
Psychopharmacological effects of ± 3,4 methylenedioxymethamphetamine 
(MDMA, ‘ecstasy’): mood and cognitive function in current and ex-users

Suzanne Louise Verheyden

Thesis submitted for the degree of Doctor of Philosophy 

University College London 

September 2001



ProQuest Number: U642322

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest.

ProQuest U642322

Published by ProQuest LLC(2015). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.

Microform Edition © ProQuest LLC.

ProQuest LLC 
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346



Abstract

This thesis aimed to investigate the effects of MDMA on aspects of memory, 

cognition and mood in people who currently use this drug and also in those who 

have stopped using. A review of the literature on the psychopharmacological 

effects of MDMA in animals and humans is presented before four empirical 

studies are reported.

Study 1 was an exploratory examination of an opportunistic data set. Results of an 

interview sur\^ey with 466 regular users indicated that altered mood and impaired 

concentration were the sub-acute effects reported by over 80% of users. Results 

also showed that participants who used cocaine in conjunction with MDMA 

reported more negative effects than those who did not use this drug combination. 

Study 2 was a laboratory study with 96 volunteers. It used a tryptophan challenge 

technique to investigate 5-HT function in current and ex-users in comparison with 

a non-user control group. Ex-users showed a significantly greater increase than the 

other groups in total plasma tryptophan following a tryptophan augmented drink. 

Performance on a prose recall task was strongly and negatively correlated with 

change in free and total plasma tryptophan in ex-users. This group also showed 

positive correlations between baseline total plasma tryptophan and both frequency 

and length of MDMA use. Ex-users performed worse than other groups on several 

cognitive tasks; current users performed worse than controls on tasks tapping 

learning and higher cognitive function. Study 3 followed-up the findings of Study 

2 by investigating the long-term effects of MDMA on mood in 66 ex-users. 

Results showed that ex-users who gave mental health reasons for abstaining from 

MDMA had higher trait depression scores than ex-users who gave other, 

circumstantial reasons for stopping. Study 4 was club-based and investigated 

whether there are gender differences in the acute and sub-acute effects of MDMA. 

40 current users were tested on-drug and again 4 days later and compared with 40 

MDMA-naiVe controls. Female MDMA users showed larger increases in 

depression scores from day 0 to day 4 than male users. This increase in depression



in women was correlated with the amount of MDMA reportedly taken on day 0. 

Additionally, all MDMA users showed higher mid-week aggression scores than 

controls; in males this was correlated with the amount of MDMA taken on day 0.

Taken together, these results suggest that MDMA users experience sub-acute 

alterations in mood. Further, some users may experience enduring cognitive and 

mood deficits that persist after they have stopped using MDMA. There are clear 

associations in ex-users between 5-HT function and both patterns of MDMA use 

and cognitive impairment. Further research is required to determine whether such 

alterations to 5-HT function are caused by or predate use of MDMA.
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Chapter 1: 

Introduction

‘Ifyou take the game o f life seriously, i f  you take your nervous system seriously, i f  
you take your sense organs seriously, i f  you take the energy process seriously, you 
must turn on, tune in, and drop out. ’

Timothy Leary, The Politics o f Ecstasy
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1.1 Historical background

±3,4-methylenedioxymethamphetamine (MDMA, ‘ecstasy’) is a popular drug used 

recreationally for its euphoria-inducing psycho active effects. The term ‘Ecstasy’ is 

derived from the Greek term ‘ekstasis’, meaning flight of the soul from the body. 

It is thought that Merck and Co. first formulated MDMA in 1914 for use as an 

appetite suppressant, however there is little evidence to support this, as MDMA 

was never marketed commercially for this purpose. The US military became 

interested in MDMA in the 1950’s when it was investigated as a potential ‘truth 

drug’ for use in warfare. However, MDMA was not tested on humans during these 

investigations and remained relatively obscure until it started to be used as a 

psychotherapeutic tool in the US in the late 1970’s. The early 1980’s saw 

increasing use of MDMA as a recreational drug, mainly on college campuses and 

famously at the Saint club. New York, and the Starck club, Dallas. By 1985 the 

increasing popularity of MDMA led to its emergency classification as a Schedule 1 

drug by the U.S. Drug Enforcement Agency.

In 1977 MDMA was categorised as a ‘Class A’ illicit drug in the UK under the 

Misuse of Drugs Act (1971). Despite its illegal status, MDMA became popular in 

Ibiza clubs in the mid-eighties and found its way back to the UK where it was used 

in dance clubs and at raves (large gatherings, often outdoors, for dancing). Today 

it is still used mainly in dance clubs, with estimates of use ranging from 16 to 1 

million tablets being consumed every weekend in the UK (Saunders, 1995; Push 

and Silcott, 2000). Thus, ‘The Ecstasy scene [has] become, in the eyes of many 

observers, the largest youth cultural phenomenon that Great Britain [has] ever 

seen’ (Collin, 1997).

1.2 Psvchoactive and pharmacological effects of MDMA

‘On cocaine you feel like Superman, on E everybody is Superman’
Quote from a participant in Study 2 o f the present thesis
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The psychoactive effects of MDMA are characterised by an euphoric state of 

wellbeing and openness towards others. Users also report slight perceptual 

changes and loosening of ego boundaries. These psychoactive effects are 

hypothesised to result from MDMA’s ability to facilitate the release of serotonin 

from nerve terminals and then block its reuptake into the cell, effectively causing a 

temporary increase in serotonergic transmission. MDMA is also a synthetic 

amphetamine analogue and therefore has stimulant properties that are thought to 

result from the serotonergically mediated release of dopamine. It is the 

combination of these two properties that render MDMA unique in its effects and 

has resulted in it being termed a ‘hallucinogenic amphetamine’ (Tyler, 1995). The 

psychoactive effects of MDMA are described in greater detail in section 1.7.2 and 

its pharmacological action is considered in sections 1.5.2 and 1.6.

1.3 MDMA: therapeutic tool or human neurotoxin?

There is considerable controversy about the ‘neurotoxic’ potential of MDMA. 

Following the unfortunate deaths of some young users, MDMA has achieved 

notoriety in the popular press as a dangerous drug of abuse. There is also debate 

within academic circles as to whether MDMA is a human neurotoxin. Whilst 

some researchers conceptualise MDMA as a drug with therapeutic potential 

(Shulgin and Nicols, 1978; Grob, 2000), others have emphasised its possible 

neurotoxic effects (Ricaurte et al., 2000; McCann et al., 1999). However, the vast 

majority o f researchers investigating the effects of MDMA have argued that 

MDMA is potentially harmful to human users. Much of this research is fuelled by 

the findings of animal studies (including some with non-human primates) which 

have shown MDMA-induced damage to brain serotonin neurones at doses which 

approximate to those consumed recreationally by humans (Ricaurte et al., 2000). 

A review of the findings of animal and human studies conducted to date is 

presented later in this chapter.
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It is against this background that the present investigation of the mood and 

cognitive effects of MDMA is set. Although research into MDMA has now been 

taking place for well over a decade, we know little of the long-term consequences 

of using this drug. If MDMA is neurotoxic to human serotonergic function, then 

this may impact on the psychological function of users. Serotonin is known to play 

a role in the regulation of a number of functions, including mood, cognition, sleep 

and appetite (sections 1.5.2, 1.5.3 and 1.5.4). Therefore, MDMA-induced 

alterations to serotonergic function could mean that Ecstasy users are vulnerable to 

depression and impaired cognition and memory. For example, Manchester’s 

Lifeline drug agency has reported a worrying trend amongst users:

‘ We knew people who, once the life and soul o f the party, were stuck in 

the house anxious, confused, tired and depressed... What had started out 

as the drug to end all drugs -the perfect drug- was leaving behind it a 

sorry catalogue o f people.... Quoted in Tyler ‘Street Drugs’ (1995)

Given suggestions that use of MDMA has become a normative aspect of clubbing 

(Riley et al., 2001), a large section of clubbers may be exposing themselves to risk 

of altered mood and cognitive impairment. The need for further human research 

into reports of negative psychological effects of MDMA use could not be clearer.

1.4 A note on terminologv

Throughout the present thesis, ±3,4-methylenedioxymethamphetamine will be 

referred to as MDMA. MDMA is the main chemical compound in tablets 

commonly referred to as ‘Ecstasy’, although there is considerable variance in the 

purity of tablets bought on the street (section 1.7.1).

The terms ‘5-HT’ and ‘serotonin’ will be used interchangeably to refer to 5- 

Hydroxytryptamine, the neurotransmitter implicated in the mechanism of action of 

MDMA.
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LITERATURE REVIEW

This review of the relevant literature will be divided into 3 parts:

1.5 PART I: Psvchopharmacological considerations. This comprises a 

consideration of the chemical structure of MDMA and how it interacts with 

serotonergic and dopaminergic systems. Literature on pathology resulting 

from impaired 5-HT function is discussed, as well as an examination of studies 

using a tryptophan challenge to index serotonergic function.

1.6 PART H: Review of animal MDMA studies. Studies of the short and long

term effects of MDMA on rodents and non-human primates are reviewed. 

This is followed by a consideration of the difficulties inherent in cross-species 

comparisons and inter-species scaling.

1.7 PART ni: Review of human MDMA studies. Starting with a description of 

the demographics of MDMA use and the behavioural effects of MDMA, 

studies of the effects of human MDMA use are then considered. A summary 

of the major findings to date is presented providing the context for the 

hypotheses framing the research in the present thesis.

1.5 PART I: Psvchopharmacological considerations

1.5.1 The chemical structure of amphetamine and its analogues 

MDMA is a phenylisopropylamine, one of a number of synthetic amphetamine 

analogues which are illustrated in Figure 1. As an amphetamine derivative, the 

pharmacological action of MDMA bears resemblance to that of both 

methamphetamine (‘speed’) and ±3,4-methylenedioxyamphetamine (MDA, ‘love 

drug’, ‘ice’), although MDA has more hallucinogenic properties than MDMA 

(Tyler, 1995).
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Figure 1.1 Amphetamine analogues
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Comparative studies of the effects of amphetamine, MDA and MDMA in animals 

have suggested a similar mechanism of action. Ricaurte et al. (1985) and Stone et 

al. (1986) found comparable effects of multiple lOmg/kg doses of MDMA and 

MDA on serotonin levels in the rat brain. Results showed that treatment with 

MDMA or MDA significantly reduced levels of 5-hydroxytryptamine (5-HT, 

serotonin) and its metabolite, 5-hydroxyindoleaceticacid (5-HIAA) compared with 

controls treated with saline. Kankaanpaa et al. (1998) showed that amphetamine, 

MDA and MDMA all elevated extracellular dopamine levels when administered 

subcutaneously at the same doses (1.0-9.0mg/kg) to awake animals. However 

differences were revealed between the three drugs in that MDMA and MDA 

increased extracellular 5-HT levels whereas amphetamine failed to do so, except at 

very high doses (9.0 mg/kg). This suggests that MDMA may act similarly to 

amphetamine as far as dopaminergic pathways are concerned. This has important 

implications given that amphetamine has been shown to displace dopamine and 

block its reuptake, particularly in mesolimbic areas such as the nucleus accumbens 

which have been implicated in reward, motor activation, cognitive and emotional 

behaviour (Fihiger et al., 1989). Indeed, the reinforcing properties of abused drugs
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such as cocaine, alcohol and opiates are all purported to be the result of increased 

extracellular levels of dopamine and 5-HT in the nucleus accumbens (Koob, 1992).

1.5.2 Serotonergic function in humans

i) MDMA and its effects on serotonin (5-Hydroxytrvptamine, 5-HT)

The serotonergic system has been identified as being largely responsible for 

mediating the effects of MDMA in both animals and humans. Although MDMA is 

not thought to interact directly with 5-HT receptors, MDMA causes an initial flood 

of serotonin which is followed by a reduction in brain serotonin content. Animal 

studies have identified the means by which MDMA attenuates brain serotonin 

levels, namely through affecting the production, release and reuptake of serotonin 

by nerve terminals (Rudnick and Wall, 1992). These three routes of action of 

MDMA will be examined in more detail in section 1.6 (animal studies).

ii) Serotonin and depression

The fact that MDMA interacts with serotonin has implications for human studies 

of the outcomes of MDMA consumption as serotonin has been identified as a key 

neurotransmitter in the aetiology of depressive illness. The monoamine theory of 

depression (Schildkraut, 1965) suggests that depression is the product of reduced 

levels of monoamines in synaptic clefts as the result of presynaptic dysfunction of 

the serotonergic system. Serotonin is a monoamine found in the central nervous 

system (CNS) and gut and there is a body of evidence testifying to its mediatory 

role in the control of a number of functions including mood, appetite, sleep, motor 

activity and thermoregulation.

Serotonergic neurones are found predominately in the dorsal raphe nucleus and 

median raphe nucleus and innervate areas such as the cerebral cortex, 

hypothalamus, thalamus, basal ganglia, hippocampus and septum (Figure 1.2). In 

this way projections from the dorsal and median raphe nuclei innervate the areas of 

the frontal cortex associated with affective, cognitive and neuroendocrine activity
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(Graeff, 1997). It is the fine axons of the projections of the dorsal raphe nucleus 

which have been identified as being at risk from MDMA-induced toxicity (Wilson 

et al., 1989).

Figure 1.2. 5-HT pathways in the human brain
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Evidence that 5-HT pathways regulate affective functions comes from a number of 

different types of study. Many studies draw upon existing knowledge about the 

synthesis and metabolism of serotonin, therefore these processes are represented in 

diagrammatic form in figures 1.3 and 1.4.

Figure 1.3. Synthesis of Serotonin (5-HT)

L-tryptophan 5-Hydro^|ryptophan 5-Hydroxyt^ptamine

L-tryptophan is a dietary amino acid which is the first precursor of 5-HT. It enters 

the brain from the blood and is hydroxylated to form 5-hydroxytryptophan by the 

rate limiting enzyme, tryptophan hydroxylase. This is then decarboxylated to 5- 

hydroxytryptamine (5-HT, serotonin). The amount of L-tryptophan entering the 

brain is dependent on the ratio of free tryptophan in blood plasma compared to that
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which is bound to plasma proteins. This ratio can be influenced by the relative 

amount of other neutral amino acids in the blood.

Figure 1.4. Metabolism of Serotonin (5-HT)

5-Hydroxytryptamine H B H  5-Hydroxyindoleacetic acid

(5-HT) — 0 — — ( 5HIAA)

The level of 5-Hydroxyindoleacetic acid (5-HIAA) in cerebro-spinal fluid (CSF) is 

widely used as an index of brain serotonergic function as 5-HIAA is the major 

inactive metabolite of serotonin.

Receptor studies implicate either pre or post-synaptic receptor dysfunction in the 

aetiology of depression. Altered presynaptic receptor operation in depression has 

been shown in studies of the autoinhibitory 5-HTia receptors found on cell bodies. 

Antidepressants such as Selective Serotonin Reuptake Inhibitors (SSRTs) decrease 

the sensitivity of autoreceptors thereby increasing 5-HT transmission as more 5- 

HT remains available in the synaptic cleft (Goodwin et al., 1985).

Although the original monoamine theory of depression focused on presynaptic 

dysfunction, more recent studies have implicated altered postsynaptic 5-HTia 

receptor function in depressive illness (McAllister-Williams et al., 1998). This 

suggests that depression results from the inability of postsynaptic 5-HT receptors 

to respond to normal levels of 5-HT in the synaptic cleft. In particular Deakin and 

Graeff (1991) have proposed a model of depression in which 5-HT projections 

from the raphe nuclei that make connections with postsynaptic 5-HTia receptors in 

the hippocampus account for the mood lowering seen in those suffering from 

depressive illness. They argue that as the hippocampus regulates adaptive 

behavioural responses to stimuli, then malfunctioning of postsynaptic 5-HT,A 

receptors may explain the learned helplessness and depression experienced by 

some humans. Furthermore, the therapeutic action of the tricyclic group of
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antidepressants has been attributed to their apparent ability to increase the 

sensitivity of postsynaptic 5-HTia receptors (Cowen, 1991).

The relative role of pre and postsynaptic receptors in depressive illness remains 

unclear and this confusion is exacerbated by the conflicting results obtained from 

tryptophan depletion studies (section 1.5.5).

Neuroendocrine studies typically involve the administration of L-tryptophan (one 

of the amino acid precursors of 5-HT, see Figure 1.3) to depressed patients as 

studies have shown a blunted prolactin and growth hormone response in this group 

(Power and Cohen, 1992; Cowen, 1996). In healthy controls the administration of 

L-tryptophan results in increased serum prolactin as the product of augmented 

synthesis of 5-HT by neurones in the hypothalamus. Attenuated serotonergic 

function can be measured in terms of impaired hormone release via the HP A 

(Hypothalamic-Pituitary-Adrenocortical) axis, as this has been shown to be 

mediated by 5-HTia and 5-HT2c post synaptic receptors (Smith et al., 1990). 

Conversely, anti-depressants have been shown to restore the prolactin response to 

L-tryptophan (Price et al., 1989; Cowen et al., 1990). Neuroendocrine studies 

involving MDMA users are examined later in section 1.7.3.

1.5.3 Serotonin and Cognition

The role of 5-HT in cognitive processes such as memory, learning and information 

processing is not fully understood. 5-HT probably modulates cognition through its 

interactions with cholinergic, glutamatergic, dopaminergic and GABAergic 

systems (Buhot, 1997). Specifically, 5-HT receptors can be found in brain areas 

that are implicated in learning and memory such as the hippocampus and 

amygdala. Evidence that 5-HT is involved in cognition has also come from studies 

of those with impaired memory function. For example, serotonergic projections 

from the raphe to the cerebral cortex are reduced in Alzheimer’s patients (Solodkin 

and van Hoesen, 1997) and 5-HT deficiency is implicated in the aetiology of 

Korsakoff s psychosis (McEntee and Crook, 1991).
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Contradictory evidence has led to differing interpretations of exactly how 5-HT 

modulates cognition. Many studies have shown that increased serotonergic 

transmission impairs learning and mnemonic function whilst a corresponding 

attenuation of 5-HT can enhance cognition (McEntee and Crook, 1991; Gower, 

1992). However, more recent studies have suggested that 5-HT has a more 

complex modulatory role in cognitive processes that is still little understood 

(Meneses, 1999). The complex nature of the relationship between 5-HT and 

cognition has been highlighted by studies of 5-HT uptake inhibitors. 5-HT uptake 

inhibitors such as Fluvoxamine and Zimeldine have counteracted the memory 

impairment seen in Korsakoff s disease (Martin et al., 1989; Weingartner et al., 

1983). As uptake inhibitors act to increase the amount of available 5-HT, this 

implies that an increase in serotonin can improve rather than impair mnemonic 

function. Moreover, both 5-HTia agonists and antagonists have been found to 

enhance learning and memory (Meneses, 1999). Such findings suggest that 

cognition does not have a straightforward linear relationship with increases or 

decreases in 5-HT.

In addition to these contradictory results, there has been little uniformity in species 

tested, tasks used or time and types of drug administration. This further 

complicates the picture with regard to the precise mechanism of action of 5-HT. 

On the basis of research to date, all that can be claimed is that facilitation or 

inhibition of 5-HT has an impact on the processes involved in learning and 

memory, and that impaired 5-HT transmission can result in cognitive deficits.

1.5.4 Serotonin and Impulsivitv/Aggression

The pharmacological basis of impulsivity is not fully understood, although 

disruption of 5-HT transmission has been associated with elevated impulsivity and 

aggression. Asberg et al. (1976) were the first to report a connection between 

individuals suffering from unipolar depression who make violent suicide attempts 

and low CSF 5HIAA. This finding has been much replicated and built upon. 

Coccaro et al. (1989) looked at impulsive aggression in patients with a diagnosis of
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major affective illness or personality disorder. The prolactin response to 60mg 

fenfluramine hydrochloride was reduced in patients with major affective illness 

who had attempted suicide and in personality disorder patients with a history of 

impulsive aggression and/or suicide attempts. This implies that different types of 

disorder may be associated with varying impulsive behaviours. In Coccaro et al’s 

study, major affective disorder was associated with self-directed impulsivity 

(suicide attempts) whereas personality disorder was associated with both self and 

other-directed impulsivity in the form of impulsive aggression. The authors 

therefore suggest that impulsive aggressive behaviour has a psychobiological basis 

stemming from reduced 5-HT activity in some patients. Moreover, Evenden 

(1999) speculates that impaired serotonergic function leading to loss of impulse 

controls may manifest itself in a variety of ways according to the context of the 

individual in question.

The evidence concerning the link between 5-HT and aggression in humans is 

complicated. Evidence for a relationship between 5-HT and aggressive behaviour 

in humans has come from 3 types of study. Firstly, studies have shown a negative 

association between CSF 5HIAA concentration and aggression (Brown et al., 

1979). Secondly, pharmacological challenge studies typically use a 5-HT releaser 

such as fenfluramine. Such studies have shown that the prolactin response to 

fenfluramine is negatively associated with measures of aggression in both patient 

(Coccaro et al., 1989; Cherek and Lane, 1999) and non-patient groups (Cleare and 

Bond, 1997; Manuck et al., 1998). Finally, tryptophan challenge studies have 

shown that reductions in plasma tryptophan (an index of central 5-HT function) are 

associated with increased aggression (Cleare and Bond. 1995; Pihl et al., 1995).

A particular sub-set of studies has investigated the link between aggression and 

impulsivity. 5-HT plays a role in the regulation of ongoing behaviour. Therefore, 

disruption of 5-HT function may result in problems with behavioural inhibition of 

the type exemplified by impulsive and aggressive behaviours. Many studies have 

found a link between impulsivity and aggression (Coccaro et al., 1989; Cherek and
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Lane, 1999). This has been shown in studies where low CSF 5-HIAA has been 

associated with impulsive aggression such as violent suicide (Asberg et ah, 1987) 

or criminal behaviour such as murder and arson (Linnoila et ah, 1983; Virkkunen 

et ah, 1987).

1.5.5 Tryptophan challenge studies

The tryptophan challenge technique has become established as an index of brain 

serotonin function in humans. This technique has been used to examine the role of 

serotonin in a range of psychiatric disorders including anxiety, bulimia, pre

menstrual syndrome, aggression, drug dependency and mood dysfunction. As seen 

in Figure 1.3, L-tryptophan is the amino acid necessary for synthesis of 5-HT. 

Synthesis takes place in the neurone as 5-HT cannot cross the blood-brain barrier. 

The rate-limiting enzyme, tryptophan hydroxylase, is not fully saturated with 

tryptophan so the level of central 5-HT is directly dependent on the availability of 

L-tryptophan for synthesis. Thus any change in the amount of tryptophan available 

can alter 5-HT levels.

The pharmacological basis of tryptophan depletion is that the availability of 

tryptophan can be attenuated by (i) increasing dietary levels of other Large Neutral 

Amino Acids (LNAAs) and (ii) reducing dietary tryptophan (Young et al., 1985). 

Increasing the dietary levels of other LNAAs relative to tryptophan works to 

attenuate tryptophan levels in two main ways. Firstly, the amount of tryptophan 

that can cross the blood-brain barrier for synthesis is determined by the ratio of 

tryptophan to other LNAAs. Increasing the level of other LNAAs causes 

competition with tryptophan for the uptake carrier molecule that transports amino 

acids across the blood-brain barrier (Oldendorf, 1976). This causes an overall 

attenuation of tryptophan levels. Secondly, a higher level of LNAAs causes an 

increase in the rate of protein synthesis. This results in a reduction in tryptophan 

levels as the few blood and tissue stores of tryptophan are quickly depleted with 

augmented protein synthesis (Biggio et al., 1974; Gessa et al., 1975).
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Therefore by administering an amino acid load that lacks tryptophan but which is 

rich in other LNAAs, a reduction in synthesis of 5-HT can be orchestrated. The 

tryptophan depletion paradigm traditionally involves the administration of a drink 

comprising lOOg of amino acids but which excludes L-tryptophan (Young et al., 

1985). Administration of this amino acid drink typically leads to a 75-90% 

reduction in plasma tryptophan within 4-6 hours (Young et al., 1985; Benkelfat et 

al., 1994). In order to verify that the pharmacological manipulation has succeeded, 

plasma tryptophan levels are measured before and after administration of the drink 

as plasma tryptophan is regarded to be a valid indicator of central tryptophan levels 

(Moja et al., 1989; Anderson et al., 1990).

Tiihonen et al. (2001) explored whether a relationship exists between increased 

levels of plasma amino acid and neuronal damage. Free plasma tryptophan was 

compared in 19 male impulsive antisocial offenders relative to 19 age matched 

male controls over a period of 12 months. Antisocial offenders were chosen 

because this population have consistently been shown to have alterations to 5-HT 

function, as indicated by reduced levels of CSF 5HIAA. Comparisons were made 

throughout the year in order to account for seasonal fluctuations in plasma 

tryptophan. Results showed that in January when differences were most marked, 

offenders had free plasma tryptophan/competing amino acid levels 160% higher 

than controls. Total plasma tryptophan levels were also 37% higher in offenders 

than in controls. Further, offenders still had significantly higher levels of fi*ee 

plasma tryptophan (by 95%) than controls in June, the month when the difference 

between groups was smallest. Tiihonen et al. suggest that the elevated levels of 

free plasma tryptophan relative to competing amino acids seen in offenders is 

indicative of a disruption to the metabolism of tryptophan. That is, if  tryptophan is 

not metabolised into 5-HT then the concentration of free tryptophan in the brain 

will increase, thereby reducing the transport gradient between the brain and 

plasma, resulting in elevated levels of fi'ee plasma tryptophan. The authors 

speculate that this may reflect alterations to enzyme function (tryptophan
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hydroxylase or decarboxylase) or a reduction in the number of 5-HT neurons, both 

of which would result in decreased metabolism of 5-HT.

Young et al. (1985) examined the effect of tryptophan depletion on the mood of 36 

healthy males who did not have a history of psychiatric illness. Participants 

received either a tryptophan free, augmented or balanced drink. At 5 hours after 

administration of the drink, participants who took the depleted drink had 

significantly higher depression scores on the Multiple Affect Adjective Checklist 

(MAACL) than both their pre-drink scores and the post-drink scores of the other 

two groups. The depleted group did not differ from the augmented and balanced 

group on the anxiety and hostility measures of the MAACL. A proof-reading task 

with a dysphoric distracter was also used to assess changes in mood. The results of 

this task showed that participants in the depleted group performed significantly 

worse than the other two groups on the proof-reading task when given the 

dysphoric distracter.

Smith et al. (1997) performed tryptophan challenges on 15 women who had 

experienced major depressive episodes on more than one occasion but who were 

not depressed and not taking anti-depressant medication at the time of testing. 

Each participant received both mixtures (tryptophan-free and tryptophan- 

containing) in a double-blind crossover design. Participants were assessed on the 

Hamilton rating scale for depression before and 7 hours after ingesting each 

mixture. When administered the tryptophan free mixture 10 of the participants 

experienced symptoms of clinical depression; when administered the balanced 

amino acid mixture (tryptophan-containing) no participant experienced such 

symptoms. These results suggest that depressive symptoms can be induced as the 

result of rapid attenuation of brain serotonin transmission in patients who have 

recovered from major depression.

Delgado et al. (1990) highlighted the therapeutic mechanism of action of anti

depressants through depleting brain tryptophan levels. This induced relapse of
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mood in recovered patients who were maintained on anti-depressants. In another 

double-blind, cross-over tryptophan depletion study, Delgado et al. (1994) found 

no evidence of altered mood in 43 untreated depressed patients until the day after 

the tryptophan depletion trials had been carried out. The difference in findings 

between this and the Smith et al. (1997) study may be explained in terms of 

different theories of receptor ftmction (see section 1.5.2), as the Smith et al. (1997) 

study implies presynaptic dysfunction. The findings of the Delgado et al. (1994) 

study may suggest that decreasing brain levels of tryptophan does not exacerbate 

depression in participants already suffering from lowered mood as postsynaptic 

receptors are not responding ‘normally’ to 5-HT in any case. The Delgado et al. 

(1994) study also poses a challenge of interpretation because whereas 23% of 

participants became more depressed the day following the tryptophan depletion, 

37% became less depressed. Those who became less depressed could have 

experienced a heightened sensitivity of 5-HT receptors as a result of the rapid 

depletion and repletion of tryptophan, as has been indicated by sleep studies 

(Bhatti et al., 1998).

Benkelfat et al. (1994) looked at lowering of mood after tryptophan manipulation 

in males who had a family history of depression. They compared 20 men who had 

a family history of major affective disorder with 19 controls without family history 

of psychiatric illness. Hamilton Depression Rating Scale scores showed that 

participants in neither group were suffering from depression prior to the study, 

although participants with a family history of affective illness did score slightly 

higher than controls. However, there were no baseline differences between groups 

on the Beck Depression Inventory, Profile of Mood States, Hopkins Symptom 

Checklist or Visual Analogue Mood Scales. Results showed that whereas 6 of the 

20 participants with a family history of depression had lowered mood on the 

POMS scale after the depleted drink, none of those without a family history of 

affective illness showed any change in mood. In contrast, there was an overall 

elevation of mood in both groups after taking the tryptophan-balanced amino acid 

mixture.
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Cleare and Bond (1995) found that tryptophan depletion increased aggression in a 

group of males with high trait aggression. The authors compared 24 high trait 

aggression males with 24 low trait aggression males. Those who were identified as 

having high trait aggression had higher behavioural measures of aggression than 

the low trait aggression group. The high trait aggression group set higher noise 

levels on a competitive reaction time task and took a shorter time to decide on the 

noise level as well as having higher subjective ratings of aggression. In a later 

study, (Cleare and Bond, 2000) the same authors suggested that the aggressive 

response to tryptophan depletion seen in high trait aggression males is mediated by 

the presynaptic 5-HTia receptor. They found that those participants (n=6) who 

experienced increased aggression as a result of tryptophan depletion also 

demonstrated a blunted hypothermic response to isapirone (a drug which 

stimulates 5-HTia receptors). Bond and colleagues also used a tryptophan 

challenge technique to investigate aggression in women in the pre-menstrual phase 

of their cycle (Bond et al., 2001). Participants (n=24) were aged 25-45 and had 

been screened for psychiatric illness or pre-menstrual dysphoric disorder. 

Participants were divided into 2 groups based on whether they received the 

depleted or balanced drink. There were no differences between groups on trait 

measures of aggression, depression or anxiety, or on visual analogue scales used to 

rate mood at time of testing. Results showed that women who were given the 

depleted drink became more aggressive on a competitive reaction time task than 

those given the balanced drink. That is, after taking the drink, those in the depleted 

condition administered higher levels of noise to an ‘opponent’ than those in the 

balanced condition. When provocation levels were low (lower levels of noise 

administered by the imaginary opponent), groups did not differ. However as 

provocation increased, so the level of noise administered by the depleted gi'oup 

increased. Further, a significant positive correlation was found between trait 

hostility and mean noise level set, again suggesting that the effects of tryptophan 

depletion are most apparent in those with a pre-existing disposition towards 

aggression (see below for further discussion).
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Miller et al. (2000) conducted a study comparing 20 patients with panic disorder to 

19 healthy controls with no history of psychiatric illness. Tryptophan depletion 

followed by CO2 challenge was found to increase patients’ ratings of panic 

compared to the control group.

Manipulation of brain tryptophan levels has also been used to look at memory and 

cognitive function in humans. Schmitt et al. (2000) found that tryptophan 

depletion impaired memory consolidation in 17 healthy volunteers and established 

a time course of action for the depletion effect. A visual verbal learning task was 

used whereby 30 words were presented to participants on a computer screen. Three 

trials were given and immediate recall was tested at the end of each trial. 

Participants were either subjected to the pharmacological manipulation before or 1 

hour after presentation of the word lists. Results showed that tryptophan depletion 

impaired delayed recall and word recognition only when depletion occurred prior 

to the presentation of the word lists. Participants were tested at 5 hours and 9 

hours after taking the drinks and those in the depleted group who were given the 

drink before presentation of the lists were found to have impaired delayed recall 

and recognition at 5 hours but no further impairment at 9 hours after the drink. 

Those participants whose tryptophan levels were depleted after presentation of the 

word lists were not found to have impairments at 5 hours. No effects were seen on 

immediate recall in either group suggesting that the tryptophan depletion is 

disruptive to memory consolidation primarily in the 30 mins after presentation of 

the target words. Verbal fluency and Stroop performance were improved in the 

depleted group at 5hrs.

Park et al. (1994) suggest that tryptophan depletion does not impede frontal lobe 

‘executive’ function. In a study using 12 healthy male volunteers they found 

impairment only on specific learning tasks from the CANTAB test battery. 

Participants subjected to tryptophan depletion committed more errors on paired 

associates learning and also required more time to complete the task than the 

control group. They also found that learning was only impeded if tryptophan
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depletion occurred prior to the task, thereby supporting the findings of Schmitt et 

al. (2000). On the RVIP task, volunteers in the depleted group had quicker 

reaction times. The authors hypothesise that this was a result of increased 

dopaminergic transmission due to removal of the inhibitory influence of 5-HT. 

They found that tryptophan depletion did not affect mood or autobiographical 

memory, although this failure to replicate the findings of Young et al. (1985) may 

have been because a 52g amino acid drink was used rather than the more typical 

drink of approx. lOOg.

Rogers et al. (1999) compared the effect of tryptophan depletion, methylphenidate 

and clonidine on visual discrimination learning. Subjects (n=79) did not have a 

history of psychiatric illness. They had to learn either (i) altered stimulus-reward 

associations or (ii) to control attention to either relevant or not irrelevant stimulus 

dimensions. Fewer subjects in the tryptophan depletion condition completed the 

visual discrimination task and they also made more errors than both the other two 

drug-treatment groups and the placebo group. The difficulty shown by the 

tryptophan depleted group in learning a reversal shift is suggestive of a relationship 

between 5-HT transmission and associative learning. Thus 3 studies have 

identified impaired learning as a result of tryptophan depletion (Schmitt et al., 

2000; Park et al., 1994; Rogers et al., 1999). Whereas there is some debate about 

whether reducing 5-HT impedes or aids learning (see section 1.5.3), it appears that 

tryptophan depletion impairs learning and memory when depletion occurs prior to 

the learning task.

The major findings using a tryptophan depletion paradigm have occurred in 

participant groups that have some predisposition towards an altered mood state. 

Participants who respond to tryptophan depletion with aggravated ‘symptoms’ 

have variously been vulnerable to depression (Smith et al., 1997; Delgado et al., 

1990; Benkelfat et al., 1994) aggression (Cleare and Bond, 1995; 2000; Bond et 

al., 2001) and anxiety (Miller et al., 2000). The only exceptions to this pre-existing 

vulnerability of mood are the few studies that have found lowering of mood in
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healthy males (Young et ah, 1985). Even here the findings are unclear as no 

measure of trait depression was taken, nor was history of depression in first-degree 

relatives assessed. Moreover, some studies have failed to replicate these results in 

healthy volunteers (Park et ah, 1994). The only consistent finding in healthy 

volunteers has been impaired learning and memory after tryptophan depletion 

(Schmitt et ah, 2000; Park et ah, 1994; Rogers et ah, 1999). Hence it appears that 

healthy volunteers tend to show deficits of cognitive fimction rather than of mood 

under tryptophan challenge. An additional problem with tryptophan challenge 

studies is that there is no means of directly measuring baseline levels of 5-HT. 

Therefore it should be remembered that different groups of participants have 

serotonergic systems that may be functioning at very different levels.

1.5.6 Studies of other drugs with similar mechanisms of action to MDMA 

Fenfluramine and parachloramphetamine are halogenated amphetamines which are 

potent releasers of 5-HT from nerve terminals, and which also block its neuronal 

re-uptake. These drugs have been shown to cause depression probably resulting 

from the downregulation of postsynaptic receptors due to attenuated 5-HT levels 

(Robinson, 1993). The role of fenfluramine and parachloramphetamine in 

affecting 5-HT release is of particular interest given that MDMA is also 

hypothesised to cause release of 5-HT from nerve terminals. Schmidt et al. (1986) 

have proposed that parachloramphetamine provides a better model for comparison 

than MDA because the toxic effects of MDA are reversible whereas those of 

parachloramphetamine are not. This is of interest as the role of MDMA in long

term toxicity to 5-HT neurons is still unclear. Additionally, parachloramphetamine 

and MDMA exhibit more robust effects on 5-HT compared to dopamine whereas 

MDA is a potent releaser of dopamine (Schmidt, Levin and Lovenberg, 1987).

1.5.7 MDMA and Dopamine

Less is known about the effects of MDMA on dopaminergic systems than is known 

of its serotonergic effects. Nevertheless, there is evidence suggesting that MDMA 

alters the level of dopaminergic ftmction in the rat brain, although these effects are
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not as pronounced as those seen for 5-HT. Schmidt et al. (1986) showed increased 

levels of neostriatal dopamine (DA) 3 hours after administration of MDMA to rats 

(effective doses ranged from 5-20mg/kg). The concentration of the metabolite 

homo vanillic acid (HVA) rose after 5 and lOmg/kg doses of MDMA and declined 

after doses of 15 and 20mg/kg. In contrast, another major metabolite of dopamine, 

3,4-dihydroxyphenylacetic acid (DOPAC) was found to decrease at the two higher 

doses. The differential effects of MDMA on HVA and DOPAC are thought to 

result from the inhibitory action of MDMA on monoamine oxidase a (MAOa) 

rather than MAOb- The inhibition of MAOa results in the reduced formation of 

DOPAC whereas MAOb continues to convert the elevated DA levels to HVA 

(Schmidt, Levin and Lovenberg 1987).

Sprague et al. (1998) have formulated an ‘integrated hypothesis’ about the effects 

of MDMA on 5-HT and on dopamine (DA) and their means of interaction. The 

elevation of dopamine levels after MDMA administration may be mediated by 5- 

HT release, as has been demonstrated with parachloramphetamine (Beck et al., 

1984). Sprague et al. (1998) hypothesise that the release of 5-HT results in the 

activation of 5-HT2a\2c receptors on GAB A intemeurons thereby reducing GAB A 

transmission and increasing release and synthesis of dopamine. Further, 5-HTi 

receptor antagonists prevent MDMA-induced stimulation of dopamine synthesis 

(Schmidt et al., 1991), whereas 5 -HT2 agonists co-administered with MDMA 

augment dopamine release (Gudelsky et al., 1994).

Marona-Lewicka et al. (1996) looked at the effect of MDMA on dopaminergic 

function using a Conditioned Place Preference paradigm (CPP). Doses of MDMA 

ranging from 1.25-20 mg/kg were injected into rats intraperitoneally (IP). MDMA 

administered at 5 and 10 mg/kg was seen to increase extracellular levels of 

dopamine and attenuate levels of DOPAC in the nucleus accumbens. CPP was in 

existence at the 10 mg/kg dose thereby suggesting that, like amphetamine, the 

reinforcing effects of MDMA work through the dopaminergic system.
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This ability of MDMA to influence brain dopamine levels has implications for 

humans conjointly using other psychoactive drugs that affect dopaminergic 

function. Horan et al. (2000) used CPP to look at the effects of cocaine in rats who 

had been pre-treated with MDMA. Rats were given either MDMA 20mg/kg s.c. 

twice daily for 4 consecutive days, or a placebo saline solution. Two weeks later 

CPP responses to 5, 10 or 20 mg/kg i.p. cocaine were measured. Results showed 

that the CPP response to 5 or lOmg/kg cocaine was enhanced in rats that had been 

pre-treated with MDMA compared to those who received placebo. Fletcher et al. 

(2001) investigated whether pre-treatment with MDMA increases self

administration of cocaine in rats. Three groups of rats were used, (i) a group 

treated with 1 daily s.c. injection of 5mg/kg MDMA for 10 consecutive days (ii) a 

group treated with 2 daily s.c. injections of 20mg/kg MDMA for 4 consecutive 

days saline and (iii) a group treated with either 1 daily s.c. injection of saline for 10 

consecutive days or 2 daily s.c. injections of saline for 4 consecutive days. Two 

weeks after administration of MDMA, rats were tested on whether they self- 

administered weak doses (0.1 mg) of cocaine. This dose was chosen as it would 

usually result in only weak self-administration if given on its own. Rats were 

tested in 12 daily 2-hour sessions with 2 response levers, one which delivered 

0.1 mg cocaine and the other which did not give anything. Rats were determined to 

have exhibited self-administration behaviour if they received a minimum of 10 

cocaine infusions on each of 3 consecutive days. Results showed that rats which 

were pre-exposed to 20mg/kg MDMA made more active lever presses, received 

more cocaine infusions and had a higher proportion reaching the criterion for self

administration than those pre-exposed to saline or 5mg//kg MDMA. Rats which 

were pre-exposed to 5mg/kg MDMA did not differ from those pre-exposed to 

saline. The authors speculate that MDMA facilitates the self-administration of 

cocaine through the release of dopamine as repeated dopamine release results in 

rats becoming sensitised to dopamine and consequently to self-administer cocaine 

because of its dopamine-releasing properties. Further, as this effect was not seen 

in rats pre-exposed to 5mg/kg MDMA, Fletcher et al. suggest that the mechanism 

by which MDMA facilitates the self-administration of cocaine is dose-dependent.
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Therefore, although it is difficult to generalise from rodents to humans, these 

studies suggest that MDMA may increase the rewarding value of cocaine in a 

dose-dependent manner, and this may have implications for humans using these 

drugs in combination.

The impact of MDMA on the dopaminergic system is of importance for 

understanding the mechanism by which MDMA may be toxic to 5-HT neurones in 

the long-term. Increased levels of extracellular dopamine may be taken into 5-HT 

terminals that are depleted of 5-HT. Once inside the 5-HT terminal, dopamine is 

broken down by MAOb resulting in the formation of free radicals toxic to nerve 

terminals and axons (Sprague et al. 1998). Studies have shown that administration 

of the dopamine precursor, L-dopa, prior to MDMA increases the toxic potential 

for 5-HT neurones (Schmidt et al. 1991). Conversely, the neurotoxic effects of 

MDMA are avoided if dopamine nerve terminals are destroyed (Schmidt et al. 

1991), or if dopamine synthesis is inhibited (Stone et al. 1988).

1.6 PART II: Review of animal MDMA studies

1.6.1 Short-term effects of MDMA

i) Initial increase in brain serotonin

MDMA causes a temporary increase in levels of brain serotonin as it induces 

efflux of stored 5-HT and prevents reuptake into nerve terminals. The short-term 

effects of increased 5-HT function as a result of MDMA administration manifest 

themselves in two directly observable ways, namely hyperthermia and the 

‘serotonin behavioural syndrome’.

Dafters (1994) dissociated thermic and kinetic responses to MDMA in rodents. 

This study was important as hyperthermia could be attributed to hyperkinesis 

rather than to the action of MDMA on the serotonergic system which plays a role 

in thermoregulation. It was found that hyperthermia was related to ambient
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temperature as rats injected with 5mg/kg MDMA at 24®C became hyperthermic 

whereas an injection given at 11°C resulted in hypothermia. Hyperkinesis resulted 

at both temperatures thereby establishing the two effects as independent entities. 

Further, at high temperatures (30°), the hyperthermic response was affected by 

how hydrated the animal was (Dafters, 1995). Human results similarly suggest 

that the typically high ambient temperature in clubs results in dehydration and 

hyperthermia (Henry et al., 1992).

A second acute effect of temporarily elevated levels of 5-HT in the brain is the 

serotonin behavioural syndrome as identified by Slikker et al., (1989). Here rats 

exhibit rigidity, tremor, seizures, splayed hindlimbs, head weaving, and autonomic 

instability usually within 30 minutes of being administered MDMA. Again one 

can hypothesise that the human equivalent of this may be seen through the 

repetitive dance movements seen in MDMA users in clubs.

ii) Attenuation of brain serotonin levels

Depletion of brain 5-HT and metabolites follows the initial efflux of stored 

serotonin from nerve terminals. McKenna and Peroutka (1990) describe the acute 

effects (occurring within 24 hours) of MDMA administration as the depletion of 5- 

hydroxytryptamine (5-HT) and 5-hydroxyindoleaceticacid (5-HIAA) from the 

brain and an attenuation of tryptophan hydroxylase activity (the rate-limiting 

enzyme in 5-HT synthesis, see figure 1.3). This short-term effect has been 

observed with in vivo animal studies (Schmidt et al. 1986). Here losses of 5-HT 

and 5-HIAA of approximately 40% and 70% respectively were found in the 

neostriatum, cerebral cortex and hippocampus 3 hours after a single s.c. injection 

of 5mg/kg MDMA, compared to controls injected with saline. At lOmg/kg a 

single s.c. injection of MDMA reduced 5-HT levels to approx. 25% of controls but 

there were no significantly greater dose-dependent effects with larger amounts of 

MDMA.
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Reduced 5-HT and 5HIAA levels stem from the ability of MDMA to disrupt 

release, reuptake and production of serotonin. Rudnick and Wall (1992) report that 

MDMA induces the efflux of existing serotonin from cytoplasmic stores by 

transporter-mediated exchange. Since reuptake of released serotonin into nerve 

terminals is also blocked by MDMA this results in an overall attenuation of 5-HT 

levels in the long-run, although it does cause a temporary increase in the amount of 

5-HT available in the synaptic cleft. The affinity of MDMA for 5-HT uptake 

carriers was identified in a study by Schmidt, Levin and Lovenberg (1987). They 

found that pre-treating rats with the 5-HT uptake inhibitor citalopram completely 

antagonised depletion of 5-HT following an injection of lOmg/kg s.c. MDMA.

Moreover, MDMA inhibits the ability of the brain to synthesise new serotonin in 

order to compensate for that which has been lost. Serotonergic neurones are 

unique in that they contain tryptophan hydroxylase, the enzyme necessary for the 

synthesis of 5-HT (Figure 1.3). It is this fact that allows MDMA to disrupt the 

production of serotonin. That the synthesis of serotonin is altered by MDMA is 

shown by Stone et al. (1986, 1987) who found that reductions in tryptophan 

hydroxylase activity begins 15 minutes after MDMA administration and was 

reduced to less than 25% of controls 18 hours later. Tryptophan hydroxylase 

activity remains depressed 2 weeks after a single injection of 20mg/kg of MDMA 

(Rattray, 1991). This is indicative of the toxic and irreversible effects of MDMA 

on tryptophan hydroxylase activity as it suggests that new enzyme has to be 

synthesised in order to restore 5-HT transmission.

1.6.2 Long-term effects

In animal studies, ‘long-term’ effects are generally considered to be those effects 

that persist for more than one week following administration of MDMA. The 

previous section showed transient depletion of 5-HT and 5-HIAA in rat brain with 

single doses of MDMA of 5mg/kg (Schmidt et al., 1986). However, there is a need 

to determine whether MDMA is toxic to 5-HT neurons in the long-term. In order 

to do this it is necessary to examine whether MDMA causes a temporary alteration
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to serotonergic function, as measured by reduced levels of 5-HT and 5HIAA, or 

whether these reduced levels are themselves symptomatic of more fundamental 

long-term damage to axon terminals.

Long term depletion of 5-HT and 5HIAA after initial recovery from acute 

symptoms was originally identified in a study by Schmidt et al. (1986). They 

found 5-HT and 5HIAA levels to be significantly attenuated (65-80% of controls) 

one week after administration of a single dose of 10-40mg/kg MDMA. This effect 

is explained by Schmidt as the product of a reduction in the number of 5-HT 

uptake sites. Battaglia et al. (1987) used a multiple injection method to compare 

the effects of MDMA and MDA in different brain regions. Rats were administered 

20mg/kg MDA/MDMA twice daily for 4 consecutive days. 5HIAA levels were 

reduced to 30-60% of controls in the cerebral cortex, hippocampus, striatum and 

hypothalamus 2 weeks after administration of either MDA or MDMA. Results 

were less pronounced for 5-HT levels with the main decreases being recorded in 

the cerebral cortex and hypothalamus, with little or no significant effect on striatal 

or hippocampal 5-HT concentrations. Both MDMA and MDA caused significant 

reductions in [^HJparoxetine-labelled 5-HT uptake sites in the cerebral cortex, 

hippocampus, striatum, hypothalamus and midbrain that were still apparent 2 

weeks after administration.

However, the question remained as to what dose or frequency of MDMA 

administration is needed to cause damage to 5-HT neurons. Battaglia et al. (1988) 

compared the effects of single and multiple injections of MDMA at different doses 

in rats. In order to look at dose dependence they administered either 5mg, lOmg or 

20mg/kg of MDMA (s.c.), twice daily for 4 consecutive days. Dose dependent 

decreases in brain 5-HT, 5-HIAA and density of 5-HT uptake sites were found as 

the quantity of MDMA administered was increased. In order to investigate the 

effect of frequency of MDMA administration in rats, either 1 mg/kg of saline or 

lOmg/kg MDMA (s.c) was administered every 12 hours, either 1, 2, 4 or 8 times. 

Results showed that, from 2 injections of MDMA onwards, increasing the number
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of injections resulted in progressively greater reductions in 5-HT levels. The 

authors found different levels of sensitivity between serotonergic markers as it took 

4 injections to see a significant decrease in 5HIAA levels compared to controls 

whereas 8 injections were required for a reduction in [^Hjparoxetine-labelled 5-HT 

uptake sites (a reduction in the number of these sites is widely taken as indicative 

of neuronal degeneration as these sites are situated on presynaptic 5-HT nerve 

terminals). Battaglia et al. concluded from these findings that changes in brain 

levels of 5-HT and 5-HIAA occur prior to neuronal degeneration and may even 

represent a separate consequence of MDMA intake altogether. That is, MDMA 

appears to decrease functional activity involving serotonergic synthesis and 

transmission in intact neurones as well as having separate neurotoxic implications 

in terms of destruction of the neurones themselves.

O’Shea et al. (1998) further clarified the role of frequency and dosing in 

determining the neurodegenerative outcomes of MDMA. They found that if a 

single dose of 4mg/kg was administered i.p. to rats once a day for 4 consecutive 

days then there was no significant effect on levels of 5-HT, 5HIAA or [^H] 

paroxetine binding. However, when the same dose was administered twice daily, 

5-HT, 5HLAA and [^H] paroxetine binding were all significantly reduced 7 days 

later compared to saline-treated controls. A twice-weekly administration regime 

over 8 weeks also failed to cause alterations in 5-HT markers. The authors suggest 

that this may be indicative of the role of free radicals in the neurotoxicity of 

MDMA (see section 1.5.7). It appears that when the administration of MDMA is 

spread out, the free radical scavenger systems have a chance to recover between 

doses in order to neutralise the threat to 5-HT.

1.6.3 Neuroimaging studies

Nishisawa et al. (1999) used positron emission tomography (PET) to measure 

changes in the rate of serotonin synthesis after administration of MDMA. A dog 

was administered MDMA at 2mg/kg i.v. along with the serotonergic tracer a- 

methyl=L-tryptophan (a-MTrp). Results showed that synthesis rates were
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increased sixfold compared to baseline 1 hour after MDMA but synthesis fell to 

half that of baseline 5 hours after MDMA. The attenuation of synthesis rates at 5 

hours could either be the result of increased levels of extracellular 5-HT acting in 

an inhibitory manner, or direct MDMA-induced inhibition of tryptophan 

hydroxylase. The authors suggest that the immediate increase in serotonin 

synthesis 1 hour after MDMA may account for the euphoric effects of MDMA 

reported by human users.

In another PET study, Scheffel et al. (1998) looked at the density of 5-HT 

transporter sites in a baboon treated with 5mg/kg MDMA s.c. twice daily for 4 

consecutive days. PET scans using the [ ’̂C]McN5652 serotonergic tracer were 

carried out at baseline and 13,19 and 40 days after MDMA administration, with 

further scans at 9 and 13 months. There were significant reductions in the density 

of transporter sites at 13,19 and 40 days. The reductions were pons (53.9%), 

hypothalamus (51.3%), caudate (66.5%), putamen (74.8%), frontal cortex (94.5%), 

parietal cortex (72.2%) and occipital cortex (88.6%). Changes in the regional 

distribution and density of 5-HT uptake sites were seen at 9 and 13 months with 

increases in specific [^^C](+)McN5652 binding and hyperinnervation in the 

hypothalamus and midbrain. In contrast, cortical areas still had reduced binding at 

13 months, frontal cortex (-62%), parietal cortex (-78%) and the occipital cortex (- 

73%).

