GO/NOGO 

event-related task we investigated BOLD activation underlying response inhibition and 

performance m onitoring in chronic ecstasy users and healthy controls.

Cognitive control to drug related stimuli

Conditioned responses to cues associated with drug taking play a central role in a num ber 

o f  theories o f  drug addiction. According to the incentive-sensitization theory (Robinson 

and Beiridge, 1993), dm g-related stimuli selectively capture attention and it is believed 

that the neural m echanism s underlying this attentional bias play a key role in the
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development and m aintence o f  dmjg addiction and o f  relapse. Although the ecstasy using 

population has not yet been investigated, recent behavioural studies have demonstrated an 

attentional bias towards drug-relaited stimuli in heavy alcohol (Townsend and Duka, 

2001), cannabis (Field et al., 2004;; Field, 2005), cocaine (Hester et al., 2006; Vadhan et 

al., 2007) and heroin users (Frank'.en et al., 2000; Franken et al., 2004; Lubm an et al., 

2000). The standard Stroop task is generally regarded as a measure o f  response inhibition 

(Dafters, 2006) but ecstasy users w ere not found to differ from controls on measures o f  

this standard test (Dafters, 2006; V ollenw eider et al., 1998). In chapter 5 we administered 

a pictorial emotional stroop task that provides a m easure o f  attentional biases for different 

semantic categories o f  pictures. As responses to drug-related stimuli are known to 

motivate drug taking, with the notion that biased attention toward these cues may play an 

important role in continued drug use and relapse following treatment, the inclusion o f  

ecstasy related visual stimuli as a semantic category was our primary concern.

Does ecstasy affect emotion regulation?

Although the relationship betw een ecstasy use and emotion regulation has not yet been 

explored, com m on aversive effects o f  chronic ecstasy abuse including impulsiveness 

(Halpem , et al., 2004; M organ, e t al., 2006; Quednow, et al., 2007), depressed mood 

(Gerra et al., 1998 ; Gam ma et al., 2001; Morgan et al., 2002; Failing et al., 2002; Hanson 

et al., 2004; Me Cardie et al., 2004), sleep disorders (Gerra,2000), and elevated anxiety 

Daumann et al., 2001; M organ et al., 2002; Parrott, 2000a; Schear and Sato, 1989), have 

been associated with emotion dysregulation. Additionally, serotonin plays an important
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role in emotion regulation (Cools et al. 2007). A large emphasis is placed on this area in 

the cuiTent thesis as the association between chronic ecstasy use and em otion regulation 

rem ains largely undeterm ined, warranting a clear need for current research on this 

intriguing topic. Firstly I will introduce the phenom enon o f  em otion, and then I will 

define and discuss the concept o f  emotion regulation. As the brain structures that have 

been documented to play a role in ecstasy addiction are also involved in the processing 

and regulation o f  emotional responses (Goldstein, 2002; Goldstein, 2002,) I will then 

specify the neuroanatom y underlying cognitive control and em otion regulation.

W hat is emotion and emotion regulation?

It has been conjectured that emotions are based on motivational m echanism s that serve to 

channel adaptive behavioral responses (james, 1994; Barkley, 2001). The limbic system is 

a complex set o f  structures that lie on both sides and underneath the thalamus, just under 

the cerebrum. It appears to be primarily responsible for em otion, behaviour and the 

formation o f  memories. The amygdala, extended am ygdala/ventral striatum  (VS) 

(including the NA), and oiijitofrontal cortex (OFC) are generally considered the main 

substrates o f  the emotion processing circuit.

Em otional responses are relatively short lived and engage changes in the behavioural, 

experiential, autonomic, and neuroendocrine systems (Lang, 1995). In some contexts 

emotion and affect are used interchangeably. In accordance with Scherer (1984), the 

superordinate category for valenced states is used in this thesis, including emotions such 

as happiness, emotion episodes such an doing an exam, moods such as euphoria
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dispositional states such as hating and traits such as irritability. To avoid definitional 

chaos within the affect family, it is also important to make distinctions among emotion, 

emotion episodes and mood. In contrast to emotion episodes, emotions unfold over a 

relatively short time period (Lewiis et al., 2006). Emotions may also be distinguished 

from m oods in that emotions m ore readily fluctuate and typically have specific objects 

and give rise to behavioural response tendencies relevant to these objects. In contrast, 

moods are m ore sustained and peirvasive and bias cognition more than they bias action 

(Nowlis et al., 1956; Frijda et al., 1 993; Davidson, 1994). W hile mood is also discussed in 

this thesis, there is a locus on emotion regulation, that is, the regulation o f  emotion rather 

than affect, emotion episodes, o r rmood.

Shakespeare’s Hamlet, observed, “...there is nothing either good or bad, hut thinking 
makes it so ” (1998/1623, p. 216). Although Hamlet h im self fa iled  to make the most o f  this 
insight, his message is clear: W'e have the poten tia l to change the way we fe e l  by 
changing the way we think, theirehy decreasing the em otional cost o f  an otherwise  
distressing occurrence.

Emotion regulation includes prociesses that amplify, attenuate or maintain emotion. As 

such, em otion regulation is not a s imple presence o f  an emotion, but the m anner in which 

an emotion facilitates or interferes with other processes (Cole et al., 1994).

Neural circuitry underlying cognitive control and emotion regulation

The term cognitive control refers to a set o f fiinctions serving to configure the cognitive 

system for the perfonnance o f spiecific tasks, especially in challenging and non-routine 

situations. In general, cognitive control is thought to involve interactions between regions 

o f  lateral and medial PFC that implem ent control processes and subcortical and posterior
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cortical regions that encode and represent specific Icinds o f  inform ation (Smith & Jonides, 

1999). The key structures in the circuitry underlying emotion regulation are the orbital 

PFC; DLPFC; amygdala; and rostral anterior cingulated cortex (AAC) (Figure 2) and 

will now be discussed in more detail. The insular cortex and VS also provide unique 

contributions to emotional processing.

Figure 2. Key structures in the circuitry underlying emotion regulation. (AJ Orbital 
prefrontal cortex in green and the ventromedial prefrontal cortex in red. (B) Dorsolateral 
prefrontal cortex. (C) Amygdala. (D) Rostral anterior cingidate cortex. (Adapted from, 
De Arnold et al, 1999)

Prefrontal Cortex

The OFC seem s to be tuned to assigning emotional significance to com plex stimuli and 

competent to trigger social emotions (Damasio 2003). Roils (1999) has argued that the 

OFC is the main brain region involved in representing prim ary reinforcers and

23



C hapter 1 Introduction

implem enting rapid stim ulus-reinforcer associations including learning associations that 

have been modified. W hile the ventromedial OFC is most directly involved in the 

representation o f  elementary positive and negative emotional states (Damasio 2003; Rolls 

1999) the DLPFC may be involved in the representation o f  the goal states towards which 

these elem entary positive and negative states are directed (Oschner and Gross, 05). It is 

noteworthy that in the psychiatric literature, the ventromedial cortex and OFC are often 

grouped together as the OFC. M any theories o f  emotion speculate that at least two types 

o f  evaluative processing are involved in emotion generation (Lazarus, 1991). One type is 

important for evaluating w hether a stimulus is relevant and may be relatively automatic, 

whereas a second type is important for evaluating contextual meaning and the suitability 

o f  possible responses (Lazarus, 1991). Evidence suggests that two interconnected brain 

regions, the amygdala and OFC, are associated with these two types o f  processing 

(Bechara et al., 1999; Cavada et al., 2000).

A mygdala

The amygdala has been consistently identified as playing a crucial role in both the 

perception o f  emotional cues and the production o f  emotional responses, with some 

evidence suggesting that it is particularly involved with fear-related negative affect (e.g. 

Davis et al., 1992; Adolphs et al., 1995; Clark et al., 1995; Cham ey et al., 1996). 

Individual differences in amygdala activation are implicated in dispositional affective 

styles and increased reactivity to negative incentives (Hamm and W eiki, 2005; Dolan et 

al., 2007). More recent researchers suggest that the amygdala may process all biologically 

relevant stimuli (W halen et al. 2008). Furthermore demonstrating the multifaced role o f
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the amygdale, Heiry et al. (2007) provided evidence that the amygdala is sensitive to non- 

biologically relevant stimuli (i.e. tones) when they occur in an unpredictable fashion.

A nterior cingulate cortex

The ACC is thought to be important for monitoring on-going processing and evaluating 

the need for cognitive control (e.g. Botvinick et al., 2001). The rostral region (uniting the 

orbito frontal, insula and temporal polar regions) o f  the ACC is phylogenetically older and 

processes the internal state o f  the organism, while the caudal region (uniting the 

parahippocam pal and entorhinal regions and extending in to the posterior cingulate, 

caudal ACC and rostral ACC) is concerned with external evaluative processing o f  stimuli 

(Mega and Cummings, 1997). As with the PFC care should be taken when comparing 

studies as in the psychiatric literature the ACC additionally includes the adjacent medial 

PFC.

Insular cortex

The insular cortex has been implicated in somatosensory integration (Augustine, 1996), 

pain perception (Augustine et al., 1996; Peyron et al., 2000) and some emotional states 

(M ayberg et al., 1999), especially disgust (Philips et al., 1997). It has been suggested that 

the insula may pay a key role in the integration o f  information and inputs from various 

domains (eg. somatosensory, emotional states, visual inputs, and cognitions) that subserve 

cognitive control.

Ventral striatum
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Breiter et al. (1997) found activation in regions o f  the VS which includes the caudate, 

putamen and the NA, during cocaine infusion in cocaine addicts on MR signal change in 

comparison to saline. Activation in this latter region has been activated in smokers during 

nicotine infiasion in an fMRI study (Stein et al. 1998) and during picture-induced positive 

affect in a PET study (Sutton, 1997). This is consistent with a large corpus o f  non-human 

data dem onstrating the critical role played by the mesolim bic dopaminergic pathway 

including the VS in reward processing, salience detection and addictive behaviours (Koob 

et al., 1994; Kock et al., 1996; Schultz, 2006).

In chapter 6 using fMRI, ecstasy users and non-drug using controls completed both a 

positive and negative version o f  an emotion regulation task where participants were 

instructed to view the stimuli and either maintain, increase or decrease their emotional 

responses. The stimuli are adapted from the intemational affective picture series (lAPS) 

(Lang et al., 1995).

Bridge to general cognitive control

If  emotional responses to salient stimuli can be regarded as reflexive in nature, then 

conscious attempts to regulate these responses may also engage brain regions responsible 

for cognitive control o f  behaviour. Hence, activation in these prefrontal regions m ay be 

mutually attributed to more general cognitive processes versus specifically cognitive 

control o f  emotion. These same regions are consistently activated across cognitive tasks 

such as Stroop interference and GC/NOGO tasks that involve inhibiting prepotent 

response tendencies (Braver et al., 2001; Garavan et al., 2002) and are implicated in
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neurobiological models o f  executive o r cognitive control o f  behaviour (M iller and 

Cohen., 2001). Attempts to m anipulate them  may engage executive processes that exert 

voluntary control over behaviour. Therefore, as previously proposed by Ochsner and 

Gross (2002), an overlapping set o f  prefrontal regions that are involved in cognitive 

control may also be generally engaged during reappraisal, cognitive processing (e.g. 

attention, executive functioning, m em oiy), or, specifically involved in the cognitive 

regulation o f  emotion.

Sex differences

In general the term ‘sex ’ refers to the biological factors differentiating males from 

females, whereas ‘gender’ relates to the sociocultural differences between the sexes 

(Barsky et al., 2001). For simplicity, the term ‘sex’ rather than ‘gender’ will be used 

throughout this thesis, but I acknowledge that sociocultural and psychological factors may 

be important in the sex differences associated with ecstasy. Sex differences in cognitive 

performance are often reported. Typically, wom en score higher on tests o f  verbal fluency 

(Cohen, 1991), episodic memory (the autobiographical record o f  unique events encoded 

in a particular tem poral-spatial context) (Herlitz et al., 1997) and fine m otor skills (finger 

movements requiring hand-eye coordination) (Peters, 1989). M en, on the other hand, 

outperform w om en on a variety o f  tasks requiring spatial processing (Voyer et al., 1995).

Both preclinical and clinical research has examined the role o f  sex as an independent 

variable in the effects o f  ecstasy. This research has shown a sexually dim oiphic pattern in 

the acute, sub-acute and possibly long-term effects o f  ecstasy. Animal studies o f  sex
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differences are in short supply. Fitzgerald et al. (1989) showed a higher level o f  ecstasy, 

but not the metabolite methylene dioxy amphetam ine (MDA) in the plasm a o f  female 

rats after a single drug injection, whereas Chu et al. (1996) reported lower brain 

concentrations o f  MDA, but not ecstasy, in female rats following ecstasy administration. 

Behavioural studies report that females show enhanced locomotion (Pelenicek et al. 2005; 

W alker et al., 2007), less startle response and com parable effects in the plus maze 

(Pelenicek et al. 2005).

Following an acute dose o f  ecstasy, females generally experience more positive 

subjective effects than males such as increased feelings o f  being carefree and being at one 

with their surroundings, but physical adverse effects such as muscle ache and jaw  

clenching are also more frequently reported in females (Ter Bogt and Engels, 2005; Topp, 

1999). Verheyden et al.’s (2002) findings suggest that female ecstasy users m ay be more 

susceptible to the mid-week low or mood effects o f  ecstasy withdrawal. This finding 

would need to be replicated however, as a study by Hoshi et al. (2006) found sex 

differences on aggression measures but no sex differences in sub-acute BDI scores in 

users. Given these sex differences in the acute, subjective and physiological consequences 

o f  ecstasy use, it is plausible to assume that there may be sex differences in ecstasy- 

induced changes in neurochem ical brain functioning, particularly to the 5-HT and DA 

systems.

There is little evidence o f  sex differences in long-term psychological and cognitive 

functioning following chronic ecstasy use, with a few m inor exceptions. Topp et al.
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(1999) reported that more wom en than men experienced subjective ecstasy-associated 

work or study problem s, such as poor concentration, decreased perfonnance and 

motivation. Balloa et al. (1998) found males to show greater decrem ents in delayed 

verbal and visual mem ory with increasing m onthly dose o f  ecstasy relative to females, 

although sex differences were also seen in control participants, where wom en performed 

better than men. Von Gersau et al. (2004) reported males to perform worse than non-drug 

using controls on tasks o f  cognitive flexibility and higher level executive fianctioning. 

Research has shown that depletion o f  tryptophan in females who are in rem ission from 

clinical depression results in an acute relapse o f  depressive symptoms (Smith et al., 

1997). Therefore, female ecstasy users, particularly those with a history o f  depression, 

may be at a greater risk for fijture psychological difficulties, such as a relapse o f  their 

depression. W omen are m ore vulnerable than men to psychostimulant drugs, during all 

phases o f  addiction (e.g. initiation, m aintenance, and relapse; for a review see Lynch et al. 

2002). Findings o f  these studies suggest that females may be more susceptible than males 

to altered 5-HT functioning after regular ecstasy use, as measured by the concentration o f  

monoam ine m etabolites, electrophysiological fiinctioning and binding density 

(Thomasius, 2003; Bucheret, 2004; Renemen, 2001). Furthermore, in females 

particularly, there is some evidence for a significant negative relationship between the 

extent o f  ecstasy use and param eters o f  5-HT fiinctioning in females but not in males 

(Reneman et al., 2001).

Overall, the small num ber o f  studies that incorporated sex as an independent variable 

provide evidence that chronic ecstasy use in females m ay lead to a greater vulnerability to
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changes in neurochemical functioning, that are potentially reflective o f  neurotoxicity. 

These studiers are in short supply however. Studies investigating the effects o f  ecstasy 

recm it predom inantly male participants. Studies exploring whether sex differences are 

associated with the effects o f  ecstasy are advantageous because they will im prove our 

understanding o f  the pharm acological actions o f  ecstasy and help us adapt approaches to 

intervention in m ales and females. For my fMRI protocol in all ecstasy related 

experiments in this thesis, my sample size consisted o f  sufficient pow er for sex to be 

incorporated as in independent variable in a sample o f  matched males and females.

Possible m echanism s underlying sex differences

Sex differences m ight exist in response to ecstasy consumption for several reasons, 

including, sex difTerences in pharm acokinetic variables, or the presence o f  already 

existing sex differences in brain structure (e.g., de Courten-M yers et al., 1999) and/or 

neurotransm itter system fimction, which may provide a gender specific vulnerability. 

Baseline differences in neurotransm itter systems could also mediate sex differences in 

responses to ecstasy. Underlying sex differences in the 5-HT neurotransm itter system 

have been verified in both prim ate and human studies (Allott et al., 2007). Human studies 

have found healthy females to have higher 5-HT activity and 5-HTT availability in vivo 

than males (Biver et al., 1996; Chugani et al., 1998; Staley et al., 2001), although one 

study reported the contrary (Nishizawa et al., 1997). Similarly, healthy females have also 

been shown to have significantly greater DA transporter availability (Lavalaye et al., 

2000; M ozley et al., 2001), D2 receptor binding potential (Kaasinen et al., 2001) and 

presynaptic DA synthesis capacity (Laakso et al., 2002) than males.
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Another explanation suggests that sex differences may be attributed to fluctuating 

hormonal levels across the menstrual cycle. It is also possible that gonadal hormones act 

on a sexually dimorphic brain, so that both mechanisms are involved. There have been 

consistent reports o f  mood modifying effects o f  acute d-am phatam ine administration 

being greater during the late follicular phase o f  the m enstrual cycle which is characterized 

by high levels o f  oestrogen and low levels o f  progesterone (Justice and de W it 1999; 

W hite et al., 2002). In these studies, positive subjective drug effects included measures o f  

feeling high, wanting more dm g and euphoria and interestingly their physiological 

responses to the dm g did not vary with cycle phase, ruling out pharm acokinetic factors. In 

one o f  these studies men were also included (W hite et al., 2002). As fluctuating hormonal 

levels across the menstrual cycle may influence the subjective effects o f  ecstasy, this may 

in tum  alter consum ption levels.

Several reasons could provide an explanation for menstrual cycle, influence on drug 

responses including cycle-related variations in basal mood states or physiology, 

interactions between drugs and circulating menstrual hoiTnones (i.e. estrogen, 

progesterone, luteinizing horm one and follicle stim ulating hormone), variations in non- 

ovarian hom iones (e.g., stress honnones) or other pharm acokinetic and/or 

phaiTnacodynamic factors (Leibenluft et al., 1994). Progesterone appears to be involved 

in dam pening the positive subjective effects o f  stimulants (Sufliog et al., 2002) and 

evidence suggests that progesterone has mood altering effects that may interact with 

responses to stimulants. For example, progesterone metabolites produce sedative effects
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in animals by acting as potent GABA agonists (Majeswska, 1992). Estrogen on the other 

hand, facilitates release o f  DA, the neurotransm itter most strongly implicated in the 

rewarding effects o f  drugs (Becker, 1990). Although there is little evidence o f  a direct 

interaction in hum ans there may be an interaction between the activation o f  striatal DA 

receptors and either progesterone or estrogen receptors. Drug responses could also be 

influenced by several other means. Gonadal hormones may alter presynaptic DA activity, 

consistent with higher DA activity during the estrous phase in rats (Levesque and Di 

Pialo, 1988). Further supporting the link between dopaminergic activity and ovarian 

hormones, are the findings that estrogen increases amphetamine-induced release o f  DA in 

overiectom ized rats and progesterone increases DA release fi'om the striatum in estrogen- 

primed rats (Becker and Cha, 1989; Becker, 1999). It is unlikely that differences in DA 

receptor densities are responsible for these cycle-related differences, as PET studies 

indicate that DA receptor densities do not differ across the menstrual cycle in brain 

regions associated with reward (Levesque and Di Paolo, 1988). As previously discussed 

in detail, ecstasy alters the serotonergic system and studies have suggested a role for 

endogenous gonodal honnones in therapeutic responses to drugs that affect 5-HT gonodal 

neurotransm ission (Kom stein et al., 2000; Pinto-M enza et al., 2006). Estrogen increases 

the density o f  5-HT 2a receptors in anterior frontal, cingulated, and olfactory cortices in 

the rat (Fink et al., 1996). Also, estrogen replacement has been shown to increase spine 

density in the PFC o f  female rhesus monkeys, thus providing a m orphological basis for 

estrogen enhancem ent o f  prefi’ontal cortical functioning (Tang et al., 2004). This is 

particularly relevant as our batter>' o f  tasks, which have already been discussed.
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incorporate elem ents o f  executive functioning that are associated with RFC fiinctioning 

(Goethals et al., 1994).

Only a few neuroim aging studies have investigated menstrual cycle differences on brain 

functioning. In an fMRI study, Ferdanez et al. (2003) used a semantic decision language 

task contrasted with a letter-m atching perceptual task. Another had all participants 

perfoiTn a word-stem  com pletion task, a mental rotation task and a simple m otor task 

(Schmidt, 2004). In both o f  these studies, menstrual cycle phase had strong effects on the 

m agnitude o f  brain activations related to the cognitive tasks but had little effect on the 

brain activity related to the perceptual o r m otor tasks. In summary, these two studies 

exploring fMRI o f  the m enstrual cycle, dem onstrate task and region specific cycle phase 

changes in brain activity. Also o f  interest is a stm ctural MRI study that revealed higher 

OFC relative to amygdala volum e in women com pared to men, which may relate OFC 

structure and function to behavioral evidence for sex differences in emotional processing 

(Gur et al., 2002). In another fMRI study, Protopopescu et al.(2005) found that OFC 

activation to emotional linguistic stimuli (GO/NOGO task) varied as a function o f  the 

menstrual cycle. Findings in this study suggest that OFC responses to negative versus 

neutral or positive linguistic stimuli are greater in the prem enstrual phase o f  the menstrual 

cycle in medial regions and greater in the postm enstrual phase o f  the menstrual cycle in 

lateral regions, i.e. this study dem onstrates cycle phase reversal in a pattern o f  region- 

specific brain responses that contrasts to the earlier functional studies. In a study using 

negative valence/high arousal versus neutral stim uli (from the lAPS), Goldstein et al. 

(2005) found suggestive evidence that estrogen may attenuate arousal in women via
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cortical-subcortical control within the Hypothalamic-pituitary-adrenal (HPA) axis. A 

significantly greater m agnitude o f  blood oxygenation level-dependent (BOLD) signal 

changes were observed during early follicular compared with midcycle tim ing in 

amygdale, paraventricular and ventromedial hypothalamic nuclei, hippocampus, OFC and 

cingulated gyrus. Arousal correlated positively with brain activity in the amygdala and 

OFC during the luteal but not follicular phase, suggesting less cortical control o f  

amygdala during the early follicular phase, when arousal was increased. The data fi-om 

these two latter studies demonstrate that menstrual cycle phase is an important 

consideration in fiature studies attempting to elucidate the neural substrates o f  affective 

representation.

As the interpretation o f  clinical findings will be problematic if  our understanding o f  

normal fianctioning remains limited, before we investigate how drugs interact with sex we 

are interested in seeing how individual’s abilities vary across the menstrual cycle with a 

particular emphasis on executive fijnctioning and emotions. In chapter 2 we designed an 

affective executive task to investigate one’s ability to inhibit to different types o f  stimuli 

across the m enstm al cycle in healthy females using fMRI. The results o f  this study will 

provide guidance in determining whether endogenous hormones should be taken into 

consideration in fiature studies o f  executive components. It may also help direct fiature 

studies in human behavioural pharmacology, and perhaps also studies involving 

pharm acological treatm ents. As discussed, the studies reporting chronic effects o f  ecstasy 

do not always report consistent findings and it is unknown if  these discrepancies m ay be 

partly attributable to ignoring possible menstrual cycle influences. As incorporating

34



Chapter 1 Introduction

menstm al cycle fluctuations into these studies might explain these discrepancies, for my 

fMRI protocol in all ecstasy related experiments in this thesis, ecstasy using and non-drug 

using control groups were m atched for phase o f  the m enstm al cycle and contraception 

consumption.

Functional magnetic resonance imaging

There has been an emergent trend towards using neuroscientific m ethods to address 

questions that traditionally have been o f  interest to social and personality psychologists 

(Haire et al., 2001). Progress toward understanding the neural substrates o f  addiction to 

ecstasy has been substantial in recent years with a reduction in studies on animal models 

that pennit invasive methods and an increase in studies that use neuroim aging techniques. 

Noninvasive flinctional neuroim aging approaches, such as fMRI, allow studies o f  neural 

circuit function to be extended to hum ans and have the advantage o f  being able to 

correlate behavioural m easures with observed patterns o f  brain activation. These 

techniques enable scientists to examine regional patterns o f  activation in normal intact 

hum ans or anim als with considerable spatial precision and, in the case o f  fMRI, with 

temporal resolution on the order o f  seconds. fMRI measures the haem odynam ic response 

related to neural activity in the CNS. Since the 1890s (Leadbetter et al., 1999) we are 

aware that changes in blood flow and blood oxygenation in the brain (collectively known 

as hem odynam ics) are closely linked to neural activation. W hen neurons are active they 

consum e oxygen carried by hem oglobin in red blood cells fi'om local capillaries. The 

local response to this oxygen use is an increase in blood flow to regions o f  increased 

neural activity, occurring after a delay o f  approxim ately 1-5 seconds. This hemodynam ic
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response rises to a peak over 4-5 seconds, before falling back to baseline (or typically 

undershooting). In turn this is responsible for local changes in the relative concentration 

o f  oxyhem oglobin and deoxyhemoglobin and changes in local cerebral blood volume in 

addition to this change in local cerebral blood flow. BOLD fMRI is a m ethod o f  

observing which areas o f  the CNS are active at any given time, h  was first em ployed by 

Dr. Seiji Ogawa in 1990 (Ogawa, 90). The ultimate goal o f  fMRI data analysis is to detect 

correlations between CNS activation and the task the subject performs during the scan. 

The BOLD signature o f  activation is relatively weak, however, so other sources o f  noise 

in the acquired data must be carefully controlled. This means that a num ber o f  processing 

steps must be performed on the acquired images betbre the actual statistical search for 

task-related activation can begin. In this thesis we use both block and event-related 

designs. Block designs involve the acquisition o f  functional images during altem ating 

blocks o f  stim ulus-of-interest presentations and a rest / control condition, and focuses on 

com parisons between these altemating blocks. Event-related designs are analogous to 

event related potential (ERP) analysis techniques in that individual haemodynamic 

responses are calculated for discrete events and for each voxel in the brain and then 

averaged together in order to get a mean response in each voxel for each discrete 

cognitive event.

Summary of Objectives

The above has highlighted the concern that chronic ecstasy users may be particularly 

vulnerable to dysexecutive problems. Dysregulation has been particularly consistent 

across domains o f  impulsivity and memory, but relatively unexplored in dom ains o f
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attentional control and emotional dysregulation. This thesis focuses on m icrostructures o f  

specific cognitive subcomponents as they may be more likely to reveal deficits than using 

standard batteries o f  com plex executive tasks. More specifically, the research presented in 

this thesis uses fMRI in chronic ecstasy users to investigate differences in neural activity 

related to response inhibition, learning and memory fianctioning, processing o f  drug- 

related cues, and emotion regulation. The experimental chapters o f  this thesis are 

compartm entalised in to the flowing chapters:

Chapter 2

Study wom ens' brain activation across the menstrual cycle on a GO/NOGO response 

inhibition task using attractive male and female faces as stimuli.

Chapter 3.

Investigate neural differences related to inhibitory control and action m onitoring in 

ecstasy users and dem ographically matched controls using a GO-NOGO task.

Chapter 4.

Investigate behavioural and neural differences in learning and memory in ecstasy users 

and dem ographically matched controls using a task shown to be sensitive to the integrity 

o f  hippocam pal fianctioning.

Chapter 5.
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Investigate neural responses related to attenional bias o f  ecstasy-related stimuli in 

demographically m atched controls using an emotional drug Stroop paradigm.

Chapter 6

M easure emotional reactivity in ecstasy users compared to matched controls by 

psychometrically collecting ratings on a battery o f  self-report scales, and functionally 

using an emotional regulation task where emotionally valenced neutral, positive, and 

negative stimuli are viewed.

Three cohorts o f  pailicipants were recruited during the duration o f  this thesis. For the 

within-participants design 15 female participants were tested in chapter 2. A sam ple o f  30 

ecstasy users, 25 cannabis users that matched the ecstasy group on cannabis, and 30 

controls who did not complete imaging are referred to in experiment 1 o f  chapters 4, 5, 

and 6. A sample o f  20 ecstasy users and 20 controls (lOmale/lOfemale) who completed 

an imaging testing session are refeiTed to in experiment 1 o f  chapter 3, experiment 2 o f  

chapters 3 and 4, and experiment 3 o f  chapter 6. Chapter 6, experiment 2, refers to the 

control group from the third cohort (n=20) who partook in the imaging session. In the 

sample o f  female participants that completed functional imaging (10 female ecstasy 

users/10 female controls) ecstasy using and non-dmg using control groups were matched 

for phase o f  the m enstrual cycle and contraception intake. Throughout this thesis the BA 

7 and BA 46 are referred to as the Dorsolateral Prefrontal Cortex (DLPFC).
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Chapter 2

Menstrual cycle phase modulates cognitive control over male but not 

female stimuli. '

Abstract

Evolutionary selection pressures have been one factor proposed to underlie sex 

differences in inhibitory control. Consequently, inhibitory control may vary as a flinction 

o f  the menstrual cycle and may be modulated by the stimuli being processed if  these 

stimuli are related to reproductive success. We used functional MRI to study womens' 

brain activation across the menstrual cycle on a GO/NOGO response inhibition task using 

attractive male and female faces as stimuli. We detected brain activity changes for both 

successful inhibitions and eirors o f  comm ission that were unique to the male stimuli 

during the follicular phase o f  the m enstmal cycle. That is, when pregnancy was possible 

wom en had superior inhibitory brain flmction and heightened detection o f  inhibitory 

failures when processing m ale stimuli. Moreover, we show that individual differences 

between females in sexual desire and social risk-taking negatively correlate with error- 

related brain activity to the male stimuli during the follicular phase o f  the menstrual 

cycle. These results suggest an interaction between hormonal influences and stimulus- 

specific effects in producing an endophenotypic outcom e predicted by evolutionary 

psychology, and suggest that the ftinctioning o f  the brain's m onitoring system  can predict 

individual differences in both traits and real-world risk-taking behaviours.

' A  publication resulted from this chapter (R oberts et al„ 2 0 0 8 ).

39



C h a p t e r  2 M en stru a l cy c le  p h ase  m o d u la te s  cogniti-ve contr'ol over m ale b u t not fem ale  s tim uh

Introduction

Parental investment theory (Trivers., 1972) postulates that many psychological differences 

between the sexes derive from different evolutionary pressures particular to the 

investment o f  resources in finding a mate versus parenting. Theorists (Bjorkund et al., 

1996) have proposed that the greater parenting demands placed on females and the 

advantage o f  forming stable bonds with males, confers a selection advantage on those 

females with the ability to suppress sexual interests in other males or aggressive 

tendencies towards one’s own offspring. Consequently, greater selection pressures on 

female ancestors resulted in contemporary intellectual and behavioural functioning, with 

women dem onstrating greater inhibition abilities on tasks related to reproduction and 

childrearing, such as inhibiting sexual urges, being more selective about sexual partners, 

and being able to delay gratificatiom (Trivers, 1972; Syoms, 1979; Buss et al., 1993).

Despite the vast num ber o f  functional neuroimaging studies, surprisingly little research 

has investigated the neural basis o f  sex differences in brain activation patterns underlying 

cognitive-affective processing and how these differences might be modulated by the 

menstrual cycle. Studies have reported that female preference for male characteristics 

varies with the probability o f  conception across the menstrual cycle, with women 

m anifesting more attraction to mem with masculine traits during the late follicular phase 

o f  the menstrual cycle (when fertility is high), than at other times (Jones et al., 2005a; 

Penton-Voyak et al., 1999) These studies support the existence o f  beneficial adaptations 

w hereby ancestral fem ales increased their reproductive success by increasing attraction to 

m asculine traits in men when fertility probability was high (Penton-Voyak et al., 1999)
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and increasing preferences for people believed to be trustworthy (DeBruine et al., 2005), 

to be free o f  contagion (Flaxm an et al., 2000; Fessler, 2002; Jones et al., 2005b) and to 

display social cues associated with relationship com m itm ent (Gangestad et al., 2002) 

when fertility had a low probability.

Protopopescu (Protopopescu et al, 2005) reported that inhibitory control does vary across 

the cycle but neuroscientsists have yet to determ ine if this m odulation is stim ulus- 

specific. Cycling m enstm al changes in mating strategy (i.e., women prefem ng different 

features in males across the cycle) coupled with parental investment theory suggest that 

selection might favour hum an females in inhibitory domains directly related to mate 

selection and parenting, and that this favourable inhibitory brain function might be 

influenced by pregnancy potential and may also be stimulus-specific. The present 

experiment hypothesised that inhibitory control may vary as a flinction o f  the menstrual 

cycle and m ay be further affected by the stimuli being processed if these stimuli are 

related to reproductive success. More specifically, we hypothesise that evolutionary 

pressures have conferred w om en with superior inhibitory control despite increased 

attractiveness to male characteristics (Jones et al., 2005a; Penton-Voyak et al., 1999) 

during the follicular period o f  their menstrual cycle (when pregnancy is possible) and that 

this advantage, being specific to reproducfive success, may be specific to male stimuli. 

This hypothesis was tested via a GO/NOGO task. Additionally, the relevance o f  

variations in these control m echanism s across the menstrual cycle was assessed by 

determ ining whether individual differences in sexual desire and risky behaviours 

correlated with brain activity.
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These hypotheses were tested using the capabihty o f  functional neuroim aging to detect 

brain activation differences between late follicular (day 10-14) and midluteal (day 21-24) 

phases o f  the menstrual cycle that m ight not be easily observable with behavioural 

measures alone. In this repeated measures design 15 healthy, right-handed, 

prem enopausal females completed a GO/NOGO task in which the stimuli were attractive 

male and female faces that required m ultiple button press responses and occasional and 

unpredictable response inhibitions when the same stimulus was repeated on successive 

trials (Figure 1). Here we show that the brain’s cognitive control mechanisms facilitate 

information processing in a stimulus-specific m anner that interacts with the menstrual 

cycle. W e couple these findings with negative correlations between the brain ’s 

monitoring system and individual diiTerences in both trait measures o f  sexual desire and 

real-world m easures o f  risky social behaviours.

Methods

Participants

15 healthy right-handed regularly cycling premenopausal participants who were not using 

contraceptives for at least 6 months participated in the experim ent (age 22.5 ± 2 . 1 ;  

m enstrual cycle length 28.1 ± 1.7).). The participants were pre-assessed to exclude those 

with a prior history o f  neurological or psychiatric illness. Participants were recruited 

through public advertisement. All participants gave informed consent and the study was 

approved by the School o f  Psychology in Trinity College Dublin. The group com pleting 

the post-scan mail questionnaire comprised 12 o f  the 15 participants who com pleted both
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tM Rl testing sessions.

Task design

Participants took part in two fMRI scans, during which they completed a GO/NOGO task 

involving male and female attractive faces. For participants who reported a 28 day cycle 

follicular phase scans took place between days 10-14 o f  the menstrual cycle and luteal 

phase scans took place between days 21-24 o f  the m enstrual cycle. These time frames 

were adjusted for three participants with longer menstrual cycles. Here, the length o f  time 

from the Lutenising Hormone (LH) surge to the next m ensus was taken as 14 days 

(Buffet et al., 2001; Jukic et al. 2007). For example, for a 32 day cycle follicular phase 

scans took place between days 14-18 o f  the m enstrual cycle and luteal phase scans took 

place between days 25-28 o f  the menstrual cycle. Consequendy, given the 

counterbalancing o f  scans between participants, there was a longer interscan interval if  

the luteal scan was first. Two versions o f  the task, each with 60 male and 60 female faces, 

were used in order to avoid perform ance being influenced by stimulus repetition. The 

tasks were created using the E-prime stimulus presentation program m e (Psychology 

Software Tools, Pittsburgh,PA). Both task version and which phase o f  the menstrual 

cycle was imaged first were counterbalanced across sessions. One hour prior to the 

follicular phase scan the in vitro qualitative detection o f  LH was determined via 

urinanalysis (Clearview easy LH, Unipath LTD, Bedford, UK). Only 8 o f  the women 

tested positive, perhaps as a significant LH surge occurs in only a small window o f  time, 

approxim ately 24-36 hours, prior to ovulation (Buffet et al., 2001).
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The stimuli were attractive male and Female faces that were collected from m ultiple web 

sources. The emotional expressions were neutral and any distracting items such as 

accessories (e.g. jew ellery, sunglasses) or skin blem ishes were removed. The male and 

female stimuli were presented seriall>’ at 1 Hz and participants were required to make a 

button press response to each stimulus. Responses were to be withheld to NOGO stimuli: 

a NOGO occurred when the same stimulus was presented twice in succession (see Figure 

l).The female stimuli NOGO trials served as control trials for the male stimuli NOGO 

trials (i.e., the stimuli had similar dimensions, characteristics, and response demands) and 

the two NOGO trial types were randomly interspersed among the GO trials. The inter

stimulus interval was 100 ms and each stimulus was presented for 900ms. Participants 

were instructed to try to respond while the stim ulus was on screen and responses and 

response speed were recorded. During tMRl scanning, participants were presented with 

960 targets (GO stim uli) and 120 lures (NOGO stim uli) resuhing in 1080 events in total 

with each face appearing eight times as a GO trial and once as a NOGO trial. The event- 

related design o f  this experiment allowed the NOGOs to be distributed unpredictably 

throughout the stimuli stream. This ratio resulted in an average interval between NOGOs 

o f  9 seconds. The entire run which lasted 22 m inutes consisted o f  4 blocks o f  240 events 

followed by 4 rest periods, each o f  1 minute duration. Directly after the scanning session 

participants rated each face for attractiveness on a Likert scale from 1-9, with 9 

representing extremely attractive and 1 representing not at all attractive. This task was 

also created using the E-prime stimulus presentation program me (Psychology Software 

Tools, Pittsburgh,PA) (Figure 2.1).
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Prior to scanning, participants completed the Hurlbert Index o f  Sexual Desire (HISD) 

(Apt et al., 2002) The HISD consists o f  25 items endorsed with a choice from 0 (all o f  the 

tim e) to 4 (never) with overall scores ranging from 0 (lower desire) to 100 (high desire). 

Beck (1995) noted that this scale has good constiaict validity, test-retest reliability (r = 

0.86 across two weeks), and internal consistency (alpha = 0.89) (Beet, 1995). An 11-item 

questionnaire that queried m enstrual cycle details such as average length o f  m enstrual 

cycle, sexual interests such as ideal relationship status, and sexual orientation, was also 

administered.

Following scanning sessions a post-scan mail questionnaire survey was conducted where 

the Risk Taking Scale o f  the Domain-Specific Risk Taking (DOSPERT) questionnaire 

(Ann-Renee Blais, 2006) was completed. The risk-taking scale evaluates behavioural 

intentions, originating from five dom ains o f  life (ethical, financial, health/safety, social, 

and recreational risks) using a 7-point rating scale. One o f  the questions was removed 

from the scale (“investing 5% o f  your annual income in a very speculative stock”) as it 

was not relevant to our population and euros were substituted for dollars. Participants also 

completed a questionnaire on sexual history and sexual risk taking that included questions 

such as, relationship status, num ber o f  sexual partners, and contraception usage. 

Infonnation on alcohol use and influence was also collected.
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Blank screen 
100ms.

Respond

Respond

Respond

Inhibit
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Figure 2.1 Illustration of GO/NOGO Task. The male ami female stimuli were 
presented serially at IHz and participants were required to make a button press response 
to each stimulus. Responses were to he withheld when the same stimulus was repeated. 
Each stimulus was presented fo r  900ms and the inter-stimulus interval (a blank screen) 
was 100ms.
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Imaging parameters

All scanning was conducted on a Philips Intera Achieva 3.0 Tesla MR system (Best, The 

Netherlands) equipped with a m irror that reflected a 640 x 480 pixel display, projected on 

a panel placed behind the subject’s head outside the magnet. The m irror was m ounted on 

the head coil in the participants' line o f  vision. Imaging started with 31.5 seconds o f  

standard scout images to adjust head positioning, followed by a reference scan to resolve 

sensitivity variations. Imaging used a parallel SENSitity Encoding (SENSE) approach 

(Pnaessmaan et al. 1999) with reduction factor 2. 180 high-resolution T1-weighted 

anatomic M PRAGE axial images (FOV 230 mm, thickness 0.9 mm, voxel size 0.9 x 0.9 x 

0.9) were then acquired (total duration 5.43.6 minutes), to allow subsequent activation 

localization and spatial nonnalization. Thirty-two non-contiguous (10% gap) 3.5 mm 

axial slices covering the entire brain were collected using a T2* weighted echo-planar 

im aging sequence (TE = 35 ms, TR = 2000 ms, FOV 224 mm, 64 x 64 mm matrix size in 

Fourier space).

Time-series analyses

The fMRI data were analysed using the AFNI software package (Cox, 1996). Time-series 

data were m otion-corrected using 3D volume registration (least-squares alignment o f  

three translational and three rotational parameters). Activation outside the brain was 

rem oved using edge detection algorithms. Deconvolution techniques calculated event- 

related activation for successful response inhibition (STOPS) and en'ors o f  comm ission 

(ERRORS). Separate haemodynamic response functions at 2 s temporal resolution were
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calculated. A multiple regression analysis was used to derive estimates for the time-point 

param eters o f  the haemodynamic response ftmctions, by estimating the signal contributed 

by each individual event type to the overall time series. In the present analysis regressors 

for both ERRORS and STOPS for each cyclic phase and stimulus were entered, and the 

regression estimated the signal contributed by each o f  these events over and above that 

accounted for by the ongoing task (GO trials). The haemodynamic response ftmctions 

were then modelled voxelwise with a gamma-variate ftinction using non-linear regression 

(Caravan et al., 1999; W ard et al. 1998). An area-under-the-curve measure o f  the gamma- 

variate model was expressed as a percentage o f  the tonic baseline activity and served as 

the activation measure for the event-related responses. Activation maps were warped into 

a standard stereotaxic space (Talairach et al., 1998) and spatially bluri'ed with a 4.2-mm 

ftill-width at half-maximum isotropic Gaussian filter after perfonning a second edge 

detection on the skull stripped brain. ERROR and STOP activation maps for each 

condition (male stim ulus-follicular phase (male-fol), female stim ulus-follicular phase 

(fem-fol), male stimulus-luteal phase (male-lut), and female stimulus-luteal phase (fem- 

lut)), were determined with one-sample t tests against the null hypothesis o f  zero 

activation changes (i.e. no change relative to tonic task-related activity). Significant 

voxels passed a voxelwise statistical threshold {t = 4.14045, P  <0.005) and were required 

to be part o f  a larger 185 |il cluster o f  contiguous significant voxels. Thresholding was 

determined through M onte Carlo simulations and resulted in a 1% probability o f  a cluster 

surviving due to chance. The activation maps were then combined deriving one OR map 

o f  all significant STOP activations across conditions and one OR map o f  all significant 

ERROR activations across conditions. An OR map includes the voxels o f  activation
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identified as significant fi'om any o f the constituent maps. The mean activation for 

clusters in the combined maps was calculated for each subject and condition for the 

purposes o f  a whole brain analysis.

Statistical analysis

Performance Analysis calculated the percentage o f STOPS and GO trial and ERROR trial 

response times for each condition. Data are expressed as mean ± SEM and analyzed with 

the computerized package SPSS (version 12) for statistical analysis. Statistically 

significance was deteiTnined by 2 X 2 ANOVAs that compared measures during the 

follicular and luteal phases o f  the menstrual cycle for male and female stimuli, followed 

by post hoc multiple comparison tests.