1.6.4 Neurotoxicitv and altered reinnervation patterns.

The long-term decreases in 5-HT markers reported in the previous section are 

either indicative of (i) downregulation of 5-HT receptors or (ii) destruction of 

nerve terminals (neurotoxicity). The neurotoxicity of MDMA is a controversial 

topic that is discussed further below (section 1.6.7). Whilst no study has produced 

any evidence of cell death, a recent study suggests that MDMA may cause the 

destruction of 5-HT nerve terminals rather than a temporary downregulation of 5- 

HT receptors (Ricaurte et al., 2000). Here [^HJdihydrotetrabenazine (DTBZ) was 

used to measure the density of VMAT2 transporters in baboons that had been
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administered 5mg/kg MDMA s.c. twice daily for 4 consecutive days. MDMA was 

administered 2 weeks prior to testing. Results showed reductions in VMAT2 

(vesicular monoamine transporter) in animals treated with MDMA compared to 

controls. This suggests the destruction of axon terminals as VMAT2 is found on 

the storage vesicles inside nerve terminals.

Further evidence suggesting the neurotoxic effect of MDMA comes from studies 

of the persistency or permanency of axonal destruction. Battaglia et al. (1988) 

found that, at 6 months following MDMA, rats had 25% fewer frontal cortex 

uptake sites than controls after administration of 20mg/kg MDMA (s.c) twice daily 

for 4 consecutive days. Complete regeneration of serotonergic neurons to control 

levels took approximately 1 year following an initial 90% loss of 5-HT uptake 

sites. However, the authors could not state categorically whether restoration of 5- 

HT sites resulted from the regeneration of damaged neuron terminals or increased 

growth in those unaffected by the initial dose of MDMA. Such degeneration has 

been explained as the result of active MDMA metabolites which give rise to 

harmful free radicals (Green and Goodwin, 1995; Colado and Green, 1994; see 

section 1.5.7). Nevertheless, the exact mechanism of MDMA’s toxicity is still 

unclear and other mechanisms of action have been proposed (e.g. Rattray, 1991; 

Sprague et al., 1998).

Hatzidimitriou et al. (1999) found evidence of reduced axon density and abnormal 

reinnervation still present 7 years after the administration of MDMA to squirrel 

monkeys. Monkeys were administered a s.c. injection of either saline or MDMA 

at 5mg/kg twice a day for 4 consecutive days. Half of the sample were killed at 2 

weeks and the remainder were killed at 7 years. Axonal density was found to be 

reduced by between 83 and 95% in those monkeys killed 2 weeks after MDMA 

administration. In those animals killed at 7 years there were still fewer axons 

compared to those treated with saline, although density had increased compared to 

that seen at 2 weeks in some areas. Hatzidimitriou et al. (1999) also report that 

MDMA causes permanent damage in terms of altered innervation patterns. The
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authors were able to determine which factors were influential in promoting 

recovery in certain areas. Loss of neurones appeared to be more prominent in 

distant brain regional such as the dorsal neocortex. Nearer areas such as the 

hypothalamus and globus pallidus showed greater evidence of recovery or 

hyperinnervation, thereby replicating the findings of Fischer et al. (1995). Severity 

and size of the original lesion were also thought to be influential factors, as well as 

proximity to major myelinated fibre tracts. However, it seems that cell bodies are 

not damaged by MDMA as nerve cell bodies in the raphe nucleus were counted 

and no differences were found between monkeys killed at 2 weeks and those killed 

at 7 years.

Another reason why the neurotoxicity of MDMA remains unresolved is because 

there is little evidence to suggest that there are any residual functional impairments 

arising from the type of alterations to 5-HT markers outlined above. The few 

studies of cognitive function in animals that have been conducted to date are 

considered in the next section.

1.6.5 Studies of cognitive function in animals treated with MDMA 

Frederick et al. (1995) looked at the effects of MDMA on the performance of 3 

rhesus monkeys that had been pretrained on an operant test battery. MDMA 

administered intramuscularly at a dose of 1 .Omg/kg was found to reduce response 

accuracy and percentage of task completed on a time estimation task and on a 

learning task, but did not affect response rate. Performance on a task measuring 

motivation to work for food was also impaired on-drug in terms of decreased 

response rate and percentage of task completed. However, no changes in 

performance were seen for the delayed matching to sample task (short-term 

memory and attention), or for the tests of colour and position discrimination. The 

authors concluded that the effects of MDMA were more apparent for tasks that 

relied on the acquisition of new information as opposed to the use of previously 

acquired information. Moreover, performance returned to baseline parameters 

when the animals were tested off-drug, indicating no residual effects of MDMA at
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this dose. In a subsequent study (Frederick and Paule, 1997), residual tolerance to 

the acute effects of MDMA was noted in all operant tasks at 6 and 12 months after 

last administration of MDMA. In this study, MDMA was given to monkeys at 

increasing doses of between 0.1mg/kg-20.0mg/kg per twice a day over several 

months. The daily dose of MDMA administered was increased every fortnight. 

Results were in line with those seen in the 1995 study except that residual effects 

such as tolerance and sensitisation were found at this higher dosing regime. The 

neurochemical alterations implied by performance on the operant test battery were 

confirmed 1 month after the last administration of MDMA when reduced levels of 

5HIAA and 5-HT uptake sites were found in the hippocampus of experimental 

animals relative to controls.

Taffe et al. (2001) looked for evidence of long-term behavioural changes in 3 

rhesus monkeys following administration of 1 Omg/kg i.m MDMA twice daily over 

four days compared to 3 saline treated controls. Animals were trained on the non

human primate CANTAB battery of neuropsychological tests. Brainstem auditory 

evoked potentials (BSAEP), cortical auditory evoked potentials (AEP) and visual 

evoked potentials (VHP) were measured at baseline and 2, 4, 9, 13 and 17 weeks 

after last administration of MDMA. Similarly CSF 5HIAA was measured prior to 

MDMA treatment and at 2, 4, 9, 13, 17 and 21 weeks. Results showed a 44% 

decrease in CSF 5HIAA relative to pre-treatment that persisted 4 months after last 

administration of MDMA. No such change was found in control animals. 

Performance on all neuropsychological tests was impaired in MDMA treated 

animals during the week that MDMA was administered. As with the findings of 

Frederick et al. (1995), MDMA was not found to have residual effects on cognitive 

performance after the MDMA treatment week. However, changes were found in 

BSAEP latencies relative to baseline measures that lasted for up to 13 weeks after 

MDMA. The authors speculate that the persistent decreases in P3 and P4 latencies 

were caused by MDMA-induced damage to 5-HT projections innervating 

brainstem auditory nuclei.
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Contrary to the findings of the studies reported above, rats administered i.p. 

MDMA at ascending doses (10, 15, 20mg/kg) showed evidence of cognitive 

damage on a delayed non-match to position task 16 days after MDMA (Marston et 

al., 1999). The rats were administered either saline or MDMA at increasing doses 

twice daily over 3 consecutive days. Animals were tested every day of the drug 

treatment regime and up to 16 days later. When rats were killed on day 20 there 

was evidence of reduced 5-HT and 5HIAA in the cortex, hippocampus and 

striatum. There was also a 59% overall decrease on citalopram binding sites in 

these areas. Evidence of the serotonin behavioural syndrome stopped with 

cessation of MDMA treatment. In contrast to this, MDMA-treated animals showed 

no improvement in their performance on the DNMTP with cessation of treatment 

whereas the control group improved task performance over time. The authors 

suggest that this is evidence of lasting cognitive impairment that may also reflect 

impaired short-term memory or an attentional deficit.

1.6.6 Cross-species comparisons

When comparing the results of animal and human studies it is important to 

consider the route of administration of this drug. Whereas humans consume 

MDMA orally, the majority of animal studies involve the subcutaneous (s.c.), 

intramuscural (i.m.) or intraperitoneal (i.p.) administration of MDMA via 

injections. However, Ricaurte et al. (1988) have found that when MDMA was 

administered orally to monkeys, it was approximately only half as effective as 

when injected s.c. They administered 5mg MDMA/ml in water solution to 

monkeys twice daily for 24 consecutive days. Results showed that, compared to an 

equal amount of MDMA administered s.c., oral doses were one to two thirds less 

potent in depleting serotonin, depending on brain region. A second experiment 

looking at the effects of a single 5mg/kg dose of orally-administered MDMA again 

revealed depletion of serotonin, although not to the same extent as for multiple oral 

doses. This highlights the importance of the amount of MDMA administered as 

well as route of administration when considering the implications of animal studies 

for research involving humans.
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Furthermore, there is the issue of species sensitivity. In squirrel monkeys the toxic 

dose is 5mg/kg (Ricaurte et al., 1988). The results reported by Ricaurte et al. 

(1988) were based on 2 to 3 times the typical human recreational dose of 1.7-2.7 

mg/kg (Braun et al., 1980), although the question remains as to whether humans 

are more sensitive to the effects of MDMA than are other species. It is feasible 

that humans are more susceptible to the effects of MDMA as studies have 

suggested increasing sensitivity as one climbs up the animal order. Ricaurte et al. 

(1988) have shown that non-human primates are vulnerable to harm at lower doses 

of MDMA than rodents. Fischer et al. (1995) looked at the innervation patterns of 

5-HT axon projections in rats and squirrel monkeys that had been administered 

MDMA 12-18 months previously. Both species were given 40mg/kg of MDMA. 

Results revealed species specific differences in reinnervation, with monkeys more 

likely to develop altered patterns than rats. If species scaling is used, the 

equivalent human neurotoxic dose to that found in squirrel monkeys works out as 

1.28mg/kg or 96mg MDMA in a 75kg person (Ricaurte, 2000). This falls within 

the reported range of typical human doses (section 1.7.1). However, it remains 

difficult to know the extent to which the findings of animal studies can be 

generalised to humans as some researchers have argued that pharmacokinetics are 

more relevant to a consideration of the toxicity of MDMA than the size of species 

tested (for a review see Grob, 2000). That is, MDMA may be metabolised in a 

similar way to fenfluramine (section 1.5.6), where human metabolism is more like 

that of rats than squirrel monkeys. Thus the relevance of animal studies as 

predictors of neurotoxicity in humans is extremely controversial.

1.6.7 Summarv of the findings of animal studies

Repeated doses of 5mg/kg MDMA or single high doses of 20mg/kg MDMA have 

been shown to cause changes in 5-HT markers in both rodents and non-human 

primates. The magnitude of the damage caused by MDMA is dependent on the 

dose, route of administration and species tested. Changes to serotonergic function 

are indicated by long-term attenuation of brain 5-HT and 5HIAA as well as
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attenuated tryptophan hydroxylase activity and reductions in the density of 5-HT 

uptake sites. Further, there is evidence to suggest that recovery of 5-HT axons is 

still incomplete 7 years after administration. However, the neurotoxic potential of 

MDMA has been questioned because (i) there is no evidence of cell death (gliosis),

(ii) only one study has shown evidence of structural damage to 5-HT axon 

terminals (Ricaurte et al., 2000) and (iii) only one study has reported long-term 

cognitive impairments resulting from impaired 5-HT ftmction (Marston et al., 

1999). The usefulness of comparing the high dose (often 20mg/kg MDMA) 

regimens of animal studies to those in humans where typical doses are 1.7mg/kg is 

also debatable.

1,7 PART III: Review of human MDMA studies

1.7.1 Demographics of MDMA use

i) Prevalence of MDMA consumption

Reports have suggested that MDMA use in the UK reached its zenith in the early 

1990’s and has levelled off since then, if not fallen slightly. A survey carried out 

by the World Health Organisation (WHO Regional European Office Report, 1997) 

found that whereas in 1991 9% of 16-29 year olds in the UK admitted taking 

MDMA, by 1994 this number had fallen to 6%. This plateauing of MDMA 

consumption has not yet happened in other European countries where use appears 

to be rising. The European Monitoring Centre for Drugs and Drug Addiction 

(EMCDDA, 1996) reported that whereas most European countries had a higher 

‘lifetime’ prevalence of amphetamine or LSD consumption than MDMA 

consumption, ‘recent use’ tended to be higher for MDMA. Independent reports 

from various European countries have confirmed this increase in MDMA use and 

by the mid-late 1990’s a consumption rate of between 3-6% of the population 

seemed to be the European norm (Schuster et al., 1998; Christophersen, 2000).
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ii) Doses of MDMA consumed

Estimates of the ‘typical’ human recreational dose of MDMA vary. The average 

MDMA tablet taken by humans contains somewhere in the region of 75-150mg of 

MDMA (Shulgin and Nichols, 1978), although the amount of active ingredient 

may be lower due to impurities. If most users take 1-2 tablets per session 

containing somewhere in the region of 60-120mg MDMA, then this translates as 

0.75-4.00mg/kg in a 60-80kg individual (Boot et al., 2000). This corroborates the 

1.7-2.7mg/kg average dose suggested by Braun et al. (1980). However, McCann et 

al. (1998) argue that a typical dose of MDMA may be anywhere in the region of 

2.50-20.8mg/kg for a 60 kg person. These estimates are comparable to doses of 

5.Omg/kg that have been shown to damage 5-HT neurons in animals, although the 

difficulties inherent in making cross-species comparisons have already been 

highlighted (section 1.6.6).

Human agency is another factor relevant to dose estimates. Although there is no 

evidence that MDMA causes physical dependency, there is some evidence which 

suggests that very high doses of MDMA are taken by some abusers. For example 

Schifano et al. (1998) state that a small percentage of their sample took up to 13 

tablets of MDMA in one session, with an estimated cumulative lifetime 

consumption of over 2,000 MDMA tablets. Moreover, a recent study carried out 

in Australia found evidence of changing patterns of high dose MDMA 

consumption. Topp et al. (1999) interviewed 329 MDMA users and found that 1 

in 6 had injected MDMA, 35% had used it continuously over a 48 hour period and 

that there was evidence of users taking an increasing number of tablets in a typical 

‘session’. Such results suggest that the abuse potential of MDMA is greater than 

previously thought and that some users may now be meeting criteria for drug 

dependency in their use of MDMA (see Jansen, 1999, section 1.7.4). Although 

this level of use of MDMA is unusual, it identifies a need to be aware of the 

diversity of participants in drug studies.
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iii) Purity of MDMA

Before looking at specific studies, there are two relevant issues which pertain to all 

types of human drug research. First, the illegal status of MDMA means that there 

is no way of verifying the purity of the tablets taken by subjects who self- 

administer this drug. Second, although MDMA may be the active ingredient in the 

majority of tablets sold as Ecstasy in the UK, increasing use has been made of 

substances cut with MDMA, such as ketamine. Ketamine (an NMDA receptor 

antagonist) is used clinically as a general anaesthetic and produces marked 

cognitive impairments (Krystal et al., 1998). A recent study carried out by the 

Leeds Addiction Unit (Wolff et al., 1995) found that of 24 tablets tested, 7 

contained only MDMA, 6 had no psychoactive substances whatsoever and the 

remainder contained combinations of various amphetamine analogues, caffeine and 

ketamine.

iv) Polvdrug use alongside MDMA

The vast majority of MDMA users are also polydrug users. It has been suggested 

that roughly half of all MDMA users take drugs (particularly cannabis) to ease the 

comedown from MDMA (Williamson et al., 1997). This is referred to in a booklet 

on MDMA published by Lifeline, Manchester:

‘More and more reports come to Lifeline about long weekends brought to a close 

with a handful o f diazepam, temazepam and even heroin. People who started 

taking drugs to make them feel good were having to take other drugs just to stop 

them feeling bad... '

As the drugs referred to in this extract are all sedative in their action, this suggests 

that when coming down, MDMA users take drugs to counteract the stimulant 

effects of MDMA.

A second example of polydrug use amongst MDMA users is the conjoint use of 

another drug at the same time as MDMA is taken. Drugs are deliberately taken
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along with MDMA to produce a particular sensation. A popular combination is the 

conjoint use of amphetamine with MDMA (Riley et ah, 2001, Parrott and Lasky, 

1998). This is problematic when it comes to establishing a causal link between use 

of MDMA and adverse psychological effects. In particular, cannabis and alcohol 

are known to cause impairment to memory and cognitive function (Fletcher et ah, 

1996). There is also some evidence to suggest that use of cocaine impairs 

memory, although to date this has only been observed in chronic users (Beatty et 

ah, 1995; Bolla et ah, 1999). Further, some drug combinations have a synergistic 

action that makes it difficult to tease apart the effects attributable to each drug 

individually. One example of this is ‘candyflipping’, the conjoint use of MDMA 

and LSD (Schechter, 1998). There is also evidence to suggest that the concomitant 

use of MDMA and LSD increases the neurotoxic potential of MDMA. 

Hallucinogenic drugs such as LSD are 5-HT] receptor agonists, and have been 

shown to cause an increase in extracellular dopamine which is hypothesised to 

have a neurotoxic effect on 5-HT axon terminals (Gudelsky et ah, 1994). Cocaine 

may also potentiate the neurotoxic effects of MDMA, as discussed in section 1.5.7.

Some researchers use polydrug control groups in order to account for the effects of 

other psychoactive drugs. However, MDMA users commonly report taking a 

wider variety of psychoactive drugs than MDMA-naive controls. Therefore, in 

practice it is difficult to find MDMA-naive controls who use psychoactive drugs 

other than alcohol, tobacco and cannabis. Consequently, it is necessary to take 

detailed substance use histories and to look for statistical associations between 

measures of MDMA use and adverse effects.

vi Co-morbiditv, self-medication and differences between users and non-users 

There is considerable literature on co-morbidity and drug use (Swift, Williams, 

Neill and Greyner, 1990). In particular participants may be found to ‘self 

medicate’ in order to counterbalance both their organic mood state and the adverse 

side effects experienced when coming down from a drug ‘high’. This poses
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difficulties in that directional causation is difficult to establish in a group that may 

have pre-existing depression, or vulnerability to psychological disorders.

It has been argued that certain outgoing, impulsive personality types are attracted 

to drug taking behaviour (Treece et al., 1986; Fishbein et al., 1989). However, 

there is some debate as to whether this applies to MDMA users as use of this drug 

has been described as a ‘normative’ aspect of clubbing (Parker et al., 1998). 

Although MDMA users may not therefore perceive themselves as deviant, there is 

evidence to suggest that those who take MDMA are more impulsive than MDMA- 

naiVe controls (Morgan 1998; Parrott et al., 2000). Consequently, this may 

influence findings of experimental/control group differences and should be bom in 

mind when assessing the effects of MDMA use.

1.7.2 Behavioural effects of MDMA in humans

The consequences of MDMA use can be divided into (i) acute, (ii) sub-acute and

(iii) long-term effects. There is considerable variation in studies regarding the 

period of time to which each of these terms apply. In the present thesis, ‘acute 

effects’ will refer to effects occurring within the first 24 hours after consumption 

whilst ‘sub-acute effects’ will refer to effects lasting up to a week after use. Some 

researchers define ‘long-term effects’ as anything persisting over one week after 

MDMA consumption whilst others use this term to refer to effects that are still 

apparent months after use. In the present thesis ‘long-term effects’ are considered 

to be those that persist beyond the initial depletion of 5-HT caused by MDMA. 

The amount of time required for 5-HT levels to return to baseline following 

MDMA-induced depletion is unknown. However, there is evidence from both 

animal and human studies to suggest that this takes approximately 3 weeks 

(Rattray, 1991; Ricaurte et al., 1990). Therefore ‘long-term effects’ are those that 

persist for at least 3 weeks following MDMA use, after sub-acute effects have 

subsided.
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The onset of subjective effects of MDMA is typically within 30 minutes of 

ingestion with peak effects occurring between 1 and 3 hours after consumption. 

The duration of action of MDMA is about 6 hours. The pleasurable acute effects 

of taking MDMA are an increased sense of closeness to others, of openness, of 

well being, increased awareness of emotions, empathy, euphoric rush and changes 

in visual perception (Petrouka et al., 1988; Liester et al., 1992; Cohen, 1995). 

Such subjective effects are most often quoted as the reason for taking MDMA. In 

addition to the effects noted above, prospective studies in which MDMA is 

administered to participants report that the acute effects of MDMA also include the 

loosening of ego boundaries, derealization, difficulty concentrating and confusion. 

Perceptual changes have also been reported by participants, including changes in 

the perception of time, increased intensity of colours and increased auditory 

sharpness (Vollenweider et al., 1998; Cami et al., 2000).

Saunders (1997) defined the main psychological effect of MDMA as being ‘the 

dissolution of fear’. It is this dissolution of fear and promotion of introspection 

that has led to use of the term ‘entactogen’ to describe MDMA (Nichols, 1986). 

‘Entactogen’ derives from the Greek ‘en’ for within and ‘gen’ meaning to 

originate/produce and the Latin ‘tactus’ meaning ‘touch’. Hence the idea of 

entactogens such as MDMA producing a ‘touching within’ giving the user better 

access to their own feelings as well as increased capacity for empathy.

The physiological effects of MDMA include tachycardia, increased blood pressure, 

tremor, palpitations, bruxism (grinding of teeth), trismus (tight jaw muscles), 

headache and nausea.

Studies of the psychopharmacological effects of MDMA consumption can be 

clarified into 3 main types

(i) Studies of altered serotonergic function in MDMA users (section 1.7.3)

(ii) Retrospective studies of psychological function in MDMA users (section 1.7.4)
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(iii) Prospective studies of psychological function in MDMA users (section 

1.7.5)

Each of these categories will be considered in detail below.

1.7.3 Studies of altered serotonergic function in human MDMA users.

As 5-HT neurotransmission cannot be observed directly in humans, these studies 

use indirect methods of looking at the potentially neurotoxic effects of MDMA. 

These methods typically involve measuring the markers of 5-HT transmission and 

this has been done in a variety of ways including: (i)

neuroendocrine/pharmacological challenge, (ii) measures of metabolite levels in 

CSF, (iii) neuroimaging and receptor density studies and (iv) other markers of 5- 

HT function such as cerebral blood flow/volume, EEG and sleep. These are 

summarised in Table 1.1.

As can be seen from Table 1.1, studies of altered 5-HT function in MDMA users 

vary hugely in subject numbers, their patterns of MDMA use and mean period of 

abstinence prior to testing. Samples vary from 1-33 participants and lifetime 

consumption varies from less than 25 tablets to 741. The most reported statistic 

appears to be lifetime consumption whereas frequency of use is rarely reported. In 

fact only 3 studies report all the relevant information with regard to patterns of use 

and amount of time since last use of MDMA prior to testing. Further, reliance on 

lifetime consumption of MDMA as a summary of MDMA use patterns represents a 

worrying trend. It is unlikely that users are able to recount their lifetime 

consumption of MDMA with any accuracy so at best such figures should be treated 

as estimates of the amount of MDMA consumed. Moreover, patterns of use in 

terms of typical frequency and dose of MDMA taken are likely to change with 

time which is not accounted for in lifetime use statistics. Therefore, it is preferable 

to ask about current consumption in a typical month as this is more likely to be 

accurately recalled.
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There has been very little replication of findings as most studies differ in the 5-HT 

marker used to assess serotonergic function (Table 1.1). The only exception to this 

has been studies of CSF 5HIAA. Whilst such variations mean that one cannot 

generalise about findings to date with any certainty, the fact that such a wide 

variety of studies have found evidence of alterations to 5-HT markers makes it 

reasonable to conclude that use of MDMA results in impairment to 5-HT function.
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Table 1.1. Summary of studies of altered 5-HT function in human MDMA users

Type of study/
Investigator

Assay No. in sample Mean dose 
(mg or mg/kg)

Mean no. of 
occasions used 

(lifetime)

Mean 
frequency of 
use (month)

Mean years 
of use

Mean abstinence 
prior to testing 

(weeks)
Neuroendocrine/pharmacolosical
Verkes et al. (2001) D-fenfluramine 21 heavy No* 741 No* No* 9 days

Gerra et al. (1998) D-fenfluramine
21 moderate 

15
No*

106mg
169
62.7

No*
4.7

No*
1.2

16 days 
No*

Gerra et al. (2000) D-fenfluramine 15 106mg 69 4.7 1.2 3 and 52
Price et al. (1989) L-tryptophan 9 135mg No* 1.9 5.1 9.4
McCann et al. (1994) L-tryptophan 30 170mg 94.4 4.2 5.0 17.9
McCann et al. (1999) m-CPP 17 319mg 196 5.0 5.0 14.0
McCann and Ricaurte (1993) Fluoxetine 4 No* No* No* No* No*
Liechti et al. (2000a) Citalopram 16 1.5mg/kg No* No* No* No*
Liechti et al. (2000b) Ketanserin 14 1.5mg/kg No* No* No* No*
Cerebrospinal fluid
Ricaurte et al. (1990) 5H1AA 33 125mg 52 0.78 3.5 16.7
McCann et al. (1999) 5H1AA 22 272mg 215 5.7 4.5 13.9
Bolla et al. (1998) 5H1AA 24 158mg 60 No* No* No*
McCann et al. (1994) 5H1AA 30 170mg 94.4 4.2 5.0 17.9
Neuroimaeine
McCann et al. (1998) PET [^'C]McN5652 14 386mg 228 No* 4.6 19.0
Senqjle et al. (1999) SPECT [^^ Î]fî-C1T 10 No* 672 No* No* 2.6
Reneman et al. (2000a) SPECT ['^^1]R91150 5 No* 218 No* No* 18.4
Reneman et al. (2000b) SPECT ['^^1]R91150 10 current No* 139 No* No* 7

Gamma et al. (2000) PET [H2^^0] (rCBF)
5 ex-users 

16
No*

1.7mg/kg
218
No*

No*
No*

No*
No*

18
No*

Gamma et al. (2001) PET (rCBF) 16 No* 270 No* No* 1
Chang et al. (2000) SPECT (rCBF) 21 3.5mg/kg 211 No* 8.6 26.4
Other markers of 5-HT
Kish et al. (2000) Striatal 5-HT tissue stores 1 No* No* No* No* No*
Simantov and Tauber (1997) Human JAR cells n/a n/a n/a n/a n/a n/a
Tuchtenhagen et al. (2000) Auditory evoked potentials 28 No* 93 No* 2.25 3.29
Dafters et al. (1999) EEG 23 No* No* No* No* No*
Allen et al. (1993) Total sleep time 23 No* 79 No* No* No*
No = data not reported
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i) Neuroendocrine/pharmacoloeical challenge studies

Gerra et al. (1998) measured the prolactin and cortisol responses of 15 MDMA 

users and 15 drug-naive controls to D-fenfluramine challenge. All of the 

participants were male and those in the MDMA group had discontinued use of 

MDMA for 3 weeks prior to testing. The minimum entry requirement for the 

MDMA group was to have taken MDMA on at least 25 occasions. Participants in 

this group had been using MDMA for between 8 months and 2 years. Participants 

were assessed on the MMPI and the HRSD. Results showed MDMA users to be 

more depressed than controls. MDMA users also scored higher than controls on 

sub-scales measuring direct aggressiveness and novelty-seeking behaviour. 

Prolactin and cortisol responses to D-fenfluramine were significantly reduced in 

the MDMA group compared to controls. No relationship was found between 

length of use of MDMA or number of occasions on which MDMA had been taken 

and prolactin or cortisol responses to D-fenfluramine. Gerra et al. discuss the 

blunted response of MDMA users to D-fenfluramine, a 5-HT receptor agonist, as 

evidence for the downregulation of postsynaptic 5-HT2c receptors as the result of 

continued 5-HT hypersecretion. The authors also suggest that the combination of 

depression, dysphoria, aggressiveness and novelty-seeking behaviour exhibited by 

MDMA users suggests that they may be drawn to using MDMA in order to self- 

medicate for a pre-existing 5-HT deficit.

Gerra et al. (2000) followed up the 1998 study with another D-fenfluramine 

challenge in male MDMA users. This time prolactin and cortisol responses to D- 

fenfluramine were measured 3 weeks after cessation of use and again when 

MDMA had not been used for 12 months. 15 MDMA-naive controls were 

compared to 15 MDMA users who had taken an average of 69 doses (range 25-95) 

over an average of 15 months (range 8-25 months). At 3 weeks after last use of 

MDMA, the MDMA group had higher direct aggressiveness and guilt on the Buss- 

Durkee Hostility Inventory (BDHI) than the control group, as well as higher 

Hamilton depression and novelty seeking scores. 12 months later, MDMA users 

still had higher Hamilton depression and novelty seeking scores than controls.
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however there were no longer any significant differences on measures of 

aggression. MDMA users showed a blunted prolactin response to D-fenfluramine 

both at 3 weeks and 12 months since last use of MDMA. At 3 weeks, the prolactin 

response in MDMA users was negatively correlated with direct aggressiveness and 

novelty seeking but 12 months later there was only a correlation with novelty 

seeking behaviour. At 12 months there was also an association between prolactin 

are under curve and length of MDMA use. Cortisol responses to the challenge 

were blunted in MDMA users relative to controls at 3 weeks, but not at 12 months. 

The authors suggest that this may indicate that the neurotoxic action of MDMA is 

centred on the 5HTia receptor, which is involved in prolactin but not cortisol 

secretion. It may also indicate that impairment to 5HT2c receptors, which are 

implicated in the cortisol response to D-fenfluramine, is short-term, as it appears 

that the cortisol response in MDMA users had recovered 12 months after last use 

of MDMA.

Verkes et al. (2001) conducted a double-blind crossover challenge with 

dexfenfluramine in heavy and moderate MDMA users. Participants were aged 18- 

28 years and there were 3 groups: heavy MDMA users (n=21), moderate users 

(n=21) and a group of MDMA-naiVe controls (n=20). Those in the ‘heavy’ 

MDMA group had taken MDMA on more than 48 occasions in the previous year 

(mean 741 tablets), whilst those in the ‘moderate’ MDMA group had used MDMA 

on 12-48 occasions in the last year (mean 169 tablets). Participants were 

administered 30mg dexfenfluramine on 2 separate occasions with a 5-day wash-out 

period between test sessions. Participants were excluded if they reported regular 

use of cocaine or amphetamine, or drank more than 3 units of alcohol per day. 

Both MDMA groups had higher lifetime use of cannabis than the control group. 

The MDMA groups also had higher cocaine use in the last year than the control 

group, and more heavy MDMA users took amphetamine than the other 2 groups. 

Results showed that both MDMA groups had blunted cortisol responses to 

dexfenfluramine compared to controls. However, there were no differences 

between MDMA groups and, unlike Gerra et al. (1998), neither group showed a
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blunted prolactin response relative to controls. In terms of cognitive function, 

reaction times were longest in heavy users compared to controls. Memory span in 

both MDMA groups was lower than controls, but there was no significant 

difference between MDMA groups. MDMA users in both groups showed 

impairment to working memory relative to controls. Additionally, heavy MDMA 

users also showed evidence of poorer working memory than moderate users. The 

authors also report a small but significant correlation between a measure of cortisol 

response [time-corrected area under the curve (AUEC) cortisol] and memory span. 

However, this association accounted for less that 10% of the total variance. Heavy 

users had last used MDMA 9 days before the psychometric testing and 19 days 

before the dexfenfluramine challenge whereas moderate users had used MDMA 16 

days before psychometric testing and 28 days before dexfenfluramine challenge.

Price et al. (1989) looked at the effects of intravenous L-tryptophan on prolactin 

levels and subjective mood ratings in 9 MDMA users compared with MDMA- 

naive controls. Participants had been using MDMA for an average of 5.1 years, 

taking an estimated mean dose of 1.8mg/kg with an average frequency of 

consumption of 1.9 times a month. Prolactin levels increased relative to baseline 

measures in controls but did not show a significant increase in MDMA users. 

However, the difference in prolactin levels between MDMA users and controls did 

not reach statistical significance. L-tryptophan administration caused a significant 

reduction in ‘happiness’ ratings on a visual analogue scale, but again failed to 

reveal any differences between the two groups. These findings are from a study 

with a small sample population and are only weakly suggestive of a blunted 

response to L-tryptophan in MDMA users. Further, the MDMA users in this study 

had also taken part in another study which identified them as having low levels of 

CSF 5-HIAA (Ricaurte et al., 1990). Thus one would have had more reason for 

expecting a differential prolactin response between MDMA users and controls.

A pharmacological challenge study using another 5-HT receptor agonist, meta- 

chlorophenylpiperazine (m-CPP), found blunted prolactin and cortisol responses in
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a larger group of 17 MDMA users (McCann et al., 1999). MDMA users had taken 

Ecstasy on an average of 196 occasions over an average period of 5 years. The 

controls had never used MDMA, but had used other psychotropic drugs. 

Participants were excluded if they had a history of psychiatric illness. Both groups 

were asked to abstain from any recreational drugs in the 3 weeks prior to the study. 

A placebo was given in the form of i.v. saline followed by m-CPP (0.08mg/kg) 2 

hours later. In addition to blunted prolactin and cortisol responses, the MDMA 

group were more positive than the control groups in their mood scale ratings after 

administration of m-CPP. The control group had higher post-drug anxiety and 

panic than the MDMA users. The authors suggest that the anxiogenic effects of m- 

CPP were not apparent in MDMA users because of a possible downregulation of 

post-synaptic 5-HT2c receptors.

McCann and Ricaurte (1993) looked at 4 subjects who took fluoxetine before 

MDMA consumption to see whether it would block the psychoactive effects of the 

drug. One participant was a regular consumer of fluoxetine in an attempt to 

‘prevent’ the neurotoxic effects of prolonged MDMA use. He reported the same 

euphoric rush as previously, emphasising that there was no discernible difference 

in his MDMA experience according to whether he pre-treated himself with 

fluoxetine, apart from a reduction of unpleasant side effects. Cases 2 and 3 

similarly reported a reduction in adverse side effects such as bruxism, dry mouth 

and not being able to function properly the next day. There was the same sense of 

wellbeing and a desire to be sociable as previously experienced when taking 

MDMA without fluoxetine. The authors suggest that the psychoactive effects of 

MDMA are therefore not linked to serotonin release. However, the small sample 

size should be borne in mind when evaluating this data and also the fact that the 

subjects involved clearly believed that they would suffer fewer negative side 

effects if they took fluoxetine before MDMA. The nature of the study is also 

dependent on retrospective comparisons with a previous fluoxetine-free MDMA 

experience which may not be accurate. Case 4 had never taken MDMA before the
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study and was therefore unable to compare her subjective experience with previous 

occasions when fluoxetine had not been consumed.

Liechti et al. (2000a) looked at the effects of pre-treatment with another SSRI 

(citalopram) on the psychoactive effects of MDMA. 16 healthy volunteers with no 

psychiatric history were given 40mg i.v. citalopram followed by 1.5mg/kg MDMA 

(oral). The average dose of MDMA administered was lOOmg. Two subjects had 

tried MDMA on a previous occasion, and four of the sixteen subjects had tried 

other psychoactive drugs. Psychometric measures were taken 2 hours after 

administration of MDMA. When given a pre-treatment placebo in conjunction 

with MDMA, participants scored higher on all 3 sub-scales of the Altered States of 

Consciousness scale (ASC), compared to the placebo only group. In contrast to the 

findings of McCann and Ricaurte (1993), the present authors found that pre

treatment with citalopram reduced the scores on all three ASC scales compared to 

the placebo pre-treatment condition. When MDMA was administered without 

citalopram it increased scores on the Adjective Mood Rating scale for measures of 

heightened mood, self-confidence, extroversion, introversion, emotion excitability, 

sensitivity and thoughtfulness-contemplativeness. The authors speculate that, as 

citalopram is a highly selective 5-HT re-uptake inhibitor the fact that it only caused 

a 60% reduction in the psychoactive effects of MDMA suggests that MDMA has 

mechanisms of action other than at pre-synaptic reuptake sites. Other potential 

sites of MDMA activity may be postsynaptic 5-HT2a/2c receptors or dopaminergic/ 

noradrenergic systems.

In order to investigate the role of postsynaptic 5-HT2a/2c receptors in mediating the 

psychological and physiological effects of MDMA, Liechti et al. (2000b) 

conducted a study looking at the impact of pre-treatment with the 5-HT2a/2C 

antagonist ketanserin. 14 healthy volunteers with no psychiatric history were 

given either 50mg ketanserin/placebo followed by either MDMA at 1.5mg/kg or 

placebo. The average dose of MDMA was llOmg and 2 of the participants had 

previous experience of MDMA. Tests were carried out 75 mins before and 75 and
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120 mins after administration of MDMA or placebo. MDMA without pre

treatment caused increases in ratings on all 5 sub-scales of the ASC. These 

included increased ratings of positive mood, derealization, depersonalisation, 

mania-like experiences, altered sense of time, thought disorder, fear of loss of body 

control and changes in the meaning of percepts. Pre-treatment with ketanserin 

attenuated the increases caused by MDMA on the visionary restructuralisation and 

vigilance reduction sub-scales. This ability of ketanserin to block the changes in 

visual perception caused by MDMA suggests that such perceptual changes are 

caused by 5-HT2a/2c receptor stimulation. Pre-treatment with ketanserin also 

reduced the increases in emotional excitability, general inactivation and 

thoughtfulness resulting from MDMA administration. Ketanserin also attenuated 

the body temperature, blood pressure and acute adverse effects of MDMA. 

However, the increased sense of wellbeing and extroversion induced by MDMA 

was not counteracted by ketanserin.

McCann et al. (1994) used both neuroendocrine challenge techniques and measures 

of CSF metabolites to look at serotonergic function in 30 MDMA users compared 

with MDMA-naiVe controls. The prolactin response to L-tryptophan in MDMA 

users did not differ from the control group. The MDMA group had reduced levels 

of CSF 5HIAA compared with the control group. MDMA users were also found to 

be less impulsive on the Multidimensional Personality Questionnaire than the 

control group and to have lower indirect hostility scores on the Buss Durkee 

hostility inventory than control females, but not control males.

ii) Cerebrospinal fluid (CSF) studies

Ricaurte et al. (1990) have found evidence of a 26% reduction in the concentration 

of 5HIAA in the CSF of regular MDMA users (n=33) compared to control 

subjects. The typical dose of MDMA taken by participants was 125mg and mean 

length of use was 3.4 years. The depletion was still evident more than 2 weeks 

after last use of MDMA. This reflects the rapid depletion of brain hydroxyindols 

within hours of MDMA use. It also reflects a longer term lowering of indolamine
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levels. The connection between attenuated indolamine metabolite levels and 

altered mood does, however, require further investigation as 30 of the 33 

participants specifically denied feelings of depression or any other disruption to 

systems mediated by serotonin (e.g. sleep and appetite). No correlation was found 

between levels of CSF 5HIAA and either duration of use or cumulative number of 

doses of MDMA taken. However, the results of this study should be interpreted 

with care as participants were polydrug users and no baseline measures of 5HIAA 

were taken. Reduced levels of CSF 5HIAA in regular MDMA users have been 

reported in two further studies (McCann et al., 1999; Bolla et al., 1998).

McCann et al. (1999) found further evidence of attenuated 5HIAA levels in 

MDMA users. 22 MDMA users who had not taken MDMA in the 3 weeks prior to 

testing, were found to have significantly lower levels of CSF 5HIAA than controls 

who had never taken MDMA. There were no significant differences in CSF HVA 

or MHPG. MDMA users were also shown to have impaired function on a number 

of cognitive tasks. Differences were found between groups on tests of logical 

reasoning, working memory and attention (code substitution) and delayed recall, 

with MDMA users performing significantly worse than controls. There were no 

baseline differences between MDMA users and controls on a sustained attention 

task (serial add and subtract), however MDMA users were impaired relative to 

controls on the same task 2-3 days later, indicating a slower rate of learning. 

Moreover, there was a significant association between lifetime dose of MDMA and 

performance on the code substitution task, a test involving working memory, 

visuo-spatial processing and attention. The higher the cumulative lifetime dose of 

MDMA, the greater the impairment to performance in terms of reduced speed on 

this task. No correlation was found between levels of CSF 5HIAA and cognitive 

function in terms of performance on these tasks. The authors suggest that 

cognitive impairment in MDMA users is confined to certain aspects of cognition. 

The subtle nature of such impairment might mean that cognitive performance is 

attenuated in a larger section of the MDMA-using population than was previously 

thought.
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Bolla et al. (1998) found evidence of attenuated CSF 5HIAA levels in 24 MDMA 

users relative to controls. Those in the MDMA group had taken MDMA on at 

least 25 separate occasions whereas controls had never taken MDMA but did use 

other recreational drugs. Neither group had experienced recent psychiatric illness. 

Unlike the previous studies discussed, a correlation was found between dose of 

MDMA and CSF 5HIAA concentrations: the higher the dose of MDMA taken in a 

month, the lower CSF 5HIAA. This study also looked at immediate and delayed 

verbal and visual memory function. No group differences in memory function 

were found unless frequency and dose of MDMA taken per month were taken into 

consideration. There was a confound with gender and vocabulary score on a 

reading test in that women and those with higher vocabulary scores were less likely 

to show mnemonic impairment. When these confounds were controlled for, higher 

frequency and dose of MDMA per month was associated with impaired immediate 

and delayed verbal memory, and delayed visual memory. There was no 

connection between imiemonic function and length of use of MDMA or 

cumulative lifetime dose. Low scores on the delayed visual memory task were 

associated with low levels of CSF 5HIAA.

iii) Neuroimaging and receptor studies

McCann et al. (1998) compared the PET scans of 14 MDMA users with those of 

15 MDMA-naiVe controls. The PET scans were performed with [^^C]McN5652, a 

selective ligand for the 5-HT transporter. The MDMA group had taken an average 

of 228 doses (range 70-400) over 4.6 years (range 1.5-10 years). Users reported 

not taking MDMA for an average of 19 weeks before taking part in the study 

(range 3-147 weeks). Participants were excluded if they had a current, but not 

previous, psychiatric illness. Results showed that those in the MDMA group had 

reduced global binding of [^^C]McN5652 compared to the control group. This is 

indicative of attenuated density of 5-HT transporter sites. The reductions in 5-HT 

binding seen in the MDMA group were negatively correlated with previous use of 

MDMA. However, with the exception of one outlier, the range of binding in 

MDMA users was similar to that of controls. There was also no correlation
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between length of abstinence from MDMA and binding. It is important to note 

that the findings of this study do not imply a causative role for MDMA in the 

attenuation of 5-HT transporter density. MDMA users may have had impaired 5- 

HT fimction prior to their first use of MDMA, which may even have been a reason 

why they experimented with this drug in the first instance (i.e. self-medication or 

impulsivity/ sensation-seeking behaviour).

Semple et al. (1999) looked at serotonin transporter binding in 10 regular MDMA 

users compared with 10 MDMA-naive controls who were polydrug users. The 

MDMA group had consumed a minimum of 50 tablets over the last year with a 

mean lifetime dose of 672 tablets (range 50-1800). The average number of days 

since last use was 18 (range 6-28). Neither group had a history of psychiatric 

illness. Single photon emission tomography (SPECT) was performed using the 

serotonin transporter ligand [^^^I]p-CIT. There was evidence of reduced [^^ Î]P- 

CIT binding in posterior cortical regions of regular MDMA users relative to 

controls, particularly in the sensory-motor cortex. Such results are indicative of a 

reduction in the number of serotonin transporter sites in those areas. Uptake of the 

[^^^I]p-CIT ligand was correlated with length of time since last dose of MDMA in 

many brain regions, but not with lifetime dose. Higher lifetime dose estimates of 

MDMA use were also associated with impaired verbal memory performance and 

more errors on a spatial working memory test. There were fewer regional 

differences between groups than in the McCann et al. (1998) study but this might 

be explained by the use of a less-specific 5-HT ligand in this study. Further, the 

fact that participants in this study had used MDMA on average 18 days before 

testing may mean that the correlation between time since last use of MDMA and 

reductions in binding was an artefact of changes in cerebral blood flow, which 

have been shown to persist for 21 days following MDMA (Chang et al., 2000, 

below).

Reneman et al., (2000a) compared postsynaptic 5-HT]A receptor density and 

memory in just 5 abstinent MDMA users and 9 drug naïve controls. MDMA users
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had taken an average of 218 tablets in their lifetime and had been abstaining from 

use for 4.6 months on average. The MDMA group recalled fewer words than 

controls on the Rey Auditory Verbal Learning Test (RAVLT). The MDMA group 

also had generally higher binding of a 5-HT2a receptor-selective radioligand than 

did controls. Radioligand binding was significantly higher in MDMA users in the 

occipital cortex compared to controls. The authors suggest that this increased 5- 

HT]A receptor density was probably caused by the up-regulation of postsynaptic 5- 

HT2A receptors as a result of 5-HT depletion in the MDMA group. A correlation 

was found between the number of words recalled on the memory task and mean 

cortical 5-HT2a receptor binding in the MDMA group.

Reneman et al. (2000b) conducted a second neuroimaging study, again using 

[123i]r 9 i ^ radioligand with high affinity to the 5-HT2a receptor. In this study

10 current MDMA users were compared to 5 ex-MDMA users and 10 drug-naiVe 

controls. Inclusion criteria were to have taken MDMA on at least 50 occasions. 

The current user group had not taken MDMA for an average of 7 weeks whilst the 

ex-user group had abstained for an average of 18 weeks. Results showed that 

mean cortical 5 -HT2A receptor binding ratios were lower in the current user group 

compared to ex-users and controls. Contrary to the finding of increased 5 -HT2A 

receptor density and up-regulation of receptors in ex-users reported in the above 

study, these results suggest the downregulation of 5 -HT2A receptors in current 

users, probably due to large amounts of 5-HT in the synaptic cleft caused by 

MDMA consumption. The current study also used magnetic resonance imaging 

(MRI) to investigate whether changes in 5 -HT2A receptor densities are associated 

with changes in blood vessel volumes (vasodilation and vasoconstriction). MRI 

was performed in 5 MDMA users (3 current users, 2 ex-users) and 6 controls. 

Results showed that MDMA users had a positive correlation between cortical 5- 

HT2A receptor binding and regional cerebral blood volume (rCBV) in the globus 

pallidus and the occipital cortex, 2 areas richly innervated with 5-HT axons. The 

authors speculate that such alterations to 5-HT function in MDMA users may lead 

to vasoconstriction and increased risk of cerebrovascular accidents. However,
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extent of previous MDMA use was not found to be a significant covariate. The 

very small sample size should be taken into consideration, especially as the authors 

report increased higher rCBV values in ex-users (n=2) compared to controls and 

current users and speculate that this indicates the opposite effect to that seen in 

current users; vasodilation resulting from depleted 5-HT.

Gamma et al. (2000) used [H2^^0] positron emission tomography to examine 

regional cerebral blood flow (rCBF) after a dose of either 1.7 mg/kg MDMA or 

placebo. Test sessions were conducted 2 weeks apart. 16 participants who had 

never taken MDMA before and who had no history of psychiatric illness took part 

in the study. PET scans were carried out 75 mins after MDMA administration 

when drug effects were at their peak. PET scan results revealed reduced rCBF 

after MDMA in limbic, paralimbic, central frontal and temporal areas compared to 

placebo. Conversely, rCBF was increased in the cerebellar cortex and preffontal 

and inferior temporal areas relative to placebo. In particular, MDMA reduced 

rCBF in the left amygdala, an area that has associations between increased 

euphoria and attenuated rCBF. This, in addition to changes in rCBF in other 

limbic and paralimbic regions, suggests that MDMA affects brain areas associated 

with the regulation of mood and emotion. Scores on the EWL self-rated mood 

questionnaire also showed participants to have higher scores for wellbeing, better 

mood, increased self-confidence, increased extroversion and increased emotional 

excitability after MDMA. MDMA also increased scores on the altered states of 

consciousness questionnaire for all 3 sub-scales: ‘oceanic boundlessness’, 

‘visionary restructuralisation’ and ‘anxious ego dissolution’.

In contrast to Gamma et al’s (2000) study of acute MDMA effects in MDMA- 

naïve participants, Chang et al. (2000) looked at rCBF in regular MDMA users. 21 

MDMA users and 21 drug-naiVe controls with no psychiatric history underwent 

SPECT and magnetic resonance imaging (MRI). Average last use of MDMA was 

6.6 months prior to the study (range 0.5-26 months). Participants had used 

MDMA for an average of 8.6 years (range 1-17 years) and taken an average of 211
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doses (range 6-1500). No difference in rCBF was found between MDMA users 

and controls at this baseline measurement. 10 of the MDMA users were 

subsequently given 2 separate doses of MDMA on different occasions, totalling an 

average of 3.5mg/kg (range 2.25-4.75mg/kg). Approximately 3 weeks later a 

second set of scans was performed on 8 of the participants. These showed reduced 

global and regional cerebral blood flow in most areas relative to baseline measures 

and controls. The greatest attenuation of rCBF was seen in the caudate, the 

superior parietal cortices and the right dorsolateral frontal cortex. Those who had 

received a higher dose of MDMA and those who had taken MDMA most recently 

tended to show the greatest reductions in rCBF. Two of the participants had their 

second scan 2 months after MDMA administration. In these subjects, global CBF 

was increased compared to baseline and controls. These results suggest that there 

is an initial reduction in cerebral blood flow after MDMA which is followed by an 

increase in both regional (Reneman et al., 2000b) and global (Chang et al., 2000) 

cerebral blood flow 6-18 weeks later. As discussed above, a similar initial 

decrease followed by an increase in 5 -HT2 receptor densities was reported by 

Reneman et al. (2000a&b). These findings suggest that dramatically different 

results may be obtained according to length of time since last use of MDMA.

In contrast to the studies by Gamma et al. (2000) and Chang et al. (2000) where 

MDMA was administered by the experimenter. Gamma et al. (2001) performed 

[H2^^0] positron emission tomography on regular MDMA users while they were 

off-drug. All participants abstained from psychoactive drugs for 1 week before 

testing. PET scans were used to look at regional cerebral blood flow (rCBF) 

during cognitive activation on a visual vigilance task requiring sustained attention. 

16 regular MDMA users with a mean lifetime dose of 270 tablets were compared 

to 17 MDMA-naive controls. Participants did not have a history of psychiatric 

illness. The mean age of participants was 22.6 years. Possible associations 

between changes in rCBF and altered mood in MDMA users were assessed using 

the EWL mood rating scale immediately after the PET scans. Results did not show 

any significant differences between MDMA users and controls in terms of rCBF.
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Further, there were no significant correlations between rCBF and cumulative 

lifetime dose of any psychoactive drug. MDMA users had higher scores than 

controls on EWL inactivation, emotional excitability and depressiveness items. 

MDMA users also had higher HAM-D scores than controls, although 5 users 

reported that they had been feeling depressed before first use of MDMA. MDMA 

users did not score in the range for clinical depression. No group differences were 

found on the visual vigilance task. The authors speculate that, although controls 

were on average 3.4 years older than participants in the MDMA group, this would 

not account for the lack of a significant difference in rCBF. The findings of this 

study are not in accord with those of Chang et al. (2000). This may be due to the 

relatively high doses of MDMA used in the Chang et al. (2000) study.

Grob et al. (1996) gave MDMA to 6 volunteers who had previous experience with 

this drug. They used a double-blind placebo-controlled design over three 

experimental sessions in which participants received doses of 0.25mg/kg-1 .Omg/kg 

MDMA on two occasions and placebo on the third. Participants were excluded 

from the study if they had any psychiatric history. They were requested to abstain 

from drug use for 1 month prior to the study. Results showed that ACTH and 

prolactin were significantly increased at 0.75mg/kg MDMA. SPECT studies of 

regional cerebral blood flow (rCBF) revealed a correlation between rCBF and 

frequency of MDMA use. Measures of what the authors term ‘positive 

psychological states’ increased with dose administered.

Changes in the glucose metabolic rate of MDMA users were examined using PET 

scans (Obrocki et al., 1999). Regional glucose metabolic uptake was used as a 

potential indicator of neurotoxic lesions caused by MDMA. 7 MDMA users and 7 

drug-nai ve controls with no history of psychiatric illness underwent pet scans using 

2-[^^F]-fluro-2-deoxy-D-glucose (EDO). Those in the MDMA group had used 

MDMA for between 1 and 39 months and had taken between 12-840 tablets. PET 

scans were performed 2-16 days after last use of MDMA. Results showed that the 

only regional difference between MDMA users and controls was in the left
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hippocampus. However, it should be noted that the MDMA groups were also 

polydrug users and varied considerably in dose of MDMA taken and duration of 

use.

iv) Studies using other markers of 5-HT function.

Kish et al. (2000) compared the brain of 1 dead male MDMA user with those of 11 

non-MDMA using controls. The MDMA user had taken MDMA regularly for 9 

years prior to his death. Autopsy revealed that striatal serotonin tissue stores and 

5HIAA were reduced by 50-80% in the MDMA user compared to controls. 

Unfortunately this is not evidence of damage to serotonergic systems as MDMA 

was present in the blood, suggesting recent use of MDMA before death. The 

findings of this study are also compromised by the smallness of the sample 

population and the fact that the MDMA user also indulged in heavy cocaine and 

opiate use.

Simantov and Tauber (1997) have provided evidence of MDMA toxicity in human 

JAR cells. The authors were able to determine that MDMA neurotoxicity 

increased with dopamine and its precursor, L-DOPA. Simantov and Tauber 

suggest that this is indicative of MDMA increasing dopamine synthesis which in 

turn is mediated by the activation of 5-HTi receptors (as seen in animal studies, 

section 1.5.7). Hence an indirect interaction is implicated with regard to MDMA 

and serotonergic neurotoxicity in humans.

Tuchtenhagen et al. (2000) used auditory evoked potentials as a putative measure 

of 5-HT function. 28 MDMA users who had abstained from MDMA use for an 

average of 23 days before the study were compared to 28 cannabis users who had 

never taken MDMA, and 28 drug-naiVe controls. The MDMA users had taken an 

average of 93 tablets (range 20-500), over 27 months (range 6-60mths). 

Participants were excluded from the study if they had a history of psychiatric 

illness. As high intensity stimulus dependence is associated with reduced 

transmission of 5-HT, response to stimulus intensity was measured in terms of
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tangential dipole activity across the three groups. Results showed that MDMA 

users had increasing dipole activity as stimulus intensity increased whereas the 2 

control groups showed no change in activity across stimulus levels. Both the 

MDMA and cannabis-using groups had higher scores than the dmg-naiVe control 

group on the sensation-seeking scale. However, the MDMA group scored higher 

than both the cannabis groups and the drug-naive controls on the non-planning 

sub-scale of the BIS (impulsivity). No correlation was found between impulsivity, 

sensation seeking or extent of MDMA use and reaction to stimulus intensity.

Dafters et al. (1999) used electroencephalography (EEG) to measure resting brain 

function in regular MDMA users. Participants were 23 polydrug users who had 

taken MDMA an average of 14.04 tablets in the last year (range 1-60). 

Participants abstained from MDMA use for at least 7 days before the study day. 

Results showed a positive correlation between level of MDMA use, increased 

power in the a frequency band (8-12Hz) in most brain areas and increased power 

in the p band (12-20Hz) in the left-posterior quadrant. There was a negative 

correlation between MDMA use and power in the delta frequency band (l-4Hz). 

The authors report that this pattern of increased high frequency activity but 

attenuated low frequency activity is also seen in age-related impairment to brain 

function. There was also a negative correlation between extent of MDMA use and 

EEG coherence whereby increasing use of MDMA resulted in reduced coherence 

in the visual tracts. There was no correlation between MDMA use and cognitive 

tests apart from the rule-shift card test. Here there was a negative correlation with 

use of MDMA, implying impulsivity or problems in executive function in heavier 

users. However, no control group of MDMA-naïve participants was included in 

this study.

Others have suggested that evidence of MDMA neurotoxicity in humans may 

manifest itself through disturbed sleep patterns (Allen et al., 1993). The rationale 

for this is that as serotonin is thought to modulate sleep (Oswald et al., 1964), so 

users of this drug may suffer from changes to their normal sleeping routine. Allen
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et al. (1993) assessed 23 participants who had used MDMA on average 79 times 

(range 25-300). Participants were aged 18-40 and were excluded if they had a 

history of sleep disorder or psychosis, or if they currently suffered from major 

depressive illness or alcohol dependence. Participants abstained from 

psychoactive drugs for 2 weeks prior to testing. Results showed that the MDMA 

group had an average of 19 minutes less Total Sleep Time and 23 minutes less 

non-REM sleep than MDMA-naïve controls. The difference in N-REM sleep was 

mainly due to MDMA users having on average 37 minutes less Stage 2 (deeper) 

sleep than controls. There were no significant differences between MDMA users 

and controls in the amount of Stage 1,3 or 4 sleep or REM sleep. No association 

was found between number of times MDMA was used and sleep abnormalities.

1.7.4 Retrospective studies of psvchological function in MDMA users 

There are two main categories of methodology employed in direct studies of the 

psychoactive effects of MDMA in humans. A broad division can be made between 

prospective and retrospective studies and, depending on which approach is used, 

different methodological considerations arise. Retrospective studies are subject to 

their own peculiar methodological constraints in that the experimenter is reliant on 

the ability of the subject to accurately recall any particular effects of the drug and 

amount/frequency of consumption. Retrospective data is similarly at the mercy of 

the participants personal bias and their motives for participating in the study. 

Using retrospective data means that it is impossible to acquire baseline measures of 

mood and cognitive function prior to taking MDMA for the first time. Such post

test only designs raise issues of internal validity as they potentially undermine any 

causal relationships subsequently discovered. Hence it will be seen that 

psychiatric case studies in particular are reliant on subjects’ denial of the presence 

of psychopathologies prior to their first experience of MDMA. Retrospective 

studies can themselves be divided into three categories: (i) surveys of regular users 

of MDMA which use self-report techniques, (ii) studies which use objective tests 

of cognitive function, and (iii) psychiatric case studies which attempt to show a
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temporal link between the ingestion of MDMA and the onset of psychological 

disturbance (using both self report and/or observer rated measures of mood).

i) Retrospective studies based on self-report techniques

Taking the first sub-category of retrospective studies, these investigations typically 

use questionnaires through which users recall the effects of taking MDMA. These 

survey studies are useful for examining larger populations of MDMA users than is 

possible in laboratory studies. Nevertheless, in addition to the general problems 

outlined above, survey studies have usually lacked a control group of drug-naive 

subjects who are otherwise matched in terms of gender and age. Moreover, as 

discussed above, reliance on retrospective self-report techniques renders objective 

verification of reported drug effects impossible.

Regarding the subjective effects of users’ MDMA experiences, Peroutka, Newman 

and Harris (1988) conducted a study of 100 university students aged 18-25, who 

had used MDMA between 1 and 38 times. They found that on the day following 

consumption of this drug, 36% felt drowsy, 33% had insomnia, 21% reported 

suffering from depression and 21% had difficulty concentrating. An increased 

sense of closeness was the main acute effect reported by 90% of the subject 

population, with 50% mentioning feeling more alert. Twenty percent experienced 

visual hallucinations. These results were compiled from a questionnaire which 

also found that 67% of subjects who had taken MDMA on at least 6 occasions 

reported that the beneficial effects of this drug decreased over time whilst the more 

negative aspects increased in frequency. The impact of MDMA was also found to 

be still experienced 24 hours after initial consumption.

Cohen (1995) carried out a questionnaire survey of 500 MDMA users aged 18-25 

in the USA. The criteria for inclusion in the study was to have taken MDMA on at 

least one occasion (over half the respondents had only taken MDMA on 3 

occasions, although the highest usage was 250 sessions). The retrospectively rated 

immediate psychological effects of taking MDMA were: euphoria (97% of
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sample), increased energy (91%), sexual arousal (83%), paranoia (20%), anxiety 

(16%) and depression (12%). The most widely reported ‘long-term’ effects were 

depersonalisation (54%), insomnia (38%), depression (38%) and flashbacks (27%), 

although no definition was given of what time period ‘long-term’ referred to. No 

relationship was found between cumulative lifetime dose and experience of 

negative side effects, therefore the author concludes that even one exposure may 

elicit adverse side effects.

Another interview survey found patterns of use and side effects which suggest that 

MDMA should not be considered a ‘safe’ drug (Topp et al., 1999). Interviews 

were conducted with 329 Australian MDMA users. Mean length of use of MDMA 

was 3.6 years (range 0.5-13years) and mean dose was 1 tablet per session (range 

0.5-8 tablets). Participants had used MDMA on average 10 days in the last 6 

months (range 1-100 days). With regard to patterns of MDMA consumption, 44% 

typically used more than 1 tablet per session and 25% of the sample had taken 4 or 

more tablets on a single occasion. Of more concern from a harm-reduction 

perspective, 35% had used MDMA continuously for over 48 hours without sleep 

and 16% reported injecting MDMA, although those who injected MDMA also 

tended to be heroin users. The sample was heavily biased towards polydrug users 

with the vast majority having used cannabis and amphetamine in the previous 6 

months. Roughly 40% of the sample used cannabis, amphetamine or alcohol in 

conjunction with MDMA. The most common psychological side effects of using 

MDMA were reported as being irritability (61.9%), trouble sleeping (55.9%), 

depression (55.6%) and confusion (47.4%). Users reported depression (24.3%) 

and irritability (20.4%) as being the most prevalent long-term psychological effects 

of using MDMA. Half of the interviewees had attempted to reduce their MDMA 

intake in an informal manner whilst 25% said that they would like to consume less 

MDMA. The main reasons given for wanting to reduce MDMA consumption were 

(i) financial (57%), (ii) concerns about physical health (45%) and (iii) concerns 

about mental health (39%).
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Davison and Parrot (1997) conducted a retrospective study of mood effects of 

MDMA based on self-report techniques. Subjects (N=20) aged 18-31 completed a 

modified Profile of Mood States Questionnaire, an ‘Ecstasy Effect Questionnaire’ 

and a structured interview. Five subjects had taken MDMA once, 9 had taken it 

between 2 and 9 times and 6 subjects had consumed it on more than 10 occasions. 

Participants reported themselves as being significantly more lethargic (90%) 

moody (85%), irritable (60%), depressed (55%), anxious (40%) and paranoid 

(35%) when coming down from an MDMA-induced ‘high’. Participants reported 

feeling more elated, agreeable, energetic and confused whilst on-drug compared to 

when drug-free. All participants reported being happy, exhilarated, friendly whilst 

on MDMA. The majority also reported enhanced perceptions and 60% reported 

experiencing hallucinations. Half of the sample experienced confused thought. 

Participants reported having to limit their frequency of MDMA use in order to 

prevent developing tolerance to the effects of MDMA. The authors hypothesise 

that MDMA exerts its major effects through simply amplifying the ambience of the 

surroundings and the existing internal emotional state of the drug user. That is, if 

MDMA is taken in anticipation of having a good time then the likelihood of that 

end result is increased. This is also alluded to in the paper by Liester et al. (1992; 

see below). Davison and Parrott did not include a control group of drug-nai've 

subjects.

Liester et al. (1992) looked at the retrospective experiences of twenty psychiatrists 

who were users of MDMA, both whilst on drug and the longer term sequelae. 

Frequency of MDMA intake ranged from 1-25 previous occasions, spread over a 

time period of between 1 day and 4 years since last use. One quarter of the sample 

population reported using other drugs at the same time as MDMA on at least one 

occasion. The most widely reported positive effects included an enhanced ability 

to interact with others (85% of the sample), changes in visual perception (55%) 

and increased awareness of emotions (50%). The most commonly experienced 

negative side effects were a reduction in desire to perform physical and mental 

tasks (70%) and decreased appetite (50%). Of the reported psychopathological
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symptoms, 25% of subjects experienced increased anxiety whilst 10% experienced 

an inability to interact with others and 10% experienced depression. No 

experience of increased aggression, auditory hallucinations or panic attacks was 

mentioned. After one week the most prevalent symptoms were loss of sleep 

(40%), decreased appetite (30%) and reduced sensitivity to emotions (25%). Fifty 

per cent of the sample reported a long term improvement in social/interpersonal 

functioning. The fact that this long term effect was a positive one whilst the short 

term effects included negative attributes is explained by the authors in terms of the 

use of the professional skills of the subjects and the way in which their 

environment when on MDMA was carefully chosen to enhance the expected 

positive impact of the drug.

It should be remembered that the sample population used in this study was not 

randomly selected (participants were chosen because of their psychiatric training). 

No objective measures were used and the data is again retrospective. The authors 

were also not able to exert any influence over the environment in which MDMA 

was taken, nor over its dose, purity or frequency of consumption.

iil Retrospective studies using objective tests of cognitive function 

Interest in objective measures of cognitive function represents a move away from 

reliance on self-report data although such studies are still dependent on the ability 

of the subject to accurately recall their typical drug dose and frequency of 

consumption, as well as approximate cumulative lifetime dose of MDMA.

A study using objective measures to look at the potential relationship between 

memory impairment and MDMA use was carried out by Parrot, Lees, Gamham 

and Wesnes (1998). Subjects (N=30) were divided into 3 equal groups depending 

on their reported level of experience with MDMA in the past. Divisions were 

made in order to split the subject population into a drug naïve control group, a 

group of novices who had used the drug on less than 10 occasions and a group of 

‘regular’ users who had used MDMA more than 10 times. Measures of basic
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information processing speed included simple reaction time, choice reaction time 

and number vigilance and there were no significant group differences on these 

measures. However, on prose recall tasks (both immediate and delayed), MDMA 

groups were significantly impaired compared to controls. All tasks were 

performed drug-free, although no means of verifying this was implemented.

The results of these tests are taken to indicate the potentially neurotoxic effects of 

MDMA, possibly in the frontal cortex and hippocampus, areas rich in 5-HT 

terminals and which are responsible for executive function and memory. The 

authors do propose an alternative explanation which suggests that the memory 

deficits highlighted by such experiments are not indicative of long term memory 

loss, but a change in cognitive strategy reflected by a move fi’om verbal to non

verbal reasoning. However, problems of interpretation arise from the lack of a 

measure of baseline levels of cognitive functioning. This makes comparisons 

between the groups difficult - clearly they may have differed in performance 

regardless of MDMA intake. Problems with this study also arise from the lack of 

knowledge about how long (if at all) participants abstained from MDMA before 

testing. Further, the experimenters were not blind to the group categorisation of 

the participants.

Krystal et al. (1992) looked at the cognitive effects of MDMA use in just 9 

subjects who had been regular users of MDMA for between 2 and 7 years. On 

average the last MDMA tablet taken was 66 days previously (range 20-180 days). 

The majority of the sample had also used alcohol, amphetamine, cocaine, LSD and 

cannabis. Although no subject showed clinically diagnosable psychological 

problems at the time of testing, 7 out of 9 asserted that they had suffered from 

anxiety or depression in the past. Immediate recall of prose (sub-test of the 

Weschler Memory Scale) revealed impaired memory performance in 5 subjects at 

a mild level, 4 of whom also showed deficits in delayed recall. Other tests of 

neuropsychological function (Boston naming, Benton visual retention, tactual 

performance, trail making, the Tokens test, Lafeyette pegboard and grip strength).
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revealed no impairments that were common to the subject population as a whole, 

although a variety of mild to moderate individual differences were exposed. 

Cognitive performance was not found to relate to cumulative lifetime dose of 

MDMA. The smallness of the sample size is of particular concern in this study 

given the results of the neuropsychological functioning tests which revealed that at 

least one subject scored in the range for mild to moderate impairment on virtually 

every test. There was also no comparison group and test scores were compared 

with published norms for the general population. Further, participants had been 

administered L-tryptophan before testing which might have had a sedative effect 

and consequently impaired performance.

Morgan (1998) conducted two studies that compared MDMA users who also used 

other drugs with two control groups: one consisting of polydrug users who had 

never used MDMA and the other comprising subjects who did not use illicit 

psychotropics. Potential subjects were excluded if they had any history of 

psychosis, major depressive illness or drug dependence. The criterion to be 

included in the MDMA group was to have used MDMA on at least 20 occasions. 

In the first study the groups consisted of 16 MDMA users, 12 polydrug controls 

and 16 drug naïve controls. All subjects completed a battery of tests which 

included measures of mood state and personality, behavioural measures of 

impulsivity (Matching Familiar Figures test) and tests from the Cambridge 

Neuropsychological Test Automated Battery designed to look at central executive 

function (planning and working memory). The only difference in cognitive 

functioning to emerge between groups was that the MDMA users made twice as 

many errors in total on the Matching Familiar Figures task compared to the two 

control groups. The Impulsiveness, Venturesomeness and Empathy scale (IVE) 

revealed a higher level of self-reported venturesomeness in the two drug using 

groups than in the drug-free control group. However, this may have been a 

function of the fact that drug users have in general been shown to be more 

venturesome than non-drug users (section 1.7.1).
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A second study conducted by Morgan (1998) used a larger subject population (25 

MDMA users, 20 polydrug controls and 19 drug naïve controls) and found similar 

results. Both the MDMA group and the polydrug control group had higher levels 

of self-reported impulsiveness and venturesomeness than the non-drug control 

group. MDMA users were again shown to make more errors on the Matching 

Familiar Figures behavioural measure of impulsivity. This difference was found to 

exist between the MDMA group and the polydrug group (but not between the 

MDMA group and the drug naïve controls). This second study also highlighted 

differences in responses to the current mood questionnaire in that the MDMA 

group were found to be more disturbed/unhappy than the drug-free control group. 

Combining scores on tests conducted across the two studies showed that those 

whose lifetime cumulative dose of MDMA amounted to more than 30 tablets were 

more likely to have elevated impulsiveness scores on the IVE than those who had 

taken lower doses.

Parrott et al. (2000) used self-rating scales to compare 12 ‘heavy’ and 16 ‘light’ 

MDMA users with a control group of 22 participants who had never taken 

MDMA. Heavy users had taken MDMA on average 371 times (range 30-1000 

occasions) whereas light users reported taking MDMA on average 6.8 times (range 

1-20 occasions). Participants were drug free on the test day, but length of time 

since last use of MDMA was not noted. On the SCL-90 measure of psychiatric 

symptoms, heavy MDMA users had increased somatisation, obsessionality, 

anxiety, hostility, phobic-anxiety, paranoid delusion, poor appetite and poor sleep 

compared to controls. Light MDMA users had higher levels of paranoid ideation 

and psychoticism than controls and tended to score between heavy users and 

controls for most of the other scales, although these differences were not 

significant. Heavy MDMA users were more impulsive than controls as assessed 

by the Impulsiveness, Venturesomeness and Empathy scale. There was no 

difference between groups in terms of venturesomeness or empathy, thereby 

replicating the findings of Morgan (1998). The groups did not differ on a 

questionnaire looking at ‘uplifts, hassles, stresses and cognitive failures’.
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Morgan (1999) used tests of immediate and delayed recall (prose sub-tests of the 

Rivermead Behavioural Memory Test) to assess memory function in people who 

use MDMA and those who do not. Participants were divided into three groups, 25 

polydrug users who had taken at least 20 ecstasy tablets in their lifetime, 22 

polydrug controls who had taken illicit drugs but who had never taken MDMA and 

19 drug-naiVe controls. The MDMA group had taken an average of 50 ecstasy 

tablets over their lifetime and the mean time since last use of MDMA was 65 days. 

The MDMA group were impaired compared with the polydrug group on both 

immediate and delayed recall, although performance was not related to cumulative 

lifetime use of MDMA. A correlation was found between a combined measure 

(average number of tablets taken in a session*length of use of MDMA) and 

immediate recall. The MDMA group was further divided into three sub-groups 

based on length of time since last use of MDMA. Those MDMA users who had 

not consumed in the last 6 months were found to have better recall (both 

immediate and delayed) than those who had taken MDMA more recently. The 

author discusses these findings in terms of potential evidence for the recovery of 

cognitive function after 6 months of abstention from MDMA.

Working memory, anxiety and arousal were assessed in current and ex-users of 

MDMA (Wareing et ah, 2000). Current users (n=10) took MDMA at least once a 

month and had last used an average of 8 days before testing. Ex-users (n=10) had 

not taken MDMA for 323 days on average and the control group (n=10) were 

drug-nai've. A random letter-generating task was used to test working memory at 3 

generation rates. At the quickest generation rate, current and ex-users generated 

fewer letters with more vowel intrusions and more redundant letters than the 

control group. Current and ex-users had more vowel intrusions than controls at all 

3 generation rates. Controls also out-performed current and ex-users on the hardest 

level of an information processing task. In contrast to the findings of McCann et 

al. (1999), current and ex-users were found to process information as quickly, but 

not as accurately as controls. Current users had significantly higher levels of
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anxiety than controls although worries about health and use of other drugs such as 

LSD, cannabis and amphetamine might have been confounding factors in this. Ex

users had significantly higher arousal levels than current users. This study 

suggests that deficits in central executive function and information processing 

become increasingly apparent at higlier levels of cognitive demand. It also 

suggests that impairments to working memory persist in ex-users of MDMA who 

have been abstinent for one year on average.

Gouzoulis-Mayffank et al. (2000) found that, compared to controls MDMA users 

had impaired attention on complex tasks, verbal memory and learning. The study 

comprised 28 MDMA users with a minimum use of twice a month over at least 2 

years, 28 cannabis users who had never taken MDMA and 28 drug-naïve controls. 

The MDMA users had not taken MDMA for between 2 and 8 weeks before the 

study and had an average lifetime dose of 93 tablets. No participant had a history 

of psychiatric illness. MDMA users had longer reaction times on a test of selective 

visual attention, poorer immediate visuospatial memory and poorer general 

intelligence than both the cannabis group and the control group. MDMA users 

also had longer reaction times than cannabis users on tests of divided attention. 

Verbal working memory was impaired in MDMA users relative to controls. On 

the verbal learning and memory task MDMA users needed more repetitions to 

learn the word lists than both other groups, had poorer immediate recall of the first 

list than controls and forgot more words than the control group after the 

interference list.

There were also differences within the MDMA group according to length of use 

and lifetime dose. Longer use of MDMA was associated with increased reaction 

time on the divided attention task. A higher cumulative dose of MDMA was 

associated with poorer working memory on a digit span task and poorer immediate 

recall on the verbal memory and learning task. However, a younger age of first 

cannabis use was also associated with impaired performance on the digit span task
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and increased frequency of cannabis use meant that more repetitions were required 

on the verbal memory and learning task.

Two studies have looked at the potentially confounding effects of conjoint 

cannabis and MDMA use on cognitive function (Croft et al., 2001; Rodgers, 2000). 

Cannabis is known to affect cognition and in particular mnemonic function 

(Fletcher et al., 1996; Block and Ghoneim, 1993). Further, it is frequently used in 

the hours following MDMA consumption in order ease the negative feelings often 

associated with coming down from a MDMA ‘high’. Therefore it is important to 

determine whether the impaired cognitive function in MDMA users reported above 

is attributable to use of MDMA or cannabis.

Croft et al. (2001) compared 11 conjoint MDMA/cannabis users with a group of 18 

regular cannabis users who did not use MDMA. These 2 drug-using groups were 

also compared to a control group of participants who had never used either 

cannabis or MDMA (n=31). Volunteers were excluded if they had a psychiatric 

history. Users abstained from cannabis for 48 hours prior to testing and from 

MDMA for at least one week before testing. Results showed that both drug-using 

groups were impaired relative to drug-naïve controls on tests tapping learning, 

memory, verbal word fluency, information-processing and manual dexterity. 

However, the authors argue that as the MDMA/cannabis group did not perform 

significantly worse than the cannabis only group, then these results suggest that the 

cognitive deficits are due to the use of cannabis rather than MDMA. Covariate 

analyses showed that frequency of MDMA use and total amount of MDMA used 

did not alter the significance of the findings of impaired cognitive function in both 

drug groups relative to drug-naïve controls as much as when measures of cannabis 

use were used as covariates. However, on the STROOP task covarying for 

MDMA consumption had more of an effect than covarying for cannabis use, and 

covarying for MDMA use eliminated group differences on the tasks tapping 

working memory. Thus although these results show that cannabis does impair
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cognitive function, it is not clear whether such impairment is above and beyond 

that caused by MDMA.

In contrast, the results presented by Rodgers (2000) suggest that MDMA is more 

damaging to cognitive function than cannabis, particularly with regard to tasks 

tapping delayed memory. Rodgers compared 15 conjoint MDMA/cannabis users, 

15 cannabis users who had never taken MDMA and a control group of 15 drug- 

naïve volunteers. The MDMA users had taken an average of 20 doses over the 

past 5 years and abstained from MDMA use for at least 2 months before testing. 

The MDMA users also took cannabis on average 4 days per week with a mean 

length of use of 10 years. The cannabis group took cannabis on average 4 days per 

week with a mean length of use of 11 years. Both MDMA/cannabis and cannabis- 

only groups abstained from using cannabis for one month prior to testing. Results 

showed that both drug-using groups performed worse than drug-naïve controls on 

the verbal memory index of the Weschler Memory Scale. MDMA/cannabis users 

performed worse than both the cannabis only group and the control group on the 

delayed recall index. There were no differences between groups on the attention 

and concentration indices, or on reaction times tasks. There were also no group 

differences on the cognitive failures questionnaire which is a subjective measure of 

whether participants thought that their cognitive performance was impaired.

Zakzanis and Young (2001) conducted a longitudinal study of memory function in 

15 current MDMA users to determine whether there was progressive impairment 

with continued use of MDMA. Users were excluded if they had a current 

psychiatric illness. Participants were mainly male (80%) and were aged 17-31. 

Participants completed neuropsychological tests on 2 occasions, 12 months apart. 

Users had abstained from MDMA for and average of 6 weeks before the baseline 

test session and for 4 weeks before the test session at 12 months. Participants had 

taken MDMA on an average of 19 occasions at baseline and an average of 55 

occasions at 12 months. Performance on the immediate and delayed prose recall 

sections of the Rivermead Behavioural Memory Test (RMBT) was worse at 12
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months compared to baseline. The authors speculate that this indicates damage to 

retrospective rather than prospective memory as no change in performance was 

found on RMBT tests tapping prospective memory. However, there are problems 

of floor effects when the prospective tests from RMBT are used with a healthy 

normal subject population (Wilson et al., 1985). Negative correlations were also 

found between change in performance scores over the 12 months for (i) WAIS-m 

and frequency of MDMA use, (ii) RMBT first and second name task and total 

number of MDMA uses and (iii) RMBT route and years of MDMA use.
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Table 1.2. Summary of studies reporting impaired mnemonic function in human MDMA users.

Investigator/s No. MDMA 
users in sample

Section Type of impairment 
(test used)

Average lifetime dose 
(tablets)

Average length of time 
since last dose (days)

Parrott et al. (1998) 20 1.7.4 Immediate and delayed prose recall No' No*
Krystal et al. (1992) 9 1.7.4 Immediate and delayed prose recall (Weschler 

memory scale)
13.3 grams 66

Morgan (1999) 25 1.7.4 Immediate and delayed prose recall 
(Rivermead)

50 65

Wareing et al. (2000) 10 current users 
10 ex-users

1.7.4 Working memory 
(random letter generation)

8 (current users) 
323 (ex-users)

Gouzoulis-Mayfrank et al.(2000) 28 1.7.4 Immediate visuospatial memory, immediate verbal 
memory, verbal working memory

93 41

McCann et al. (1999) 22 1.7.3 Working memory and delayed recall 215 98
Bolla et al. (1998) 24 1.7.3 Immediate and delayed verbal memory and 

delayed visual memory
60 28

Verkes et al. (2001) 21 1.7.3 Working memory (word recognition) 
Memory span

741 9

Semple et al. (1999) 10 1.7.3 Verbal memory and spatial working memory 672 18
Reneman et al. (2000) 5 1.7.3 Immediate recall

(Rey Auditory Verbal Learning Test)
218 138

Curran and Travill (1997) 12 1.7.5 Immediate and delayed recall and working 
memory (serial sevens)

No' 2/5

Parrott and Lasky (1998) 30 1.7.5 Auditory immediate word recall No' 2/7
Rodgers (2000) 15 1.7.4 Delayed recall index 

(Weschler memory scale)
20 At least 60

Zakzanis and Young (2001) 15 1.7.4 Immediate and delayed prose recall 
(Rivermead)

Baseline 19 
12 months 55

14

No = data not reported
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iii) Retrospective studies attempting to show a temporal relationship between 

MDMA intake and psychiatric disturbance

The third category of retrospective investigations consists of users who present 

with psychiatric illness potentially related to their use of MDMA. This format has 

been primarily adopted in an attempt to dissociate the effects of MDMA from 

those of other illicit drugs given that the vast majority of MDMA users are also 

polydrug users. As has already been noted, the negative side effects associated 

with MDMA consumption are also common to organic psychiatric disturbance, 

hence the attempt to provide some sort of causal link in time at least.

The overwhelming problem with such studies is that many rely on single-case 

methodology which is not ideal for determining whether MDMA has deleterious 

effects in the vast majority of users who do not present to psychiatric services. 

Therefore this does not constitute a random sample of the MDMA-consuming 

population and the specific context of these studies should be borne in mind. 

Moreover, the majority of participants in these studies were recruited through self- 

referral to psychiatric services a number of months after taking MDMA and so one 

is reliant on patients attributing the cause of their current illness to previous 

MDMA use. Moreover, such participants often self-refer because of their 

problematic use of drugs other than MDMA.

With these limitations in mind, the majority of psychiatric case studies conducted 

to date will not be discussed in detail, instead they are summarised in Table 1.3. 

Studies range from those treating patients with pre-existing psychiatric disturbance 

to those who do not have a history of psychiatric illness (Table 1.3). Similarly, 

dose of MDMA taken is subject to considerable variation, ranging from a single 

use to concentrated use over a weekend to sporadic use over a 6-year period. 

Onset of symptoms attributed to use of MDMA ranges from 30 minutes to 2 years 

after consumption and duration of symptoms ranges from 2-6 months. Moreover, 

there is considerable variation in the nature of symptoms reported, and studies have 

used both self-report and clinician ratings of psychiatric disturbance.
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Table 1.3. Summary of case studies of psychiatric illness in MDMA users.

Symptom Investigator N cases Patterns of Use

Psychosis -Cassidy and Ballard (1994) 2 Case 1. 1 or 2 times a week for 6 months. Case 2. 2/3 times a week for 4-5 months.
-Keenan et al. (1993) 1 Case 1. 1-2 tabs a week over 5 months.
-Creighton, Black, Hyde (1991) 3 Case 1. 4-7 times a week for 4 months. Case 2. 2 occasions. Case 3. 1 occasion.
-McCann and Ricaurte (1991) 2 Case 1. 3 occasions over 2 years (high doses). Case 2. weekends for 2 years.
-McGuire, Cope, Fahy (1994) 13 Range form once a fortnight to 10 times a day. Mean length of use = 56 weeks.
-Schifano (1991) 1 Case 1. 150 occasions over 4 years.
-Vaiva et al. (2001) 1 Case 1. 1 occasion.

Panic -Cohen and Cocores (1997) 1 Case 1. 1 occasion.
Disorder -McCann and Ricaurte (1992) 1 n/a

-McGuire, Cope, Fahy (1994) 13 Range form once a fortnight to 10 times a day. Mean length of use = 56 weeks.
-Pallanti and Mazzi (1992) 3 Case 1. 20 times in 10 mths. Case 2. 3 times in 6 mths. Case 3. once every 2 mths for 2 years
-Cassidy and Ballard (1994) 2 Case 1. 1 or 2 times a week for 6 months. Case 2. 2/3 times a week for 4-5 months.

Depression -Cohen (1996) 2 Case 1. Sporadic use over 6 years. Case 2. 1 occasion.
-Cohen and Cocores (1997) 1 Case 1. 1 occasion.
-Jansen (1999) 3 Case 1. 5-10 tabs a weekend. Case 2. 250mg i.v. 4 times a day. Case 3. 25-30 tabs a weekend.
-McCann and Ricaurte (1991) 2 Case 1. 3 occasions over 2 years (high doses). Case 2. weekends for 2 years.
-McCann and Ricaurte (1992) 1 n/a
-McGuire, Cope, Fahy (1994) 13 Range form once a fortnight to 10 times a day. Mean length of use = 56 weeks.
-Series et al. (1994) 1 Case 1. 2 occasions. Case 2. 1-2 tabs a weekend for 2 months.
-Cohen (1996) 2 Case 1. Sporadic use over 6 years. Case 2. 1 occasion.

Paranoia -Cohen and Cocores (1997) 1 Case 1. 1 occasion.
-McGuire and Fahy (1991) 2 Case 1. 10 tabs a night at weekends. Case 2. 3-4 tabs a night over 2 years.
-Schifano (1991) 1 Case 1. 150 occasions over 4 years.
-Series et al. (1994) 1 Case 1. 2 occasions. Case 2. 1-2 tabs a weekend for 2 months.
-Creighton, Black, Hyde (1991) 3 Case 1. 4-7 times a week for 4 months. Case 2. 2 occasions. Case 3. 1 occasion.

Flashbacks -McGuire and Fahy (1991) 2 Case 1. 10 tabs a night at weekends. Case 2. 3-4 tabs a night over 2 years.
Obsession/
Compulsion

-Cassidy and Ballard (1994) 2 Case 1. 1 or 2 times a week for 6 months. Case 2. 2/3 times a week for 4-5 months.

87



Schifano et al. (1998) studied 150 subjects at Padova Addiction Treatment Unit 

who had taken MDMA on ‘at least one occasion’, expressly to assess the negative 

psychiatric sequelae of MDMA use. In comparison to a control group of 20 

MDMA-naive participants, MDMA users showed impairment on Rivermead 

memory tasks and the Tower of London test of planning. The results of a semi

structured interview showed that just under 1/3 of the MDMA group had 

depression with 28% experiencing psychotic episodes and 27% cognitive 

impairments. Impulse control disorders were diagnosed in 14% of MDMA users. 

In total, 53% of the MDMA group were found to have one or more psychiatric 

illnesses. Results revealed that the appearance of psychiatric disorders was more 

pronounced in those subjects who had consumed a greater number of tablets (both 

cumulatively and in one ‘session’), more frequently over a greater length of time. 

However, the authors also attribute freedom from psychopathological symptoms to 

whether or not subjects had a history of alcohol or opiate consumption. They 

claim that the results illustrate the ‘shielding’ effect of opiates in that opiate users 

were less likely to experience negative symptoms after MDMA use, whereas 

alcohol users were found to be 2% times more likely to report adverse side effects.

Closer examination of these results does however reveal the existence of 

potentially confounding variables. Non-opiate users were younger than opiate 

users, had an earlier age of first MDMA consumption, and were likely to have 

consumed a greater cumulative number of tablets and to mix alcohol with their 

MDMA use. Such factors may in themselves be more directly relevant to the 

manifestation of psychopathology than the use of opiates as a variable in its own 

right. Moreover, the psychoactive effects of opiates may in themselves mask any 

underlying psychiatric disorders that could be potentially attributable to MDMA. 

As this population is heavily biased towards opiate use (58%) it cannot therefore 

be considered representative of the more usual MDMA-using population who 

revolve around the dance scene and who are more likely to use cannabis and/or 

amphetamines rather than opiates (Parrott and Lasky, 1998). Nevertheless, 

Schifano et al. (1998) argue that it is impossible to find a group of subjects who



have only ever used MDMA and have not mixed it with other substances. While 

this is undoubtedly true, it is conceivable that subjects could be found who mainly 

use drugs that are less ‘heavy’ in their effects than opiates. The study also lacks a 

control group of drug-naïve subjects who are otherwise matched in terms of gender 

and age.

The Schifano et al. (1998) study is unusual in that the vast majority of studies 

looking at psychiatric sequelae of MDMA use rely on single case methodology, 

(see Table 1.3). The use of single case methodology brings its own problems as 

one cannot make generalisations based on one case, yet from the numbers reported 

in Table 1.3 it appears that this is common practice in this type of research. The 

danger of making any generalisations based on single case methodology is 

apparent when one considers the range of psychiatric illnesses reported, especially 

as subjects often present with more than one symptom (e.g. Series et al. 1994).

Three case studies that are reported by Jansen (1999) are considered here because 

they describe heavy use of MDMA where criteria for dependence may be met. 

The author defines dependence according to the World Health Organisation 

guidelines (1992) whereby 3 of the following criteria need to be evident: (i) a 

strong desire to take the drug (ii) withdrawal state (iii) tolerance (iv) neglect of 

alternative pleasurable activities (v) persistent use despite evidence of harm being 

done. In the first case, a 19 year-old man could not stop using MDMA despite 

suffering a seizure. He used 20-40 tablets every weekend for 1 year and often 

binged on MDMA continuously from Thursday evening through to Monday 

morning. He reported experiencing mid-week lows and increasing tolerance to the 

effects of MDMA. After cessation of use, he continued to report fatigue and low 

mood. The second case was of a 30 year-old man who injected 250g of pure 

MDMA powder up to 4 times a day over a period of 6 months. He had taken 

MDMA orally (1/2 tablets) on occasional weekends for the 8 years prior to starting 

to inject MDMA. He claimed to be unable to abstain from MDMA use despite 

suffering from severe depression. The final case was of a 25 year-old man with
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Post Traumatic Stress Disorder. He reported use of 25-30 MDMA tablets every 

weekend over a period of 2 years. Again he often used continuously from 

Thursday evening until Monday morning. His symptoms included anxiety, low 

mood, insomnia, poor appetite, low energy, anhedonia and suicidal ideation. In all 

3 cases problematic or even dependent use of MDMA is suggested, although there 

was also concomitant use of other recreational drugs.

1.7.5 Prospective studies of psvchological function in MDMA users 

Prospective studies can also be sub-divided into different sections, the division 

being made between those conducted prior to and after the implementation of 

government restrictions on testing. Prior to the classification of MDMA as a 

Schedule 1 drug in the USA in 1985, it was possible to administer MDMA to 

participants and directly observe any ensuing psychological and psychomotor 

effects (Greer and Tolbert, 1986; Downing, 1986). More recently, prospective 

studies have been carried out in countries such as Switzerland and Spain where 

human testing with MDMA is still permitted. These studies have typically 

administered 1.7 mg/kg MDMA, a much smaller dose than the doses of up to 

4.18mg/kg administered by Downing in 1986. However, the vast majority of 

research into MDMA is carried out in countries where the administration of 

MDMA to humans for experimental purposes is prohibited. In such countries 

participants have been tested in club settings whilst on-drug as this is the only 

feasible way of looking at the effects of a typical recreational dose.

The earlier prospective studies (i.e. pre-restrictions) reported very positive, 

pleasurable effects of MDMA consumption. This may be a function of the method 

of recruitment because if you volunteer for a study in which you are going to be 

administered MDMA then this suggests that you have had good experiences on the 

drug in the past and do not expect any seriously unpleasant side effects. Thus in 

earlier studies the presence of negative symptoms has been recorded merely as a 

by-product of an attempt to catalogue the positive psychoactive effects of MDMA. 

This bias in the literature probably goes back to studies such as that of Greer and
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Tolbert (1986) and their attempt to advocate the use of MDMA as an adjunct to 

psychotherapy. However, in recent years increased attention has been focused on 

the more negative psychiatric consequences as reports of altered mood function 

have pointed to the possible neurotoxic effects of MDMA ingestion.

i) Prospective studies in which MDMA is administered to participants bv the 

experimenter

Greer and Tolbert (1986) oversaw the administration of MDMA to 29 subjects as 

an adjunct to psychotherapy in a group session. Subjects were given one dose of 

between 75-150mgs of MDMA, with a further 50-75mgs being administered two 

hours later when the initial effects were wearing off. In order to counteract 

unpleasant side effects, some subjects were also given propanolol, diazepam or L- 

tryptophan 5-8 hours later. All subjects were in psychotherapy and 14 subjects 

identified pre-existing psychological problems, however those with a ‘socially or 

vocationally disabling psychological condition’ were excluded from the study. 

The nature of the pre-existing problems ranged from personality disorders (3 

subjects) to depressive disorders (4) and anxiety (2). The main subjective effect of 

the MDMA dose reported by 27 of the 29 participants was a feeling of intimacy 

with those present at the session. (The only 2 who did not report this effect 

participated in individual rather than group sessions). Twenty two subjects had 

experiences of expanded mental perspective or increased insight into their personal 

make-up. Sixteen subjects reported ‘negative’ emotional side effects the day after 

a session which included anxiety (5), mild depression (2) and paranoia (1) whilst 

others described a more general emotional vulnerability. Half of the subjects who 

entered the sessions with pre-existing psychological problems reported an 

improvement in their symptoms as the sessions progressed. Eighteen subjects 

claimed a general improvement in mood or emotional state and 23 experienced a 

positive change in attitude lasting from a few hours to several weeks (average 1 

week).
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The fact that 9 of the subjects agreed to take part in the study precisely in order to 

become more insightful as a result of introspection should be taken into 

consideration when interpreting this self-report data. This self-selection of subjects 

(often friends of the authors) meant that they brought to the session expectations of 

a positive experience on MDMA. The authors mention that for three of the 

subjects who consumed larger doses more frequently, positive side effects were 

fewer whereas negative experiences increased. In general however, the authors 

concluded that MDMA did have beneficial psychotherapeutic effects and that it 

was best used to ‘facilitate more direct communication between people involved in 

a significant emotional relationship’. Such a conclusion is rarely found in more 

recent literature which highlights the potentially damaging impact of MDMA on 

mental health.

In another prospective study. Downing (1986) looked at the immediate effects of 

MDMA ingestion over a 24 hour period. Twenty-one volunteers who had used 

this drug on at least one previous occasion were split into three groups according to 

personality traits and the experimental design. Blood chemistries were taken for 

all subjects and neurological examinations performed on just under half. Subjects 

had used MDMA on between 1-15 occasions over a period of up to six years. Half 

the sample were also alcohol and/or cocaine users. All of the participants were 

considered to be in good mental health both by themselves and the experimenters, 

and they were all known to the staff running the study.

Participants were allowed to choose what dose of MDMA they received, the 

average being 165mgs. They were asked to complete a questionnaire about any 

negative experiences with MDMA in the past which revealed that 80% had 

suffered jaw clenching and 60% experienced headaches. There were no reports of 

any mental health problems as a result of MDMA use. After administration of the 

MDMA, euphoria and increased physical and emotional energy were widely 

reported. Short-term memory was not found to be affected whilst under the 

influence of the drug. However, tasks requiring concentration (multiplication and
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decision making) or co-ordination (gait) were significantly disrupted. Appetite 

was found to be suppressed in all subjects throughout the 24 hour duration of the 

experiment. As a result of these findings the author concluded that MDMA 

consumption has no serious negative psychological impact and that it is apparently 

non-toxic in humans. As with the Greer and Tolbert (1986) study, subjects were 

self-selected and therefore must have had expectations of having a good experience 

on MDMA. Additionally, the preferred frequency of use of the drug (on average, 

once every 10 weeks) was very different to the typical weekly weekend 

intoxication seen in MDMA users nowadays.

In a more recent prospective study, Vollenweider et al. (1998) administered 

1.7mg/kg of MDMA to 13 MDMA-naive subjects in a double-blind placebo 

controlled experiment. Participants were excluded if they had a history of 

psychiatric illness or illegal drug use. Visual analogue scales to measure mood and 

the altered state of consciousness rating scale were used at baseline and again 75 

minutes after MDMA administration. Participants also performed a Stroop test 

and completed the vegetative liability scale whilst on-drug. Results revealed 

participants to be significantly more extroverted, emotional, excitable and anxious 

whilst on MDMA. Participants also reported changed conception of space and 

time, increased derealisation, depersonalisation, recollection, imagination, illusions 

and an increased sense of wellbeing and positive mood. No significant change in 

delusion or loss of thought control was found. The most frequently reported acute 

effects were bruxism, decreased appetite, impaired concentration and balance. 

Additional effects that became apparent over the next 24 hours were increased 

thirst, restlessness, insomnia, sweating and brooding. There was no change in 

performance on the Stroop task, although this is perhaps not surprising given 

reports that MDMA increases sensory perception, as was also found in this 

experiment. Therefore the authors’ conclusion that MDMA does not produce 

attentional deficits seems a little premature.
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Cami et al. (2000) conducted a double-blind crossover placebo controlled trial in 

which participants received either 75mg MDMA, 125 MDMA, 40mg amphetamine 

or placebo. Four test sessions were conducted, with a wash-out period of one week 

between testing. Participants were 8 male MDMA users aged 21-30 (mean 26.5 

years), who had taken an average of 23 doses of MDMA. Psychometric tests 

included a digit-symbol substitution test (DSST) and a simple reaction time test, 

both of which were performed at baseline and 30, 60, 90 minutes and 2, 3, 4, 6, 8, 

10 and 24 hours after administration of drug/placebo. 28 self-rated visual analogue 

scales were performed at baseline and 15, 30, 45, 60, 90 minutes and 2, 3, 4, 6, 8, 

10 and 24 hours after administration of dmg/placebo. A profile of mood states 

questionnaire (POMS) was completed at baseline and at 1, 2, 4, 6, 8, 10 and 24 

hours after drug/placebo. Results showed that following the 125mg dose of 

MDMA, participants were slightly impaired on the DSST compared to 

performance after 75mg MDMA, amphetamine or placebo. Subjective drug 

effects were found to be at their peak between 90 mins and 2 hours after drug 

administration, and had returned to baseline levels by 4 hours after baseline. 

125mg MDMA resulted in increased ratings of ‘drunkenness’ and confusion 

compared to 75mg MDMA, amphetamine and placebo as well as increased ratings 

of confusion, elation and positive mood on the POMS compared to placebo. There 

were reports of a number of perceptual changes following 125mg MDMA such as 

changes to shapes, lights, hearing and body feeling whereby colours seemed 

brighter and hearing was more acute than when on amphetamine or placebo. 75mg 

MDMA also resulted in ‘different, changed or unreal body feeling’ compared to 

placebo. Both doses of MDMA resulted in increased ratings of feeling high 

compared to placebo.

Liechti et al. (2001) found evidence of gender differences with regard to the 

subjective effects of MDMA. Data from 3 previous studies was examined in 

which MDMA-naiVe participants were administered an average dose of 1.7mg/kg 

MDMA (range 1.35-1.80mg/kg depending on body weight). Participants included 

54 males and 20 females, aged on average 27 years, with no previous or current

94



psychiatrie history. The Altered States of Consciousness rating scale (OAV) and 

the Adjective Mood rating scale were administered when drug effects were at their 

peak and adverse drug effects were assessed 24 hours after MDMA had been 

administered. Results showed that when given MDMA, both males and females 

had higher scores on all 3 sub-scales of the OAV than when given placebo. 

Females given MDMA scored significantly higher than males given MDMA on all 

3 sub-scales: (i) oceanic boundlessness (higher increases in mood,

depersonalisation and changed perception of space and time) (ii) altered ego 

dissolution (increased thought disturbance such as impaired decision making) and 

(iii) visionary restructuralisation (women given MDMA had more perceptual 

changes than men given MDMA, including vivid imagination and hallucinations). 

There was a positive correlation between dose of MDMA administered and scores 

on the visionary restructuralisation scale in females whereby higher doses of 

MDMA were associated with more perceptual alterations. No such association 

was found in males given MDMA. No gender differences were found on the OAV 

in the placebo condition. Although there were no MDMA* gender interactions on 

the adjective mood rating scale, when given MDMA females scored higher on 

apprehension-anxiety and depressiveness than when given placebo whilst no 

difference was found in male participants. Further, a positive correlation was 

found between dose of MDMA and anxiety scores in women but not in men. Both 

genders reported improved mood, self-confidence and extraversion whilst on 

MDMA compared to placebo. On a self-rated list of complaints, 15-40% of 

women given MDMA reported emotional excitability, lack of energy, brooding 

and bad dreams 24 hours after MDMA. As this was significantly different from 

men given MDMA, the authors suggest that this is indicative of slightly depressed 

mood in MDMA females. Liechti et al. (2001) also state that a few women 

reported lasting depressed mood up to 3 days after MDMA. However, the number 

of participants reporting this residual effect is not specified, and a specific measure 

of depressed mood was not used.
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Other prospective studies have already been discussed. Liechti et al. (2000a&b) 

administered MDMA to participants after pre-treating them with 

citalopram/ketanserin in order to determine which receptors mediate the 

psychoactive effects of MDMA (section 1.7.3). Three studies have also looked at 

rCBF following acute doses of MDMA (Gamma et ah, 2000; Chang et ah, 2000; 

Grob et ah, 1996; section 1.7.3).

ii) Studies in which MDMA was obtained illegallv bv the participant, not under 

the control of the experimenter

Prospective studies carried out after the imposition of restrictions on testing 

generally suffer because of the lack of control which can be exerted over the 

environment. This is an important issue in terms of the purity of the MDMA 

consumed, the other drugs taken by participants and the fact that testing is often 

carried out in the back room of a club in less than ideal circumstances.

Curran and Travill (1997) compared the mood and cognitive effects of 12 MDMA 

and 12 alcohol users, aged 20-27, up to 5 days after consumption. The alcohol 

group did not take any other psychoactive drug during the session. Both groups 

reported a history of using cannabis, cocaine, LSD, GHB, mushrooms and heroin, 

although the first two drugs mentioned were those most frequently used. 

Additionally, only 5 subjects in the ‘alcohol’ group had never taken MDMA and 3 

said that they took it as often as once a month, highlighting the difficulty of finding 

a suitable control group in a club environment. A progressive lowering of mood 

was found after consumption of MDMA as measured by self-report on mood 

scales. The most significant results were found to hinge on the contented- 

discontented; happy-sad and interested-bored measures. That is, the MDMA group 

were more sad, discontented and bored over the five days of the study than the 

alcohol only group. Scores on the Beck Depression Inventory (BDI) were similar 

on day 2 but by day 5 MDMA users were more depressed than when they started 

whereas alcohol users had reverted to day 1 ratings. The MDMA group had lower 

scores on tests of both immediate and delayed recall and exhibited impaired
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performance on mathematical calculations (Serial Sevens Task), possibly reflecting 

a deficit in attention/executive function.

Other problems with prospective studies are highlighted by Parrott and Lasky 

(1998), who compared three groups of subjects with differential histories of 

MDMA use. One group consisted of users of MDMA on more than ten occasions 

(regular users), the novice group included those who had used MDMA on less than 

10 occasions and the third group had never taken MDMA, although they did use 

other drugs. All three groups consisted of 15 subjects whose ages ranged from 19- 

30 years. Participants were tested both on and off MDMA and they also completed 

questionnaires about their drug use. This revealed that the three drugs other than 

MDMA most commonly used were cannabis, amphetamine and cocaine. 

Participants performed a variety of tests of cognitive functioning. These included 

an auditory test of word recall and a visual search task in which a target letter had 

to be discriminated from distractor letters. Visual analogue mood scales were also 

administered. A baseline assessment of these cognitive and mood functions was 

made whilst the subjects were off-drug to be used as a reference point for on-dnig 

performance. On-drug testing occurred between 2 and 8 hours after MDMA 

consumption in a club. Third and fourth test sessions were carried out two and 

seven days after MDMA intake.

Results revealed that both groups of MDMA users performed poorly on the word 

recall memory test when compared to the MDMA-free controls, both on and off- 

drug. It was also found that whilst under the influence of MDMA, users only 

recalled 60-70% of the words remembered by the control group. The fact that 

memory impairments were apparent in MDMA users whilst off-drug suggests long 

term damage to memory as a result of using this drug, although there can be no 

way of insuring whether these off-drug memory effects are attributable to MDMA 

use. Both regular and novice MDMA users also performed poorly on the visual 

search task whilst on-drug, being significantly slower than the controls, although 

novice users were not as severely impaired as regular users of MDMA. On day two
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the MDMA groups experienced feelings of depression, sadness, unsociability, 

unpleasantness and abnormality compared to the more stable mood states 

displayed by the control group.