Results 

Behavioural results

A series o f 2 (Phase: Follicular vs. Luteal) x 2 (Stimulus: Male vs. Female) ANOVAs on 

the behavioural data showed that accuracy (percentage o f  NOGO trials on which 

participants successfully inhibited) revealed no significant main effects or interactions (all 

p ’s > 0.05; Figure 2.2A). Error o f  commission (ERRORS) response times revealed no 

significant main effects (all p ’s > 0.05; Figure 2.2B) but there was a significant Phase x 

Stimulus interaction (F (1, 14) =4.7, P< 0.04) driven by slower responses for errors 

during the mal-fol condition (F (1, 14) =4.2, p = 0.05). GO response times revealed no 

significant Stimulus effect or interactions (all p ’s > 0.05; Figure 2.2C) however there was 

a Phase effect with increased reaction times during the follicular phase (F = 6.64, d f  1/14,
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P < 0.02. Participants provided attractiveness ratings o f  the faces after each scan session 

and these ratings also did not differ or interact between Phases or Stimuli (all p ’s > 0.05; 

Figue 2.3).
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Figure 2.2. Behavioural Performance Results. Behavioural performance measures. (A) 
ERROR percentages; (B) ERROR reaction times; (C) Go reaction times. See Appendix 
2.1 for full statistical results.
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Figure 2.3. Attractiveness Rating Results. Attractiveness ratings o f  male and female 
faces that were rated on a Likert scale that ranged from 1-9, with 9 representing 
extremely attractive and 1 representing not at all attractive There was no effect o f  
menstrual cycle Phase or face Stimulus on attractiveness ratings (Phase F  = 0.01, d f  
1/14, P > 0.05; Stimulus F= 1.31, d f  1/14, P > 0.05; interaction F= 0.01 d f  1/14, P >. 
0.05, treating Phase and Stimuhis as within-suhjectfactors).

Neuroimaging results

Successful inhibitions (STOPS) activated a num ber o f  brain areas (Table 2.1) that have 

previously been identified as structures in the neural circuitry o f  inhibition (Garavan et 

al., 2002; Garavan el al., 2003; Li et al., 2006a; Li et al., 2006b) including studies using 

affective stimuli (Chambers et al., 2006; Protopopescu et al. 2005). The Culmen revealed 

a Phase effect (Phase F= 7.76, d f  1/14, P < 0.01) with increased brain activation during 

the follicular phase, while the Cuneus revealed a Stimulus effect (Stimulus F= 5.41, d f  

1/14, P < 0.04) with increased brain activation during the luteal phase (see Appendix 2.2 

for full statistical details). In addition to STOP-related activity in parietal, temporal and

G)
C
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cerebellar regions, there was also robust activity in right ventral Inferior Frontal Gyrus 

(IFG), a region that imaging, lesion and transcranial magnetic stim ulation studies have 

shown to be a core brain region for inhibitory control (Aron et al., 2006; Fassbender et al. 

2004; Chambers et al. 2006) The right IFG was the only area to show a significant Phase 

X Stimulus interaction (F (1, 14) =6.5, P < 0.02) with activity significantly reduced when 

inhibiting to the mal-fol compared to the fem-fol condition (F (1, 14) =12.3, P < 0.00) 

(Figure 2.4). No other pair wise contrasts were significant (see appendix 2.2 for fiill 

statistical details).

ERRORS are common on a task o f  this sort in which a prepotent m otor response must be 

countermanded. ERRORS produced robust activation in the Anterior Cingulate Cortex 

(ACC), a key structure in m onitoring performance (Carter al al, 1998), and additionally in 

parietal, frontal and sub cortical regions (Table 2.1). A Phase effect was evident in the 

Superior Temporal Gyrus (Phase F= 17.12, d f  1/14, P < 0.00) with increased brain 

activation during the follicular phase (see S2 for full statistical details). No region 

showed a significant interaction between Phase and Stimulus, including the ACC (F (1, 

14) =3.8, p <0.07). However, the ACC was the only region to show a Stimulus effect for 

ERRORS (F (1, 14) =5.0 , P < 0.04) showing greater activity for errors to male faces than 

to female faces. M oreover, despite the absence o f  a significant interaction, planned 

comparisons revealed the stimulus effect to be specific to the follicular phase (F ( I , 14) 

=6.0, P < 0.03) and not at all present in the luteal phase (F<1). In contrast to the IFG 

results for STOPS, in which mal-fol activity was sm aller than fem-fol activity, the ACC 

activity for ERRORS was greater for mal-fol compared to fem-fol (Figure 2.5A, Figure
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2.5B). In addition, male-fol activity was also significantly greater than m ale-lut activity 

( F ( l ,  14) =5.0, P < 0.04). No other pair wise contrasts were significant (see appendix 2.2 

for fiall statistical details)). These results indicate a heightened perform ance m onitoring 

reaction for failures to inhibit GO response “approach” behaviour to males that was 

specific to the follicular phase.

Psychometric Correlations

W e assessed the relevance o f  variations in these control mechanisms across the menstrual 

cycle by detennining whether individual differences in sexual desire, assessed by the 

Hurlbert Index o f  Sexual Desire (HISD) (Apt et al, 1992), correlated with brain activity. 

ACC activation for mal-fol ERRORS correlated negatively with sexual desire (Figure 

2.5C). That is, the error-related brain mechanism that would appear to be sensitive to 

reproductive, evolutionary effects showed a reduced response in those with higher trait- 

levels o f  sexual desire. M oving beyond sex-specific behaviours, ACC activity in this 

same male-fol condition also coiTclated negatively with the social sub-scale o f  the 

DOSPERT (Domain-Specific Risk Taking) (Ann-Renee Blais, 2006) which involves a 

self-report m easure o f  risky social behaviours such as disagreeing with an authority figure 

at work or starting a new career in your mid-thirties (Figure 2.5D). These correlations 

were not found for activity levels in any other condition nor for any other brain region.
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centre o f niass

Broadm ann

s tru c tu re area Hemisohere

5TQP5

Volume (uh X Y Z

Inferior Frontal Gyrus +* 47 R 806 37.5 16.4 -8.8

Inferior Parietal Lobule 40 R 547 43.7 -60.8 41.4

Superior Temporal Gyrus 38 L 396 -45.4 13.5 -10.0

Superior Temporal Gyrus 22 R 289 60.7 -51.0 14.1

Middle Frontal Gyrus 9 R 242 31.0 45.1 36.2

Supramarginal Gyrus 40 R 240 53.8 -46.7 30.8

Superior Temporal Gyrus 39 L 213 -56.0 -49.4 15.9

Culmen L 203 -1.8 -33.5 -14.6

Cuneus (1) * 18 L 194 -19.7 -85.1 13.0

Cuneus (2) 19 L 185 -27.8 -83.3 22.1

gRROR

Anterior Cingulate Cortex

+ 32 R 1722 2.8 26.1 30.6

Insula 13 L 462 -39.6 9.1 -1.4

Inferior Frontal Gyrus 47 R 269 37.3 17.8 -14.8

Lentiform Nucleus 34 R 242 27.1 5.7 -5.0

Inferior Parietal Lobule 40 R 241 51.9 -50.7 42.4

Superior Temporal Gyrus

22 L 215 -59.5 -39.4 21.5

Table 2,1. Cerebral Foci for NOGO activation. = Phase e ffect: + = Stimulus e ffect; 
*+ = Phase XStim ulus interaction. Positive values are right, superior and anterior to the 
anterior commissure. See S2 fo r  fu l l  statistical results.
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Figure 2.4. IFG Brain Activation. (A) Right IFG (-37, -16, -9) activation during 
successful response withholds (STOPS). (B) There were no main effects o f  menstrual 
cycle phase or stimulus on STOPS but there was a significant interaction in which mal-fol 
activation was lower than fem-fol activation.
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Figure 2.5. ACC Brain Activation. (A) Significant activation was found in the right 
ACC (-37, -16, -9) for errors o f  commission. (B) There was a significant interaction 
driven by greater activation in the mal-fol condition relative to the fem -fol condition. 
Right ACC activation in the mal-fol condition correlated negatively with the Hurlhert 
Index o f  Sexual Desire (r= - 0.58, P < 0.02; C) and with the social siihscale o f  the 
Domain Specific Risk Taking questionnaire (r= - 0.73, P < 0.00; D).
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Discussion
This study examined whether inhibitory control may vary as a function o f  the menstrual 

cycle in a stimulus-specific m anner related to reproductive success. In the absence o f  

perfonnance differences we found selective reactions o f  critical brain regions for 

inhibiting and registering inhibitory errors to males that was specific to the follicular 

phase confirming our hypotheses and suggesting that the neurobiology o f  important 

cognitive control mechanisms vary in accordance with predictions derived fi'om 

evolutionary theory. Here we show that brain activation differences were specific to male 

stimuli during the follicular phase o f  the m enstmal cycle where IFG activity was 

significantly reduced during successful inhibitions while an enhancem ent o f  ACC brain 

activity was manifested for inhibitoiy errors. Even though the task did not yield 

performance differences, it did succeed in producing an endophenotypic activation 

m easure that would appear to be more sensitive than the behavioural m easure for 

detecting differences in inhibitory control. The expectation is that a more sensitive 

behavioural m easure would reveal perform ance differences. Note, however, that the 

absence o f  perform ance differences can be advantageous as potential cofounding factors 

that are secondary to the performance differences such as error-related fiiistration are 

eliminated from our w ithin-group comparisons.

In the absence o f  performance differences, reduced IFG activity o f  this kind suggests 

greater ease or neural efficiency in inhibiting. Previous studies o f  the menstrual cycle 

using a variety o f  measurement m odalities have demonstrated enhanced memory 

processing, fine-m otor coordination, and increased rapid eye m ovem ent latency in the 

follicular phase (see e.g. Hampson , 1990; Maki et al., 2002; Armitage et al., 1994).
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Previous functional studies that used non-sexual stimuli have shown mixed results with 

activity levels for inhibition being either reduced in the follicular phase or unaffected by 

menstrual cycle when participants processed positive and negative words (Protopopescu 

et al., 2005; Amin et al., 2006). The current resuks suggest that menstrual influences on 

brain flinction may be m odulated by the stimuli employed which may help clarify some 

o f  the discrepancies in the extant literature. The findings reported here o f  enhanced ACC 

brain activation indicate a heightened performance monitoring reaction for failures to 

inhibit a GO response (an “approach” behaviour) to males that was specific to the 

follicular phase. We also investigated the relevance o f  behavioural monitoring across the 

m enstrual cycle by assessing whether sexual desire and risk taking correlate with ACC 

activation. The psychometric correlations reported here suggest that the functioning o f  the 

ACC-mediated m onitoring system can predict individual differences in both trait 

m easures o f  sexual desire and real-world measures o f  social risk-taking. W hile the 

precise description o f  the ACCs fijnction in monitoring behaviour is still a m atter o f  some 

considerable investigation, there is nonetlieless a reasonable consensus that it performs an 

evaluative function o f  either one’s performance, a task’s demands or one’s effort/arousal 

in responding to those demands (Critchley et al., 2001; Brown et al., 2005; M ango et al. 

2006). Given this important yet broad role it is plausible that reduced activity in this 

region m ay also be relevant to important facets o f  social interaction including, for 

example, the risky decision-m aking o f  adolescents (Bjork et al., 2007).

Progesterone and oestrogen levels vary across the menstrual cycle: oestrogen levels rise 

during the follicular phase and reach their peak approximately 24 hours prior to ovulation.

58



C h a p te r  2 M enstrual cycle pliase m odulates cognitive control over m ale but not female stimuli

whereas progesterone levels are low during the follicular phase and peak in the midluteal 

phase (Fillingrim et al., 2000). As scientists (e.g. Buffet et al., 2001) have verified that the 

concentrations and ratios o f  circulating sex hormones oscillate throughout the m enstrual 

cycle and influence the CNS in a large num ber o f  varied ways the m enstmal cycle effects 

reported here may be related to hormonal influences. Cholinergic(Lucey et al., 1991; 

Tseng et al., 1997; Gibbs et al., 1998), glutamatergic (azzaley et al., 1996; W ooley et al., 

1997) GABAergic (M urphy et al., 1998), serotonergic (Biegon et al., 1983; ecins- 

Thom pson et al., 1996; um m er et al., 1997; Moses et al., 2000) noradrenergic (Tseng et 

al., 1997), and dopam inergic neurotransm itter (Pasqualini et al., 1995; Pasqualini et al., 

1996) systems all respond to sex hom ones. Dopamine is o f  particular interest here given 

its role in both response inhibition (Hester et al., 2004) and the ACC error response 

(Holroyd et al., 2002), Oestrogen and progesterone have direct and opposing actions on 

dopaminergic neurotransm ission. Preclinically, oestrogen increases dopamine synthesis 

(Pasqualini et al. 2005; Pasqualini et al. 2006), tum over and release (Becker et al., 1996), 

and dopamine receptor density (Hruska et al., 1980; Ranee et al., 1981b), as well as 

decreasing m onoam ine activity which reduces the degradation o f  dopam ine (Luine et al., 

1975). In contrast, progesterone appears to down-regulate dopamine system s (Schmizu et 

al. 1993), leading to the suggestion that the results reported in this study m ay be 

influenced by the facilitatory effect o f  oestrogen on the dopaminergic system during the 

follicular phase o f  the menstrual cycle. Although there is less evidence that normal 

menstm al cycle fluctuations would have similar effects on components o f  the 

neurotransm itter system s, a recent study links menstrual cycle influences on response 

inhibition to oestrogen levels (Amin et al., 2006). As horm one levels were not verified
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which limits inferences characterising the rapidly changing levels o f  ovarian steroid 

hoiTTiones inferences are only speculative.

Future research could investigate if  the effects found in this experiment are influenced by 

the cultural context o f  the environment. W e did not ask participants how they would react 

i f  they found out they were pregnant. As the m ajority o f  our sample consisted o f  

undergraduate students it is unlikely that they were in the process o f  trying to conceive. 

Drawing from the postulations o f  parental investment theory, the ability to suppress 

sexual interests would be particularly advantageous in such a sample o f  young individuals 

who have not yet reached a culturally acceptable age where reproduction would be 

desirable. In a sample o f  individuals who are approaching the menopasue and who feel 

that time is running out to successHilly carry their genes in to the next generation, 

evolutionary theory m ight predict the opposite o f  what was found i.e. to ensure 

procreation there might be an evolutionary advantage to women reducing their inhibitory 

processes during the fertile follicular phase o f  the m enstm al cycle.

One limitation o f  the present study is the reliance on human participants to record their 

menstrual cycle status as horm one levels were not measured. In our study our only 

biological m arker was LH but as a significant LH surge occurs in only a small w indow o f  

time, approxim ately 24-36 hours prior to ovulation (Buffet et al., 2001), a negative LH 

test is not necessarily indicative o f  low oestrogen levels which are elevated from day 10 

to 14 o f  a normal 28 day m enstrual cycle. We found no brain activation differences 

between participants who tested positive on LH to those who tested negative. Exploration
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o f  the effects o f  cyclic hormonal fluctuation at m ultiple time points would help to 

understand the full range o f  ovarian steroids influence on cognitive-affective processing. 

W hen directly com paring studies that investigate m enstm al cycle hormonal phase effects, 

conflicting results may m anifest if methodological differences exist, such as slightly 

different specified time frames, different stimuli modalities, and incorporating different 

brain activation baseline measures into fianctional brain analysis.

Fluctuating changes in oestrogen and progesterone are not, however, sufficient 

explanations for the observed changes in activity in the right IFG and ACC as the phase 

effects here differed according to the stimulus being processed. This suggests that the 

honnone-neurotransm itter interactions described above facilitate information processing 

in a stimulus-specific manner. Arising from evolutionary demands to be selective when 

sexual activity could yield offspring, the brain’s cognitive control mechanisms may be 

attuned to respond to sexual conspecifics. Despite female preference for masculine 

characteristics in men when fertility probability is high (Jones et al., 2005a; Penton- 

Voyak et al., 1999) these influences may be “counteracted” to some extent by superior 

inhibitory brain function and heightened detection o f  inhibitory failures. The suggestion 

here is that selection pressures on female ancestors resulted in both an increased attraction 

to advantageous traits (e.g., increased preference for heritable immunity to infectious 

disease (Penton-Voyak et al., 1999)) and an increased ability to be selective and cautious 

when com m itting to a sexual encounter (e.g., selecting mates that will also provide 

resources for the females and their offspring, (Bjorklund et al., 1996)).
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This stimulus-specific interaction between menstrual cycle phase and stimulus type 

produces an endophenotypic outcome predicted by evolutionary psychology. O ur findings 

can contribute to the developm ent o f  m odels o f  brain fianction that integrate the effects o f  

stimulus modality, stim ulus complexity, contextual differences, stim ulus, hormone 

effects, and other individual differences. Even though previous studies have indicated the 

influence o f  stimulus on neural activity underlying seemingly straightforward cognitive 

tasks, overall, conflicting results have been reported (Protopopescu et al., 2005; Amin el 

al., 2006). Incorporating menstrual cycle fluctuations into these studies m ight explain 

these discrepancies. As cognitive control is believed to be central to many psychological 

disorders, many o f  which have different prevalences in males and females (Kessler et al., 

2005; Neuman et al., 2005Eme, 2007), the present results may also have implications for 

understanding the biological basis o f  these clinical conditions. Our results suggest that 

measures o f  brain function, perhaps by being closer to genetic influences than observable 

behavior, can provide a testbed for psychological evolutionai'y theory.
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Chapter 3

Neuroanatomical dysfunction of response inhibition in ecstasy users 

Abstract

Evidence suggests that recreational users o f  ecstasy have behavioural and cognitive 

deficits and show increased impulsivity consistent with 5-hydroxytryptamine (5-HT) 

neurotoxicity. The specific cognitive control function o f  impulse control, has been shown 

to be an important m arker for a comm on pathway to addictive behaviours. The aim o f  this 

study was to investigate the effect o f  chronic ecstasy use on brain activation during 

response inhibition and perfonnance monitoring. During perfonnance o f  a response 

inhibition GO/NOGO task using fiinctional magnetic resonance imaging 20 ecstasy users 

and 20 healthy controls were scanned. Behaviourally no perform ance deficits were 

evident. However, ecstasy users revealed elevated frontal and parietal BOLD response 

during successful inhibitions, and temporal, frontal, and cingulate hyperactivity during 

unsuccessful inhibitions. These results reveal a neuroanatom ical basis for a dysregulated 

cognitive flexibility in chronic ecstasy users.
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Introduction

Impulsivity is a feature o f  a num ber o f  clinical disorders, as defined in DSM IV 

(American Psychiatric Association, 1994), including psychopathy, attention deficit 

hyperactivity disorder, bulim ia nervosa, and drug abuse. Ahhough im pulsivity is a risk 

factor for the developm ent o f  substance abuse (Chambers and Potenze, 2003), it appears 

that impulsivity is a general factor that increases the risks for engaging in health risk 

behaviours, w ithout specifically predisposing the individual towards any particular 

health-risk behaviour. In relation to the regular use o f  ecstasy im pulsivity has received 

particular attention as behaviours such as aggression (Gerra et al., 2000), and serotonergic 

depletion in animals and hum ans (Me Cann et al., 1994; Hatzidimitriou et al., 1999; 

Reneman et al., 2001a; Gudelsky and Yamamato, 2008) have been associated with both 

ecstasy use and impulsivity.

However, current findings are inconsistent. Greater impulsivity has been found in ecstasy 

users compared to drug-naive controls in a range o f  impulsivity tasks. For example, 

ecstasy users revealed elevated impulsivity on the M atching Familiar Figures Test 

(M FFT) (M organ et al., 1998; Morgan et al., 2002; M organ et al., 2006; Quednow et al., 

2007), the Stroop test (Halpem  et al., 2004), and on trait impulsivity (M organ et al., 1998; 

Parrott, 2000b; Butler and M ontgomery, 2004) in comparison to drug-naive controls. 

However, there are reports o f  failures to replicate these deficits on a response inhibition 

GO/NOGO task (Fox et al., 2002; Gouzoulis-M ayfrank et al., 2003), a Stop Signal Test 

(von Geusau et al., 2004), Stroop tests (Dafters, 2006a; V ollenw eider 1998), and on trait 

im pulsivity (Clai'k et al, 2008). Surprisingly two studies even found a significant
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reduction in self-reported impulsivity (Ricaurte et al. 1990; M cCann et al., 1994b). 

Previous studies also found that ecstasy users and polydm g users reported sim ilar levels 

o f  impulsivity (Morgan et al., 1998; Daumann et al., 2001; M organ et al., 2002; Butler 

and Dafters et al., 2004; M ontgomery, 2004; Hanson et al., 2008), suggesting that drug 

users in general and not specifically ecstasy users may be at risk for elevated impulsivity.

Impulsivity is a complex psychological term that has been characterized as a 

m ultidim ensional construct (Gerbing et al. 1987; Malle and N eubauer 1991; M oeller et al. 

2001). The impulsivity construct has been suggested to include diminished ability to 

delay gratification, behavioral disinhibition, risk taking, sensation seeking, boredom 

proneness, reward sensitivity, lack o f  perseverance, and poor planning (Retry et al., 2001; 

Semple et al., 2005). As the construct o f  impulsivity is multi factorial various aspects o f  

im pulsivity likely have distinct neuronal mechanisms (see Evenden et al., 1999). There 

are m ultiple ways o f  m easuring this complex construct, including self-report measures 

such as questionnaires, behavioral measures such as reaction times or neural correlates o f  

inhibition. Today, fMRI provides a powerful tool for investigating the neurobiological 

substrates o f  cognitive tasks and m ight yield more sensitive and informative measures o f  

impulsivity. Given the diversity o f  the propensities subsumed under the impulsivity 

construct it seem s implausible that any single measure could provide an adequate account 

o f  impulsivity, and findings o f  ecstasy related impulsivity deficits in some constructs 

and not others are therefore, perhaps not that unexpected. Quednow et al. (2006) reported 

that ecstasy users showed significantly elevated impulsivity in the M FFT Impulsivity 

score (I-score), but did not show differences in commission errors on a GO/NOGO task.
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compared with controls. Clark et al. (2008) found no evidence o f  laboratory im pulsivity 

on the Information Sampling Test (1ST) in the ecstasy group compared to controls, but 

self-reported impulsivity on the Impulsiveness Venturesom ness and Empathy (IVE) 

questionnaire was significantly elevated in the current and former ecstasy users compared 

to controls. W hat is somewhat more conspicuous is that whilst in other studies (Reynolds 

et al., 2006; Douglas et al., et al., 2007) drug users displayed impairments on different 

aspects o f  im pulsivity these measures were only weakly correlated with one another. 

This study opts to study ju st one well-characterised aspect o f  impulsivity, response 

inhibition, given that its neuroanatom y is very well understood, it is easy to implement 

and obtain robust fianctional measures (Garavan et al., 1999) and, critically, given that it 

is an aspect o f  impulsivity that has been shown to reveal performance and/or fucntional 

differences in many previous tests o f  various drug using groups (Kaufinan et al., 2003; Fu 

et al., 2008). Inhibition impulsivity is defined as a failure to suppress automatic or 

dom inant response tendencies.

Ecstasy has been shown to cause a prolonged loss o f  presynaptic serotonergic neurons in 

animals and primates, and may also affect the human serotonergic system (Ricaurte et al., 

1992; Fischer et al. 1995; Hatzidimitriou et al. 1999). There is a longstanding association 

between reduced 5-HT neurotransm ission and behavioural im pulsivity derived fi'om 

behavioural pharm acology investigations in experimental animals (Tye et al., 1977; 

Evenden et al., 1999; Soubrie et al., 1986). In humans 5-HT depletion has been associated 

with increased impulsivity (e.g. Brown et al., 1982; Soubrie and Bizot, 1990; Virkkunen 

et al., 1994) and behaviours characterised by impaired impulse regulation (e.g. impulsive

66



C h a p te r  3 Neuroanalom ical dysfunction o f  response inhibition in ecstasy users

fire setting, parasuicide, substance abuse, bulimia nervosa) have been found to be 

associated with decreased 5-HT functioning (Lidberg et al., 1985; Fishbein et al., 1989; 

Linnoila et al., 1989;; Brewerton, 1990).

The ability to inhibit inappropriate behaviours is complemented by performance 

monitoring fimctions in that efficient control requires cognitive processes to identify 

when an eiTor has occurred. This process is critical to leam ing from a previous mistake 

and appears to involve the anterior cingulate cortex (ACC) (Caravan et al., 1999; Kiehl et 

al., 2000). An impaired serotonergic system is well known to be associated with 

depression and may underlie impaired monitoring as depressed patients fail to improve 

perfbnTiance after perceived failure (Beas et al., 1996; Elliott et al. 1997), show an 

impaired response to negative feedback (Risch and Nemeroff, 1992), and an increased 

tendency to change response strategy by showing an impaired ability to m aintain a 

response set in the face o f  misleading negative feedback (M urphy et al. 2003). As there is 

evidence that 5-HT is not involved in m otor inhibition (Chamberlain and Sahakian, 2007) 

one possibility is that m otor inhibition deficits are secondary to poor m onitoring that m ay 

be related to 5-HT.

In prim ate studies the 5-HT depleting neurotoxin 5,7-dihydroxytrapthine increased 

im pulsivity in the 5 choice reaction time task (Harrison et al., 1997) and in a GO/NOGO 

conditional visual discrimination task (Harrosson et al., 1999). It is notew orthy that 

behavioural studies in humans have been unable to dem onstrate any effect o f  5-HT 

manipulation on performance (Chamberlain and Sahakian, 2007). In healthy volunteers
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no effect o f  acute tryptophan depletion  was found on response inhibition perform ance in 

a range o f  behavioural im pulsiv ity  tasks (Le M arquand et al., 1998; C rean et al., 2002; 

C lark  et al., 2005; C ools et al., 2005; R ubia et al., 2005) w ith the exception o f  one studies 

(W alderhaug et al. 2002). In a w ith in  participants design W alderhaug  et al. (2002) 

reported  an increase in im pulse response style in healthy contro ls after acute tryptophan 

depletion. T his d iscrepancy  m ay be attributed to a pre-ex isting  5-H T im pairm ent in the 

depressed  group. U sing a standard  G O /N O G O  task R ubia et al. (2005) reported  that acute 

tryp tophan  depletion  increased brain activation in the superio r and m edial tem poral 

cortices o f  healthy  contro ls, but decreased brain activation in the right inferior prefrontal 

cortex  (PFC ) during response inhibition, w hereas also using a m odified  G O /N O G O  task 

Evers et al. (2006) reported response inhibition to be unaffected  but activation in the 

dorsom edial PFC (BA 8) to be decreased  during p erfonnance  m onitoring  in healthy  m ale 

vo lunteers. In pharm acological fM Rl studies pre-trea tm ent w ith m - 

ch lo ropheny lp iperazine , a 5-HT2c agonist with antagonist p roperties at o ther 5-H T 

receptors (A nderson et al., 2002), citalopram , a selective 5-H T reuptake inhibitor 

an tidepressant, (Del Ben et al., 2005), and m irtazapine, a 5-HT2, 5 -H T 3 and o2 antagonist 

an tidepressan t w hich enhances 5-H T and noradrenaline re lease (V ollm  et al., 2006), all 

increased  right in ferior frontal responses in a G O /N O G O  task. T his region has been 

im plicated  in im pulse contro l (G aravan et al., 1999) and a com m on property  o f  these 

drugs is to increase aspects o f  5-H T neurotransm ission by m anipulating  d ifferen t recep to r 

sutbypes m aking it d ifficu lt to propose a straightforw ard m echanism  that specifies the 

involvem ent o f  recep to r subtypes. G iven ecstasy’s influence on  the serotonergic system  

and ev idence o f  d irec t (tryptophan depletion, pharm acological challenges) and indirect
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(depressed patients) serotonergic involvement in response inhibition and performance 

m onitoring, these processes may be influenced by ecstasy use, and are more likely to be 

revealed by the sensitive m easure o f  functional brain activation.

The present study sought to investigate the neural basis o f  response inhibition and 

perfbiTnance monitoring in chronic ecstasy users. M ore specifically using a GO/NOGO 

event-related task we investigated BOLD activation underlying response inhibition and 

perfonnance monitoring in chronic ecstasy users and healthy controls. Performance o f  

GO/NOGO tasks places demands on behavioural inhibition processes, in that prepotent 

responses must be suppressed. Additionally the Impulsiveness Venturesom eness and 

Empathy questionnaire (IVE) was administered to provide a supplem entary self-report 

m easure o f  impulsivity. Our hypothesis was that ecstasy users would report elevated 

m easures o f  state and trait impulsivity and reveal a dysregulated brain circuitry during 

response inhibition and perfonnance monitoring compared to healthy controls.
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Methods

Participants

The ecstasy group included 20 chronic users o f  ecstasy and the drug-naWe group was 

comprised o f  20 participants with no history o f  illicit dm g use. Participants were recruited 

by poster recruitment and by the snowballing method. All participants underwent a phone 

screening, during which past illicit and prescribed drug use was quantified, and 

information concerning past and present psychiatric and neurological well-being was 

taken. Participants in the dmg-nai've group were required to have never used any illicit 

substance. Participants in the ecstasy group were required to be current users o f  ecstasy 

and to have consumed at least 40 ecstasy tablets over a period o f  a year, but not 

necessarily over the immediately preceding year. With the exception o f  cannabis, 

participants in the illicit drug groups were excluded i f  they used any other illicit drugs on 

more than ten occasions in their lifetime (or more than fifteen tim es if  the substance had 

not been used in at least 5 years preceding the study) and were required to be abstinent o f  

these drugs for a m inim um  period o f  10 weeks prior to testing. Participants were also 

excluded if  they had reported either past or present neurological o r psychiatric problems. 

Given the fact that daily sm oking o f  cannabis is part o f  the lifestyle o f  most club drug 

users (Daumann et al., 2003), cannabis users were not excluded from the study or 

required to abstain from smoking cannabis prior to participation. No subject tested 

positive for cannabis when use was se lf reported more than 20 days prior to study 

participation. Ecstasy users were requested to abstain from ecstasy for at least 48 hours 

prior to study participation. Given this abstinence period, all participants provided a

70



Chapter 3 N euroanatom ical dysfunction o f  response inhibition in ecstasy users

negative urine sample for ecstasy. Additional screening for m ethadone, benzodiazepines, 

cocaine, opiates, barbiturates and tricyclic antidepressants (Cozait Rapiscan, UK) 

revealed negative urinaanalysis results in both groups. In the sample o f  female 

participants that completed functional imaging (10 female ecstasy users/10 female 

controls) ecstasy using and non-drug using control groups were matched for phase o f  the 

m enstmal cycle and contraception intake, i.e. for the four ecstasy users that were taking 

an oral contraceptive, this same contraceptive was matched in the control group, and for 

the rem aining six participants with a regular 28 day cycle testing took place on the same 

day for both groups (due to participant availability 2 participants in the control group 

were tested 2 days later in the menstrual cycle compared to the ecstasy using group). All 

participants gave infomied consent and the study was approved by the School o f  

Psychology in Trinity College Dublin.

Table 4.1 shows the group demographics and drug use history for both ecstasy users and 

controls. The groups did not differ significantly in terms o f  verbal IQ as assessed by the 

National Adult Reading Test (NART), age, gender, years o f  education, alcohol or other 

illicit drugs with the expected exception o f  ecstasy and cannabis as specified in the 

selection criteria. The ecstasy group in this study and the cannabis group that were tested 

in a prior non-fM RI study (see page 95) do not differ on cannabis use measures (see p 

97). The ecstasy group self-reported higher Beck Depression Inventory (BDI) scores. The 

B D l-II was developed to assess specific diagnostic criteria for depression, as defined in 

the Diagnostic and Statistical Manual o f  Mental Disorders, 4th edition (DSM-IV) (BDI- 

11; Beck et al. 1996).
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E cstasy C o n tro ls
(n=20) (n=20)

A ge 22.4±0.7 22.5±0.6
Y ears o f  education 15.8±0.5 16.9±0.6
V erbal intelligence score (N A R T ) 122.1±1.1 123.3±0.9
Beck D epression Inventory II score 5.8±0.9 3.2±0.7*
Fem ales/m ales 10/10 10/10
Y ears o f  alcohol use 7 .6 ± 0 7 6.32±0.6
A lcohol use in the last m onth (no. days) 9.O i l .7 6.1±0.9
A verage units o f  alcohol per w eek 14.4±2.1 10.6±0.9
Y ears o f  n icotine use 3.5±0.7 1.6±0.7
Y ears o f  am phetam ine use 1.7±0.6 na
Last am phetam ine use (days) 217.3 ±95 na
A m phetam ine use (no. tim es) 3.8±1.2 na
Y ears o f  cocaine use 2.4±0.1 #
Last cocaine use (days) 147,3±49.4 na
C ocaine use (no. times) 8 .U 1 .2 na
Y ears o f  hallucinogenic use 0 .5 i0 .4 na
Last hallucinogenic use (days) 2 2 4 .7± 113.7 na
H allucinogenic use (no. times) 0.8±0.3 na
Y ears o f  ecstasy  use 5.30.7 na
Ecstasy use in the last m onth (no. 2.3 ±0.4 na
times)
Pills in last m onth (num ber) 10.7±2.7 na
Last ecstasy use (days) 16.17±2.5 na
Lifetim e pills (num ber) 406.5±88.1 na
Pills in last year (num ber) I09.7±29.2 na
Y ears o f  cannabis use 5.1±0.9 na
D ays o f  use in last m onth (num ber) 12.0±2,6= na
Joints in last m onth (num ber) 32.2±10.4 na
L ast cannabis use (days) 76.5±74.9 na
L ifetim e jo in ts (num ber) 1859.3±600.8 na

Table 4.1. M ean and SEM for ecstasy and control groups on dem ographics and drug 
use history. * = p  < 0. 05 versus ecstasy group #  = on the day o f  testing one participant 

from  the control group reported using I line o f  cocaine on 4 occasions (last use was 2 
years p r io r  to testing).
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Experimental design 

The GO/NOGO task

Participants completed a GO/NOGO task based on the work o f  Garavan et al. ( \ 999) 

where the letters X and Y were presented serially in an altem ating pattern at 1 Hz and 

participants were required to make a button press response to each letter. Responses 

were to be withheld to NOGO stimuli: a NOGO occurred when the altem ation was 

interrupted (e.g., the third stimulus in the train X-Y-Y-X-Y). The event-related design o f  

this experim ent allowed the N O G O s’ to be distributed unpredictably throughout the series 

o f  stimuli presentation. The inter-stimulus interval was 400 ms and each stimulus was 

presented for 600ms. Based on the work o f  Gravan et al. (2002) these timing parameters 

were chosen to produce approxim ately an equal num ber o f  successful response 

inhibitions (STOPS) and eiTors o f  comm ission (ERRORS) in each subject. Participants 

were instructed to try to respond while the stimulus was on screen and responses and 

response speed were recorded. Prior to scanning participants completed a 60 second 

practice block o f  the task that contained 6 NOGO stimuli. During fMRI scanning, 

participants completed two runs that contained 450 GO stimuli and 50 NOGO stimuli, 

resulting in an average inter NOGO interval o f  10 seconds. Each mn com m enced with a 

14 second rest period and terminated with a 12 second rest period.
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Psychometric measures

Upon completion o f  scanning participants completed the Impulsiveness, Venturesom ness 

and Empathy Questionnaire (IVE). The IVE questionnaire is a 54-item questionnaire, 

which consists o f  three scales, impulsiveness (I), venturesom eness (V) and em pathy (E) 

(Eysenck et al., 1991). Each question requires a response o f  either ‘Y es’ or ‘N o ’. Scores 

for im pulsiveness and empathy each range from 0 to 19 and scores for venturesom eness 

range from 0 to 16 and high scores reflect higher levels o f  the trah. Four participants from 

the ecstasy group and 1 participant from the control group did not com plete the IVE. ’

Imaging parameters

All scanning was conducted on a Philips Intera Achieva 3.0 I'esla MR system (Best, The 

Netherlands) equipped with a m irror that reflected a 640 x 480 pixel display, projected on 

a panel placed behind the subject’s head outside the magnet. The miiTor was mounted on 

the head coil in the participants' line o f  vision. Imaging started with 31.5 seconds o f  

standard scout images to adjust head positioning, followed by a reference scan to resolve 

sensitivity variations. Imaging used a parallel SENSitity Encoding (SENSE) approach 

(Pruessmaan et al. 1999) with reduction factor 2. 180 high-resolution T1-weighted 

anatomic M PRAGE axial images (FOV 230 mm, thickness 0.9 mm, voxel size 0.9 x 0.9 x 

0.9) were then acquired (total duration 5.43.6 minutes), to allow subsequent activation 

localization and spatial normalization. Thirty-two non-contiguous (10% gap) 3.5 mm 

axial slices covering the entire brain were collected using a T2* weighted echo-planar

' An additional 30 ecstasy users and 30 controls completed the IVE in an earlier non tMRI study and these 
data are reported separately in chapter 6 on page 181.
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imaging sequence (TE = 35 ms, TR = 2000 ms, FOV 224 mm, 64 x 64 mm matrix size in 

Fourier space).

Tim e-series analyses

The tMRI data were analysed using the AFNI software package (Cox, 1996). Time-series 

data were motion-coixected using 3D volume registration (least-squares alignment o f  

three translational and three rotational parameters). Activation outside the brain was 

removed using edge detection algorithms. Deconvolution techniques calculated event- 

related activation for successful response inhibitions (STOPS) and errors o f  commission 

(ERRORS). Separate haemodynamic response functions at 2s temporal resolution were 

calculated. The haemodynamic response functions were then modelled voxelwise with a 

gam m a-variate function using non-linear regression (Caravan et al., 1999) and (Ward et 

al. 1998). An area-under-the-curve measure o f  the gam m a-variate model was expressed as 

a percentage o f  the tonic baseline activity and served as the activation m easure for the 

event-related responses. Activation maps were warped into a standard stereotaxic space 

(Talairach et al., 1998) and spatially blurred with a 4.2-m m  fiill-width at half-maxim um  

isotropic Caussian filter after performing a second edge detection on the skull stripped 

brain. ERROR and STOP activation maps for both ecstasy users and drug-naive controls 

were determined with one-sam ple t-tests against the null hypothesis o f  zero activation 

changes (i.e. no change relative to tonic task-related activity). In addition, voxelwise 

independent-sam ples t-tests comparing ecstasy users and dm g-naive controls were 

perfonned separately for both ERROR and STOP activations. Significant voxels passed a
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voxelwise statistical threshold (/ = 8.94, P  < 0 .005) and were required to be part o f  a 

larger 286 |il cluster o f  contiguous significant voxels. Thresholding was determined 

through Monte Carlo sim ulations and resulted in a 5% probability o f  a cluster surviving 

due to chance. The m ean activation o f  group difference clusters for both ERROR and 

STOP activations were calculated for each subject.

Statistical analysis

Data are expressed as mean ± SEM and analyzed with the computerized package SPSS 

(version 12) for statistical analysis. Independent t-tests were used to test for group 

differences on self-reported psychometric m easures and GO/NOGO perfonnance 

measures. All tests were two-tailed and criterion for significance was set on p<0.05. An 

analysis o f  covariance (ANCOVA) was performed on cluster means where BDl scores 

was the covariate. W ithin the ecstasy group Pearsons correlations’ were carried out to 

investigate relationships between behavioural performance, dm g use and brain activation.
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Results

Behavioural results

Independent t-tests revealed that the groups did not differ on the im pulsivity (p = 0.5), 

venturesomness (p = 0.4), and empathy (p = 0.6) scales o f  the IVE^ nor did they differ on 

any GO/NOGO perfom iance measures including % NOGO responses (p = 0.5), EOC 

reaction times (p = 0.6), o r GO reaction times (p = 0.3) (Table 3.2).^

Ecstasy Control

IVE (n=16) (n=19)

Impulsivity 63±1 64±1

Venturesomness 20±1 19±1

Empathy 24±1 23±1

GO/NOGO performance (n=20) (n=20)

% NOGO 52 ± 2 57± 2

EOC reaction times (ms) 303 ± 8 287 ± 6

GO reaction times (ms) 323 ± 10 308 ± 8

Table 3.2. Psychometric and GO/NOGO response inhibition behavioural results.

 ̂ An additional ecstasy versus control independent t-test analysis combined these data with data from 
previously tested participants in a non fMRI study (ecstasy group (n=46), control group (n=49)), but group 
differences were still insignificant (p > 0.05).

In a separate analysis no gender effects or gender X group interactions were observed (p > 0 .05) (see page 
181).
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Neuroim aging results

The t-test versus zero activation maps (p=0.001) are shown in figure 3.1. For STOPS 

activated areas included prim arily the right inferior fi-ontal gyrus and to a lesser extent 

dorsolateral and ventrolateral PFC. ERRORS exhibited more robust activation relative to 

STOPS and activated brain regions included bilateral ACC and bilateral PFC. The 

activation patterns o f  ecstasy users were similar to controls.

Group differences for STOPS irom the voxelwise independent groups t-tests were found 

in the right middle and inferior frontal gyiois (IFG) (41, 33, 18), right middle frontal gyrus 

(45, 12, 34), and right inferior parietal lobule (42, -40, 45). Group differences for 

ERROR activations were evident in the left medial frontal gyrus (0, 61, 1), right middle 

and inferior temporal gyrus (53, -41, -10), and left posterior cingulate (-1, -47, 26). (see 

Figure 3.2 and Table 3.3). For these 6 brain region clusters all activations were positive 

except for the right inferior parietal lobule to STOPS in controls, and the left medial 

frontal gyrus and left posterior cingulate to ERRORS in controls, where deactivations 

were evident.

In ecstasy users a high ft-equency (r= 0.48, p :^ .0 5 )  and high consumption o f  ecstasy 

tablets (r= 0.46, p ^ .0 5 )  in the month prior to testing correlated with the posterior 

cingulate ERROR cluster. As expected, the consumption o f  ecstasy tablets and fi'equency 

o f  ecstasy use in the last month were highly correlated (r= 0.78, p^.O O O l). N either 

im pulsivity from the IVE, behavioural performance from the GO/NOGO task nor any

4
In a separate analysis no gender effects or gender X group interactions were observed (p > 0.05).
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drug use measures correlated with activation in any o f  the brain regions that revealed a 

group difference. Also impulsivity from the IVE did not correlate with behavioural 

perform ance from the GO/NOGO task. The ANCOVA that was preformed on activation 

m easures confirmed all these findings demonstrating that the results were not driven by 

differences in BDI scores.

centre of m ass
Structure Broadmann area Hemisohere Volume (ul) X Y Z

Middle and inferior frontal gyrus 46,10

STOPS

R 1101 41 33 18
Middle frontal gyrus 9,8,6 R 488 45 12 34
Inferior parietal lobule 40 R 412 42 -40 45

Medial frontal gyrus 10

ERRORS

L 723 0 61 1
Middle temporal gyrus 20,37 R 406 53 -41 -10
Posterior cingulate 31, 23, 30 L 331 -1 -47 26

Table 3.3. Cerebral Foci for GO/NOGO group differences in activation.
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STOPS ERRORS
Figure 3.1. Sagittal sections showing regions involved in the GO/NOGO task. Examination o f  t-tests (p=Q.001) fo r  
successful inhibitions (STOPS-left column) and failed  inhibitions (ERRORS-right column) between control participants (upper 
row) and ecstasy using participants (bottom row) demonstrate consistent regions o f  activation fo r  both groups.
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A

Figure 3.2. Clusters that showed group differences for ERRORS and STOPS. (A)
STOP group differences. Green= right middle and inferior frontal gyrus (41, 33, 18), 
orange= right middle frontal gyrus (43.3, 11.9, 34.0), and red= right inferior parietal 
lobule (42, -40, 45). (B) ERROR group differences. Green= left medial frontal gyrus (0, 
61, 1), orange= right middle and inferior temporal gyrus (52.7, -41.3, -9.9)(coronal 
view), and red= left posterior cingulate (-1, -47, 30). For all o f  these brain regions 
ecstasy users revealed greater brain activations compared to drug-naive controls.
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Discussion

Successful response inhibition recruited the right frontal cortex, whereas unsuccessful 

inhibition was associated with bilateral frontal and anterior cingulate activity, consistent 

with previous results obtained using GO/NOGO tasks (Garavan et al., 1999; Braver et al., 

2001; M enon et al., 2001; Rubia et al., 2001; Aron and Poldrack, 2006). fri a response 

inhibition GO/NOGO paradigm  the results o f  this study suggest that chronic ecstasy users 

in the absence o f  perform ance deficits demonstrate abnormal hyperactive brain activation. 