Despite the aforementioned methodological restraints, prospective testing of the 

psychological effects of MDMA does provide an external validity not achieved in 

a laboratory setting, hr this way the importance of the social setting deserves 

consideration as many users report feelings of empathy and oneness in social 

interactions and better understanding of the music played in clubs. Consequently it 

is necessary to dissociate the natural comedown from having a good time in a 

social setting from any depressed mood effects directly attributable to MDMA.

Summary of findings to date and research hypotheses

1.8 Summary of findings

Animal studies have shown that MDMA impairs the operation of the serotonergic 

system and there is a growing body of evidence suggesting that there are adverse 

functional and psychological consequences of MDMA use in humans. The 

functional implications for transmission of 5-HT in humans have been discussed in 

section 1.7.3. Here, 3 studies demonstrated that MDMA users had a blunted 

prolactin response to neuroendocrine challenge relative to MDMA-naive controls 

(Gerra et al., 1998 & 2000; McCann et al., 1999). However, Verkes et al. (2001) 

only found evidence of a blunted cortisol response in MDMA users compared to 

controls, possibly due to considerable differences in the amount of time since last 

use of MDMA compared to the other studies reported above (Table 1.1, page 56). 

The blunted prolactin response suggests the downregulation of postsynaptic 5- 

HT2A72C receptors as a result of hypersecretion of 5-HT. McCann et al. (1999) state 

that such downregulation is implicated by the blunted anxiogenic effects of m-CPP 

in MDMA users. The role of 5-HT2a.'2C receptors was also highlighted in a study 

by Liechti et al. (2000) using the 5-HT2a/2c antagonist ketanserin, and in 

neuroimaging studies of alterations to 5-HT2a receptor densities in MDMA users
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(Reneman et al., 2000a & 2000b). Other studies have used 5-HT reuptake 

inhibitors to assess whether they can effectively block the neurochemical response 

of the brain to MDMA, thereby implying that 5-HT mediates the effects of 

MDMA. However, the results of such studies have been contradictory. Whilst 

McCann and Ricaurte (1993) found that pre-treatment with fluoxetine did not 

disrupt the euphoric effects of MDMA, Liechti et al. (2000) found that citalopram 

caused a 60% reduction in the psychoactive effects of MDMA, The differences in 

these findings may be explained by the fact that the McCann and Ricaurte study 

relied on self-report whereas the Liechti et al. (2000) study was conducted under 

experimental conditions in a laboratory. Moreover, the fact that the Liechti et al. 

study only found a 60% attenuation of psychoactive effects suggests a partial role 

for other neurotransmitters.

Measures of CSF 5HIAA in MDMA users have consistently shown reduced levels 

of the 5-HT metabolite. However, only Bolla et al. (1998) have been able to 

demonstrate an inverse correlation between CSF 5HIAA and extent of MDMA 

use. Three studies have found evidence of reduced binding to selective 5-HT 

transporter ligands in MDMA users (McCann et al., 1998; Semple et al., 1999 and 

Reneman et al., 2000a). However only one of these studies found a negative 

correlation between reduced transporter binding and previous extent of MDMA 

consumption (McCann et al., 1998). Two studies have also found evidence of a 

reduction in regional cerebral blood flow (rCBF) both immediately and 3 weeks 

after administration of MDMA (Gamma et ah, 2000; Chang et ah, 2000). 

However, Gamma et ah (2001) did not find any evidence of differences between 

MDMA users and controls in terms of rCBF. Investigations using other markers of 

5-HT transmission in human MDMA users have found evidence of attenuated 

striatal 5-HT tissue stores (Kish et ah, 2000), toxicity in human JAR cells 

(Simantov and Tauber, 1997), altered responses to auditory evoked potentials 

(Tuchtenhagen et ah, 2000), altered EEG (Dafters et ah, 1999) and altered sleep 

patterns (Allen et ah, 1993).

99



The psychological consequences of human MDMA consumption have also been 

reported in a variety of ways. Five surveys all found evidence of self-reported 

depression in MDMA users (Petrouka et al., 1988; Cohen 1995; Topp et al., 1999; 

Davison and Parrott, 1997; Liester et al., 1992). Here, reports of depression ranged 

from 10%-56% of those surveyed and there were also complaints of insomnia, 

impaired concentration, paranoia and anxiety. The majority of studies using 

objective tests of cognitive function have reported impaired memory in MDMA 

users (Parrott et al., 1998; Krystal et al., 1992; Morgan 1999; Wareing et al., 2000; 

Gouzoulis-Mayfrank et al., 2000; Rodgers 2000; Reneman et al., 2000a; McCann 

et al., 1999; Bolla et al., 1999; Semple et al., 1999; Verkes et al., 2001; Zakzanis 

and Young, 2001). However, it should be noted that there is remarkably little 

uniformity as to which tests of mnemonic function were used in the various studies 

(for a review see Table 1.2, page 85). Whereas this renders it unwise to generalise 

about memory in MDMA users, it does suggest that they are susceptible to a range 

of memory-related impairments. In particular, the most consistent finding seems to 

be of impairment on tasks tapping episodic and working memory (Table 1.2). A 

relationship between mnemonic function and lifetime use of MDMA has been 

identified in 3 studies (Gouzoulis-Mayfrank et al., 2000; McCann et al., 1999 Bolla 

et al. 1998). In addition to impaired memory, 2 studies have found MDMA users 

to be more impulsive than controls (Morgan 1998; Parrott et al., 2000). Morgan 

(1998) also found MDMA users to be more venturesome than controls and that this 

was inversely related to cumulative lifetime dose of MDMA.

Studies of those users reporting psychiatric sequelae of MDMA use have revealed 

a range of disorders that may be potentially linked with use of MDMA. These 

have included psychosis, panic disorder, depression, suicidal ideation, flashbacks, 

anxiety, aggression, paranoia, impaired impulse control and obsessive compulsive 

disorder. However, in a sense these studies examine the outliers, that is, those who 

are motivated to seek psychiatric help. What is needed is a large-scale study of the 

prevalence of negative outcomes within the wider MDMA-using population over a 

longer period of time. The case studies discussed in section 1.7.4. attribute the
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immediate onset of psychopathologies to MDMA use (e.g. Pallanti and Mazzi, 

1992; Cohen and Cocores, 1997). However, the rapid onset of symptoms reported 

here may be attributable to a pre-disposition to psychiatric illness within certain 

individuals that was triggered by using MDMA. It may be the case that if 

questioned about the long-term effects of MDMA consumption, users may also 

report negative mood and cognitive effects as the time course of action may not be 

so rapid for the majority of users who do not have extreme acute reactions. In this 

way, there is a need to look at the reported effects of MDMA in the long-term. 

Whilst case studies are unable to provide causative links between MDMA 

consumption and psychiatric illness, they do suggest that use of MDMA may 

exacerbate vulnerability to mental health problems in susceptible individuals.

The prospective studies in which MDMA was administered by the experimenter 

under controlled conditions have generally only reported the ‘pleasurable’ effects 

of MDMA consumption. Both prospective studies conducted in the 1980’s 

reported that MDMA increased feelings of intimacy, insight, euphoria and energy 

(Greer and Tolbert, 1986 and Downing, 1986). Whereas the Greer and Tolbert 

study also recorded anxiety, depression and paranoia the day after MDMA 

administration, the study conducted by Downing did not report any adverse effects 

on mental health. Prospective studies conducted by Swiss and Spanish researchers 

between 1998 and 2001 have consistently shown that an average dose of 1.7mg/kg 

of MDMA causes increases on all 3 Altered State of Consciousness (ASC) scales 

(see sections 1.7.3 and 1.7.5). The ASC scales measure ‘oceanic boundlessness’ 

(derealisation, depersonalisation, altered sense of time, positive basic mood), 

‘anxious ego dissolution’ (thought disorder, loss of thought/body control, delusion) 

and ‘visual restructuralisation’ (visual hallucinations, changed meaning of 

percepts, facilitated recollection/ imagination). However, there is debate about the 

ethical implications of giving MDMA to volunteers who had not previously taken 

the drug. By contrast, club based prospective studies have tended to focus on the 

more harmful sub-acute effects of MDMA which have included impaired

101



immediate and delayed recall, impaired working memory and mid-week lowering 

of mood (Parrott and Lasky, 1998; Curran and Travill, 1997).

There are a number of gaps in our knowledge of the effects of MDMA on mood 

and cognition:

(1) No study has been able to show associations between 5-HT markers, 

mood/cognitive impairments and patterns of MDMA use. To date, 3 studies have 

shown associations between 5-HT markers and mood/cognitive function (Gerra et 

al., 2000; Reneman et al., 2000a; Bolla et al., 1998). Correlations between 5-HT 

markers and patterns of MDMA use were reported in 5 studies (Liechti et al., 

2001; Gerra et al., 2000; Bolla et al., 1998; McCann et al., 1998; Grob et al., 1996). 

Finally, correlations between patterns of MDMA use and mood/cognition were 

shown in 5 studies (Zakzanis and Young, 2001; Gouzoulis-Mayfrank et al., 2000; 

Semple et al., 1999; McCann et al., 1999; Morgan 1998). A study showing 

associations between 5-HT markers, mood and cognitive impairments and patterns 

of MDMA use would provide more robust evidence of mood and cognitive 

impairment attributable to MDMA use than that which has been reported to date. 

However, it should also be remembered that a number of non-significant 

correlations have been reported between various combinations of the 3 factors 

outlined above (Verkes et al., 2001; Tuchtenhagen et al., 2000; Dafters et al., 1999; 

Semple et al., 1999; McCann et al., 1999 & 1998; Gerra et al., 1998; Bolla et al., 

1998; Cohen et al., 1995; Krystal et al., 1992; Ricaurte et al., 1990).

(2) Although the studies reported above have shown that MDMA users exhibit a 

range of memory impairments, particularly on tasks tapping episodic and working 

memory, there has been considerable variation in the types of tests used, 

cumulative amount of MDMA taken and length of abstinence from MDMA before 

testing (Table 1.2). If a 3-week period of abstinence is not enforced before testing, 

then the results obtained will pertain to the sub-acute rather than the long-term 

effects of MDMA. This all serves to complicate the picture regarding the nature of 

cognitive impairment caused by MDMA.
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(3) There are a number of gaps in our knowledge of both the sub-acute and long

term effects of MDMA. Studies of sub-acute effects have not looked for adverse 

outcomes such as anger/aggression, anxiety, impulsivity and other mood effects 

known to be mediated by 5-HT. With regard to long-term effects, only one study 

to date has looked at users who have abstained from MDMA use for 1 year (Gerra 

et ah, 2000). This study found evidence of depression (HAM-D) and blunted 

prolactin responses in abstinent MDMA users relative to controls. Therefore 

further research is required into other long-term effects of MDMA that persist after 

cessation of use. The finding of progressive impairment to memory in MDMA 

users over the course of 1 year also requires replication (Zakzanis and Young, 

2001).

1.9 Research hvpotheses

This section will be divided into 3 parts; (i) hypotheses about the nature of 

impairment to psychological function that might result from MDMA use (ii) 

hypotheses about what factors may exacerbate any such impairments and (iii) 

hypotheses about the reversibility of damage caused by MDMA.

i) The nature of psvchological impairment resulting from MDMA use.

The type of impairment that will result from MDMA use can be predicted 

according to the range of functions that are modulated by 5-HT. 5-HT neurons 

project from the dorsal and median raphe nuclei to innervate areas such as the 

cerebral cortex, hypothalamus and hippocampus. As these areas are associated 

with affective and cognitive function, it is likely that use of MDMA will result in 

alterations to mood, memory and cognition.

It is predicted that MDMA users will exhibit impaired performance on tasks 

tapping aspects of memory and cognition relative to non-user controls. Animal 

studies have shown reductions in the number of 5-HT uptake sites in the 

hippocampus of rats administered MDMA (Marston et al., 1999; Frederick and 

Paule, 1997). Altered 5-HT reinnervation in areas such as the neocortex, amygdala
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and hippocampus up to 7 years after MDMA has also been shown in non-human 

primates (Hatzidimitriou et ah, 1999). As these areas are associated with learning 

and memory as well as anxiety and emotional arousal one predicts deficits in these 

functions in human users. Further, animal studies have also found evidence of 

acute cognitive impairment such as difficulty acquiring new information, impaired 

short-term memory and attentional deficits (Section 1.6.5). Human studies have 

shown that 5-HT has a modulatory role in memory and cognition (section 1.5.3). 

For example, serotonergic projections from the raphe to the cerebral cortex are 

reduced in Alzheimer’s patients (Solodkin and van Hoesen 1997). Moreover, as 

the most consistent finding in the human literature is of impaired memory in 

MDMA users relative to non-user controls, one predicts that MDMA users will 

show impaired performance on memory tasks relative to controls, particularly 

immediate and delayed prose recall. The literature reviewed in the previous 

section also suggests that MDMA users are more likely to show impairment on 

tasks with high as opposed to low cognitive demand.

As 5-HT is known to play a key role in the regulation of mood, it is predicted that 

MDMA users will be more susceptible to depression than those who do not use 

MDMA. Receptor studies suggest the involvement of post-synaptic 5-HT 

receptors in the aetiology of depression (section 1.5.2). Such studies have shown 

that 5-HT agonists such as d-fenluramine and parachloramphetamine cause 

depression, probably through the downregulation of postsynaptic 5-HT receptors 

(section 1.5.6). Therefore MDMA, also a 5-HT agonist, will have a similar effect 

on 5-HT transmission. Moreover, animal evidence suggests that there are 2 ways 

in which MDMA can lead to depressed mood; (i) MDMA not only causes the 

release of stored 5-HT, but also prevents the synthesis of replacement 5-HT 

thereby resulting in a temporary reduction in 5-HT function (section 1.5). This 

probably results in the ‘mid-week low’ phenomenon reported in human studies 

whereby users report a lowering of mood a few days after taking MDMA (Curran 

and Travill, 1997). (ii) If, as is suggested by studies of non-human primates, 

MDMA is neurotoxic to 5-HT axon terminals then MDMA users will also find that
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they are susceptible to depression in the long-term. Therefore it is predicted that 

MDMA users will score higher on objective tests of depression such as the BDI 

than controls. It is also expected that they will score higher on self-rating mood 

scales than controls. Further, as anxiety and low self-esteem are also related to 

depressed mood, it is expected that MDMA users will also have higher levels of 

anxiety and lower self-esteem than MDMA-naiVe controls.

To date, little consideration has been given to the effect of MDMA in 

anger/aggression apart from the studies by Gerra et al. (1998; 2000). A number of 

studies have reported the mood-altering effects of MDMA, but as 5-HT is also 

implicated in the regulation of anger/aggression, it is predicted that MDMA users 

will have higher scores on self-rated measures of anger/aggression than controls. 

Evidence for the role of 5-HT in the modulation of anger/aggression comes from 2 

sources: (i) studies have shown associations between 5-HT and aggression (Brown 

et al., 1970; Linnoila et al., 1993, section 1.5.4), and pharmacological challenge 

studies have shown links between depletion of plasma tryptophan and aggressive 

behaviour (Bond et al., 1995; 2001) (ii) there is also evidence for an association 

between elevated impulsivity and increased aggression. Indeed, some studies have 

shown substance users/alcoholics to have higher levels of impulsive aggression 

than controls (Virkkunen et al., 1994; Zuckerman, 1996). As MDMA users are 

expected to have higher levels of impulsivity than controls (see below), it is 

reasonable to hypothesise that they will also be more aggressive.

It is predicted that MDMA users will show higher levels of self-reported and 

behavioural impulsivity than MDMA-naiVe controls. There are two bases to this 

hypothesis; (i) studies have shown that drug users are more impulsive than non

drug users (Fishbein et al., 1989), therefore one would expect MDMA users to 

score higher on measures of impulsivity than non-user controls (ii) 

psychopharmacological studies using serotonin reuptake inhibitors have shown an 

association between attenuated 5-HT function and impulsivity (Cherek and Lane,

1999). Given that MDMA acts as a serotonin reuptake inhibitor, one predicts that
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MDMA-users will be less impulsive on-drug, but show increased levels of 

impulsivity off-drug caused by the subsequent reduction in 5-HT activity. Self- 

reported and behavioural impulsivity in MDMA users has already been identified 

in several studies (Morgan 1998; Tuchtenhagen et ah, 2000; Parrott et ah, 2000). 

Interestingly, MDMA users were shown to be more impulsive than polydrug users 

who were MDMA-naiVe. Thus, it seems that MDMA increases impulsivity 

beyond the already elevated levels seen in drug users who are MDMA-naiVe. This 

is probably due to the combination of (i) and (ii) noted above: a psychological 

connection between drug-users and impulsivity and a biological connection 

between MDMA, reductions in 5-HT and impulsivity.

In summary, one predicts a range of affective and cognitive impairments in human 

MDMA users due to the wide-ranging role of 5-HT as a modulatory 

neurotransmitter. Further, animal evidence has shown that MDMA has acute, sub

acute and long-term effects on 5-HT function (section 1.6). Therefore it is 

expected that MDMA users will show altered mood relative to controls on both 

state and trait measures according to whether one is assessing the acute or long

term effects of use.

ii) Factors that mav exacerbate impairment

The present thesis will attempt to address the question of whether there are factors 

that render some users more susceptible than others to experiencing the affective 

and/or cognitive impairments discussed above.

It is predicted that the amount, frequency and length of MDMA use are influential 

factors when looking at the effects of MDMA in humans. Animal studies have 

shown that increased frequency and dosage increase the risk of neurotoxic effects 

of MDMA (section 1.6). However, the existing evidence in humans is 

contradictory due to methodological constraints on testing and the wide variety of 

measures used. Three studies found a negative correlation between lifetime dose 

of MDMA and memory function (Bolla et al., 1998; McCann et al., 1999;
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Gouzoulis-Mayfrank et al., 2000). A further 3 studies have differentiated between 

‘heavy’ and ‘light’ MDMA users to show a relationship between extent of MDMA 

use and mood and cognitive impairments (Morgan 1998; Parrott and Lasky, 1998; 

Parrott et al., 2000). Conversely, several studies did not find a relationship 

between cumulative lifetime dose of MDMA and functional or psychological 

impairments (Ricaurte et al., 1990; Gerra et al., 1998; Tuchtenhagen et al., 2000). 

Further, several of the single case studies (section 1.7.4) suggest that some 

individuals can experience negative symptoms after a single dose of MDMA. 

There is clearly a need to resolve these inconsistencies about the relation between 

frequency/amount of MDMA consumed and psychological outcomes, particularly 

in the long-term. When considered in light of the animal evidence, the findings 

reported above suggest that it is reasonable to predict associations between patterns 

of MDMA use, mood and performance on tasks tapping aspects of cognition and 

memory. It is expected that greater use of MDMA will be associated with greater 

impairment to cognition and with poorer mood.

Based on animal evidence, it is predicted that the conjoint use of cocaine with 

MDMA will increase the neurotoxic potential of MDMA in human users. Many 

MDMA users take cocaine in conjunction with MDMA (Curran and Travill, 1997; 

Parrott and Lasky, 1998; Krystal et al., 1992). Animal studies have shown that 

pre-treatment with MDMA increases the rewarding potential of cocaine in rats 

because both MDMA and cocaine cause an increase in dopamine (Horan et ah, 

2000; Fletcher et al., 2001). As dopamine is thought to play a key role in the 

neurotoxic action of MDMA, the increased dopamine levels resulting from 

conjoint MDMA/cocaine use may cause more damage to 5-HT function than 

MDMA alone. If this is the case, then one would expect that those MDMA users 

who also take cocaine will be more likely to experience adverse effects of MDMA 

use than those who do not take cocaine with MDMA. MDMA users are also likely 

to take amphetamine (Topp et al., 1999; Williamson et al., 1997). It is possible 

that this combination potentiates the effects of MDMA, particularly given animal 

studies that have highlighted similarities in the mechanism of action of these two
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drugs (section 1.5.1). Therefore it is necessary to look at whether different drugs 

acting in combination with MDMA have differential effects.

There are known differences in the serotonergic function of males and females 

(Nishizawa et al., 1997). Therefore, it is possible that there could be a differential 

reaction to MDMA based on the gender of the user. This is also suggested by the 

finding of reduced CSF 5HIAA in female MDMA users (McCann et al., 1994), 

and increased self-reports of perceptual alterations in females compared to males 

following equal doses of MDMA per kilogram body weight (Liechti et al., 2001). 

Therefore it is predicted that female MDMA users will be more susceptible to 

experiencing the adverse effects of MDMA than male users.

iii) Reversibilitv of damage caused bv MDMA.

It is unknown whether the predicted impairment to 5-HT function hypothesised in 

(i) above is permanent. In order to investigate the reversibility of damage, 5-HT 

function can be examined in those who have chosen to stop using MDMA. There 

is no means of directly measuring serotonergic function in human MDMA users. 

There are, however, a range of pharmacological techniques which can be used to 

look indirectly at the operation of the serotonergic system in humans. These 

include neuroimaging, measures of 5-HT metabolites in CSF and pharmacological 

challenges (Table 1.1). However, to date, only one study has looked at the long

term effects of MDMA using a biological measure of 5-HT function (Gerra et al.,

2000). The findings of Gerra et al. (2000) show evidence of impaired 5-HT 

function one year after last use of MDMA. Two other studies have provided 

conflicting evidence of recovery of cognitive function in abstinent MDMA users. 

Whilst Wareing et al. (2000) reported that working memory was impaired in 10 ex- 

MDMA users compared with 10 controls 6 months after last use, Morgan (1999) 

found that those MDMA users who had not consumed in the last 6 months had 

better immediate and delayed recall than those who had taken MDMA more 

recently. However, the smallness of the sample of ex-users in the Morgan study 

(n=3) indicates that this finding does not have sufficient power on which to base
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generalisations about whether users recover cognitive function after a period of 

abstinence. Therefore of the limited literature that has addressed the question of 

recovery, the findings of Gerra et al. (2000) and Wareing et al. (2000) suggest that 

there are enduring changes to 5-HT function that persist after cessation of MDMA 

use. However, there is clearly a need for ftirther research in this area.

Given that the tryptophan challenge technique (section 1.5.5) is well established in 

research on serotonergic fimction and depression, this may be one pharmacological 

technique that can be adopted for MDMA research. It would be interesting to 

combine what we already know about impairments in memory, attention, and other 

measures of cognitive function with this technique in order to establish whether 

MDMA affects 5-HT transmission in people with differential use histories, and 

how this might manifest itself in terms of altered mood and/or cognitive function. 

This would serve to clarify the present debate as to whether MDMA has long-term 

neurotoxic potential in humans. If there are enduring serotonergic changes in ex

users, then one predicts that they will exhibit altered mood and impaired 

performance on tasks tapping aspects of memory and cognition relative to non-user 

controls. Conversely, if ex-users recover function after a period of abstinence then 

no such impairments will be apparent.

One also predicts that if ex-users do recover function after abstention, then there 

will be an association between affective and cognitive function and length of time 

elapsed since they stopped using MDMA. However, the evidence to date is 

contradictory: whilst Semple (1999) found that reductions in 5-HT transporter 

binding were associated with length of abstinence form MDMA, McCann et al. 

(1998) found no such association. Thus by studying mood and cognitive function 

in ex-users, insight will hopefully be gained into the crucial issue of the 

neurotoxicity of MDMA in humans.
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Chapter 2:

An exploration o f  the acute, sub-acute and long-term 

subjective consequences o f  MDMA in 466 regular users

no



INTRODUCTION

MDMA consumption in the UK has been consistently higher than that of other 

European countries (Hibell et al, 1997). However, to date there has not been a large- 

scale survey of British MDMA use patterns. In humans, there have been different 

approaches to the study of the effects of MDMA on psychological function as 

discussed in the previous chapter. Some controlled laboratory studies have looked for 

associations between lifetime MDMA consun^tion and negative psychological effects 

(Morgan 1999; McCann et al., 1999). However, such studies have had relatively small 

sample populations. Conversely, of the large-scale surveys that have been conducted 

in other countries, none have found consistent links between consumption patterns and 

vulnerability to adverse psychological effects. Other studies have investigated the 

acute effects of MDMA consumption by administering a dose of MDMA in a 

controlled laboratory setting (VoUenweider et al., 1997; Liechti et al., 2000). 

However, such studies typically use drug-naive participants and therefore findings do 

not generalise to the acute effects of MDMA in experienced users of the drug, who 

may be tolerant to some effects.

Three questionnaire surveys of the subjective effects of MDMA have been carried out 

in non-clinical samples (Petrouka et al., 1988; Cohen 1995; Topp et al., 1999) (see 

section 1.7.4). The first of these, by Peroutka, Newman and Harris (1988) was carried 

out on 100 US University students aged 18-25. Unfortunately, its very status as one 

of the earliest studies of recreational MDMA use meant that few participants had been 

consuming MDMA over a prolonged period of time. The main focus of that study was 

on subjective reported effects on the day that MDMA was taken and on those apparent 

the following day. Again, due to the relative novelty of MDMA as a recreational drug 

in 1987, the maximum amount consumed by participants was 38 doses, with an 

inclusion criterion set extremely low at ‘having taken MDMA once’.

Cohen (1995) looked at MDMA consumption in 500 users aged 18-25 in the USA. As 

with the Peroutka et al. study, participants were mainly novice MDMA users and over
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half the sample had consumed MDMA on a maximum of 3 occasions (although the 

highest usage reported was 250 doses). The survey conducted by Topp et al. (1999) 

included experienced MDMA users. Participants were 329 Australian MDMA users 

with a mean length of use of 3.6 years (range 0.5-13years) and a mean dose of 1 tablet 

per session (range 0.5-8 tablets). Participants had used MDMA on an average of 10 

days in the last 6 months (range 1-100 days). Roughly 40% o f the sample used 

cannabis, amphetamine or alcohol in conjunction with MDMA.

In all three studies participants reported long-term depression that they felt was the 

result of using MDMA. However, no study showed an association between patterns 

of MDMA use and depressed mood. Topp et al. (1999) reported that recent bingeing 

on stimulants and being female predicted vulnerability to negative psychological effects 

of MDMA. These results should be interpreted with care as the two factors only 

explained 16% of the variance in a multiple linear regression model. Moreover, 1/3 of 

the sample regularly binged on MDMA and there was a high proportion of i.v. 

polydrug users.

Given these drawbacks of the few previous surveys of MDMA users, there is little 

knowledge of factors that predict vulnerability to negative psychological effects of this 

drug in long-term users. The present study therefore aimed to explore acute, sub-acute 

and long-term consequences of MDMA use by analysing data from a brief structured 

interview with 466 regular users. It should be emphasised at the outset that this study 

is exploratory in nature. It is based on an opportunistic data set donated by the BBC. 

The present author did not design the questionnaire on which the structured interviews 

were based. Although the present study was not therefore specifically designed with 

clear research hypotheses, analysis of the data by the present author aimed to explore 

which factors were associated with users’ experiences of MDMA such as depression 

and cognitive impairment. Thus, by using a relatively large sample o f MDMA users 

preliminary data will be obtained about the subjective effects of MDMA use that will 

serve as an introduction to the themes presented in this thesis. The present study
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therefore addresses whether some users of MDMA are more likely than others to 

experience negative consequences of using this drug and allows for gender and age 

differences to be assessed.

Although the present study is exploratory, previous research on MDMA means that 

it is possible to make some preliminary hypotheses that compliment the research 

hypotheses identified in section 1.9. In particular the research hypotheses identified 

the likely adverse consequences of MDMA use to be impairment to mood and 

cognitive function. It is therefore predicted that sufficiently large numbers of users will 

report experiencing these symptoms to warrant an investigation of which groups of 

users are more likely to report such experiences.

The effect of 3 independent variables will be assessed: (i) extent of MDMA use (ii) 

conjoint use of other drugs and (iii) gender. Hypothesis 1 is that heavier users of 

MDMA and those who have been using for a longer period of time will be more likely 

to report experiencing adverse psychological effects of MDMA use. This is suggested 

by studies of the effects of MDMA in animals that have provided evidence of its long

term neurotoxic effects on 5-HT that are related to frequency and dose of MDMA 

administered (Battaglia et al., 1988; O’Shea et al., 1998). Therefore the influence o f 

patterns of MDMA use will be assessed by looking at extent of use in those that report 

depression and inpaired cognition. Further, this study will explore patterns of MDMA 

use both when participants first started using MDMA and currently. This will afford 

the opportunity to look at changing patterns of MDMA use over time. It will therefore 

be possible to investigate the development of tolerance to MDMA, an effect that has 

frequently been reported in the literature (Peroutka et al., 1998; Topp et al., 1999; 

Jansen, 1999). It is predicted that if users become tolerant to the effects of MDMA, 

then, with time, they will increase the amount of MDMA consumed in a typical 

session.

The second hypothesis is that conjoint stimulant use will also increase reporting of
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adverse effects (particularly depression and cognitive inpairment). This prediction is 

based on human literature which suggests that drugs used in conjunction with 

may potentiate its adverse effects (Topp et a l, 1999; Williamson et al., 1997). The 

conjoint use of other psychoactive drugs with MDMA has already been discussed in 

section 4.1.4. In particular, evidence from rodents suggests that cocaine may increase 

the neurotoxic potential o f MDMA through its dopamine-releasing action (Horan et 

al., 2000; Fletcher et al., 2001). There is also evidence to suggest that conjoint use of 

MDMA and LSD may also be more harmful than either drug used alone (Schechter, 

1998). Hypothesis 3 predicts that reporting of subjective adverse effects of MDMA 

will differ between genders. This is based on the premise of the research hypothesis 

discussed in section 1.9 that there are gender differences in serotonergic function that 

influence susceptibility to the adverse effects of MDMA. Therefore, data from male 

and female users will be considered separately in the analyses.

METHOD 

2.1 Participants

A questionnaire-based interview was conducted with 466 regular MDMA users 

between 29 March and 16 April 1997. Participants were approached in pubs (30%), 

private residences (30%), clubs (25%), universities (10%) and offices (5%) in London 

and Manchester. A minimum frequency of consumption of at least once every two 

months over a period of at least two years were the theoretical prerequisites for 

participation in the study. Nevertheless, data was collected from participants who had 

been using MDMA for only one year hence in practice this was the minimum level for 

inclusion.

2.2 Design and Procedure

This research was originally commissioned by BBC Radio 5 Live as part of their 1997 

Youth Season. A psychologist at the Children’s Research Unit (CRU), London, 

designed the questionnaire around which the interviews were structured. The aim of
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the CRU/BBC collaboration was to produce descriptive statistics on the reported 

effects of MDMA use. This raw data was donated to us by the CRU in order for it to 

be explored more hilly and to be statistically analysed. Therefore it should be 

emphasised that the questionnaire on which the interviews were based was not 

designed by the author of the present study, although the present study is based on the 

data from the interviews. A pilot study had previously been carried out by the CRU 

in order to ensure that none of the principal aspects of recreational MDMA use were 

ignored, and also to establish that the response options were valid in that they took 

account of the main perceived short and long-term effects of MDMA consumption.

The interviews were questionnaire-based and for each question respondents were given 

a printed list of options from which to select replies, except for one ‘open response’ 

question about the long-term effects of using MDMA regularly. In this way the 

majority of responses were binary (‘Yes/No’) and the questionnaires were filled out by 

the researchers on the basis of these replies. When selecting their reply, respondents 

were permitted to make multiple choices if they felt that more than one option applied 

to their experience. Interviews were either conducted individually or with pairs of 

participants. The average length of time taken to conduct an interview was 20 

minutes. All 466 completed questionnaires were donated as raw data.

The questionnaire completed by the researchers is given in Appendix I. The 

questionnaire provided information about length of MDMA use as well as the 

frequency and amount of MDMA used, both when participants first started using and 

currently. Information was also gathered about whether use patterns had changed over 

time, and what the reasons for any such changes might have been. It also provided 

information about the age and gender of participants as well as other drugs used in 

conjunction with MDMA. Participants were presented with lists reporting 21 acute 

and sub-acute effects of MDMA and were asked to identify which items they had 

experienced. Similarly users were asked to identify which of 16 long-term effects 

applied to their experience of MDMA. The questionnaire also provided information
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about whether participants experienced mid-week lows, poor concentration or 

tolerance to the effects of MDMA. Finally there were questions about medical 

treatment received as a result of using MDMA and potential reasons for quitting use 

o f this drug.

2.3 Statistical analyses

Factor Analyses were carried out using MicroFACT™ 1.0 for dichotomous and 

ordered polytomous data. All results other than the Factor Analyses were calculated 

using SPSS (release 9.0). Changes in frequency and amount of MDMA from initial to 

current use were analysed using the Wilcoxon matched-pairs signed-ranks test as the 

data was not normally distributed. As a result of ranked frequency data, Mann- 

Whitney nonparametric tests were used to look at relationships between frequency of 

MDMA use and acute/long-term psychological effects. Independent samples t-tests 

were used to determine whether (i) scores on acute effects factors, (ii) those who 

did/did not report mid week lows/ in^aired concentration and (iii) those who did/did 

not report long-term effects differed according to age, length of MDMA use, usual 

dose of MDMA, frequency of MDMA use, conjoint drug use or gender. Pearson 

product-moment correlations were used to look at whether there was an association 

between age and length of MDMA use.

RESULTS

Results will be presented in 4 parts:

2.4 Demographics

2.5 Acute and sub-acute subjective effects of MDMA

2.6 Long-term subjective effects of MDMA

2.7 Reasons for changing patterns of MDMA use

The size of the sample varies throughout the following analyses as not all of the 430 

participants who initially finished the interview provided a complete data set. All those 

who were considered to have finished the interview made some attempt to answer all
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36 questions. However, the actual number of questions answered varies between 

respondents, primarily due to some responding ‘can’t remember’.

2.4 Demographics

The majority of participants were recruited in London (68%), and the other 32% in 

Manchester. Approximately half of the participants were employed in full-time work 

(48%), 15% worked part-time, 23% were students and 13% were unemployed. Data 

from 34 users were discarded because none of these participants completed the 

interview beyond question number 7. Two respondents were excluded as they were 

not regular users of MDMA (i.e. consumed at least once every two months). The 

resulting 430 participants (238 male, 192 female) had an age range o f 17-36 years 

(mean 24.40, ± 3.72). There was a significant gender difference in age whereby men 

(mean 24.92 ± 3.86 years), were roughly one year older than women (mean 23.72 ± 

3.44 years), [t422=3.34, p<0.001].

Patterns of MDMA use

The interview produced data on the demographics of drug use. These included 

measures of frequency of use when participants first started using and current 

frequency of use; typical amount taken in a single session when first started using and 

currently; and a measure of the length of time over which MDMA had been taken. 

Given that there was data concerning both initial and current drug use, it was also 

possible to look at changing patterns of use over time (Table 2.1).

Average length of consumption was 5.2 years (range =1-12 years). Males had been 

using MDMA for longer than females [t423=2.12, p<0.05]. Pearson product-moment 

correlations were carried out in order to investigate whether length of MDMA use was 

connected with users’ age. Not surprisingly, age was found to be significantly 

correlated with years of MDMA use in both male [r=0.65, p<0.001] and female 

[r=0.57, p<0.001] participants.
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Table 2.1 Table of means (s.d.) showing patterns of MDMA use
Variable measuring MDMA use Total Mean Men Women
Length of consumption 
(years) 5.17(2.08) 5.35 (2.13) 4.93 (1.98)
Frequency of consumption when first 
Started using (days/month) ^ 2.79 (3.03) 2.94 (2.97) 2.60 (3.11)
Current frequency of consumption^ 
(days/month) 1.85 (3.03) 1.95 (3.41) 1.74 (2.49)
Change in frequency of consumption 
(Initial-» current use) ̂ -0.86 (3.50) -0.95 (4.01) -0.76 (2.76)
Amount consumed when first 
Started using (no. tablets) 1.21 (0.85) 1.20 (0.79) 1.22 (0.92)
Current amount consumed 
(no. tablets) 1.78(1.10) 1.82(1.07) 1.73(1.13)
Change in amount consumed 
(InitiaMcurrent use) (no. tablets) 0.60(1.17) 0.63 (1.27) 0.54(1.04)
The flill coding scheme for the explanation o f  frequency data is presented in Table 2 .2 .

The frequency of MDMA consumption data was converted from its original ranked 

values (see first column in Table 2.2) to give a measure o f number of days on which 

MDMA was consumed per month. A 30 day month was assumed so that if a 

participant reported consuming MDMA on a daily basis, they were given a score of 30; 

if they consumed 2-3 times a week they scored 12, and so on. When participants first 

started using they took MDMA on average 2-3 days/month. This fell to 1.85 

days/month at the time of interview. Conversely, the amount of MDMA consumed in 

a typical session had increased from an initial average of 1.2 tablets to 1.8 tablets 

currently.

Table 2.2 Coding scheme for frequency measures.

Frequency of Consumption Original Ranked Value New Value
Every day 1 30
2-3 times a week 2 12
Once a week 3 4
Once a fortnight 4 2
Once every three weeks 5 1.4
Once a month 6 1
Once every couple of months 7 0.5
Less often 8 0.25
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Figures 2.1a and 2.1b illustrate that whereas users take MDMA less frequently 

currently compared to when they first started, they tend to use a greater quantity in 

one session. These differences were verified statistically using the Wilcoxon matched- 

pairs signed-ranks test (as the data was not normally distributed). The increase in 

amount used over sessions was highly significant [z =12.52, p <0.001], as was the 

reduction in fi-equency of use [z =9.60, p < 0.001].

Users themselves confirmed this decline in frequency of MDMA use (Table 2.3). When 

asked directly whether they were currently taking MDMA more or less often than 

when they first started using, 64% reported that they were using less frequently 

compared to 20% who thought they were using more frequently. There were no 

significant differences between male and female participants in terms of changes in 

frequency of use over time.

Table 2.3. Number of participants reporting changes in frequency 

of MDMA consumption since they first started using.

Change in frequency of use Number of participants

(% of sample)

Have not changed use patterns 62 (15.4%)

Currently using more frequently 82 (20.3%)

Currently using less frequently 259 (64.3%)
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Figure 2.1a. A com parison o f  frequency o f  M D M A  use when
participants first started using and currently
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Figure 2.1b. Amount o f  M D M A used by participants when they
first started and currently
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Use of other Drugs

The most common drugs used other than MDMA when participants first started using 

were tobacco (80.1%), amphetamine (speed; 55.0%) and cannabis (53.1%). Only 3 of 

the 422 participants (0.7%) initially never used any other drug conjointly with MDMA. 

The overall pattern of drugs mixed with MDMA did not change fi'om initial to present 

consumption with tobacco, amphetamine and cannabis remaining the most jfrequently 

used (Table 2.4). When asked about how often participants combined current MDMA 

use with other drugs (including tobacco and alcohol), 59% of participants reported 

always mixing MDMA with another drug.

Table 2.4. A comparison of other drugs used conjointly with MDMA when 
participants first started using and currently.

Drugs used % of participants using % of participants using 
drug when first started drug currently (n=408)

Tobacco 80.1 77.2
Amphetamine 55.0 57.4
Cannabis 53.1 52.9
Alcohol 44.3 44.1
Acid 27.3 24.5
Cocaine 22.0 21.8
Temazepam 17.8 19.1
None 0.7 1.5

Particular combinations of drugs currently mixed with MDMA were examined in order 

to establish whether there was a certain group of users who mixed with a wide cocktail 

of drugs and others who only used one other drug in combination with M D M \ (Table 

2.5). The average number of drugs used in combination with MDMA was 3 (not 

including MDMA itself), with 79.8% of participants using either 2, 3 or 4 other drugs.

122



Table 2.5. Number of ‘other’ drugs taken in combination with MDMA.

Number of ‘other’ drugs 
used currently
(including alcohol and tobacco)

Percentage of participants 
using this combination (n=408)

0 (never mix) 1.5
1 other drug 6.9
2 other drugs 28.9
3 other drugs 32.8
4 other drugs 18.1
5 other drugs 9.8
6 other drugs 1.5
7 other drugs 0.5

2.5 Acute and sub-acute subjective effects of MDMA

In order to reduce the amount of data for subsequent analysis, a binary Factor Analysis 

was carried out on participants' responses about how they felt immediately (up to 24 

hours) after taking MDMA when they first started using the drug (Q12 Appendix I). 

Only 19 of the original 21 response options were included in the analysis as the variables 

concerning ‘having trouble sleeping’ and ‘feeling tired the next day’ were effects beyond 

the initial 24 hour period concerned. The large sample size resulted in a 

participant:variable ratio well within the 6:1 parameter recommended by Baggaley 

(quoted in Child, 1990).

Varimax rotation of the variables revealed three main factors which accounted for 

61.7% of the total variance (Table 2.6). Bold type denotes which variables load on 

factors at a level greater than 0.50. This was chosen as the level for significance rather 

than the more commonly used 0.3 level as selecting this criterion reduced the number 

of ‘impure’ variables (i.e. those that load on more than one factor) and clarified 

interpretation of the factors (Tabachnick and Fiddell, 1989). One variable, ' 1 felt thirsty 

' was not included in Table 2.6 as it failed to load on any factor at the 0.50 level.

The factors were labelled according to either their 'positive' or 'negative' effects on 

mental health, with the third factor relating to somato-physical effects. Items that
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loaded onto factor 1 were ‘felt omnipotent’, ‘became over-excited’, ‘felt very warm 

towards others’, ‘felt very good about myself, ‘felt more aware’, ‘euphoric rush’ and 

‘felt calm’. All these can be seen as positive psychological effects. The variables 

loading on factor 2 were ‘felt paranoid’, ‘had a headache’, ‘skin became irritated’, 

‘became delirious’, ‘felt anxious’ and ‘became confused’. Four of these items are 

negative psychological states, especially the item ‘felt paranoid’ which is the item that 

loads the highest on factor 2 and hence is the marker variable (the one which best 

defines the nature of the underlying factor). The two variables that were anomalous to 

this categorisation were ‘having a headache’ and ‘skin irritation’ which cannot be said 

to be negative psychological effects. Factor 3 is defined by somato-physical items: ‘felt 

sick’, ‘felt heartbeat increase’, ‘lost my appetite’. The variable ‘experiencing 

hallucinations’ is anomalous to factor 3, (somato-physical effects) although it does not 

load as strongly on this factor as the other variables. The variable, ‘chewed my mouth/ 

my jaw shook’ loads evenly across all three factors. This is not surprising given that 

bruxism/trismus is a generic side effect of using MDMA and so one should not 

necessarily expect it to load neatly on any one factor.

As the factor analysis produced 3 fairly coherent variables, t-tests were used to 

determine whether scores on each of the 3 factors differed according to age, length of 

MDMA use, usual dose of MDMA, frequency of MDMA use, conjoint drug use or 

gender. Results showed that those participants who conjointly used cocaine with 

MDMA scored higher on factor 2 (negative effects: ti24=-3.15, p<0.005) and factor 1 

(positive effects: t4i7=-2.50, p<0.05) than those who did not use cocaine with MDMA. 

Participants who took amphetamine with MDMA had higher scores on the somato- 

physical factor 3 than those who did not take anq)hetamine [t4i7=-2.63, p<0.01]. Those 

who used alcohol or cannabis in conjunction with MDMA had higher scores on the 

positive effects factor than those who did not; [t4i7=-2.59, p<0.05] and [t4i7=-3.32, 

p<0.005] respectively. Patterns o f MDMA use and gender did not influence factor 

scores. There was no correlation between factor scores and participants’ age.
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Table 2.6. Binary factor analysis of acute effects of MDMA use (up to 24 hours).

Variable Factor 1: Acute 
positive effects

Factor 2: Acute 
Negative effects

Factor 3: Acute
Somato-physical
Effects

Felt omnipotent -0.765 -0.312 0.053
Became over-excited -0.734 -0.208 0.219
Felt very warm towards others -0.727 -0.147 0.193
Felt very good about myself -0.664 0.062 0.595
Felt more aware -0.652 -0.028 0.241
Euphoric rush/hot rush -0.623 -0.070 0,460
Felt calm/serene -0.535 -0.426 0.257
Felt paranoid/persecuted -0.052 -0.798 -0.149
Had a headache 0.042 -0.791 0.163
Skin became irritated -0.377 -0.659 0.190
Became delirious -0.158 -0.606 0.281
Felt anxious/panicky -0.165 -0.592 -0.010
Became confused/disoriented -0.183 -0.554 0.320
Felt sick/vomited -0.226 -0.196 0.863
Felt heartbeat increase -0.287 -0.250 0.852
Lost my appetite -0.495 -0.238 0.657
Experienced hallucinations -0.131 -0.030 0.599
Chewed my mouth -0.524 0.510 0.554

Variance explained by each rotated factor;
Factor 1 Factor 2 Factor 3

22.4% 19.3% 20%

Acute vs. sub-acute (24-48 hour) effects

Participants were asked how they felt (1) immediately (up to 24 hours) and (2) between 

24 and 48 hours after taking MDMA when they first started using. As seen in Table 

2.7, the ‘positive’ effects of MDMA are mainly in the initial 24-hour period. This is 

shown by reports of ‘euphoric rush’, ‘felt warm towards others’, ‘felt good about

oneself, and ‘felt more aware’. ‘Felt calm’ remained constant across the two time

periods. In contrast, more ‘negative’ effects ‘losing my appetite’, ‘hard to get up fi'om 

bed the next day’ and ‘having trouble sleeping’ were more apparent in the 24-48 hour 

period. Responses to acute physiological effects of MDMA such as feeling thirsty and 

increased heartbeat were much diminished 24-48 hours later. However, 28% of 

participants reported residual bruxism/trismus (chewing the mouth/shaking jaw).
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Table 2.7. Percentage of participants reporting acute effects of MDMA use 
immediately (up to 24 hours) and residually (24-48 hours), when they first started 
using the drug.

Symptom/sensation % reporting % reporting
24 hrs later 24-48 hrs later

(n=428) (n=428)
Euphoric rush 91.6 4.1
I felt thirsty 74.3 11.9
Felt warm towards others 64.0 14.3
I felt my heartbeat increase 57.0 4.6
Felt good about myselE confident 49.1 9.0
I chewed my mouth/ my jaw shook 40.0 28.6
Felt more aware/ 26.9 7.3
Heightened perceptions
Felt calm/ serene 20.3 25.7
Felt omnipotent 19.6 4.6
Became confused/ disoriented 18.9 7.5
I lost my appetite 17.1 34.6
Hard to get up fi-om bed the next day 15.7 40.2
I had trouble sleeping 9.1 34.1
Experienced hallucinations 7.5 3.6
I became over-excited 7.2 5.3
I felt anxious/panicky 6.3 11.1
Felt sick/ vomited 6.3 4.1
I felt paranoid/ persecuted 4.0 9.2
I had a headache 2.6 9.0
My skin became irritated/ 2.3 8.2
got mouth ulcers
I became delirious 2.1 1.2

Sub-acute effects: mid-week lows and impaired concentration 

When asked whether they had ever experienced low mood or poor concentration 

between Ecstasy-taking sessions (Q’s 24 and 25, Appendix I), 83.0% of participants 

said that they had experienced low mood and 80.4% reported that their concentration 

had suffered. Given that (i) a high percentage of participants reported experiencing 

these effects and (ii) other studies have also reported mid-week lows and impaired 

concentration in MDMA users (Curran and Travill, 1997; Parrott and Lasky, 1998), low 

mood and poor concentration were selected as dependent variables in subsequent 

analyses.
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Independent samples t-tests were used to determine whether those who reported 

experiencing mid-week lows/poor concentration differed in terms of age, length of 

MDMA use, usual dose of MDMA or frequency of MDMA use conpared to those who 

did not report mid-week lows/poor concentration. There was no significant difference 

in the number of males and females reporting mid-week lows/impaired concentration. 

Participants who reported mid-week lows were older than those who did not report low 

mood; this was the case for both males [t?4= 4.33, p<0.001] and females [ti83= 2.51, 

p<0.05]. Men who reported mid-week lows had been using MDMA for longer than 

those who did not report low mood mid-week [t22i= 2.76, p<0.01]. Frequency data 

was analysed using Mann-Whitney nonparametric tests because the data was ranked. 

Results showed that male participants who experienced mid-week lows were currently 

using MDMA less frequently than those who did not report mid-week lows 

[U=1415.00, p<0.001]. Additionally, men who reported mid-week lows had smaller 

increases in frequency of consumption since they first started using than those who did 

not experience mid-week lows [U=l662.00, p<0.05]. No differences in patterns of 

MDMA use were found between female users who reported experiencing mid-week 

lows and those who did not.

Female users who reported impaired concentration were older than those who did not 

report poor concentration [ti73=2.17, p<0.05]. There were no differences between men 

who reported impaired concentration and those men who did not in terms of patterns 

of MDMA use.

2.6 Long-term subjective effects of MDMA

As seen in Table 2.8, the long-term effects most frequently reported included the 

development of tolerance to MDMA (58.8% of the sample), impaired ability to 

concentrate (38.2%) and depression (37.4%), and on the positive side, ‘feeling more 

open towards people’ (31.4%).
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Table 2.8. Percentage of participants reporting long-term effects of regular MDMA use.

Reported long-term effect Percentage of sample 
reporting effect (n=398)

I need to take more MDMA to get the same outcomes 58.8
My concentration is less good/I get confused 38.2
I get depressed 37.4
I feel more open towards people 31.4
I have less appetite 24.1
I have trouble sleeping 21.4
I have greater self awareness 20.1
I feel worn out 18.1
My work/ study has suffered 18.1
I feel very good about myselfr confident 17.6
I get constipated 14.3
My back/ kidneys are sore 12.6
My relationships with fiiends/ family have suffered 11.1
My skin is irritated/ mouth ulcers 6.0
I feel persecuted/ paranoid/ anxious 5.5
I have headaches 3.8

Binary factor analysis was again used as a data reduction technique in order to 

determine whether reported long-term effects (Q17 Appendix I) could be categorised 

in a similar way to acute effects. However, Varimax rotation of the variables did not 

reveal coherent factors. Therefore, independent-samples t-tests were used to compare 

groups based on whether or not participants experienced the three most commonly 

reported long-term effects (Table 2.8); (i) having to take more MDMA to achieve the 

same outcomes (ii) poor concentration and (iii) depression. Groups were compared 

with regard to age, length of MDMA use, usual dose of MDMA and frequency of 

MDMA use. There was no significant difference in the number of males and females 

reporting any of the 3 long-term effects noted above.

(i) Men who reported taking more MDMA over time to get the same outcomes were 

older [t222= -5.41, p<0.001] and had been using MDMA for a longer period of time 

[t224= -2.39, p<0.05] than those who did not report having to take more MDMA to get 

the same effects. Not surprisingly, men who currently reported taking larger rather than
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smaller doses reported having to take more MDMA to get the same effect [t2oo= -3.41, 

p<0.005], as did those men who had the largest increases in MDMA consunption over 

time [ti75=-4.44, p<0.001]. Similarly, female users who reported taking more MDMA 

to get the same outcomes currently reported taking larger doses [ti46= -2.08, p<0.05] 

and had larger increases in dose used over time [ti56=-3.05, p<0.005] than those who 

did not report taking more MDMA to get the same effects.

(ii) There were no group differences for either males or females with regard to whether 

impaired concentration was reported or not.

(iii) Female users who reported depression were older then those who did not report 

depression [ti65= -2.26, p<0.05]. In male users, there were no variables that 

significantly influenced whether long-term depression was reported or not.

2.7 Reasons for changing patterns of MDMA use

When asked about what factors might influence a decision to stop using this drug on a 

regular basis, the main reason was fears for long-term mental health, which was 

reported by two thirds of the population (Table 2.9). Fears for long-term physical 

health were expressed by roughly half of the sample and one-third said that they might 

consider quitting if there was a drop in the quality of MDMA. Fears about the short

term effects of MDMA on mental health were reported by far fewer users than fears 

about the long-term effects. Getting a criminal record and fears about relatives finding 

out about participants’ MDMA use were reported by comparatively few users.
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Table 2.9. Main Reasons given by MDMA consumers that might persuade them 
to stop using.

Potential reasons for quitting % of sample giving 
reason (n=417)

Fears about long-term effects on mental health 66.9
Finding it was doing my head in 50.1
Fears about long-term effects on physical health 46.0
If I thought the quality of MDMA was falling 34.3
Knowing someone who died as a result of taking MDMA 30.7
If I was spending less time at clubs 29.7
Personally having a bad experience on MDMA 25.4
If friends were giving up 22.1
Knowing someone who became mentally ill 18.7
If I thought it was negatively affecting my work/study 17.7
Fears about short-term effects on mental health 16.5
Seeing someone else have a bad experience on MDMA 16.5
If I thought it might affect my job 15.8
Knowing someone who became physically ill 13.7
Fears about short-term effects on physical health 12.7
If I was spending less time in pubs 12.0
Getting a criminal record 10.1
If I was spending less time at parties 7.4
Pressure from relatives 2.4
Relatives finding out I was taking MDMA 2.2

As reported in section 2.1 concerning the demographics of MDMA use, almost two- 

thirds of participants said that they were currently using MDMA less frequently than 

when they first started using. When asked about the reason for using MDMA less 

frequently, concerns about money and physical effects were slightly more prominent 

than fears about mental health (Table 2.10). The main reason given by those who did 

report using MDMA more often currently than when they first started was that it had 

become part of their lifestyle.
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Table 2.10. Reasons for currently using MDMA less/more often compared to 
when participants first started using.

Reason for currently using less MDMA Percentage of sample 
giving reason (n=259)

Money is a problem 34.0
It takes it out of you physically 29.5
It places strains on my job/studies 19.6
I’m not getting the same rush as I used to get 18.0
I get depressed 16.6
I have some memory loss 13.4
It takes longer to come down 13.1
I’m getting older 12.3
I have not been feeling healthy 11.5
I have more responsibilities 11.3
Most of my fiiends have given it up 8.8
It makes me less tolerant to others 6.4
Reason for currently using more MDMA Percentage of sample

giving reason (n=82)
It is part of my life style 13.7
I need to take more to get the same effects 9.1
I have more money to spend 7.0
Most of my fiiends take it 6.4
I am more open with people 2.9
I am more confident 2.4

Table 2.10 also shows that 18% of the population said that they were currently using 

less MDMA because they were not getting the same effect as previously. Similar 

reports of poor MDMA quality and having to take more MDMA to get the same effect 

were obtained when participants were asked whether they had undergone any o f 4 

commonly reported experiences (Table 2.11). These figures suggest that for a 

proportion of participants there is a development of tolerance to MDMA after repeated 

exposures. Also, many users are concerned about the purity of MDMA bought on the 

street.
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Table 2.11. Number of participants reporting tolerance/ impure tablets (n=418).

Experience Number of participants 
reporting effect 
(% of sample)

Not being able to get enough MDMA 180(43.1%)

Need to take more MDMA to get same outcomes 149 (35.6%)

Finding that MDMA tablets are impure 270 (64.6%)

Not being able to get as high as others 118(28.2%)

2.8 Summary of key findings

• Compared with when they first started consuming MDMA, users take MDMA less 

often currently but use a greater amount (on average V2 a tablet more per session).

• 59% of participants always use other drugs in conjunction with MDMA, the most 

popular being amphetamine, cannabis and alcohol.

• Acute effects of MDMA use can be broken down into positive and negative effects 

on mental health and somato-physical outcomes. Participants who reported using 

cocaine, cannabis and alcohol in conjunction with MDMA scored higher on the 

positive effects factor than those who did not use these drugs in conjunction with 

MDMA. Participants who used cocaine also had higher scores on the negative 

effects factor than those who did not use cocaine. Participants who conjointly used 

of amphetamine and MDMA had higher factor scores for somato-physical effects 

than those who did not use amphetamine.

• With regard to the sub-acute effects of MDMA, 83% of participants report 

experiencing ‘mid-week lows’ and 80% of users report suffering fi*om impaired 

ability to concentrate. Those who reported experiencing mid-week lows were older 

than those who did not experience mid-week lows. Mid-week lows were also 

reported by men who have been taking MDMA for longer than those who have 

been using for less time. Men who reported mid-week lows also take MDMA less 

often and have smaller increases in fi-equency of use over time than those who do 

not experience mid-week lows. Women who experience poor concentration are
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older than those who do not report impaired ability to concentrate.

• The 3 most commonly reported long-term effects of MDMA use were (i) needing 

to take more MDMA to get the same outcomes (ii) impaired concentration and (m) 

depression. Men who reported taking more MDMA over time to get the same 

outcomes were older and had been using MDMA for a longer period of time than 

those who did not report having to take more MDMA to get the same effects. 

Female users who reported depression were older then those who did not report 

depression.

• The most frequent reason given for potentially quitting MDMA was fear about the 

long-term effects of MDMA consumption on mental health. However, in terms of 

currently using less MDMA than when participants first started using, concerns 

about money and effects on physical health were more prominent than fears about 

mental health.

DISCUSSION

The present study explored the acute, sub-acute and long-term subjective effects of 

MDMA in a large sample of users. These will be considered in turn before reflecting 

on the methodological flaws of the present study.

2.9 Acute effects of MDMA

The results of the Factor Analysis carried out on acute symptomatology established 

three types of effect of MDMA use: (i) positive and (ii) negative effects on mental 

health, and (iii) somato-physical effects. Factor 1 relating to positive effects is robust 

in that the most widely reported positive outcome in the literature, namely euphoric rush 

(Liechti et al., 2000; Cohen 1995; Petrouka et al., 1988) loads on the same factor as 

other measures of psychological well being such as ‘feel good about myself and ‘felt 

very warm towards others’. Participants who took cannabis, alcohol or cocaine in 

conjunction with MDMA had higher scores on this factor than those who did not use 

these drugs with MDMA. This makes intuitive sense given that these drugs are taken
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for their pleasurable effects. Indeed, there is animal evidence to suggest that MDMA 

may increase the rewarding value of cocaine. Horan et al. (2000) found that the CPP 

response to cocaine was enhanced in rats that had been pre-treated with MDMA 

compared to those who received placebo.

Acute negative psychological effects similarly attained a logical cohesiveness with 

reports of paranoia, delirium, anxiety and confusion all loading on the same factor. 

Those who used cocaine conjointly with MDMA had higher scores on the negative 

effects fector than those who did not take cocaine with MDMA. This is in accord with 

animal evidence which suggests that conjoint cocaine/MDMA use is particularly harmful 

because both act on brain dopamine systems which have been implicated in the 

neurotoxic action of MDMA (section 1.5.7). Thus although cocaine may increase the 

pleasurable effects of MDMA in the short-term, it also has the potential to exacerbate 

any negative effects. Those who used amphetamine in conjunction with MDMA scores 

higher on the somato-physical effects factor than those who did not use amphetamine 

with MDMA. This probably reflects the fact that the stimulant effects of amphetamine 

are compounding those of MDMA in participants who choose to use these drugs in 

combination. As roughly half of the participants reported using amphetamine and 20% 

reported using cocaine in conjunction with MDMA the above findings have important 

implications for humans using these drugs in combination.

The effects of MDMA in the first 24 hours after consumption were compared with 24- 

48 hours later to further investigate the distinction between positive and negative effects 

of MDMA use as identified by the factor analysis. Results revealed ‘positive’ effects 

such as euphoria and feeling close towards others were manifest immediately whereas 

‘negative’ effects such as losing one’s appetite and having trouble sleeping became 

apparent 24-48 hours later. Moreover, there was a significant fall in the number of 

participants reporting that they had a 100% positive experience on MDMA between 24 

and 48 hours after consumption. This is consistent with animal studies showing that 

MDMA causes an initial flood of serotonin that is followed by a consequent attenuation
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o f 5-HT levels (McKenna and Peroutka, 1990; Rattray, 1991). These findings also 

replicate human studies which report that the majority of participants experience 

closeness with others in the first few hours after taking MDMA, while more negative 

symptoms such as insomnia and depression develop over the next 24 hours 

(Vollenweider et al., 1998; Cohen 1995; Petrouka et a l, 1988).

2.10 Sub-acute effects of MDMA

As discussed above, it seems that the negative sub-acute effects of MDMA become 

apparent after the initial 24 hours following MDMA consumption. When asked 

whether they experienced residual effects of MDMA between MDMA-taking sessions, 

over 80% of participants reported low mood and impaired ability to concentrate. The 

present study therefore provides important information about the prevalence of the mid

week low phenomenon which has been reported in other studies (Curran and Travill, 

1997; Parrott and Lasky, 1998).

When we looked for group differences in participants who did and did not experience 

altered mood and impaired concentration, age and length of MDMA use were found to 

be significant variables. Thus, both men and women who experienced mid-week lows 

were older than those who did not report mid-week lows. Men who had been using 

MDMA for a longer period o f time reported mid-week lows more than those who had 

been using for fewer years, and women who reported impaired concentration between 

MDMA-taking sessions were older than those who did not report impaired 

concentration. Therefore it appears that age and length of use are influential in 

determining who experiences adverse residual effects and who does not. However, it 

is difficult to dissociate the effects of age and length of MDMA use as age is highly 

correlated with years of MDMA use in both males and females. Either older 

participants experience residual adverse effects because of age-related impairment to 

5-HT function (Ricaurte, 2000), or older participants are more vulnerable because they 

have been using MDMA for a longer period of time (as suggested by the findings of 

Gouzoulis-Mayfrank et a l, 2000). The finding that years o f MDMA use influenced
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whether men experienced mid-week lows is important as participants in the present 

study had longer years of MDMA use than the majority of studies to date (mean length 

o f consurrption was over five years). This may mean that, as with women in this study, 

participants in previous studies may not have been using MDMA iong enough’ for the 

adverse effects of consumption to become apparent.

In men, mid-week lows were also associated with consuming MDMA less firequently. 

This was not predicted by our hypotheses. There are three possible explanations for this 

result; (1) men who experience mid-week lows take less MDMA as a consequence. This 

suggests that users are aware of the possible risks of taking MDMA and that they might 

reduce consumption if they experience mid-week lows. This was confirmed by the 

finding that those men who said that they experienced mid-week lows had not increased 

their fi-equency of MDMA consumption over time by as much as those men who did not 

experience mid-week lows. This is corroborated by the finding of WiUiamson et al. 

( 1997) that a bad experience as a result of using MDMA is associated with a decline in 

fi-equency of consumption. (2) ‘High’ users of MDMA are tolerant to its effects on 

mood. Over half the sample developed tolerance to MDMA as shown by having to take 

more in order to experience the same outcomes and that users increased the amount 

they consumed by an average of tablet fiom when they first started using. (3) There 

is a self-report bias in operation here in which those reporting higher use also report 

fewer negative effects.

2.11 Long-term effects of MDMA

Over half the sample reported that they had become tolerant to the effects of MDMA 

over time. This is in accord with other studies that have reported users developing 

tolerance to MDMA (Topp et al., 1999; Jansen, 1999). In addition, the data presented 

here suggests that MDMA users compensate for tolerance to the effects of MDMA by 

increasing the amount of MDMA that they consume. Both male and female participants 

who reported that they had to take more MDMA to get the same effects used more 

MDMA currently and had larger increases in amount used over time than those who did

136



not report having to take more MDMA to get the same effects. Further, when 

compared with the amount of MDMA taken when they first started consuming, users 

took on average V2 a tablet more per session at the time of interview. This is important 

because if users keep increasing the average dose of MDMA they take in a typical 

session then they are more likely to consume amounts o f MDMA in the region 

estimated to cause neurotoxicity in humans (Ricaurte, 2000).

When asked about other long-term effects, over one-third o f the population reported 

long-term depression and problems concentrating. Women who experienced long-term 

problems concentrating were older than those who did not report problems 

concentrating. However, there were no differences in MDMA use patterns between 

those who experienced long-term depression/poor concentration and those who did not. 

This may have been due to the fact that it was not possible to obtain information about 

lifetime MDMA consumption as this is the measure that is most often associated with 

altered mood and cognition in other studies (Gouzoulis-Mayfrank et al., 2000; McCann 

et al., 1998, 1999; Morgan 1998, BoUa et al., 1998).

Concerns about the long-term effects of MDMA on mental health was the main reason 

given by users that might persuade them to stop taking MDMA. Concerns about 

physical health were felt to be less important, although they were reported by almost 

half the sample. Reasons why users had actually reduced consunç)tion from when they 

first started using were slightly different as worries about money and physical health 

were reported by more participants than mental health issues. This finding replicates 

that of Williamson et al. (1997) and Topp et al. (1999). The present study expands on 

this as it seems that financial and physical concerns are given for taking less MDMA 

currently, whereas mental health worries would actually influence a decision to stop 

using altogether. This is of importance for primary care professionals working with 

patients seeking to abstain from MDMA use.
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2.12 Methodological considerations

As already noted, the present study was based on an opportunistic data set and was not 

designed by the present author. Had the present author been involved in the design of 

the study the questionnaire would have been substantially different. A major change 

would have been to employ different response categories in order to avoid binary data. 

This would have made it possible to carry out correlational analyses between patterns 

of MDMA use and dependent variables. Further, more precise drug use data would 

have been obtained by using the substance use questionnaire (Appendix Il.i). This 

would have given continuous data about the frequency of MDMA use, rather than the 

ranked data obtained in the present study. It would also have provided more detailed 

information about the extent of use of drugs other than MDMA, which is particularly 

important given the findings relating to acute effects presented here. Participants would 

also have been asked to estimate their lifetime consumption of MDMA, as this measure 

has been associated with adverse effects of MDMA use in other studies.

Interviews would not have been conducted in pairs as a participant’s interview partner 

may have influenced the response given, particularly if they were members of the same 

peer group. The present author would also have avoided contacting volunteers in pubs 

and clubs as it is likely that replies may have been influenced by current alcohol or drug 

use and by the social/physical environment. Additionally, users may have been wary 

about being approached in public by a previously unknown researcher and being asked 

questions about an illicit drug. The present author would also have reduced the length 

of the questionnaires to mitigate against participants rushing through the questions in 

order to finish the questionnaire. A primacy/recency effect may also have occurred as 

some of the interview questions posed carried with them up to 21 response options. 

This could have been avoided had the questionnaire been more concise.

The present study is subject to methodological impediments common to aU research on 

illicit drug use. It employs a sample of polydrug users, with 59% always consuming 

MDMA in conjunction with another drug (including alcohol and tobacco). In this way
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it is difficult to determine with certainty whether the observed outcomes are directly 

attributable to use of MDMA, even though participants were asked specifically about 

their MDMA experiences. As with all illicit drugs, the purity of MDMA or other drugs 

taken by participants cannot be taken for granted, neither can it be verified. This is of 

particular concern given that this survey attempted to explore the role of MDMA use 

patterns in influencing the effects of MDMA use.

A major problem with retrospective data is that one is reliant on the ability of 

participants to remember information about their drug use histories, over an average 

time span of 5 years in the present study. However, all of the existing approaches to 

illicit drug research suffer from one or more methodological constraints. Other means 

of studying the effects of MDMA include club-based research in which testing is carried 

out when participants are on-drug in some designated testing area such as the back 

room of a club (Curran and Travill, 1997; Parrot and Lasky, 1998). Such studies are 

high in external validity in that the context of MDMA use may have an impact on 

outcome measures. This would be extremely difficult to investigate using survey-based 

techniques. Nevertheless, problems with field studies arise from the lack of a controlled 

environment (see chapter 1, section 1.7.5). Psychopharmacological research presents 

a different approach whereby many questions may be resolved through lab-based 

investigations utilising pharmacological challenges. Pharmacological challenges in 

people with differential use histories of MDMA would permit controlled examination 

of the effects of amount, frequency and length of use on outcome measures of mood 

and cognitive fimction, variables which have been identified as being of potential 

importance by the data presented here. Indeed, this approach is taken in the next 

chapter.

2.13 Chapter summary

The present study explored the acute, sub-acute and long-term subjective consequences 

of MDMA in 466 regular users. Although based on an opportunistic data set, this study 

provides information about the subjective effects of MDMA use and indicates variables
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that might influence whether adverse effects are experienced. Despite methodological 

flaws, the large size of the sample population means that it is a useful source of 

information about the subjective effects of MDMA. In particular, the present study 

identifies altered mood and inçaired concentration as the adverse psychological effects 

most likely to be reported by users, both sub-acutely and in the longer term. Further, 

by obtaining information about MDMA use patterns when users first started and 

currently, data has been obtained that suggests that users modify their MDMA use 

patterns in the face of adverse psychological effects. Such knowledge is important for 

those developing drug-health strategies. Thus this large-scale study provides valuable 

information on the acute, sub-acute and long-term effects of MDMA consumption in 

experienced regular users of this drug. As such, its importance lies in identifying some 

of the themes that will be explored in greater detail in the subsequent studies o f the 

present thesis.
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Chapter 3:

A comparison o f 5-HTfunction in current users, ex-users 

and MDMA-naïve controls using tryptophan challenge
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INTRODUCTION

Studies of the pharmacological effects of MDMA in non-human primates have shown 

long-lasting damage to serotonergic function. MDMA causes reduced 5-HT axon 

density and abnormal reinnervation that is still evident 7 years after administration 

(Hatzidimitriou et al, 1999). However, there is little evidence in humans about 

whether 5-HT changes persist when people stop using MDMA. Human studies have 

used neurobiological markers of 5-HT transmission to examine the potentially 

neurotoxic effects of MDMA in current users (for a review see section 1.7.3). These 

studies have shown evidence of impaired 5-HT function in MDMA users including: 

attenuated brain 5-HT transporter binding (Semple et al., 1999; McCann et aL, 1998), 

blunted response to challenge with 5-HT agonists (Gerra et al., 1998; McCann et al.,

1999) and reduced levels of CSF 5HIAA (McCann et al., 1999; Bolla et al., 1998). 

Studies have also found evidence of impaired memory, cognition, mood, sleep and 

appetite in MDMA users which are thought to reflect altered 5-HT function (Curran 

and Travill, 1997; Morgan, 1999; Allen et al., 1993).

Impaired performance on tasks tapping aspects of episodic and working memory is 

consistently reported in studies of current MDMA users (see Table 1.2, page 85). To 

date, three studies have reported associations between neurobiological markers o f 5- 

HT function and memory impairment (Verkes et al., 2001; Bolla et al., 1998; Reneman 

et al., 2000a). However, the correlation reported by Verkes et al. (2001) was 

extremely weak and accounted for less than 10% of the total variance, and the sample 

used in the Reneman et al. study was very small (N=5). Whilst the Bolla et al. (1998) 

finding of a correlation between CSF 5HIAA and performance on a memory task 

appears to be more robust, there is some debate as to whether this association only 

reached significance because of the inclusion of the control group in the analysis (Grob,

2000). Therefore, to date no research group has been able to show an association 

between impaired memory and altered 5-HT function in a well-designed study with 

sufficient power.
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In addition to the lack of evidence about functional consequences of altered 5-HT 

function in MDMA users, little is known about whether 5-HT changes persist when 

people stop using MDMA. Given the lasting 5-HT changes in monkey brains 7 years 

after the ingestion of MDMA, it is critical to determine whether similar effects occur 

in humans. To date, only one pharmacological study has looked at 5-HT function in 

ex-MDMA users (Gerra et al., 2000). Gerra et al. (2000) found that MDMA users had 

a blunted prolactin response to d-fenfluramine challenge relative to MDMA-naïve 

controls 12 months after last use of MDMA. However, that study did not find any 

association between measures of 5-HT function and impaired mood or cognition.

The present study was therefore designed to investigate whether there are enduring 

changes in 5-HT function that persist after cessation of MDMA use. The relationship 

between brain 5-HT levels and measures of psychological function was investigated in 

current and ex-MDMA users and MDMA-naïve controls using a tryptophan challenge 

technique. Plasma tryptophan levels have been used as an indirect marker o f 

serotonergic fimction. Tiihonen et al. (2001) found that levels of free plasma 

tryptophan in antisocial offenders were 160% higher than that of controls. Antisocial 

offenders were chosen because, like MDMA users, this population has been shown to 

have alterations to 5-HT function, as indicated by reduced levels of CSF 5HIAA. 

Further, by temporarily depleting or augmenting plasma L-tryptophan (the amino acid 

precursor to 5-HT), it is possible to reduce or enhance synthesis of 5-HT in humans. 

This pharmacological manipulation of central tryptophan levels has been established 

as a marker of serotonergic fimction in various participant groups. For example, 

tryptophan depletion has been shown to induce a lowering of mood in healthy males 

(Young et al., 1985) as well as a relapse into depression in recovered depressed 

individuals (Delgado et al., 1990). This process has also been shown to impair 

cognitive functions such as learning and retrieval (Park et al., 1994) and delayed recall 

(Schmitt et al., 2000). Therefore, we would expect a slight impairment of function in 

the control group following depletion, but not necessarily in current and ex-users
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whose serotonergic systems may be too compromised to show a response to the 

challenge.

Given the animal evidence showing damaged 5-HT function after exposure to MDMA, 

it is hypothesised that impairment to 5-HT function in humans can be identified 

through differential reactions to tryptophan manipulation. As outlined above, current 

users may react differently from controls who have never taken MDMA. For if 5-HT 

function is assumed to be impaired in MDMA users relative to non-users, one would 

predict no lowering of mood or change in cognitive function as a result o f tryptophan 

depletion. Indeed, Delgado et al. (1994) found that tryptophan depletion did not lower 

mood in depressed patients and hypothesised that this was because their 5-HT systems 

were probably already operating at baseline. To allow for this floor effect, the 

challenge compared tryptophan augmentation with depletion.

A second aim of the present study was to examine whether there is long-term damage 

to memory, cognition and mood resulting from altered 5-HT function by comparing 

the psychological function of ex and current MDMA users with MDMA-naïve 

controls. Very few studies have examined psychological function in those who choose 

to stop taking MDMA. Of those that have been reported, ex-users have been found 

to have impaired performance on tasks tapping episodic and working memory 6 

months after cessation of MDMA intake (Morgan, 1999; Wareing et al., 2000). 

However, recovery of function may take place over a longer time course. Although 

animal studies have shown lasting neuronal damage after MDMA, the mature human 

CNS is capable of considerable neuronal plasticity that may avert long-term neurotoxic 

consequences of MDMA use. This study will therefore look at ex-users who have 

abstained from using MDMA for at least one year.

If MDMA-induced damage is reversible so that ex-users recover some 5-HT function, 

then the prediction would be that they would show a similar reaction to the challenge 

as controls. If, on the other hand, the damage is not reversible and they still have
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compromised 5-HT function then their response to the depletion or augmentation of 

tryptophan would be similar to that of current users. It is hypothesized that any 

persisting damage to 5-HT function in ex-users will be reflected in their performance 

on tests tapping aspects of mnemonic and cognitive function, as well as by their 

biological response to the tryptophan challenge. Therefore, by combining a 

pharmacological challenge with behavioural and mood measures of serotonergic 

function, the present study should provide a clearer indication of whether there are 

persistent functional consequences of MDMA use in both current and ex-users of this 

drug.

3.1 Summary of research hypotheses

a) Changes in plasma tryptophan levels.

(i) It is predicted that participants will show a decrease in plasma tryptophan after 

depletion and an increase in plasma tryptophan after augmentation.

(ii) If current and ex-users have impaired 5-HT function then their reaction to the 

tryptophan manipulation will differ from that of the control group. If serotonergic 

changes persist after cessation of MDMA use, then ex-users will have a similar 

reaction to current users. If there is recovery after abstention, then ex-users will 

respond to the challenge in a similar way to the control group.

(iii) As the state of 5-HT function is not known in ex-users, a contrasting hypothesis 

is that ex-users may differ from both current users and controls in their reaction 

to the tryptophan challenge.

b) Group differences in memory, cognition and mood.

(i) It is predicted that current users will exhibit generally impaired performance at 

baseline (i.e. pre-tryptophan manipulation) on tasks tapping aspects of memory 

and cognition relative to non-user controls. Given evidence o f attentional 

problems in MDMA users (McCann et aL, 1999), current users should show 

impaired learning from pre to post-drink test batteries relative to controls.

(ii) If there are enduring serotonergic changes in ex-users then one predicts that they
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will also show impaired performance on tasks tapping aspects o f memory and 

cognition relative to controls. However, if there is recovery of function after a 

period o f abstinence, then ex-users will not show an impairment.

(iii) Studies of human MDMA users have shown associations between frequency and 

dose of MDMA and impaired cognitive function (Morgan, 1999; Gouzoulis- 

Mayfrank et al., 2000). Therefore, one would predict associations between 

patterns of MDMA use and baseline performance on cognitive and memory tasks.

c) Psychopharmacological hypotheses.

(i) Given (a) the above hypotheses about baseline impairment to memory and 

cognitive function in current and ex-users and (b) the hypothesis that current and 

ex-users may respond ‘abnormally’ to the tryptophan challenge, it is predicted that 

there will be correlations between measures of (a) and (b).

(ii) Current and ex-users may show enhanced sensitivity to the psychological effects 

of the challenge as there is evidence that participants with a pre-existing tendency 

towards cognitive deficits or low mood have the most marked psychological 

response to the manipulation of tryptophan.

(iii) The predicted decrease in brain tryptophan following depletion in the control 

group may show associations with changes in cognitive function and/or lowering 

of mood post-pre drink.

METHOD

3.2 Participants

Volunteers were recruited in three groups:

(i) regular users who had taken MDMA on more than 20 occasions in the past year,

(ii) ex-users who used to take MDMA on a regular basis (as in {i}) but had not used

MDMA for at least one year,

(iii) a control group who had never taken MDMA but who did use cannabis on a

regular basis.

Inclusion criteria were that participants had to score at least 25/50 on the NART
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(National Adult Reading Test; Nelson, 1982), they had to be aged 18-40 and they had 

to have a Beck Depression Inventory score of below 30 (BDI; Beck et aL, 1978). 

Current users were asked to abstain from the consumption of MDMA for 3 weeks 

prior to testing in order to counteract the effects of a temporary reduction in 

tryptophan hydroxylase activity that follows the use of MDMA. All participants were 

asked to abstain from using any psychoactive drugs for 24 hours before the test day. 

Other inclusion criteria prohibited the use of anti-depressant medication, regular use 

of prescribed benzodiazepines or the recreational use of opiates.

Ethical approval was obtained from the Joint UCL/UCLH Committee on the Ethics of 

Human Research. Participants gave written informed consent before taking part in the 

study.

3.3 Screening interview (pre-trial)

A screening interview was used to select participants according to the 

inclusion/exclusion criteria. A number of pre-trial trait measures were also taken 

during the screening interview to indicate baseline mood. These included the Beck 

Depression Inventory (BDI; Beck et al., 1978), the trait anxiety inventory (STAI; 

Spielberger, 1970), the Aggression Questionnaire (Buss and Perry, 1992), the 

Multidimensional Anger Inventory (MAI; Siegel, 1986), the Barratt Impulsiveness 

Scale (Barratt, 1983) and a measure of self-esteem (Heatherton and Polivy, 1991). A 

modified version of the Hospital Anxiety and Depression Scale (HADS; Snaith and 

Zigmond, 1983) was used to measure state depression and anxiety (see Appendix Il.ii). 

This is a modified scale used as a state measure, which consists of 14 statements to 

assess the participant’s mood over the last 24 hours. This differs from the original 

scale, which assesses mood over the last week. Participants rated 14 items according 

to how well each described how they had been feeling over the past week.

Participants also completed serial sevens, single/double-digit cancellation and 

semantic/phonemic verbal fluency tests. This was because these tests can show
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practice effects and so the screening interview was used as an opportunity to ‘train the 

participants up’ for the test day.

A total of 141 screening interviews were conducted. Six ex-users were excluded 

because they scored in the range for severe depression (30+) on the BDI. Three ex- 

users’ were excluded because they took MDMA between the screening interview and 

the test day. Thirty-six potential participants met the inclusion criteria but failed to 

show for the main test day. Two participants vomited within SOmins of consuming the 

amino acid drink. They were therefore excluded from the study because it was feared 

that they had not absorbed enough of the drink. The remaining ninety-six took part in 

the main study.

A substance use questionnaire was used to obtain information about participants’ drug 

use patterns (Appendix Il.i). Amount, frequency and length of use of all recreational 

drugs were recorded, along with the drugs which were used in conjunction with 

MDMA. Units of alcohol consumed were calculated by the experimenter from 

participant’s reported drinking. Participants were also asked whether they had 

experienced mid-week lows or trouble concentrating as a result o f using MDMA.

3.4 Design

A mixed model, double-blind design was used in which half of the participants in each 

group were randomly assigned to the tryptophan-depleted condition whilst the other 

half were assigned to the tryptophan-augmented condition. As seen in Figure 3.1, 

between subjects factors were (i) GROUP (current users, ex-users or controls) and (ii) 

TREATMENT (whether participants received the augmented or depleted drink). 

TIME of testing (whether pre or post-drink) was a within subjects factor. A within- 

subjects, cross-over design was not considered feasible as a high dropout rate after the 

first experimental session was predicted due to the severely unpleasant taste of the 

amino acid drinks. This mixed model design, which could be executed in one 

experimental session with each participant, was therefore selected.
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Figure 3.1. Representation of the mixed model design of Study 2.

GROUP CURRENT USERS EX-USERS CONTROLS

TREATMENT Depleted Augmented Depleted Augmented Depleted Augmented
(N) (16) (16) (16) (16) (16) (16)

TIME Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
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3.5 Amino acid mixtures

The pharmacological manipulation involved the use of two amino acid mixtures whose 

composition differed according to how much tryptophan each contained, one was 

tryptophan-free (TRP-) and the other was tryptophan-augmented (TRP+). The TRP- 

mixture was composed of L-alanine, 5.5g; L-arginine 4.9g; L-cysteine, 2.7g; glycine, 

3.2g; L-histidine, 3.2g; L-isoleucine, 8.0g; L-leucine, 13.5g; L-lysine, 8.9g; L- 

methionine, 3.0g; L-phenylalanine, 5.7g; L-proIine, 12.2g; L-serine, 6.9g; L-threonine, 

6.5g; L-tyrosine, 6.9g; and L-valine, 8.9g. The TRP+ mixture contained the same 15 

amino acids as the TRP- mixture in the same quantities and was supplemented with 

10.3g L-tryptophan. Both the TRP- and TRP+ amino acid mixtures followed the 

composition used by Young et al. (1985). The drinks were made up with 200ml of 

water and peppermint essence was added to the mixtures in order to mask the 

unpalatable taste. Three of the amino acids, L-arginine L-cysteine and L-methionine 

were given in capsule form 15 mins prior to the drink in order to make the drink more 

palatable.

3.6 Biochemical measures

Blood samples (10ml) were taken before and 5 hours after participants ingested the 

amino acid drink. Samples were taken into heparinized tubes, immediately centrifuged 

(5 mins at 3000 rpm) and plasma was pipetted off and frozen at -20°C until analysis. 

Plasma was assessed for levels of both free and total tryptophan using high 

performance liquid chromatography (HPLC).

Both free and total plasma tryptophan levels were measured because, whereas animal 

studies have shown that free plasma tryptophan is a more accurate predictor o f brain 

5-HT concentration than the bound fraction (Moja et al., 1989; Young et al., 1989), 

there is some evidence that the bound-fraction may cross the blood brain barrier in 

humans. This means that total plasma tryptophan levels may also be indicative of 5-HT 

function in humans (Reilly et al., 1997).
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Hair and urine samples were taken in order to confirm abstention from MDMA prior 

to the test day. However, because of the number of participants with very short 

haircuts, hair samples were only obtained for 11 participants.

3.7 Procedure

Participants arrived in the laboratory at 9am after having undergone an overnight fast. 

They spent an hour completing the pre-drink test battery. Blood samples were taken 

at approx. 10am before participants consumed the amino acid drink and again at 

approx. 3pm when tryptophan depletion was at maximum effect. The amino acid drink 

(either augmented or depleted) was made up on the morning of the test day when the 

participant had arrived at the laboratory. Whether the participant received the TRP+ 

or TRP- drink was balanced across participants and design. The drinks were not made 

up by the experimenter in order to adhere to the double-blind protocol. The order of 

versions for tests given before and after the drink was balanced across subjects and 

design. Participants remained in the laboratory throughout the test day and had free 

access to caffeine free drinks (water, herbal tea). Participants were allowed to watch 

‘neutral’ videos (e.g. Babe, Toy Story) or to read magazines between test sessions.

Figure 3.2. Representation of test dav procedure

DRINK

Pre-drink battery Post-drink battery

-1 hour 0 hours +5 hours

The only task not performed before and after the drink was self-referent encoding as 

this tasks takes 20mins to complete and therefore, due to time constraints, was used 

as a between-subjects measure at the end of the test day.
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3.8 Test dav assessments

a) Memory and cognition

i) The prose recall sub-test of the Rivermead Behavioral Memory Test (Wilson, 

Cockbum and Baddeley, 1985)

The prose recall sub-test o f the Rivermead Behavioral Memory Test (RBMT) was used 

to test immediate and delayed prose recall. A section of prose was played to 

participants on a tape recorder. Participants were then asked to write down as much 

as they could recall (i) immediately and (ii) after 30 mins. The prose contained 21 ‘idea 

units’ for which points were awarded. Scoring was standard with each correctly 

remembered unit being given one point up to a total score of 21 for perfect recall, 14 

point scores were given for partial recall or close synonyms.

ii) The Buschke Selective Reminding Task (Buschke and Fuld, 1974)

A list of 16 words was read aloud to participants at the rate of one word per second. 

Participants repeated the list back to the experimenter who then ‘selectively’ reminded 

the participant only of the words that they had not recalled on the previous trial. 

Participants scored one point for each correctly remembered word on each trial. Three 

trials were completed in total.

Seven measures were taken: (a) Immediate recall after first trial (Supraspan); (b) 

learning over 3 trials; (c) consistent long-term recall (no. words recalled on each of the 

3 trials without reminding); (d) delayed recall (no. words recalled after 30 mins); (e) 

pre-post intrusions (words recalled fi*om the first list); (f) short-term recall (those 

words recalled only after reminding); (g) sum (total no. words recalled over 3 trials).

iii) Serial sevens

This test of working memory and concentration required participants to subtract 7 

from a given 3 digit number and then continue to count backwards in 7’s. The number 

of correct subtractions as well as errors made in 90 secs were recorded.
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ivl Verbal fluency

Semantic and phonemic tests were used to assess verbal fluency (tapping retrieval fl"om 

semantic memory). Participants were required to generate as many words starting with 

a given letter (H and L) or belonging to a particular category (fruit/vegetables) as they 

could in 90 secs. Letters and categories were each chosen so that they had similar 

recall probabilities. Letters were matched for number of instances in the Oxford 

Pocket Dictionary (GUP, 1984). Categories were matched for fi-equency of examples 

(Battig and Montague, 1969).

v) Single and double-digit cancellation

Single and double digit cancellation tasks were used as measures of attention and visual 

search capabilities. In the single digit cancellation, one target (4) had to be identified 

and crossed out in a random sequence o f400 digits. In the double-digit cancellation, 

two targets (2 and 6) had to be crossed out in a random sequence of 400 digits. Time 

to complete was recorded on each task as well as fi*equency o f omission and 

commission errors.

vi) Rapid Visual Information Processing (RVIP) (Wesnes and Warburton, 1983)

A 10 min Rapid Visual Information Processing task (RVIP) was used to examine 

sustained attention and working memory. RVIP entails the rapid presentation on a 

v.d.u of single digits at the rate of 100 digits/minute. Participants are required to press 

a button if they see either 3 consecutive odd digits or 3 consecutive even digits. In this 

10 min task, target digit strings were presented at the rate of 8/minute.

In order to investigate whether deficits only become apparent under tasks that demand 

high cognitive loads, a dual task paradigm was also used. The dual task paradigm 

entailed a 5 minute RVIP task whilst responding to the presentation of tones on 

headphones. Participants listened to a tape with high and low tones which were 

presented in random order. They were required to count the number of low tones 

heard during the 5 min task and tell the experimenter the total at the end of the task.
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vii) Strooptask (Stroop, 1935)

Colour names were displayed one at a time on a computer screen in either congruous 

or incongruous ink (red, blue, green or Wiite). Participants were required to press the 

coloured button that corresponded to the colour of the ink used to write the word. 

Eighty words (20 congruent, 60 incongruent) were presented in 3 trials. Average 

reaction times to both congruent and incongruent words were recorded automatically.

b) Mood

Participants self-rated their current mood pre and post-drink using a 16 item visual 

analogue scale (VAS) (Bond and Lader, 1974; Appendix Il.iv). Three factors were 

extracted; alertness, contentedness and calmness. Mood was also assessed using a 

modified state version of the EDI (Beck et al., 1978). The original BDI questions 

were retained, but the instructions were changed so that participants answered 

according to how they were feeling at that moment in time, rather than over the past 

2 weeks as is usual. The State Anxiety Inventory (STAI) (Spielberger, 1970) was used 

to assess any change in participant’s anxiety levels during the course of the experiment. 

State self esteem (SSES) was also self-rated pre and post-drink (Heatherton and 

Polivy, 1991).

Visual analogue scales were used by participants to self-rate aggression (ARS, Bond 

and Lader, 1986; Appendix II.v) impulsiveness (ISRS; Appendix Il.iii) and bodily 

symptoms (BSS; Appendix Il.vi) pre and post-drink. For each scale participants rated 

how they felt at that moment in time by placing a mark across a 100mm line. The 

items were measured fi*om ‘positive’ to ‘negative’ giving a rating o f between 0 and 

100. The ARS consists of 13 items; angry, quarrelsome, furious, unsociable, 

aggressive, belligerent, resentful, impatient, hostile, spiteful, annoyed, disgusted, 

rebellious. The ISRS is a 20 item visual analogue scale consisting of the items; I want 

to get things done quickly, I find it difficult to concentrate, I say whatever comes into 

my head, I am easily caught off guard, I find waiting difficult, I tend to get emotional.
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I ignore what’s happening around me, I tend to be impatient, I am not totally in control 

of my actions, I do not consider the reactions of others, I behave spontaneous^, I am 

easily distracted, I don’t think about the consequences of my actions, I am restless, I 

do things in a ‘slap-dash’ way, I am easily ruffled, I can’t think straight, I need 

alcohol, I tend to fidget, I could be reckless. The BSS had 13 items some of which 

were added to find out about sensations that are particularly relevant to MDMA users; 

anxiety, depression, impaired memory, palpitations, nausea, visual sensitivity, 

irritability, loss of appetite, muscular tension, headache, loss of concentration, shaking, 

indecision.

Self-referent encoding (Bradley and Matthews, 1983; 1988)

A self-referent encoding task was used to determine whether recall varied according 

to (i) the positive or negative valency of adjectives and (ii) whether encoding was self 

or other referent. The task followed the method of Bradley and Matthews (1988) 

exactly. Adjectives were presented in 3 lists of 16 with a 2 minute interval between 

each list. There were forty-eight adjectives in total, presented in 10 second intervals. 

Half of the adjectives had a ‘positive’ valency and half were ’negative’. Participants 

rated each word ‘yes’ or ‘no’ according to whether they felt that word was an accurate 

description of either themselves or an unfamiliar ‘other’ person. After the presentation 

of the third list, participants were given 3 minutes to fi*eely recall as many of the 

adjectives as possible regardless of which list it was in. The number of words recalled 

in each category was recorded.

3.9 Statistical analyses

One-way ANOVAs were carried out to examine pre-drink differences between groups 

and Kruskal-Wallis tests were used where the data did not have homogenous variance. 

Where pre-drink group differences were found, pre-drink scores were used as 

covariates in univariate ANOVAs to determine whether there were group differences 

post-drink. Where no pre-drink group differences were found, repeated-measures 

ANOVAs were used to look for post-pre drink changes. Where repeated measures
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ANOVAs were performed, TIME of testing was the within-subjects factor (pre-drink 

scores for mood/cognitive performance vs. scores for mood/cognitive performance at 

Shours after challenge). Between subjects fectors were (i) GROUP, (current users, ex

users or controls) and (ii) TREATMENT, (augmented vs. depleted drink). When 

statistical differences arose, post-hoc analysis was carried out using the bonferroni 

correction for multiple comparisons.

The data for total plasma tryptophan levels was not normally distributed. In 

consultation with a statistician it was decided that, because the required pre-post drink 

comparisons could not be made using non-parametric tests, repeated-measures 

ANOVAs would be used to examine differential reactions to the pharmacological 

challenge across groups. We checked pre-post drink change scores with non- 

parametric tests and found similar results, thereby justifying our decision. Similarly, 

when non-parametric correlations were performed, this did not change the significance 

of the results obtained using Pearson product-moment correlational analyses.

The ‘seft-referent encoding’ task was also analysed using repeated-measures ANOVAs. 

On the self-referent encoding task, the between-subjects measure was GROUP and 

the within subjects measures were SelftOther (whether the words referred to oneself 

or the ‘other’ person) and Positive/Negative (whether the word was ‘positive’ or 

‘negative’ in meaning).

Drug use patterns were compared using one-way ANOVAs and (where the data was 

categorical). Chi-square analysis. Pearson product-moment correlational analyses were 

carried out between (i) plasma tryptophan levels and patterns of MDMA use (ii) 

measures of mood and cognitive function and change in plasma tryptophan levels and

(iii) measures of mood and cognitive function and patterns of MDMA use. In (i) and

(ii) within-group correlations were performed in order to look at the effects of the 

augmented vs. depleted treatment conditions in each group.
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To reduce the probability of Type I errors the alpha level was increased to p<0.01 

(results part iv) because of the number of correlational analyses performed. All data 

was analysed using SPSS for Windows (release 9.0).

RESULTS

Results will be presented in 4 parts;

3.10 Demographics, trait scores and drug use.

3.11 Biochemical assays.

3.12 Memory, cognition and mood.

3.13 Relationships between biochemistry, MDMA use, cognition and mood.

3.10 Results part I: Demographies, trait scores and drug use

Demographics
Participants were aged between 18-40 (mean 25.60 ± 6.13 years). There were no group 

differences in pre-morbid IQ scores as estimated from the NART which is inportant as IQ 

scores are known to affect performance on tasks tapping aspects of memory. A one-way 

ANOVA revealed a significant age difference between groups [F2,9o= 3.27, p<0.05]. Post 

hoc tests showed that ex-users were older than controls, p<0.05 (Table 3.1). Current and 

ex-users were matched for age and there was only two years difference between these 

groups, similarly there was a two year age difference between current users and controls.

Table 3.1. Mean (s.d.) age and pre-morbid IQ scores.

GROUP AGE IQ (NART)

Current users 25.22 (5.91) 111.38 (7.82)

Ex-users 27.83 (5.92) 111.27 (8.93)

Controls 23.97 (6.10) 113.54 (9.80)

TOTAL MEAN
(All 3 groups) 25.60 (6.13) 112.01 (8.80)
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Trait scores
Scores for trait measures are presented in Table 3.2. Even though ex-users had slightly 

higher baseline depression scores than current users and controls, there was no 

significant difference between groups on the Beck Depression Inventory (BDI).

GROUP BDI score STAI score Self-esteem score

Current Users 6.06 (5.05) 37.09 (8.91) 1.25 (1.30)

Ex-users 8.48 (5.91) 42.87(11.22) 2.20(1.65)

Controls 5.59 (5.77) 37.25 (9.28) 1.00(1.14)
*A higher score indicates lower self-esteem

There was a significant difference between groups in trait anxiety scores (STAI) [F2.92-

3.50, p<0.05]. Post-hoc analysis showed that ex-users tended to score higher on the 

STAI than current users (p=0.06) and controls (p=0.07), indicating higher anxiety 

levels. There was no significant difference in anxiety between current users and 

controls. There was a group difference in self-esteem [p2,93= 6.55, p<0.005]. Post-hoc 

analysis showed that ex-users had lower trait self esteem than both current users and 

controls.

There was a group difference [p2,93= 3.72, p<0.05] in overall trait aggression scores 

whereby ex-users had higher aggression scores than controls (p<0.05), (Table 3.3). 

The difference between current and ex-users was not significant.

Table 3.3. Mean (s.d.) scores for trait aggression.
GROUP Total

aggression
Verbal

Aggression
Physical

aggression
Hostility* Anger

Current
users 72.63 (15.25) 16.00 (3.67) 21.69 (7.81) 18.16(4.59) 16.78 (5.10)

Ex-users 79.67(17.11) 15.67 (3.52) 23.63 (6.24) 21.03 (7.15) 19.33 (5.90)

Controls 69.38 (12.86) 16.00 (3.69) 19.94 (5.98) 17.09(4.91) 16.34 (4.67)
* A Kniskal-Wallis test was used as variances were not homogenous
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In terms of the 4 sub-scales, (verbal aggression, physical aggression, hostility and 

anger), physical aggression, verbal aggression and hostility did not differ between 

groups. There was a trend towards a main effect of group on the anger sub-scale 

[p2,93= 2.91, p=0.06], whereby ex-users tended to score higher than controls (p=0.07).

Table 3.4. Mean (s.d.) scores on the Multidimensional Anger Inventory (MAI).

GROUP Duration of 
anger

Frequency of 
anger

Hostility Magnitude 
of anger*

Current
users 4.50(1.30) 11.22 (3.45) 15.72 (3.39) 9.72 (3.04)

Ex-users 5.53 (1.94) 12.77 (4.49) 17.60 (4.65) 11.30(4.03)

Controls 4.97(1.66) 10.59 (4.42) 16.44 (4.10) 9.44 (3.09)
* A ICmskal-Wallis test was used as variances were not homogenous

There was no difference between groups in terms o f frequency of anger. Unlike on the 

aggression questionnaire, on the MAI hostility did not differ between groups. There 

was a main effect of group on duration of anger [p2,93= 3.06, p<0.05] (Table 3.4). 

Interestingly, post-hoc tests showed that ex-users experienced anger for a longer 

duration than current users (p<0.05).

Table 3.5. Mean (s.d.) scores for mode of expression of trait anger (MAI).

GROUP Anger-in Anger-out Guilt Brooding Anger-
discuss

Current
users 15.38 (2.96) 14.19(2.29) 4.53 (1.57) 10.56 (2.55) 2.66(1.04)

Ex-users 17.73 (4.14) 14.17(3.14) 5.63 (1.92) 12.03 (3.08) 3.00(1.02)

Controls 15.81 (4.31) 13.09 (3.07) 4.91 (2.12) 11.19(2.84) 2.59(1.16)

Groups did not differ in terms of anger-out, brooding or anger-discuss modes of 

expressing anger (Table 3.5). There was a main effect of group on anger-in [p2,93= 

3.27, p<0.05] whereby ex-users were more likely to keep anger-in than current users 

(p<0.05). There was also a trend towards a main effect o f group in terms of guilt
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about expressing anger [p2,93= 2.74, p=0.07]. Here, ex-users tended to have higher 

guilt scores than the other 2 groups.

Table 3.6. Mean (s.d.) scores on the Barratt Impulsiveness Scale (BIS)

GROUP Non-planning Motor Cognitive

Current users 26.75 (6.55) 19.28 (5.09) 13.88 (5.03)
Ex-users 22.80 (7.49) 19.00 (5.87) 15.63 (5.31)
Controls 23.00 (7.08) 15.35 (5.44) 12.65 (4.53)

There was a main effect of group on the non-planning sub-scale of the BIS [F2,92= 3.15, 

p<0.05]. Post-hoc tests showed that current users tended to have higher scores than 

ex-users and controls (Table 3.6). There was also a main effect of group on the motor 

sub-scale of the BIS [p2,92= 4.98, p<0.01]. Post hoc tests showed that both current 

and ex-users had higher motor impulsivity scores than controls (p<0.05). There was 

a trend towards a main effect of group on the cognitive impulsivity sub-scale [p2,92= 

2.78, p=0.07] whereby ex-users tended to have higher scores than controls.

In summary, ex-users had lower self-esteem and tended to be more anxious than 

current users and controls. Ex-users had higher motor impulsivity and aggression 

scores than controls. They also had higher scores for duration of anger than current 

users and were more likely to keep anger in than current users. Current users did not 

differ from controls on trait measures except for impulsivity where they were found to 

have higher scores for non-planning and motor impulsivity than the control group.

Patterns of drug use

There were no significant differences between ex and current users in length of use of 

MDMA which ranged from 1-11 years (Table 3.7). Both current and ex-MDMA users 

took an average of 2 V2 pills per session. A Mann-Whitney test revealed that ex-users 

reported having taken MDMA more often in a typical month than current users [U=

240.50, p=0.01]. As seen in Table 3.7, there was also a larger variation in frequency
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of use per month for ex-users than for current-users. Ex-users had stopped using 

MDMA on average 2.43 years prior to taking part in the present study (range 1-7 

years).

Table 3.7. Mean (s.d.) MDMA use by current users and previous use by ex-users.

GROUP Years of use Frequency of use* 
(days/month)

Amount * 
(N tablets)

Days since 
last use

Current users 4.33 (2.89) 3.48 (1.83) 2.58 (0.91) 39.0 (22.63)

Ex-users 3.49 (2.63) 6.95 (4.27) 2.43 (1.38) 841.3 (637.4)
* A Mann-Whitney test was used as variances were not homogenous

Self-report of current use of drugs other than MDMA is presented in Table 3.8. It was 

important to match use of alcohol and cannabis as these are cognitively impairing 

drugs. To this end, the majority of participants in all 3 groups reported using alcohol, 

tobacco and cannabis in a typical month. Chi-square analysis showed that fewer ex- 

MDMA users reported smoking cannabis on a regular basis than current MDMA users 

and controls = 14.39, p<0.005] (Table 3.8).

Table 3.8. Percentage of participants currently (within the last 6 months) using drugs 
other than MDMA in a typical month.

DRUG Current MDMA 
users

Ex-MDMA
Users

Controls

Alcohol 96.9 83.3 93.8
Cannabis 90.6 60.0 93.8
Tobacco 65.6 56.7 56.3
Cocaine 34.4 20.0 0
Amphetamines 21.9 6.7 0
LSD 18.8 13.3 0
Ketamine 15.6 0 0
Benzodiazepines 6.3 0 0
GHB 0 3.3 0

Alcohol use was matched across the 3 groups although there was a group difference 

in frequency of use [p2,93= 5.52, p<0.01] (Table 3.9). Post-hoc tests showed that
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current users drank more often than ex-users (p<0.005). Controls did not currently use 

any drugs other than alcohol, tobacco and cannabis although 20-30% had previously 

experimented with cocaine, anqjhetamine and/or LSD. Some current and ex-MDMA 

users took cocaine, amphetamines and other drugs but the frequency of use of such 

drugs was low compared with their use of alcohol, cannabis, tobacco or MDMA 

(Table 3.9).

As seen in Table 3.9, frequency of cannabis use was matched between current users 

and controls. Although ex-users tended to use cannabis less frequently than the other 

two groups, this difference was not significant. A Mann-Whitney test was used to 

compare frequency of amphetamine use between current and ex-users as variances 

were not homogenous. Ex MDMA-users took amphetamine more often than current 

MDMA users [U= 334.00, p<0.05].

There were no significant differences between groups in reported dose of drugs taken 

(Table 3.9). The mean amount of reported cannabis use per month was roughly similar 

for all participants, as was the mean number of cigarettes smoked per day. Controls 

tended to drink more than the other groups, especially ex-MDMA users; ex-users 

tended to report taking higher doses of amphetamine and cocaine than current users, 

but these differences were not significant.

There were no significant differences between groups in terms of length of use of drugs 

other than MDMA. Importantly, all groups were matched for length of use of alcohol, 

cannabis and tobacco (Table 3.9). This is crucial, as alcohol and cannabis are also 

known to impair mnemonic fimction.

Summarv of drug-use patterns

There were no significant differences between groups for reported dose or length of 

use of drugs other than MDMA. Controls did not differ significantly from either of the 

MDMA groups in terms of length of use, frequency or dose of alcohol or cannabis. 