This relative BOLD hyperactivity was evident for both successfiil and unsuccessflil 

inhibitions. The lack o f  effect o f  chronic ecstasy on GO/NOGO task performance is in 

agreement with other studies (Fox et al., 2002; Gouzoulis-M ayfrank, et al., 2003). Indeed, 

the absence o f  perform ance effects can be advantageous enabling us to discount 

performance-related effects (e.g., Ihistration) from confounding the group comparison 

(M urphy and Garavan, 2005),

In the GO/NOGO task during STOPS, ecstasy users demonstrated hyperactive neural 

responses in the right dorsolateral PFC (DLPFC), IFG and parietal lobule. A widespread 

network o f  brain regions is involved in response inhibition but right prefrontal and 

inferior parietal activation are regions typically involved in GO/NOGO inhibition tasks 

(Garavan et al., 1999; Konishi et al., 1999; Liddle et al., 2001, Garavan et al., 2002; 

Rubia et al., 2003, Hester and Garavan, 2004; Li et al., 2006b) and inhibitory control 

generally (Aron et al., 2004). Activity in these regions involved in successful inhibition 

perform ance activity may depend on how difficult the individual finds response 

inhibition. Therefore, ecstasy related hyperactivity in regions involved in successful
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response inhibition is suggestive that ecstasy users are placing greater dem ands on 

inhibition processes by working harder to successfully inhibit prepotent responses. In 

support o f  this speculation during performance o f  the GO/NOGO task Kelly et al., (2006) 

reported better performers to exhibit greater right DLPFC activation, Garavan et al., 

(2006) showed greater fronto-parietal activation in more absentminded healthy 

participants, and Bellgrove et al., (2006) showed greater left prefrontal activation in older 

patients which was interpreted as reflective o f  greater task difficulty. Consistent with the 

frontal hyperactivity reported here, an fMRI study found that ecstasy users showed 

greater activation in PFC compared with non-drug-using controls during perfonnance o f  

an immediate and delayed working mem oiy task (M oeller et al., 2004). Furthermore, 

there is a substantial body o f  work associating ecstasy with serotongergic frontal deficits 

(O ’Heam et al., 1988; W ilson et al., 1989; Fischer et al., 1995; Hatzidimitriou et al., 

1999). Although at a conceptual level, the 5-HT theory o f  im pulsivity may represent an 

over-sim plification (Clark et al., 2008), ahered 5-HT neurotransm ission in the PFC has 

been associated with failures o f  inhibitory control (Leyton et al., 2001; Clarke et al., 

2004; Liu et al., 2004). Chronic abnormalities in 5-HT might produce more pronounced 

deficits than temporary ones, or may have different effects, but as acute tryptophan 

depletion decreased brain activation in the right inferior PFC during response inhibition 

(Rubia et al., 2005) our finding o f  right IFG hyperactivity in chronic ecstasy users may 

be reflective o f  a chronic compensatory m echanism  for dimininished acute activity. 

How ever this postulation is speculative as the current study contained no assessment o f  

neurtransm itter levels and there is evidence suggesting that noradrenaline rather than 5- 

HT may play a key role in m otor inhibition (Chamberlain and Sahakian, 2007).
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During ERRORS ecstasy users demonstrated hyperactive neural responses in the left 

medial frontal gyrus, right m iddle temporal gyrus and left posterior cingulate. Ecsatsy 

users did not differ in the main areas activated for ERRORS and the ones that have been 

most associated with error-specific processes such as the anterior cingulate and insula 

(Caravan et al., 2006). The medial frontal gyrus (BA 10) is considered one o f  the least 

well understood regions o f  the human PFC (Burgees, 2003). Although this region 

supports processes that are involved in many different situations, rather than being limited 

to a single domain (Gilbert et al., 2006) no evidence is suggestive that this region is 

critical for implem enting perfonnance monitoring. The middle temporal gyrus has been 

reported to be activated during error processing but this activation has been found to be 

lateralised to the left hemisphere (Hester et al. 2004a). As the temporal lobes have been 

implicated in target detection studies (e.g. Jemel et al, 2003) that have been implicated 

attention (Rubia et al., 2005) it is plausible that temporal hyperactivity in ecstasy users 

may have mediated selective attention mechanisms, and therefore spared performance 

deficits. The ACC is a core component o f  en'or related processing (Hester et al. 2004a; 

Caravan et al., 2002) but the posterior cingulated is not typically associated with error 

processing. As both the medial PFC and posterior cingulate are part o f  the default 

network (regions that are typically deactivated during active task performance (Phelps et 

al., 1981; Me Kieran et al., 2003; Shulman et al., 1997), activation as opposed to 

deactivation in these regions during performance monitoring might be related to an 

impairment o f  default activities such as monitoring the environment, m onitoring one’s 

internal state and emotions, and various forms o f  undirected thought. In support o f  the 

potential for pharm acological substances to manipulation the default system, recently
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Hahn et al., (2007) reported nicotine-induced deactivation in the posterior cingulate and 

frontal gyrus during a visuospatial attention task. These deactivations may be 

advantageous as they were associated with improved attention in nicotine smokers (Hahn 

et al., 2007). Additionally, as the posterior cingulate is the upper part o f  the "limbic lobe" 

(Heim er et al., 2006) perhaps the present results suggest that ecstasy users are less 

emotionally reactive and less capable o f  coping with high levels o f  cognitive demand 

compared to drug naive controls. A high frequency o f  ecstasy use and a high 

consumption o f  ecstasy tablets in the m onth prior to study participation was associated 

with reduced posterior cingulated deactivation and hence may be reflective o f  a short 

teiTn reversible effect o f  ecstasy.

The present results arc at variance with those o f  Morgan et al. (1998) and Pairott et al. 

(2000b) who also administered the IVE and reported that ecstasy users scored higher on 

impulsiveness compared to controls. O ther studies also found that heavier ecstasy use was 

associated with higher impulsivity as assessed by the IVE (Morgan et al., 1998; Parrott et 

al., 2000b) and MFF20 (M organ et al., 1998; Parrott et al., 2000b; Butler and 

Montgomery, 2004), and that impaired impulsivity may be limited to males (von Geusau 

et al., 2004). In this study we did not find severity o f  drug use to be correlated with 

behavioural or trait measures o f  impulsivity nor did we find any gender specific effects. A 

failure to replicate these findings o f  dose-dependent con'elations may be attributed to our 

relatively small sample num ber compared to these earlier studies. In contast to this study 

Von Geusau, et al., (2004) tested ecstasy users who were abstinent fi'om ecstasy for at
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least two weeks using the arrow version o f  the Eriksen Flankers test as a m easure o f  

impulsivity.

Low correlations between self-report and behavioural m easures o f  impulsivity are a 

comm on finding (Gerbing et al., 1987; Morgan et al., 1998; W ingrove and Bond 1998; 

Lijffijt et al., 2004; 2004; Reynolds, et al., 2006; Douglas, et al., 2007). As we failed to 

find an association between response inhibition brain activation and trait impulsivity, our 

results are consistent with the view that impulsivity is not a single construct, but is 

composed o f  m ultiple traits and dispositions that may be independent. Questionnaire 

ratings indicate general behavioural tendencies across a range o f  situations, and rely on a 

subjective evaluation o f  o n e’s behaviour. In contrast, laboratory tasks provide an 

objective measure o f  a specific component o f  impulsivity at a single point in time and the 

absence o f  correlations between these two sets o f  variables may be a realistic expectation.

It is plausible that ecstasy use may be attributed to a chronic dysregulation o f  the brain 

regions that revealed hyperactivity and the cognitive processes they subserve, and given 

the association between the serotonergic system ecstasy consum ption and impulsivity, 5- 

HT may play a role in these dysregulations. Nevertheless, we can not eliminate the 

possibility that these neural coiTelates preceded drug use placing individuals at risk for 

drug use that may lead to further cognitive and psychological problems.
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Chapter 4

Learning and memory deficits in ecstasy users and neural correlates 

during a face-matching task

Abstract

It has been consistently shown that ecstasy users display impairments in learning and 

memory performance. In addition, working memory processing in ecstasy users has 

been shown to be associated with neural alterations in hippocampal and/or cortical 

regions as measured by functional magnetic resonance imaging (tMRI). The current 

study involved two experiments. Experiment 1 compared 30 current ecstasy users, 25 

cannabis users and 30 matched controls on the Ray Auditory Verbal Learning Task 

(RAVLT) and on a face-name task that has previously been shown to activate the 

hippocampus. In experiment 2, using ftinctional imaging and a modified version o f  the 

face-name task, we investigated neural correlates o f  encoding and recalling face-name 

associations in 20 current users o f  ecstasy and 20 controls. To address the potential 

confounding effects o f  the cannabis use o f  the ecstasy using group, a second analysis 

included 14 previously tested cannabis users (Nestor et al., 2008). Results o f  

experiment 1 showed that ecstasy users were significantly worse compared to controls 

with respect to leaming and memory in the RAVLT, whereas ecstasy users remained 

unimpaired in face-name performance. Experiment 2 showed that ecstasy users 

pertbrmed significantly worse in leaming and memory compared to controls and 

cannabis users. During encoding and recalling phases o f  the modified face-name task 

a conjunction analysis revealed ecstasy-specific hyperactivity in bilateral frontal 

regions, left temporal, right parietal, bilateral temporal, and bilateral occipital brain

87



C h a p te r  4 [.earning and m em ory defic its in ecstasy users and neural c o n e la te s  during a face-m atching task

regions. Ecstasy-specific hypoactivity was evident in the right dorsal anterior 

cingulated cortex (ACC) and left posterior cingulated cortex. In both ecstasy and 

cannabis groups brain activation was decreased in the right medial frontal gyrus, left 

parahippocampal gyrus, left dorsal cingulate gyrus, and left caudate. These results 

elucidated ecstasy-specific deficits that were not shared by cannabis users. These 

ecstasy specific effects may be related to the vulnerability o f  neocortical and 

archicortical regions to the neurotoxic effects o f  ecstasy.

Introduction

To date, studies o f  ecstasy abusers have accumulated evidence in favor o f  

impairments in some, but not all, cognitive functions. The most pronounced deficits in 

ecstasy users seem to affect learning and memory abilities (Bolla et al. 1998; Parrott 

and Lasky 1998; 1999; Morgan et al., 2000; Rodgers et al., 2000; Bhattachary and 

Powell 2001; Zakzanis and Young 2001; Gouzoulis-Mayfrank et al., 2003; McCardle 

et al. 2004). There is substantial evidence that laboratory animals incur widespread 

neurotoxic damage o f  serotonergic neurons after repeated doses o f  ecstasy (Ricaurte et 

al., 1985; Schmidt et al., 1987a; Battaglia et al., 1988; O Hearn et al., 1988; Ricaurte 

et al., 1992). Moreover, there is growing evidence that toxic effects can be very long- 

lasting or even permanent in animals (Fischer et al., 1995; Hatzidimitriou et al., 1999) 

and these effects may also be applicable to humans (Me Cann et al., 1994 ; Me Cann 

et al., 1999; Me Cann et al., 2005), although there is some evidence that this reduction 

might be reversible (Reneman et al., 2001a; Buchert et al., 2004; Buchert et al., 2006). 

Accumulating evidence suggests that a neurotoxic effect o f  ecstasy on central 

serotonergic systems may be responsible for the cognitive impairments in ecstasy
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users such as memory deficits (Hatzidimitriou et al., 1999; McCann et al., 2000; 

Reneman et al., 2001b).

Little is known about the neuroanatomical basis o f  memory deficits in ecstasy users 

despite the potential linkage between memory impairments and neuroanatomical 

(Jager et al., 2007) and fianctional (Hales et al,. 2008) abnormalities. In some studies, 

memory dysfunction in ecstasy users suggests that the fijnction o f  the hippocampus 

might be more profoundly affected by the neurotoxic effects o f  ecstasy use than the 

ftinction o f  neocortical brain regions (Fox et al., 2002; Gouzoulis-Mayfi'ank et al., 

2003; Jacobsen et al., 2004; Daumann et al., 2005). In view o f  the neuropsychological 

profile or ecstasy users, coupled with the similar profile o f  patients with temporal lobe 

lesions. Fox el al. (2002) concluded that a dysfunction o f  the temporal cortex could be 

responsible for memory deficits in ecstasy users. Fox et al. (2002) did not specify 

which part o f  the temporal cortex may be affected but, Gouzoulis-Mayfi'ank et al. 

(2003) proposed that memory dysfianction o f  ecstasy users might be related to a 

hippocampal dysfunction. Studies using fMRl confirmed these speculations. Jacobsen 

et al. (2004) reported that adolescent ecstasy users had significantly prolonged 

reaction times during tests o f  selective and divided attention and failed to deactivate 

the left hippocampus normally during high verbal working memory load compared to 

matched ecstasy-naive controls. Daumann et al. (2005) provided evidence o f  abnormal 

hippocampal fianctioning in ecstasy users during face-profession associations. The 

hippocampus plays a fiindamental role in forming new associations or episodic 

memories, including memories tor faces which are o f  relevance to our current study 

(Sperling et al., 2001; Crane and Milner, 2002; Zeineh et al., 2003). In animal studies 

the hippocampus and parahippocampal gyrus display relatively high rates o f
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serotonergic denervation after ecstasy exposure and relatively low rates o f  recovery 

after abstinence from ecstasy (Ricaurte et al., 1992; Fischer et al., 1995; 

Hatzidimitriou et al., 1999). O f all the brain regions examined in a study with 

nonhuman primates, the subiculum, a part o f  the hippocampal formation with 

important connections to the mamillar bodies and the anterior nucleus o f  the thalamus, 

showed the largest reduction in the density o f  serotonin (5-HT) immunoreactive axons 

7 years after treatment with ecstasy (Hatzidimitriou et al. 1999). More recently 

Buscetti et al. (2008) reported that ecstasy increases tau phosphorylation in the 

hippocampus o f  mice. Tau phosphorylation is associated with alzheimers disease and 

may contribute to leaming and memory deficits (Buscetti et al., 2008).

Daumann et al., (2003a) reported that both heavy and moderate polydrug (users o f 

other illicit drug use in addition to ecstasy) ecstasy use was associated with stronger 

activations than control participants in the parietal cortex during a working memory 

task, and heavy users had a weaker fMRI signal than moderate users and control 

participants in the temporopolar area and to a lesser extent in frontal regions. In a 

subsequent study, with a group o f  ecstasy users without significant concomitant use o f  

other illicit drugs and two matched groups o f  polyvalent ecstasy users and nonusers 

(Daumann et al., 2003b), pure ecstasy users showed a stronger fMRI signal in the 

parietal cortex compared to both control groups when performing a working memory 

n-back task. Furthermore, pure ecstasy users revealed lower activations than control 

participants and/or polyvalent users most notably in inferior temporal regions, the 

angular gyrus, and the striate cortex, whereas polyvalent users did not differ from 

controls. These two studies suggest that altered brain activation patterns during 

cognitive processing in ecstasy users may be associated with prior ecstasy use rather
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than other concomitantly used drugs (Daumann et al., 2003a; Daumann et al., 2003b). 

Furthermore, in a longitudinal study Daumann et al. (2004a) reported that these 

ecstasy related brain alterations were dose dependent. In another tlVIRI study M oeller 

et al. (2004) found that ecstasy users showed greater abnormalities in parietal regions, 

prefrontal cortex, and thalamic regions compared with non-drug-using controls during 

performance o f  an immediate and delayed working memory task. In some o f  these 

studies (Daumann et al., 2003a; Daumann et al., 2003b; Daumann et al., 2004a; 

Daumann et al., 2005) the absence o f  performance deficits suggests that altered brain 

activation might be a more sensitive or earlier index o f  ecstasy-related neurotoxicity 

than task performance.

Concomitant drug use is a major confounder in studies that investigate specific drug 

effects. In particular, cannabis intake is prevalent among ecstasy users (Smart and 

Ogbome, 2000). Several studies have found no difference in cognitive performance 

between cannabis + ecstasy combination users and cannabis users only ( Croft et al., 

2001; Simon et al., 2002; Curran et al., 2003) while other studies report that 

combination users o f  ecstasy + cannabis show lower test performance compared to 

cannabis users (Rodgers et al., 2000; Morgan et al., 2002). Two studies that 

administered a battery o f  tasks to cannabis users, users o f  ecstasy + cannabis and 

control participants reported no memory and leaming performance differences 

between the two illicit drug using groups, although cannabis use was heavy and 

ecstasy use comparatively light (Gouzoulis-Mayfrank et al., 2000; Croft et al., 2001; 

Lamers et al., 2006). In contrast, others have found that the combined use o f  ecstasy + 

cannabis may have a more profound effect on memory than either drug used in 

isolation (Gouzoulois-mayfrank et al., 2000). A meta-analysis has revealed that
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ecstasy may significantly affect verbal memory and that the majority o f  perturbations 

remained after adjusting for concomitant cannabis use (Verbaten et al., 2003). A more 

recent meta-analysis indicated that visual memory rather than short term or long term 

memory may be more affected by concurrent cannabis use in polysubstance ecstasy 

users (Laws and Kokkalis, 2007). Taken together, the literature is suggestive that both 

ecstasy and cannabis may affect cognition, but in different ways, and that the 

combined use o f  these drugs may have more impact on memory function than the use 

o f  either drug alone. As many studies have failed to control for cannabis use, in this 

study we included cannabis users as an additional study group.

Deficits in learning and memory in chronic cannabis users are believed to be mediated 

through the CBi receptor in the brain (Matsuda et al., 1990; Herkenham et al., 1991; 

Tsou et al., 1998), with evidence that chronic cannabinoid administration in rats 

(Landfield et a!., 1988; Scallet et al., 1991) and humans (Matochik et al., 2005) causes 

distinct hippocampal morphological changes. Additionally, animal investigations 

have shown that cannabis exerts some o f  its impairing effects via the hippocampus 

during leaming (Collins et al., 1995; Gessa et al., 1997; Carta et al., 1998; Nava et al., 

2001). Animal studies also suggest that some o f  the memory deficits o f  cannabinoids 

occur in the prefi'ontal cortex (PFC) (Jentsch et al., 1997; Diana et al., 1998; Verrico 

et al., 2003). Brain imaging studies have reported decreased memory-related blood 

flow in the PFC and lower activation in the parahippocampus during verbal memory 

and associative leaming tasks (Block et al., 2002; Jager et al., 2007). In the same face- 

matching task that we will use in this study Nestor et al. (2008) reported reduced 

activity in fi'ontal and temporal cortices, and relatively increased brain activation in 

the parahippocampus during fMRl.
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In the current study we investigated memory functioning in ecstasy users, cannabis 

users and drug naive controls given that cannabis intake is prevalent among ecstasy 

users, and the growing number o f  studies reporting memory deficits in both ecstasy 

and cannabis users. As animal and human functional imaging evidence o f  

hippocampal and cortical dysregulation is also emerging in both ecstasy using and 

cannabis using populations there remains a need to explore cortical and hippocampal- 

dependent leaming and memory in chronic users o f  these illicit drugs in humans, 

thereby disentangling the long-term effects o f  combining ecstasy + cannabis, and 

using cannabis in isolation on different neuronal networks o f  the brain. In experiment 

1, chronic ecstasy users, cannabis users, and matched drug-naive controls were 

compared in their performance o f  the RAVLT (Rey, 1964) and a face-name task 

previously shown to engage the hippocampal formation (Zeineh et al., 2003). Using a 

face-name task, Zeineh el al. (2003) reported that leaming associations between faces 

and names most prominently activates the anterior com u amonis (CA) 2 and 3 fields 

and the dentate gyrus (DG) o f  the hippocampus. Based on the results o f  experiment 1, 

experiment 2 compared brain activity, under fMRI conditions, between ecstasy users 

and drug-naiVe controls using a modified version o f  the face-name task. In experiment 

1, we hypothesized that ecstasy and cannabis users would show inferior leaming and 

memory performance for the RAVLT and face-name task in comparison to controls 

and that ecstasy users would perform worse compared to cannabis users. In 

experiment two, based on previous reports o f  reduced hippocampal activity in ecstasy 

users, we predicted memory-related hippocampal dysfunction in ecstasy users versus 

controls. Given the fact that ecstasy-related neurotoxicity is widespread in animal 

studies it was expected that ecstasy users would show a dysfunctional BOLD
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activation in neocortical regions in addition to the hippocampus. As our sample o f 

ecstasy users were concomitant cannabis users, and as this task has previously been 

tested in cannabis users (Nestor et al., 2008), these previously tested cannabis users 

were incorporated in our analysis. Although cannabis use measures between the two 

groups was not an ideal match this analysis enabled the elucidation o f  ecstasy-specific 

deficits fi'om those that were not shared by cannabis use.

94



C hap te r  4 l eaining and memory deficits in ecstasy users and neuial conelates during a face-matching task

Experiment 1

Methods

Participants

The ecstasy group included 30 chronic users o f  ecstasy, the cannabis group included 

25 users o f  cannabis that matched the ecstasy group in cannabis use and had no other 

history o f  illicit drug use and the drug-naive group was comprised o f  30 participants 

with no history o f  illicit drug use. Participants were recruited by poster recruitment 

and by the snowballing method. All participants underwent a phone screening, during 

which past illicit and prescribed drug use was quantified, and information concerning 

past and present psychiatric and neurological well-being was taken. Participants in 

the drug-naiVe group were required to have never used any illicit substance. 

Participants in the ecstasy group were required to be current users o f  ecstasy and to 

have consumed at least 40 ecstasy tablets over a period o f  a year, but not necessarily 

over the immediately preceding year. With the exception o f  cannabis, participants 

were excluded if  they used any other illicit drugs on more than ten occasions in their 

lifetime (or more than 15 times if  the substance had not been used in at least 5 years 

preceding the study) and were required to be abstinent o f  these drugs for a minimum 

period o f  10 weeks prior to testing. Participants were also excluded if  they had 

reported either past or present neurological or psychiatric problems. Given the fact 

that daily smoking o f  cannabis is part o f  the lifestyle o f  most club drug users 

(Daumann et al., 2003), cannabis users were not excluded from the study or required 

to abstain from smoking cannabis prior to participation. No subject tested positive for 

cananbis when use was self reported more than 20 days prior to study participation.
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Ecstasy users were requested to abstain from ecstasy for at least 48 hours prior to 

study participation. Given this abstinence period, all participants provided a negative 

urine sample for ecstasy. Additional screening for methadone, benzodiazepines, 

cocaine, opiates, barbiturates and tricyclic antidepressants (Cozart Rapiscan, UK) 

revealed negative urinaanalysis results all 3 groups. All participants gave informed 

consent and the study was approved by the School o f  Psychology in Trinity College 

Dublin.

Table 4.1 shows the group demographics and drug use history for the ecstasy group, 

cannabis group and controls. The groups did not differ significantly in terms o f  verbal 

IQ as assessed by the National Adult Reading Test (NART), age, gender, years o f  

education, alcohol or other illicit drugs with the expected exception o f  ecstasy and 

cannabis as specified in the selection criteria (i.e. cannabis use variables did not differ 

between the ecstasy group and cannabis group,). The ecstasy and cannabis groups 

reported higher Beck Depression Inventory (BDI) scores compared to controls but 

were similar to each other on this measure. The B D U l was developed to assess 

specific diagnostic criteria for depression, as defined in the Diagnostic and Statistical 

Manual o f  Mental Disorders, 4th edition (DSM-IV) (BDl-lI; Beck et al., 1996).
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Ecstasy Cannabis Controls
(n=30) fn=25) fn=30)

Age 22.1±0.5 20.7 ± 0 .5 22.3±0.6
Years o f  education 16.5±0.4 16.0 ± 0 .3 16.5±0.4
Verbal intelligence score (NART) 124.1±0.7 124.4 ± 0 .5 125.9±0.5
Beck Depression Inventory 11
score 8.1±1.1* 8 ± 5 * 4.4±0.8
Females/males 12/18 15/10 12/18

Years o f  alcohol use 7.0±0.5 5.2±0.4 6.1±0.7

Alcohol use in last month (no.
days) 8.6±0.8 8.5±1.1 6.8±0.9

Average units o f  alcohol per week 2.2±0.1 2.3±1.4 1.9±0.2

Years o f  nicotine use 3.4±0,7 3.3±0.3 1.9±0.6
Years o f  ecstasy use 3.9±0,5 na na
Ecstasy use in the last month (no.
times) 2.0±0.3 na na
Pills in last month (number) 7.6±1.3 na na
Last ecstasy use (days) 21.4±4.4 na na
Lifetime pills (number) 263.3±63.5 na na
Pills in last year (number) 61.7±9.9 na na
Years o f  cannabis use 5.5±0.6 4.2 ± 0.4 na
Days o f  use in last month
(number) 7.9±1.6 8.8 ± 1.4 na
Joints in last month (number) 22.9±6.6 18.9 ± 6 .2 na
Last cannabis use (days) 40.8±26.7 73 .1± 55.9 na
Lifetime joints (number) 835.3±224 1093.8 ± 220 .4 na

Table 4.1. Mean and SEM for ecstasy, cannabis and control groups on 
demographics and drug use history. *=p<0.05 versus control group.
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Stimuli and behavioural protocol 

The RAVLT

The Rey Auditory Verbal Learning Test (RAVLT) (Rey, 1964) consists o f  several 

verbal recall trials and provides a measure o f  immediate memory span (trial 1), verbal 

leaming (trials 1-5), immediate memory span o f  a new list (trial 6), short-term 

memory after interference (trial 7) and long-term memory (trial 8); List A, containing 

15 words, was read out loud on 5 separate occasions requiring participants to verbally 

reproduce the list o f  15 words immediately after each o f  the 5 trials (i.e. 15 words 

were called out for each o f  the 5 trials). Five trials were completed using the first list. 

After completion o f  the first 5 trials list B, which comprised o f  15 new words was 

read out loud and, again, participants were asked to recall verbally the words o f  list B. 

Next, participants were asked to recall verbally the words from list A. Thirty minutes 

later, recall o f  list A was tested again. Then, list C was read out loud and after each 

word participants had to decide if  the word was new or belonged to either list A or B. 

The following dependent variables were derived from the paradigm: leam ing curve 

(trials 1-5), percentage accuracy in recall o f  list B (distraction), short and long delay 

recall o f  list A, and the percentage recognition score o f  words (the sum o f  correct 

recalls o f  words that were on List A or B, and the number o f  new words that were 

correctly identified as new expressed as a precentage, for example if a participant 

recognised all the words that were on list A and B, and all the new words this would 

result in a score o f  100%).
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The face-name task

A learning and memory face-name pairs taslc was performed in the ecstasy, cannabis, 

and control groups. The task was programmed using E-Prime version 1.1 (Psychology 

Software Tools, Pittsburgh, USA). The Face-name learning task was adapted from a 

paradigm in Zeineh et al. (2003), and modified to provide a serial-learning design 

analogous to that o f  the RAVLT (Rey, 1941, 1964). The task structure consisted o f  

leaming, distraction and recall phases, with the learning phase requiring participants 

to view and remember eight serially presented pairs o f  faces and names (each 

presented tor 3.5 seconds) (figure 4.1). A distracter task was inserted between each 

leaming and recall phase to avoid rote rehearsal o f  the face-name pair associations. 

The distracter task required participants to make a button press (the “ 1” key on the key 

pad) each time a black star appeared in a central visual display (an empty circle). The 

star appeared eight times separated by intervals o f  2 to 5 seconds. The cued recall 

phase presented each o f  the eight faces for 3.5 seconds and in random order, requiring 

the participant to verbally respond with the corresponding name. The leaming, 

distraction, and recall procedure was repeated 5 times using the same set o f  faces, 

following which the same procedure was conducted with a new set o f  8 previously 

unseen face-name associations, which acted as a diversion memory set. Following 

presentation o f  the diversion set sequence, participants were once again presented with 

the original set o f  faces in random order and asked to correctly identify their 

corresponding names with a verbal response. This constituted the “short delay” 

component o f  the face-name cued recall task. After 25 minutes, participants were 

again presented with the original set o f  faces tor the last time in random order, and 

asked to correctly identify their corresponding names with a verbal response (“long 

delay” component o f  the face-name cued recall task). Finally, the recognition
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component o f  the task was conducted, during which participants were presented with 

24 faces (each presented for 3.5 seconds in a randomised order), eight o f  which were 

part o f  the original set and 16 o f  which were from either the diversion set or were new 

(8 were from the diversion set and 8 were new). During this final component o f  the 

task, participants were required to press a button (i.e., the “ 1” key on the key pad) 

when they were presented with a face from the original set o f  faces and to withhold 

from responding if  the face did not belong to the original set o f  8 faces. The following 

dependent variables were derived from the paradigm: learning curve (trials 1-5), 

percentage accuracy in recall o f  list B (distraction), short and long delay recall o f  list 

A, and the percentage recognition score. Percentage accuracy consisted o f  the sum o f 

correct recalls o f  original faces, and the correct identification o f  faces that were not 

part o f  the original set o f  8 faces.
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Face-Name Learning

Distraction

RecallX 7 Tnals

Figure 4.1. Face-name protocol. Face-name cued recall task in which participants 
were required to learn and recall face-name pairs over a total o f  7 trials.
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Statistical analysis

Data are expressed as mean ± SEM and analyzed with SPSS (version 12). On the first 

five trials o f  the RAVLT and face-number task a 3 (group) X 5 (trial 1-5) repeated 

measures analysis o f  variance (ANOVA) followed by post hoc tests was performed. 

Separate ANOVAs were performed on short and long delay recall, and the percentage 

recognition scores. Within the ecstasy group Pearsons correlations’ were carried out to 

investigate relationships between performance and drug use.

Results 

RAVLT results

RAVLT performance for the 3 groups is shown in Figure 4.2. A 3 (group) by 5 (trial) 

repeated measures analysis o f  variance (ANOVA) tbund a significant main effect o f  

trial (F=202.3, dl=4,328, p<0.001), reflecting an increase in memory performance 

over the first 5 trials. There was also a significant group effect (F=10.2, df=2,82, 

/7<0.001) with post hoc tests showing ecstasy users had lower overall levels o f  recall 

pertbrmance when compared to controls and cannabis users (p < 0.05). Analyses 

revealed a trial by group interaction (F=4.5, df=8,328, p<0.001), with post hoc tests 

showing that ecstasy users performed worse than both controls and cannabis users on 

trials 2, 3, and 5. For trial 4 cannabis users performed better than ecstasy users and 

controls and ecstasy users performed worse than controls. ANOVAS showed that the 

3 groups significantly differed on performance o f  list B (distraction) (F=9.4, df=2,82, 

p<0.001) the short delay recall (F=7.9, di^2,82, /7<0.01), long (F=12.5, df^2,82, 

p<0.001) delay recall components o f  the task, but not on percentage recognition 

(F=1.2, df=2,82,/)>0.05). Post hoc tests showed that cannabis users performed better
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than controls and ecstasy users for recalling list B, and ecstasy users performed worse 

than both controls and cannabis users for the short and long delay component o f  the 

task.
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delay delay

Figure 4.2. RAVLT performance. Mean performance on the first 5e trials, list h 
(interference), trial short delay and trial long delay o f  the face-name cued recall task 
in controls, ecstasy users and cannabis users (means and SEM). ***= p<0.()0J for 
ecstasy vs. controls and ecstasy cannabis users. + = p  <0.05 for cannabis users vs. 
controls and cannabis v.9. ecstasy users. *= p <0.05 fo r  controls vs. ecstasy group 
and ecstasy v.9. cannabis group. # = p<0.05 fo r  cannabis users vs. controls, controls 
vs. ecstasy and cannabis vs. ecstasy users. There were no differences between groups 
fo r  immediate memory recall (trial 1)(p>0.05).

Face-name results

Face-name performance for the 3 groups is shown in Figure 4.2. A 3 (group) by five 

(trial) repeated measures analysis o f  variance (ANOVA) found a significant main 

effect o f  trial (F= 190.1, df=4,328, /7<0.001), reflecting an increase in memory
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performance over the first 5 trials. There was no significant group effect (F=2.1, 

dl=2,82, p>0.05) but a trial by group interaction (F=3.1, df=8,328, p= p<0.05) 

suggested a difference between groups in the gradient o f  the learning curves. Post hoc 

tests showed that ecstasy users performed worse compared to cannabis users on trial 2. 

ANOVAS showed that the 3 groups did not significantly differ in long delay recall 

(F=1.0, df=2,82,/7>0.05), and percentage recognition (F=0.8, df=2,82,/7>0.05), but 

the groups did differ in the performance o f  recalling list B (F=8.7, df=2,82, p< 0.00\) 

and on the short (F=3.2, df=2,82, p<0.05) components o f  the task. Post hoc tests 

showed that ecstasy users and controls performed worse compared to cannabis users 

on recalling list B, and ecstasy users performed worse compared to cannabis users on 

the long delay component o f  the task.'

‘ In a separate analysis there were no gender effects or interactions involving gender for the RAVLT or 
face-name task.
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Figure 4.3. Face-name performance. Mean perform ance on the firs t five tria ls, lis t h 
(interference), t r ia l short delay and tr ia l long delay o f the face-name cued reca ll task 
in controls, ecstasy users and cannabis users (means and SEM). + = p < 0 .0 0 ! fo r  
controls vs. cannabis group and ecstasy vs. cannabis group. *** = p<0.05  fo r  
controls vs. cannabis group and ecstasy vs. cannabis group. There were no 
differences between groups fo r  immediate memory reca ll ( tr ia l I ) (  p>0.05).
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Discussion

As many studies have failed to control for concomitant use o f  drugs other than 

ecstasy, especially cannabis, this experiment enabled us to address the confounding 

effects o f  cannabis by comparing behavioural performance on the RAVLT and a face- 

name task in ecstasy users, cannabis users, and non-drug users matched for age, years 

o f  education and intellect. The RAVLT (Rey, 1964) consists o f  several verbal recall 

trials and provides a measure o f  immediate memory span, verbal leaming, short-term 

memory after interference and long-term memory. In accord with a recent study 

(Lamers et al, 2006), who compared RAVLT performance among ecstasy users, 

cannabis users and controls, ecstasy users in comparison to non-drug users exhibited 

impairments in acquiring new verbal information and needed more trials to adequately 

learn a list o f  words. However, in disagreement with this study (Lamers et a!., 2006) 

our cannabis users did not reveal a memory impairment compared to controls. For the 

long-term memory component o f  the task our ecstasy users performed worse relative 

to the cannabis and control group, whereas Lamers et al. (2006) reported that although 

there was no significant differences between groups, there was a trend for impaired 

recall in cannabis users relative to controls. This discrepancy may be attributed to the 

ecstasy users in the Lamers et al. (2006) study being lighter users o f  ecstasy than the 

moderate users o f  ecstasy in this experiment, and the cannabis users in Lamers et al.’s 

(2006) study reporting heavier cannabis use compared to our sample. Lamers et al. 

(2006) did not report recall o f  the interference list or short-term delay recall but we 

found ecstasy users to be impaired in the short-term memory o f  list B compared to 

cannabis users and controls. We found cannabis users to perform better than ecstasy 

users and controls on recall performance o f  the interference list B. The literature 

generally does not report the results o f  list B as it is used as an interruption list.
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Recently, in contrast to our results RAVLT performance o f  long-term heavy cannabis 

users was found to discriminate between controls but not HIV positive patients who 

performed worse compared to controls (Messinis el al., 2007). Impaired RAVLT 

perfonnance in ecstasy users is consistent with previous studies that found RAVLT 

deficits in ecstasy users compared to controls in the absence o f  controlling for 

confounding effects o f  cannabis (Krystal and Price, 1992; Bolla et al., 1998; Parrot 

and Lasky, 1998b; McCann et al., 1999b; Fox et al., 2001; Me Cradle et al., 2004b).

Neither the ecstasy group not the cannabis group revealed an impaired learning curve 

during the face-name task. However, cannabis users outperformed controls and 

ecstasy users in recalling the list o f  interference face-name associations and in short 

delay memory recall. Recall on trial one (first recall o f  list A) did not reveal any 

between group differences for both memory tasks. It is somewhat paradoxical that no 

differences were evident for trial one but statistical differences were evident for recall 

o f  list B in both tasks. The overall differences between the tasks may reflect the 

differing recall demands between remembering words and face-name associations. It 

appears that behavioural measures o f  the face-name associations that are part o f  

everyday human memory may be less sensitive to subtle leaming and memory 

deficits. This highlights the importance o f  taking modality and context in to 

consideration in the development o f  new tasks. In contrast to other studies that 

investigated ecstasy (Krystal and Price, 1992; Bolla et al., 1998; Parrott and Lasky, 

1998; Morgan, 1999; Bhattachary and Powell, 2001; Rodgers et al., 2001; Zakzanis 

and Young, 2001) and cannabis (Hall and Solowij, 1998; Solowij et al., 2002) 

populations we did not find an association between performance and drug use 

variables. However, in accord with our null findings, in a recent meta-analysis the
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total number o f  lifetime ecstasy tablets consum.ed was not associated with memory 

performance (Laws and Kokkalis, 2007).

In agreement with our findings other investigators have reported memory deficits in 

ecstasy users compared to cannabis users and non-drug users (Morgan, 1999; 

Gouzoulis-Mayfi'ank et al., 2000; Verkes et al., 2001). However, in contrast to our 

findings, Croft et al. (2001) found that memory fianctions o f  polysubstance ecstasy 

users resemble that o f  cannabis users, indicating that observed effects in memory 

function in the former may be related to cannabis rather than ecstasy use. It is 

noteworthy that cognitive impairment after cannabis seems to apply for heavy 

cannabis users (Gouzoulis-Mayfi'ank et al., 2000; Pope et al., 2001a; Daumamnn et 

al., 2004) whereas participants in our study who were recruited to match cannabis 

intake o f  our ecstasy users reported only moderate cannabis use. For example, none o f 

our participants would have satisfied the inclusion criteria o f  at least 5000 episodes o f 

marihuana smoking employed by Pope et al. (2001a). Moreover, Gouzoulis-Mayfrank 

et al. (2000) found that moderate cannabis users performed equally well as healthy 

control participants in a working memory task. Additionally a recent meta-analysis 

indicated that visual memory rather than short-term, long-term or verbal memory may 

be more affected by concurrent cannabis use in polysubstance ecstasy users (Laws and 

Kokkalis, 2007).

Despite the effects being task-specific, our results do provide some evidence 

supporting the notion that ecstasy may impair learning, short and long-term memory 

processing. Surprisingly, the light cannabis users marginally outperformed controls on 

short-delay memory, long-delay memory but not on learning performance. As these
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behavioural findings have revealed mixed findings part two o f  this chapter 

investigates the neural mechanisms underlying memory performance. As previous 

studies in ecstasy using samples have reported brain alterations in the absence o f 

working memory deficits (Daumann 2003a; Daumann 2003b Daumann 2004a; 

Daumann 2005), we investigated if potentially more subtle deficits related to learning 

new faces which is an essential aspect o f  everyday human memory might elicit more 

informative results by using fMRI as a more sensitive tool to probe brain activity. In a 

sample o f  ecstasy users, controls and cannabis users that had previously been tested 

(Nestor et al., 2008) we used a modified version o f  the face-name (face-number) task 

that has previously been shown to selectively engage hippocampal fijnction (Zeineh et 

al., 2003). The sample o f  ecstasy users in experiment 2 are heavier users compared to 

experiment 1. Given the literature that cannabis may impair cognitive fimctioning in a 

dose dependent manner (Pope et al., 2001a) it was advantageous to incorporate a 

sample o f  heavy cannabis users in our study, although the cannabis sample o f  Nestor 

et al. (2008) was not ideally matched to our sample on gender and cannabis use 

measures.
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Experiment 2 

Methods 

Participants

See participants section o f  chapter 3 (page 70), where the ecstasy group included 20 

chronic users o f  ecstasy and the drug-naiVe group was comprised o f  20 participants 

with no history o f  illicit drug use. In addition to an ecstasy and control group the 

cannabis group trom Nestor et al. (2008) were incorporated in to our analysis.

Demographics and drug use

Table 4.2 shows the group demographics and drug use history for both ecstasy users, 

cannabis users and controls. ANOVAs’ revealed that the groups did not differ in terms 

o f  verbal IQ as assessed by the National Adult Reading Test (NART), age, years o f  

education, alcohol or other illicit drugs with the expected exception o f  ecstasy and 

cannabis as specified in the selection criteria. As specified in the selection criteria the 

control group did not use cannabis and the ecstasy users were polydrug users, but they 

had fewer cannabis joints in their lifetime and fewer joints in the last month compared 

to cannabis users. The ecstasy and cannabis groups self-reported higher BDl scores 

compared to controls but this effect was only marginally significant and the two drug- 

using groups did not differ fi-om one another.
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Ecstasy Cannabis Controls
(n=20) (n=14) (n=20)

Age 22.4±0.7 24.4±1.4 22.5±0.6
Years o f  education 15.8±0.5 16.0±0.5 16.9±0.6
Verbal intelligence score (NART) 122.U 1.1 122.9±0,9 123.3±0.9
Beck Depression Inventory II score 5.8±0.9* 6.1±1.3* 3.2±0.7
Fem ales/m ales 10/10 2/12 10/10
Years o f  alcohol use 7.6±0.7 9.O i l .2 6.32±0.6
Alcohol use in the last month (no. days) 9.0±1.7 2.9±0.3 6 .U 0 .9
Average units o f  alcohol per week 14.4±2.1 15.4±0.5 10.6±0.9
Years o f  nicotine use 3.5±0.7 O.OiO.O 1.6±0.7
Y ears o f  am phetam ine use 1.7+0.6 N ot recorded na
Last am phetam ine use (days) 217.3±95 42.7±13.7 na
Am phetam ine use (no. times) 3.8±1.2 2.6±1.0 na
Years o f  cocaine use 2.4±0.1 N ot recorded #
Last cocaine use (days) 147.3±49.4 470±6.7 na
Cocaine use (no. times) 8.1±1.2 6.0±2.9 na
Years o f  hallucinogenic use 0.5±0.4 N ot recorded na
Last hallucinogenic use (days) 224 .7± 113.7 455±3.8 na
Hallucinogenic use (no. times) 0.8±0.3 10.4±3.4 na
Years o f  ecstasy use 5.30.7 Not recorded na
Ecstasy use in the last month (no. 2.3±0.4 N ot recorded na
times)
Pills in last month (number) 10.7±2.7 O.OiO.O na
Last ecstasy use (days) 16.17±2.5 660±10.6 na
Lifetime pills (number) 406.5±88.1 Not recorded na
Pills in last year (number) 109.7±29.2 N ot recorded na
Years o f  cannabis use 5.1±0.9 7.2±1.1 na
Days o f  use in last month (number) 12.0±2.6= 19.1±2.7 na
Joints in last m onth (number) 32.2±10.4 82.8±19.4' na
Last cannabis use (days) 76.5±74.9 3.3±2.1 na
Lifetime join ts (number) 1859.3±600.8 7925.9±2253.7 ' na

Table 4.2. Mean and SEM for ecstasy, cannais and control groups on 
demographics and drug use history. p  < 0.05 Vs control group (effect is 
marginal), p  <0.05 versus ecstasy group.# = on the day o f  testing one participant 
from  the control group reported using 1 line o f  cocaine on 4 occasions (last use was 2 
years prior to testing).
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Stimuli and Behavioural Protocol

The face-number task used for the imaging procedure was adapted from that used by 

Zeineh et al. (2003) and modified from experiment 1, into a face-number associative 

leaming paradigm and has recently been used by Nestor et al. (2008). The task was 

programmed using E-Prime version 1.1 (Psychology Software Tools, Pittsburgh, 

USA). Performance o f  this modified task required button-press responses during recall 

so as to avoid possible head motion associated with verbal responses. The task 

consisted o f  2 runs o f  3 blocks, with each block containing rest, leaming, distraction 

and recall phases. The beginning o f  each block commenced with a 30 second rest 

period. During the leaming phase, participants were required to learn 8 serially 

presented face-number pairs that were presented for 3 seconds each. The numbers 

paired with each face were randomly selected from a set and were as follows: 11, 12, 

13, 14, 21, 22, 23 and 24. During recall, these numbers were selected using two 

handheld response keypads (left keypad contained the 1 and 2 keys, right keypad 

contained the 3 and 4 keys). Following the presentation o f  each face-number pair, a 

fixation crosshair was presented for between 1 to 7 seconds. The face-number 

association remained consistent throughout each leaming phase, with each leaming 

phase being 60 seconds in duration. Eight distracter trials appeared between each 

leaming and recall phase and lasted a total o f  22 seconds. The distracter task required 

participants to press the 3 key on the right hand-held keypad each time a black star 

appeared in the centre o f  a centrally displayed empty circle (see Figure 4.4). The 8 

distracter trials were separated by variable delay intervals between 3 to 5 seconds. 