The only significant differences between groups were that current users drank more
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often than ex-users and fewer ex-MDMA users reported smoking cannabis on a regular 

basis than current MDMA users and controls. Ex-users used amphetamine more 

frequently than current users.
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Table 3.9. Mean (s.d.) frequency, dose and length of use of drugs other than MDMA by group.

FREQUENCY (days/month) DOSE** YEARS OF USE
DRUG Current

users
Ex-users Controls Current

users
Ex-users Controls Current

users
Ex-users Controls

Alcohol 18.22 (9.26) 10.63 (9.34) 14.14(8.39) 6.73 (3.59) 5.57 (4.38) 7.23 (4.77) 9.32 (5.60) 9.52 (5.39) 7.72 (6.48)
Cannabis 17.48(12.01) 14.15 (12.20) 17.06(11.16) 0.65 (0.50) 0.61 (0.92) 0.74 (0.72) 6.72 (4.25) 7.15(5.15) 7.37 (6.71)
Tobacco 18.34 (14.55) 18.69 (14.73) 17.75 (14.29) 7.38 (7.21) 7.76 (7.79) 7.13 (6.96) 6.77 (6.03) 8.38 (7.98) 6.02 (8.07)
Cocaine 0.89(1.71) 2.67 (6.34) 0 0.15 (0.29) 0.24 (0.59) 0 2.03 (2.13) 3.13 (3.50) 0
Amphetamines 0.56(1.12) 2.29 (3.47) 0 0.20 (0.53) 0.40 (0.72) 0 3.64 (3.16) 3.43 (2.85) 0
LSD 0.56(1.70) 1.95 (3.64) 0 * * 0 4.15 (4.75) 1.95 (2.05) 0
Ketamine 0.86 (2.60) 0 0 * 0 0 0.40 (0.74) 0 0
Benzodiazepines 0.41 (2.12) 0 0 * 0 0 --- 0 0
GHB 0 0.53 (2.22) 0 0 * 0 0 --- 0

* Figures for amount of benzodiazepines, GHB, ketamine and LSD are missing as participants did not take a ‘typical’ dose on a regular basis 

**Alcohol/units; cannabis/ounces per month; cigarettes/day; cocaine and amphetamines/grams per session.
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Ex-users gave information about what drugs they mixed with MDMA when they were 

using MDMA regularly. Both current and ex-users were most likely to take cannabis, 

amphetamines, cocaine or to drink alcohol in conjunction with MDMA (Table 3.10). 

Current users were more likely to drink alcohol in conjunction with MDMA than ex

users had done when they used MDMA = 6.57, p< 0.05]. More ex-users took 

cannabis or LSD at the same time as MDMA than current users but these differences 

were not significant. Neither group was likely to take benzodiazepines or GHB in 

conjunction with MDMA.

Table 3.10. Percentage of current and ex-users who mix(ed) other drugs with 
MDMA.

DRUG Current users Ex-users

Alcohol 78.1 46.7
Cannabis 65.6 83.3
Tobacco 56.3 56.7
Amphetamines 43.8 56.7
Cocaine 31.1 40.0
LSD 18.8 30.0
Ketamine 15.6 10.0
Benzodiazepines 0.0 3.3
GHB 0.0 3.3

Subjective effects of using MDMA

Participants were asked a number of questions about how they felt their use of MDMA 

had affected them. Table 3.11 shows how participants responded when asked:

(i) would you say that the negative effects of taking MDMA have increased, decreased 

or remained constant since you first started taking it?

(ii) would you say that the positive effects of taking MDMA have increased, decreased 

or remained constant since you first started taking it?
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Table 3.11. Have the negative/positive effects of MDMA increased, 
decreased or remained constant over time?

Percentage of current users 
agreeing

Percentage of ex-users 
agreeing

Negative Effects
Increased 38.7 81.5
Decreased 19.4 0
Remained Constant 41.9 18.5
Positive Effects
Increased 9.4 0
Decreased 59.4 65.5
Remained Constant 31.3 34.5

As can be seen in Table 3.11, a large and similar percentage of current and ex-users 

agreed that the positive effects of taking MDMA decreased with time. However, more 

ex-users than current users felt that the negative effects of taking MDMA increased 

with time = 12.28, p<0.005].

When asked whether they had experienced any problems concentrating in the days 

after taking MDMA, the majority of current and ex-users said that this was so (Table

3.12). Mid-week lows were also reported by the majority of current and ex-users and 

nearly all participants in these groups attributed feeling low mid-week to their use of 

MDMA.

Table 3.12 Self-report of problems concentrating/ mid-week lows.

SYMPTOM Percentage of current Percentage of ex-users
__________________________ users reporting effect reporting effect
Problems concentrating 71.0 69.2
related to use of MDMA
Mid-week lows 78.1 70.0

Mid-week lows are related 92.0 100.0
to use of MDMA
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3.11 Results part II: Biochemical assays

Groups did not differ in free or total plasma tryptophan levels pre-drink. There was 

no difference in those allocated to the augmented (TRP+) or depleted (TRP-) 

conditions. A repeated measures ANOVA was performed with TIME of testing as the 

within-subjects factor (baseline free/total plasma tryptophan levels vs. levels of 

free/total plasma tryptophan at Shours after challenge). Between subjects factors were 

(i) GROUP, (current users, ex-users or controls) and (ii) TREATMENT, (augmented 

vs. depleted drink).

One of the ex-users in the depleted condition (ex08) was an outlier with an increase 

in total plasma tryptophan following depletion that was over 2 standard deviations 

above that seen in other participants. As this participant showed a decrease in free 

plasma tryptophan that was in line with that of other participants, it appears that this 

may be a typographical or measurement error from the lab analyses. Therefore, a new 

post-drink total plasma tryptophan level for ex08 was calculated by subtracting the 

mean change in score for all the ex-users in the depleted condition from the baseline 

total tryptophan level of this participant. This gave participant ex08 a post-treatment 

total tryptophan level of 5.85 pg per ml that was used in all subsequent analyses.

1. Total plasma trvptophan

A 3-way interaction of group*treatment*time interaction [p2.82= 5.23, p<0.01] 

reflected a post-treatment increase in total plasma tryptophan levels in ex-users more 

than current users and controls following TRP+ (Figure 3.3). Post-hoc analysis 

showed that ex-users had a greater post-pre drink increase in total plasma tryptophan 

than controls (p<0.01). There was no significant difference between groups in the 

TRP- condition.

Several significant 2-way interactions also emerged. A group*time interaction [F2.g2= 

5.35, p<0.01] and a group*treatment interaction [F2.82=4.94, p<0.01] again reflected
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ex-users’ greater increase in plasma tryptophan following TRP+ than the other two 

groups (Table 3.13). A treatment*time interaction [Fi,82=255.83, p<0.001] showed 

that the pharmacological manipulation worked with an increase in total plasma 

tryptophan after the TRP+ drink and a decrease after the TRP- drink.

A main effect of time [Fi 82=172.04, p<0.001] reflected an overall increase in total 

plasma tryptophan post-drink; a main effect of treatment [Fi,82= 252.36, p<0.001] 

showed that those in the TRP+ condition had higher overall plasma tryptophan levels 

than those in the TRP- condition. There was also a main effect of group [F2.82=4.81, 

p=0.01]. Post-hoc tests showed that ex-users had higher levels of total plasma 

tryptophan than controls (Table 3.13).

2. Free plasma trvptophan

The pattern of results were similar to those for total plasma tryptophan although the 

3-way interaction of group*treatment*time did not reach significance [F2.82=2.78, 

p=0.07] (Figure 3.4). A group*treatment interaction [F:,82= 3.08, p=0.05] showed a 

group difference in fi“ee plasma tryptophan in the TRP+ condition but not the TRP- 

condition. Post-hoc comparisons showed that ex-users had a greater increase in fi*ee 

plasma tryptophan following TRP+ than controls (p<0.05) and current users (p<0.05). 

No significant group differences were found in the TRP- condition.

There was a group* time interaction [p2,82= 3.19, p<0.05] which again reflected ex

users’ tendency to have greater increases in free plasma tryptophan levels pre to post

drink than current users and controls. A treatment*time interaction [Fi,82= 281.06, 

p<0.001] showed an increase in free plasma tryptophan pre to post-drink in the TRP+ 

condition and a decrease in free plasma tryptophan in the TRP- condition, again clearly 

showing that the pharmacological manipulation was successful.

The main effect of treatment [Fi,82= 292.96, p<0.001] showed that those in the TRP+ 

condition had higher overall plasma tiyptophan levels than those in the TRP- condition.
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There was a main effect of time [Fi,s2= 213.48, p<0.001] showing an overall increase 

in total plasma tryptophan regardless of group or treatment condition. There was a 

trend towards a main effect of group [F2.g2= 2.43, p=0.09] whereby ex-users tended 

to have higher levels of free plasma tryptophan than current users and controls (Table

3.13).

In order to investigate whether the fact that ex-users took MDMA more frequently 

than current users accounted for the group difference in reaction to the augmented 

drink, the above analyses were re-run with only the current and ex-user groups. 

Results showed that there were 3 way interactions of group* treatment*time for both 

total [Fi,56= 5.77, p<0.05] and free plasma tryptophan [Fi 56= 4.16, p<0.05]. Both of 

these interactions reflected a post-treatment increase in plasma tryptophan levels in ex

users more than current users following TRP+. The interactions for both total and free 

plasma tiyptophan were still significant when frequency of MDMA use was entered as 

a covariate [total: F 1,53= 4.59, p<0.05; free: F 1,53= 4.10, p<0.05].
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Figure 3.3. Change (post-pre drink) in total plasm a
tryptophan across groups
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Figure 3.4 Change (post-pre drink) in free plasm a tryptophan levels
across groups
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Table 3.13. Group means (s.d.) for free and total plasma tryptophan levels (pg per ml) and percentage change in levels from pre-drink

TRP- TRP+

Free plasma 
tryptophan

Pre-drink Post-drink % change Pre-drink Post-drink % change

Current users 1.88 (1.43) 0.53 (0.44) -72 1.93 (1.88) 16.85 (5.08) +873

Ex-Users 1.38 (0.56) 0.47 (0.34) -66 1.49(1.11) 20.62 (4.11) +1,384

Controls 1.56 (0.65) 0.58 (0.49) -63 1.56(1.01) 14.89 (9.10) +954

Total plasma 
tryptophan

Current users 12.98 (5.14) 2.93 (1.52) -77 15.08 (3.95) 108.31(35.99) +718

Ex-Users 13.46 (3.98) 3.80 (2.79) -72 12.64 (2.66) 142.66(46.99) +1,131

Controls 13.92(1.46) 3.99 (3.72) -71 13.04 (3.35) 89.56 (52.09) +687
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3.12 Results part III: Memory, cognition and mood

1. Memory and cognition 

i. Rivermead prose recall (Table 3.14)

a) Immediate recall

There were no significant pre-drink differences between groups. A repeated-measures 

ANOVA showed only a main effect of time on immediate recall [Fi,9o= 4.23 p<0.05] 

whereby participants recalled more of the prose task post-drink than they had pre

drink. There was a trend towards a main effect o f treatment [Fi,9o= 3.63, p= 0.06], 

with those in the TRP- condition tending to score higher than those in the TRP+ 

condition [mean 8.82 ±11.56 compared to 7.54 ±3.30]. There was also a trend 

towards a main effect of group [F2,9o= 2.60, p= 0.08] whereby ex-users tended to score 

lower (7.10 ±2.49) than current users (8.70 ±3.60) and controls (8.74 ±3.79).

(b) Delayed recall

There was a trend towards group differences pre-drink [F2,93=2.45, p=0.09] with ex

users tending to recall less than other groups. Therefore, pre-drink scores were used 

as covariates in subsequent analyses. There was a group*treatment interaction 

[F2,89=3.65, p<0.05] whereby ex-users exhibited reduced recall following TRP- and 

enhanced recall following TRP±. Change scores were calculated (the difference 

between post and pre-drink scores) and post-hoc independent samples t-tests (post-pre 

drink) showed a significant difference in change scores between augmented and 

depleted ex-users [t3o= -2.86, p<0.01]. There were no significant differences between 

the depleted and augmented conditions in the current and non-user populations. The 

effect of deplete vs. augment thus varied in the 3 groups. The ex-users showed 

reduced delayed prose recall following depletion and increased recall following 

augmentation.
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Table 3.14. Mean scores (s.d.) for immediate and delayed Rivermead prose recall

Total Pre-drink Post-drink
Depleted
group
(pre-drink)

Depleted
group
(post-drink)

Augmented
group
(pre-drink)

Augmented
group
(post-drink)

Immediate
Recall

Current users 8.70 (3.60) 8.56 (3.64) 8.83 (4.22) 9.78 (3.86) 10.47 (4.40) 7.34 (3.06) 7.19(3.43)

Ex-Users 7.10(2.49) 6.83 (2.95) 7.38 (2.62) 7.22 (3.28) 7.25 (2.08) 6.44 (2.63) 7.50 (3.14)

Controls 8.74 (3.79) 8.14(4.44) 9.34 (3.99) 8.84 (4.52) 9.34 (3.16) 7.44 (4.39) 9.34 (4.78)

Delayed
Recall

Current users 7.69 (3.39) 7.56 (3.52) 7.81 (3.84) 8.13(3.87) 8.97 (4.19) 7.00 (3.15) 6.66 (3.18)

Ex-Users 5.97 (2.46) 5.83 (2.73) 6.11 (2.63) 6.31 (2.94) 5.63 (2.43) 5.34 (2.51) 6.59 (2.80)

Controls 8.03 (3.74) 7.52 (4.29) 8.55 (3.99) 7.97 (4.33) 8.19(3.39) 7.06 (4.33) 8.91 (4.60)
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Figure 3.5. Change (post-pre drink) in delayed prose recall scores following
tryptophan depletion and augmentation in each M D M A  user group.
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Data tables for the following assessments are presented in Appendix III, page 361.

ii. The Buschke Selective Reminding Task (Table 3.15, Appendix 111) 

a) Supraspan (trial O

A one-way ANOVA did not show any pre-drink group differences. Repeated measures 

ANOVA showed no main effects or interactions on this measure.

bl Learning

There was a significant group*trial*time interaction [F4.i8o=2.80, p<0.05] for learning 

across the 3 trials (Figure 3.6). Groups performed similarly on the first trial. However, 

controls increased the number of words they recalled post-drink compared to pre-drink 

for trials 2 and 3 whereas both current and ex-users recalled fewer words post-drink than 

they did pre-drink on the last 2 trials. As can be seen in Figure 3.6, the control group 

shows a steeper learning gradient than that for current and ex-users, suggesting that they 

were learning across trials to a greater extent than current and ex-users regardless of which 

drink they were given. There was also a group*trial interaction [F4,i8o=3.37, p<0.05] and 

a main effect of trial [F2.i8o=204.94, p<0.001]. Mean scores went up across trials 

reflecting learning.

cl Buschke consistent long-term recall

There were pre-drink group differences [F2,93=3.82, p<0.05]. Post-hoc tests showed that 

controls had higher long-term recall scores (mean 3.31 ± 2.48) than ex-users (mean 1.97 

±1.66), p<0.05. Again, current users scored between these extremes. With pre-drink 

scores covaried, there were no significant group or treatment effects on post-drink scores.

dl Buschke delaved recall

Ex-users recalled less than current users or controls before treatment [F2,93=4.96, p<0.01] 

and so pre-drink scores were entered as covariates. There were no significant group or 

treatment differences.
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e) Intrusion errors

As expected, intrusion errors showed a time efifect [ F i , 9 o = 1 2 . 9 6 ,  p=0.001] reflecting 

intrusion errors on the post-drug assessment from the pre-drug list.

f) Short-term recall

There was no significant effect of group or time on short-term recall.

g) Sum (trial 1+trial 2+trial 3V

Ex-users tended to recall fewer words than controls before treatment [F2,93=2.58, p=0.08]. 

With pre-drink scores covaried, an univariate ANOVA showed a trend towards a group 

difference post-drink [F2.89=2.43, p=0.09] whereby ex-users tended to recall fewer words 

than controls. Current users scored between ex-users and controls. There was no 

significant effect of treatment.

Summarv of Buschke Test Results

Repeated-measures ANOVAs showed a three way interaction (group*trial*time) on the 

learning measure. Controls learnt more words over trials than the other two groups. 

There were pre-drink group differences on two of the other Buschke measures (consistent 

long-tem recall and delayed recall), and a trend towards a group difference on the sum of 

the 3 trials. Ex-users performed worse than controls on each of the above measures. 

Current users performed at intermediate levels and did not differ significantly from 

controls or ex-users.

177



Figure 3.6. Pre and post-drink Buschke scores for ail groups across trials
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iii. Single and double digit cancellation (Table 3.16, Appendix III)

Single-digit cancellation (omission errors as covariate): groups did not differ pre-drink 

and a repeated measures ANOVA did not reveal any significant group or treatment 

differences.

Double-digit cancellation (omission errors as covariate): there were no pre-drink 

differences between groups. A repeated measures ANOVA showed a group*time 

interaction [ F 2 . 9 o = 4 . 0 2 ,  p<0.05]. Controls showed a typical practice effect whereby they 

were faster post-drink compared to pre-drink. Current users showed the opposite effect 

and were slower post-drink than pre-drink. Ex-users were slower on this task than the 

other two groups and took about the same time pre and post-drink.

iv. Serial 7’s (Table 3.16, Appendix III)

There were pre-drink group differences [F2,93=4.32, p<0.05] whereby ex-users carried out 

fewer correct subtractions (20.53 ± 9.88) than current users (28.53 ± 13.94) or controls 

(27.69 ± 11.74). When pre-drink scores were co varied, there were no significant group 

or treatment effects on post-drink scores.

V. Semantic and phonemic verbal fluencv (Table 3.17, Appendix III)

Semantic: there were no pre-drink group differences. There were no significant group or 

treatment differences. Overall, the groups performed this task at similar levels.

Phonemic: there were no pre-drink group differences. There was only a main effect of 

time [Fj,90=11.53, p =0.001] whereby participants produced more words in this task post- 

drink compared with pre-drink.

vi. RVIP tasks (Table 3.18, Appendix III)

RVJP+tone (5mins): there was a trend for pre-drink group differences [F2,8s=2.83, p=0.06]
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so pre-drink scores were covaried from post-drink scores. There was a main effect of 

group [F2.78=6.24, p<0.005] whereby ex-users made significantly fewer correct hits than 

current users or controls. No differences were found in reaction times or the number of 

errors made in counting tones whilst performing this task.

RVIP (10 min task): again there were pre-drink group differences [F2.g4=3.88, p<0.05] 

whereby ex-users made fewer correct hits than other groups. When pre-drink scores were 

covaried from post-drink scores, there was a main effect of treatment [Fij5=6.47, p=0.01] 

whereby participants in the TRP- condition made more correct hits than those in the TRP+ 

condition.

There were no pre-drink group differences in reaction times but there was a main effect 

of group [F2,74= 4.70, p<0.05] whereby ex-users had slower reaction times than current 

users and controls. There was also amain effect of time [Fij4= 4.16, p<0.05]. AH groups 

had quicker reaction times post-drink compared to pre-drink, regardless of which drink 

they received. No differences were found in the number of false hits made whilst 

performing this task.

vii. STROOP (Table 3.18, Appendix III)

Congruency (whether words and coloured ink were congruent or incongruent) was used 

as a within-subjects Actor. There was a main effect of congruency [Fi,79=73.96, p<0.001]. 

As expected, all participants reacted more quickly to congruent than incongruent words. 

There was also a main effect of time [Fij9=42.05, p<0.001] whereby participants had 

quicker reaction times to both congruent and incongruent words post-drink than pre-drink.
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2. MOOD

i. BDI/STAI (Table 3.19, Appendix III)

There were no pre-drink differences in mood on the modified Beck Depression Inventory 

(mBDI) or the state anxiety inventory (STAI). Repeated measures ANOVAs showed no 

significant main effects or interactions on either the mBDI or the STAI.

ii. Mood Rating Scale (MRS) (Table 3.20, Appendix III)

There were no pre-drink differences between groups. Factor 1 on the mood rating scale 

(alertness) showed a main effect of time [Fi,9o=6.29, p<0.05]. Participants were less alert 

post-drink than pre-drink, regardless of which group they were in or which drink they 

received. Mood fector 3 (calmness) also showed a main effect of time [Fi,9o=5.50, p<0.05] 

where groups were more calm post-drink than pre-drink. There were no significant group 

or treatment effects on factor 2 (contentedness).

iii. Anger /Impulsivitv (visual analogue scales) (Table 3.21, Appendix III)

There were no pre-drink differences between groups. The internal consistency of the 13 

variables comprising the visual analogue scale for anger was assessed using Cronbach’s 

alpha. The scale had a high internal consistency (a=0.95) so a total anger score was 

calculated and used in subsequent analysis in order to reduce the possibility o f type I 

errors. The result of the repeated-measures ANOVA for anger was not significant.

Cronbach’s alpha for the 20 measures on the impulsivity scale was 0.93, indicating high 

internal consistency so a total impulsivity score was calculated. There was a group*time 

interaction [F2,s6=4.20, p<0.05] whereby controls were more impulsive post-drink than 

pre-drink (Table 21). This pre to post-drink increase gave controls similar levels of 

impulsiveness to both current users and ex-users pre and post-drink. Current and ex-users 

scores were rather higher (but not significantly so) than controls pre-drink and did not
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change over testing times.

iv. Self esteem (Table 3.21, Appendix III)

There were pre-drink group différences [F2,93=3.74, p<0.05]. Post-hoc tests showed that 

ex-users had lower self-esteem than current users (p<0.05). When pre-drink scores were 

CO varied, there were no significant group or treatment effects on post-drink scores.

V. Mood and bodilv svmptoms scale (Table 3.22, Appendix III)

This scale was comprised of eleven variables. Six out of the eleven variables showed main 

effects and three-way interactions between group*treatment*time were found for the 

visual sensitivity and impaired memory variables.

Visual sensitivity: the group * treatment * time interaction for visual sensitivity was F2,9o= 

3.36, p<0.05. Post-hoc independent samples t-tests (post-pre drink) showed a difference 

in change scores between augmented and depleted current users [t3o= -2.03, p<0.05]. The 

current users tended to show reduced visual sensitivity following depletion and increased 

visual sensitivity following augmentation. There were no significant differences between 

the depleted and augmented sub-groups in the ex-user and non-user populations.

Impaired memory: there was a three-way interaction between group*treatment*time for 

ratings of impaired memory [F2,9o= 3.90, p<0.05]. Post-hoc independent samples t-tests 

(post minus pre-drink) showed a significant difference in change scores between 

augmented and depleted ex-users [t3o= -2.31, p<0.05]. Ex-users showed reduced ratings 

of memory impairment following depletion but little change following augmentation. It 

should be noted that the pre-drink scores (and standard deviations) for ex-users given the 

depleted drink were higher than those of the augmented group before the pharmacological 

manipulation. This pre-treatment difference accounts for the interaction effect as there 

were no significant differences between current users and controls given the augmented
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and depleted drinks. There was also a main efifect of time [Fi,9o= 7.85, p<0.01] whereby 

participants generally rated higher memory impairment scores pre-drink compared with 

post-drink, regardless of which drink they were given.

Nausea: there was a main efifect o f treatment [Fi,9o= 10.23 p<0.005] whereby those in the 

augmented condition had higher nausea ratings than those in the depleted condition. The 

mean score for the depleted condition was about 13 whereas those in the augmented 

condition scored 23. The main efifect of time [Fi,9o= 30.13, p<0.001] showed, as expected, 

that all groups had higher nausea ratings post-drink than pre-drink.

Irritability: there was main efifect of treatment [Fi.9o= 4.27, p<0.05]. Depleted groups 

were less irritable than augmented groups. Depleted groups rated a mean of 17.15 (15.21) 

whereas augmented groups rated a mean of 24.21 (17.89).

Depression and headache: on 2 scales there was a main efifect of time: depression 

[Fi,90=4.84, p<0.05] and headache [Fi,9o=15.87 , p<0.001]. AH groups rated lower 

depression post-drink than pre-drink, but had higher headache scores.

Shaking: there were pre-drink group differences [F2,93=5.19, p<0.01]. Post-hoc tests 

showed that ex-users had less pre-drink shaking than current users (p<0.01) and controls 

(p=0.05). When pre-drink scores were covaried, there were no significant group or 

treatment effects on post-drink scores.

There were no significant effects on the other scales (Table 3.22, Appendix III).

183



3. BETWEEN-SUBJECTS MEASURE: self-referent encoding 

The proportion of adjectives recalled did not differ between participants who took the 

depleted drink and those who took the augmented drink. Therefore, type of drink taken 

was not used as a variable in subsequent analysis. As seen in Figure 3.7, four sets of 

proportional scores were calculated by dividing:

(i) the number of ‘self-positive’ adjectives recalled by the number of ‘positive’ 

adjectives rated by the participant as applying to oneself

(ii) the number of ‘self-negative’ adjectives recalled by the number of ‘negative’ 

adjectives rated by the participant as applying to oneself

(iii) the number of ‘other-positive’ adjectives recalled by the number of ‘positive’ 

adjectives rated by the participant as applying to an unfamiliar ‘other’ person

(iv) the number of ‘other-negative’ adjectives recalled by the number of ‘negative’ 

adjectives rated by the participant as applying to an unfamiliar ‘other ‘ person.

Figure 3.7. Formula for calculating proportional scores on self-referent encoding task.

Self/other ‘positive’ Self/other ‘negative’
N recalled +ve yes/ -ve no N recalled -ve yes/ +ve no
N rated +ve yes/ -ve no N rated -ve yes/ +ve no

The term ‘positive’ means ‘yes’ ratings for positive adjectives and ‘no’ ratings for negative 

adjectives whereas ‘negative’ means ‘yes’ ratings for negative words and ‘no’ ratings for 

positive words.
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Table 3.23. Mean proportion of phrases recalled (s.d.) on self-referent encoding task.

SELF OTHER
GROUP

Positive Negative Positive Negative

Current
users

0.50 (0.32) 0.51 (0.54) 0.35 (0.22) 0.41 (0.40)

Ex-users 0.36 (0.20) 0.43 (0.33) 0.41 (0.27) 0.27 (0.26)

Controls 0.50 (0.23) 0.35 (0.27) 0.28 (0.21) 0.51 (0.46)

The between-subjects measure was GROUP and the within-subjects measures were 

SELF/OTHER (whether the adjective referred to oneself or the ‘other’ person) and 

POSITIVE/NEGATIVE (whether the adjective was ‘positive’ or ‘negative’ in meaning). 

There was a 3-way interaction Group*Self/Other*Positive/Negative [F (2,48)= 4.08, 

p<0.05]. As can be seen in Figure 3.8, ex-users recalled a similar proportion of self and 

other-positive adjectives whereas current users and controls recalled more self-positive 

than other-positive adjectives. Current users and controls recalled a greater proportion 

of other-negative than other-positive adjectives. However, ex-users recalled more positive 

than negative adjectives about other people. Current users recalled a similar proportion 

of self-positive and self-negative adjectives, as did ex-users. However, controls recalled 

more self-positive than self-negative words. Current users also recalled more self than 

other-negative words, as did ex-users. Controls recalled more other-negative than self

negative words.

In summary, ex-users recalled more se If-negative than self-positive adjectives and were 

less likely to recall negative adjectives about others than current users or controls. 

However, controls recalled more positive adjectives than negative about themselves and 

were more likely to recall negative adjective about others. Current users performed in
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between ex-users and controls, recalling an equal number of self-positive and negative 

words, but also being less positive about other people than ex-users.
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Figure 3.8. Group*sel£^other*positive/negative interaction on self-referent encoding task.

0.6

Proportion of 0.4 
words recalled

Current users ControlsEx-users

self-positive
self-negative
other-positive
other-negative

Group

187



3.13 Results part IV; Relationships between biochemistry. MDMA use, cognition
and mood.

Correlations were carried out between (i) plasma tryptophan levels and patterns of MDMA 

use (ii) measures of mood and cognitive function and change in plasma tryptophan levels 

and (iii) measures of mood and cognitive function and patterns of MDMA use.

The alpha level was raised to p<0.01 to reduce the likelihood of type I errors resulting 

from the number of correlations performed. The data for plasma tryptophan was not 

normally distributed. However, as discussed in section 3.9, the significance level of the 

following correlations was not altered when non-parametric tests were used.

il Correlations between plasma tryptophan levels and patterns of MDMA use.

In ex-users, baseline total plasma tryptophan was positively correlated with frequency of 

MDMA use [r=0.49, p<0.01] and length of MDMA use [r=0.55, p<0.005]. No significant 

associations were found in current users.

iii Correlations between measures of mood and cognition and plasma trvptophan levels. 

For each dependent variable, free and total plasma tryptophan levels were correlated with 

(i) baseline measures of psychological function and (ii) change in those measures after 

tryptophan challenge (post-pre drink scores).

Ex-users given the TRP+ drink showed strong negative correlations between changes in 

free plasma tryptophan levels and baseline Rivermead prose recall both immediate (r= - 

0.90, p<0.001) and delayed (r= -0.90, p<0.001) (Figure 3.9). Thus, greater changes in 

free plasma tryptophan were associated with poorer baseline recall whereas smaller 

changes in plasma tryptophan were associated with more prose being recalled at baseline. 

This association accounted for more than 80% of the variance in scores. Similar negative 

correlations were also found between changes in total plasma tryptophan levels and 

baseline Rivermead prose recall [immediate: r= -0.65, p<0.01; delayed: r= -0.81, p<0.001]. 

Prose recall after TRP+ also correlated with change in free plasma tryptophan [immediate:
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r= -0.66, p<0.01; delayed: r=-0.77, p<0.001] and change in total plasma tryptophan 

[immediate: r=-0.66, p<0.01; delayed: r=-0.74, p<0.001].
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Current users given the TRP+ drink showed a negative correlation between change in 

free plasma tryptophan levels and change in verbal fluency scores post-pre drink (r= 

-0.65, p<0.01). Thus, the smallest increases in free plasma tryptophan post-pre drink 

were associated with greater improvements in verbal fluency scores post-pre drink 

whereas greater increases in free plasma tryptophan post-pre drink were associated 

with less improvement in scores.

Controls given the depleted drink showed a correlation between change in free plasma 

tryptophan levels and a pre-trial measure of trait hostility (r= 0.69, p<0.01). Here, 

greater decreases in free plasma tryptophan were associated v^th lower levels of trait 

hostility whilst the smallest decreases in plasma tryptophan levels were associated with 

higher levels of trait hostility. There was also a correlation between change in free 

plasma tryptophan and change in total self-esteem score pre-post drink (r= 0.72, 

p<0.005). That is, the greater the decrease in plasma tryptophan, the greater the 

decrease in ratings of self-esteem post-pre drink.

Outliers

Four outliers were found in scatterplots of the data suggesting that some of the results 

may not have been robust. When an outlying data point was discovered, correlations 

were re-run without the participant whose data appeared to be skewing the results. In 

this way, 3 results were altered in the ex-users (depleted) condition. The correlation 

between change in free plasma tryptophan and change in number of correct hits post-pre 

drink on 10 minute RVIP task went from r= -0.72, (p<0.005) to r= -0.62, (p<0.05) 

when ex04 was removed from the analysis.

When data for ex04 and ex08 was excluded, the correlations between change in total 

plasma tryptophan and change in serial sevens scores post-pre drink (r= -0.78, 

p<0.005), and change in single digit cancellation scores post-pre drink (r= -0.84, 

p<0.001) were no longer significant. Similarly, when the data for current users in the 

depleted condition was re-analysed without cu04, correlations between change in free 

plasma tryptophan and the following measures were no longer significant; change in
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single digit cancellation scores post-pre drink (formerly r= 0.68, p<0.01), baseline 

median reaction time on 5min RVIP task (formerly r= 0.79, p<0.001) and change in 

median reaction time post-pre drink on 5 minute RVIP task (formerly r= -0.91, 

p<0.001). Results for the control group in the depleted condition changed when the 

outlier ct04 was removed from the analysis. Here, the correlation between change in 

total plasma tryptophan levels and age (r= 0.77, p<0.005) was no longer significant 

without data from ct04.

iiil Correlations between measures of mood and cognition and patterns of MDMA 

use in current and ex-users.

Ex-users showed an association between dose of MDMA typically taken and baseline 

phonemic verbal fluency (r= -0.59, p<0.005). Here, ex-users who used to take more 

MDMA in a typical session generated fewer words on the phonemic fluency task. 

Frequency of use was negatively correlated with baseline number of correct hits on the 

RVIP + tone task (r= -0.48, p<0.01). Thus, those ex-users who took MDMA more 

frequently when they were using scored fewer correct hits on the RVIP task. Pre-trial 

hostility was negatively correlated with years since cessation of MDMA consumption 

(r= -0.55. p<0.005). Ex-users who had stopped using MDMA for longer had lower 

pre-trial hostility scores. Finally, ex-users also showed a trend towards a correlation 

between length of MDMA use and pre-trial aggression (r= 0.45, p=0.015). There was 

a tendency for those ex-users who had taken MDMA the longest to have higher 

hostility scores pre-trial.

Current users showed a negative correlation between length of MDMA use and 

baseline performance on immediate (r= -0.48, p<0.05) and delayed prose recall (r= -

0.52, p<0.005) and phonemic verbal fluency (r= -0.54, p<0.005). Thus, current users 

who had been taking MDMA for a longer period of time recalled fewer words on the 

delayed prose recall task and generated fewer words on the phonemic fluency task. 

Days since last use of MDMA was positively correlated with scores on the physical 

aggression sub-scale of the aggression questionnaire [r=0.50, p=0.005].
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3.14 Summarv of key findings

• There were no pre-trial differences between groups in terms of pre-morbid IQ or 

trait depression. Although the three groups were well matched on pre-morbid IQ, 

the ex-users differed at baseline on several cognitive tasks (Buschke delayed and 

long-term recall, serial 7’s, RVIP 10 minute).

• All three groups reported similar use of the cognitively-impairing drugs, cannabis 

and alcohol. There were no differences between current and ex-MDMA users in 

the length of MDMA use or the amount used per session. However, when they 

were using, ex-users took MDMA more frequently than current users.

• The pharmacological manipulation was successful. Participants given the 

tryptophan-augmented mixture showed an increase in plasma tryptophan whilst 

those given the tryptophan-free mixture showed a decrease in plasma tryptophan.

• With the augmented drink, ex-users showed a significantly greater increase in total 

plasma tryptophan (pre to post-drink) than the other groups. They also tended to 

have a greater increase in free plasma tryptophan than current users and ex-users 

respectively. Ex-users also showed enhanced sensitivity to the manipulation of 

brain tryptophan on the Rivermead test of delayed prose recall.

• There were several strong associations between biological and psychological 

measures.

1. Ex-users given the augmented drink showed highly significant negative correlations 

between changes in free and total plasma tryptophan levels and baseline delayed 

and immediate Rivermead prose recall.

2. Current users given the augmented drink showed a negative correlation between 

change in free plasma tryptophan levels and change in verbal fluency scores post- 

pre drink.
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3. Controls given the depleted drink showed a correlation between changes in free

plasma tryptophan levels and a pre-trial measure of trait hostility and a change in 

total self-esteem score pre-post drink.

• In general, the control group out-performed the other 2 groups on tests tapping

memory and cognitive function. Ex-users showed the poorest performance and 

current users generally performed at intermediate levels. However, on (i) the 

Buschke selective reminding task and (ii) double-digit cancellation current users 

showed impaired learning relative to controls.

Ex-users showed positive correlations between baseline total plasma tryptophan 

and frequency and length of MDMA use. Patterns of MDMA use were also 

associated with performance on tasks tapping cognitive ability. Ex-users also 

showed a negative correlation between pre-trial hostility and number of years since 

stopping MDMA use- those who had stopped for longer had lower hostility scores. 

Current users had negative correlations between length of MDMA use and baseline 

performance on immediate and delayed prose recall.

DISCUSSION

The comparability of the 3 groups will be addressed before the results on tryptophan 

levels are discussed. As we had contrasting hypotheses about the change in plasma 

tryptophan levels, close attention will be paid to how the findings lend support to one 

hypothesis in particular. We will then consider psychopharmacological associations 

between tryptophan levels, cognitive function and mood as well as the issue of 

differential sensitivity to the effects of the tryptophan manipulation. Group differences 

in memory, cognition and mood are then addressed before comparing the biological 

findings of the present study to others that have used a tryptophan challenge paradigm. 

Finally, we turn to methodological issues and the implications of our findings.

Groups had similar trait depression scores which is particularly important for the
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tryptophan depletion results as depression affects response to this challenge (Delgado 

et al., 1990). Groups were also matched on pre-morbid IQ and on use of cannabis and 

alcohol, all factors that may affect performance on cognitive tasks. Current and ex

users took similar amounts of amphetamine and cocaine when using MDMA. This is 

important given that study 1 suggested that use of cocaine in conjunction with MDMA 

increases the likelihood of experiencing negative effects. Further, current and ex- 

MDMA users were also well matched for length of MDMA use and the amount used 

per session, although when they were using, ex-users took MDMA more frequently 

than current users. Thus the 3 groups were comparable in many crucial ways. Where 

baseline differences were found between ex-users and the other 2 groups on cognitive 

tasks, (Buschke delayed and long-term recall, serial 7’s, RVIP 10 minute) baseline 

scores were covaried from post-drink performance.

3.15 Changes in plasma tryptophan levels

The pharmacological manipulation was successful and as predicted, participants 

showed an increase in free and total plasma tryptophan pre to post-drink in the 

augmented condition and a decrease in plasma tryptophan in the depleted condition. 

A major finding of the present study was that the 3 groups responded differentially to 

the tryptophan challenge. Ex-users had a greater increase than controls in total plasma 

tryptophan following the augmented drink. Similarly, ex-users also tended to have a 

larger increase in free plasma tryptophan following the augmented drink than controls.

The original hypotheses about the change in plasma tryptophan levels were contrasting 

as little is known about 5-HT function in ex-MDMA users. It was reasoned that (i) 

impaired 5-HT function in current and ex-users would result in them showing a 

different response to the challenge than controls; (ii) 5-HT impairment in ex-users 

would mean a similar reaction to current users, but recovery of 5-HT function would 

mean a similar reaction to controls or (iii) ex-users may differ from both current users 

and controls in their reaction to the tryptophan challenge. The results support this last
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hypothesis - an exaggerated response to the augmented drink by ex-users.

Why did ex-users have a differential response to the augmented drink from both 

current users and controls? Increased levels of free and total plasma tryptophan seen 

in ex-users in the present study has been associated with impaired 5-HT function 

(Tiihonen et al, 2001). Therefore it is reasonable to hypothesise that if ex-users were 

not able to metabolise as much tryptophan as the other two groups as a result of 

impaired 5-HT function, then this would explain why large amounts o f free and total 

tryptophan would remain in plasma pools. This impairment to serotonergic function 

may be either due to lack of the metabolising enzyme tryptophan hydroxylase, or 

reduced density of 5-HT axon terminals.

If ex-users lacked the rate-limiting enzyme tryptophan hydroxylase, L-tryptophan 

would not be converted into 5-hydroxytryptophan, resulting in an increase in plasma 

tryptophan. However, this seems an unlikely explanation for the results presented here 

as animal studies have shown that it only takes 3 weeks for the brain to synthesise new 

tiyptophan hydroxylase after it has been destroyed by MDMA (Rattray, 1991). Hence, 

lack of this enzyme would not explain the impairment in ex-users who had not taken 

MDMA for an average of 2 Vi years. Similarly, current users would not have been 

lacking in tryptophan hydroxylase as they had abstained from using MDMA for 3 

weeks prior to testing.

The second possible reason why ex-users would not have been able to metabolise as 

much L-tryptophan as the other groups is that some of their 5-HT axon terminals were 

destroyed as a result of using MDMA. This hypothesis is strongly supported by 

studies of squirrel monkeys who have reduced density of 5-HT receptors 7 years after 

a neurotoxic dose of MDMA (Hatzidimitriou et al., 1999). Further support of long- 

lasting changes to 5-HT function comes from the findings of Gerra et al. (2000) who 

reported that ex-users who had not used MDMA for 12 months had a blunted prolactin 

response to D-fenfluramine. The authors suggest that this may indicate that the
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neurotoxic action of MDMA is centred on the 5HTia receptor, which is involved in 

prolactin secretion. Neuroimaging studies using PET/SPECT scans have also shown 

that current MDMA users have less binding to the 5-HT transporter than MDMA- 

naïve controls (McCann et al., 1998; Semple et al., 1999). Such results are indicative 

of the destruction of some 5-HT axon terminals because transporter sites are situated 

on nerve terminals. Studies of 5-HT metabolites in the CSF of human MDMA users 

also suggest impaired 5-HT function. Ricaurte et al. (1990) have shown a reduction 

in the concentration of 5HIAA in the CSF of regular MDMA users compared to 

control subjects that was still evident over 2 weeks after last use of MDMA. Reduced 

levels of CSF 5HIAA in regular MDMA users were also reported in a study by Bolla 

et al. (1998). Here, there was evidence of attenuated CSF 5HIAA levels in 24 MDMA 

users relative to controls. Importantly, low scores on the delayed visual memoiy task 

were associated with low levels of CSF 5HIAA suggesting a link between low brain 

5-HT function and memory impairment.

Hence, previous animal and human research strongly supports the finding of the 

present study that ex-MDMA users showed impaired 5-HT fimction at a neuronal 

level. So why do ex-MDMA users have impaired 5-HT function? There are 2 possible 

reasons; (a) MDMA causes long lasting changes to 5-HT function that persist after 

cessation of use or (b) those who choose to take MDMA for a few years and then stop 

using have a pre-existing vulnerability to the neurotoxic efifects of MDMA.

(a) Impairment to 5-HT function could be a long-lasting consequence of using 

MDMA. However, if neurotoxicity is to explain the inability of ex-users to metabolise 

the excess tryptophan, then why didn’t current users show the same reaction to the 

augmented drink? One could argue that as the only difference between current and ex

users was fi-equency of MDMA use, then this might be a significant predictor of the 

neurotoxic efifects of MDMA, as has been suggested by animal studies (O’Shea et al., 

1998). Indeed, ex-users showed a positive correlation between fi-equency of MDMA 

use and baseline total tryptophan whereby those who consumed MDMA more
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frequently had higher baseline levels of total plasma tryptophan. However, there were 

no group differences between current and ex-users in baseline tryptophan, even when 

frequency of MDMA was covaried out. This suggests that frequency of MDMA use 

is only associated with impaired 5-HT function within the ex-users group. Further, 

using frequency of MDMA use as a covariate also did not change the significance of 

the group*treatment*time interactions whereby ex-users showed a greater post

treatment increase in plasma tryptophan levels then current users following TRP+. 

There were also no significant correlations between frequency of MDMA use and 

changes in plasma tryptophan levels. Therefore, the results suggest that differences in 

the frequency of MDMA use cannot account for the differences between current and 

ex-users in the metabolism of tryptophan observed in the present study.

(b) The findings of the present study strongly suggest that ex-users had a ‘pre-existing 

vulnerability’ to MDMA. Here, pre-existing sensitivity or damage to 5-HT neurons 

would render ex-users more vulnerable to the harmful effects of MDMA than current 

users. However, as any such differences may have pre-dated first use of MDMA, it is 

impossible to discern whether MDMA had a causative role in the hypothesised 

impairment to 5-HT function. Although we may not be able to determine whether 

vulnerability is the cause or the consequence of impaired 5-HT function, it is still a 

crucial concept as many of the results presented here feed into this issue of 

susceptibility to the harmful effects of MDMA. Results supporting

(c) this ‘pre-existing vulnerability’ hypothesis will be discussed in the next section, 

‘psychopharmacological findings’.

3.16 Psychopharmacological findings

This study highlighted two main ways in which ex-users demonstrated increased 

vulnerability to the effects of MDMA. This was shown by (a) very large correlations 

between biological reactions to the challenge and measures o f cognitive function and

(b) enhanced sensitivity to the psychological effects of tryptophan manipulation.
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a) Correlations between biological reactions to the challenge and measures of 

cognitive function (psychopharmacological hypothesis i).

There were important associations between biological and psychological measures of 

serotonergic function. Ex-users given the augmented drink showed negative 

correlations of 0.90 between change in free plasma tryptophan and baseline prose 

recall, both delayed and immediate. The bigger the change in free plasma tryptophan, 

the poorer was baseline recall. The size of this correlation is notable and shows that 

81% of the variance in recall is shared with the variance in free tiyptophan levels. Thus 

ex-users showing the poorest memory function at baseline were also those who 

metabolised least tryptophan. These associations with baseline psychological 

performance were of interest because if smaller amounts of tryptophan were being 

metabolised by ex-users, then the augmented drink should not have a great impact on 

their post-drink scores. However, there were no significant associations between in 

plasma tryptophan and change scores on psychological variables. This supports the 

argument that ex-users were not able to use as much of the increase in tryptophan as 

current users and controls. This furthers the finding of Reneman et al. (2000a) of a 

strong negative association between an auditory verbal learning task and 5-HT2a 

binding in a small group of 5 ex-MDMA users.

That ex-users were more vulnerable to inpaired 5-HT function than current users was 

also suggested by current users’ reaction to the tryptophan challenge. Unlike ex-users, 

current users did not show any correlation between change in plasma tryptophan levels 

and baseline prose recall. Nevertheless, although there was no association with baseline 

cognition, current users did show an association between increases in plasma 

tryptophan and change in cognitive function post-pre drink. Current users given the 

augmented drink showed a negative correlation between change in free plasma 

tryptophan levels and change in verbal fluency scores post-pre drink. Here, the 

smallest increases in free plasma tryptophan post-pre drink were associated with 

greater improvements in verbal fluency scores post-pre drink whereas greater increases 

in free plasma tryptophan post-pre drink were associated with less improvement in
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scores. Although not of the same magnitude as ex-users, this result may also be due 

to some of the excess tryptophan not being metabolised by current users. As discussed 

earlier, if impaired serotonergic function is indicated by greater increases in plasma 

tryptophan levels, then those current users who had impaired serotonergic function 

were also those who did not improve their verbal fluency scores over time. Therefore, 

those current users not metabolising as much tryptophan were also those not showing 

learning or improvement in verbal fluency pre to post drink.

However, the question remains as to why there was no association between plasma 

tryptophan and baseline performance on this measure. For if serotonergic function is 

compromised, one would not expect the augmented drink to make any difference to 

verbal fluency as the extra tryptophan is not metabolised into serotonin. A likely 

explanation for the association between plasma tryptophan and change scores is that 

current users were unable to leam or show improvement in verbal fluency as their 

serotonergic function, and hence their ability to leam, was already compromised (as 

will be seen later). That is, what we are seeing is simply due to poor concentration or 

inability to leam rather than an effect of the augmented tryptophan drink per se. 

However, this does not explain why ex-users, with greater increases in plasma 

tryptophan and presumably more serotonergic impairment than current users, did not 

also show correlations between plasma tryptophan levels and verbal fluency. This may 

simply be a case whereby ex-users were too impaired to show change on this task and 

controls were ‘not impaired enough’, leaving current users as the intermediary group 

as the ones to show this effect. This is also reflected by the fact that the increase in 

plasma tryptophan in current users was between that of ex-users and controls, although 

it did not differ significantly from either group.

As expected, consistent with previous work showing lowered mood after tryptophan 

depletion in healthy males (Young et al., 1985), controls given the depleted drink 

showed a strong positive correlation between change in free plasma tryptophan levels 

and change in total self-esteem score pre-post drink. That is, the greater the decrease
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in plasma tryptophan, the greater the decrease in ratings of self-esteem post-pre drink. 

Moreover, because controls responded as expected to the depleted drink there is 

reason to assume that their response to the augmented drink was also within ‘normal’ 

parameters. This fiirther supports the notion that the excessive increase in free plasma 

tryptophan seen in ex-users compared to controls was an ‘abnormal’ reaction to the 

augmented drink. There was also a positive correlation between change in free plasma 

tiyptophan in controls and a pre-trial measure of trait hostility. Here, greater decreases 

in free plasma tryptophan were associated with lower levels of trait hostility. Those 

with highest levels of trait hostility showed the smallest decrease in plasma tryptophan 

levels. This may reflect slightly reduced serotonergic activity in those with high trait 

hostility (Cleare and Bond, 1995), rendering them less susceptible to tryptophan 

depletion.

It is interesting that significant associations were found between change in free plasma 

tryptophan and psychological measures for ex and current users in the augmented 

condition whereas for controls, significant associations were found in the depleted 

condition. This is as we would expect to find given our hypothesis that ex-users (and 

to a lesser extent, current users) have altered serotonergic fimction and were unable 

to metabolise as much of the excess tryptophan as controls in the augmented condition. 

Similarly, the lack of response by ex and current users to the depleted drink suggests 

that their serotonergic system was fimctioning at baseline levels. This is especially so 

when viewed in conjunction with the association between change in free plasma 

tiyptophan and self-esteem demonstrated by the control group. Also of note is the fact 

that, for all groups, free rather than total plasma tryptophan showed correlations with 

measures of psychological fimction. This corresponds with the majority of animal 

work that has shown free plasma tryptophan to be a reliable indicator of central 5-HT 

levels.

rbl enhanced sensitivitv to the psvcholoeical effects of tryptophan manipulation 

(psvchopharmacological hvpothesis ii).

Another important finding of this study was that ex-users showed enhanced sensitivity
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to the pharmacological manipulation of brain tryptophan levels on the Rivermead 

delayed prose recall task. Here, ex-users in the depleted condition recalled fewer 

words post-drink than pre-drink whereas ex-users in the augmented condition recalled 

more post-drink than they had pre-drink. There were no significant post-pre drink 

changes for either the depleted or the augmented conditions in the current and control 

groups. Again, these results suggest that ex-users had increased serotonergic 

sensitivity and were consequently more susceptible to the pharmacological 

manipulation.

The sensitivity of ex-users to the pharmacological manipulation on the prose recall task 

suggests that they may have memory impairment. Many studies have used the 

tryptophan depletion technique to look at serotonin function in different subject 

populations (for a review see Reilly et al, 1997). These studies have shown the most 

dramatic results in participant groups who are predisposed towards a particular 

psychiatric illness or cognitive impairment (Smith et al, 1997; Cleare and Bond, 1995). 

Therefore, the fact that ex-users in the augmented and depleted groups responded 

differentially to the tryptophan challenge is suggestive of impaired memory. This 

makes sense given (i) ex-users’ anecdotal accounts o f poor memory and (ii) 

performance on the Rivermead delayed prose recall task is considered to be a good 

approximation of everyday memory abilities (Sunderland et a l, 1986). Further, 

memory impairment in MDMA users is one of the most consistent findings reported 

m the literature, as will be discussed in the section on group differences in cognitive 

function and mood (3.17 below).

The psychopharmacological results discussed in (a) and (b) above show that ex-users 

had a differential reaction to the tryptophan manipulation fi-om both controls and 

current users, thereby providing support for the hypothesis that ex-users had a pre

existing serotonergic vulnerability. These results are indicative of serotonergic 

sensitivity that may explain why ex-users chose to stop using MDMA. For if the 

practical implication of such an increased vulnerability is that ex-users are more
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susceptible to impaired memory, then the manifestation of similar adverse reactions to 

MDMA may have influenced a decision to stop using. Ex-users are a self-selecting 

group who have decided to stop using MDMA for some tangible reason. One such 

reason may be that they experience adverse consequences of MDMA use. This 

concept is reinforced by the way in which the vast majority of ex-users in the present 

study reported that the negative effects of taking MDMA had increased over time 

compared to 6 r  fewer such reports from current users. What is not known is whether 

the ex-users tested in this study had inpaired serotonergic function before they started 

taking MDMA or whether serotonin transmission was compromised as a result of their 

use of MDMA. Nevertheless, regardless of the cause of serotonergic sensitivity, the 

findings of the present study strongly suggest that certain sections of the population 

are more susceptible to the adverse effects of MDMA use. Further, positive 

correlations were found between frequency and length of MDMA use in ex-users and 

baseline total tryptophan levels. These associations suggest that patterns of MDMA 

use are important in those that are vulnerable to the adverse effects of MDMA.