During each recall trial, in random order participants were presented with one o f  the 8 

‘learning phase’ faces for 3 seconds, and required to respond using the key-pad with 

the correct number for each face. A fixation crosshair o f  variable duration between 1
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to 7 seconds followed the presentation o f  each face. Each recall phase lasted 60 

seconds, with a different presentation order o f  faces administered during each o f  the 

six recall blocks. Each run o f  the face-memory task was 570 seconds in duration. 

Dependent measures for the behavioural task were the leaming curve (percentage 

correct recall on each o f  the 6 recall trials).

30 Seconds

Face-Number Learning

1 , X 8

Distraction 

1 x 8

K I M

X 3 Blocks 

(x 2 Runs)

N u m b e r ?
Number Response 

1 x8

Figure 4.4 Face-number protocol. Face memory task administered during fM R I data 
collection. Participants were required to learn and recall face-number pairs over a 
series o f 6 blocks.
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Imaging parameters

All scanning was conducted on a Philips Intera Achieva 3.0 Tesla MR system (Best, 

The Netherlands) equipped with a mirror that reflected a 640 x 480 pixel display, 

projected on a panel placed behind the subject’s head outside the magnet. The mirror 

was mounted on the head coil in the participants' line o f  vision. Imaging started with 

31.5 seconds o f  standard scout images to adjust head positioning, followed by a 

reference scan to resolve sensitivity variations. Imaging used a parallel SENSitity 

Encoding (SENSE) approach (Pruessmaan et al. 1999) with reduction factor 2. 180 

high-resolution T1-weighted anatomic MPRAGE axial images (FOV 230 mm, 

thickness 0.9 mm, voxel size 0.9 x 0.9 x 0.9) were then acquired (total duration 5.43.6 

minutes), to allow subsequent activation localization and spatial normalization. 

Thirty-two non-contiguous (10% gap) 3.5 mm axial slices covering the entire brain 

were collected using a T2* weighted echo-planar imaging sequence (TE = 35 ms, TR 

= 2000 ms, FOV 224 mm, 64 x 64 mm matrix size in Fourier space).

Time-series analyses

The fMRI data were analysed using the AFNI software package (Cox, 1996). Time- 

series data were motion-corrected using 3D volume registration (least-squares 

alignment o f  three translational and three rotational parameters). Activation outside 

the brain was removed using edge detection algorithms. A block analysis was 

conducted to estimate the activation for the learning and recall periods separately. 

These ON-OFF block regressors were convolved with a standard haemodynamic 

response to accommodate the lag time o f  the blood oxygen level-dependent (BOLD)
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response. Multiple regression analyses were then used to derive the average level o f  

block activation as a percentage change relative to the distractor which was derived 

from averaging the rest periods tor all blocks over the two runs o f  the paradigm.

Activation maps were warped into a standard stereotaxic space (Talairach et al., 1998) 

and spatially blurred with a 4.2-mm flill-width at half-maximum isotropic Gaussian 

filter after performing a second edge detection on the skull stripped brain. Encode and 

recall activation maps for both ecstasy users and drug-naiVe controls were determined 

with one-sample t tests against the null hypothesis o f  zero activation changes (i.e. no 

change relative to distractor-task activity). Voxelwise independent-samples t-tests 

comparing ecstasy users and drug-naiVe controls were perfonned separately tor both 

learning and recall activations using similar thresholding to the t-tests o f  zero 

activation.. Significant voxels passed a voxelwise statistical threshold (/ = 8.94, P < 

0.005) and were required to be part o f  a larger 286 jiil cluster o f  contiguous significant 

voxels. Thresholding was determined through Monte Carlo simulations and resulted in 

a 5% probability o f  a cluster surviving due to chance.

No clusters survived when the voxelwise between-group comparison. In addition, 

very similar brain activation patterns were evident for both encoding and recall phases 

o f  the task (see Figure 4.6). Consequently, in order to increase the statistical power o f  

the between-group comparisons, we performed a conjunction analysis that combined 

the between-group comparisons o f  both the encoding and recall periods. For this 

conjunction analysis significant voxels from the between-groups t-tests passed a 

voxelwise statistical threshold {t = 2.25, P  <0.003 (derived irom the square root o f  

0.001)) tor both the learning and recall periods and were required to be part o f  a larger
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141 cluster o f  contiguous significant voxels. Thresholding was determined through 

Monte Carlo simulations and resulted in a 1 % probability o f  a cluster surviving due to 

chance. The mean activation for each separate cluster o f  the conjunction map was 

calculated for all 3 groups (note that cannabis group is included here but that as 

already stated it was not incorporated for conjunction map construction) for both 

Recall and Encode task phases, and cluster level statistics were performed in SPSS 

(SPSS Inc).

Statistical analysis

Data are expressed as mean ± SEM and analyzed with the computerized package 

SPSS (version 12) for statistical analysis. On the first six trials o f  the face-number task 

trial effects, group effects, and interactions were calculated using a 3 (group) X 6 (trial 

1-6) repeated measures analysis o f  variance (ANOVA) followed by post hoc tests. On 

the conjunction brain clusters a 3 (group- i.e. ecstasy, cannabis, and controls) X 2 

(Encode/Recall) repeated measures analysis o f  variance (ANOVA) was performed. 

For all 3 groups (i.e. ecstasy, cannabis, and controls) post hoc tests were performed on 

conjunction map activations measures to determine which effects were ecstasy 

specific Within the ecstasy group Pearsons correlations’ were carried out to 

investigate relationships between behavioural performance, drug use and brain 

activation.
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Results

Behavioural results

Face-number performance for the 3 groups is shown in Figure 4. A 3 (group) by 6 

(trial) repeated measures analysis o f  variance (ANOVA) found a significant main 

effect o f  trial (F=84.4, df= 5,133, p<0.001), reflecting an increase in memory 

performance over the first 6 trials. There was a significant group effect (F=5.8, 

dt=2,51,/?<0.05) with post hoc tests showing ecstasy users had lower overall levels o f  

recall performance when compared to controls. There were no differences between 

controls and cannabis users, and between ecstasy users and cannabis users. Analyses 

showed no trial by group interaction (F=l .68, dl=10,133 p= /?>0.05), suggesting there 

was no difference between groups in the gradient o f  the learning curves.^

 ̂A s the cannabis group consisted o f  on ly  2 fem ales it w as excluded from a separate 2 (group) X  6 (trial 
1-6) X  2 (gender) repeated measures A N O V A  which w as carried out to investigate gender effects and 
gender interactions. In this separate analysis on ecstasy users and controls there were no gender effects  
or interactions involving gender for the face-name task.
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Figure 4.5. Face-number performance. Mean performance on the trials 1-6 in 
controls, ecstasy users and cannabis users (means and SEM). Ecstasy users had 
proper performance compared to controls and cannabis users.
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Neuroimaging Results

The t-test versus zero activation maps (p=0.005) are shown in Figure 4.6. The 

encoding and recall maps were quite similar with both activating bilateral PFC and the 

bilateral hippocampus. The activation patterns o f  ecstasy users were also similar to 

controls as demonstrated, as noted above, by the lack o f  significant group differences 

on the between-groups voxelwise t-tests.

Table 4.3 summaries the conjunction results that was conducted in ecstasy users, 

cannabis users, and controls. Three pattems were evident from the 18 clusters that 

were revealed (Figure 4.7). Ecstasy-specific increased brain activation 

(ecstasy>cannabis=controls) was tbund in the left superior frontal gyrus, bilateral 

middle frontal gyrus, left middle temporal gyrus, right tuber/declive, right inferior 

parietal lobule, left inferior occipital gyrus, right inferior temporal gyrus, right middle 

occipital gyrus, and right cuneus. Out o f these regions BOLD brain activation was 

greater during encoding compared to the recall task component in the left superior 

frontal gyrus, right tuber/declive, right inferior parietal lobule, right inferior temporal 

gyrus, and right cuneus. The left inferior frontal gyrus was the only region to show an 

interaction that was driven by increased BOLD activation for ecstasy users compared 

to controls during encoding face-name associations. For the second pattem ecstasy- 

specific decreased brain activation (ecstasy<cannabis=controls) was evident in the left 

parahippocampal gyrus/cingulate and right dorsal anterior cingulate. For these regions 

there was no task phase effect or group X task phase interaction. For the third pattem 

both ecstasy and cannabis groups brain activation was decreased in the right medial 

frontal gyrus, left parahippocampal gyrus, left dorsal cingulate gyrus, and left caudate. 

BOLD brain activation was greater during encoding compared to the recall task in the

119



C h ap te r 4 l earning and memory deficits in ecstasy users and neural con elates during a face-matching task

left dorsal cingulate gyrus. For each group appendix 4.1 highlights which clusters 

revealed deactivations.

in ecstasy users the total number o f  lifetime ecstasy tablets consumed was positively 

correlated with activation in the right middle temporal gyrus (51, 1, -19) during 

encoding (r= 0.48, p ^ .0 5 ) ,  with the right tuber/declive (51, -61, -22) during recall 

(r= 0.49, p ^ .0 5 ) , and with the left inferior occipital gyrus (-38, -84, -1) during recall 

(r= 0.53, p ^ .0 5 ).

'̂ A separate 2 (group) X 2 (encode/recall) X2 (gender) repeated measures ANOVA was carried out to 
investigate gender effects and gender interactions with the elimination o f  the cannabis group. In this 
separate analysis on ecstasy users and conu ols there were no gender effects or interactions between gender and gj'oup.



Encode Recall
Figure 4.6. Sagittal sections showing regions involved in the face-number task. Examination oft-tests (p=0.005) fo r  
encoding (left column) and recalling (right column) between control participants (upper row) and ecstasy using participants 
(bottom row) demonstrate consistent considerable overlap between the tnv conditions. Similar regions are activated fo r  both 
groups.



Structure Broadmann area Hemisphere Volume (ul)
Centre of mass 

X Y Z Effect and F value Pattern
Superior frontal gyrus 6, 9 L 2083 -46 4 28 cXg=9.r*,c=50.2***i et
Middle frontal gyrus + 6 L 428 -36 -5 47 ET
Middle frontal gyrus 11 R 281 42 45 -11 et
Middle frontal gyrus 10, 11 L 207 -41 55 -10 et
Superior frontal gyrus 6 L 192 -12 16 69 et
Tuber/declive 7 R 458 51 -61 -22 c=11.6**i et
Inferior parietal lobule 40 R 442 40 -53 52 c=26.7***i et
Middle temporal gyrus 21 L 576 51 1 -19 et
Inferior temporal gyrus 20 R 309 61 -44 -18 c=8.1**i et
Inferior occipital gyrus 18 L 409 -38 -84 -1 et
Middle occipital gyrus 18 R 285 44 -78 2 et
Cuneus 19 R 244 30 -83 29 c=8.5**i et

Parahippocampal gyrus/cingulate 30 L 303 -17 -44 8 Ei
Dorsal anterior cingulate 32 R 240 6 40 4 Ei

Medial frontal gyrus 8, 32 R 574 13 32 34 E+Ci
Dorsal cingulate gyrus 32 L 305 -7 24 38 c=7.4**i E+Ci
Parahippocampal gyrus L 368 -28 -16 -16 E+Ci
Caudate L 284 -20 15 19 E+Ci

Table 4.3. Cerebral Foci for conjunctive analysis of face-number task. C=condition effect, cXg= condition X  group 
interaction driven by increased activation for ecstasy users during encoding (p < 0.05), ** = p < 0.01, ** = p < 0.001. 
E^=Ecstasy-specific increased brain activation, Ei=ecstasy-specific decreased brain activation, E+Ci=ecstasy 
+cannabis decreased brain activation. |=  increased activation for Encode condition, j.= decreased activation for recall 
condition. Analysis was conducted on ecstasy, cannabis, and control groups. + = Increased actiation for males ( as only 
two females were tested in the cannabis group, this group was eliminated from the gender analysis.
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Table 1. Cerebral Foci from conjunction analysis o f face-number task.
Green=Ecstasy specific increased brain activation, orange=ecstasy specific 
decreased brain activation, red=ecstasy and cannabis decreased brain activation.
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Discussion

In our hippocampal-dependant face-number paradigm ecstasy users had inferior 

memory perfonnance compared to cannabis users and drug-naiVe controls. Our results 

also provide evidence that ecstasy users show neural dysfunction in a range o f  cortical 

structures. This result is in line with the well-known widespread toxic effects o f 

ecstasy on brain 5-HT neurons (Ricaurte et al., 1992a; Fischer et al., 1995; 

Hatzidimitriou et al., 1999) and reports o f  functional brain abnormalities during 

performance o f  memory tasks in ecstasy users (Daumann et al., 2003a; Daumann et 

al., 2003b; Daumann et al., 2004a; Jacobsen et al., 2004; Moeller et al., 2004; 

Daumann et al., 2005). Furthermore, the inclusion o f  a cannabis group enabled us to 

separate ecstasy specific brain dysftinctions and abnormalities from concomitant 

cannabis use. Consistent with previous studies prominent bilateral prefrontal and 

hippocampal activations were evident during task-perfbrmance (Zeineh et al., 2003; 

Morgan et al., 1999; Gouzoulis-Mayfrank et al., 2000). Ecstasy-specific 

dysregulstions were found in the leff superior fi-ontal gyrus, bilateral middle frontal 

gyrus, left middle temporal gyrus, right tuber/declive, right inferior parietal lobule, left 

inferior occipital gyrus, right inferior temporal gyrus, left parahippocampal gyrus, left 

ACC, right middle occipital gyrus, and right cuneus. In both ecstasy and cannabis 

groups brain activation was altered in the right medial frontal gyrus, left 

parahippocampal gyrus, left dorsal cingulate gyrus, and left caudate.

Ecstasy and cannabis users demonstrated hypoactivity in the left parahippocampal 

gyrus, bilateral dorsal ACC, and left caudate during the learning and recall phases, 

when compared to control participants. The dorsal component o f  the ACC (BA 32) 

has been associated with working memory tasks (Lenartowicz et al., 2005). 

Historically, the basal ganglia as a whole have been implicated in higher-order motor
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control (Graybiel et al., 1995) but more recently, it has been demonstrated that the 

caudate is involved in learning and memory (Graybiel et al., 1995; Packard et 

al.,2002). The hippocampus has previously been demonstrated to be involved in face- 

name associating in a study that used fMRI in humans to identify changes in the 

BOLD response as participants learnt new face-name associations (Zeineh et al. 

2003). The CA fields 2 and 3 and the DG were active relative to baseline only during 

encoding, and this activity decreased as associations were leamed. Activity in the 

subiculum showed a temporal decline, but primarily during retrieval. The 

parahippocampal gyrus includes the entorhinal cortex, an area known to have 

extensive connections with the hippocampus and DG, and is believed to be involved 

in the translation o f  temporary hippocampal information storage during learning 

(Rolls et al., 2000). It is plausible that the above may be affected by cannabis as the 

behavioural effects o f  cannabis appear to be mediated by CB| receptors, which are 

expressed at especially high densities in the hippocampus proper and DG regions 

(Herkenham et al., 1991; Tsou et al., 1998) the reduced functioning o f  the 

hippocampus in cannabis users was not unexpected. Our findings o f  parahippocampal 

hypoactivity are consistent with a recent study conducted by Jager et al. (2007), which 

showed that cannabis users demonstrated parahippocampal hypoactivity during an 

associative leaming task. However during performance o f  the same task that utilised 

the same cannabis users but a different sample o f  controls, Nestor et al. (2008) found 

right parahippocampal hyperactivity in cannabis users compared to controls. Typically 

the left hemisphere is associated with encoding and the right hemisphere is associated 

with spatial processing (Menon et al., 2000). In this earlier study (Nestor et al., 2008) 

cannabis users and controls did not differ on BDI scores, and consisted o f  a high 

number o f  male participants, unlike this study where we had an equal number o f  male
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and female participants. Although the testing o f  this paradigm using a larger sample 

number is warranted, as we did not recruit a new sample o f  cannabis users our primary 

concern was not to replicate the findings o f  Nestor et al. (2008).

Hippocampal hypoactivity in ecstasy users is consistent with 2 previous fMRI studies 

(Jacobsen et al., 2004; Daumann et al., 1995) where reduced hippocampal activity 

during working memory tasks was reported, although this deficit was apparent in the 

absence o f  performance differences in the latter. As there were no differences in 

performance between cannabis users and controls dysregulated functional brain 

activity might be a more sensitive measure o f  cannabis effects. Previous studies have 

found that greater activity in the parahippocampal region during leaming predicts 

subsequent recall, suggesting a strong association between parahippocampal neuronal 

activity and memory encoding (Brewer et al., 1998; Femandez et al., 1998; W agner et 

al., 1998; Zeineh et al. 2003). Our performance measures were not correlated with 

brain activation but as there were group differences with ecstasy users performing 

worse compared to cannabis users and controls, reduced activity during leaming the 

face-name associations might be attributed to poorer recall in our ecstasy sample.

There is growing evidence that cannabis and ecstasy induce structural hippocampal 

abnonnailities. In structural MRl studies Txilos et al. (2005) found that hippocampal 

volume in cannabis users was not associated with age o f  onset o f  use or total lifetime 

episodes o f  use, but contrary to this more recently Yucel et al. (2008) provided 

evidence o f  structural abnormalities in the hippocampus o f  long-term heavy cannabis 

users. There are more consistent reports o f  structural abnormalities in ecstasy users. 

The structural evidence in ecstasy users comes from a voxel-based morphometry 

study in ecstasy users (Cowan et al., 2003). The authors reported decreased gray

126



C h a p te r  4 l.ea in ing  and m em ory deficits in ecstasy users and neural correlates du iing  a face-m atching task

matter concentration in ecstasy polydrug users in several neocortical regions, the 

bilateral cerebellum and the midline brainstem. Furthermore, in a proton magnetic 

resonance spectroscopy study no differences between A^-acetylaspartate/creatine ratios 

o f  ecstasy users and controls were found in neocortical regions, yet a tendency 

towards lower ratios in the left hippocampus o f  ecstasy users was reported (Daumann 

et al., 2004b).

Ecstasy-specific effects were associated with left superior frontal, bilateral middle 

frontal, right inferior parietal lobule, bilateral temporal, and bilateral occipital 

hyperactivity. Prefrontal areas are critical to working memory fiinction (D ’Esposito et 

al., 1999; Blumenfeld and Ranganath, 2006), with the implication that the 

organization o f  learning is highly contingent upon working memory processes 

(Alexander et al., 2003; Tulving and Pearlstone, 1966). Consistent with the frontal 

hyperactivity reported here, an fMRl study found that ecstasy users showed greater 

activation in PFC compared with non-drug-using controls during performance o f  an 

immediate and delayed working memory task (M oeller et al., 2004). Furthermore, 

there is a substantial body o f  work associating ecstasy with serotonergic frontal 

deficits (O’Heam et al,. 1988; Wilson et al., 1989; Fischer et al., 1995; Hatzidimitriou 

et al., 1999). The prefrontal cortex has been implicated in retrieval effort or success 

(Buckner et al., 1998; Ma Dermott et al., 2000; Zeineth et al., 2003), and although we 

did not find any associations between memory performance and the PFC, frontal 

hypoactivity in ecstasy users may underlie their worse performance. Ecstasy-specific 

dysregulation in the right inferior parietal lobule and bilateral temporal regions is also 

consistent with reports o f  these regions being affected by chronic ecstasy use during
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working memory in two previous studies (Daumann et al., 2003a; Daumann et al., 

2003b). We replicated the finding o f  parietal hyperactivity, whereas in contrast to our 

study temporal hypoactivity was reported in the absence o f  performance deficits. As 

these two studies used n-back tasks this discrepancy may be attributed to differing 

cognitive demands between the two tasks. Activity in the left middle temporal gyrus 

(BA 21) was correlated with total lifetime number o f  ecstasy tablets consumed and 

this same left region was found to have reduced cortical grey matter concentrations in 

ecstasy consumers compared to non-drug users (Cowan et al., 2003). BA 18 o f  the 

occipital cortex that also revealed ecstasy-specific hyperactivity is known as the 

secondary visual cortex and is involved in making visual associations and processing 

visual imagery and memory (Sperling et al., 2001; Stock et al., 2008). Activity in the 

bilateral occipital gyrus was correlated with total lifetime number o f  ecstasy tablets 

consumed and to coincide with this finding the same bilateral BA18 region was found 

to have reduced cortical grey matter concentrations in ecstasy users compared to 

controls (Cowan et al., 2003). Correlations were performed between the hyperactive 

and hypoactive brain regions that were derived from the conjunction analysis. 

Although we did not find an inverse relationship between the regions that showed 

hyperactive frontal activations and the regions that revealed hypoactivity we cannot 

rule out the possibility o f  a neural compensatory mechanism, whereby widespread 

hyperactivity is compensating for the ecstasy-related lack o f  hippocampal 

involvement in memory formation.

The findings o f  this study demonstrate alterations in a network o f  brain regions that 

are related to cannabis use or a combination o f  ecstasy + cannabis use. Even though
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face-name associations have been predominantly associated with hippocampal activity 

(Zeinech et al., 2003), as other CNS regions including the PFC, left ventral occipital 

cortex, left posterior superior temporal gyrus also have been reported to track retrieval 

success (Sperling et al., 2001), and given the fact that the ecstasy-related neurotoxicity 

is widespread in animal and non-human primates studies (Fischer et al., 1885; 

Ricaurte et al., 1985; Schmidt 1987a; O Hearn 1988; Ricaurte et al., 1992;Mc Cann et 

al., 1994 ;Hatzidimitriou et al., 1999) it is not surprising that ecstasy-related brain 

alterations were evident in a range o f  brain regions. Despite this widespread 

neurotoxicituy it is noteworthy that the hippocampus and parahippocampus displays 

relatively high rates o f  serotonergic denervation after ecstasy exposure and relatively 

low rates o f  recovery after abstinence from ecstasy in animal and primate studies 

(Ricaurte et al., 1992a; Fischer et al., 1995; Hatzidimitriou et al., 1999). In support o f  

the possible link between 5-HT and memory performance, Reneman et al. (2000) 

found memory pertbnnance as assessed by the RAVLT to be correlated with altered 

seroronergicergic neuronal functioning in abstinent ecstasy users. Rather than agree or 

disagree with previous studies that have associated different brain regions with 

memory performance in ecstasy users we propose that given the widespread 

neurotoxicity o f  ecstasy, a range o f  networks may be affected and that memory studies 

are not directly comparable as different tasks have been used that may differ in 

learning and recall demands.

In this imaging study ecstasy users performed worse than cannabis users and controls 

but this memory impairment was not evident during performance o f  the face-name 

task in experiment 1. Although the power was reduced in this study our null finding 

for the face-name task is not surprising in experiment 1 as our ecstasy sample were
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lighter users o f  ecstasy compared to the ecstasy users in experiment 2.We do not have 

brain imaging results to parallel the findings in experiment 1 but it is conceivable, that 

an altered BOLD response may reflect neural malfunction already at a time when 

memory performance is still within normal range. As there were no prominent 

associations between ecstasy use variables and performance measures or brain 

dysfunction some support is provided for the speculation that our brain dysfunctions 

were not associated with the extent o f  ecstasy use. As the cannabis users that were 

adapted from an earlier study (Nester et a l ,  2007) were heavier users o f  cannabis we 

cannot conclude to what extent the brain regions that are affected in both ecstasy and 

cannabis groups are affected by ecstasy in our ecstasy + cannabis users. Group 

differences may also be related to other factors such as motivation and varying 

cognitive strategies, or these differences may well have preceded ecstasy use. This 

question cannot be answered in cross-sectional studies and should be addressed in 

future longitudinal investigations, in an attempt to overcome a large number o f 

common methodological limitations to be encountered in open field studies with drug 

users.
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Chapter 5

The neural mechanisms underlying drug-related attentional bias in 

chronic ecstasy users

Abstract

Conditioned responses to cues associated with drug taking play a pivotal role in a 

number o f  theories o f  drug addiction. For example, according to the incentive- 

sensitization theory (Robinson and Berridge, 1993), drug-related stimuli selectively 

capture attention and it is postulated that the neural mechanisms underlying this 

attentional bias play a key role in the development and maintence o f  drug addiction 

and o f  relapse. There have been a number o f  behavioural studies which have 

demonstrated an attentional bias towards drug-related stimuli in various drug using 

populations, however such an effect has yet to be demonstrated in ecstasy users. 

Experiment 1 compared 30 ecstasy users, 25 cannabis users, and 30 controls on a 

visual version o f  the Stroop task in which neutral, evocative, and ecstasy-related 

pictures were presented within a coloured border, requiring participants to respond as 

quickly as possible to the border colour. Results o f  experiment 1 revealed a significant 

bias for ecstasy related pictures in ecstasy users, as reflected by slowed response 

latencies to ecstasy-related stimuli. In experiment 2 we used a novel functional 

resonance imaging visual version o f  the Stroop task in 20 ecstasy users and 20 

controls. In the absence o f  significant behavioural group differences, experiment 2 

showed that ignoring ecstasy-related stimuli compared to ignoring evocative stimuli in 

ecstasy users was associated with hyperactive occipital activity. Additionally, ignoring 

ecstasy-related stimuli relative to evocative (ecstasy minus evocative activation) was
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associated with right inferior prefrontal cortex (PFC) hyperactivity in ecstasy users 

compared to controls. These brain regions are consistent with both increased visual 

processing o f  the irrelevant stimuli and o f  difficulty modulating the neural 

mechanisms underlying cognitive control which appear necessary for restricting the 

visual processing o f  task-irrelevant, but salient ecstasy-related stimuli.

Introduction

Compromised ability to exert control over drug urges and drug-seeking behaviour is a 

distinguishing feature o f  addiction. The extent to which drug-related stimuli acquire 

the ability to direct drug-seeking behaviour is a concept central to many theories o f 

addiction. According to the incentive-salience theory (Robinson and Berridge, 1993), 

drug users acquire hypersensitivity to drug related cues as they are associated with 

drug use, which in turn control drug-seeking behaviour. Consequently, according to 

this theory the heightened salience directs attentional resources towards these drug- 

related stimuli in habitual drug users. According to this model, the attentional bias is 

mediated by automatic processes, that do not depend on intentional controlled 

strategies. A later model (Tiffany, 1990) postulates that non-automatic processes 

underlie the drug urges that arise trom these automatic attentional biases, which direct 

processing resources away fi’om ongoing activities towards the goal o f  drug 

consumption.

Much recent research has investigated drug users’ attentional responses to drug- 

related cues in the belief that these responses are clinically important (Walters and 

Leventhall, 2006). Because drug stimuli produce conditioned responses that may 

motivate drug taking, biased attention towards drug-related stimuli may play an
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important role in drug use and relapse following treatment. There have been a number 

o f behavioural studies which have demonstrated an attentional bias towards drug- 

related stimuli in cannabis (Field et a l, 2004; Field et al., 2005), cocaine (Hester et al., 

2006; Vadhan et al., 2007) heroin (Franken et al., 2000; Lubman et al., 2000; Franken 

et al., 2004), nicotine (Mogg et al., 2003; Munafo et a l, 2003; Waters et al,. 2003; 

Mogg et al., 2005; Drobes et al., 2006; Bradley et al., 2008) and alcohol consumers 

(Townsend and Duka, 2001; Lusher et al., 2004).

Although attentional bias tor drug related stimuli have been reported with a wide 

range o f drugs the extent to which ecstasy users show similar biases for ecstasy- 

related stimuli has not been tested, but there is evidence o f ecstasy related reward 

processing biases in other aspects o f drug related behaviour. The mesocorticolimbic 

system is activated in response to rewarding stimuli. Consistent with this, in vivo 

microdialysis studies in rats showed that ecstasy causes marked increase in both 

dopamine (DA) and serotonin (5-HTO in the striatum and nucleus accumbens 

(Yamamoto & Spanos, 1988; White et al., 1994). Ecstasy is self-administered by rats 

(Daniela et al., 2004) and nonhuman primates (Fantegrossi et al., 2002; Fantegrossi et 

al., 2004; Fantegrossi et al., 2007). In humans, an acute dose o f ecstasy causes positive 

subjective effects such as a feeling o f euphoria (Cami et al., 2002). Despite the 

positive reinforcing effects o f ecstasy, it is likely that the reinforcing effect o f ecstasy 

is weaker compared with cocaine, amphetamine, and methamptatamine, because there 

are no reports on the development o f addiction to ecstasy. Drug self-administration 

studies have reported that rhesus monkeys self-administered fewer injections o f 

various doses o f ecstasy, compared with methamptatamine and cocaine (Fantegrossi 

et al., 2002), suggesting that ecstasy may be less reinforcing than methamphetamine
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and cocaine. Cocaine, amphetamine, and methamphctamine cause conditioned place 

preference (CPP) in rodents, but there is less evidence for ecstasy-induced CPP 

(Schechter et al., 1991; Schechter and Me Burney, 1991; Meyer et al., 2002; Robledo 

et al., 2004; Marona-Lewicka et al., 1996). CPP is a model o f  appetitive Pavlovian 

conditioning that is used to determine the positive motivational properties o f  natural 

and drug reward (Baiba et al., 2006). Chronic ecstasy exposure in mice did not elicit 

context-dependent hyperlocomotion despite the development o f  locomotor 

sensitization to ecstasy (Anderson & Itzhak, 2003). Thus, the reinforcing effects o f 

ecstasy are limited compared with other psychostimulants. Nevertheless, as the 

mesocorticolimbic system is activated in response to acute pharmacological 

administration o f  ecstasy and has been activated in response to drug related cues both 

in animals (Duvauchelle et al., 2000; Weiss et al., 2000; Ito et al., 2002; Phillips et 

al., 2003; Di Ciano and Everitt, 2004; Kiyatkin and Stein, 1996; Vanderschuren et al., 

2005) and humans (Maas et al, 1998; Garavan et al., 2000; Tapert et al., 2003; Grusser 

et al., 2004; Volkow et al., 2006; Wong et al., 2006; Zijlstra et al., 2008), these brain 

regions may also be activated by cues which predict drug availability.

Characteristics o f  drug addiction encompass impairments in response inhibition as 

well as salience attribution, where dyscontrol in a drug context and salience attributed 

to drug cues are hypothesized to be more pronounced for drug related stimuli 

(Goldstein and Volkow, 2002). Impaired response inhibition has been found in ecstasy 

users compared to drug-naiVe controls in a range o f  tasks. For example, ecstasy users 

were behaviourally impaired on the Stroop test (Halpem, et al., 2004) in comparison 

to drug-naive controls, and in chapter 3 during performance o f  the GO/NOGO task, in 

the absence o f  behavioural differences, ecstasy users revealed elevated frontal and
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parietal BOLD response during successful inhibitions, and temporal, frontal, and 

cingulate hyperactivity during unsuccessftjl inhibitions relative to controls. As 

inhibitory control and selective attention may contribute to drug addiction but both 

tend to be studied separately, this chapter probes the combination o f  both within a 

single task, that involves the processing o f  salient drug-related cues during the 

simultaneous performance o f  an unrelated task in chronic ecstasy users.

Previous studies examining attentional biases for drug related stimuli have used a 

variety o f  cognitive measures o f  bias (Yeomnas et al., 2005), and o f  these the Stroop 

has been found to provide clear evidence o f  attentional bias for drug related stimuli. 

The emotional Stroop is a task in which participants name the colours in which words 

are printed with the words varying in their relevance to different themes o f  

psychopathology. The emotional Stroop task does not provide a measure o f  conflict 

comparable to that provided by the classic colour-word Stroop task, where 

antagonistic responses produce response conflict (Mac Leod et al., 1991). Rather, the 

emotional Stroop task assesses the ability o f  emotional stimuli to draw attention away 

from the primary task (Etkin et al., 2006). The current experiment used a Stroop-like 

paradigm, in which individuals were required to make stimulus-response selections in 

the presence o f  neutral, evocative and drug-related stimuli. This task models the 

disruption o f  on-going task relevant cognitive processing by sporadic processing o f  

drug-related stimuli in drug users in which the emotional stimuli are themselves task- 

irrelevant. In experiment 1 the emotional Stroop paradigm investigated behavioural 

responses during the processing o f  drug-related stimuli in demographically matched 

ecstasy users, cannabis users, and controls. As our sample o f  ecstasy users were 

concomitant cannabis users the cannabis group was included to identify ecstasy-
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specific effects. As experiment 1 revealed a significant bias for ecstasy-related 

pictures in ecstasy users, as reflected by slowed response latencies to ecstasy-related 

stimuli, in experiment 2 we probe the neural activity in the processing o f  neutral, 

evocative, and ecstasy-related cues during the simultaneous performance o f  an 

unrelated cognitive task, using a modified version o f  the task used in experiment 1. As 

drug-related stimuli are believed to attain high salience in drug users (Robinson and 

Berridge, 1993), the hypothesis was that the ecstasy-related information would 

interfere with the ecstasy user’s ability to generate the appropriate behavioural 

response, and with the neural circuitry involved in attentional control that is required 

to ignore salient and potentially irrelevant information depending on task demands 

and goals.
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Experiment 1 

Methods 

Participants

Refer to participant section o f  chapter 4, experiment 1 (page 95), where the ecstasy 

group included 30 chronic users o f  ecstasy, the cannabis group included 25 users o f  

cannabis that matched the ecstasy group in cannabis use and had no other history o f  

illicit drug use and the drug-naiVe group was comprised o f  30 participants with no 

history o f  illicit drug use.

Stimuli and behavioural protocol

A drug Stroop paradigin was performed in the ecstasy, cannabis, and control groups. 

The task was programmed using E-Prime version 1.1 (Psychology Software Tools, 

Pittsburgh, USA). Participants viewed pictures o f  three different types o f  stimulus 

category. Stimulus categories constituted o f  coloured neutral, evocative and drug 

(ecstasy-related) pictures. Neutral and evocative stimuli were photographs taken from 

the International Affective Picture System (lAPS) (Lang et al, 1999), and ecstasy- 

related stimuli were taken from multiple sources from the intemet. Each picture within 

each stimulus category was enclosed within one o f  four different coloured borders (i.e. 

blue, yellow, green and red). During the presentation o f  each stimulus, participants 

were required to respond to the colour o f  the border with a button press, using one o f  

four, corrresponding coloured stickers that were placed over the numbers 8, 6, 4 and 2 

buttons on the keyboard, while ignoring the content o f  the picture. It was emphasised 

that both speed and accuracy were important. The three categories were presented by
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block where there was one block for each category', with each block consisting o f  20 

trials. The order o f  pictures within each block randomised across participants. 

Training prior to the task familiarised participants with responding using the keypad 

o f  a standard keyboard (Figure 5.1).

Figure 5.1. Drug Stroop paradigm. Participants were required to respond to the 
colour (blue, yellow, green and red ) o f  a border surrounding neutral (A), evocative 
(B) and drug-related (ecstasy) (C) pictures with a button press, using one o f  four 
coloured stickers that were placed over the numbers 8, 6, 4 and 2 buttons on the 
keyboard.
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Statistical analysis
Data are expressed as mean ± SEM and analyzed with SPSS (version 12). For reaction 

time scores and percentage accuracy, a set o f  difference scores were calculated by 

subtracting the neutral condition from the ecstasy condition, and by subtracting the 

neutral condition from the evocative condition. Each difference score was subjected to 

a 3 (group) X 2 (difference score between conditions) analysis o f  variance (ANOVA) 

followed by post hoc tests. For reaction time scores and percentage accuracy a 

difference score was calculated by subtracting the evocative condition from the 

ecstasy condition. Reaction time and percentage accuracy ecstasy minus evocative 

scores were subjected to a one-way ANOVA fallowed by post hoc tests. Within the 

ecstasy group Pearsons correlations were carried out to investigate relationships 

between behavioural performance and drug use variables.

Results 

Behavioural results

On difference scores for reaction time measures there was no condition effect (F=0.1, 

d l= l,82 , p>0.05), no group effect (F=2.8, df=2,82, p>0.05), but there was a group by 

condition interaction (F=9.6, dl=2,82, p<0.001). Post hoc tests revealed that for the 

ecstasy condition, the ecstasy group had longer reaction times compared to both the 

cannabis group and control group (p<0.05) (Figure 5.2a). For ecstasy minus evocative 

reaction times ecstasy users had longer reaction times compared to both cannabis 

users and controls (p>0.05). Using difference scores for percentage accuracy there 

was no condition effect (F=0.1, df= l,82, p>0.05), group effect (F=0.7, dl=2,82,
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p>0.05), or group by condition interaction (F=l .0, df=2,82, p>0.05) (Figure 5.2b). No 

correlations were found between behavioural performance and drug use variables.'
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Figure 5.2. Stroop reaction time and percentage accuracy for the Ecstasy and 
Evocative conditions relative to the Neutral condition. (A) Mean reaction time 
differences (ms). (B) Mean accuracy differences (%). Evo-N- evocative minus neutral 
condition, Ecs-N- ecstasy minus neutral condition. *=p <0.05 versus ecstasy group 
within difference condition

' In a separate analysis no gender effects or interactions between gender and any other variables were 
found.
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Discussion
The current study investigated behavioural attentional bias towards ecstasy-related 

stimuli using a Stroop paradigm in ecstasy users, cannabis users and controls. Active 

ecstasy users compared to cannabis users and controls had significant difficulty 

controlling attention when required to ignore ecstasy-related stimuli, as reflected in 

their increased response times tor the ecstasy minus neutral measurement. 

Additionally ecstasy minus evocative reaction times were longer for ecstasy users 

compared to both cannabis users and controls demonstrating that the ecstasy group 

effect is very specific to the ecstasy stimuli and not present for evocative stimuli. 

These results suggest that ecstasy-related cues are more difficult to ignore and support 

the idea o f  an attentional bias tor drug-related stimuli occurs in ecstasy users. This 

finding is in accord with previous research that, utilizing different paradigms, have 

demonstrated an attentional bias towards drug-related stimuli for other drugs o f  abuse 

(Field et al, 2004; Field, 2005; Hester et al, 2006; Vadhan et al, 2007; Franken et al, 

2000, 2004; Lubman et al, 2000; Townshend and Duka, 2001; Bradley et al, 2008; 

Mogg et al, 2003, 2005; Waters et al, 2003; Drobes et al, 2006; Munafo et al, 2003). 

In accord with incentive theories o f  drug addiction (e.g. Robinson and Berridge., 

1993) that propose that stimuli associated with drug-taking acquire motivational 

salience and as a result become ‘wanted,’ these results may be attributed to 

conditioned behavioural responses to drug predictive cues in ecstasy users. The 

inclusion o f  a cannabis group enabled us to elucidate ecstasy-specific effects. As both 

drug groups scored higher on the BDl relative to controls but did not differ between 

each other we can conclude that depression in the ecstasy group did not confound our 

ecstasy-specific effects.
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In this experiment we can only infer the presence o f  attentional bias towards drug 

related stimuli based on impaired reaction time latency, o f  task-irrelevant stimuli, 

without direct neurobiological measures o f  attention towards drug-related stimuli. 

Understanding these attentional processes is important in furthering our knowledge o f  

this extensively used drug, and while a lot is understood about the processes by which 

drug-related stimuli attain salience that is central to attention (Hester, 2006), a lot less 

is known about the neural mechanisms underlying the inability to ignore such salient 

stimuli. In sum, our results support the hypothesis o f  increased distractibility for 

irrelevant ecstasy related information in active ecstasy users. As techniques such as 

functional imaging gives us insights into the neurobiological mechanisms underlying 

behaviour such as attentional bias, based on the findings o f  this study the aim o f the 

next study is to use fMRI as a tool to investigate the neural mechanisms underlying 

this attentional bias in ecstasy users and controls using a modified version o f  the 

visual emotional Stroop task. Experiment 2 is o f  theoretical importance enabling the 

determination o f  the roles o f  prefrontal and limbic system underlying this ecstasy- 

related attentional bias for example if  the bias may be attributed to hpyeractive limbic 

activity or hypoactive frontal activity. As experiment 1 demonstrated the biasing 

effects o f  ecstasy stimuli were specific to the ecstasy group, a cannabis-only group 

was not included in the next study.
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Experiment 2 

Methods 

Participants

See participants section o f  chapter 3 (page 70), where the ecstasy group included 20 

chronic users o f  ecstasy and the drug-nai've group was comprised o f  20 participants 

with no history o f  ilhcit drug use.

Stimuli and behavioural protocol

A drug Stroop paradigm was pertbnned in the ecstasy and control groups during fMRI 

scanning. The task was programmed using E-Prime version 1.1 (Psychology Software 

Tools, Pittsburgh, USA). Participants viewed pictures, made up o f  three different 

types o f  stimulus category. Stimulus categories constituted o f  coloured neutral 

(musical instruments taken from multiple intemet sources), evocative (photographs 

taken from the International Affective Picture System (lAPS) (Lang et al, 1999) and 

drug (ecstasy-related stimuli taken from multiple intemet sources) pictures. Each 

picture within each stimulus category was enclosed within one o f  four different 

coloured borders (i.e. blue, yellow, green and red). During the presentation o f  each 

stimulus, participants were required to respond to the colour o f  the border to the 

stimuli with a button press, using one o f  four coloured buttons on two separate hand

held key pads, while ignoring the content o f  the picture. The four different coloured 

buttons on two separate hand-held key pads corresponded to the four coloured borders

 ̂N ote that this is a new  group o f  participants and not those w ho participated in Experiment 1. A  
cannabis group was not recruited for this study but for all cannabis use measures there were no 
difference between the ecstasy users from experim ent 1 and ecstasy users in this study.
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used to contain each picture within each stimulus category. It was emphasised that 

both speed and accuracy were important.

The beginning o f  each block commenced with a 20 second rest period. Directly 

following this participants completed one o f  the three stimulus category blocks 

(neutral, evocative or drug). Each picture within each stimulus category block was 

presented for 1.5 seconds, followed by a pseudo-randomized inter-stimulus interval o f 

1, 1.5 or 2 seconds, such that each block lasted for 30 seconds (Figure 5.3). There 

were two runs in total yielding two blocks o f  each stimulus category (neutral, 

evocative and ecstasy). Each stimulus category block contained 10 pictures, with a 

different set o f  pictures presented during each block. Each stimulus category block o f  

the task was pseudo-randomized within runs. Each o f  the 2 runs was 340 seconds in 

duration. Dependent measures for the task were mean reaction time and the mean 

percentage correct responses for each stimulus category. Training was provided to 

familiarise participants with the four different coloured buttons that corresponded to 

the four coloured borders. For a duration o f  150 seconds coloured squares that 

corresponded to the 4 colours on the response pad were presented for 1.5 seconds each 

and participants were required to respond to each with the matching button press 

response.
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10 Neutral stimuli

10 Evocative stimuli

10 Ecstasy stimuli

Figure 5.3. Drug Stroop paradigm. Participants were instructed to make a response 
to the colour o f  a border surrounding neutral (musical instruments), evocative and 
drug-related (ecstasy) pictures. Participants were required to respond to the colour 
(blue, yellow, green and red) o f  the border surrounding each stimulus with a button 
press using one o f  four different coloured buttons (i.e. blue, yellow, green and red).
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Imaging parameters

All scanning was conducted on a Philips Intera Achieva 3.0 Tesla MR system (Best, 

The Netherlands) equipped with a mirror that reflected a 640 x 480 pixel display, 

projected on a panel placed behind the subject’s head outside the magnet. The mirror 

was mounted on the head coil in the participants' line o f  vision. Imaging started with 

31.5 seconds o f  standard scout images to adjust head positioning, followed by a 

reference scan to resolve sensitivity variations. Imaging used a parallel SENSitity 

Encoding (SENSE) approach (Pruessmaan et al. 1999) with reduction factor 2. 180 

high-resolution T1-weighted anatomic MPRAGE axial images (FOV 230 mm, 

thickness 0.9 mm, voxel size 0.9 x 0.9 x 0.9) were then acquired (total duration 5.43.6 

minutes), to allow subsequent activation localization and spatial normalization. 

Thirty-two non-contiguous (10% gap) 3.5 mm axial slices covering the entire brain 

were collected using a T2* weighted echo-planar imaging sequence (TE = 35 ms, TR 

= 2000 ms, FOV 224 mm, 64 x 64 mm matrix size in Fourier space).

Time-series analyses

The fMRl data were analysed using the AFNI software package (Cox, 1996). Time- 

series data were motion-corrected using 3D volume registration (least-squares 

alignment o f  three translational and three rotational parameters). Activation outside 

the brain was removed using edge detection algorithms. A block analysis was 

conducted to estimate the activation for each separate stimulus category. These ON- 

OFF block regressors were convolved with a standard haemodynamic response to
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accommodate the lag time o f  the blood oxygen level-dependent (BOLD) response. 

Multiple regression analyses were then used to derive the average level o f  block 

activation as a percentage change relative to the rest periods.

Activation maps were warped into a standard stereotaxic space (Talairach et al., 1998) 

and spatially blurred with a 4.2-mm full-width at half-maximum isotropic Gaussian 

filter after performing a second edge detection on the skull stripped brain. Neutral, 

evocative and ecstasy activation maps for both ecstasy users and drug-naive controls 

were determined with one-sample t tests against the null hypothesis o f  zero activation 

changes (i.e. no change relative to tonic task-related activity). A voxelwise 3 

(condition) x 2 (group) Analysis o f  Variance (ANOVA) was pertbrmed. Significant 

voxels passed a voxelwise statistical threshold (F= 8.8, df= l,38 P  <0.005 for the 

factor group and F = 5.6, df=2,76 P  <  0.005 for the factor condition and the 

interaction) and were required to be part o f  a larger 286 [il cluster o f  contiguous 

significant voxels. Thresholding was determined through Monte Carlo simulations and 

resulted in a 5% probability o f  a cluster surviving due to chance. For the condition 

map, mean activation for clusters were calculated for each subject for neutral, 

evocative and ecstasy conditions. For the group map, activation for clusters were 

calculated for each subject for both ecstasy users and controls, and for the interaction 

map, activation for clusters were calculated for each subject, for both groups and each 

condition. The mean activation o f  each significant cluster o f  activation was calculated 

and cluster-level statistics were performed on condition and interaction clusters using 

SPSS.
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Statistical analysis

Data are expressed as mean ± SEM and analyzed with SPSS (version 12) for statistical 

analysis. For behavioural data: on reaction time scores and percentage accuracy, two 

different sets o f difference scores were calculated by subtracting the neutral condition 

from the ecstasy condition, and by subtracting the neutral condition from the 

evocative condition. On these difference scores a 2 (group) X 2 (difference score 

between conditions) repeated measures analysis o f variance (ANOVA) was performed 

followed by post hoc tests. For reaction time scores and percentage accuracy a 

difference score was calculated by subtracting the evocative condition from the 

ecstasy condition. Reaction time and percentage accuracy ecstasy minus evocative 

scores were subjected to independent samples t-tests.

Paired t-tests were perfonned for ftinctional clusters that revealed a condition effect, 

while independent and paired sample t-tests were performed for ecstasy versus control 

comparisons in clusters that showed an interaction within AFNl. For the interaction 

clusters difference score between conditions (e.g. ecstasy minus neutral brain 

activation) as specified above were used, whereas for the clusters that revealed a 

condition effect raw condition scores for ecstasy neutral and evocative conditions 

were used. For interaction clusters a difference score was calculated by subtracting the 

evocative condition from the ecstasy condition, followed by independent samples t- 

tests. Within the ecstasy group Pearsons correlations’ were carried out to investigate 

relationships between behavioural performance, drug use and brain activation.
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Results

Behavioural results

On reaction time measures there was no difference between conditions (F=0.1, 

d i= l,38 , p>0.05), no group effect (F=0.3, df= l,166, p>0.05), and no group by 

condition interaction (F = l.l ,  df= l,38, p>0.05) (Figure 5.4a). On percentage accuracy 

scores there was no difference between conditions (F=0.3, df=l ,38, p<0.05), no group 

effect (F = l.l ,  d i= l,166 , p>0.05), and no group by condition interaction (F=3.2, 

d i^ l ,38, p>0.05) (Figure 5.4b).^

 ̂ In a separate analysis no gender effects or interactions betw een gender and any other variables were 
found.
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A

■ Controls

B

Evo-N Ecs-N

Figure 5.4. Stroop reaction time and percentage accuracy for difference 
conditions. (A) Mean reaction time differences (ms). (B) Mean accuracy differences 
(Vo). Evo-N- evocative minus neutral condition,, Ecs-N- ecstasy minus neutral 
condition.
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Brain imaging results

The t-test versus zero activation maps (p=0.001) for neutral, evocative, and ecstasy 

conditions are shown in Figure 5.5. Widespread activation was evident for all 3 

conditions, with bilateral dorsal and ventral PFC, bilateral occipital and bilateral 

anterior cingulate areas showing to be particularly robust. The activation patterns o f 

ecstasy users were similar to controls.

Table 5.1 summarises the 30 clusters that were significant for the condition effect, and 

in figure 5 we can view the 3 prominent patterns that were evident: ecstasy and 

evocative conditions produced more activation compared to the neutral condition in 

the right dorsolateral PFC (DLPFC), right inferior fi-ontal gyrus, left middle temporal 

gyrus, bilateral hippocampal gyrus, right occipital gyrus (largest cluster), and right 

cingulated gyrus; the neutral condition revealed more BOLD activity relative to the 

evocative and ecstasy condition in the right anterior cingulate, left medial frontal 

gyrus, right middle frontal gyrus, left DLPFC, right cingulate gyrus and anterior 

cingulate, bilateral parietal lobule, left precuneus, left superior temporal gyrus, right 

middle temporal gyrus, and right insula; the neutral condition produced more BOLD 

activity relative to the evocative and ecstasy condition and the ecstasy condition 

showed more activity compared to the evocative condition in the left parietal lobe, 

superior temporal gyrus and posterior cingulate cortex. For each group appendix 5.1 

highlights which clusters revealed deactivations.
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Table 5.2 summarises the group effect and group X condition interactions.

For the group effect ecstasy users produced greater activation than controls in right 

middle frontal gyrus, right inferior frontal gyrus, left medial frontal gyrus, left middle 

occipital gyrus, and left ftisiform gyrus and from Figure 5.6 we can see the visual 

representation o f  these clusters. Lastly, Table 5.7 identifies the brain regions that 

revealed a group X condition interaction (right middle frontal gyrus, left medial 

frontal gyrus, left occipital gyrus and left fiasiform gyrus) along with the patterns o f  

activation differences. In the right middle frontal gyrus (27 25 45) and right inferior 

frontal gyrus (56 31 6) tor the evocative minus neutral and ecstasy minus neutral 

condition controls showed greater activation compared to ecstasy users, whereas in 

the left medial frontal gyrus (-3 61 13) for these same comparisons ecstasy users 

revealed greater activation compared to controls. For the three left occipital clusters 

ecstasy users exhibited greater activation tor the ecstasy minus neutral condition 

relative to the evocative minus neutral condition, and for the ecstasy minus neutral 

condition ecstasy users showed less activation relative to controls. In all clusters that 

revealed an interaction with the exception o f  the right middle frontal gyrus (27 25 45) 

for the ecstasy minus evocative measurement ecstasy users showed greater activation 

relative to controls (P < 0.05). The left medial frontal gyrus (-3 61 13) was the only 

cluster that revealed consistent deactivations raw scores (activations before 

subtraction measurements were calculated), and these activations can be viewed in 

appendix 4.1. Saggital sections o f  clusters are graphed in Figure 5.6 and the 

activation patterns along with statistical significances are graphed in Figure 5.7.
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Ecstasy
Evocative Neutral

Figure 5.5. Sagittal sections showing regions involved in the stroop task. Examination oft-tests (p=0.()()l) fo r  horizontal 
regions activated during neutral, evocative and drug conditions fo r  the Stroop task fo r  control (upper row) and ecstasy using 
participants (bottom row). Both groups demonstrate consistent regions o f  activation.



S tructure B roadm ann area Lobe Hemisphere Volume (ui) X Y Z

C ondition Ecs Vs N Evo Vs N Ecs Vs Evo
DLPFC 46 f R 483 49 25 14 Ecs > N Evo > N
Inferior frontal gyrus 9, 4 f R 447 55 16 25 Ecs > N Evo > N
Middle temporal gyrus 21 t L 447 -48 5 -37 Ecs > N Evo > N
Parahippocampus gyrus 28 t L 437 -29 -10 -20 Ecs > N Evo > N
Uncus/parahippocampal gyrus 34 t L 401 -21 -2 -21 Ecs> N Evo > N
Parahippocampus gyrus 34 t R 349 27 -2 -19 Ecs> N Evo > N
Declive/middle occipital gyrus 18, 19, 17 0 R 83806 5 -73 -15 Ecs > N Evo > N
Culmen/cingulate gyrus R 415 7 -35 -16 Ecs > N Evo > N

Anterior cingulate 32, 24 f R 5064 15 41 12 Ecs < N Evo < N
Medial frontal gyrus 4, 6 f L 3084 -14 -23 54 Ecs < N Evo < N
DLPFC 9 f L 1052 -32 31 35 Ecs < N Evo < N
Cingulate gyrus 24 f R 449 21 -7 34 Ecs < N Evo < N
Anterior cingulate 10, 32 f R 368 16 41 -4 Ecs < N Evo < N
Middle frontal gyrus 8 f R 386 30 19 38 Ecs < N Evo < N
Inferior parietal lobule 40, 39 P R 11111 48 -43 31 Ecs< N Evo < N
Cingulate gyrus + 7, 31 P R 5908 16 -37 49 Ecs< N Evo < N
Inferior parietal lobule 7, 40 P L 3879 -30 -46 53 Ecs< N Evo < N
Precuneus 7 P L 381 -10 -72 37 Ecs< N Evo < N
Superior temopral gyrus 22 t L 406 -62 -32 10 Ecs< N Evo < N
Middle temporal gyrus 21 t R 357 61 0 -6 Ecs< N Evo < N
Insula 13 R 447 32 -4 12 Ecs< N Evo < N

Inferior parietal lobule 40 P L 3696 -37 -60 38 Ecs < N Evo < N Ecs > Evo
Superior temopral gyrus 41, 40 t L 2546 -45 -32 14 Ecs < N Evo < N Ecs > Evo
Superior temopral gyrus 22 t L 1065 -59 -3 3 Ecs< N Evo < N Ecs > Evo
Posterior cingulate 18, 31 0 L 17658 -1 -66 12 Ecs < N Evo < N Ecs > Evo

Precuneus 7 p R 920 6 -63 49 Ecs< N Evo >N
Parahippocampus gyrus 27 t R 728 26 -32 -3 Ecs < N Evo >N
Middle temporal gyrus 21 t L 447 -59 -37 -8 Ecs < N Ecs > Evo
Nodule L 567 -2 -43 -26 Ecs > N Ecs > Evo
Superior frontal gyrus 8, 6 f L 390 -18 22 49 Evo < N Ecs > Evo

Table 5.1. Cerebral Foci for condition effect of stroop task. DLPFC= dorsolateral prefronta! cortex. N=neutral condition, 
Ecs= ecstasy condition, Evo= evocative condition. f= frontal lobe, p= parietal lobe, t= temporal lobe, o= occipital lobe.



structure Broadmann area HemlsDhere

Group

Volume

DLPFC 9 L 462
DLPFC 9 R 433
Middle temporal/middlle occipital gyrus + 19, 39 R 1330
Inferior temporal gyrus 20 L 1130
Right brain R

Interaction

383

Middle frontal gyrus 8 R 425
Inferior frontal gyrus 46, 45 R 399
Medial frontal gyrus 10 L 413
Middle occipital gyrus 19 L 700
Middle occipital gyrus + 19 L 396
Middle occipital gyrus/fusiform gyrus 19 L 454

Centre of mass
X Y Z Effect

Pattern

-40 4 23 E > C
33 35 34 E > C
43 -76 13 E > C
-56 -55 -17 E > C
8 -33 -44 E > C

Within effects Between effects
Ecstasy Controls Evo-N Ecs-N

27 25 45 ns ns E<C E< C
56 31 6 ns ns E< C E< C
-3 61 13 Ecs-N > Evo-N ns E > C E > C
-46 -78 5 Ecs-N > Evo-N ns E< C ns
-30 -90 22 Ecs-N > Evo-N ns E< C ns
-47 -77 -14 Ecs-N > Evo-N Ecs-N < Evo-N E <C E>C

Table 5.2. Cerebral Foci for group effect and interaction of stroop task. DLPFC= dorsolateral prefronta! cortex. E = 
ecstasy group, C= control group, Ecs-N= ecstasy minus neutral condition, Evo-N= evocative minus neutral condition. + = In a 
separate analysis there was a gender effect with increased activation for males.
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Figure 5.5. Group effect clusters of Stroop task
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Figure 5.6. Condition effect clusters of Stroop task. Green= Decreased activation 
fo r  neutral compared to both evocative and ecstasy conditions. Orange= Increased 
activation fo r  neutral compared to both evocative and ecstasy conditions. Red= 
Increased activation fo r neutral compared to both evocative and ecstasy conditions, 
and decreased activation fo r  evocative compared to ecstasy condition.
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Figure 5.7. Interaction effect clusters of Stroop task
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Figure 5.8. Interaction effect patterns of Stroop task. A= right middle frontal gyrus 
(27, 25, 45), right inferior frontal gyrus (56, 31, 6), c= left medial frontal gyrus (-3, 61, 13), 
d= left middle occipital gyrus (-46, -78, 5), e= left middle occipital gyrus (-30, -90, 22), f= left 
middle occipital gyrus/fusiform gyrus (-47, -77, -14). Evo-N = evocative minus neutral, Ecs- 
N =  ecstasy minus neutral. *=  P <  0.05 fo r  difference condition. # = p  < 0.05 f o r  Evo- 
N  versus Ecs-N w ith in  group effect f o r  e ither ecstasy users o r controls.
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Discussion

In this study our dual task-aspect enabled us to test how the brain reacts to drug- 

related cues that are irrelevant to the task, but relevant to the subject’s sympathology 

(i.e. ecstasy addiction), in ecstasy users and controls. Behaviourally, we did not 

observe any performance differences in response accuracy or response latency 

between the two groups, in contrast to experiment 1 where ecstasy users compared to 

cannabis users and controls had significant longer response latencies when required to 

ignore ecstasy-related stimuli compared to neutral and evocative stimuli. The absence 

o f  performance effects can be advantageous, however, enabling us to eliminate 

performance-related effects (e.g., ihistration) fi’om confounding group comparisons 

(Murphy and Garavan, 2005). Although it is unlikely, as there is quite a discrepancy 

between the behavioural results o f  experiment 1 and experiment 2, the absence o f  

significant differences between ecstasy users and controls could be attributed to a lack 

o f  statistical power as the sample size in this experiment was smaller than the sample 

size in experiment 1. Alternatively, the inconsistency o f  performance significances 

between the two experiments may be attributed to the minor task design differences 

between the 2 versions o f  the visual emotional stroop task.

Neuroimaging studies have indicated that several brain regions are involved in the 

performance o f  the Stroop task (Pardo et al., 1990; Bench et al., 1993 ; Taylor et al., 

1994 ; Carter et al., 1995 ; Bush et al., 1998 ), although these imaging studies do not 

all agree on which brain areas are most centrally involved in resolving Stroop 

interference. For example, Pardo et al. (1990) suggested that the anterior cingulate is 

the most relevant region (Pardo et al., 1990), whereas others have suggested that the 

anterior cingulate activation is not specific for the interference effect (Bench et al..
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1993). In accord with these studies in both groups widespread activation was evident. 

There was robust activation in the occipital lobe which is likely to reflect visual 

processing o f  the stimuli, and in agreement with (Pardo et al., 1990) the ACC was 

consistently acitivated across conditions and groups. Additionally the dorsal and 

ventral PFC was activated across conditions and groups, an expected finding as 

historically the Stroop task was proposed by Peret (1974) as a potential means to 

indicate frontal dysfunction, and has been used to imply frontal dysfunction in various 

psychiatric groups (M artinet et al., 1990; Cohen and Servan-Schreiber, 1992; Trichard 

et al., 1995)

Although ecstasy users did not display an attention bias in behaviour relative to 

controls, we observed a number o f  significant within- and between-group differences 

and interactions with respect to BOLD activation during performance o f  the emotional 

Stroop paradigm. Both groups demonstrated significant changes from neutral for both 

ecstasy-related and evocative stimuli in the parahippocampal gyrus and occipital 

gyrus, both o f  which have previously been shown to respond to evocative and drug- 

related stimuli (Maas et al., 1998; Caravan et al., 2000b; Due et al., 2002; Tapert et 

al., 2003; Britton et al, 2006; Smolka et al., 2006). Increased visual processing o f 

evocative stimuli as reflected by increased occipital activity and increased emotional 

processing as indexed by increased hippocampal BOLD activity was paralleled by 

increased activation in the right inferior frontal gyrus, a region important in inhibitory 

control (Garavan et al., 1998) suggesting that this region may be involved in exerting 

top down control over the processing o f  salient stimuli.
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The results are suggestive that BOLD activation is reflected as a function o f  group and 

stimulus category. The right middle frontal gyrus, left medial frontal gyrus, left 

occipital gyrus and left flisifonn gyrus revealed an interaction in which the 

predominant effect was driven by larger occipital responses to ecstasy stimuli in the 

ecstasy group. Within the ecstasy group BOLD activity was greater for the ecstasy 

minus neutral condition compared to the evocative minus neutral condition 

consistently across all three occipital cortex clusters that revealed an interaction. For 

the evocative minus neutral condition occipital activity was consistently greater for 

controls compared to ecstasy users. It is well documented that the occipital cortex is 

involved in processing visual imagery (Wandell et al., 2007). Therefore evidence 

from this fMRI study confirms that ecstasy versus evocative stimuli in ecstasy users, 

and evocative stimuli in controls but not ecstasy users receive more attention, showing 

higher activation at several areas o f  the occipital cortex, indicative o f  increased visual 

processing (e.g. Lang et al., 98). Moreover, it was demonstrated that this effect was 

specific to ecstasy stimuli as for the ecstasy minus evocative subtraction ecstasy users 

consistently showed greater activation relative to controls. This finding is consistent 

with the inferences made by Hester el al. (in press) and de Fockert et al. (2001) who 

administered working memory and selective attention tasks and found that interfering 

stimuli receive greater visual processing with higher working memory loads.

In the left medial frontal gyrus, before subtraction measures were derived all 3 

conditions for both groups revealed deactivations. In the ecstasy group the magnitude 

o f  the deactivation increased from the ecstasy stimuli to the evocative stimuli and 

finally the neutral stimuli. The medial frontal gyrus is typically deactivated during 

active task performance (Phelps et al., 1981; Shulman et al., 1997; Me Kieran et al..

162



C hapter 5 T he neural m echanism s underly ing  drug-re lated  a ttentional bias in chronic ecstasy  users

2003) possibly constituting a default network supporting processes more active during 

passive than active-task conditions (Raiche et al., 2001). The functional significance 

o f  deactivations o f  this nature remain unclear (Lustig et al., 2003) and often 

underappreciated (Gusnard et al., 2001) but the potential importance o f  deactivation 

has been recognized when impairments exist. Changes in deactivation patterns have 

been reported in populations whose brain flinction differs from that o f  controls, 

including patients with Alzheimer’s, amnesia, schizophrenia, or fi-agile X syndrome 

(Fletecher et al., 1998; Maguire et a l , 2001; Tamm et al., 2002; Lustig et al., 2003). 

Reduced deactivations in this region during the processing o f  distracting salient 

stimuli might be related to an impairment o f  default activities such as monitoring the 

environment, monitoring one’s internal state and emotions, and various fonns o f  

undirected thought. In accord with a pharmacological effect on the default system, 

recently Hahn et al. (2007) reported nicotine-induced deactivations that were 

associated with increased attentional pertbrmance in regions that overlapped with the 

default network. The finding suggests that reduced deactivations in the ecstasy group 

during the processing o f  ecstasy related cues may be reflective o f  reduced attentional 

functioning.

Our current paradigm requires stimulus response selections in the presence o f  

competing irrelevant stimuli. As salience directs attention automatically (Pessoa et al.,

2004) a level o f  top-down cognitive control must be imposed to ignore the irrelevant 

salient stimulus and attend to a less salient task relevant stimulus. Ignoring ecstasy- 

related stimuli and evocative stimuli in the ecstasy group was associated with reduced 

levels o f  right inferior frontal gyrus (IFG) compared to controls, a region considered 

critical to the implementation o f  top-down cognitive control (Caravan et al., 2002).
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However, for the ecstasy minus evocative subtraction, ecstasy users exhibited greater 

activation compared to controls suggesting that in ecstasy users greater demands are 

placed on the inhibitory resources when required to ignore ecstasy stimuli relative to 

evocative stimuli. In chapter 3 ecstasy users showed higher activity in BA 46 during 

successful response inhibition o f  a GO/NOGO task, in the absence o f  performance 

deficits, suggesting that ecstasy users were placing greater demands on inhibition 

processes by working harder to implement motor cognitive control. Johnson et al. 

(2005) and Doclos and Me Carthy (2006) revealed a role o f  the IFG in inhibiting 

emotional distraction in healthy non drug using participants. While participants 

performed a working memory task, IFG activation was enhanced when participants 

were distracted by negatively valenced pictures. Participants with the greatest activity 

to emotional distracters in the IFG rated these distracters as less distracting, 

suggesting that IFG activity reflected successful inhibition o f  emotional distraction. 

Shafritz et al. (2005) reported that inhibiting responses to emotional faces activated 

inferior frontal/insular cortex. In a recent study during performance o f  an emotional 

oddball task depressed patients who engaged the right IFG responded faster to targets 

after neutral stimuli, confirming the role o f  this region in coping with emotional 

distraction (Wang et al., 2008). It appears that decreased IFG activity to all salient 

stimuli is associated with ecstasy use. However, based on the above literature, in 

conjunction with the behavioural results o f  experiment 1 and the functional results o f  

experiment 2 we propose that decreased IFG activity to all salient stimuli is reflective 

o f  unsuccessftil inhibition o f  emotionally relevant but task irrelevant ecstasy-related 

stimuli, and that altered IFG interacts with hyperactive visual processing to exhibit 

performance deficits that are specific to ecstasy. Moreover, as for the ecstasy minus 

evocative subtraction, ecstasy users exhibited greater activation compared to controls
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we propose that ecstasy related stimuli over evocative stimuli may be more difficult to 

ignore in an ecstasy using population and require additional inhibitory brain 

mechanisms as reflected by increased IFG. A number o f  authors have suggested that a 

lack o f  cognitive control may contribute to the maintenance o f  drug use (Lyvers et al., 

2000; Goldstein et al., 2002; Lubman et al., 2004; Hester et al., in press).

These findings are consistent with current theories o f  drug addiction and with the 

concept o f  a central role o f  drug-related salient stimuli in regular drug use (e.g. 

Robinson and Berridge, 2003). While this hypothesis should be applicable to ecstasy 

addiction, given that there have been reports o f  impaired cognitive control in ecstasy 

users (Fox et al., 2002; Halpem, et al., 2004) in comparison to drug-naive controls, 

and that the mesocorticolimbic system is activated in response to ecstasy in animals 

(W hite et al., 1994; Yamamoto and Spanos, 1988), to our knowledge this is the first 

study to demonstrate a reliable attentional and neuronal bias to ecstasy-related stimuli 

in ecstasy users.

Prospective studies also need to explore the relevance o f  these findings to the 

progression o f  drug addiction and if  attentional biases are useful as predictive 

measures o f  relapse (see for e.g. Paulus’s et al. (2005) study that used fMRI during a 

decision making task to predict relapse in metamphetamine consumers, and Bruce and 

Jones (2004) reported that the presence o f  an alcohol attentional bias helps to explain 

the perpetuation o f  abusive/dependent consumption and the frequency o f  post

treatment relapse). Furthermore, drug use is a chronic form o f  behaviour, leading to 

cellular adaptations in the brains o f  human addicts (Baler and Volkow, 2006) which 

are likely to play an influential role in ecstasy craving, and consequently relapse.
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W hether these neural attentional correlates are reversible is a question that should be 

addressed in fiature studies that investigate attentional biases to drug-related cues in 

abstinent ecstasy users.

Attentional bias has been reported to be related to subjective craving in cocaine users 

(Garavan et al., 2000; Copersino et al., 2004), heroin users (Franken et al., 2000), 

cannabis users (Field et al., 05), smokers (Mogg and Bradley, 2002), and caffeine 

users (Yeomanas et al., 2005), as predicted by the incentive-sensitization theory o f  

drug addiction (Robinson and Berridge, 2003). The inclusion o f  a measure o f  drug 

craving in this study would have verified if  urges to use ecstasy is the key variable 

underlying the bias for ecstasy-related cues in our visual stroop paradigm. It would be 

informative tor future research to examine this relationship using wide range indices 

o f  desire or wanting to use drugs, including not only standard self-report measures but 

also more objective measures such as behavioural approach tendencies.

Studies often fail to include necessary control groups or comparison stimuli, making it 

difficult to conclude that the reported results are attributed to a specific attentional 

response to personally relevant drug cues (Robbins et al., 04). Not only is the ecstasy 

Stroop task a valuable tool for investigating emotion-attention interactions in a drug 

using population, but the results suggest that the ecstasy-specific attentional bias 

reported in experiment 1 could not be attributed to confounders such as slowed 

response latencies o f  ecstasy users or that the ecstasy-related material used in the 

current study was generally arousing for all participants. Research has found that 

using an event-related design to present drug-related and neutral stimuli in emotional 

Stroop tasks can reduce the reliability o f  finding attentional biases (Cox et al., 2001).
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As we employed a block design we eliminated carry-over effects that often affect 

event-related designs. This Stroop fMRI task might be a sensitive bio-behavioural 

assay o f  the functions recruited for the regulation o f  responses to salient drug-stimuli 

in drug addicted individuals.
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Chapter 6

Neural and psychometric correlates of affective style in ecstasy users 

Abstract

The ability to cope adaptively with emotional events by volitionally m odifying emotional 

reactions is important for psychological and physical health in addition to social 

interaction. As there have some reports o f  substance misuse being associated with 

overactivity in emotion related areas and underactivity in cognitive-processing regions, 

we measure emotional reactivity by psychom etrically collecting ratings on a battery o f  

self-report scales, and by investigating CNS using ftjnctional magnetic resonance imaging 

(fMRI) signal change during an emotional regulation task that involved viewing 

emotionally valenced neutral, positive, and negative stimuli (International Affective 

Picture System). During this fMRI task participants were instmcted either to maintain, 

increase, or decrease their emotional responses to the stimuli. We hypothesised that 

psychom etrically ecstasy users would reveal trait-like group differences compared to 

controls and state-like faulty emotion regulation mediated by corticolim bic interactions. 

The ecstasy group scored higher on the positive intensity scale o f  the affective intensity 

m easure (AIM), positive emotion factor o f  the affective control scale (ACS), physical and 

anger subscales o f  the aggression questionnaire (AQ), and focus rumination factor o f  the 

cognitive emotion regulation questionnaire (CERQ). Functionally, brain differences were 

observed where ecstasy users showed attenuated emotional processing o f  both positive 

and negative stimuli, a reduced activation range for increasing one's response to negative
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Stimuli, and an increased activation range for increasing one's response to positive 

stimuli. No associations were found between trait-like and state-like measures. The 

results suggest that temperament characteristics and the functioning o f  cortiolimbic brain 

responses to emotional stimuli may be maladaptive in chronic ecstasy.
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Experiment 1

Psychometric correlates of affective style in ecstasy users 

Introduction

Emotion is a (Amodio and Frith, 2006) key constituent, if  not the m ajor component, o f  

many o f  the fundamental dimensions o f  personality and vulnerability factors that govern 

the risk for psychopathology (Davidson et al., 1999a). Previous reports have described 

various psychiatric disorders in chronic recreational ecstasy users (Gerra et al., 1998 ; 

Morgan, 1998 ; Davidson, 2000 ; Gen'a et al., 2000 ; Parrott, 2000 ; Gamma et al., 2001 ; 

Fox et al., 2002 ; Morgan et al., 2002 ; Butler and M ontgomeiy, 2004; Halpem  et al., 

2004; M cCardle et al., 2004 ; Morgan et al., 2006 ; Quednow et al., 2007; Hanson et al., 

2008). In the context o f  the diathesis-stress model (the interaction between external 

stressors, and internal predisposition factors) (Me Innes et al., 2001; Brozina and Abela, 

2006) neuropsychobiological effects o f  ecstasy are thought to be m odulated by various 

predisposition factors (genetic, neurochemical, personality).

There have been reports o f  associations between ecstasy use and specific personality traits 

that have been associated with faulty emotion regulation. Using the impulsivity 

venturesoem ness empathy questionnaire (IVE; M organ, 1998) Parrott et al. (2000) found 

that ecstasy users reported higher impulsiveness compared to controls. Schifano et al. 

(1998), using a semi-structured interview in an addiction clinic, reported evidence o f  

impulsivity among ecstasy users. Buder and M ontgom eiy (2004) reported impulsiveness, 

venturesomeness, and novelty seeking to be associated with heavy ecstasy use. Studies
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employing the tri-dimensional personality questionnaire (TPQ), which assesses 

personality on 3 scales (novelty seeking, harm avoidance and reward dependence) have 

reported increased novelty seeking in ecstasy users (Dughiero et al., 2001). In accord with 

Dughiero et al. (2001), Gerra et al. (1998) reported that ecstasy users who had used on at 

least 25 occasions had higher TPQ novelty seeking scores than controls, despite 

abstinence o f  3 weeks) but in contrast to the foregoing reports, McCann et al.’s (1994) 

found that ecstasy users who had used on more than 25 occasions had less self-reported 

im pulsivity and were more harm avoidant than controls, as measured by the 

multidimensional personality questionnaire (MPQ). Parrott et al. (2000) reported that 

heavy ecstasy users had higher hostility scores than controls although Me C ann’s et al., 

(1994) findings did not support this finding. Moreover, a previous longitudinal study o f  

ecstasy users after 12 months o f  abstinence showed a significant reduction o f  direct 

aggressiveness subscale scores on Bukes Duked Hostility Inventory (BDHI), compared 

with their scores after 3 weeks o f  abstinence (Gerra et al., 2000). Overall it appears that 

ecstasy may be associated with impulsivity, anger, hostility, aggressiveness, 

ventuesom ness or novelty seeking. The reason for the discrepant self-report results is 

unclear but, on the whole, the results do suggest potential differences in affective style in 

the ecstasy using population. Possibly, the inconsistency o f  findings may be attributed to 

the administration o f  different questionnaires that puiport to m easure the same construct, 

underpowered sample sizes, different selection criteria, and the unreliable nature o f  self- 

report measures in comparison to more objective empirical measures such as brain 

activation and behavioural measures.
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As specified in the introduction, o f  this thesis I use affect as the superordinate category 

for valenced states, including emotions such as happiness, emotion episodes such an 

doing an exam, moods such as euphoria, and dispositional states such as hating, and traits 

such as irritability. I use the tenn  affective style to refer to a broad range o f  individual 

differences in different subcomponents o f  affective reactivity. The purpose o f  the present 

study was to psychom etrically investigate correlates o f  affective style in chronic ecstasy 

users, cannabis users, and controls with a heavy emphasis on emotion regulation. 

Although as a construct emotion regulation remains vague, at the broadest level it can be 

defined as any process that maintains, accentuates, or attenuates an emotional response 

generated from either an internal or external source. As it is necessary to elaborate on 

this global tem i specifying with more precision which particular system one is measuring 

and which subcomponents o f  reactivity are being targeted in the experiment we 

adm inister a range o f  em otion regulation measures that have not previously been 

administered to ecstasy users. Although the relationship between ecstasy use and 

em otion regulation remains largely unknown, we hypothesized that direct and/or indirect 

m easures o f  emotion regulation dysfianctions may characterize ecstasy users from 

controls and other drug using populations for two reasons. First, comm on denominators 

o f  chronic ecstasy abuse including impulsiveness (Bhattachary and Powell, 2001), 

depressed mood (Curran and Travill, 1997), sleep disorders (Gerra et al., 2000), and 

elevated anxiety (Morgan, 1998), have been associated with emotional dysregulation. 

Second, ecstasy use (M cCann et al., 1994a; McCann et al., 1998; M cCann et al., 2000; 

Reneman et al., 2001; Hatzidimitriou et al., 1999; Gudelsky and Yam amoto, 2008) and 

affective dysregulation (Cools et al., 2008) have been associated with reduced serotonin
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(5-HT) neurotransm ission in animals and possible humans. As cannabis effects are 

predom inatently mediated through the C B l receptor in the brain in the absence o f  

serotonergic involvement (M atsuda et al., 1990; Herkenham et al., 1991; Tsou et al., 

1998) we hypothesise that emotional dysregulation may be attributed to the use o f  ecstasy 

and not cannabis.

Methods 

Participants

Refer to participant section o f  chapter 4, experiment 1 (page 95), where the ecstasy group 

included 30 chronic users o f  ecstasy, the cannabis group included 25 users o f  cannabis 

that matched the ecstasy group in cannabis use and had no other histoty o f  illicit dm g use 

and the drug-naive group was comprised o f  30 participants with no history o f  illicit drug 

use.

Procedure

All participants underwent an eligibility phone screen prior to study participation. After 

being given an overview o f  the study by written and oral description, all participants gave 

written infoiTned consents and signed a disclosure form. Dm g history and present pattern 

o f  illicit and psychotropic use were assessed by structured questionnaires and urinalysis. 

A battery o f  psychometric questionnaires were administered.
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Q uestionnaires

National Adult Reading test (NART)

The NART (Nelson and O 'Connell, 1978) is a 50 word oral reading test that m easures 

vocabulary and reading ability. The words are ordered in increasing difficulty. It tests for 

premorbid intellectual ability; testing ability to read aloud a series o f  phonem ically 

irregular spelled words. It is highly correlated with overall intelligence, with W AIS-R, r = 

.85 (M ockler et al., 1996; W illshire et al., 1991).

Lifetime Alcolol and Drug Use Questionnaire

This questionnaire was taken from the Addiction Severity Index Lite-CF (Me Lellan et 

al., 1992) and involves questions concerning recent and lifetime use o f  legal and illicit 

substances.

Beck Depression Inventory (BDI)

The BDI-II was developed to address the specific diagnostic criteria for depression, as 

defined in the Diagnostic and Statistical M anual o f  M ental Disorders, 4th edition (DSM - 

IV) (BDI-II; Beck et al., 1996) and is a 21-item self-report inventory with items 

pertaining to symptoms o f  depression including agitation, concentration difficulty, 

worthlessness, loss o f  energy, and changes in sleep and appetite. Participants are required 

to report the severity o f  symptom s for the last 2 weeks.
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Emotional Control Questionnaire (ECQ2)

The ECQ2 (Roger and Najarian, 1989) assesses individual differences in response to 

emotional arousal and comprises four scales labeled rehearsal, emotional inhibition, 

aggression control, and benign control. The questions were answered using a forced- 

choice (True/False) format. Rehearsal measures the degree o f  rumination over 

emotionally upsetting events. Emotional inhibition assesses the tendency to inhibit the 

expression o f  emotions (high scores indicating emotion expression). Scores on aggression 

control reflect the inhibition o f  hostility independent o f  the more general emotional 

restraint measured by emotional inhibition (high scores indicating aggression expression). 

The reliability and validity o f  the German version have been reported by Tausch (Tausch, 

1996).

A ffect Intensity Measure (AIM)

Larsen (1984) developed the AIM as a measure o f  a theoretical unidimensional constm ct 

referred to as affect intensity, or the characteristic strength with which people experience 

emotions. More recently, a confirmatory factor analysis conducted by W einftjrt et al. 

(1994) revealed that Larsen and Diener’s (1987) original one-factor model produced a 

goodness-of-fit index (GFI) as low as 0.60, whereas W illiam s’ (1989) four-factor model, 

and Weinflirt et al.’s (1994) own model obtained a goodness-of-fit (GFI) o f  about 0.80. 

Weinfijrt et al.’s (1994) solution was similar to W illiam s’ (1989), as there emerged two 

positive dimensions (Positive Affectivity and Serenity) and two negative ones (Negative 

Intensity and Negative Reactivity). The findings o f Weinflirt et al. (1994) suggested two 

conceptual distinctions concerning affect intensity: (1) a distinction between positive and

175



C h a p te r  6 Neural and psychom etric correlates o f  atTective style in ecstasy users

negative affect, which is in line with many models o f  em otion (e.g., Russell et al., 1987); 

and (2) a distinction between intensity and reactivity. The latter distinction concem s the 

difference between the tendency to respond emotionally to emotion-evoking stimuli 

(reactivity) and the characteristic strength o f  experienced emotions (intensity). Bryant et 

al. (1996) reduced the 40 AIM items to a subset o f  27 items that are indicative o f  both the 

intensity and reactivity o f  positive and negative emotions and it is this version o f  the 

questionnaire that we used in this study.

Thought Control Questionnaire (TCQ)

(W ells and Davies, 1994) designed this instnjment to measure strategies that are used to 

control unpleasant or unwanted thoughts. The TCQ consists o f  30 items that are answered 

on a four-point scale (l=never; 4=alm ost always). The TCQ taps five strategies o f  mental 

control: distraction (e.g. “W hen I experience an unpleasant/unwanted thought, I do 

something 1 enjoy”), social coping (e.g. “ I talk to a friend about the thought”), worrying 

(e.g. “ I focus on different negative thoughts”), punishm ent (e.g. “ I slap or pinch m yself to 

stop the thought” ), and re-appraisal (e.g. “ 1 try to re-interpret the thoughf’). Scoring 

consists o f  five summ ary m easures where every strategy is m easured by six items and, 

thus, total scores for each strategy range from 6 to 24 with higher scores indicating a 

stronger tendency to employ the pertaining strategy in case o f  unwanted intrusions.

Affective Control Scale (ACS)

On this questionnaire ACS (W illiams et al., 1997) items are rated on a 7-point Likert -  

type scales to assess fear and anxiety (e.g. “Once I get nervous, I think that my anxiety
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might get out o f  hand”), depressed mood (e.g. “ I am afraid that I m ight try to hurt m yself 

i f  I get too depressed”), strong positive emotion (e.g. “ 1 am afraid that I will do 

something dumb if  I get carried away with happiness” ), and anger (e.g. “ I am afraid that 

letting m yself feel really angry about something could lead me into an unending rage”). 

W illiams et al. (1997) demonstrated excellent internal consistency both for the total score 

(alpha = 0.94) and for the subscales o f  fear o f  anxiety, positive emotions, depressed mood 

and anger o f  the ACS. Test-retest reliability was also good over a 2-week period, r = 0.78. 

W illiams et al. (1997) also demonstrated convergent validity by the A C S’s strong 

correlation with the ECQ (Rapee et al., 1989) and divergent validity by a low, non

significant correlation with the M arlowe-Crowne Social desirability Scale (Crowne and 

Marlowe, 1960).

Impulsiveness, Venturesomness and Empathy Questionnaire (IVE)

The IVE questionnaire is a 54-item questionnaire, which consists o f  three scales, 

impulsiveness (I), venturesomeness (V) and empathy (E) (Eysenck et al., 1991). 

Impulsivity, measures impulsiveness related to a failure to evaluate risk (e.g. “Do you 

generally do and say things without stopping to think?” ); Venturesom eness, m easures a 

type o f  behavior in which risk is consciously perceived and accepted (e.g. “W ould you 

enjoy parachute jum ping?); and Empathy, was included to add variety to the 

questionnaire (e.g. “Do you get very upset when you see someone cry?” ) (Kennedy and 

Grubin, 1990). Each question requires a response o f  either ‘Y es’ or ‘N o ’. Scores for 

impulsiveness and empathy each range fi'om 0 to 19 and scores for venturesom eness 

range from 0 to 16 and high scores reflect higher levels o f  the trait.
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White Bear Suppression Inventory (WBSI)

The WBSI is a 15-item self-report instm m ent that addresses the habitual tendency to 

suppress unwanted thoughts. A typical W BSI-item is “ I always try to put problems out o f  

m ind” . Items are answered on a five-point scale (I=strongly disagree; 5=strongly agree). 

Total scores (range: 15-75) are obtained by summing across items. Higher scores indicate 

stronger tendencies to suppress unwanted thoughts. A lthough originally intended to 

assess only thought suppression, recent factor analyses ( Blumberg, 2000; Hoping and de 

Jong-M eyer, 2003) suggest that the WBSI is best described by a two-factor structure, 

separating “Thought Suppression” fi'om “Unwanted Intm sive Thoughts” . The intrusion 

factor deals with the mere occurrence o f  unwanted thoughts and includes items like 

“There are images that come to mind that 1 cannot erase” . The two-factor scores, in 

addition to WBSI total scores will be used in this study.

Cognitive Emotion Regulation Questionnaire (CERQ)

The CERQ is a Dutch 36-item scale designed to evaluate nine cognitive strategies used to 

regulate emotions in response to negative or unpleasant events (Gamefski et al., 2002). 

The first strategy. Acceptance, “refers to thoughts o f  accepting what you have 

experienced and resigning yourself to what has happened” . Positive refocusing “refers to 

thinking about joyful and pleasant issues instead o f  thinking about the actual event.” 