Is vulnerability the only reason why ex-users showed enhanced sensitivity to the 

tryptophan manipulation on the prose recall task whereas current users did not? One 

other reason for this difference may be that current users had a blunted response to L- 

tryptophan. Studies have shown that current MDMA users have blunted prolactin and 

cortisol responses to 5-HT receptor agonists, indicating a possible downregulation of 

postsynaptic 5-HT2a/2c receptors (Gerra et al., 1998; 2000; McCann et al., 1999; 

section 1.7.3). The L-tryptophan administered in this study is an indirect 5-HT 

receptor agonist. Current users may not have shown the same response to L- 

tryptophan as ex-users because their systems may have still been adapting to the 

downregulation of receptors caused by 5-HT hypersecretion after using MDMA. This 

is supported by the findings of animal studies that have shown that downregulation of 

5-HT2A receptors persists for at least one month after last intake of MDMA (Scheffel 

et a l, 1992). If this were also the case in humans, then enhanced sensitivity to 

tryptophan manipulation would only become apparent after cessation of MDMA use.
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However, this does not negate the vulnerability argument because, as noted above, the 

decision to stop using MDMA may itself be a consequence of vulnerability to the 

adverse effects of using this drug.

3.17 Group differences in memory* cognition and mood

Ex-users generally exhibited impaired performance across a range of memory and 

cognitive tasks compared with current users and controls. Baseline differences were 

found on Buschke delayed and long-term recall, serial 7’s, and the RVIP 10 minute 

task whereby ex-users performed worse than the other 2 groups. There were also 

trends towards baseline differences where ex-users performed worse than the other 

groups on delayed prose recall, Buschke sum and the RVIP dual task. Further, there 

were no group differences in IQ scores which is important as IQ is known to affect 

performance on tasks tapping aspects of memory (Reber et al., 1991). That deficits 

were apparent on a number of memory tasks is interesting given that memory 

impairments in MDMA users have been widely reported (see Table 1.2, page 85). In 

particular, the present study found that ex-users were impaired on tasks tapping 

aspects of episodic and working memory, a finding which is supported by the majority 

of the literature to date (e.g. Parrott et al., 1998; Bolla et al., 1998; Morgan 1999; 

Gouzoulis-Mayfi-ank et al., 2000; Wareing, 2000).

The present study also showed that ex-users had diminished capacity for learning as 

shown by their impaired performance on the Buschke selective reminding task. This 

may be related to the working memory impairments highlighted by baseline group 

differences on the serial 7’s task. Further, ex-users showed more pronounced 

impairment at baseline as the cognitive load required by tasks increased. Thus, whilst 

ex-users were more impaired than current users and controls on the RVIP task alone, 

the impairments were more marked on the dual RVIP task. Similarly, ex-users were 

slower than the other 2 groups on the double-digit cancellation task, but no group 

differences were found on the single-digit task. Whilst these results support our initial
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hypothesis that ex-users would show cognitive impairment relative to controls, it was 

not expected that they would also show impairment relative to current users. This 

finding again suggests that ex-users had damage to 5-HT function which exceeded that 

o f current users.

Contrary to expectations, current users generally performed at the same cognitive level 

as controls and out-performed ex-users. It is perhaps surprising that current users did 

not show cognitive deficits relative to controls on more tasks. However, carefiil 

examination of the existing literature does not support the notion of generalized 

cognitive impairment in current users. There are a number of studies that have not 

found differences between current users and controls on simple tests of cognitive and 

psychomotor function (Rodgers, 2000; Gouzoulis-Mayfi-ank et al., 2000; Klugman et 

al., 1999; Morgan, 1998; Parrott et al., 1998). However, such studies have found that 

current users are more likely to show cognitive deficits on more complex cognitive 

tasks involving attention, learning or memory.

The present study replicated previous findings of impaired attention and learning in 

current users. Current users performed significantly worse than controls on Buschke 

learning and double-digit cancellation. On both these tasks current users performed 

worse post-drink than pre-drink compared to controls who improved their performance 

over time. This suggests that controls were learning at the end of the day whereas 

current users may have been experiencing problems concentrating. This is supported 

by the fact that three-quarters o f current users reported experiencing problems 

concentrating when asked in the pre-trial interview. The impaired performance of 

current users on the double-digit cancellation task also suggests an attentional deficit 

and thereby replicates the findings of other studies (McCann et al., 1999; Gouzoulis- 

Mayfi-ank et al., 2000). The Buschke selective reminding task showed that all groups 

exhibited learning across trials but that controls tended to have a steeper learning curve 

than current or ex-users, indicating a quicker rate of learning. Again, this is consistent 

with reports of impaired learning in current MDMA users (McCann et a l, 1999;
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Klugman et al., 1999). Thus the very specific deficits in current users highlighted by 

this study support reports of subtle cognitive impairments in current users that are 

confined to certain aspects of cognition.

Whilst the Buschke selective reminding task suggested memory impairment in current 

users, it is curious that they did not also show inpaired performance on the prose recall 

and working memory tasks. Reasons for this failure to replicate the memory results 

of previous studies will now be considered in fiirther detail. It is possible that 

participants in the present study differed fi-om those reported in the literature in terms 

of lifetime dose of MDMA. However, participants in the present study were relatively 

heavy users, therefore the feilure of the present study to replicate some of the memory 

effects reported in the literature is not because participants had not taken a suflScient 

lifetime dose of MDMA.

There are 3 potential fectors that might have confounded the memory results reported 

in previous studies; (1) period of abstention from MDMA prior to testing (2) gender 

differences and (3) cannabis use:

(1) Many of the studies reporting memoiy impairments in current users have not 

ensured a 3-week period of abstinence from MDMA prior to testing (V erkes et al., 

2001; Wareing et al., 2000; Morgan, 1999; Parrott et al., 1998). Without this, one 

would expect to see cognitive impairments as there would not have been enough 

time to synthesise new enzyme after last use of MDMA. This would result in an 

overall impairment of 5-HT function that might be reflected by memory deficits.

(2) Only men were tested in the present study. Studies reporting impaired mnemonic 

function in MDMA users have used both male and female participants (Rodgers, 

2000; Wareing et al., 2000; Gouzoulis-Mayfrank et al., 2000; Morgan, 1999; 

McCann et al., 1999; Parrott et al., 1998). This is important as women may be 

more susceptible to the adverse effects of MDMA than men (McCann et al., 1994; 

Liechti et al., 2001). As far as the present author is aware, no study has found 

evidence of off-drug mnemonic impairment in current users relative to controls
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with an exclusively male subject population.

(3) Other studies reporting mnemonic deficits in current users have not controlled for 

cannabis use. Widespread use of cannabis amongst MDMA users is common as 

it is taken to ease the comedown fi-om the MDMA-high. Use of cannabis has been 

associated with cognitive impairments in regular cannabis users (Fletcher et al., 

1996). Therefore, it is important that studies of cognitive function in MDMA users 

match experimental and control groups for use of cannabis. In the present study, 

care was taken to ensure that there were no differences between current MDMA 

users and controls for length of cannabis use or fi'equency and amount typically 

used per month. However, some studies reporting memory deficits in current users 

compared to controls have not matched groups for cannabis use (Parrot et al., 

1998; Klugman et al., 1999). Additionally, if cannabis use is reported, fectors such 

as frequency, dose and length of use are not usually taken into consideration 

(McCann et a l, 1999; Bolla et a l, 1998). Moreover, 2 studies have found that 

heavier use of both MDMA and cannabis are associated with poorer cognitive 

function (Gouzoulis-Mayfi-ank et a l, 2000; Croft et a l, 2001).

Thus no study reporting memory impairments in current users has controlled for all 3 

of the potentially confounding factors listed above. Therefore the discrepancy between 

the results of the present study and previous findings may have been caused by 

differences in the profiles of the current users. There has also been little uniformity 

amongst previous studies as to which tests of cognitive and mnemonic function are 

used. This further complicates the picture with regard to the nature of impairment in 

current users.

Although the present study did not find group differences on all the measures of 

memory reported in the literature, it did show associations between dose and fiequency 

of MDMA use and deficits in memory and cognitive function. Length of use of 

MDMA was negatively associated with baseline phonemic fluency and
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delayed/immediate prose recall in current users. Ex-users showed negative 

associations between dose of MDMA typically taken and baseline phonemic verbal 

fluency and between frequency of use and baseline number of correct hits on the RVIP 

dual task. These findings suggest that patterns o f MDMA use are also important 

predictors of adverse memory and cognitive effects in humans, partly replicating the 

findings of Bolla et al. (1998) and Gouzoulis-Mayfrank et al. (2000).

The phai*macological manipulation did not have an impact on the mood of the 

participants. Treatment or group did not have an effect on state measures of 

depression or anxiety. Mood rating scales did not show any differences between 

groups apart from time effects whereby participants rated themselves as less alert, but 

calmer and with more self-esteem at the end of the test day compared to the start of 

the day. The general lack of a change in mood is surprising given that the majority of 

current and ex-users reported altered mood (‘mid-week lows’) in the pre-trial interview 

resulting from MDMA use. The lack of effects on mood may be due to the fact that 

the study relied mainly on self-rating scales. Participants may have found it difficult 

to achieve a sufficient level of introspection to be able to discern changes in mood over 

the course of the day. Another explanation for these findings may be that participants 

with high levels of trait depression were screened out of the study. As noted above, 

tryptophan depletion tends to have maximum effect on participants who have a pre

existing susceptibility to the trait being assessed. Moreover, there have been 

difficulties replicating the original Young et al. (1985) finding of the mood lowering 

effect of tryptophan depletion in males without high levels of trait depression (Park et 

al., 1994). Thus the low trait depression scores of participants in this study may 

account for the lack of a mood response to tryptophan depletion.

Although the tryptophan manipulation did not show group differences in mood, the 

self-referent encoding task revealed interesting results. This task was developed to test 

the hypothesis that those participants with low self-esteem or depression will recall 

more ‘negative’ adjectives about themselves than those who have ‘normal’ selfesteem
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(Bradley and Matthews 1983, 1988). As expected, ex-users demonstrated a more 

negative attitude towards themselves than current users or controls. Ex-users recalled 

more self-negative than self-positive adjectives and were less likely to recall negative 

adjectives about others than current users or controls. Controls also performed as 

expected and recalled more positive adjectives than negative about themselves, 

demonstrating a self-serving bias. They were also more likely to recall negative 

adjectives about others. Again, current users performed in between ex-users and 

controls, recalling an equal number of self-positive and negative words, but also being 

less positive about other people than ex-users. This task was not performed as a 

repeated measure and did not show an effect of the tryptophan manipulation. However 

it does indicate the generally depressed mood state of ex-users relative to controls and 

shows that they were likely to be more positive about other people than the other 2 

groups.

The pre-trial screening interview showed that ex-users had higher trait aggression than 

controls. Furthermore, ex-users’ pre-trial aggression scores showed a positive 

correlation with years of use of MDMA. Those ex-users who had been taking MDMA 

for a longer period were also those who had higher trait aggression. There was also 

a negative association between trait hostility and last use of MDMA whereby the least 

hostile ex-users were those who had not used MDMA for a longer time. Taken 

together, these results not only suggest that ex-users have a predisposition towards 

aggression, but that this may have been caused by their use of MDMA.

In terms of physical reactions, all groups reported increased nausea, headache and 

shaking post-drink compared to their pre-drink state. This is likely to have been the 

combined result of the unpalatable amino acid mixture and fasting. Participants who 

received the augmented drink were more likely to report an increase in nausea than 

those who received the depleted drink which was probably due to the increased volume 

of the augmented drink. The main interaction for physical effects was that current 

users given the depleted drink reported a decrease in visual sensitivity whereas those
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given the augmented drink reported increased visual sensitivity. The hypothesised 

increase in 5-HT after the augmented drink may have caused current users to 

experience visual sensitivity similar to that following use of MDMA (Davison and 

Parrot, 1997; Liester et al., 1992).

3.18 Replication of tryptophan challenge studies

Very few previous studies have used a tryptophan augmentation paradigm. Young et 

al. (1985) report increases in total and free plasma tryptophan of 608% and 1,575% 

respectively, whereas Cleare and Bond (1995) report a rise in total plasma tiyptophan 

o f over 1,100% following augmentation. In the present study, ex-users showed an 

increase in total plasma tryptophan that was in line with that reported by Cleare and 

Bond (1995), whereas the increases shown by current users and controls were more 

like those reported by Young et al. (1985).

There were no significant group differences in the depleted treatment condition. The 

reduction in total plasma tryptophan levels in aU groups following depletion was in the 

range usually reported m the literature. Studies have shown that tryptophan depletion 

reduces total plasma tryptophan in healthy males by approximately 75% (Young et al., 

1985; Smith et al, 1987; Cleare and Bond, 1995).

3.19 Methodological considerations

There were some shortcomings in the present study. As with all studies of illicit drugs, 

we were reliant on users’ reports of drug use. However, participants showed great 

interest in the outcome of the study and many reported being highly motivated to take 

part because they felt that further research into the effects of MDMA was important. 

Therefore it seems unlikely that they would have deliberately misreported the extent 

of their drug use. Moreover, the experimenter took care to stress the confidentiality 

of any drug-use information given. Nevertheless, as the purity of MDMA tablets 

varies widely (Wolff et al, 1995) participants may not have been able to accurately
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report the dose of MDMA typically taken. We also relied on participants’ reports of 

abstinence from MDMA use. However, participants were informed that participation 

in the study was conditional on a negative urine screen for MDMA. Current users 

generally reported having abstained from MDMA for longer than the required 3 weeks, 

and many commented on how difficult abstention had been, thereby suggesting that 

they had been honest about not taking MDMA prior to the study. Similarly, there was 

no means of verifying how long ex-users had been abstinent. However it is difficult to 

imagine what ex-users would gain from concealing the exact length of time since they 

last took MDMA. There was also no direct means of checking that participants had 

stuck to the overnight fast before coming into the lab. Nevertheless, measures of 

baseline plasma tryptophan suggested that the majority of participants adhered to the 

overnight fast protocol.

Although a screening interview was used to match participants as much as possible, 

some trait differences were found between groups. Ex-users had lower trait self

esteem than current users or controls but this was not reflected by group differences 

in BDI scores. Ex-users also had higher trait anxiety scores than current users and 

controls yet this difference was not reflected in the state anxiety measures used on the 

test day. Current and ex-users had significantly higher trait impulsivity scores than 

controls. This is to be expected given that drug users are likely to be more impulsive 

than those who do not use drugs (Treece et al., 1986). In particular Morgan (1998) 

found that current MDMA users were more likely to be impulsive than polydrug users 

who did not take MDMA.

Current and ex-users were matched for length of use of MDMA and amount taken in 

a typical session. However, there were differences in frequency of use whereby ex

users took MDMA roughly twice as often as current users. The control group had 

similar use of alcohol, nicotine and cannabis as the two MDMA group. Despite this, 

they were not ideal controls because they did not use any other recreational drugs. It 

would have been preferable to have a polydrug control group who had never taken
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MDMA but who used drugs such as amphetamine, cocaine and LSD. Unfortunately 

it proved extremely difficult to recruit participants who matched this criteria. 

Nevertheless, the control group did match the MDMA groups in their use of alcohol 

and cannabis. This is inportant as alcohol and cannabis are both drugs known to affect 

memory and cognitive function.

Ideally, a within-subjects crossover design would have been used whereby participants 

took part in both treatment conditions over two experimental sessions. However, the 

decision to have only one experimental session for fear of a high dropout rate seems 

to have been justified. Many participants did not turn up for the first test session 

following the screening interview so to have included a second test session would have 

been futile. Further, the majority of participants complained about the taste of the 

drink and stated that they would not have returned for a second test session. Indeed, 

the unpalatability of the amino acid drink caused vomiting in 5 participants (2 current 

users, 2 ex-users and one control). However, these participants were included as at 

least 2 hours had elapsed between taking the drink and vomiting, thereby giving time 

for the drink to be absorbed. Indeed, examination of plasma tryptophan levels in these 

participants revealed that they absorbed enough of the drink for it to have a 

pharmacological action within the expected range.

The present study did not have an inactive control condition. It is debatable whether 

a balanced tryptophan drink should have been administered alongside the augmented 

drink which served as an active control in this study (Reilly et al., 1997). An active 

control was chosen because it was predicted that current and ex-users would have 5- 

HT systems operating at floor levels, in which case they may not have responded to 

either a depleted or balanced tryptophan mixture. Although perhaps theoretically 

desirable, in reality it would have been extremely difficult to recruit the 48 additional 

participants required for the inclusion of an inactive control group.

Four participants were excluded fi*om the correlational analysis of plasma tryptophan
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levels because their results skewed the data. Further examination of the results of 

these participants found abnormal reactions to the amino acid drink in 3 of the 4 cases. 

One participant had very high plasma tryptophan at baseline, suggesting that he had not 

adhered to the overnight fast protocol. The other 2 participants did not respond to the 

depleted drink. These biochemical measures may explain why these participants had 

outlying results and provide justification for excluding them from fiirther analysis. A 

large number of analyses were performed in the course of this study, giving rise to the 

possibility of type I errors. In view of this, care was taken to increase the a level to 

p<0.01 for the correlational analyses. Moreover, the exclusion of the outliers greatly 

reduced the number of significant results obtained, suggesting that the remaining 

results were robust.

Only men were tested in this study due to hormonal differences over the menstrual 

cycle in women that affect 5-HT. This means that we cannot generalise the findings 

to women, especially so given reports that women are more susceptible to (i) the 

effects of tryptophan depletion (Anderson et al., 1990) and (ii) the harmful effects of 

MDMA (McCann et al., 1994; Liechti et al., 2001).

There is no way of directly measuring the reduction in central 5-HT function caused 

by tryptophan depletion. Therefore we cannot be sure that the behavioural changes 

observed were the result of altered 5-HT levels. Nevertheless, a recent study using 

continuous CSF sampling in humans during tryptophan depletion showed that 

decreased plasma tryptophan levels correlated with a fall in CSF 5HIAA, the 

metaboHte of 5-HT (Williams et al., 1999). Such findings suggest that the tiyptophan 

depletion technique is a valid means of manipulating central 5-HT fimction in humans.

3.20 Chapter Summary

Study 2 used a tryptophan challenge with a total of 96 participants: current users, ex

users and MDMA-naive controls. Ex-users had greater increases in plasma tryptophan 

following augmentation than current users or controls. This suggests reduced
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metabolism of tryptophan and impaired serotonergic function. The major finding of 

this study was that men who had not taken MDMA for an average of 2 VS years showed 

an association between biological and psychological signs of impaired serotonergic 

fimction. Here, increases in plasma tryptophan in ex-users correlated very highly with 

baseline prose recall. Ex-users also showed enhanced sensitivity to tryptophan 

manipulation (as seen on delayed prose recall) and consistently performed worse on 

cognitive tests than current users or controls. Baseline plasma tryptophan was also 

correlated with firequency and length of MDMA use when ex-users had been taking 

this drug.

The results of the pharmacological manipulation imply that heightened serotonergic 

sensitivity in some MDMA users plays an important role in determining who 

experiences lasting impairment to 5-HT function and enduring cognitive deficits as a 

result of using this drug. Therefore, the findings of the present study suggest that the 

crucial question for research is not simply about the neurotoxicity of MDMA. Rather 

it seems that we should be asking how long impairments persist after abstinence and 

how it is possible to identify those at increased risk of adverse effects. Indeed, the very 

people who are predisposed to use MDMA because of impaired 5-HT function may 

be those at greatest risk. The everyday implications of such susceptibility may be 

impaired memory, anxiety, depression, low self-esteem and a tendency towards 

aggression. These findings highlight the need to conceptualise MDMA as a drug that 

has harmful potential in some human users.
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Chapter 4:

Do ex-MDMA users experience persistent detrimental 

effects on mental health?
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INTRODUCTION

Little is known about why some users choose to stop taking MDMA. Several 

studies have reported that users experience depression, aggression, anxiety and 

paranoia in the days following MDMA consumption, but it is not known whether 

such adverse effects influence a decision to abstain from MDMA.

As discussed in chapter 1, animal studies suggest that MDMA has neurotoxic 

potential. The administration of MDMA to rats results in dose-related reductions 

in 5-HT transporter sites and depletion of brain 5-HT and 5HLAA (Stone et al., 

1986). Moreover, studies of non-human primates have shown long-lasting damage 

to 5-HT function whereby MDMA causes reduced 5-HT axon density and 

abnormal reinnervation that is still evident 7 years after administration 

(Hatzidimitriou et al., 1999). In humans, recent neuroimaging studies have found 

evidence of decreased 5-HT transporter binding in current MDMA users compared 

with controls (Semple et al., 1999; McCann et al., 1998). Reduced binding to the 

5-HT transporter is indicative of reduced density of 5-HT transporter sites, 

therefore these findings are in accord with those of animal studies and suggest 

damage to 5-HT axons in regular MDMA users. Further, McCann et al. (1998) 

also reported that the attenuation of 5-HT transporter binding was positively 

correlated with lifetime MDMA consumption, but not with length of time since last 

use of MDMA. This suggests that the reduction in transporter sites may not be 

reversible after a period of abstinence from MDMA use. However, as participants 

in the McCann et al. (1998) study had abstained from MDMA use for an average 

of 19 weeks, it is possible that recovery takes place over a longer time course.

The present study was designed to follow up the findings of Study 2 reported in 

chapter 3. The key finding of that study was that ex-MDMA users displayed a 

vulnerability to the adverse psychological effects of MDMA consumption. A 

relationship was found between a biological measure of 5-HT function and 

psychological impairment in ex-users. Ex-users also showed a generalised
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impairment to cognitive function relative to current users and controls on a range 

of tasks tapping working memory, episodic memory, attention, learning and 

information processing. However, it is not known whether ex-users also have 

long-term impairment to mood. Study 2 (chapter 4) attempted to match 

participants on BDI scores, thereby excluding ex-users with severely depressed 

mood from the study. In this way that study may have underestimated the extent 

of dysfunctional mood in ex-MDMA users. With this in mind, the present study 

was designed to look at the mental health of a group of ex-users and to examine 

whether there are differences between ex-users in terms of those who do and do 

not experience mental health problems.

Based on the findings of the survey of 469 current MDMA users in chapter 2 

(Study 1 ), it was expected that two groups of ex-users would be identified: those 

who stopped using MDMA for mental health reasons and those who stopped for 

other reasons. In that study, two-thirds of the sample said that they were 

concerned about the long-term effects of MDMA on their mental health and that 

this might potentially influence a decision to stop using MDMA. As Study 2 found 

that some users were more vulnerable to experiencing adverse psychological 

effects of MDMA than others, it was predicted that those who stopped taking 

MDMA for mental health reasons would have significantly higher depression, 

anxiety, anger and aggression scores than those who stopped taking MDMA for 

other reasons. It was also predicted that there would be associations between 

extent of MDMA use and measures of mood. That is, those who had used MDMA 

to a greater extent would have higher scores on the mood measures.

Although the UK has a higher proportion of MDMA users reported than any other 

European country (Hibbel, Anderson & Bjamason, 1997), little is known about 

what drives users of this drug to stop taking it. Theories of drug addiction such as 

the Transtheoretical model (Prochaska and DiClemente, 1986) have been devised 

to account for the processes of changing drug use behaviours, but these have 

focused mainly on behaviours like quitting smoking. MDMA users are not catered
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for by traditional drug use agencies because MDMA is used irregularly on a 

‘recreational’ basis rather than daily. Whereas MDMA is not physically addictive, 

users consistently report developing tolerance to its effects after repeated use. 

Indeed, problematic use of MDMA has been reported in which World Health 

Organisation criteria for dependence were met (Jansen, 1999). Therefore it is 

conceivable that some users may have experienced difficulties giving up their use 

of MDMA. As there is no previous research on this issue, an exploratory 

examination of problems related to stopping MDMA was also planned.

In summary, the current study was designed to investigate the reasons why régulai* 

users of MDMA stop taking the drug, and to assess levels of depression, anxiety, 

anger and aggression in ex-users.

METHOD 

4.1 Participants

Participants (N=66) were recruited from the population of male ex-MDMA users 

who had volunteered for the previous study (see chapter 3). Participants responded 

to adverts in the magazines ‘Time Out’ and ‘Mix M ag’ or to an appeal on the 

television programmes ‘London Today’ and ‘London Tonight’. All participants 

had been regular MDMA users for at least a year but had stopped using this drug 

on a regular basis at least one year ago. 66 participants were recruited and 

interviewed. Of these, 47 completed and returned postal questionnaires. The 

participants in this sub-sample (N=47) had a mean age of 30 years (±7.11 years, 

range 18-49 years). Participants provided verbal, informed consent and were not 

paid for participating in this study. The study was approved by the UCL/UCLH 

Committees on the Ethics of Human Research.
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4.2 Design and procedure

A between-groups design was adopted for this study. The study comprised two 

parts based on (1) those who completed the telephone interview (N=66) and (2) 

those who completed the telephone interview plus completed the postal 

questionnaires (N=47).

Participants were telephoned on the number that they had left after volunteering for 

the tryptophan challenge study. The follow-up study was described and 

participants were asked for their informed consent to participate. Participants were 

then asked the series of interview questions about their past MDMA use and the 

reasons why they stopped using. When the telephone interview had been 

completed, participants were sent the set of trait/state measures by post. They were 

asked to return the questionnaires to experimenter as soon as possible in the 

stamped addressed envelope provided.

Assessments

The same substance use questionnaire used in Study 2 was used to obtain 

information about participants’ drug use patterns (Appendix Il.i). Amount, 

frequency and length of use of all recreational drugs were recorded, along with the 

drugs that were used in conjunction with MDMA. Units of alcohol consumed 

were calculated by the experimenter from participant’s reported drinking. 

Participants were also asked whether they had experienced mid-week lows or 

trouble concentrating as a result of using MDMA. The rest of the questions 

concerned participants’ cessation of MDMA use and these are given in Appendix 

Il.vii. The majority were open-ended questions requiring more than simply a 

yes/no answer. There was also one question comprising a list of 23 possible 

reasons why people might stop taking MDMA, which was adapted from the survey 

of 466 current MDMA users (chapter 2, see Appendix I). Participants were also 

asked if they had ever received psychological/psychiatric treatment.
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Measures

The following questionnaires were also sent to each participant:

Beck Depression Inventory (BDI, Beck, 1978): This consists of 21 groups of 

statements to measure trait depression. Participants circled one statement from 

each group, which they felt best applied to them.

State-Trait Anxiety Inventory (STAI, Speilberger et al., 1970): This consists of 20 

statements to assess levels of anxiety. Participants rated, on a scale of 1 to 4, the 

extent to which each statement applied to them.

Multidimensional Anger Inventory (MAI, Siegel, 1986): This consists of 30 

statements to measure trait anger. Participants rated, on a scale of 1 to 5, the extent 

to which each statement applied to them. The scale comprises five sub-scales to 

assess frequency, duration, magnitude, mode of expression and hostile outlook. 

Aggression Questionnaire (AQ, Buss and Perry, 1992): This was used to measure 

trait aggression. This questionnaire consists of 25 items which participants rate as 

they generally apply to them on a 5 point Likert scale. This scale ranges from 1 

(extremely uncharacteristic of me) to 5 (extremely characteristic of me). This scale 

comprises four sub-scales to assess physical aggression, verbal aggression, anger 

and hostility.

Self-esteem Scale (SSES, Heatherton and Polivy, 1991): This consists of 10 

statements to assess trait self-esteem. Participants rated, on a scale of 1 to 4, the 

extent to which each statement applied to them.

Barratt Impulsiveness Scale (BIS, Barratt & Patton, 1983): This consists of 30 

statements to measure trait impulsiveness. Participants rated, on a scale of 1 to 4, 

the extent to which each statement applied to them. This scale comprises three 

sub-scales to assess non-planning, motor and cognitive impulsiveness.

Modified Hospital Anxiety and Depression Scale {HADS, Zigmond & Snaith, 

1983): This is a modified scale used as a state measure, which consists of 14 

statements to assess the participant’s mood over the last 24 hours. This differs 

from the original scale, which assesses mood over the last week (Appendix n.ii). 

Participants rated 14 items according to how well each described how they had

220



been feeling over the past week. This scale comprises two sub-scales to assess

anxiety and depression.

4.3 Definition of sub-groups and statistical analyses

1. Total sample: each participant was assigned to one of two groups according to 

their responses to the interview questions. Participants assigned to group 1 

gave mental health reasons for why they stopped taking MDMA (n = 37); 

participants assigned to group 2 gave other, ‘circumstantial’ reasons for why 

they stopped taking MDMA (n = 29). These two groups were compared in 

terms of patterns of MDMA use and their answers to the interview questions 

about why they decided to stop using MDMA and how they felt about 

abstaining. MDMA use patterns were compared using one-way ANOVAs and 

(where the data was categorical), Chi-square analysis. Responses to the 

telephone interview questions were analysed using Chi-square tests.

2. Trait questionnaire group: those who returned the trait questionnaires were also 

divided into 2 groups based on whether they had stopped using MDMA for 

mental health reasons (n=29) or for circumstantial reasons (n=18). As with the 

telephone interview group, participants were compared on patterns of MDMA 

use and reasons for stopping. In addition, participants in this group were 

compared for scores on trait measures and a state measure of depression and 

anxiety. Univariate ANOVAs with age as covariate were used to compare the 

questionnaire scores of the two groups, except when the Levene test of 

homogeneity was significant, where Mann-Whitney non-parametric tests were 

used instead. Pearson product-moment correlations were carried out between 

measures of mood and patterns of MDMA use in both the mental health and 

circumstantial groups. The alpha level was raised to p<0.01 to reduce the 

likelihood of type I errors resulting firom the number of correlations carried out.

All data were analysed using SPSS for Windows (release 9.0).

221



RESULTS

Results will be presented in 2 parts: telephone interview data for both the total 

sample (N=66) and those who returned the questionnaires (N=47); questionnaire 

data.

4.4 Telephone interview data

Responses to the question “why did you stop taking ecstasy?” were used for 

identifying which group participants should be assigned to. These were coded 

independently by two raters. The inter-rater reliability was computed on the two 

sets of frequencies recorded by the two raters, using Pearson’s correlation 

coefficient and 100% agreement was found between the two raters (r=1.00, 

p<0.05). In the total sample this resulted in 56.1% of participants giving mental 

health reasons for stopping MDMA and 43.9% of participants giving 

circumstantial reasons for stopping MDMA. The following are the main reasons 

given by the mental health group for quitting MDMA: depression (22%), ‘messed 

my head up’ (19%), paranoia (19%), mood changes (13%), anxiety/panic (11%), 

memory problems (8%) and mental health worries (8%). The main reasons 

provided by the circumstantial group were: changes of circumstance (65%), 

boredom (24%) and a fall in the quality of ecstasy (11%).
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Table 4.1. Means (s.d.) for MDMA use by each group when they were using MDMA.

Patterns of use Total sample (N=66) Questionnaire group (N=47)

Mental health 
Group (n=37)

Circumstantial 
group (n=29)

Mental health 
group (n=29)

Circumstantial 
group (n=18)

Dose of MDMA taken in a typical session (no. tabs) 
Frequency of MDMA use (days/month)
Years of MDMA use 
Years since quit MDMA

3.16(1.80) 
8.49 (6.12)
4.22 (2.73) 
3.30 (1.83)

3.66 (3.07) 
6.76 (3.87) 
3.69(2.14) 
3.86 (2.76)

2.84(1.58) 
7.62 (5.83) 
4.41 (2.67) 
3.43 (1.99)

3.22 (3.13)
6.64 (3.90) 
3.31 (2.16) 
4.44 (3.12)
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Table 4.2. Percentage of participants in each group taking other drugs conjointly with MDMA.

Which other drugs did 
you use with MDMA?

Total sample (N=66) Questionnaire group (N=47)

Mental health ' 
group (%)

Circumstantial 
group (%)

Mental health 
group (%)

Circumstantial 
group (%)

None 10.8 17.2 10.3 22.2
Cannabis 13.5 20.7 10.3 5.6
Stimulants 24.3 20.7 20.7 22.2
Hallucinogens 13.5 13.8 13.8 16.7
Class A’s 37.8 27.6 44.8 33.3

N.B. Categories are inclusive. For example, ‘Class A’s’ may include stimulants, hallucinogens or cannabis.
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There were no significant differences between the two groups on any measure of 

MDMA use in either the total sample or the questionnaire group (Table 4.1). 

Participants had taken MDMA for an average of approximately 4 years and had 

stopped using the drug 3 to 4 years prior to the interview. Patterns of MDMA use 

were similar in both the total sample and questionnaire group.

As seen in Table 4.2, the majority of participants took other drugs conjointly with 

MDMA; for instance, in the total sample, 38% of the mental health group and 28% 

of the circumstantial group reported taking other Class A drugs at the same time as 

taking MDMA. There were no significant differences between groups in terms of 

percentage of participants using other drugs with MDMA in either the total sample 

or the questionnaire group.

Responses to the telephone interview questions about stopping MDMA were coded 

by the experimenter to create discrete categorical data. The frequency that a 

response occurred in each category was counted. As can be seen in Table 4.3, the 

only significant difference between groups was that more participants in the mental 

health groups reported having received professional help for mental health 

problems than participants in the groups that gave circumstantial reasons for 

stopping MDMA use (Figure 4.1). This was the case for both the total sample 

[X^=7.80, df=l, p<0.01] and the questionnaire group [x^=7.08, df=l, p<0.01]. The 

majority of participants in both groups reported that the effects of MDMA declined 

over time and that they felt that their mental health had improved after stopping. 

Only a minority reported experiencing problems in stopping, although about half 

of the sample said that ceasing to use MDMA had a negative effect on their social 

life.
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Figure 4.1. Percentage of participants in the total sample (N=66) 

who reported (yes) receiving or (no) not receiving professional help.

□  Yes

Mental health Circumstantial
Sub-group

226



Table 4.3. Percentage of participants responding ‘yes’ or ‘no’ to interview questions by 
each group.

Interview
Question

Total sample (N=66) Questionnaire group (N=47)

Mental health 
group (%) 

(MR)

Circumstantial 
group (%) 

(Ctl)

Mental health 
group (%) 

(MH)

Circumstantial 
group (%) 

(Ctl)
Were the effects of 
MDMA the same at 
the end as at the 
beginning?

Yes: 13.5 

No: 86.5

Yes: 6.9 

No: 93.1

Yes: 13.5 

No: 86.2

Yes: 5.6 

No: 94.4

How did you feel a 
few months after 
stopping?

Better: 67.6 
Same: 24.3 
Worse: 8.1

Better : 51.7 
Same: 44.8 
Worse: 3.4

Better: 65.5 
Same: 31.0 
Worse: 3.4

Better : 50.0 
Same: 44.4 
Worse: 5.6

What were the 
Down-sides of 
stopping?

None: 40.5 
Social: 48.6 
Other: 10.8

None: 31.0 
Social: 55.2 
Other: 13.8

None: 41.4 
Social: 51.7 
Other: 6.9

None: 33.3 
Social: 61.1 
Other: 5.6

What were the benefits 
of stopping?

None: 5.4 
MH: 73.0 
Ctl: 21.6

None: 10.3 
MH: 62.1 
Ctl: 27.6

None: 6.9 
MH: 72.4 
Ctl: 20.7

None: 5.6 
MH: 77.8 
Ctl: 16.7

Did you have 
problems stopping?

Yes: 13.5 
No: 86.5

Yes: 10.3 
No: 89.7

Yes: 13.8 
No: 86.2

Yes: 16.7 
No: 83.3

Did you relapse? 
If so, why?

Not relapse: 86.5 
Enjoyment: 10.8 
Other: 2.7

Not relapse: 93.1 
Enjoyment: 6.9 
Other: 0.0

Not relapse: 89.7 
Enjoyment: 10.3 
Other: 0.0

Not relapse: 100 
Enjoyment: 0.00 
Other: 0.0

Have you ever had 
professional help for 
mental health 
problems?

Yes: 62.2 
No: 37.8

Yes: 27.6 
No: 72.4

Yes: 62.1 
No: 37.9

Yes: 22.2 
No: 77.8

Participants were asked to rate the extent to which various reasons for stopping 

MDMA applied to them. Hierarchies for the total sample are presented in Table 

4.4, with the most important reason at the top and the mean ratings presented in 

brackets. These hierarchies highlight that for the mental health group, the main 

reasons for stopping revolved around mental health problems such as paranoia, 

anxiety and depression. In contrast, the circumstantial group gave highest ratings 

to non-mental health reasons for stopping MDMA. These included a fall in the 

quality of MDMA, that they were no longer enjoying the drug and that they were 

no longer going to clubs. This further supports the creation of groups within the 

present study.
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Table 4.4. Hierarchy of reasons for stopping MDMA in the total sample 
(mean ratings out of 10).

Mental Health group Circumstantial group
(n=37) (n=29)
Paranoia (7.1) MDMA Quality drop (7.0)
Anxiety (7.0) Not enjoying drug (5.8)
Long term mental health (6.9) Stopped clubbing (5.7)
Depressed (6.8) Long term mental health (4.4)
Short term mental health (6.2) Work affected (4.4)
Memory (6.2) Depressed (4.0)
Concentration (5.9) Concentration (3.7)
MDMA Quality drop (5.8) Memory (3.7)
Not enjoying drug (5.4) Physical health worries (3.4)
Physical health worries (5.0) Paranoia (3.3)
Work affected (4.9) Other’s bad experience (3.2)
Stopped clubbing (4.6) Anxiety (3.1)
Impulsive behaviour (4.4) Short term mental health (2.4)
Bad experience (4.2) Other mentally ill (2.4)
Angry (4.0) Bad experience (2.3)
Sleeping worries (3.8) Sleeping worries (2.1)
Eating worries (3.5) Friends quit (2.1)
Other’s bad experience (2.6) Eating worries (2.0)
Relatives pressure (2.3) Impulsive behaviour (2.0)
Relatives find out(2.0) Relatives find out (2.0)
Other mentally ill (2.0) Angry (1.8)
Friends quit (1.5) Criminal record (1.6)
Money problems (1.5) Money problems (1.3)
Criminal record (0.9) Relatives pressure (0.9)

4.5 Questionnaire data

As seen above, the group of participants who returned the questionnaires showed a 

similar pattern of responses to the interview questions to the total sample. 

Importantly, 61.7% of participants gave mental health reasons for stopping 

MDMA whereas 38.3% of participants gave circumstantial reasons. Therefore 

they were divided into mental health and circumstantial groups based on their 

reasons for stopping MDMA use, and a higher percentage of participants in the 

mental health group had sought help from a mental health professional than those 

in the circumstantial group. Groups also had similar patterns of MDMA use when 

they were taking the drug regularly.
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The postal questionnaires provided information about use of drugs other than 

MDMA. Self-report of use of drugs other than MDMA is presented in Table 4.5. 

Chi-square analysis revealed no significant difference between groups for current 

drug use. To this end, the majority of participants in both groups reported using 

alcohol, tobacco and cannabis in a typical month. Participants in the mental health 

group were more likely to report current use of cocaine than those in the 

circumstantial group, although this difference was not statistically significant.

Table 4.5. Percentage of participants currently using drugs 
other than MDMA in a typical month.

DRUG Mental health 
group

Circumstantial
group

Alcohol 96.4 94.4
Cannabis 67.9 66.7
Tobacco 85.7 66.7
Cocaine 46.4 27.8
Amphetamines 10.7 11.1
LSD 10.7 0
Ketamine 7.1 0
Benzodiazepines 3.6 5.6
GHB 0 5.6
Heroin 0 0

As seen in Table 4.6, there were no significant differences in the fi'cquency of use 

of drugs other than MDMA when participants had been using MDMA, apart from 

LSD; those in the mental health group consumed LSD more often than those in the 

circumstantial group [U=124.00, p<0.005].
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Table 4.6. Mean frequencies of use (s.d.) of drugs other than
MDMA (no. days in typical month) when taking MDMA.

DRUG Mental Health Circumstantial
group Group

Alcohol 15.26(10.79) 10.24 (9.56)
Cannabis 16.33 (12.97) 12.97 (14.73)
Tobacco 21.48 (12.85) 19.41 (14.78)
Cocaine 4.26 (7.04) 2.94 (7.15)
Amphetamines 5.25 (6.96) 3.92 (7.68)
LSD? 4.11 (5.06) 0.67(1.19)
Ketamine 0.08 (0.39) 0.03 (0.12)
Benzodiazepines

t  Mann-Whitnev test
1.50 (5.75)

used /variances not homogenous^
0.00

Further, there were no significant differences between groups in amount of drugs 

other than MDMA used on a typical session when they were taking MDMA (Table 

4.7).

Table 4.7. Mean dose of drugs (s.d.) other than MDMA used in a topical 
session.
DRUG Mental Health Circumstantial

group group
Alcohol (units) 9.10(6.55) 8.60 (7.86)
Cannabis (joints) 2.73 (6.51) 2.19(4.20)
Tobacco (cigarettes) 12.88 (11.18) 9.29 (10.88)
Cocaine (grams) 0.81 (0.95) 1.12(3.38)
Amphetamines (grams) 0.86 (0.87) 0.71 (1.16)
LSD (trips) 0.80 (0.97) 0.47 (0.85)
Ketamine (grams) 0.08 (0.39) 0.11 (0.47)
Benzodiazepines (milligrams) 2.72(11.96) 0.00

The only difference between groups in terms of length of use of drugs other than 

MDMA was that participants in the mental health group had been using LSD for 

roughly 2 years longer than those in the circumstantial group [U=89.00, p<0.01] 

(Table 4.8).
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Table 4.8. Mean length of use of drugs (s.d.) other than MDMA (years).

DRUG Mental Health Circumstantial
group group

Alcohol 11.00 (5.50) 12.16(7.81)
Cannabis 7.77 (5.66) 10.25 (8.48)
Tobacco 10.12(6.89) 14.63 (12.00)
Cocaine 3.77 (5.03) 1.77 (2.94)
Amphetamines 3.98 (4.54) 2.25 (1.83)
LSD? 2.77 (2.92) 0.46 (0.63)
Ketamine 0.29(1.23) 0.00
Benzodiazepines 0.94 (2.65) 0.00

t  Mann-Whitney test used (variances not homogenous)

Thus the two groups were generally matched in terms of drug use and responses to 

the interview questions. However, participants in the mental health group were on 

average 5 years younger than participants in the circumstantial group [Fi,4o=6 .19, 

p<0.05] and also had younger age of first use of MDMA [Fi,4o=-2.94, p<0.005]. 

Therefore age was used as a covariate in subsequent analysis as it is possible that 

younger MDMA users are more susceptible to experiencing adverse psychological 

effects. Trait mood measures were scored according to standard criteria to yield 

individual scores for depression, anxiety, anger, aggression, self-esteem and 

impulsiveness. Univariate ANOVAs with age as covariate were used to compare 

the questionnaire scores of the two groups, except when the Levene test of 

homogeneity was significant, where Mann-Whitney non-parametric tests were 

used instead (Table 4.9).
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Table 4.9. Mean (s.d.) trait questionnaire scores for each group.

Questionnaire Mental Health Circumstantial
group group

BDI 13.52 (9.79) 7.23 (7.05)*
STAl 47.72 (12.08) 41.24 (12.57)
MAl-frequency 13.96 (4.88) 12.35 (4.64)
MAl-duration 5.88 (1.60) 5.76 (1.68)
MAl-magnitude 12.29 (3.92) 10.65 (3.82)
MAl-hostility 17.04 (5.08) 17.59 (4.24)
AQ-TOTAL 80.33 (18.98) 80.00 (20.41)
AQ-physical 25.13 (8.69) 24.35 (7.25)
AQ-verbal 15.79 (4.20) 15.47 (3.00)
AQ-anger 19.88 (6.93) 18.76 (5.97)
AQ-hostility 19.54 (6.84) 21.41 (7.86)*
SSES* 2.72 (2.26) 2.59 (2.53)
BIS-TOTAL 62.79 (11.47) 56.82 (16.78)
BlS-cognitive 15.88 (5.31) 15.18(5.38)
BIS-motor 21.25 (6.02) 17.76 (7.23)
BlS-non-planningt 25.67 (4.82) 23.88 (7.66)

t  Mann-Whitney test used (variances not homogenous)

:J; A higher score indicates lower self-esteem 

* p<0.05

There was a significant group difference in BDI scores whereby the mental health 

group had higher depression levels than the circumstantial group [F2,39=4.40, 

p<0.05]. Further analysis of the BDI scores revealed that 13 participants in the 

mental health group scored in the range for mild to moderate clinical depression 

(higher than 13). In contrast, only 3 participants in the circumstantial group scored 

in this range [x^=9.09, df=l, p<0.05]. The circumstantial group had significantly 

higher scores on the AQ hostility sub-scale than the mental health group 

[F2,3 8 = 3 .57, p<0.05]. There was a trend towards a group difference in MAI 

duration of anger scores [F2,3s=3 .G7 , p=0.06] whereby participants in the mental 

health group tended to experience anger for a longer period of time than those in 

the circumstantial group. There were no significant differences between the two 

groups on any other trait measure.
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Figure 4.2. Mean BDI scores for mental health and circumstantial groups.

Mean BDI 
score

i i S -  t -  J s j

Mental health Circumstantial
Sub-group

In terms of state measures, there was a group difference on the HADS anxiety 

scale with participants in the mental health group having higher anxiety scores than 

those in the circumstantial group [U=l73.00, p=0.05]. There was no significant 

group difference on the HADS depression sub-scale (Table 4.10).

Table 4.10. Mean (s.d.) scores on the modified HADS for each group.

Scale Mental Health Circumstantial
group group

HADS -  Anxietyt 
HADS -  Depression

j  Mann-Whitney test used (variances not homogenous)

9.36 (5.66) 6.29 (3.70)
4.53 (4.54)

233



4.6 Correlations between measures of mood and patterns of MDMA use

Correlations were carried out between measures of mood and patterns of MDMA 

use in both the mental health and circumstantial groups. The alpha level was 

raised to p<0.01 to reduce the likelihood of type I errors resulting from the number 

of correlations carried out.

Outliers

Two outliers were found in scatterplots of the data suggesting that some of the 

results may not have been robust. When an outlying data point was discovered, 

correlations were re-run without the participant whose data appeared to be skewing 

the results. In this way, participant number 18 was removed from correlational 

analyses between patterns of MDMA use and trait measures in the mental health 

group. Also in the mental health group, participant number 48 was removed from 

analyses of lifetime use of drugs other than MDMA. Before the removal of 

participant 48, there were significant correlations between lifetime use of cocaine 

and frequency of anger [r=0.52,p<0.01], total aggression score [r=0.61, p<0.005] 

and BDI score [r=0.59, p<0.005]. There were also associations between lifetime 

amphetamine use and total and physical aggression scores [r=0.64, p<0.005] and 

[r=0.60, p<0.005] respectively. There were also significant correlations between 

lifetime use of cannabis and total and physical aggression scores [r=0.60, p<0 .0 1 ] 

and [r=0.62, p<0.005] respectively. Nevertheless, when participant 48 was 

removed from the analysis, there were no longer any significant correlations 

between lifetime use of drugs other than MDMA and any questionnaire measure.

Correlations between lifetime use of MDMA and trait measures 

Person product-moment correlations revealed significant positive associations in 

the mental health group between cumulative MDMA use and BDI score [r=0.62, 

p<0.001], self-esteem [r=0.53, p<0.005] and anxiety (STAI) [r=0.49, p<0.01]. 

Thus, the higher their cumulative use of MDMA, the higher their depression and
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anxiety and the lower their self-esteem. There were no significant correlations 

between lifetime use of MDMA and any measure in the circumstantial group.

Further analysis of the significant correlations was conducted to identify whether 

more specific measures of MDMA use correlated with questionnaire measures. In 

the mental health group, years of MDMA use was found to correlate significantly 

with BDI score [r=0.58, p<0.001], aggression (total score) [r=0.68, p<0.001], AQ 

anger [r=0.51, p<0.01], AQ physical aggression [r=0.53, p<0.005] and MAI 

frequency of anger [r=0.55, p<0.005]. Amount of MDMA taken in a typical 

session was correlated with STAI anxiety [r=0.53,p<0.005], HADS anxiety 

[r=0.48, p<0.01] and HADS depression [r=0.59, p<0.001]. Frequency of use was 

not significantly correlated with any trait measure. Within the circumstantial 

group, AQ physical aggression showed a positive correlation with frequency 

[r=0.60, p<0.01] and amount of MDMA used [r=0.64, p<0.01]. Physical 

aggression was also positively correlated with lifetime use of cocaine in the 

circumstantial group [r=0.68, p<0.005]. Years since last use of MDMA was not 

correlated with any measure in either group.

There were no significant correlations between age or age of first use of MDMA 

and any questionnaire measure in either the mental health or circumstantial groups.

DISCUSSION

The present study showed that ex-users can be divided into two groups based on 

their main reason for choosing to stop using MDMA: (i) those who now abstain 

from MDMA for mental health reasons and (ii) those who chose to stop using for 

other, circumstantial reasons. As expected, the mental health group cited paranoia,

anxiety and depression as the main reasons for quitting MDMA. This is consistent
f:

with other reports of the adverse psychological effects of MDMA (Peroutka et al., 

1988; Cohen, 1995). The circumstantial group gave reasons such as a drop in the 

quality of MDMA or no longer clubbing as the main explanation for why they 

stopped using MDMA. These findings are in accordance with the survey data
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presented in chapter 2. There, participants gave both circumstantial and mental 

health reasons for potentially stopping MDMA use by showing concern about the 

quality of MDMA as well as fears about their long-term mental health. Both 

studies show that MDMA users do not consider getting a criminal record or 

pressure from relatives to be valid reasons for quitting. In the present study there 

were no other distinctions between the two groups except that the mental health 

group had sought professional help for psychiatric illness.

The main finding of the present study was that those giving mental health reasons 

for quitting were more depressed than those giving circumstantial reasons. That is, 

the group that gave mental health reasons for abstaining from MDMA had higher 

trait depression scores than the group that gave circumstantial reasons for stopping. 

Importantly, this result was still significant after controlling for the age difference 

between the two groups as being younger has been implicated as a contributory 

factor in the experience of adverse psychological effects of MDMA (Topp et ah,

1999). Moreover, approximately half of those in the mental health group scored 

in the range for mild to severe clinical depression. Several studies have shown an 

association between MDMA use and depression in current users (e.g. Curran and 

Travill, 1997) however, this is the first study to show long-term depression in a 

sub-group of people who had not used MDMA for an average of over 3 years. 

That some ex-users experience long-term depression after they have stopped using 

MDMA is in accord with animal studies that have shown continued impairment to 

serotonergic function 7 years after administration of MDMA (Hatzidimitriou et ah,

1999).

There were no correlations between length of abstinence from MDMA and BDI 

scores. Moreover, the variance in length of abstinence from MDMA was similar in 

both groups and showed reasonable variation. This is cause for concern because if 

there was improvement of psychological function with time, one would expect that 

those with the most recent use of MDMA would also be those with the highest BDI 

score. As this was not the case it suggests that MDMA may have a neurotoxic
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effect on 5-HT function that results in permanently elevated depression levels in 

susceptible individuals. This is further supported by the finding of McCann et al. 

(1998) of no correlation between length of abstinence from MDMA and 5-HT 

transporter binding.