Refocus on planning “refers to thinking about what steps to take and how to handle the 

negative event.” Positive reappraisal “refers to thoughts o f  attaching a positive meaning 

to the event in tenns o f  personal growth.” Putting into perspective “refers to thoughts o f
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playing down the seriousness o f  the event or emphasizing its relativity when compared to 

other events.” Self-blame “refers to thoughts o f  blaming yourself for what you have 

experienced.” Rumination “refers to thinking about the feeling and thoughts associated 

with the negative event.” Catastrophizing “refers to thoughts o f  explicitly emphasizing 

the terror o f  an experience.” Finally, Blaming others “refers to thoughts o f  putting the 

blam e o f  what you have experienced on others.” Scoring consists o f  a summary m easures 

for each o f  the nine cognitive strategies. The scale was developed for adolescents 

(Gamefski et al., 2001). Recently, it was translated into French using a back-translation 

method and the nine-strategy model was confm ned in a sample o f  French-speaking 

undergraduates, as was the distinction between theoretically m ore appropriate and more 

inappropriate strategies (Jeim ann et al., 2006). Answers to items were given on a Likert 

scale ranging from “Alm ost never” (1) to “Almost always” (5).

Aggression Qiiestioimaire (AQ)

The AQ (Buss and Pen-y, 1992) was used as a m easure o f  direct aggression. This 

questionnaire is likely the m ost comm only used m easure o f  self-reported aggression and 

asks participants to read a variety o f  statements and mark how characteristic each 

statement is o f  their behavior on a 5-point Likert scale (1 = extremely uncharacteristic, 5 

= extremely characteristic). The questionnaire consisted o f  four subscales, namely, 

physical aggression (nine items), verbal aggression (five items), anger (seven items), and 

hostility (8 items).
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Statistics

Data are expressed as mean ± SEM and all statistical analyses were conducted using the 

software SPSS 12.0 for W indows. One way analysis o f  varience (ANOVA) were used to 

test for group differences followed by post hoc tests in which the criterion for significance 

was set at p<0.05. W ithin the ecstasy group Pearsons correlations’ were earned out to 

investigate the relationship between the psychometric variables and ecstasy use measures.

Results 

Psychom etric

Post hoc tests showed that ecstasy users scored higher on the positive intensity subscale 

on the AIM and higher on the positive emotion factor on the ACS compared to both 

controls and cannabis users (p < 0.05). Ecstasy users reported higher anger compared to 

controls on the AQ, and for the physical subscale o f  the AQ both ecstasy users and 

cannabis users reported higher scores compared to controls (p < 0.05). Both ecstasy users 

and cannabis users scored higher on the rumination scale o f  the CERQ (Table 6.1).'

Correlations

W ithin the ecstasy group pearsons coirelations revealed significant correlations (p <0.05) 

between: positive intensity subscale o f  the AIM and positive reactivity subscale o f  the

' There questionnaires were ailniinistered to an acUlitional 16 ecstasy users and 19 controls (the same participants from tlie 
neuroimaging experiments 2 and 3 o f this chapter. With all ecstasy users (n=46) and controls (n=49) from botli samples a new between 
group analysis was conducted. Eft'ects were similar to the above where t-tests that ecstasy users scored lower on the aggression control 
and rehersal scales o f  the KCQ2, higher on the positive intensity factor o f  the AIM, and higher on the physical and anger subscales o f 
the AQ.
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playing down the seriousness o f  the event or emphasizing its relativity when compared to 

other events.” Self-blame “refers to thoughts o f  blam ing yourself for what you have 

experienced.” Rumination “refers to thinking about the feeling and thoughts associated 

with the negative event.” Catastrophizing “refers to thoughts o f  explicidy emphasizing 

the terror o f  an experience.” Finally, Blaming others “refers to thoughts o f  putting the 

blam e o f  what you have experienced on others.” Scoring consists o f  a summary m easures 

for each o f  the nine cognitive strategies. The scale was developed for adolescents 

(Gamefski et al., 2001). Recently, it was translated into French using a back-translation 

method and the nine-strategy model was confirmed in a sample o f  French-speaking 

undergraduates, as was the distinction between theoretically more appropriate and more 

inappropriate strategies (Jennann et al., 2006). Answers to items were given on a Likert 

scale ranging from “Almost never” (1) to “Almost always” (5).

Aggression Questionnaire (AQ)

The AQ (Buss and Perry, 1992) was used as a m easure o f  direct aggression. This 

questionnaire is likely the m ost comm only used m easure o f  self-reported aggression and 

asks participants to read a variety o f  statements and mark how characteristic each 

statem ent is o f  their behavior on a 5-point Likert scale (1 = extremely uncharacteristic, 5 

= extremely characteristic). The questionnaire consisted o f  four subscales, namely, 

physical aggression (nine items), verbal aggression (five items), anger (seven items), and 

hostility (8 items).
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Statistics

Data are expressed as mean ± SEM and all statistical analyses were conducted using the 

software SPSS 12.0 for W indows. One way analysis o f  varience (ANOVA) were used to 

test for group differences followed by post hoc tests in which the criterion for significance 

was set at p<0.05. W ithin the ecstasy group Pearsons correlations’ were carried out to 

investigate the relationship between the psychometric variables and ecstasy use measures.

Results 

Psychom etric

Post hoc tests showed that ecstasy users scored higher on the positive intensity subscale 

on the AIM and higher on the positive emotion factor on the ACS compared to both 

controls and cannabis users (p < 0.05). Ecstasy users reported higher anger compared to 

controls on the AQ, and for the physical subscale o f  the AQ both ecstasy users and 

cannabis users reported higher scores compared to controls (p < 0.05). Both ecstasy users 

and cannabis users scored higher on the rumination scale o f  the CERQ (Table 6.1).'

Correlations

W ithin the ecstasy group pearsons correlations revealed significant correlations (p <0.05) 

between; positive intensity subscale o f  the AIM and positive reactivity subscale o f  the

' There questionnaires were atlm inistered to an ackiitional 16 ecstasy users and 19 controls (the sam e participants from tlie 
neuroim aging experim ents 2 and 3 o f  this chapter. W ith all ecstasy users (n=46) and controls (n=49) from both sam ples a new betw een 
group analysis was conducted. Effects w ere sim ilar to the above where t-tests that ecstasy users scored low er on the aggression control 
and rehersal scales o f  the F-CQ2, higher on the positive intensity factor o f  the AIM , and higher on the physical and anger subscales o f  
the AQ.
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AIM (r= 0.431); aggression control scale o f ECQ2 and anger scale o f AQ (r= -0.301); 

aggression control scale o f ECQ2 and physical scale o f AQ (r= -0.246); anger scale o f the 

AQ and physical scale o f AQ (i^ 0.215); unwanted intrusive thoughts scale o f the WBSI 

and physical scale o f AQ (r=.423). No correlations were found between ecstasy use 

measures and psychometric correlations.

 ̂ In a separate analysis no gender effects or gender interactions were found.
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Psvchometric measure 

IVE

Controls 
N= 30

Ecstasv
N=30

Cananbis 
N= 25

Control vs ecstasv Control vs cannabis Ecstasv vs c

Impulsivity 63.1 ±0.7 65.4 ±0 .6 64.1 ±0 .8 ns ns ns
Venturesomness 21.5 ±0 .6 20.0 ±0 .5 20.8 ± 0.3 ns ns ns
Empathy 25.0 ±0 .4 2.7 ±0 .5 23.3 ±0.5 ns ns ns
AQ (sumscore) 62.5 ±2 .5 71.5 ±2 .5 70.8 ±2.7 * * ns
Physical 17.3± 1.2 21.9±1.1 21.0± 1.3 * * ns
Verbal 13.8 ±0 .8 13.3 ±0 .6 14.4 ±0 .8 ns ns ns
Anger 13.8 ±0 .6 16.3 ±0 .8 16.6±1 .0 * ns ns
Hostility
ECQ2

17.5 ±0 .8 19.9 ±1 .3 18.610.9 ns ns ns

Rehersal 12.2 ±0 .3 11.7 ±0 .2 11.2 ±0.2 ns ns ns
Emotional inhibition 16.1 ±0 .2 16.1 ±0 .2 16.8 ±0 .3 ns ns ns
Benigh control 10.3 ±0.2 10.0 ±0 .2 10.0 ±0 .2 ns ns ns
Aggression control 
AIM

16.2 ±0 .2 16.9 ±0 .4 15.510 .4 ns ns ns

Positive intensity 23.9 ±0 .8 28.5 ±1 .2 24.411 .4 * ns *
Negative intensity 18.2 ±0 .8 20.6 ±1 .0 20.911 .0 ns ns ns
Positive reactivity 31.3 ±0 .9 34.0 ±1 .3 32.211 .3 ns ns ns
Negative reactivity 
TCQ

23.0 ±0 .8 21.4±1.1 21.8 ±0.5 ns ns ns

Distraction 15.2 ±0 .5 15.2 ±0.7 15.6 ±0.7 ns ns ns
Social 14.1 ±0 .6 13.7 ±0 .6 14.6 ±0 .9 ns ns ns
Worry 8.7 ±0 .3 9.5 ±0 .5 9.7 ±0 .4 ns ns ns
Punishment 9.0 ±0 .2 10.3 ±0 .5 9.6 ±0 .6 ns ns ns
Re-appraisal
ACS

15.1 ±0 .5 16.6 ±0 .5 16.1 ±0.7 ns ns ns

Anger 22.7 ±1.1 24.211 .3 23.511 .6 ns ns ns
Positive emotion 28.3 ± 1.3 33.1 ± 1.4 29.2 ± 1.5 * ns *
Depressed mood 19.8 ±1 .4 23.4 ±2.1 23.6 ± 1.9 ns ns ns
Anxiety 33.7 ±2 .4 39.9 ± 2.2 38.6 ±2 .0 ns ns ns
WBSI (sumtotal) 38.0 ± 1.9 42,7 ± 2.3 43.3 ± 1.7 ns ns ns
Unwantedintrusive thoughts 21.4 ± 1.3 25.1 ± 1.5 26.611.1 ns ns ns
Thought suppression 
CERQ

16.7 ±0 .8 17.6 ±0 .9 17.7 ± 0.9 ns ns ns

Self-blame 9.8 ±0 .5 10.0 ±0.7 9.7 10.5 ns ns ns
Acceptance 13.8 ±0 .5 14.4 ± 0.4 14.610 .5 ns ns ns
Rumination 10.7 ±0 .5 12.8 ±0 .5 13.810 .6 * ** ns
Positive refocusing 11.5 ±0.63 11.0±0.7 10.210 .4 ns ns ns
Planning 15.5 ±0 .4 15.5 ±0 .4 14.510.7 ns ns ns
Positive reappraisal 15.4 ±0 .5 15.4 ±0 .5 17.212.3 ns ns ns
Putting into perspective 14.8 ±0 .6 16.0 ±0 .6 15.210.6 ns ns ns
Catastrophizing 8.1 ±0 .5 9.0 ±0.4 8 .0 1 0 .5 ns ns ns
Blaming others 9.7 ± 0.5 8.8 ±0 .5 10.010 .6 ns ns ns

Table 6.1. Mean and SEM for ecstasy and control groups on psychometric measures. 
*=p<0.05; **p<0.01. F o r a ll significant suhscales higher scores indicate higher 
intensities. See appendix 6 .1 fo r  psychometric battery.
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Discussion

Results from the current study suggest that ecstasy users are significantly more likely to 

describe themselves as more angry, physically aggressive, more likely to ruminate over 

emotionally upsetting events, more recative to positive stimuli, and experience positive 

emotions more intensively. Increased aggression (Parrott et al., 2000, Gerra et al., 2000) 

has been reported in previous studies, and it has been postulated that aggression may be a 

manifestation o f  a faulty emotion regulation circuit (Davidson, 2000) and may have 

effects that extend beyond the indivual involved (e.g. violence outrage in a pub) (James et 

al., 1998). To our knowledge this is the first study to report a decreased tendency to 

ruminate over aversive events, and a heightened experience o f  positive emotions to be 

characteristic o f  an ecstasy using population. Our results are do not replicate previous 

reports o f  associations between ecstasy use and elevated impulsivity (Morgan, 1998; 

Parrott, et al., 2000 Moeller, et al., 2002; M organ,et al., 2002; Fox et al., 2002; Butler and 

M ontgomery, 2004; Halpem, et al., 2004; Morgan, et al., 2006; Quednow, et al., 2007). 

Taken together these findings suggest that direct and indirect measures o f  emotion 

regulation dysflmction may differentiate ecstasy users from controls and cannabis users. 

Emotional control encompasses both the effect o f  emotional information on cognitive 

processes and the converse influence o f  cognitive control on emotional processes (Cole et 

al., 1994; Fox., 1994). Emotional dysregulation in ecstasy users may have the potential to 

interfere with nonnal daily fianctioning as the ability to productively regulate emotion is 

related to a num ber o f  important psychological, social, and physical health outcom es 

(Gross, 2002).
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Consistent with a previous study, positive intensity and positive reactivity subscales o f  

the AIM were shown to be correlated (Bryant et al., 1996) . The significant correlations 

between aggression factors were all in the expected direction. The correlation between the 

physical aggression subscale o f  the AQ, and the unwanted intrusive thoughts o f  the W BSI 

supports Nagtegaals et al.’s (2004) postulation that people with aggressive behaviour and 

a lack o f  behavioural control are specifically vulnerable for experiencing intrusions as 

indexed by the WBSI.

We believe a more in-depth understanding o f  the strategies people use to respond to 

affective questionnaires is required. When participants are asked to make global 

inferences about affective dispositions that are extended in time, they may not provide 

veridical indicators o f  the transient states that were revealed during the testing session. 

Argum ents have been made that questionnaires o f  this nature exhibit heuristic biases that 

reflect the information that is accessible at that time (Schwarz et al., 1999). Kahneman 

(1999) has demonstrated that people tend to place the majority o f  weight on how they felt 

close to the tim e regardless o f  the timeframe specified in the questionnaire instructions 

adopting what he refers to as the peak-end rule. Such complexities in collecting 

psychom etric affective data underscore the need to develop more objective measures that 

do not depend on self-reports and that can better capture the time course o f  emotional 

responding or what Davidson (1998) has referred to as affective chronom etry (Richardson 

and Gudex, 2000).
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Although this finding does represent evidence that altered affective styles may distinguish 

ecstasy users from controls, it is unknown if  these drug-related differences preceded drug 

use o f  if  they are consequences that are secondary to the chronic use o f  ecstasy. For 

example, do ecstasy users report experiencing positive emotion more intensely because 

they spend a proportion o f  their life being “high” o r is this reflective o f  a predispoded 

personality characteristic that leads to the person seeking highs more than non users? If  

this finding was not replicated in a group o f  abstinent individuals with a history o f  ecstasy 

dependence it would suggest that these effects are unlikely to be attributed to preexisting 

proneness to certain affective traits, which might also characterize ecstasy users' 

personality. However, if  these effects are replicated we would be unwarranted to conclude 

if  the differences in affective style preexisted ecstasy use o f  it they were consequential o f  

irreversible effects o f  chronic consumption. The inclusion o f  a cannabis group enabled us 

to elucide the effects that were specific to ecstasy + cannabis use, fi'om cannabis alone. 

None o f  the effects were cannabis specific (found in cannabis users but not ecstasy users 

+ cannabis users); the cannabis group in addition to the ecstasy group reported being 

more physically aggressive and more likely to rum inate over emotionally upsetting 

events. BDI scores did not differ between ecstasy and cannabis groups suggesting that 

higher scores may be attributed to cannabis use or m ay be a characteristic o f  drug users in 

general.

Although this psychometric investigation has provided us with some valuable insights, as 

self-report assessments are often biased and may not be veridical indicators o f  the 

transient states that exist during testing sessions, other forms o f  data collection that can
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better capture the tim e course o f  emotional responding in addition to the precision and 

accuracy o f  the constm ct are warranted. Functional magnetic resonance imaging (fM RI) 

enabels scientists to examine regional patterns o f  activation with spatial precision and 

temporal resolution on the order o f  seconds. Next based on the speculation o f  

dysregulated emotional control in ecstasy users from the present study emotion regulation 

in ecstasy users using fMRI is investigated.
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Experiment 2

Neural correlates of upregulation and downregulation of positive and 

negative Stimuli

Introduction

The ability to regulate emotion is related to a num ber o f  important psychological, social, 

and physical health outcom es (Gross, 2002). Emotional control as a construct 

encompasses both the effect o f  emotional information on cognitive processes and the 

converse influence o f  cognitive control on emotional processes (Cole et al., 1994; Fox, 

1994). Although as a construct emotion regulation rem ains vague, at the broadest level it 

can be defined as any process that maintains, accentuates, or attenuates an emotional 

response generated Irom either an internal or extem al source. Emotion regulation research 

has had a long history but it is only in recent years that fMRl has enabled us to measure 

the neural coirelates o f  emotion regulation in humans. Several studies have previously 

linked components o f  emotion regulation to a potential reciprocal relationship between 

frontal regions exerting top-down cognitive control and subcortical regions responding to 

emotional value, arousal, salience, or a com bination o f  all three (Phan et al., 2005). The 

key structures in the circuitry underlying emotion regulation are the: orbital frontal cortex 

(OFC), dorsolateral PFC (DLPFC), amygdala, and anterior cingulate cortex (ACC) 

(Davidson et al., 1999; Smith and Jonides, 1999; Bush et al, 2000; Davidson et al., 2000; 

O schner and Gross, 2005) as described in more detail in Chapter 1. The insular cortex.
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and ventral striatum  also provide unique contributions to emotional processing 

(Davidson et al., 2000; Oschner and Gross, 2005).

Relative to negative affect, less evidence is available on the neural functioning associated 

with positive affect, partly because much o f  the literature on negative affect is derived 

from investigations o f  patients with psychiatric disorders (Johnson et al., 2003). The 

restriction to one valence state makes it difficult to argue for the specificity or generality 

o f  structures underlying em otion regulation. Neuroim aging studies that use within-subject 

designs are needed to investigate similarities and differences in regulating both positive 

and negative affect. To date, only one study has investigated positive regulation 

(Beauregard et al., 2001) and only one study has investigated both positive and negative 

emotion regulation together in the one protocol (Kim and Hamann, 2007). The former 

(Beauregard et al., 2001) investigated downregulation o f  erotic stimuli, and the latter 

(K.im and Hamann, 2007) examined whether the same neural structures m ediate both 

positive and negative emotions using a within-participants design. Beauregard et al. 

(2001) dem onstrated that sexual arousal experienced, in response to the erotic film 

excerpts, was associated with activation in limbic and paralim bic structures, such as the 

right amygdala, right anterior temporal pole, and hypothalamus. Decreasing the sexual 

arousal experience was associated with activation o f  the right superior frontal gyrus and 

right anterior cingulate gyrus, whereas no activation was found in limbic areas. Kim and 

Hamann (2007) instm cted participants to view negative, positive, and neutral pictures 

while attempting to increase, decrease, or not alter their emotional reactions. Unique 

prefrontal increase-related activations were observed only for positive stimuli, whereas

188



C h a p te r  6 Neural and psychom etric correlates o f  affective style in ecstasy users

unique frontal and ACC decrease-related activations were observed only for negative 

stimuli. It is noteworthy that studies are not always comparable as researchers do not 

always specify i f  differences m ay be attributed to activations or deactivations. Consistent 

with (Beauregard et al., 2001) Kim and Hamann (2007) found decreasing a positive 

experience to be associated with activation o f  the right superior frontal gyrus.

In the current study we used fMRI as a tool to investigate the neural correlates o f  emotion 

regulation during maintain, increase, and decrease conditions to both positive and 

negative stimuli. Our study differs from the earlier study (Kim and Hamann, 2007) in that 

our sample consisted o f  both male and female participants, employed a block design, and 

did nor provide emotion regulation training. Based on the findings o f  Kim and Hamann, 

(2007) we hypothesise that unique upregulation activations would be evident for positive 

stimuli while unique downregulation activations would be evident for negative stimuli.

Methods

Participants

Only drug-naive participants (n=20) with no history o f  illicit drug use were included. See 

participants section o f  chapter 3 (page 70).
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Stimuli and behavioural protocol

The stimuli set consisted o f  60 positive, 60 negative and 40 neutral pictures that were 

selected from the Intemational Affective Picture System (IAPS)(Lang et al., 1995). 

Negative pictures depicted a variety o f  aversive stimuli (e.g., accidents, vermin, domestic 

violence, and mutilated bodies). Positive pictures depicted a variety o f  pleasant stimuli 

(e.g., sporting activities, celebrations, domestic pets, romantic scenes). The most extreme 

ratings for valence at eitlier end o f  the spectrum were used for positive and negative 

stimuli (positive = 6.8 ± 1.3; negative = 2.6 ± 1.2). The Arousal levels o f  the positive and 

negative pictures did not differ (positive = 4.9 ± 1.4; negative = 5.3 ± 1.4).

The behavioural paradigm consisted o f  58 second blocks (Figure 6.1). Participants 

viewed 20-second sets o f  either 5 neutral, 5 positive, or 5 negative stimuli; each stimulus 

was presented for 4 seconds without an interstimulus interval. Prior to each set o f  

pictures, the instruction to maintain, increase, or decrease preceded each block o f  5 

stimuli and appeared at the center o f  the screen below a fixation cross for a duration o f  4 

sec. Immediately after each maintain, increase, or decrease set o f  lAPS stimuli, a screen 

with a rating scale from 1-4 appeared below a fixation cross for 4 sec asking participants 

to rate how successful they were at carrying out the instruction that preceded the block o f  

stimuli. Responses were made via a 4 button response box where 1 indicated very 

unsuccessfiil and 4 indicated veiy successful. Immediately following instruction rating 

participants performed a distracter task for 30 seconds. This distracter task is based on the 

protocol devised by Zeineh et al. (2003). This attention task required participants to focus 

on a centrally located fixation star and press a button (button 3) eveiy tim e the fixation
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Star changed to a black star. This change occurred random ly every 2-5 seconds and lasted 

250 milliseconds. Each run consisted o f  4 blocks and there were 4 runs in total.

There was both a positive and negative version o f  the task. For positive and negative task 

versions one o f  the blocks consisted o f  neutral stimuli that was always assigned to the 

m aintain condition, as our prim ary interest was in characterizing emotion regulation to 

emotional stimuli. The remaining 3 blocks within each consisted o f  a m aintain, increase, 

and decrease block for negative and positive stimuli in negative and positive task versions 

repectively. W ithin each positive and negative task version the order o f  the instructions to 

positive or negative but not neutral stimuli was manipulated, so that potential valence 

and arousal confounds between different sets o f  stimuli were avoided. This created 3 

versions for the positive emotion regulation task and 3 versions for the negative 

regulation task. Between positive and negative task versions neutral stimuli were 

counterbalanced, yielding 6 versions o f  both positive and negative stimuli. The order o f  

presentation o f  positive and negative task versions was also counterbalanced.

W here possible stimuli were grouped so that stimuli with the same them e (e.g. animals, 

burnt victims, erotic stimuli, adventure activities) were serially presented in the same set 

o f  5 stimuli. W ithin task versions stimuli themes and instructions were dispersed so that 

sim ilar them es did not fall w ithin the same condition (e.g. the same participant was not 

instructed to increase to all the erotic stimuli, or decrease to all the bum t victims). Care
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was taken when selecting erotic stimuli. As males reported increased arousal and valence 

ratings o f  erotic stimuli compared to females (Costa, 2003) erotic stimuli were selected so 

that there were no valence and arousal gender differences (i.e. the m ajority o f  erotic 

stimuli consisted o f  couples as, for these stimuli, both sexes have reported high valence 

and arousal scores (Costa, 2003)).

Prior to scanning, participants received instructions on the regulation task and performed 

a practice task for both versions o f  the task that contained similar stimuli to those 

presented during scanning. In the regulation task, participants were instmcted to either 

maintain, increase or decrease their emotional reactions in response to either neutral, 

positive, or negative pictures. They were told that no single type o f  appraisal is 

universally applicable to all photos, given that individuals must generate context- 

appropriate appraisals in everyday life. Participants were instmcted to select the 

regulation strategy that would be most effective for them  and it was emphasised that they 

should neither look away, close their eyes nor distract them selves with irrelevant and or 

positive/negative thoughts and to attend to all o f  the pictures for the entire time they were 

presented.

Upon completion o f  scanning, all the stimuli that had been viewed in the scanner were 

random ly presented and rated on arousal and valence dimensions using Lang’s (1999) 

Self Assessment M anikin (SAM). The SAM is a visual -analogical scale that provides 

scores within a 0-9 range. Participants also completed a questionnaire where they were 

asked to think about the types o f  emotion regulation strategies that they used during the
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brain scan. This questionnaire provided descriptions and examples o f  em otion regulation 

strategies, and for each regulation condition participants were asked to estimate the 

percentage o f  stimuli for which they had used each strategy. Participants were also given 

the option o f  reporting strategies that were not listed on the questionnaire.

In c re a s e

M aintain
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Figure 6.1. Segment of behavioural paradigm for emotion regulation. Two blocks are 
presented. Evocative or neutral stimuli are presented in 20 second blocks, preceded by 
instructions to maintain, increase, or decrease o n e ’s emotional response, followed by a 
success rating on a likert scale (1-4). Before this sequence recommences a distracter task 
is performed fo r  30 seconds. There is a negative and positive version o f  the task. A block 
o f  the negative version is presented above.
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Imaging paramaters

All scanning was conducted on a Philips Intera Achieva 3.0 Tesla M R system (Best, The 

Netherlands) equipped with a m irror that reflected a 640 x 480 pixel display, projected on 

a panel placed behind the subject’s head outside the magnet. The m in'or was m ounted on 

the head coil in the subject’s line o f  vision. Imaging started with 31.5 seconds o f  standard 

scout images to adjust head positioning, followed by a reference scan to resolve 

sensitivity variations. Imaging used a parallel SENSitity Encoding (SENSE) approach 

(Pruessmaan et al., 1999) with reduction factor 2. 180 high-resolution T1-weighted 

anatomic M PRAGE axial images (FOV 230 mm, thickness 0.9 mm, voxel size 0.9 x 0.9 x 

0.9) were then acquired (total duration 5.43.6 minutes), to allow subsequent activation 

localization and spatial normalization. Thirty-two non-contiguous (10% gap) 3.5 mm 

axial slices covering the entire brain were collected using a T2* weighted echo-planar 

imaging sequence (TE = 35 ms, TR = 2000 ms, FOV 224 mm, 64 x 64 mm matrix size in 

Fourier space).

Tim e-series analyses

The fMRI data were analysed using the AFNI software package (Cox, 1996). Time-series 

data were motion-corrected using 3D volume registration (least-squares alignment o f  

three translational and three rotational parameters). Activation outside the brain was 

removed using edge detection algorithms. A block-design analysis was performed to 

estimate the activation separately for each o f  the six conditions (maintain, increase, and 

decrease emotional responses to the positive and negative stimuli). These ON-OFF block
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regressors were convolved with a standard haemodynamic response to accommodate for 

the lag time o f the blood oxygen level-dependant (BOLD) response. Multiple regression 

analysis were then used to calculate the average level o f block activation as a percentage 

change relative to the baseline distractor task. Nuisance regressors for motion, rest 

periods, and instructions were also included but activation measures were not calculated 

for these regressors.

Activation maps were warped into a standard stereotaxic space (Talairach et al., 1998) 

and spatially blun'ed with a 4.2-mm fiall-width at half-maximum isotropic Gaussian filter 

after pertbmiing a second edge detection on the skull stripped brain. Activation maps for 

each condition (instruction X valence) were determined with one-sample t tests against 

the null hypothesis o f zero activation change (i.e. no activation change relative to the 

baseline (Figure 6.2). A voxelwise instmctions x valence ANOVA was performed. 

Significant voxels passed a voxelwise statistical threshold (F= 9.9, df=l,19 P <0.005 for 

the factor Valence and F  = 6.1, dt=2,38 P  <0.005 for the factor Instruction and the 

Interaction) and were required to be part o f a larger 288 (il cluster o f contiguous 

significant voxels. Thresholding was determined through Monte Carlo simulations and 

resulted in a 5% probability o f a cluster surviving due to chance. The mean activation o f  

each significant cluster o f activation was calculated and cluster-level statistics were 

performed on these condition and interaction clusters using SPSS.
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Statistical analysis

Data are expressed as mean ± SEM and analyzed with SPSS (version 12) for statistical 

analysis. The design enabled the analysis o f  both positive and negative stimuli for 

maintain, increase, and decrease instmctions. Behavioural analysis was conducted on 

self-evaluations o f  instruction success during the task and the post-scan ratings o f  the 

valence and arousal o f  the stimuli. Instruction success was assessed with a 2 (valence) X 

3 (instruction) repeated measures analysis o f  variance (ANOVA). Stimulus ratings as 

assessed by the SAM were analysed separately for valence rating and arousal rating using 

a 2 (valence) X 3 (instruction) repeated measures ANOVA. Percenatge accuracy and 

reaction times o f  the distractor task were analysed using a using a 2 (valence) X 3 

(instruction) repeated measures ANOVA.

Brain activation analysis was derived from the valance, instm ction and interaction maps 

followed by paired t-tests for the relevant comparisons. For the interaction map activation 

ranges for conditions were calculated by subtracting the appropriate maintain score from 

the regulation score, and its on these difference scores that analysis was perfonned.
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Results

Behavioural results

Self success rate at performing task

Figure 6.2 shows the success ratings for task performance. No valence differences or 

instm ction differem es were found (p > 0.05) but there was an interaction effect (p < 0.05) 

wherein participants reported being more successful at m aintaining their responses to 

positive stimuli compared to negative stimuli.

3.4

main inc dec main inc dec 
Positive Negative

Figure 6.2. Self report of task success. Dec=decrease, inc= increase, 

mam=maintuiii.8= P< 0.05.

198



C h a p te r  6 Neural and psychom etric correlates of'afFective style in ecstasy users

Valence and arousal ratings

Figure 6.3 shows the valence ratings and arousal ratings for both positive and negative 

stimuli as assessed by the SAM. For arousal ratings no instruction differences, or 

interactions were evident (p > 0.05), however there was a valence ratings effect with 

increased response rates to positive stimuli (p < 0.001) that served as a positive control.

Distractor task

For both accuracy and reaction time measures o f  the distractor task, no instruction 

differences or, valence differences, or interactions were found (p>0.05). ^

In separate 2 (gender) X2 (valence) X 3 (instruction) repeated A N O V A s on self-evaluations o f  instruction 
success during the task, post-scan ratings o f  the valence and arousal o f  the stimuli, and distractor task 
accuracy and reaction times, no gender effects or gender interactions were found.
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Negative ratings
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Figure 6.3. Valence and arousal ratings. (A) SAM  ratings for negative stimuli. (B) SAM  
ratings fo r  positive stimuli. Dec=decrease, inc= increase, main=maintain.
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Self reported rating strategies

Table 6.2 provides a summary o f  the strategies that participants reported having used. 

This table does not supply us with information about which strategies were used 

sim ultaneously as participants identified which strategies they used for each regulation 

condition but did not detail in which conditions they used more than one simultaneously. 

For each condition participants reported which strategies they used, where responses for 

each strategy were recorded as percentages o f  total pictures for each condition. Five 

strategies were listed; focus on what would happen around the event; imagine that you or 

a loved one are directly involved; imagine that you are a detached observer; create an 

alternative inteipretation; clear your mind. Additionally, participants were given the 

option o f  reporting a strategy that was not on the list but none o f  the participants availed 

o f  this option, and occasionally participants reported using more than one strategy so the 

total percentage for each sub group for all the strategies did not necessarily add up to 100. 

No statistics were performed as participants were free to endorse more than one strategy, 

resulting in the observations not being independent. Increasing to negative stimuli tended 

to be associated with placing a personal relevance on the stimulus, decreasing to negative 

stimuli showed a trend to be associated with becoming detached or creating an 

alternative explanation, increasing to negative stimuli showed a trend to be associated 

with placing a personal relevance on the stimulus, or focusing on what would happen 

around the event. Decreasing to negative stimuli was more associated with becoming 

detached from the scene, reinterpreting the situation, clearing your m ind, than with 

placing a personal relevance on the stimulus or imagining what would happen around the 

event. The strategies are in agreement with what would be expected insofar as the
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percentage o f  “engage with” versus “avoid” strategies follow the increase versus decrease 

instmctions.

Strategy (%)
1 2 3 4 5

Positive increase male 34 57 5 6 9
female 24 57 1 19 0

Positive decrease male 9 2 36 25 27
female 7 0 27 51 13

Negative increase male 38 38 16 12 0
female 40 52 5 3 0

Negative decrease male 16 7 19 25 33
female 10 0 31 30 25

Table 6.2. Self reports of regulation strategies. 1= Focus on what would happen 
around the event. 2 -  Imagine that you or a loved one are directly involved. 3= Imagine 
that you are a detached oh.se)yer. 4= create an alternative interpretation. 5= Clear your 
mind.
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Neuroim aging results

The t-test versus zero activation maps (p=0.001) for Instructions X V alence conditions 

are shown in Figure 6.3. All 6 activation m aps are sim ilar with bilateral limbic regions 

and occipital brain areas showing consistent activation across both positive and negative 

stimuli, and for m aintain, increase, and decrease instructions. The design enabled the 

investigation o f  valence effects for the maintain, increase, and decrease instructions. 

Table 6.3 summarises the instruction ANOVA results and Table 6.4 sum m arises the 

valence and instruction ANOVA results.
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Figure 6.4. Sagittal sections showing regions involved in the positive and negative emotion regulation tasks in 
controls. Examination oft-testsvs 0 (p=0.001) for horizontal regions activated during maintaining, increasing, and 
decreasing to both positive and negative stimuli in controls. All 6 maps show consistent regions o f activation.

20
4



Centre of mzass
Structure Broadmann area Lobe Hemisohere

Instruction

Volume (ul) X Y Z
m vs d m vs i d vs

Medial frontal gyrus 6 f L 2574 -8 0 60 m<d m<i
Parahippocampal gyrus 36 t R 347 30 -30 -9 m<d m<i
Thalamus L 1987 0 -27 2 m<d m<i

Cingulate gyrus 32 f L 1283 -7 26 26 m<d d>i
Middle frontal gyrus 8 f R 1152 32 29 37 m<d d>i
Middle frontal gyrus 6 f L 389 -43 7 47 m<d d>i
Middle frontal gyrus 6 f R 373 43 10 51 m<d d>i
Middle frontal gyrus 9 f R 341 35 43 29 m<d d>i
Superior frontal gyrus 10 f R 1130 39 52 17 m<d d>i
Superior frontal gyrus 6 f R 835 9 27 54 m<d d>i
Superior frontal gyrus 9 f L 599 -28 51 32 m<d d>i
Supramarglnal gyrus 39 P R 454 57 -57 30 m<d d>i
Supramarginal gyrus 40 P L 411 -54 -49 27 m<d d>i
Insula R 323 33 17 3 m<d d>i

Lingual gyrus 18 P R 305 10 -97 -7 m<d d<i
Cerebellar tonsil R 432 29 -55 -41 m<d d<i

Figure 6.3. Emotion regulation task instruction effects i=increase, d= decrease, m=maintain, f=frontal, p-parietal, 
t= temporal, o= occipital.
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Centre of mass
structure Broadmann area Lobe Hemisohere Volume (ul) X Y Z Effect

Pattern
Valence

Superior Parietal Lobule 7 P L 500 -28 -56 43 N>P
Fusiform gyrus 37 0 L 812 -39 -61 -20 N>P
Inferior-semi-lunar lobule L 728 -5 -64 -41 N>P

Inferior frontal gyrus 9 f R 322 58 16 26 N<P
Angular gyrus 39 P L 407 -48 -61 32 N<P

Middle frontal gyrus 10 f
Interaction

L 1094 -43 41 -3
PI vs Pd
Pi < Pd

Ni vs Nd
Ni > Nd

Pi vs Ni
Pi < Ni

Postcentral gyrus 5 P L 1195 -21 -38 61 Pi < Pd Ni > Nd Pi < Ni
Superior temporal gyrus 41 t R 660 41 -38 11 Pi < Pd Ni > Nd Pi < Ni
Middle temporal gyrus 19 t R 334 39 -49 4 Pi < Pd Ni > Nd Pi < Ni
Superior temporal gyrus 22 t L 323 -60 6 -2 Pi < Pd Ni > Nd Pi < Ni

Superior frontal gyrus 8 f R 585 3 39 44 Pi < Pd Ni > Nd
Inferior frontal gyrus 5 f R 464 57 19 12 Pi < Pd Ni > Nd
Inferior parietal lobule 40 P R 538 46 -56 45 Pi < Pd Ni > Nd
Posterior cingulate 29 t L 649 -4 -42 17 Pi < Pd Ni > Nd

Inferior frontal gyrus 7 f L 489 -30 17 -15 Ni > Nd Pi < Ni
Postcentral gyrus 3 P R 384 22 -31 59 Ni > Nd Pi < Ni

Figure 6.4. Emotion regulation task valence effects and instruction X valence interactions p= positive, n -  negative, 
i-=increase, d= decrease, m=maintain, f=frontal, p=parietal, t= temporal, o= occipital.
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Instruction

The left medial frontal cortex, left thalamus, and right parahippocam pal gyrus produced 

non-specific emotion regulation activations for both increase and decrease instructions 

relative to the maintain instruction. Regions specifically involved in decreasing relative to 

increasing and maintaining emotional responses included bilateral middle and superior 

frontal gyrus, bilateral supramarginal gyrus, left ACC, right superior PFC, and the right 

insula. The right lingual gyrus and right cerebellum revealed significantly more activation 

for the the decrease instruction compared to increase and maintain instructions. Figure 

6.5. summ arises these 3 patterns.
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Figure 6.5. Brain regions showing a instruction effect. Green=increased activation 
for increase and decrease instnictions compared to maintain instnictions. Orange^ 
increased activation for decrease instruction compared to increase and maintain 
instructions. Red= increased activation for increase compared to decrease and maintain 
instructions.
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Valence

The valence effects were largely lateralized with the left hemisphere showing an 

increased activation to negative stimuli in the left parietal and occipital lobes. An 

increased activation to positive stimuli was seen in the left angular gyrus and right 

inferior frontal gyrus (see Figure 6.6).

Figure 6.6. Brain regions showing a valence effect. yellow=increased activation to 
negative syimiili. Red=increased activation to positive stimuli.

209



C hapter 6 Neural and psychom etric correlates o f  affective style in ecstasy users

Activation range results for interaction

As stated above our design included increase and decrease instructions to both positive 

and negative stimuli. Here we are looking at difference activations in which maintain 

BOLD activation were substracted from regulation conditions. Activation range refers to 

the extent o f  values o f  these subtractions. For the valence by instruction interaction 3 

patterns were evident. The most prominent o f  these patterns was an increased activation 

range for increasing one’s response to negative stimuli compared to decreasing to 

negative stimuli, an increased activation range for decreasing to positive compared to 

increasing to positive stimuli, and an increased activation range for increasing to negative 

stimuli compared to positive stimuli. This pattem  was revealed in the left ventral part o f  

medial PFC, left som atosensory association cortex, and bilateral temporal cortex.

The second pattem  is similar to the first where there was an increased activation range for 

decreasing to positive stimuli compared to increasing to positive stimuli, and an increased 

activation range for increasing to negative compared to increasing to positive. This 

pattern was shown in the left posterior cingulate cortex, right superior and inferior frontal 

gyrus, and right inferior parietal lobule.

The final pattem  which is again similar to pattem  one is less prominent and occurred in 

only 2 brain regions, nam ely the left inferior frontral gym s and right somatosensory 

cortex. This pattem  consisted o f  an increased activation range for increasing to negative 

stimuli compared to decreasing to negative stimuli, and an increased activadon range for
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increasing to negative compared to increasing to positive. Figure 6.7 summarises these 3 

interaction patterns. It is noteworthy that many areas were active and they showed both 

activation and deactivations and that the range o f  activations (both positive and neagtive) 

differed across conditions. Bar charts o f  these 11 interactions are provided in appendix 

6 .2 .
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Figure 6.7. Brain regions showing an interaction. Green= increased activation range 
fo r  increasing to negative stimuli compared to decreasing to negative stimuli, an 
increased activation range fo r  decreasing to positive compared to increasing to positive 
stimuli, and an increased activation range fo r  increasing to negative stimuli compared to 
positive stimuli. Orange= increased activation range fo r  decreasing to positive stimuli 
compared to increasing to positive stimuli, and an increased activation range fo r  
increasing to negative compared to increasing to positive stimuli. Red= increased 
activation range fo r  increasing to negative stimuli compared to decreasing to negative 
stimuli, and an increased activation range fo r  increasing to negative compared to 
increasing to positive stimuli.
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Discussion

The inclusion o f  both positive and negative stimuli, together with upregulation and 

downregulation conditions, enabeled us to investigate the neural correlates o f  emotion 

regulation, and to assess whether they varied as a function o f  valence. Although 

regulating rather than to specifically upregulate or downregulate emotions recruited 

common brain regions, down regulating relative to upregulating and maintaining 

emotions recruited greater bilateral frontal and left anterior cingulate activity. The valence 

effects were largely left lateralized with increased BOLD activity for negative relative to 

positive stimuli. Although the neural correlates o f  emotion regulation recruited common 

regions regardless o f  the specific emotion and instruction involved, our design allowed 

us to investigate different ativations unique to increasing versus decreasing emotions for 

positive and negative stimuli. Contrary to our hypothesis unique upregulation activations 

were evident for negative stimuli while unique downregulation activations were evident 

for positive stimuli. Our hypothesis was based on the findings o f  Kim and Hamann 

(2007) who found unique prefrontal increase-related activations were observed only for 

positive stimuli, whereas unique fi'ontal and anterior cingulate decrease-related 

activations were observed only for negative stimuli. These discrepancies m ay be 

attributed to methological and behavioural difference. In the Kim and Hamann (2007) 

study participants rated their perform ance in the decrease condition as less successfial 

compared to the control condition. In the present study in the absence o f  instruction and 

valence effects participants reported being more successfial at m aintaining their responses 

to positive stimuli compared to negative stimuli. Additionally Kim and Hamann (2007)
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assisted their participants by providing example strategies prior to the scanning session 

but in the present study examples were not identified prior to testing. In the present study 

post-scan reported strategies are in agreement with what would be expected insofar as the 

percentage o f  “engage with” versus “avoid” strategies follow the increase versus decrease 

instructions. Even though both studies adapted the lAPS Kim and Hamann (2007) 

administered an event-related design whereas we used a block design paradigm. Our 

analysis derived clusters based on a voxelwise ANOVA whereas Kim and Hamann 

(2007) defined a priori regions.

The valence effect was lateralized, whereby the left hemisphere showed an increased 

activation to negative stimuli in the left parietal and temporal lobes. An increased 

activation to positive stimuli was seen in right DLPFC. The lateralisation pattern reported 

here is inconsistent with studies that posit greater right hemisphere activation during the 

processing o f  aversive stimuli (Heilman and Gilmore, 1998; Davidson et al., 2002), but it 

is noteworthy that other studies have suggested a nonlateralised pattern (e.g. Teasdale, 

1999). Emotion regulation activity that was independent o f  valence was observed in the 

medial frontal gyrus, a region that has been consistently associated with emotion 

regulation (Davidson et al., 2000; O schner et al., 2004; O schner and Gross, 2005; Phan et 

al., 2005). The parahippocam pus and thalamus were also activated for increase and 

decrease instructions, regions that have not typically been associated with emotion 

regulation. Activations in these structures reflect an attempt to modulate rather than to 

specifically upregulate or downregulate emotions. The cingulate gyrus was responsive 

only for downregulating emotion, in disagreem ent with o ther reports o f  involvem ent in
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this region to both upregulating and downregulating emotion (Oschner et al., 2004). In 

accord with Oschner et al., (2004) a num ber o f  m iddle and superior frontal regions (BA 

6, 8, 9, and 40) were activated for downregulating emotion. The right insula was specific 

to downregulating and this region has been reported to be recruited during negative 

suppression (Goldin et al., 2008). The lingual gyrus and cerebellai* tonsil were involved in 

specifically upregulating emotion, regions that are not typically involved in emotion 

regulation. O schner et al. (2004) found the rostomedial prefi-ontal cortex to be uniquely 

implicated in upregulation, but our results did not support this finding. Our results are not 

direcdy com parable to O schner et al. (2004) as only negative stimuli were used, 

participants were forced to use one o f  two strategies, and regions o f  interest were 

predefined.

Unique increase-related activations versus decrease activations were observed only for 

negative stimuli, whereas decrease-related activations relative to increase activations 

were observed only for positive stimuli in prefi'ontal regions that have been associated 

with emotion regulation (O schner and Gross, 2005), in addition to activation o f  the 

auditory and visual association cortex. With these same contrasts Kim and Hamann 

(1997) did not find any regions to be more acfive for increasing to negative stimuli versus 

decreasing to negative stimuli but contrary to our findings decreasing relative to 

increasing negative stimuli produced more activation in several frontal regions. Also in 

disagreem ent with our findings Kim and Hamann (1997) did not find any regions to be 

more active for decreasing to positive stimuli versus increasing to positive stimuli but 

increasing relative to decreasing positive stimuli produced more activation in prefi'ontal
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regions and the left anterior cingulate. In this study increasing to negative versus 

increasing to positive stimuli exhibited increased BOLD activity in the middle frontal 

gyrus (BA 9) and temporal regions. Kim and Hamann (2007) found BA 10 to be more 

active for increasing positive emotion than for increasing negative emotion, in addition to 

other prefrontal regions. No brain regions differed between decreasing to positive versus 

decreasing to negative stimuli, which again contrasts with Kim and Hamann (2007) who 

found several prefrontal regions and the bilateral anterior cingulate to be more active for 

decreasing negative emotion than for decreasmg positive emotion. The pattern o f  unique 

increase-related activations versus decrease activations for negative stimuli, and 

decrease-related activations relative to increase activations for positive stimuli possibly 

reflects greater prefrontal topdown modulation o f  conditions that are precieved as less 

advantageous. Both our study and an earlier study (Oscher et al., 2004) found the ventral 

medial PFC (BA 10) and posterior cingulate cortex to be to be specific for upregulating 

negative emotions, although as already stated Oscher et al. (2004) only used negative 

stimuli. Attempted inhibition o f  sexual arousal generated by view ing erotic film excerpts 

was associated with activation o f  the right superior frontal gyrus and right anterior 

cingulare gyius (Beauregard et al., 2001). Although we did not conduct a separate 

analysis on our erotic stimuli we did not find this pattern with our positive stimuli that 

included erotic stimuli. As researchers do not always specify if  differences m ay be 

attributed to activations or deactivations we have supplied the reader with fiill details on 

activation outcom es for all conditions.
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In sum m aiy the regions reported in this study form an emotional network that includes 

both limbic regions and the prefrontal regions that modulate them, as well as other areas 

important for visual processing (e.g. fiisiform gyrus). Unique upregulation activations 

were evident for negative stimuli while unique downregulation activations were evident 

for positive stimuli. Unraveling how CNS regions are involved in emotion regulation 

underlying normal cognitive control o f  behaviour may contribute to a better 

understanding o f  the neural mechanisms o f  emotion regulation underlying affective 

dysregulation, and now that we have validated our task we next investigate our hypothesis 

o f  affective dysregulation in chronic ecstasy users.
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Experiment 3

Neural correlates o f emotion regulation in ecstasy users 

Introduction

Ecstasy is a synthetic amphetamine analogue that is recreationally used to obtain a 

psychological effect o f  enhanced affiliative emotional response. Although the relationship 

between ecstasy use and emotion regulation remains largely unknown comm on 

characteristics o f  chronic ecstasy abuse including impulsiveness (e.g. Bhattachaiy and 

Powell, 2001), depressed mood (e.g. Cun-an and Travill, 1997), sleep disorders (Gerra et 

al., 2000), and elevated anxiety (e.g. M organ, 1998), have been associated with emotional 

dysregulation.

M any o f  the brain structures that have been documented to play a role in addiction are 

also involved in the processing and regulation o f  emotional responses and a dysregulated 

functioning o f  these regions has been suggested to m ediate core characteristics o f  drug 

addiction (Brevard et al., 2006; Goldstein et al., 2007). Acutely psychoactive substances 

such as ecstasy activate the OFC, medial PFC, and ventral striatum (Goldstein and 

Volkow, 2002; W ise, 2002). During withdrawal, brain activation is increased in the 

amygdala (Koob and Le Moal, 2001) and drug cravings activate the OFC and amygdala 

(Daglish and Nutt, 2003; Goldstein and Volkow, 2002). Additionally, evidence o f  

emotional dysregulation in the ecstasy users o f  experim ent 1 o f  this chapter provides
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further motivation to investigate the neural correlates o f  emotion regulation in chronic 

ecstasy users.

In this experiment using flmctional magnetic resonance imaging, ecstasy users and drug- 

naive controls that have been described in experiment 2 were scanned during an emotion 

regulation task where participants viewed positive and negative stimuli and were asked to 

maintain, increase, or decrease their emotional responses. We hypothesised that ecstasy 

use is associated with faulty emotion regulation mediated by corticolim bic interactions.

M ethods 

Participants

See participants section o f  chapter 3 (page 70), where the ecstasy group included 20 

chronic users o f  ecstasy and the dm g-naive group was comprised o f  20 participants with 

no history o f  illicit dm g use. Note that the same controls as experiment 2 o f  this chapter 

are included.

Stimuli and behavioural protocol

Refer to Stimuli and behavioural protocol section o f  experiment 2 o f  this chapter.
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Imaging parameters

All scanning was conducted on a Philips Intera Achieva 3.0 Tesla MR system (Best, The 

N etherlands) equipped with a min'or that reflected a 640 x 480 pixel display, projected on 

a panel placed behind the subject’s head outside the magnet. The m irror was mounted on 

the head coil in the subject’s line o f  vision. Imaging started with 31.5 seconds o f  standard 

scout images to adjust head positioning, followed by a reference scan to resolve 

sensitivity variations, hnaging used a parallel SENSitity Encoding (SENSE) approach 

(Pm essm aan et al. 1999) with reduction factor 2. 180 high-resolution T1-weighted 

anatomic M PRAGE axial images (FOV 230 mm, thickness 0.9 mm, voxel size 0.9 x 0.9 x 

0.9) were then acquired (total duration 5.43.6 minutes), to allow subsequent activation 

localization and spatial noirnalization. Thirty-two non-contiguous (10% gap) 3.5 mm 

axial slices covering the entire brain were collected using a T2* weighted echo-planar 

im aging sequence (TE = 35 ms, TR = 2000 ms, FOV 224 mm, 64 x 64 mm matrix size in 

Fourier space).

Time-series analyses

The fMRl data were analysed using the AFNI software package (Cox, 1996). Time-series 

data were m otion-corrected using 3D volume registration (least-squares alignment o f  

three translational and three rotational parameters). Activation outside the brain was 

removed using edge detection algorithms. A block-design analysis estimated the 

activation for each condition separately (maintain, increase, and decrease instructions X
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positive and negative stimuli). These ON-OFF block regressors were convolved with a 

standard haemodynamic response to accommodate for the lag time o f  the blood oxygen 

level-dependant (BOLD) response. M ultiple regression analysis calculated the average 

level o f  block activation as a percentage change relative to the baseline. In this case the 

baseline was the distracter task where activation was calculated from averaging the 

distraction periods in each block over the four runs o f  the task. N uisance regressors for 

motion, rest periods, and instructions were also included but activation m easures were not 

calculated for these regressors.

Activation maps were warped into a standard stereotaxic space (Talairach et al., 1998) 

and spatially blurred with a 4.2-mm full-width at half-maximum isotropic Gaussian filter 

after performing a second edge detection on the skull stripped brain. Activation maps for 

each condition (instruction X valence) for both ecstasy users and drug-naive controls 

were determined with one-sample t -ests against the null hypothesis o f  zero activation 

changes (i.e. no change relative to tonic task-related activity). D ifferences in brain 

activation between groups were determined with independent-samples t-tests for each o f  

the 6 conditions (instruction X valence). Significant voxels passed a voxelwise statistical 

threshold (/ = 2.9, P  <0.005) and were required to be part o f  a larger 296 jal cluster o f  

contiguous significant voxels. Thresholding was determined through M onte Carlo 

sim ulations and resulted in a 5% probability o f  a cluster surviving due to chance. The 

activation maps were then combined deriving one “OR” activation map that identified 

regions showing differences between the groups in any o f  the instructions X valence
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conditions. An OR map includes the voxels o f  activation identified as significant from 

any o f  the constituent maps. The mean activation for clusters in the combined maps was 

calculated for each subject and condition.

Statistical analysis

Data are expressed as mean ± SEM and analyzed with the computerized package SPSS 

(version 12) for statistical analysis. The elaborate design enabled the analysis o f  group 

effects to both positive and negative stimuli for m aintain, increase, and decrease 

instiuctions. Behavioural analysis was conducted on self-evaluations o f  instruction 

success during the task and the post-scan ratings o f the valence and arousal o f  the stimuli. 

InstiTjction success was assessed with a 2 (valence) X 2 (group) X 3 (instruction) repeated 

measures analysis o f  variance (ANOVA). Stimulus ratings as assessed by the SAM were 

analysed separately for valence ratings and arousal ratings using a 2 (valence) X 2 (group) 

X 3 (instnaction) repeated measures ANOVA. Percenatge accuracy and reaction times o f  

the distractor task were analysed using a using a 2 (valence) X 2 (group) X 3 (instruction) 

repeated m easures ANOVA.

Brain activation analyses (2 (group) x 3 (instructions) x 2 (valence) ANOVAs) were 

performed on the regions identified as showing differences between the groups in any o f  

the instmctions X valence conditions. For regions that showed a 3 way interaction 

(valence X instnaction X condition), a two-step analysis followed. First, group 

differences for both positive and negative task versions were calculated for the m aintain 

conditions using independent t-tests. The maintain condition provides a baseline non-
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regulation condition with which to assess group differences in the processing o f  

emotional stimuli. The second step used the maintain condition as a baseline for the 

regulation conditions. This enabled us to determine the extent to which participants could 

m odulate activation in response to the regulation instructions. For this calculation, the 

appropriate maintain condition activation measures were subtracted from each emotion 

regulation condition, thus yielding activation ranges for positive increase, positive 

decrease, negative increase, and negative decrease conditions. Between-group 

independent t-tests were performed for each o f  these four activation modulation 

measures. A 2 (group) x 3 (instructions) x 2 (valence) ANCOVA was carried using BDI 

scores as the covariate. Finally, w ithin the ecstasy group Pearsons coirelations were 

earned out to investigate relationships between behavioural performance and drug use 

variables

Results

Behavioural results

Self success rate at perform ing task

Figure 6.8 shows the success ratings for task performance. No instruction differences, 

group differences or interactions were found (p > 0.05) but there was a valence effect (p <
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0.05) wherein participants reported being more successful at regulating their responses to 

positive stimuli compared to negative stimuli.

□ Ecstasy 

■  Controls

mam mam
Positive Negative

Figure 6.8. Self report of task succtHH. Dec=decrease, inc= increase, main=maintain.

Valence and arousal ratings

Figure 6.9 shows the valence ratings and arousal ratings for both positive and negative 

stimuli as assessed by the SAM. For arousal ratings no group differences, instruction 

differences, or interactions were evident for valence (p > 0.05), however there was a 

valence ratings effect (p < 0.001) that served as a positive control, as all the positive and
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negative ratings were expected to be rated on opposite ends o f the spectrum (l=extremely 

negative, 9= extremely positive).

Distractor task

For both accuracy and reaction time measures o f the distarctor task, no group differences, 

instruction differences, valence differences, or interactions were revealed (p > 0.05)"*.

In a sepaerate analysis no gender effects or interactions were revealed for any o f  the behavioural 
measures.
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A

B

Figure 6.9. Valence and arousal ratings. (A) SAM ratings fo r  positive stimuli. (B) SAM  
ratings fo r  negative stimuli. Dec=decrease, inc= increase, main=maintain.

Negative ratings

O) D

I s
o 4 
o
5 3

c 2 ra
■(5 1

I / )  '
3
P n

□ Ecstasy 

■  Control

dec inc main dec Inc main

Valence Arousal

Positive ratings

■I
□ Ecstasy 

■ Control

dec inc main dec inc main

Valence Arousal

2 2 6



C h a p te r  6 Neural and psychom etric correlates o f  affective style in ecstasy users

Self reported rating strategies

Table 6.5 provides a summary o f  the strategies that participants reported having used. For 

a description o f strategy trends that participants used refer to the Self-reported rating 

strategies section o f experiment. Note that no ecstasy users revealed the same trend in 

response strategies as controls.

Strategy (%)
1 2 3 4 5

Positive increase E-male 16 44 5 25 24
E-female 17 60 13 16 3
Control-male 34 57 5 6 9
Control-female 24 57 1 19 0

Positive decrease E-male 16 6 37 31 17
E-female 9 16 23 33 19
Control-male 9 2 36 25 27
Control-female 7 0 27 51 13

Neaative increase E-male 27 25 13 15 20
E-female 15 49 21 5 9
Control-male 38 38 16 12 0
Control-female 40 52 5 3 0

Negative decrease E-male 1 2 26 14 58
E-female 3 23 25 40 0
Control-male 16 7 19 25 33
Control-female 10 0 31 30 25

Table 6.5. Self reports of regulation strategies. /=  Focus on what would happen 
around the event. 2= Imagine that you or a loved one are directly involved. 3 = Imagine 
that you are a detached observer. 4= create an alternative interpretation. 5= Clear your 
mind.
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Neuroim aging results

The t-test versus zero activation maps (p<0.001) for the group X instm ctions X valence 

conditions are shown in Figure 6.10. All 12 activation maps are similar with bilateral 

limbic regions and occipital brain areas showing consistent activation across both positive 

and negative stimuli, for maintain, increase, and decrease instructions, and for ecstasy 

users and controls. Independent between group t-tests for each o f  the instruction x valence 

conditions (p=0.005) are shown in Figure 6.11. From these independent t-tests it is 

evident that there are group differences between ecstasy users and controls for the 

baseline maintain instm ction to both positive and negative stimuli in widespread brain 

regions, with particular prominence in frontal regions. For the regulation instm ctions,

! increasing to negative stimuli revealed the m ost prominent group differences with greaterI
activation in the bilateral frontal regions group in ecstasy users.

Table 6.6 lists the areas that were identified as showing differences between the groups 

and summarises the main effects and interactions (see Figure 6.12 for a visual 

representation o f  these clusters). The 29 regions that were identified are as follows: 

bilateral frontal gyrus, bilateral medial frontal gyrus, left superior frontal gyrus, bilateral 

frontal gyrus, left anterior cingulate and left cingulate gyrus, bilateral superior parietal 

lobule, left inferior parietal lobule, left paracenti'al lobule, bilateral superior tem poral 

gym s, right middle temporal gyrus, left amygdale, bilateral hippocampal gyrus, left 

declive/ulva, right inferior semi-lunar lobule, left culm en, left thalamus, bilateral insula 

and right thalamus. Left ft'ontal and parietal clusters revealed increased activation to 

positive stimuli, and activation to negative was greater compared to positive stimuli in

228



C h a p te r  6 Neural and psychom etric correlates o f  affective style in ecstasy users

bilateral frontal, left occipital, right culmen, and right insular clusters. The two-way 

interactions are graphed in appendix 6.3.
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Negative Controls

Negative Ecstasy

Positive Control

Positive Ecstasy

Maintain Increase Decrease

Figure 6 .1 0 . S ag itta l sections showing regions involved in th e  positive and neg ative  em otion  
regulation tasks Examination o f  t-tes ts  (p= 0 .00 1 ) for horizontal regions activa ted during m aintaining, 
increasing, and decreasing to bo tfi positive and negative stim u li in ecstasy users and controls. A ll 12 
maps show consistent regions o f  activation.
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Negative Controls

Negative Ecstasy

Positive

Positive

■ •  m a t  i t  •

Control

Ecstasy

Maintain Increase Decrease

Figure 6.10. Sagittal sections showing regions involved in the positive and negative emotion 
regulation tasks Examination o f t-tests (p=0.001) for horizontal regions activated during maintaining, 
increasing, and decreasing to both positive and negative stimuli in ecstasy users and controls. All 12 
maps show consistent regions o f activation.
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Maintain Increase Decrease

Figure 6.11. Sagittal sections of independent t-tests for emotion regulation task. Examination o f hetM’een group valenve X  
instruction t-tests (p—0.005).



Centre of m a s s  Valence 2 wav C X V XG
Structure Broadmann area Lobe HemisDhere Volume (ul) X Y Z Effect interactions Maintain Regulate
Inferior frontal  g y rus 46,45, 47 f L 4719 -43 32 6 p + n j nii
Medial  frontal  gy rus 8,6,32 f R 3369 -1 29 42 p + n i nil
S u p e r io r  frontal  g y ru s 6 f L 878 -22 22 55 Tpos nii
Inferior frontal  gyrus 46 f R 453 42 28 12 Tneg
Cingula te  gyrus 24,32 f L 421 -18 4 43
Inferior frontal  gyrus 9 f R 418 45 9 29 P i ni^/pd+piT
Anterior  c ingu la te 32, 25 f L 412 -8 22 -6 Tneg P i
Inferior frontal  gy rus / insu la 47,13 f L 395 -32 13 -8 nii
Middle frontal  gyrus 6 f L 387 -35 6 53 Tpos PiT
Anterior  c ingu la te 24 f L 351 -8 35 5 Tneg c X g
P re c e n t ra l  gyrus 6 f R 297 53 0 46 v X  g
Inferior parietal  lobule 40 P L 2317 -41 -38 51 p + n i nii/plT
P a r a c e n t r a l  lobule 5 P R 955 6 -39 58 Pi pd+piT
S u p e r io r  parietal  lobule 7 P L 577 -17 -57 66 Tpos
S u p e r io r  parietal  lobule 7 P R 369 23 -63 45 Pi
Middle t e m p o ra l  gyrus 19 t L 2499 32 -75 29 v X  g
S u p e r io r  t e m p o ra l  gyrus 22 t R 721 43 -37 3 n?
Middle t e m p o ra l  gyrus 39 t R 684 31 -60 26
S u p e r io r  te m o ra l  gyrus 41 t L 677 -53 -23 12 v X  g
A m y g d a la /p a ra h ip p o c a m p a l  gyrus t L 528 -28 -6 -15 nii
P a r a h ip p o c a m p a l  g y ru s /cu lm en 35 t R 359 22 -27 -18
Declive/ulva 0 L 549 -8 -88 -21 Tneg
Inferior se m i- lu n a r  lobule R 1079 28 -67 -40
C u lm en R 969 12 -52 -17 Tneg
T h a la m u s L 902 -20 -25 12 nii
T h a l a m u s L 590 -1 -21 4 c X g
Insula 17 L 483 -39 -8 8 v X g
Insula 13 R 308 48 -13 12 t n e g V X g/ g e  X g
T h a la m u s R 304 16 -14 -1

Table 6.6. Regions showing differences between the groups in any of the instructions X valence conditionspos=positive stimuli, 
neg=negative stimuli; C X  V X  G=condition X  valenve Xgroup interaction. For the maintain condition: P+n=positive and negative 
stimuli; p=positive stimuli; n-negative stimuli; [=decreased activation; \=increased activation. For the emotionregulation conditions: 
ni= negative increase; pi=positive increase; pd=positive decrease; [^decreased activation range; ]=increased activation range. Vx g =  
valence Xgroup interaction. C x g =  condition Xgroup interaction. Ge X g =  gender Xgroup interaction in a separate analysis. F= 
frontal lobe, p  = parietal lobe. t=  temporal lobe, o=  occipital lobe.
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Figure 6.12. Group differences in emotional processing and emotional regulation.
Clusters that were derived from the combination o f  the 6 instruction X  valence 
independent group t-tests between ecstasy users and controls (p =  0.005)

M aintain instruction results

Focusing on the 3 way interaction that was revealed in thirteen brain areas, Figure 6.13 

shows the patterns o f  group activation that are evident during the maintain instruction. 

Ecstasy users compared to controls showed decreased activation for m aintaining to
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positive and negative stimuli in the left inferior frontal gyrus, right medial frontal gyrus, 

and left inferior parietal lobule. For m aintaining to positive stimuli ecstasy users 

compared to controls revealed decreased BOLD activity in the right paracentral lobule, 

left anterior cingulate and right superior parietal lobule. During maintaining to negative 

stimuli ecstasy users compared to controls exhibited greater activity in the right superior 

tem poral gyrus. Overall, ecstasy users showed hypoactive OFC and anterior cingulate 

brain activity during passive viewing o f  positive and negative stimuli.

Em otion regulation results

Here we are looking at subtractions where we take away m aintain BOLD activation from 

regulation conditions and we refer to these BOLD differences as activation ranges, e.g. 

for the negative increase condition we take away negative maintain activation. Again, 

focusing on the 3 way interaction that was revealed in thirteen brain areas, Figure 6.14 

com m unicates the pattem s o f  activation ranges (i.e. regulation condition difference from 

appropriate maintain condition) that differed between the groups for the emotion 

regulation conditions. A ppendix 6.3 provides detailed graphs o f  the pattem s o f  activation 

for each region that showed an effect. For increasing to negative stimuli ecstasy users 

com pared to controls revealed a reduced activation range in the left inferior frontal gyrus, 

right medial frontal gyrus, left inferior parietal lobule, left thalamus, left superior frontal 

gyrus, left amygdala, left parahippocam pal gyrus, and left insula. During decreasing to 

positive stimuli ecstasy users compared to controls showed a greater activation range in 

the right paracentral lobule and right inferior frontal gym s. Increasing to positive stimuli
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produced a greater activation range in ecstasy users compared to controls in the left 

inferior parietal lobule, right paracentral gyrus, right inferior frontal gyrus, and left 

middle frontal gyrus.

After including BDI as a covariate, the 2 way valence X group interaction in the cingulate 

gyrus (BA 24,32 (-18, 4, 43)) was no longer significant (p > 0.05). BDI score did not 

affect any o f  the other results nor did it correlate with any o f  the ecstasy use variables or 

fijnctional activation measures.^

 ̂The same battery o f  psychometric questionnaires that were administered in experiment were ales 
administered to the ecstasy users and controls in this study. Independent t-tests did not reveal differences 
for any measures nor did any o f  these psychometric measures correlate with bain activation measures from  
the 3 w ay interaction reported above.
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Figure 6.13. Group differences for maintain instruction to positive and negative 
stimuli. G reen^ decreased activation to maintaining to positive and negative stimuli in 
ecstasy group. Orange= decreased activation to maintaining to positive stimuli in ecstasy 
group. Red= increased activation to maintaining to negative stimuli in ecstasy group.
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Figure 6.14. Group differences during regulation of emotional stimuli (A) Increasing 
response to negative stimuli, (B)Decreasing response to positive stimuli, (C) Increasing 
response to positive stimuli. Red— decreased activation rangefcondition minus maintain 
condition BOLD activation) in ecstasy group. Yellow= increased activation range in 
ecstasy group.
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Discussion

The results o f this study are in accord with our hypothesis revealing a dysfianction in 

ecstasy users o f  interconnected prefrontal, limbic, and corticostriatal pathways that work 

together to process and regulate emotions. During the m aintain condition ecstasy users 

showed attenuated emotional processing to both positive and negative stimuli. More 

specifically, during the maintain condition ecstasy users showed a blunted response to 

both positive and negative stimuli in the left OFC, and right dorsal medial fi'ontal gyrus. 

According to DSM-IV, blunted affect is due to a restriction in the range and intensity o f  

emotional expression, resulting in emotional maiadaptations. The OFC seems to be tuned 

to giving emotional significance to complex sfimuli and seems to be competent to trigger 

social emotions (Damasio et al., 2003). W hen confi'onted with a risky choice, patients 

with OFC lesions (Bcchara et al., 1996; Bechara et al., 1997) were impaired on a 

gam bling task that assesses anticipation o f  fiature positive and negative consequences 

(Bechara et al., 1999). The paradigm was designed to simulate real-life decisions in terms 

o f  uncertainty, reward, and punishm ent (Bechara et al., 1994) and a dysfianctioning OFC 

in our ecstasy users may reveal a parallel with drug seeking behaviour where immediately 

available rewards and punishm ents influence behaviour in the absence o f  anticipating 

fijture positive o r negative consequences o f  actions. The poor decision-m aking associated 

with OFC dysfianction may be reflective o f  an impaired ability to integrate effectively all 

o f  the somatic state infoiTnation triggered by the amygdala as well as other somatic 

effectors such as the hypothalamus. According to a m etaanalysis earned out by Chan et 

al. (2007) the medial PFC has been seen to be activated in alm ost 50% o f  emotional 

paradigm s iirespective o f  the valence o f  the emotion. The divisions between the cognitive
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and emotional regions o f  the medial PFC is best defined by a line drawn just caudal to the 

border o f  Boadmans Area (BA) 32 to include m ost o f  areas 24, 25 and 33 (Devinski et al., 

1995; Bush et al., 2000).

W e additionally found a reduced responsiveness o f  the right som atosensory cortex, right 

DLPFC, and left ACC to positive pictures in ecstasy users compared with control 

participants. W hile the OFC including the ventromedial PFC is probably most directly 

involved in the representation o f  elementary positive and negative states in the absence o f  

im m ediately present incentives, the DLPFC is probably most directly involved in the 

representation o f  the goal states toward which these more elem entary positive and 

negative states are directed (Davidson et al., 1999). The ACC cluster consisted mainly o f  

the dorsal sector but included both dorsal and ventral regions. Another ventral (BA 24) 

ACC cluster revealed a 2 way interaction in which ecstasy users showed decreased 

activation during the maintain instmction. Although still a topic o f  ongoing investigation, 

the dorsal part o f  the ACC has been implicated in various higher cognitive ftinctions, 

including response conflict and error m onitoring , whereas the more ventral and anterior 

part is primarily involved in the regulation o f  emotional behavior (Bush et al., 2000).

During the upregulation and downregulation conditions ecstasy users showed a reduced 

activation range for increasing one's response to negative stimuli, and an increased 

activation range for increasing one's response to positive stimuli relative to controls. 

During the upregulation o f  negative stimuli the ecstasy group showed a reduced 

activation range in the same regions (left inferior frontal gyrus, right medial frontal gyrus.
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and left inferior parietal lobule) that revealed a reduced activation during maintaining to 

both positive and negative stimuli. In addition, during upregulative to negative stimuli, a 

reduced activation range was evident in the left insula, hippocam pus and amygdala in 

ecstasy users compared to controls. The insula is associated with individual differences in 

disgust sensitivity (M ataix-Cols et al., 2008) and individuals with damage to this area are 

more likely to suffer from addiction m orbidities and drug cravings (Hyman , 2005).

In several disorders that involve inappropriate affective responding, hippocam pal atrophy 

(e.g. Sheile et al., 1999) has been hypothesed to result from elevated cortical levels (Me 

Ewen, 1998). Ecstasy is associated with m emory-related hippocampal dysfunction 

(Daumann et al., 2005) and also raised cortisol levels (Gen'a et al., 2003). In chapter 4 we 

found behavioural and neuroanatomical functional deficits in ecstasy users compared to 

controls in a hippocampal dependent face-name matching task. The role o f  the amygdala 

in emotion perception and emotion regulation is complex. Previous work suggests that 

inhibition o f  negative affect involves a pattern suggesting DLPFC inhibition o f  the 

amygdala (Beauregard et al., 2001; Schaefer et al., 2002; O chsner et al., 2004; Levesque 

et al., 2004; Kalisch et al., 2005; Phan et al., 2005; Harenski and Hamann, 2006; Heather, 

2006; Ohira et al., 2006). However the absence o f  direct connections between the DLPFC 

and amygdala, suggests that the effect m ust occur indirectly possibly via the medial PFC 

which has direct connections to both the DLPFC and amygdala (Emery and Amaral, 

2000; Price, 2005) and there have been reports o f  an inverse relationship between the 

medial PFC and amygdala during the downregulation o f  negative affect, and a direct 

relationship between the medial PFC and amygdala during the upregulation o f  negative
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affect (Uury et al., 2006). Contraiy to expectations, medial PFC activation did not 

positively correlate with amygdala activation during this upregulation to negative stimuli. 

As ecstasy use has been associated with impaired recognition sadness and disgust (Yip et 

al., 2003), perhaps this blunted recognition was associated with a bias in upregulation 

where ecstasy users did not upregulate to the same extreme as controls requiring less 

recruitm ent o f  the regions involved in cognitive control o f  emotion and less activation in 

limbic regions (amygdala) that have been associated with emotional intensity.

During upregulating and downregulating to positive stimuli the ecstasy group compared 

to controls revealed increased activation in the left DLPFC and somatosensory cortex 

suggesting that more cortical involvement is required to upregulate and downregulate 

positive stimuli. The secondary m otor cortex and auditory cortex were specific to 

upregulaing positive emotions in ecstasy users relative to controls. In experiment 1 o f  this 

chapter ecstasy users scored higher on the positive intensity scale o f  the AIM, positive 

emotion factor o f  the ACS. The psychometric evaluations o f  experiment 1 do not provide 

us with information concerning the context with which ecstasy users reported an 

enhancem ent o f  positive affectivity and an artifical environm ent in the scanner may not 

be directly comparable to real life situations. Additionally it is a possibility that ecstasy 

users may be focusing on an enhancement o f  positive effect when they are high on 

ecstasy. Ecstasy users exhibited a blunted response to passively viewing both positive and 

negative stimuli but this effect was most prominent for positive stimuli. An 

underresponsive brain circuitry to positive stimuli paralleled with a greater cortical 

recruitm ent when upregulating positive emotions, m ay be an underlying cause that

241



C h a p te r  6 Neural and psychom etric correlates o f  affective style in ecstasy users

predisposes ecstasy users to pharm acologiccaly stim ulate otherwise underresponsive 

regions. A lternatively this altered neural circuitry may be secondary to drug use as 

discussed later.

During passive viewing o f  affective stimuli ecstasy users compared to controls exhibited 

hypo active brain activation in a valence independent manner. However, during the 

regulation o f  emotional response, upregulating to negative stimuli revealed hypoactivity, 

whereas upregulation to positive stimuli exhibited hyperactivity in ecstasy users versus 

controls. In an fMRI study Keightley et al. (2003) reported that emotional faces trigger 

the limbic regions in an automatic, perhaps pre-attentive fashion, whereas emotional 

pictures trigger them only when attention is focused on the emotional content. It is 

unclear whether group differences are due to differences in attentional resources or a tm e 

difference in processing o f  positive and negative affect, but we argue that our effects may 

be attributed to the latter as there were no behavioural differences in reaction time or 

accuracy between groups during the inter-block distracter task. Additionally, as the group 

effects were valence specific for the emotion upregulation and downregulation conditions 

it is unlikely that within-participants attentional resources fluctuated during the course o f  

the experiment. Thus, we argue that group differences in the patterns o f  brain activation 

predict ability to perform this task and thus reflect fundamental differences in aspects o f  

em otion regulation rather than attentional group differences.

Although some patterns o f  inconsistencies are evident the general trend is that depressed 

patient’s exhibit hyperactivity in emotion areas and hypoactivity in structures involved in
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cognitive control (Davidson et al., 1994; Stefan et al., 2007). This pattern was not evident 

in the present study with the exception o f  frontal hyperactivity during upregulating and 

downregulating to positive stimuli in the absence o f  fluctuations in emotional regions. 

However as our groups differed in BDI scores we used BDI as a co-variate revealing that 

our group effects do not reflect differences in activation between depressives and 

controls. Further supporting the independence o f  our results from BDI scores, both 

ecstasy and cannabis groups in experiment 1 reported higher BDI scores relative to 

controls, and a proportion o f  our effects were ecstasy specific.

Downregulation o f  emotions has previously been reported to be more difficult (Oschner, 

2004; Kim and Hamann, 2007). We did not find this pattern in our study but we did find a 

valence effect reflecting self-reports o f  greater difficulty to regulate negative emotions. 

Using the lAPS and the SAM, Aguilar de Arcos et al. (2005) and Verdejo-Garcia (2006) 

have reported that the experience o f  emotions to be altered in poly substance abusers; in 

these studies the arousal (Verdejo-Garcia, 2006) or valence (Aguilar de Arcos et al., 

2005) o f  negative stimuli were perceived more intensively. As assessed by the SAM no 

group differences were found for valence and arousal scores o f  both positive and negative 

stimuli.

The battery o f  em otion regulation questionnaires that was administered in experiment 1 

was also included with the samples in this experiment. The brain regions that differed 

between ecstasy users and controls were not correlated with measures on the affective 

questionnaires reflecting a lack o f  association between trait-like and state-like affective
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styles. This null finding should be interpreted with caution as a larger sample num ber 

would be required to make more informative conclusions and as discussed above when 

pailicipants are asked to make global inferences about affective dispositions over a long 

duration, they are not veridical indicators o f  the transient states that were experienced 

during the experimental session.

Since this study is not longitudinal in nature we acknowledge that we cannot conclude 

that the pattern o f  emotional dysregulation reported here is a consequence o f  substance 

misuse rather than being an antecedent. Moreover, if  the effects are a consequence o f  

substance misuse, it is hard to determine whether they may be attributed to specific 

ecstasy effects as the ecstasy sample were also cannabis users.

In summary the results o f  the present studying suggest that the fianctioning o f  cortiolimbic 

brain responses to emotional stimuli may be comprom ised in the brain o f  an ecstasy user 

in a valence specific manner. M ore specifically, ecstasy users showed attenuated 

emotional processing to both positive and negative stimuli, a reduced activation range for 

increasing one's response to negative stimuli, and an increased activation range for 

increasing one's response to positive stimuli. We speculate that our results are ecstasy 

specific and may be attributed to 5-HT depletion as ecstasy use (Gudelsky et al., 2008) 

and affective dysregulation (Cools et al., 2007) have been associated with reduced 5-HT 

neurotransm ission, possibly involving downstream neurotransm itters such as gamma- 

aminobutyric acid or dopamine (Siever et al., 1999).
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This insight may provide a com pelling foundation for theoretical advances in the basic 

understanding o f  the constituents o f  emotional processing in dm g users, and for practical 

advances in the treatment o f  faulty em otion regulation which can contribute to violence 

and aggression (Richard et al., 2000), and to the vulnerability to relapse in the early stages 

o f  drug recovery (Hoopes, 2006).
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Chapter 7 

Discussion

Noninvasive functional neuroimaging approaches, such as functional magnetic 

resonance imaging (fMRI), allow studies o f  neural circuit function to be extended to 

humans. This has the advantage o f  being able to correlate subjective information 

about emotional and cognitive responses with observed pattems o f  brain activation. 

Using fMRI this thesis has provided strong evidence for alterations in the executive 

components o f  cognitive and emotional neuronal processing in ecstasy users. As the 

attempts to unravel the effects o f  ecstasy on executive dysfunctions may be more 

productive if  the focus is on the microstructure o f  cognitive subcomponents, in this 

thesis the concentration was on tasks which target specific cognitive components as 

they may be more likely to reveal deficits than using standard batteries o f  complex 

executive tasks. Dysregulations were observed in ecstasy users with respect to 

response inhibition, learning and memory fiinctioning, processing o f  drug-related 

cues, and emotion regulation. The following section will discuss the main research 

findings from each chapter o f  this thesis and will critically address the implications o f  

these results in relation to the current literature, highlighting the implications o f  these 

findings, making reference to study limitations, and suggesting fliture research 

directions.

In chapter 2 we detected brain activity changes for both successful inhibitions and 

errors o f  commission that were unique to the male stimuli during the follicular phase 

o f  the menstrual cycle. That is, when pregnancy was possible women had superior 

inhibitory brain function and heightened detection o f  inhibitory failures when
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processing male stimuli. These findings were in accord with parental investment 

theory (Trivers, 1972), which postulates that many psychological differences between 

the sexes derive fi'om different evolutionary pressures particular to the investment o f 

resources in finding a mate versus parenting. Motivation was provided to include sex 

as an independent variable for the remaining chapters as inhibitory control may vary 

as a flinction o f  the menstrual cycle, paralleled with research showing a sexually 

dimorphic pattem in the acute, subacute and possibly long-term effects o f  ecstasy. The 

results determined that endogenous hormones should be taken into consideration in 

fijture studies o f  executive components, suggesting that sex differences do affect 

inhibitory control and that these sex differences may be related to the difference 

between the sexes in ecstasy use/risk. Based on this finding the imaging protocol for 

the remaining chapters incorporated sex as an independent variable. Additionally to 

eliminate the confound o f  fluctuating gonadal hormones across the menstrual cycle 

female ecstasy using and non-drug using control groups were matched for phase o f  the 

menstrual cycle and contraception consumption.

Chapter 3 assessed inhibitory functioning and action monitoring using a GO/NOGO 

task in ecstasy users and controls. Hypotheses generated for this experiment were 

based on well-documented evidence that impairments in cognitive control, such as 

behavioural inhibition and action monitoring, may play a key role in addiction (Lyvers 

et al., 2000). Second, although findings are inconsistent, greater impulsivity in humans 

has been found in ecstasy users compared to drug-naive controls in a range o f  

impulsivity tasks (Parrott, et al., 2000; Fox et al., 2002; Morgan et al., 2002; Butler 

and Montgomery, 2004; Halpem, et al., 2004; Morgan, et al., 2006; Quednow, et al., 

2007; Morgan et al., 1998). Third, behaviours such as aggression (Gerra et al., 2000),
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and serotonergic depletion in animals and humans (Me Cann et al., 1994; Me Cann et 

al., 1998; Hatzidimitriou et al., 1999; McCann et al., 2000; Reneman et al., 2001; 

Gudelsky et al., 2008) have been associated with both ecstasy use and impulsivity. 

Behaviourally, no performance deficits were evident. However, ecstasy users revealed 

elevated right middle and inferior frontal and right parietal BOLD response activity 

during successful inhibitions, and right temporal, left medial frontal, and left posterior 

cingulate hyperactivity during unsuccessfiil inhibitions. The lack o f  group differences 

on GO/NOGO task performance is in agreement with other studies (Fox et al., 2002; 

Gouzoulis-Mayfrank et a l ,  2003). The hyperactive regions for successful response 

inhibition were those previously reported to be involved in response inhibition 

(Konishi et al., 1999; Liddle et al., 2001; Rubia et al., 2003; Garavan el al., 2003; 

Hester and Garavan, 2004; Li et al., 2006) suggesting that ecstasy users are placing 

greater demands on inhibition processes by working harder to successfully inhibit 

prepotent responses. Both the medial prefrontal cortex (PFC) and posterior cingulate 

are not typically associated with error monitoring but as these regions are part o f  the 

default network (regions that are typically deactivated during active task performance 

(Phelps et al., 1981; Me Kieran et al., 2003; Shulman et al., 1997) reduced 

deactivation in these regions during performance monitoring might be related to an 

impairment o f  default activities such as monitoring the environment, monitoring one’s 

intemal state and emotions, and various forms o f  undirected thought. Alternatively, as 

the posterior cingulate is the upper part o f  the "limbic lobe" (Heimer, 2006), perhaps 

the present results suggest that ecstasy users are less emotionally reactive and less 

capable o f  coping with high levels o f  cognitive demand than are drug-naiVe controls. 

In disagreement with two previous studies (Parrott et al., 2000; Morgan et al., 2008), 

ecstasy use was not associated with increased scores o f  impulsivity as indexed by the
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Impulsiveness Venturesomeness and Empathy questionnaire. Ahhough ecstasy use 

measures in this thesis did not differ to these eariier studies (Parrott et al., 2000; 

Morgan et al., 2008) and our sample number was not underpowered, this discrepancy 

is not that unexpected as numerous studies have not found an association between 

ecstasy and various measures o f  impulsivity (e.g. Fox et al., 2002; von Gesau et al., 

2004).

Chapter 4 first presented behavioural research findings showing that ecstasy users 

were significantly worse compared to controls with respect to leaming and memory in 

the Ray Auditory Verbal Leaming Task, appearing to corroborate the current literature 

(Parrot and Lasky 1988; Krystal et al., 1992; Bolla et al., 1998; Fox et al., 2001; Me 

Cradle et al. 2004; McCann et al. 1999). However, ecstasy users were unimpaired in 

face-name performance. On subcomponents o f  these tasks cannabis users performed 

better than ecstasy users and controls, a result that did not fit the expected findings. In 

experiment 2 o f  chapter 4 we investigated if  more subtle deficits related to leaming 

new faces might be elicited using fMRI. Ecstasy users performed significandy worse 

in a modified version o f  the face-name (face-number) task compared to controls and 

cannabis users. During Encode and Recall phases o f  the modified face-name task a 

conjunction analysis revealed ecstasy-specific (ecstasy>cannabis, ecstasy>controls) 

hyperactivity in bilateral fi'ontal regions, left temporal, right parietal, and left occipital 

brain regions. Ecstasy-specific hypoactivity was evident in the right dorsal anterior 

cingulate cortex (ACC) and left posterior cingulate cortex. This result is in 

concurrence with reports o f  fiinctional brain hyperactivity in the PFC (Moeller et al., 

2004), right inferior parietal lobule and bilateral temporal regions (Daumann et al., 

2003 ab) during performance o f  memory tasks in ecstasy users.
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In both ecstasy and cannabis groups (that had previously been tested (Nestor et al., 

2008) brain activation was decreased in the right medial frontal gyrus, left 

parahippocampal gyrus, left dorsal cingulate gyrus, and left caudate. Hippocampal 

hypoactivity during working memory processing in ecstasy users is consistent with 

two previous tMRI studies (Jacobsen et al. 2004; Daumann et al. 1995). In cannabis 

users findings o f  parahippocampal hypoactivity are consistent with a recent study 

conducted by Jager et al., (2007), which showed that cannabis users demonstrated 

parahippocampal hypoactivity during an associative learning task. However, during 

pertbnnance o f  the same task that utilised the same cannabis users but a different 

sample o f  controls, Nestor et al., (2008) found right parahippocampal hyperactivity in 

cannabis users compared to controls. Although the testing o f  this paradigm using a 

larger sample number is warranted, as we did not recruit a new sample o f  cannabis 

users our primary concern was not to replicate the findings o f  Nestor et al. (2008).

Chapter 5 documents the findings o f  an investigation into the neural correlates o f  

attentional bias towards ecstasy cues in chronic ecstasy users. Motivation for 

conducting this study was based on a literature providing evidence for an attentional 

bias towards drug-related stimuli in different substance-using populations (Lubman et 

al., 2000; Townshend and Duka, 2001; Munafo et al., 2003; Waters et al., 2003; 

Franken et al., 2004; Field et al., 2005; Mogg et al., 2005; Drobes et al., 2006; Hester 

et al., 2006; Vadhan et al., 2007; Bradley et al., 2008). Results o f  experiment 1 

revealed a significant bias for ecstasy-related pictures in ecstasy users in comparison 

to cannabis users and controls, as reflected by slowed response latencies to ecstasy- 

related stimuli. In the absence o f  significant behavioural findings, experiment 2 o f  

chapter 5 showed that ignoring ecstasy-related stimuli compared to ignoring evocative
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stimuli in ecstasy users was associated with hyperactive occipital activity and, 

ignoring ecstasy-related stimuli compared to neutral stimuli was associated with right 

inferior prefrontal cortex activity in ecstasy users compared to controls. These brain 

regions are consistent with both increased visual processing o f  the irrelevant stimuli 

and o f  difficulty modulating the neural mechanisms underlying cognitive control 

which appear necessary for restricting the visual processing o f  task-irrelevant, but 

salient ecstasy-related stimuli. For neutral subtraction conditions (either evocative or 

ecstasy minus neutral) within the ecstasy group the medial frontal gyrus, a region that 

is typically deactivated during active task performance (Shulman, 1997; Me Kieran, 

2003; Phelps, 1981) showed greater activity for ecstasy compared to evocative stimuli 

possibly reflecting an impairment o f  default activities that have already been 

suggested above. To my knowledge this is the first report o f  attentional biases to 

ecstasy related stimuli in ecstasy users and may have relevance for identifying those 

most likely to relapse during drug abstinence.

Chapter 6 measured emotional reactivity by collecting psychometric ratings on a 

battery o f  self-report scales, and by investigating brain activity using fMRI during an 

emotional regulation task that involved viewing emotionally valenced neutral, 

positive, and negative stimuli. The fMRI investigation was motivated by ecstasy 

related psychometric evidence o f  emotional dysfiinctions in experiment 1, in 

conjunction with indirect evident o f  emotion dysregulation from the literature. 

Common characteristics o f  chronic ecstasy abuse including impulsiveness (e.g. 

Quednoe et al., 2007), depressed mood (e.g. hanson et al., 2004), sleep disorders 

(Gerra et al., 2000), and elevated anxiety (Parrott et al., 2000a), have been associated 

with emotional dysregulation. In addition, many o f  the brain structures that have been
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documented to play a role in addiction are also involved in the processing and 

regulation o f  emotions (Koob et al., 2001; Goldstein and Volkow, 2002; Daglish and 

Nutt, 2003). During the baseline maintain condition for both positive and negative 

stimuli, ecstasy users in comparison to controls showed attenuated emotional response 

in the left orbitofrontal cortex (OFC), and right dorsal medial frontal gyrus, areas that 

have been previously been implicated in emotion regulation (Davidson, 2000; 

Oschner and Gross, 2005). Other areas were also under-responsive during the passive 

viewing o f  positive stimuli in ecstasy users compared to controls; these included the 

right dorsolateral PFC (DLPFC) and left ACC that have also been identified as core 

substrates underlying emotion regulation (Davidson, 2000, Oschner 2005), and the 

right somatosensory cortex.

Ecstasy users showed a reduced activation range (brain activation during regulating 

emotional response minus the baseline maintain condition brain activation) for 

increasing one's response to negative stimuli, and an increased activation range for 

increasing one's response to positive stimuli relative to controls. During these 

regulation conditions a reduced activation range was evident in the right medial 

frontal gyrus, a region underlying emotion regulation as already stated, the left inferior 

gyrus, and left inferior parietal lobule. The amygdala, a region that has a complex 

role in emotion regulation and emotion perception (Heather et al., 2006) was also 

hypoactive during the upregulation o f  negative emotion. This insight may provide a 

compelling foundation for theoretical advances in the basic understanding o f  the 

constituents o f  emotional processing in drug users. The findings from this thesis are 

suggestive that blunted processing to salient stimuli, a reduced ability to increase 

negative processing and greater recruitment o f  brain resources to decrease positive
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affect are characteristic o f  an ecstasy users compared to drug naive controls. However, 

it is important to acknowledge that these group differences may have preceded drug 

use. In addition, these findings may facilitate practical advances in the treatment o f  

faulty emotion regulation that can contribute to a vulnerability to relapse in the early 

stages o f  drug recovery (Hoopes et al., 2006) and to violent and aggressive behaviour 

(Richard et al., 2000).

From the above summary o f  the empirical chapters, it is evident that ecstasy impacts 

on multiple brain regions which is not surprising as the major neural substrates 

believed to be affected by drugs o f  abuse constitute a number o f  independent and 

overlapping brain circuits related to reward, motivation, learning and memory and 

cognitive control. Although our results highlight the complexity o f  the brain structures 

affected by chronic ecstasy use a brief overview is next given o f  the prominent 

neuroamatomical findings.

As executive fianctioning is associated with different pathways involving the PFC 

(Roberts et al., 1998), the DLPFC and OFC are o f  particular interest for this thesis. 

The DLPFC (BA 9, and BA 46) region consistently revealed group differences across 

tasks. The DLPFC was hyperactive during successfially inhibiting in the GO/NOGO 

task (both BA 9, and BA 46) and this region was hypoactive during maintaining and 

regulating to positive and negative stimuli. BA 46 was hypoactive during maintaining 

to positive stimuli, increasing to positive and negative stimuli, and decreasing to 

negative stimuli. For the face-number task BA 9 was hyperactive in ecstasy users 

relative to controls during Encoding and Recalling. In the stroop task there was a 

group effect driven by BA 9 hyperactivity, whereas the processing o f  ecstasy and
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evocative related stimuli in BA 46 was hypoactive in ecstasy users compared to 

controls. OFC (BA 11, BA 12) dysregulations were evident in the face-name task, as 

reflected by ecstasy specific hyperactivity, and the parahippocampus was hypoactive 

for the encoding and recalling components o f  the face-name task and during 

increasing to negative stimuli. In the emotion regulation task BA 11 and 12 (which are 

components o f  the largest cluster in this task) was hypoactive during the passive 

viewing o f  positive and negative stimuli and during increasing to negative stimuli in 

ecstasy users compared to controls. In the posterior cingulate (BA 30) unsuccessful 

inhibitions in the GO/NOGO task showed hyperactivity, whereas hypoactivity was 

revealed during the face-name task in ecstasy users compared to controls. For the 

anterior cingulate (BA 32) ecstasy users compared to controls consistently exhibited 

hypoactivity, in the face-name task, maintaining emotional responses to positive and 

negative stimuli, and decreasing emotional responses to negative stimuli. The medial 

PFC (BA 10, BA 8) was also associated with ecstasy use across tasks. In BA 10 

unsuccessfial inhibitions in the GO/NOGO showed hyperactivity in ecstasy users 

compared to controls, in this same region reduced activity was evident for maintaining 

to positive and negative stimuli and decreasing to negative stimuli in the ecstasy group 

compared to controls. BA 8 was hypoactive in ecstasy users compared to controls 

during performance o f  the face-number task, and for the stroop task processing o f  

evocative and ecstasy stimuli produced more activation in ecstasy users compared to 

controls, in addition to a within effect where in the ecstasy group ecstasy stimuli 

revealed increased BOLD activation compared evocative stimuli. The occipital lobe 

was hyperactive during the processing o f  ecstasy related stimuli and during Encode 

and Recall components o f  the face-name task. For the parietal and temporal lobes no 

pattems were evident.
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Taking the view that the complex and varied nature o f  the executive tests also means 

that they may not be comparable in terms o f  the confounding non-executive functions 

they involve, our goal is not to find one primary dysfunction underlying several 

executive compenents. For example, although the same cognitive control regions are 

consistently activated across executive tasks such as Stroop interference and 

GO/NOGO tasks that involve inhibiting prepotent responses tendencies, (Oschner et 

al., 2000; Braver et al., 2001; Garavan et al., 2002), measurement o f  different 

performance constructs and different BOLD activation condition within and between 

tasks are not comparable suggesting that ecstasy associated dysregulations may not be 

attributed to a more general cognitive control dysfunction. As stated above our focus 

is on the microstructure o f  cognitive subcomponents.

As the cognitive performance pattern o f  ecstasy users in this thesis suggests a 

widespread functional dysregulation, suggesting several impairments in distinct 

cognitive domains, this might be related to a widespread pattern o f  ecstasy-related 

neurotoxicity throughout the brain, thus leading to disturbances in several functional 

circuitries. This model is in line with the recognized widespread pattern o f  ecstasy- 

related neurotoxicity in animal studies (e.g. Fischer et al., 1885; Hatzidimitriou et al., 

1999). However this postulation is speculative and should be interpreted with caution 

as for example there is evidence suggesting that noradrenaline rather than serotonin 

(5-HT) may play a role in motor inhibition (Chamberlain and Sahakian, 2007) and 

catecholamines (i.e. dopamine and noradrenaline) affect predominantely a system 

connected to the lateral PFC associated with response inhibition and working memory 

(Robbins et al., 2000; Aron et al., 2004). However, as neurotransmitter measures

254



C h a p te r 7 Discussion

could not be obtained as part o f  this thesis, we could not determine the 

neurotransmitter system most likely affected in our users.

There are major obstacles to determining the chronic effects o f  ecstasy use. 

Concomitant drug use is a major concern in studies o f  drug abuse (Morgan, 1998). As 

cannabis and ecstasy are often co-administered, and given the literature that cannabis 

may impair cognitive functioning (Pope et al, 2001a) the inclusion o f  a matched 

cannabis group in our non-imaging studies enabled us to elucidate ecstasy specific 

effects. In chapter 4 it was advantageous to incorporate a sample o f  heavy cannabis 

users in our study, although the cannabis sample o f  Nestor et al. (2008) was not 

ideally matched to our sample by sex and cannabis use measures. It is now well 

recognised that ecstasy use and clinical depression are associated with compromised 

5-HT functioning (Brown et al., 1991; Green et al., 2003; Naughton et al., 2000). In 

both cohorts o f  participants, ecstasy users scored higher than controls on Beck’s 

Depression inventory scores (BDI), possibly confounding our results. However, the 

matched sample o f  cannabis users did not differ in BDI scores compared to ecstasy 

users suggesting that the impairments specific to the ecstasy group were not driven by 

depression. Another consideration is that the drug(s) actually present in ecstasy tablets 

varies and may not always be ecstasy (Bedi and Redman, 2006; Cole et al., 2002; 

Parrott et al., 2004). Other drugs are sometimes found in ‘ecstasy’ pills, such as 3,4- 

methylenedioxyamphetamine (MDA), amphetamines, ketamine, or hallucinogens 

(Curren, 2000). Although doses o f  ecstasy found in ecstasy pills depend on the source, 

reports suggest that most pills (85-90% ) contain approximately 100-150 mg o f  

MDMA (Schifano et al., 1998).
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Researchers have emphasised that inconsistent findings in the literature may be partly 

attributable to the exclusion o f  sex as an independent variable and to the lack o f 

assessment o f  menstrual cycle phase. Given the research reporting a sexually 

dimorphic pattem in the acute, subacute and possibly long-term effects o f  ecstasy, 

menstrual cycle phase influences on executive functioning and subjective mood 

manifestations following acute doses o f  ecstasy, it is somewhat surprising that the 

findings in this thesis were independent o f  sex. However, as ecstasy users and 

controls were matched on phase o f  the menstrual cycle and contraception usage our 

findings are suggestive that discrepancies in previous studies may have been attributed 

to fluctuating hormones across the menstrual cycle rather than sex differences per se. 

As we did control for phase o f  the menstrual cycle we can not conclude whether sex 

differences would be evident if  we did not take menstrual cycle phase in to 

consideration. Demonstrating that sex differences are not evident when controlling for 

stage o f  the menstrual cycle encourages future studies to take menstrual cycle in to 

consideration and reduces the rationale for excluding women from pharmacological 

studies. Indeed, it is essential to include women in pharmacological studies to apply 

the results o f  research studies to the general population. This demonstration may also 

help direct future studies in human behavioural pharmacology, and perhaps also 

studies involving pharmacological treatments.

There is the possibility o f  pre-existing differences between ecstasy users and non 

users. Pre-existing dysfunctions in psychological processes may increase the 

likelihood o f  substance use, further fuelling continued drug consumption. In order to 

determine causal relationships between drug use and associated differences in test 

performance it will be necessary to conduct prospective or longitudinal studies.

256



C h a p te r  7 Discussion

Longitudinal studies, in which subjects are examined at regular intervals, should help 

to overcome a large number o f  common methodological limitations to be encountered 

in open-field studies with ecstasy users. This thesis only investigated current chronic 

ecstasy users.

Robinson and Berridge (1993) have proposed that neuroadaptations which occur 

during chronic drug use may be permanent or semi-permanent in nature. Neurotoxic 

effects o f  ecstasy and the reversibility or permanence o f  the adverse cognitive effects 

after longer periods o f  abstinence are still unanswered. There is some evidence that 

serotonergic deficits in ecstasy users can recover after prolonged abstinence (Reneman 

et al., 2001; Thomasius et al., 2003; Buchert et al, 2004; Nifosi et al., 2008) and mixed 

evidence tor the persistence o f  neuropsychological deficits in ex-ecstasy users 

(Morgan et al., 2002). Further research will be needed to examine whether comparable 

patterns o f  executive dysfijnction to the findings reported in this thesis can be 

observed in drug users with a history o f  ecstasy use but no current use, and to explore 

whether such effects depend upon individual differences in traits such as 

impulsiveness and/or dysregulated affective styles that predispose individuals to 

altered executive functioning. Research invesfigating the effects o f  long-term drug 

abstinence on cognition, specifically comparing cognitive neural substrates in current 

and former substance users is warranted. Such comparisons may disclose ways in 

which cognitive neuronal operations may contribute to avoiding drug relapse, while 

suggesting ways in which it is possible to develop behavioural and/or pharmacological 

treatments which may facilitate abstinence through improvements in cognition.
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Despite an increased understanding concerning the pharmacology o f  ecstasy, 

behavioural evidence revealing chronic neurocognitive deficits that are mainly 

associated with executive fiinctioning, and reports o f  ecstasy related neurotoxicity 

there is little research which has examined their chronic effects upon different 

domains o f  cognitive processing. Behaviourally the findings from this thesis have 

replicated report o f  ecstasy- related impairment across domains o f  impulsivity and 

memory. Additionally, behaviourally in the relatively unexplored domains o f  

attentional control and affective processing, this thesis found evidence o f  ecstasy- 

related attentional bias o f  ecstasy-related stimuli, and evidence o f  a dysregulated 

affective style. Neuroanatomically, he research findings presented in this thesis 

have provided evidence to demonstrate differences in neural activity related to 

response inhibition, learning and memory functioning, processing o f  ecstasy- 

related cues, and emotion regulation in chronic current ecstasy users. More 

specifically the findings o f  this thesis imply that ecstasy users; are placing greater 

demands on inhibition processes by working harder to successfully inhibit 

prepotent responses; have an altered working memory circuit where they reveal 

hypoactivity in regions that have been shown to be recruited during the process o f  

working memory, and hyperactive brain activation in peripheral regions that is 

possibly compensating for memory related hypoactivity; show an attentional bias 

for drug-related stimuli as reflected by an increased visual processing o f  ecstasy- 

related stimuli and o f  difficulty modulating the neural mechanisms underlying 

cognitive control; and show an attenuation o f  neural activity in circuits associated 

with affective processing and affective regulation. Furthermore these results were 

independent o f  sex.
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As discussed above the imphcations o f  this thesis are not without limitations: the 

polysubstance use nature o f  ecstasy users, the retrospective reporting o f  drug use, 

reports o f  different amounts o f  MDMA found in analysed samples o f  ecstasy 

tablets, the cross-sectional sampling methodology, and pre-existing differences 

between group samples need to be taken in to account. To my knowledge neural 

correlates o f  ecstasy-related cues and emotion dysregulation have not previously 

been documented. None o f  the precise tasks administered in the current thesis have 

previously been administered to ecstasy users. These results will hopefully have 

elucidated the neural correlates o f  ecstasy specific dysregulations in the executive 

functioning o f  cognition and emotion in current chronic ecstasy users.
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Appendices

2.1 Behavioural Results Statistics

(A) Percentage o f  NOGO trials on which participants successfully inhibited expressed as 

percentages (S 1 A). There was no effect o f  m enstrual cycle Phase or face Stimulus on 

percentage o fN O G O  trials (Phase F = 0.07, d f  1/14, P > 0.05; Stimulus F= 1.429, d f  

1/14, P > 0.05; Phase X Stimulus F= 1.66, d f  1/14, P > 0.05, treating Phase and Stimulus 

as within subject factors).

(B) ERROR reaction times (S 1B). There was no effect o f  menstrual cycle Phase or face 

Stimulus on ERROR reaction times (Phase F = 0.07, d f  1/14, P > 0.05; Stimulus F= 1.42, 

d f  1/14, P > 0.05, treating Phase and Stimulus as within subject factors), however there 

was an interaction Phase X Stimulus F= 4.70, d f  1/14, P < 0.04, treating Phase and 

Stimulus as within subject factors), with marginally increased ERROR reaction times in 

the mal-fol compared to fem-fol activation (F= 4.63, d f  1/14, P < 0.05).

(C) Go reaction times (SIC ). There was no interaction or Stimulus effect, how ever there 

was a Phase effect with increased reaction times during the follicular phase(Phase F = 

6.64, d f  1/14, P < 0.02 Stimulus F= 2.05, d f  1/14, P > 0.05; Phase X Stimulus F= 0.08, d f 

1/14, P > 0.05, treating Phase and Stimulus as within subject factors). M al-fol Go reaction 

times were longer than mal-lut reaction tim es (F= 5.90, d f  1/14, P < 0.03) and fem-fol Go 

reaction times were longer than fem-lut reaction tim es (F= 7.04, d f  1/14, P < 0.02). Go 

reaction times between mal-fol and fem-fol did not differ (F= 1.51, d f  1/14, P > 0.05), 

neither did activation between mal-lut and fem-lut (F= 0.95, d f  1/14, P > 0.05).



2.2. Cerebral Foci o f G O/NO GO  Activation Statistics

STOPS

(A) Inferior Frontal Gyrus. There was no effect o f  menstrual cycle Phase or Stimulus 

(Phase F = 0.20, d f  1/14, P > 0.05; Stimulus F= 0.03, d f  1/14, P > 0.05, treating 

Phase and Stimulus as within subject factors) but there was a significant 

interaction (Phase X Stimulus F= 6.51, d f  1/14, P < 0.02, treating Phase and 

Stimulus as within subject factors). Fem-fol activation was greater than mal-fol 

activation (F= 12.30, d f  1/14, P < 0.00).M al-lut and fem-lut activation did not 

differ (F= 1.70, d f  1 /14, P > 0.05 ). Fem-fol activation to did not differ compared 

to fem-lut activation (F -  2.26, d f  1/14, P > 0.05), neither did activation between 

mal-fol and mal-lut conditions (F= 3.66, d f  1/14, P > 0.05).

(B) Culmen. There was no effect o f  menstnaal cycle Stimulus or Phase X Stimulus 

interaction (Stimulus F = 0.50, d f  1/14, P > 0.05; Phase X Stimulus F= 2.64, d f  

1/14, P > 0.05, treating Phase and Stimulus as within subject factors) but there 

was a Phase effect (Phase F= 7.76, d f  1/14, P < 0.01, treating Phase as a within 

subject factor) with increased brain activation during the follicular phase.

(C) Cuneus. There was no effect o f  m enstrual cycle Stimulus or Phase X Stimulus 

interaction (Phase F = 2.83, d f  1/14, P > 0.05; Phase X Stimulus F= 3.82, d f  1/14, 

P > 0.05, treating Phase and Stimulus as within subject factors) but there was a 

Stimulus effect (Stim ulus F= 5.41, d f  1/14, P < 0.04, treating Stimulus as a within 

subject factor) with increased brain activation during the luteal phase.



ERROR

(A) A nterior Cingulate Cortex. There was a Stimulus effect with increased activation 

to m ale stimuli (Stimulus F= 5.00, d f  1/14, P < 0.04, treating Stimulus as a within 

subject factor), but no Phase effect or Phase X Stimulus interaction (Phase F =

1.77, d f  1/14, P > 0.05; interaction F= 3.81, d f  1/14, P > 0.05, treating Phase and 

Stimulus as within subject factors). Mal-fol activation was greater than fem-fol 

activation (F= 6.01, d f  1/14, P < 0.03) but this difference disappeared for the 

luteal Phase o fth e  menstnaal cycle ((F= 0.54, d f  1/14, P > 0.05). There were no 

differences in brain activation between the mal-fol and mal-lut conditions (F= 

3.80 , d f  1/14, P > 0.05 ) and between the fem-fol and fem-lut conditions(F= 0.16, 

d f  1/14, P >  0.05).

(B) Superior Temporal Gyrus. There was no effect o f  menstrual cycle Stimulus or 

Phase X Stimulus interaction (Stimulus F = 2.43, d f 1/14, P > 0.05; Phase X 

Stimulus F= 0.12, d f  1/14, P > 0.05, treating Phase and Stimulus as within subject 

factors) but there was a Phase effect (Phase F= 17.12, d f  1/14, P < 0.00), treating 

Phase as a within subject factor) with increased brain activation during the 

follicular phase.

See table 2.1 for location details.



Appendix 4.1

Centre of mass
structure Broadmann area HemisDhere Volume (ul) X Y Z Ecstasv
Superior frontal gyrus 6, 9 L 2083 -46 4 28
Middle temporal gyrus 21 L 576 51 1 -19
Medial frontal gyrus 8, 32 R 574 13 32 34 d
Tuber/declive 7 R 458 51 -61 -22
Inferior parietal lobule 40 R 442 40 -53 52
Middle frontal gyrus 6 L 428 -36 -5 47
Inferior occipital gyrus 18 L 409 -38 -84 -1
Parahippocampal gyrus L 368 -28 -16 -16 d
Inferior temporal gyrus 20 R 309 61 -44 -18
Dorsal cinguiate gyrus 32 L 305 -7 24 38
Parahippocampal gyrus/cingulate 30 L 303 -17 -44 8 d
Middle occipital gyrus 18 R 285 44 -78 2
Caudate L 284 -20 15 19 d
Middle frontal gyrus 11 R 281 42 45 -11
Cuneus 19 R 244 30 -83 29
Dorsal anterior cinguiate 32 R 240 6 40 4 d
Middle frontal gyrus 10, 11 L 207 -41 55 -10
Superior frontal gyrus 6 L 192 -12 16 69

Cannabis Controls
d
d d
d
d
d
d
d d
d

Conjunction clusters that showed a deactivation during the face-number task 
c l= c lea c tiva tio n



Appendix 5.1
Centre of mass Condition

structure Broadmann area Hemisohere Volume (ul) X Y Z Neutral Evocative Ecstasv
Declive/middle occipital gyrus 18, 19, 17 R 83806 5,1 -72,8 -14.5
Posterior cingulate 18,31 L 17658 -0.8 -66 12.3
Inferior parietal lobule 40,39 R 11111 47.9 ^2 .8 30.6 d
Cingulate gyrus 7, 31 R 5908 15.5 -36.5 48.9 d d
Anterior cingulate 32,24 R 5064 15.2 41.3 11,6 d d
Inferior parietal lobule 7,40 L 3879 -30 -45.7 52.9
Inferior parietal lobule 40 L 3696 -37.2 -60.4 37.9
Media! frontal gyrus 4 .6 L 3084 -14.3 -22,6 53.5 d d
Superior temopral gyrus 41,40 L 2546 -45.4 -32.1 13.5 d d
Superior temopral gyrus 22 L 1065 -59,2 -2.6 2.5 d d
DLPFC 9 L 1052 -32.4 30,6 35.4 d
Precuneus 7 R 920 5.6 -62,6 49,3 d
Parahippocampus gyrus 27 R 728 25.7 -32,1 -3,3
Nodule L 567 -1.5 -43 -25.7
DLPFC 46 R 483 49.2 25.4 14.4
Cingulate gyrus 24 R 449 21.4 -6.5 34.1 d d
Middle temporal gyrus 21 L 447 -47.8 5.3 -36.9 d
Middle temporal gyrus 21 L 447 -59.2 -37.2 -7.7
Insula 13 R 447 31.5 -3.9 12.1 d d
Inferior frontal gyrus 9,4 R 447 55.4 15.7 24.6
Parahippocampus gyrus 28 L 437 -29 -10.4 -19.6 d
Culmen/cingulate gyrus R 415 6,7 -34,9 -15.6
Superior temopral gyrus 22 L 406 -61.8 -31.6 9,7 d d d
Uncus/parahippocampal gyrus 34 L 401 -21 -1.5 -20.8 d
Superior frontal gyrus 8 ,6 L 390 -17.9 21.6 48.8
Precuneus 7 L 381 -10.3 -72,2 36.6
Anterior cingulate 10, 32 R 368 15.6 41.4 -4,2 d d d
Middle temporal gyrus 21 R 357 61.1 -0.4 -6 d d
Parahippocampus gyrus 34 R 349 27.1 -2.2 -18.7 d
Middle frontal gyrus 8 R 386 30.3 19,1 38,1 d d

Condition clusters that showed deactivations during the Stroop task 
D = deactivation

Appendix 5.2
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Activation in medial frontal gyrus (-3 6113)
Cluster that revealed an interaction during the stroop task. E= ecstasy, C = control.



Appendix 6.1

E C Q 2
Please indicate iiow you feel about each item by circling either ‘True’ or ‘False’. If you feel that an 

item is neither entirely true nor false, please choose the alternative that is most like you. If you haven’t 
been in the situation described, please say how you feel you would behave in that situation.

1 When someone upsets me, 1 try to hide my feehngs. True False
2 If som eone pushed me, 1 would push back. True False
3 1 remember things that upset me or make me angry for a long time afterwards. True False
4 1 seldom feel irritable. True False
5 1 often take chances crossing the road. True False
6 People find it difficult to tell whether I’m excited about something or not. True False
7 1 often do or say things 1 later regret. True False
8 1 find it difficult to comfort people who have been upset. True False
9 1 generally don 't bear a grudge-when something is over, it's  over, and 1 don’t think about it 

again.
True False

10 No-one gets one over on me-1 don’t take things lying down. True False
11 When something upsets me 1 prefer to talk to someone about it than to bottle it up. True False
12 I've been involved in many fights or arguments. True False
13 1 get 'worked up ' just thinking about things that have upset me in the past. True False
14 I'm not easily distracted. True False
15 If I'm  badly served in a shop or restaurant I don 't usually make a fuss. True False
16 If 1 recei\ e bad news in front o f others 1 usually try to hide how 1 feel. True False
17 1 frequently change my mind about things. True False
18 If a passing car splashes me, 1 shout at the driver. True False
19 If som eone were to hit me, 1 would hit back. True False
20 1 seldom  show how I feel about things. True False
21 1 often say things without thinking whether 1 might upset others. I'rue False
22 1 often find inyself thinking over and over about things that have made me angry. I'rue False
23 If I'm  pleasantly surprised, 1 show immediately how pleased 1 am. True False
24 1 tend to snap at people. True False
25 If 1 get angry o r upset 1 usually say how 1 feel. I'rue False
26 If som eone says something .stupid, 1 tell them so. True False
27 i n  see someone pushing into a queue ahead o f  me 1 usually just ignore it. I'rue False
28 1 can usually settle things quickly and be friendly again after an argument. True False
29 My interests tend to change quickly. True False
30 1 don 't feel embarrassed about e.xpressing my feelings. True False
31 If 1 see or hear about an accident, 1 find myself thinking about something similar happening to 

me or to people close to me.
True False

32 1 think about ways o f  getting back at people who have made me angry long after the event has 
happened.

True False

33 I'd rather concede an issue than get into an argument. True False
34 1 never forget people tnaking me angry or upset, even about small things. True False
35 1 seldom  ‘put my foot in it'. True False
36 1 lose my tem per quickly. True False
37 1 think people show their feelings too easily. True False
38 1 find it hard to get thoughts about things that have upset me out o f  my mind. True False
39 Almost everything 1 do is carefully thought out. True False
40 1 don 't think 1 could ever 'turn the other cheek'. True False
41 1 often daydream about situations where I'm  getting my o w t i  back at people. True False
42 1 find long journeys boring-all 1 want is to get there as quickly as possible. True False
43 E.xpressing my feelings makes me feel very vulnerable and anxious. True False
44 If a friend borrows something and returns it dirty or damaged, 1 usually just keep quiet about 

it.
1 can 't stand having to wait for anything.

True False

45 True False
46 If 1 see something that frightens or upsets me, the image o f it stays in my mind for a long time 

afterwards.
True False

47 1 hate being stuck behind a slow driver. True False
48 If som eone insults me 1 try to remain as calm as possible. True False
49 fhinking about upsetting things just seems to keep them going, so 1 try to put them out o f my 

mind.
True False

50 1 usually manage to remain outwardly calm, even though 1 may be churned up inside. True False
51 If 1 lose out on something, 1 get over it quickly. True False
52 1 can 't help showing how 1 feel, even when it isn't appropriate to do so. True False
53 If 1 ha\ e to confront someone, 1 try not to think too much about it beforehand. True False
54 1 like planning ahead rather than just seeing how things turn out. True False
55 1 sometimes just come out with things that embarrass people I'm  with. True False
56 Sometimes 1 just can't control my feelings. True False



AIM
Please indicate on a 6-point scale ranging from “never” to “always” how you feel about each item.

1. When I accom plish something difficult I feel delighted or elated.
2. W hen I feel happy it is a strong type o f  exuberance.

3. I feel pretty bad when I tell a lie.
4. W hen I solve a small personal problem , I feel euphoric.
5. My em otions tend to be m ore intense than those o f  most people.
6. My happy m oods are so strong that I feel like I ’m in heaven.
7. I get overly enthusiastic.
8. I f  I com plete a task 1 thought was impossible, I am ecstatic.
9. My heart races at the anticipation o f  some exciting event.
10. Sad movies deeply touch me.
11. When I talk in front o f  a group for the first time my voice gets shaky and my heart 
races.
12. W hen som ething good happens, I am usually much more jubilant than others.
13. My friends m ight say I’m emotional.
14. The sight o f  someone who is hurt badly affects me strongly.
15. W hen I ’m feeling well it’s easy for me to go from being in a good mood to being 
really joyfial.
16. W hen I’m happy I feel like I’m bursting with joy.
17. Seemg a picture o f  some violent car accident in a newspaper makes me feel sick to 
my stomach.
18. W hen I ’m happy I feel very energetic.
19. W hen I receive an award I become overjoyed.
20. W hen I do som ething wrong I have strong feelings o f  shame and guilt.
21. W hen things are going good I feel “on top o f  the world.”
22. When I do feel anxiety it is norm ally very strong.
23. My friends would probably say I’m a tense or “high-strung” person.
24. W hen I ’m happy I bubble over with energy.
25. W hen I feel guilty this emotion is quite strong.
26. W hen som eone com plim ents me, I get so happy I could “burst.”
27. W hen I am nervous I get shaky all over.



T C Q
Most people experience unpleasant, and/or unwanted thoughts (in verbal and/or picture form), which 
can be difficult to control. We are interested in the techniques that you generally use to control such 
thoughts. Below are a num ber o f  things that people do to control these thoughts. Please read each 
statem ent carefully, and indicate how often you use each technique. Please indicate your answers on a 
4-point scale (1 = never; 2 = som etim es; 3 = often; 4 = alm ost always). There are no right or wrong 
answers. Do not spend too much tim e thinking about each one.

1. 1 call to m ind positive images instead
2. I tell m yself not to be so stupid
3. 1 focus on the thought
4. 1 replace the thought with a more trivial bad thought
5. 1 don’t talk about the thought to anyone
6. I punish m yself for thinking the thought
7. I dwell on other worries
8. I keep the thought to m yself
9. I occupy m yself with work instead
10. I challenge the thoughts validity
1 I. 1 get angry at m yself for having the thought 
12.1 avoid discussing the thought
13. I shout at m yself for having the thought
14. I analyse the thought rationally
15. 1 slap or pinch m yself to stop the thought
16. 1 think pleasant thoughts instead
17. I find out how my friends deal with these thoughts
18. 1 worry about m ore m inor things instead
19. 1 do something that 1 enjoy
20. 1 try to reinterpret the thought

21. 1 think about som ething else
22. 1 think more about the more minor problem s 1 have
23. 1 try a different way o f  thinking about it

24. I think about past worries instead
25. 1 ask m y friends if  they have sim ilar thoughts
26. 1 focus on different negative thoughts
27. I question the reasons for having the thought
28. I tell m yself that som ething bad will happen if  1 think the thought
29. 1 talk to a fi"iend about the thought
30. 1 keep m yself busy



ACS
Please indicate on a 7-point scale ranging from “strongly disagree” to “ strongly agree” how you feel 
about each item.

1. 1 am concerned that I will say things I ’ll regret when 1 get angry.
2. I can get too carried away when 1 am really happy.
3. Depression could really take m e over, so it is important to fight o ff sad feelings.
4. I f  I get depressed, 1 am quite sure that I ’ll bounce right back.
5. I get so rattled when 1 am nervous that I cannot think clearly.
6. Being filled with joy  sounds great, but I am concerned that I could lose control over m y actions if  I
get too excited.
7. It scares me when 1 feel “ shaky” (trembling).
8. I am  afraid that I will hurt someone if  I get really furious.
9. I feel com fortable that I can control m y level o f  anxiety.
10. Having an orgasm is scary for me because I am afraid o f  losing control.
11. I f  people were to find out how angry I sometim es feel, the consequences m ight be pretty bad.
12. W hen I feel good, 1 let m yself go and enjoy it to the ftillest.
13. 1 am afraid that 1 could go into a depression that would wipe me out.
14. W hen I feel really happy, I go overboard, so I don ’t like getting overly ecstatic.
15. W hen I get nervous. 1 think that I am going to go crazy.
16. 1 feel very com fortable in expressing angry feelings.
17. 1 am able to prevent m yself from becoming overly anxious.
18. No m atter how happy I become, I keep my feet firmly on the ground.
19. 1 am afraid that 1 might try to hurt m yself if  1 get too depressed.
20. It scares me when 1 am nervous.
21. Being nervous isn ’t pleasant, but I can handle it.
22. 1 love feeling excited-it is a great feeling.
23. 1 worry about losing self-control when I am on cloud nine.
24. There is nothing I can do to stop anxiety once it has started.
25. W hen 1 start feeling “down” , I think I m ight let the sadness go too far.
26. Once I get nervous, 1 think that my anxiety might get out o f  hand.
27. Being depressed is not so bad because 1 know it will soon pass.
28. I would be em barrassed to death if  1 lost my tem per in front o f  other people.
29. When I get “the blues” , 1 worry that they will pull me down too far.
30. When I get angry, 1 don’t particularly worry about losing my temper.
31. W hether 1 am happy or not, m y self-control stays about the same.
32. W hen I get really excited about something, 1 worry that m y enthusiasm will get out o f  hand.
33. W hen 1 get nervous, 1 feel as i f  1 am going to scream.
34. 1 get nervous about being angry because I am afraid 1 will go too far, and I’ll regret it later.
35. 1 am afraid that I will babble or talk funny when I am nervous.
36. Getting really ecstatic about som ething is a problem for me because som etim es being too happy 
clouds m y judgm ent.
37. Depression is scary to me-1 am  afraid that I could get depressed and never recover
38. I don’t really m ind feeling nervous; 1 know i t ’s just a passing thing.
39. I am afraid that letting m yself feel really angry about som ething could lead me into an unending 
rage.
40. W hen 1 get nervous, 1 am afraid that I will act foolish.
41.1  am afraid that I ’ll do som ething dumb if  I get carried away with happiness.
42 .1  think my judgm ent suffers when 1 get really happy.



IVE
Please answer each question by putting a circle around the ‘Y ES’ or the ‘N O ’ following
the questions. There are no right or wrong answers, and no trick questions. Work quickly and do not
think too long about the exact meaning o f  the question.

1 W ould you enjoy water skiing? YES NO
2 Usually do you prefer to stick to brands you know are reliable, to trying new ones on the chance o f Y ES NO

finding something better? Y ES NO
3 W ould you feel sorry for a lonely stranger'? Y ES NO
4 Do you quite enjoy taking risks? Y ES NO
5 Do you often get emotionally involved with your friends' problems? YES NO
6 W ould you enjoy parachute jum ping? Y ES NO
7 Do you often buy things on impulse? Y ES NO
8 Do unhappy people who are sorry for themselves irritate you? Y ES NO
9 Do you generally do and say things without stopping to think? Y ES NO
10 Are you inclined to get nervous when others around you seem to be nervous? YES NO
11 Do you often get into a jam  because you do things without thinking? Y ES NO
12 Do you think hitch-hiking is too dangerous a way to travel? Y ES NO
13 Do you find it silly for people to cry out o f  happiness? Y ES NO
14 Do you like diving o ff the highboard? YES NO
15 Do people you are with have a strong influence on your moods? Y ES NO
16 Are you an impulsive person? YES NO
17 Do you welcome new and exciting experiences and sensations, even if  they are a little frightening and

unconventional? YES NO
18 Does it affect you very much when one o f  your friends seems upset? YES NO
19 Do you usually think carefully before doing anything? Y ES NO
20 W ould you like to learn to fly an aeroplane? Y ES NO
21 Do you ever get deeply involved witli the feelings o f a  character in a film, play or novel? YES NO
22 Do you often do things on the spur o f  the moment? YES NO
23 Do you get very upset when you see soineone cry? YES NO
24 Do you sometimes find someone else 's laughter catching? YES NO
25 Do you mostly speak without thinking things out? Y ES NO
26 Do you often get involved in things you later wish you could get out of? YES NO
27 Do you get so ‘carried away' by new and exciting ideas, that you never think o f  possible snags? YES NO
28 Do you find it hard to understand people who risk their neck.s climbing mountains? Y ES NO
29 Can you make decisions without worrying about other people 's feelings? Y ES NO
30 Do you sometimes like doing things that are a bit frightening? Y ES NO
31 Do you need to use a lot o f self-control to keep out oftrouble? YES NO
32 Do you become more irritated than sympathetic when you see someone cry? Y ES NO
33 W ould you agree that almost everything enjoyable is illegal or immoral? YES NO
34 Generally do you prefer to enter cold sea water gradually, to diving or jum ping straight in? Y ES NO
35 Are you often surprised at people 's reactions to what you do or say? Y ES NO
36 W ould you enjoy the sensation o f skiing very fast down a high mountain slope? YES NO
37 Do you like watching people open presents? YES NO
38 Do you think an evening out is more successful if it is unplanned or arranged at the last moment? YES NO
39 W ould you like to go scuba diving? Y ES NO
40 W ould you find it very hard to break bad news to someone? Y ES NO
41 W ould you enjoy fast driving? Y ES NO
42 Do you usually work quickly, without bothering to check? Y ES NO
43 Do you often change your interests? Y ES NO
44 Before making up your mind, do you consider all the advantages and disadvantages? YES NO
45 Can you get very interested in your friends' problems? YES NO
46 W ould you like to go pot-holing? Y ES NO
47 W ould you be put o ff a job  involving quite a bit o f  danger? Y ES NO
48 Do you prefer to ‘sleep on it’ before making decisions? Y ES NO
49 W hen people shout at you, do you shout back? Y ES NO
50 Do you feel sorry for very shy people? Y ES NO
51 Are you happy when you are with a cheerful group and sad when the others are glum? Y ES NO
52 Do you usually make up your inind quickly? Y ES NO
53 Can you imagine what it must be like to be very lonely? YES NO
54 Does it worry you when others are worrying and panicky? Y ES NO



W BSI
Please indicate on a 5-point scale with 1 = strongly disagree and 5 = strongly agree how you feel about 
each item.

1. There are thing 1 prefer not to think about.
2. Sometimes 1 wonder why 1 have the thoughts 1 do.
3. 1 have thoughts that 1 cannot stop.
4. There are images that com e to m ind that 1 cannot erase.
5. My thoughts frequently return to one idea.
6. I wish I could stop thinking o f  certain things.
7. Sometimes my m ind races so fast I wish 1 could stop it.
8. 1 always try to put problem s out o f  mind.
9. There are thoughts that keep jum ping into m y head.
10. Som etim es I stay busy just to keep thoughts from 
intruding on m y mind.
11. There are things that I try not to think about.
12. Som etim es I really wish I could stop thinking.
13.1 often do things to distract m yself from my thoughts.
14. 1 often have thoughts that 1 try to avoid.
15. ITiere are many thoughts that I have that 1 don't tell anyone.



C E R Q
E veryone gets confron ted  w ith negative or unp leasan t even ts now  an d  then and  everyone responds to 
them  in h is or her ow n w ay. B y the fo llow ing  questions you are  asked  to ind ica te  w hat you genera lly  
th ink, w hen you experience  negative or unp leasan t events. P lease answ er the questions on a 5-point 
scale rang ing  from 1 ((alm ost) never) to 5 ((a lm ost) alw ays).

1. I feel that 1 am the one to blam e for it
2, I think that I have to accep t that it happened
3. 1 often think about how  1 feel about w hat 1 have experienced
4. 1 think o f  n icer things than w hat I have experienced
5. 1 think o f  w hat I can do best
6. 1 think 1 can learn som ething from the situation
7. I think that it all could  have been m uch w orse
8. 1 often think that w hat I have experienced is m uch w orse than w hat o thers have experienced
9. I feel that o thers are to  blam e for it
10. I feel that I am the one who is responsib le for w hat has happened
11 . 1 think that 1 have to accept the situation
12. 1 am preoccupied  w ith w hat 1 think and feel about w hat I have experienced
13. 1 think o f  pleasan t th ings that have nothing to do with it
14. I think about how 1 can best cope w ith the situation
15. 1 think that 1 can becom e a stronger person as a result o f  w hat has happened
16. 1 think that o ther people go through m uch w orse experiences
17. 1 keep thinking about how terrible it is w hat 1 have experienced
18. 1 feel that others are responsible for w hat has happened
19. 1 think about the m istakes o thers have m ade in this m atter
20. 1 often think that w hat 1 have experienced is the w orst that can happen to  a person
21. 1 think that it h asn ’t been too bad com pared to o ther things
22. 1 think that the situation also has its positive sides
23. 1 think about how to change the situation
24. 1 think o f  som ething nice instead o f  w hat has happened
25. 1 w ant to understand why I feel the w ay I do about w hat I have experienced
26. I think that I cannot change anything about it
27. I think about the m istakes 1 have m ade in this m atter
28. 1 think that basically  the causes lies w ithin others
29. 1 continually  think how  horrible the situation has been
30. 1 tell m yself that there are w orse things in life
31. 1 look for the positive sides to  the m atter
32. 1 think about a plan o f  w hat I can do best
33. 1 think about p leasant experiences
34. I dw ell upon the feelings the situation has evoked in me
35. I think that I m ust learn to live with it
36. I think that basically  the cause m ust lie w ithin m yself



AQ
Please rate each question on a 5-point scale ranging from 1 (extrem ely uncharacteristic o f  me) to 5 
(extrem ely characteristic o f  me).

1. Once in a while I can ’t control the urge to strike another person
2. 1 tell my friends openly when I disagree with them
3. 1 flare up quickly but get over it quickly
4. I am sometimes eaten up with jealousy
5. Given enough provocation, 1 may hit another person
6. W hen frustrated, I let my irritation show
7. At times 1 feel I have gotten a raw deal out o f  life
8. I f  somebody hits me, I hit back
9. I get into fights a little more than the average person
10. I often find m yself disagreeing with people
11. Other people always seem to get the breaks
12. I sometimes feel like a powder keg ready to explode
13. W hen people annoy me, 1 may tell them what I think o f  them 
14.1 am an even-tem pered person
15. I wonder why sometim es 1 feel so bitter about things
16. If  I have to resort to violence to protect my rights, I will
17. I can’t help getting into arguments when people disagree with me
18. Some o f  my friends think I’m a hothead
19. My friends say that I’m somewhat argumentative
20. I know that “ friends” talk about me behind my back
2 1. sometimes I fly o ff  the handle for no good reason
22. There are people who pushed me so far that we came to blows
23. 1 am suspicious o f  overly friendly strangers
24. I can think o f  no good reason for ever hitting a person
25. I have threatened people I know
26. I sometimes feel that people are laughing at me behind my back
27. I have become so mad that I have broken things
28. When people are especially nice. I wonder what they want
29. I have trouble controlling my temper



Appendix 6.2

Neg= negative 
Pos= positive

Main= maintain 
lnc= increase 
Dec= decrease

Valence X Condition interactions
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Appendix 6.3

Neg= negative 
Pos= positive

Main= maintain 
lnc= increase 
Dec= decrease

Valence X Condition X Group interactions
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