It is possible that the elevated depression scores seen in the mental health group 

pre-dated first use of MDMA, rendering it impossible to claim a causal link 

between MDMA use and long-term depression. Nevertheless, an association was 

found between lifetime use of MDMA and BDI score in the mental health group, 

but not in the circumstantial group. Greater cumulative lifetime use of MDMA 

was correlated with higher depression scores on the BDI. In addition, those 

participants in the mental health group who had been using MDMA for a longer 

period of time also had higher BDI scores than those who had been using for fewer 

years. This is important because standard deviations for length of MDMA use 

were similar in both groups whereas the circumstantial group had higher standard 

deviations than the mental health group for lifetime use of MDMA. This is also 

supported by the finding that lower self-esteem was associated with greater 

lifetime use of MDMA in the mental health group. Thus the findings of the 

present study suggest that lifetime amount of MDMA consumed is related to long

term depression in those who have a vulnerability to experiencing mental health 

problems. Animal studies have also shown an association between amount of 

MDMA administered and altered 5-HT function. For example, dose-dependent 

decreases in brain 5-HT, 5-HIAA and density of 5-HT uptake sites were found as 

the quantity of MDMA administered is increased (Battaglia et al., 1988). There is 

also evidence from human studies suggesting that lifetime dose of MDMA is 

negatively correlated with reductions in 5-HT binding (McCann et al., 1998).

A group difference was found on the hostility sub-scale of the aggression 

questionnaire whereby the circumstantial group had higher trait hostility than the 

mental health group. This is not in accord with our hypothesis that the mental 

health group had more impairment to 5-HT function than the circumstantial group.
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That is, if participants in the mental health group had impaired 5-HT function then 

we would expect them to have higher anger and aggression levels than the 

circumstantial group as there have been reports of reduced levels of 5HIAA in the 

cerebrospinal fluid of aggressive individuals (Coccaro, 1989). Nevertheless, the 

hostility sub-scale may not be a particularly robust measure as it is only one of four 

Aggression Questionnaire sub-scales and no group differences were found in total 

aggression scores or any of the trait anger measures. Although there were no 

group differences in trait anger or aggression, length of use of MDMA was 

associated with a number of measures of trait anger and aggression in the mental 

health group. Those who had been using MDMA for a longer period of time had 

higher scores for total aggression, physical aggression, anger and frequency of 

anger than those who had not been using for as many years. Thus those who 

choose to stop taking MDMA for mental health reasons are vulnerable to long

term anger and aggression that is related to the number of years that they had used 

MDMA. This suggests that those users who are vulnerable to the adverse effects 

of MDMA exacerbate their problems if they use MDMA for a long period of time. 

The circumstantial group showed positive associations between amount and 

frequency of MDMA and physical aggression. However, they also showed an 

association between lifetime use of cocaine and physical aggression. There were 

highly significant correlations between patterns of MDMA use and lifetime 

cocaine use that shared over 80% of the variance. This suggests that lifetime use 

of cocaine was as much an influential factor in determining trait aggression as 

MDMA, especially given the literature on associations between cocaine and 

aggression (Denison et al., 1997; Davis, 1996).

The mental health group had significantly higher state anxiety than the 

circumstantial group. Moreover, in the mental health group HADS anxiety was 

significantly correlated with amount of MDMA taken in a typical session. Those 

who took more MDMA when they were using regularly had higher anxiety scores 

than those who took less MDMA. There were no significant group differences on 

the HADS depression sub-scale. Although, this appears to contradict the
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significant group difference between scores on the BDI, one should note that the 

modified HADS used in the present study looks at mood over the last 24 hours and 

hence is likely to be a less robust measure of depression than the BDI, which looks 

at the participant’s state over the last few weeks.

The majority of participants reported that the pleasurable, acute psychological 

effects of taking MDMA declined with time. This suggests that users become 

tolerant to the effects of MDMA. Indeed, Jansen (1999) has reported 3 case 

studies involving heavy use of MDMA where users report tolerance to MDMA 

with repeated exposure. This is in accord with the findings of the survey chapter 

that, with time, users increase the amount of MDMA taken in a typical session. 

The development of tolerance is one of five criteria for drug dependency reported 

in the World Health Organisation Guidelines (1992). However, the fact that only 

12% of participants had problems stopping using MDMA and an even smaller 

proportion relapsed to use the drug again suggests that ceasing to use MDMA is 

not as problematic as quitting some other drugs. Despite this, those involved in the 

provision of primary care facilities for MDMA users in the future should be aware 

that roughly half of the participants in the present study reported feelings of social 

isolation as a result of abstaining from MDMA. As social support has been 

identified as a key factor in recovery from depression, (Brown et al., 1986) and the 

present study has identified certain ex-users to be in the mild-moderate range for 

clinical depression, this suggests that the social isolation resulting from quitting 

MDMA should be a target area for any professional intervention.

Roughly two-thirds of those in the mental health group said that they felt better a 

few months after they had stopped using MDMA. This suggests that cessation of 

MDMA can be beneficial. Indeed, participants in both groups reported that they 

felt that the main benefit of stopping MDMA use was improved mental health. 

Thus it seems that even those users who do not stop using MDMA because of 

mental health problems benefit from a decision to stop using in terms of their 

mental health. Further research is required on those abstaining from MDMA in the
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weeks and months after cessation in order to determine the possible time-course of 

recovery. If professionals can advise those attempting to abstain from using 

MDMA that they will benefit from better mental health, then this may overcome 

the social attraction of MDMA use and help prevent relapse. It would also be 

interesting to know when exactly the mental health group sought professional help; 

whether it predated their first use of MDMA and whether this was instrumental in 

their decision to stop using. Further research should also address the accessibility 

of primary care services to MDMA users as the fact that roughly two-thirds of the 

mental health group had sought professional help suggests that MDMA users are 

prepared to seek out support for mental health problems that may be related to their 

use of MDMA.

Methodologically, the use of a telephone interview meant that we were reliant on 

self-report data. Participants in the present study had not used MDMA for almost 

4 years on average, which means that we are reliant on the reliability of their 

memories. Participants may have exaggerated the amount of time for which they 

had been abstinent, or sought to conceal any relapses that they might have 

experienced. However, the ex-users interviewed in the present study were highly 

motivated to participate in this research and as they made first contact with 

researchers about participating, it seems unlikely that they would have deliberately 

given false information. As with any study of illicit drugs, it is difficult to 

determine the reliability of demographics concerning patterns of drug use.

In general, participants were matched for lifetime use of drugs other than MDMA 

which is important given the possible interactions between MDMA and drugs such 

as cocaine (Horan et al., 2000) and the cognitively impairing effects of drugs such 

as alcohol and cannabis. However, participants in the mental health group used 

LSD more frequently and for more years than those in the circumstantial group. 

This is a possible confounding factor as like MDMA, LSD is a 5HT receptor 

agonist. Thus LSD could potentiate the effects of MDMA, although to date little is 

known about the synergistie effects of such ‘candyflipping’ (the conjoint use of
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MDMA and LSD) (Schechter, 1998). This does however seem unlikely in the 

present study as a similar percentage of participants in both groups reported using 

LSD at the same time as MDMA. Ideally, a group of non-polydrug ex-MDMA 

users would have been used as a comparison group although such a group would 

be very difficult to find. There were no significant differences between groups in 

terms of current drug use. Nevertheless, at the time of interview, participants in 

the mental health group reported consuming more cocaine than participants in the 

circumstantial group. It is unlikely that cocaine use accounts for the difference in 

BDI scores as there was no association between lifetime use of cocaine and BDI 

score in either group. Almost half of the mental health group reported current use 

of cocaine compared to just over % of the circumstantial group. This is of interest 

as it might represent a switch in drug of choice from MDMA to cocaine. Such 

‘switching’ from substances such as MDMA and amphetamine to cocaine has been 

reported by Boys et al. (1999). Further, this may represent self-medication for 

depression as result of using MDMA. If so, this gives cause for concern as cocaine 

may serve to further exacerbate feelings of depression and aggression.

One limitation of the present study is that only males participated because they 

were originally recruited for Study 2 where females were excluded. Thus the 

present findings may not generalise to female ex-MDMA users. This is pertinent 

given the associations found between years of MDMA use and measures of anger 

and aggression in the mental health group. As discussed in the next chapter, this 

may be a function of men exhibiting more ‘anger-out’ behaviour. Findings that 

might be found with female ex-users may well differ.

The mental health group was significantly younger than the circumstantial group. 

Although age was used as a covariate in order to control for this difference it is 

possible that the mental health group were more vulnerable to the adverse effects 

of MDMA because they would have been significantly younger than the 

circumstantial group when they first started taking MDMA. However, there were 

no correlations between age of first use and questionnaire measures in either group.
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Although it would have been desirable to match the groups for age, this would 

have been difficult because by definition the circumstantial group are likely to be 

older than the mental health group as they chose to stop using because of changes 

in their life circumstances (e.g. parental responsibilities, career changes etc).

4.7 Chapter Summary

Study 3 was designed to look at the mental health of a group of 6 6  ex-users and to 

examine whether there are differences between ex-users in terms of those who do 

and do not experience mental health problems. Increased levels of depression were 

found in ex-users who chose to stop taking MDMA for mental health reasons 

compared to ex-users who stopped using for circumstantial reasons. Crucially, 

these data provide further support for the finding of Study 2 (Chapter 3) that some 

users may have increased vulnerability to the neurotoxic effects of MDMA on 5- 

HT. Study 2 showed that some MDMA users have greater serotonergic sensitivity 

than others. The present study expands on that finding to suggest that some ex

users are also susceptible to long-term impairment to mental health. Moreover, for 

those ex-users who chose to stop taking MDMA for mental health reasons, the 

adverse effects they experience in the long-term are associated with degree of 

MDMA use. Although further research is required to determine the permanence of 

the neurotoxic effects of MDMA on 5-HT in vulnerable users, the present study 

has important implications for future primary care practice and therapeutic 

interventions for MDMA users.
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Chapter 5:

A club-based investigation o f  gender differences in the acute 

and sub-acute effects o f  MDMA.
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INTRODUCTION

The widespread recreational use of MDMA has fuelled debate about the long-term 

neurotoxie potential of regular human consumption (Ricaurte et ah, 1992; Grob,

2000). Despite this focus on the long-term effects of MDMA, a few studies have 

administered single doses of MDMA to humans and described its acute 

psychological effects (Vollenweider et ah, 1998; Liechti et ah, 2000; Cami et ah,

2000). However, little attention has been paid to the potential sub-acute effects of 

MDMA on psychological function in the days immediately after consumption. 

Whereas Studies 2 and 3 in the present thesis looked at the long-term effects of 

MDMA, the present study was designed to investigate sub-acute effects.

Animal studies have shown that MDMA causes a temporary attenuation of central 

5-HT following the initial efflux of stored serotonin from nerve terminals (Schmidt 

et ah, 1986). MDMA has a threefold mechanism of action that results in this 

temporary reduction in central 5-HT: it causes the release of stored 5-HT from 

nerve terminals, prevents reuptake of excess 5-HT from the synaptic cleft and 

destroys tryptophan hydroxylase, thereby preventing the synthesis of replacement 

5-HT (McKenna and Peroutka, 1990). This toxic effect of MDMA on tryptophan 

hydroxylase activity means that the attenuation of central 5-HT can last for up to 3 

weeks- the estimated time required for the rat brain to synthesise new enzyme in 

order to restore 5-HT transmission (Rattray, 1991).

Although MDMA is taken by humans because of the pleasurable effects of a 

temporary increase in 5-HT, the subsequent attenuation of central 5-HT activity 

has implications for psychological function. In particular, it is possible that the 

depletion of brain 5-HT caused by MDMA results in impairment to functions 

modulated by 5-HT such as mood. Indeed, 5-HT has been identified as a key 

neurotransmitter in the aetiology of depressive illness and the mechanism of action 

of antidepressants is thought to involve increasing the availability of central 5-HT 

(Goodwin et al., 1985; Cowen 1991). Thus the depletion of 5-HT for a period 

following consumption of MDMA may be associated with depressed mood. Self-
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reports of depression in the days following MDMA ingestion are common amongst 

those who take this drug (Study 1 in this thesis; Topp et al., 1999; Davison and 

Parrott, 1997; Cohen 1995). Specifically, a ‘mid-week low’ phenomenon has been 

identified whereby weekend use of MDMA results in a mid-week lowering of 

mood (Curran and Travill, 1997; Parrott and Lasky, 1998; see review in section 

1.7.4).

5-HT is known to regulate a number of functions (Lucki, 1998) therefore, it is 

highly unlikely that mood is the only 5-HT-regulated function to be affected by 

MDMA in the days after consumption. There is evidence linking deficits in 5-HT 

with aggression in humans (Brown et al., 1979; Coccaro et al., 1989; Linnoila et 

al., 1993). Studies that have manipulated brain 5-HT levels have shown an inverse 

correlation between measures of 5-HT function and levels of hostility and 

aggression (Bond et al., 1995; Cleare and Bond, 1997). Such studies often use d- 

fenfluramine (a 5-HT agonist) to manipulate central 5-HT function and have 

shown associations between the prolactin response to d-fenfluramine and 

aggressive behaviour (Cherek and Lane, 1999; Cleare and Bond, 1997). This is of 

particular relevance to the present study as MDMA has a similar mechanism of 

action to d-fenfluramine (see section 1.5.6). Thus although the acute release of 5- 

HT caused by MDMA is associated with an increased sense of closeness to others, 

openness and empathy, the subsequent depletion of 5-HT may cause MDMA users 

to experience increased aggression and hostility in the days following ingestion. 

To our knowledge, no study has examined the sub-acute effects of MDMA 

consumption on human aggression or hostility.

In animals, administration of 5-20 mg/kg i.p. MDMA reduces the amount of time 

rats spent in attack behaviours compared to a saline-treated control group (Navarro 

and Maldonado, 1999). The authors also reported that rats engaged in more 

avoidance and submissive behaviours whilst under the influence of MDMA. 

However, it is not known whether aggressive behaviours increased as 5-HT 

function was compromised in the days following MDMA administration. This 

study with rodents suggests that human MDMA users whilst on-drug will be less
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aggressive than a MDMA-naiVe control group, however it does not provide data on 

what happens in the days following MDMA consumption.

The findings of Study 2 (tryptophan challenge) showed that MDMA users are 

susceptible to elevated levels of aggression compared to MDMA naïve controls 

that is apparent after quitting MDMA for an average of 2 V2 years. There have also 

been 2 studies reporting the long-term effects of MDMA on angry and aggressive 

behaviour in humans. Gerra et al. (1998) found that male MDMA users who had 

not used MDMA for 3 weeks scored higher than MDMA-naïve controls on Buss- 

Durkee Hostility Inventory (BDHI) sub-scales measuring direct aggressiveness and 

guilt. MDMA users also scored higher than controls on VAS self-rating 

aggressiveness scales and a measure of novelty-seeking behaviour. Prolactin and 

cortisol responses to d-fenfluramine were significantly reduced in the MDMA 

group compared to controls although there was only a trend towards negative 

correlations with aggressiveness and novelty-seeking behaviour. McCann et al. 

(1994), in contrast, reported that MDMA users who had not used MDMA for an 

average of 17.9 weeks had lower indirect hostility scores on the BDHI than control 

females and were less impulsive on the Multidimensional Personality 

Questionnaire than non-user controls. There could be various reasons for these 

discrepant results including time since last dose of MDMA and other 

methodological differences such as the inclusion of female participants in the 

McCann et al. study but not in Gerra et al.

Of particular relevance to the present study is research that has shown impulsive 

aggression in substance users/alcoholics (Fishbein et al., 1989; Virkkunen et al., 

1994; Zuckerman, 1996). This is important because study 2 in this thesis has 

already shown that MDMA users have increased behavioural and self-rated 

impulsivity relative to drug-naïve controls. Other studies have also reported 

increased behavioural and self-rated impulsivity in MDMA users (Morgan 1998;

1999). Consequently, it is possible that MDMA users are also susceptible to 

elevated levels of aggression. Thus there is clearly a need to determine the nature
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of the relationship between MDMA use and aggression in the days following 

consumption.

It is conceivable that there are gender differences in the effects of MDMA on 

depressed mood and/or aggression a few days after use of MDMA. Aggression 

has often been seen as ‘anger out’ in contrast to depression seen as ‘anger in’ 

(Nunn and Thomas, 1999; Newman et al., 1999). Depression is more common 

amongst females than males (Frackiewicz et al., 2000; Murphy et al., 2000) 

whereas aggression is more common in males. To date, only two studies have 

reported gender differences in MDMA users (McCann et al., 1994; Liechti et al.,

2001). McCann et al. (1994) found that 12 female MDMA users had lower levels 

of CSF 5HIAA than 18 male MDMA users, although female users had greater 

exposure to MDMA which may have confounded these results. Liechti et al. 

(2001) analysed data from 3 studies (section 1.7.5) where acute doses (1.35-1.80 

mg/kg ■') of MDMA were administered to MDMA-naïve participants. Equal doses 

of MDMA per kilogram body weight produced stronger subjective effects in 

women than in men. Women were more susceptible than men to the acute effects 

of MDMA such as heightened mood, changes in perception and thought 

disturbance. They also found positive correlations in women between dose of 

MDMA administered and scores on the visionary restructuralisation scale of the 

OAV and self-rated anxiety scores. Thus there is some evidence suggesting that 

women may have increased susceptibility to the psychological effects of MDMA 

than men.

The aim of the present study is to investigate the residual effects of MDMA on 

mid-week mood and aggression in females and males. The first hypothesis was 

that female MDMA users would be more susceptible to residual depression in the 

days following MDMA than either male users or MDMA-naïve controls (both 

male and female). This is based on 4 lines of evidence: (i) animal studies showing 

attenuated 5-HT function up to 3 weeks after MDMA, (ii) human studies 

suggesting that females have increased susceptibility to MDMA (iii) evidence of
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the mid-week low phenomenon after weekend use of MDMA and (iv) depression 

is more prevalent in women than in men (Frackiewicz et ah, 2000; Murphy et ah,

2000). The second hypothesis was that male MDMA users would show mid-week 

increases in aggression following weekend MDMA consumption compared with 

female MDMA users or MDMA-naïve controls (both male and female). This is 

based on (i) the same animal evidence showing attenuated 5-HT function up to 3 

weeks after MDMA, (ii) links between 5-HT function and aggression in humans, 

(iii) preliminary evidence of increased self-reported aggression in male MDMA 

users and (iv) aggression is more prominent in men than in women (Cleare and 

Bond, 1997).

METHOD

5.1 Participants

Eighty volunteers aged 18-35 years participated in the present study. They were 

recruited in party settings on successive Friday or Saturday nights over a 5-month 

period. Participants were recruited in 2 groups: (i) 40 regular MDMA users who 

were intending to take MDMA that evening and (ii) 40 polydrug controls with little 

or no previous exposure to MDMA. There were similar numbers of female and 

male participants in each group. The MDMA users included 19 females and 21 

males whilst the 40 controls were composed of 21 females and 19 males. For 

inclusion in the MDMA group, participants had to have taken MDMA on at least 

20 occasions during the previous year and be planning to take MDMA at the party. 

The polydrug control group were recreational drug users with little or no 

experience of MDMA who had not taken MDMA that evening. Exclusion criteria 

for both groups included past or present psychiatric history, major illness, 

pregnancy, opiate or alcohol dependence.
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Volunteers were recruited using the snowball technique (Solowij et ah, 1992). All 

participants gave written, informed consent prior to the study. The study was 

approved by the UCL/UCLH Committees on the Ethics of Human Research.

5.2 Procedure

Participants were tested on the evening of the party (day 0) and again 4 days later 

(day 4). They gave written informed consent before both test sessions. On day 0 

volunteers were taken individually to a quiet area where they informed the 

experimenter whether or not they had taken MDMA that evening. They then 

completed the assessments. Arrangements were then made to meet up 4 days later 

when the assessments were repeated along with additional trait measures and 

further questions about drug use. Participants were asked to abstain from alcohol 

and recreational drugs between the 2 test sessions. Participants then returned to the 

party.

The follow-up test session on day 4 was carried out at the participant’s home, in a 

room with minimal distraction. Participants were asked if they wished to continue 

with the study and gave written informed consent. They then completed the 

second test battery which was exactly the same as that used on day 0  except for 

some additional trait measures and a detailed drug-use questionnaire. Participants 

were also asked to recall the amount of MDMA and other drugs consumed on day 

0 .

Assessments: dav 0 and dav 4

Mood was assessed using a modified state version of the Beck Depression 

Inventory (BDI, Beck et al., 1978). An adapted version of this standard 21-item 

depression inventory was used to measure participants’ mood state over the past 3 

days. For each item, participants marked the box that best described how they had 

been feeling. The BDI can also be divided into cognitive and somatic items.
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Four visual analogue scales were used so that participants could self-rate the acute 

effects of MDMA whilst on drug. These included the mood rating scale (MRS, 

Bond and Lader, 1974; Appendix Il.iv), the aggression rating scale (ARS, Bond 

and Lader, 1986; Appendix II.v), the impulsivity self-rating scale (ISRS, Bond and 

Lader, 1974; Appendix Il.iii) and the bodily symptoms scale (BSS, Bond and 

Lader, 1974; Appendix Il.vi). The visual analogue scales were composed of a 

varying number of items, each 1 0 0mm long and anchored at each end with 

contrasting descriptions of mood/anger/impulsivity/bodily symptoms. For each 

scale participants rated how they felt at that moment in time by placing a mark 

across the 100mm line. Principal components analysis of the 16 items has yielded 

3 mood factors: ‘alertness’, ‘contentedness’ and ‘calmness’. Additional items were 

added to the BSS to find out about sensations known to be associated with MDMA 

consumption.

Assessments: dav 4 onlv

Trait measures of depression and aggression were administered on day 4. The 

Hospital Anxiety and Depression Scale (HADS, Zigmond and Snaith, 1983) was 

used to measure trait anxiety and depression. Participants rated 14 items according 

to how well each described how they had been feeling over the past week. The 

Aggression Questionnaire (AQ, Buss and Perry, 1992) was used to measure trait 

aggression. This questionnaire consists of 25 items which participants rate as they 

generally apply to them on a 5 point Likert scale. This scale ranges from 1 

(extremely uncharacteristic of me) to 5 (extremely characteristic of me).

A Substance Use Questionnaire (Appendix Il.i) was used to obtain information 

about participants’ drug use patterns. Amount, frequency and length of use of all 

recreational drugs were recorded, along with the drugs that were used in 

conjunction with MDMA. Units of alcohol consumed were calculated by the 

experimenter from participant’s reported drinking. Participants were also asked 

whether they had experienced mid-week lows, anger or trouble concentrating as a 

result of using MDMA.
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5.3 Statistical analyses

Independent-samples t-tests were used to look for group differences in age and 

patterns of MDMA use. Polydrug use patterns were compared using Mann- 

Whitney U-tests as this data was not normally distributed.

Changes in scores from day 0 to day 4 were analysed using repeated-measures 

ANOVAs with day (0 or 4) as a within-subjects factor, and group and gender as 

between-subjects factors. Age was entered as a covariate in these analyses as an 

independent-samples t-test revealed a significant age differences in groups (see 

below). All data satisfied the assumptions necessary to carry out repeated- 

measures ANOVAs (normality, sphericity, equality of variance).

The internal consistency of the 13 variables comprising the visual analogue scale 

for anger was assessed using Cronbacb’s alpha. The scale bad a high internal 

consistency on both day 0 (a=0.89) and day 4 (a=0.95), so a total anger score was 

calculated and used in subsequent analysis in order to reduce the possibility of type 

I errors. The same procedure was used for the 20 items in the impulsivity self- 

rating scale (ISRS). Again, the scale bad a high internal consistency on both day 0 

(a=0.81) and day 4 (a=0.92), so a total impulsivity score was used. Pearson 

product-moment correlations were carried out to examine relationships between 

drug consumption and change in mood. All data were analysed using SPSS for 

Windows (release 9.0).

RESULTS 

5.4 Demographics

There were similar numbers of males and females in each group (MDMA group: 

19 females, 21 males; control group: 21 females, 19 males (Table 5.1). 

Participants were aged between 18-35 (mean 21.38 ± 2.88 years). Those in the 

MDMA group were on average 2 years older than those in the polydrug control 

group [t6o= -3.02, p<0.005]. Males in the MDMA group were also on average 2
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years older than females in the MDMA group [t26= -2.41, p<0.05]. Males and 

females in the eontrol group were of a similar age.

There were no gender differenees in frequency of MDMA use. However, there 

were significant gender differences in typical dose of MDMA, length of MDMA 

use and a cumulative measure of lifetime use. As seen in Table 5.1, men took an 

average of 1 MDMA tablet more than women per session [t3v=-2.60, p<0.05] and 

had used MDMA for an average of 2 years more than women [t2g= -2.19, p<0.05]. 

A measure of cumulative use of MDMA (typical dose*frequency of use*years of 

use) showed that men had taken more MDMA tablets over their lifetime than 

women [t22= -2.76, p<0.05].

A Mann-Whitney U-test showed no significant differences between male and 

female MDMA users for lifetime use of all drugs except LSD. Men had higher 

lifetime use of LSD than women (Table 5.2). Although MDMA users reported 

higher lifetime use of cocaine, ketamine, LSD and benzodiazepines, too few of the 

control group reported use of these drugs to make meaningful comparisons (Table 

5.2). Moreover few, if any, of the MDMA group used LSD, GHB or 

benzodiazepines on a regular basis. Of the drugs used regularly by both groups, 

the MDMA group had higher lifetime use of alcohol [U=582.50, p<0.05] and 

tobacco [U=333.50, p<0.05] than the control group.
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Table 5.1. Age and patterns of MDMA use (mean ± s.d.)

GROUP/GENDER Age Typical Dose 
(no. tablets/session)

Frequency (y) 
(days/month)

Length of Use 
(years)

Lifetime Use 
(dose* y*years)

MDMA maies (n=21) 
MDMA females (n=19) 
TOTAL MDMA (n=40) 
Control males (n=19) 
Control females (n=21) 
TOTAL Control (n=40)

23.43 (4.20) 
21.05 (1.54) 
22.30 (3.41) 
20.26(1.56) 
20.62(2.11) 
20.45 (1.85)

3.55 (1.99) 
2.26 (0.87) 
2.92(1.66)

4.63 (3.58) 
4.00 (2.29) 
4.32 (2.98)

5.30(3.57) 
3.34(1.75) 
4.35 (2.97)

1171.58 (1158.53) 
397.26 (391.45) 
784.42 (938.85)
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Table 5.2. Mean (s.d.) lifetime drug use in MDMA and control groups.

LIFETIME USE OF DRUG (dose*y*years of use)

DRUG
MDMA males N MDMA females N Total MDMA N Controls N

Alcohol (units) 13182.86(11984.70) 21 6726.32 (3802.14) 19 10116.00 (9538.99) 40 7331.10(7727.38) 40
Tobacco (cigarettes) 43353.33 (25928.95) 18 27457.50 (22326.20) 16 35872.94(25254.16) 34 22412.14(15265.00) 28
Cannabis (ounces) 115.37(127.72) 18 47.59 (56.96) 18 81.48 (103.35) 36 63.06 (100.51) 34
Amphetamine (grams) 101.00(101.99) 6 178.50 (267.45) 4 132.00(176.70) 10 144.00 (67.88) 2
Cocaine (grams) 162.00 (226.21) 13 38.77 (32.09) 13 100.38 (170.31) 26 44.25 (98.70) 8
Ketamine (grams) 153.00 (202.18) 7 34.20 (30.27) 5 103.50 (162.39) 12 0 0
LSD (trips) 540.00 (84.85) 7 0 0 540.00 (84.85) 2 48.00 (33.94) 2
GHB (mgs) 0 0 0 0 0 0 0 0
Benzodiazepines (mgs) 192.00 (0.00) 1 0 0 192.00 (0.00) 1 0 0
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There was no significant gender difference in amount of MDMA taken on day 0 

(Table 5.3). Female MDMA users took an average of 1.8 tablets whereas male 

MDMA users took an average of 2.1 tablets. There were no group or gender 

differences in amount of alcohol consumed on day 0.

Table 5.3. Mean (s.d.) number of MDMA tablets taken and units of alcohol 
consumed on day 0.

MDMA tablets Alcohol units
MDMA users Controls

Males 2.07(1.44) 5.32(4.03) 5.00(2.21)
Females 1.79(0.87)__________ 3.68 (2.16)____________5.38(3.51)

MDMA and control groups were well matched for drugs other than MDMA used 

on day 0, although rather more controls took cannabis on day 0 than MDMA users 

(Table 5.4). Although participants were asked to abstain from drug use between 

test days, many participants used alcohol and cannabis between days 0 and 4. The 

only drugs used by participants between day 0 and day 4 were alcohol and 

cannabis. A similar number of MDMA users (50%) and controls (55%) drank 

alcohol between test sessions. Slightly more MDMA users used cannabis between 

day 0 and day 4 than controls (45% vs 25% respectively).

Table 5.4. Drugs other than MDMA used on day 0.

Number of participants reporting use of drug

DRUG MDMA males MDMA females MDMA Controls
(N=21) (N=19) (N=40) (N=40)

Alcohol 19 19 38 38
Cannabis 9 6 15 22
Amphetamine 0 1 1 0
Cocaine 5 0 5 1
Ketamine 3 1 4  0
LSD 0 0 0 0
GHB 0 0 0 0
Benzodiazepines__________ 1________________0______________ 1___________ 0
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MDMA users were asked whether they had experienced psychological problems 

between ecstasy-taking sessions. Results showed that 97.4% of participants 

reported a mid-week lowering of mood. The majority of MDMA users also 

experienced poor concentration (79.5%) and anger/aggression (71.8%).

5.5 Subjective ratings

Beck Depression Inventory: BDI scores showed a significant 3-way

day*gender*group interaction [Fi,75=4.37, p<0.05]. As seen in Figure 5.1, female 

MDMA users showed a larger increase in BDI scores than male MDMA users 

from day 0 to day 4. Control males and females showed a slight decrease in BDI 

scores from day 0 to day 4. Males in the MDMA group showed a much smaller 

increase in BDI scores than MDMA females. There was also a significant 

day*group interaction [F],75=23.52, p<0.001]. The MDMA users’ mean score was 

lower than that of controls on day 0. On day 4, this pattern was reversed such that 

the MDMA users scored a mean of 10.48 and controls scored a mean of 6.98 

(Table 5.4). There was also a day*gender interaction [Fi,75=3 .82, p=0.05]. Here, 

women had higher BDI scores on day 4 than day 0, whereas men’s scores did not 

alter over time. There was also a trend towards a main effect of gender whereby 

women tended to have higher BDI scores than men [Fi,75=3 .36, p=0.07].

The elevated BDI scores noted above could be caused by the stimulant effects of 

MDMA on the somatic items of the BDI. Therefore, somatic and cognitive items 

were analysed separately. There was a day*group interaction on the BDI cognitive 

scale [F],7 5 = 1 1.58, p<0.005]. The control group had slightly higher cognitive 

depression scores than the MDMA group on day 0, but by day 4 the MDMA group 

had much higher scores than the control group. There were no significant main 

effects or interactions on the BDI somatic scale.
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Figure 5.1. Mean BDI scores for males and females in the MDMA 
and control groups on days 0 and 4.
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Table 5.5. Mean (s.d.) BDI and visual analogue seores on day 0 and day 4.

MDMA CONTROLS

MALE

BDI

MRS (alert)^

Day 0 

6.19(5.36) 

43.77(15.49)

MRS (content)^ 18.68(8.91) 

MRS(calm)^ 24.10(17.90)

Day 4

7.86 (5.93)

28.86 (13.96) 

33.35 (14.66) 

27.24 (13.74)

FEMALE

Day 0 Day 4

MALE

8.37 (6.79) 

52.06 (13.80) 

16.15(9.68) 

33.21 (18.02)

13.37 (7.38) 

37.60 (20.03) 

41.22(16.96) 

34.18(14.04)

Day 0 

7.63 (6.08) 

49.07 (15.94) 

28.68 (16.86)

24.95 (21.79)

Day 4 

6.16 (4.96) 

33.88 (20.10) 

30.61 (17.65) 

30.84 (19.62)

FEMALE

Day 0 Day 4

9.29 (8.30) 

47.33 (18.37) 

31.51 (12.27) 

33.76(17.76)

7.71 (8.63) 

29.13(13.31) 

31.10(11.55) 

30.62 (14.70)

ARS

ISRS

241.10(130.87) 351.86(177.30) 250.89 (154.27) 406.68 (238.35) 334.89 (243.33) 276.79 (236.04) 297.67 (155.17) 276.95 (128.81)

1018.19(293.89) 751.10(271.75) 1081.11 (191.10) 773.26 (351.59) 846.21 (284.20) 615.37 (336.48) 920.57 (167.22) 605.71 (242.83)

t  A higher score indicates lower levels o f alertness, contentedness and calmness.
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Mood rating scale: There was also a day* gender*group interaction on the MRS 

‘contentedness’ factor [F]j4=4.82, p<0.05]. This paralleled results on the BDI: 

female MDMA users showed an increase in discontentment over time whilst 

controls did not show any change (Table 5.5). Female MDMA users also showed 

a larger increase in discontentment than male MDMA users. There was also a 

day*group interaction [Fi,74=17.59, p<0.001] again reflecting an increase in 

discontentment from day 0 to day 4 in MDMA users but not in controls. There 

was also a day*age interaction [Fij4=4.68, p<0.05] whereby on day 0 participants 

under the age of 20 were more discontented than those over 22 years, but this was 

reversed by day 4. There was a main effect of gender on the calmness factor 

[F],75=5.34, p<0.05] with females having lower calmness scores than males. There 

was also a main effect of day on the alertness factor [F ij4= 4.35, p<0.05] whereby 

participants were more alert on day 4 than on day 0. There was a trend towards a 

gender*group interaction [Fij4=3.62, p=0.06] where female MDMA users tended 

to have lower alertness scores than males (Table 5.5).

Aggression rating scale: This showed a very significant day*group interaction 

[Fi,75=14.28, p<0.001]. As seen in Figure 5.2, MDMA users showed an increase in 

aggression scores from day 0 to day 4 whereas controls showed a decrease in 

aggression scores over time. MDMA users mean had lower scores than controls 

on day 0, but on day 4 this pattern was reversed such that MDMA users scored a 

mean of 377.90 and controls scored a mean of 276.88 (Table 5.5). There were no 

gender differences.

Impulsivity self rating scale: There was only a main effect of group on the ISRS 

[F],75=10.18, p<0.005] whereby MDMA users had higher impulsivity scores than 

the control group (Table 5.5). There were no gender main effects or interactions.
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Figure 5.2. M ean ARS score for M D M A  and control groups on days 0 and 4
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Bodily symptoms scale: this was used to determine whether participants displayed 

the expected physiological reactions to MDMA. As the BSS is comprised of 13 

items, a conservative alpha level of 0 .0 1  was adopted to reduce the likelihood of 

type I errors. There were 4 group*day interactions whereby the MDMA group 

reported more adverse physiological effects than the control group on day 0 , but 

had similar scores to the control group by day 4. These physiological effects were 

palpitations [F],75= 7 .57, p<0.01], visual sensitivity [Fi,7 5 = 8 .80, p<0.005], loss of 

appetite [Fi,75=4 2 .61, p<0.001] and muscular tension [Fi,75=18.43, p<0.001].

There were also group*day interactions on anxiety [Fij5=29.54, p<0.001] and 

depression [F 1,75=2 8 .27, p<0.001]. Here, the MDMA group had lower anxiety and 

depression scores than the control group on day 0 , but had higher scores than the 

control group by day 4. There was also a day*gender interaction on the depression 

scale [Fi,75=10.30, p<0.005] whereby females had lower depression scores than 

males on day 0, but higher scores than males by day 4. As seen in the BDI and 

MRS (contentedness) results, this effect was mainly due to the large increase in 

depression scores shown by MDMA-using females. There was a main effect of 

group on 3 items: MDMA users had higher ratings of memory impairment 

[Fi,75=7 .22, p<0.01] poor concentration [F],75=8 .72, p<0.005] and muscular tension 

[Fi,75= 1 2 .50, p<0.005] than controls.

As a result of adopting a conservative alpha level of p<0.01, results with an alpha 

level of p<0.05 are reported as trends. Here, there were trends towards group*day 

interactions for nausea [F%,75=4 .11, p<0.05], irritability [Fi,75=5 .19, p<0.05], 

shaking [F],75=5 .16, p<0.05] and indecision [F],75=3 .96, p<0.05]. MDMA users 

were more nauseous, shaky and indecisive on day 0  compared to controls but by 

day 4 tended to have similar levels of these symptoms as the control group. The 

MDMA group tended to have similar levels of irritability as controls on day 0, but 

had much higher irritability levels than the control group mid-week.
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Table 5.6. Mean (s.d.) scores on the bodily symptoms scale.

ITEM MDMA CONTROLS

Day 0 Day 4 Day 0 Day 4

Anxiety 15.35 (14.05) 31.60 (20.92) 31.60 (20.74) 21.95 (16.83)

Depression 11.45 (11.78) 34.48 (21.12) 25.18(19.21) 23.58 (18.09)

Memory impairment 54.93 (24.00) 28.80 (25.64) 38.20(28.15) 17.70 (17.68)

Palpitations 42.93 (27.24) 7.88 (9.90) 25.50 (25.71) 11.95 (15.27)

Nausea 25.93 (24.29) 9.38 (12.59) 15.93 (22.40) 10.13 (16.46)

Visual sensitivity 49.03 (27.97) 16.00 (19.65) 30.98 (25.68) 16.75 (21.65)

Irritability 14.65 (20.71) 33.53 (23.12) 15.83 (17.31) 18.95 (19.58)

Loss of appetite 72.95 (23.09) 21.73 (24.63) 17.60 (26.99) 18.25 (23.93)

Muscular tension 50.53 (27.92) 19.63 (22.05) 18.38 (23.01) 20.50 (23.42)

Headache 20.60 (23.61) 22.95 (20.42) 13.38 (17.17) 13.35 (20.58)

Loss of concentration 60.50 (24.98) 30.68 (21.49) 43.50 (28.32) 18.63 (2 1 .2 1 )

Shaking/trembling 37.45 (25.65) 13.48 (20.06) 20.70 (23.37) 11.38 (18.36)

Indecision 58.78 (27.88) 27.68 (21.76) 39.00 (30.85) 20.98 (21.14)

There were also 4 trends towards group*gender interactions; palpitations 

[Fi,75=6 .16, p<0.05], visual sensitivity [Fi,75=6 .15, p<0.05], nausea [Fi,75=4 .5 9 , 

p<0.05], shaking [F],75=5 .15, p<0.05] and irritability [Fi,75=3 .90, p=0.05]. Scores 

on the palpitations, visual sensitivity and nausea scales had similar patterns: 

control males tended to report higher levels of these symptoms than control 

females, whereas this was reversed in the MDMA group with female users 

reporting higher levels of these symptoms than male users. There tended to be 

little difference between males and females in the control group on the irritability 

scale. In contrast, MDMA females tended to report higher levels of irritability than 

MDMA males.

There were trends towards a day*age interaction on 2 items; palpitations 

[Fi,75=4 .8 6 , p<0.05] and loss of appetite [F],75=4 .3 7 , p<0.05]. Older participants in
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the study (over 21  years) tended to report more palpitations and greater loss of 

appetite on day 0  than did younger participants.

There was a trend towards a main effect of group for the following items: visual 

sensitivity [Fi,75=5.24, p<0.05], headache [Fi,75=5 .9 9 , p<0.05], shaking [Fi,75=4 .2 0 , 

p<0.05] and indecision [F 1,75=5 .79, p<0.05]. The MDMA group tended to rate 

themselves as having more visual sensitivity, headache, shaking and indecision 

than the control group.

Pulse rate: this was only recorded for half the sample because of technical 

difficulties. There was a highly significant group*day interaction [Fi,38=81.78, 

p<0.001] whereby the MDMA group showed a higher pulse rate than the control 

group on day 0 and a similar pulse rate to the control group by day 4 (Table 5.7). 

The MDMA group showed an increase in pulse rate of 30 beats per minute (bpm) 

on day 0 compared to day 4, whereas the control group showed only a slight 

increase (2 beats per minute) on day 0 compared to day 4.

Table 5.7. Mean (s.d.) pulse rate (beats per minute).

MDMA CONTROLS

Day 0 Day 4 Day 0 Day 4

Pulse rate (N=20) 106.30 (8.83) 76.35 (4.12) 79.80 (12.40) 76.65 (9.73)

Aggression Questionnaire: As seen in Table 5.8, there were no significant 

differences between groups for total trait aggression on day 4. Also, there were no 

differences between MDMA users and controls on the verbal and anger sub-scales 

of the aggression questionnaire. There was a main effect of gender for physical 

aggression [F],75=7.47, p<0.01] whereby males had higher physical aggression 

scores than females. There was also a trend towards a main effect of gender on 

the hostility sub-scale [F%,75=3.48, p=0.07]. Here females tended to be more hostile 

than males.
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Table 5.8. Mean scores (s.d.) on the aggression questionnaire and the HADS.

MDMA CONTROLS

Males Females Males Females

A 2

Total score 77.29(18.93) 74.95 (16.41) 72.53 (13.46) 69.76 (16.39)

Physical aggression 24.24 (6.78) 20.00 (7.72) 22.32 (5.93) 17.57 (5.78)

Verbal aggression 15.38(4.51) 13.63 (2.63) 14.79 (3.72) 14.14(4.02)

Anger 18.71 (5.20) 18.58 (3.72) 16.74 (4.46) 17.71 (4.33)

Hostility 18.95 (7.39) 22.74 (8.01) 18.68 (5.99) 20.33 (5.35)

HADS

Anxiety 5.86 (3.21) 7.05 (2.66) 6.16(3.69) 6.80(4.16)

Depression 3.05 (2.99) 2.58 (2.32) 2.53 (2.25) 2.55 (2.28)

Hospital Anxiety and Depression Scale: There were no significant group or gender 

differences on either the anxiety or depression sub-scales on day 4 (Table 5.8).

5.6 Correlations

Within the MDMA group, there was an overall positive correlation between 

number of MDMA tablets taken on day 0 and change in total ARS scores [r= 0.43, 

p<0.01]. Separate correlations for male and female users showed that this may be 

due to the effect of males who showed a strong positive correlation between 

number of MDMA tablets taken on day 0 and change in total ARS scores [r= 0.66, 

p<0.005]. Thus, the greater number of MDMA tablets on day 0, the larger the 

increase in aggression scores from day 0 to day 4. However, for female MDMA 

users there was no significant correlation between number of tablets taken and 

change in ARS scores. There was no association between amount of alcohol 

consumed on day 0 and change in ARS score for either male or female MDMA 

users. Furthermore, there were no significant correlations between lifetime 

MDMA consumption, amount of MDMA used in a typical session or length of 

MDMA use and change in ARS scores for either men or women.
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Female users showed a positive correlation between number of tablets consumed 

on day 0 and change in BDI scores [r= 0.46, p<0.05]. Thus for females, the more 

MDMA tablets taken on day 0, the greater the increase in BDI scores by day 4. 

For male MDMA users, there was no significant correlation between change in 

BDI scores and number of tablets taken. However, for male users there was a 

negative correlation between amount of alcohol consumed on day 0 and change in 

BDI scores [r= -0.49, p<0.05] so the higher the dose of alcohol the smaller the 

change in BDI score. There were no significant correlations between lifetime 

MDMA consumption, amount of IVIDMA used in a typical session or length of 

MDMA use and change in BDI scores for either men or women.

DISCUSSION

A main finding of the present study was that there were gender differences in 

susceptibility to depression following use of MDMA. Female MDMA users 

showed an increase in BDI scores from day 0 to day 4 that put them in the range 

for mild to moderate clinical depression by mid-week, whereas male users showed 

only a slight increase in BDI scores. In contrast, both male and female controls 

showed a decrease in BDI scores on day 4 compared to day 0. The finding that 

MDMA users were less depressed than controls on day 0, but had higher mid-week 

depression scores than controls replicates Curran and Travill (1997). A similar 

pattern of results was also found on the anxiety and depression items of the BSS 

with MDMA users being less anxious and depressed than controls on day 0, but 

this was reversed by day 4. Further, this study extends previous findings of mid

week lows in MDMA users by showing that this increase in mid-week BDI scores 

was mainly due to the influence of female rather than male users. A parallel 

pattern of effects emerged on the discontentment scores on the MRS, again 

supporting our hypothesis that female MDMA users are more susceptible to the 

acute depression-inducing effects of MDMA than males.
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The change over days in depression scores of female MDMA users was 

significantly associated with the amount of MDMA reported taken on the previous 

weekend; it was not associated with lifetime use or other variables reflecting long

term use of this drug. Furthermore, there were no group or gender differences in 

trait depression or anxiety scores on the HADS. This suggests that the ‘mid-week 

low’ phenomenon is related to amount of MDMA taken on the night rather than 

longer-term patterns of MDMA consumption. This finding is also corroborated by 

animal evidence which has shown dose dependent decreases in brain 5-HT and 

CSF 5-HIAA following administration of MDMA over 4 consecutive days 

(Battaglia et al., 1988). The association between dose of MDMA taken on day 0 

and mid-week mood suggests that the mid-week low phenomenon is the product of 

temporary 5-HT depletion rather than a longer-term neurotoxicity. Male and 

female users in this study had taken similar amounts of MDMA on day 0 although 

males had taken MDMA in higher quantities over a longer period than females. 

Thus the present study expands on previous research that has suggested gender 

differences in MDMA users (McCann et al., 1994; Liechti et al., 2001).

The elevated mid-week BDI scores of MDMA users were not due to the somatic 

effects of MDMA (e.g. insomnia) as there were no significant main effects or 

interactions for somatic items. Whereas it is possible that the MDMA group had 

pre-existing high depression scores resulting from a neurotoxic action of MDMA, 

this seems unlikely as no group differences were found on the HADS measure of 

trait depression. Thus it seems more likely that the susceptibility of the MDMA 

using females to mid-week lows reflects temporary depletion of 5-HT caused by 

weekend use of MDMA rather than pre-existing differences between the MDMA 

and control groups. There is also the possibility that the low-mood reported by 

MDMA users following weekend use is simply a psychological reaction to the 

‘high’ of the weekend. That is, by mid-week, users may compare their lives 

unfavourably to the excitement of the weekend and the closeness to others and 

euphoric effects induced by MDMA. However, this seems unlikely in that male 

MDMA users did not show the same pattern.
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The second main finding of the present study was that MDMA users rated 

themselves as being more aggressive mid-week than did controls. As expected, 

MDMA users were less aggressive than controls whilst on-drug, probably due to 

the feelings of empathy and closeness to others induced by MDMA. However, this 

pattern was reversed by day 4. This finding is consistent with the with the inverse 

correlation between measures of 5-HT function and levels of aggression reported 

by Bond and colleagues (Bond et al., 1995; Cleare and Bond, 1997). This is 

further supported by the fact that roughly three-quarters of MDMA users reported 

feeling aggressive and agitated a few days after MDMA use and that they believed 

that this was linked to their use of MDMA. Importantly, MDMA and control 

groups were matched for trait aggression. This suggests that the mid-week 

differences between the MDMA and control groups were the result of weekend 

MDMA consumption rather than pre-existing differences in trait aggression levels 

between groups. These results have important implications for MDMA users who 

need to be aware that they may be prone to aggression in the days following 

consumption of MDMA. Whilst corroborating the findings of Gerra et al. (1998), 

these findings contrast with those of McCann et al., (1994) who found evidence of 

reduced hostility in MDMA users. This difference may be due to the fact that 

participants in the McCann study had not used MDMA for an average of 18 weeks, 

(range 2-104 weeks) and therefore would not be subject to depleted 5-HT 

following an acute dose.

Unlike our original hypothesis, there was no difference between male and female 

MDMA users in aggression ratings. A possible explanation of these results may be 

that the present study used a self-rating aggression scale. Results may have been 

different had an objective measure of aggression been used such as a competitive 

reaction time task (Bond et al., 1995), although this would have been difficult in a 

club environment. Interestingly, there was some indication of gender differences 

in residual responses to MDMA in that there was a strong positive correlation
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between amount of MDMA consumed on the weekend and increase in mid-week 

aggression scores in male but not female MDMA users.

Aggression is a multidimensional behaviour so a clearer gender difference in mid

week aggression may also have been picked up had more specific measures of 

aggression/anger and attributional styles been included (e.g. the Multidimensional 

Anger Inventory). This is suggested by the gender differences found on two of the 

sub-scales of the aggression questionnaire. Here, males scored higher than females 

on physical aggression whereas females tended to have higher hostility scores than 

males. This may reflect ‘anger-out’ behaviour in males and ‘anger-in’ behaviour 

in females. If so, then it may not only be females who have increased 

susceptibility to the residual effects of MDMA. It may indeed be the case that 

MDMA plays on pre-existing susceptibilities and differences between genders 

whereby women are more likely to become depressed or exhibit other anger-in 

behaviour whilst men are more likely to outwardly demonstrate increased 

aggression. There is clearly a need for further research using comprehensive tests 

of anger, aggression and hostility in MDMA users.

As expected, both MDMA users and controls were more impulsive on day 0 than 

on day 4, but MDMA users had higher ratings of impulsivity than controls on both 

days. This is consistent with previous finding of elevated impulsivity in MDMA 

users (Morgan, 1998; 1999). Interestingly, this finding is also in accord with 

reports of an association between impulsive and aggressive behaviour (Asherg et 

al., 1997; Coccaro et al., 1989), and associations between substance use and 

impulsive aggression (Fishbein et al., 1989; Virkkunen et al., 1994). This provides 

further support for the finding of increased mid-week aggression in MDMA users 

reported above.

Analysis of items on the bodily symptoms scale showed that MDMA users 

reported more palpitations, visual sensitivity, loss of appetite and muscular tension 

than controls on day 0, but reported similar levels of these symptoms as controls by
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day 4. MDMA users also had a tendency to experience more shaking, indecision 

and headaches than did controls. This is in accordance with previous descriptions 

of the acute physiological effects of MDMA use (Petrouka et ah, 1988; 

Vollenweider et ah, 1998). MDMA users also reported increased memory 

impairment and poorer concentration than did the control group. This reflects 

concerns about poor memory and concentration often voiced by MDMA users and 

exacerbated by the many media reports on this subject.

Methodologically, there are clear difficulties inherent in club-based testing 

compared to studies conducted in a controlled laboratory environment (Curran, 

2000). However, given the legal restrictions on laboratory-based studies where 

MDMA is administered to participants, club-based studies remain the only viable 

way of examining the acute and residual effects of MDMA in humans in the UK at 

present. Care was taken by the experimenters to ensure that participants were 

tested in a relatively quiet area of the club whilst on-drug, and to ensure minimal 

distraction in participants’ homes for day 4 testing. Importantly, we cannot be sure 

what the tablets taken by the MDMA users contained. Tablets sold as MDMA 

often contain other amphetamine analogues such as MDEA or MDA, or a range of 

other compounds including ketamine or caffeine, and even pure MDMA tablets 

vary considerably in dosage (Wolff et al., 1995; see section 1.7.1). Nevertheless, 

as already discussed, analysis of the bodily symptoms scale showed that MDMA 

users reported physical symptoms usually associated with the consumption of 

MDMA. Moreover, the rise in pulse rate of about 30 beats per minute in the 

MDMA group on day 0 was consistent with that reported in laboratory studies 

(Mas et al., 1999).

As with the majority of studies of recreational users, MDMA users in the present 

study had higher levels of polydrug use than the control group. More MDMA 

users reported using amphetamine, cocaine and ketamine than the control group. 

Of the drugs that were used by both groups, the MDMA group had higher lifetime 

use of alcohol and tobacco than the control group. However, there were no
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differences between groups in terms of alcohol consumed on day 0. This is 

important given the known association between alcohol and aggression (Bond and 

Lader, 1986). Further, with regard to the gender effects discussed above, male and 

female MDMA users were well matched for lifetime use of all drugs except LSD. 

Although asked to abstain from recreational drug use between day 0 and day 4, 

participants in both groups reported using alcohol and cannabis. Whilst this is not 

ideal, an almost identical number of MDMA users and controls reported use of 

alcohol between test days and there was also no significant difference in the 

number of MDMA users and controls consuming cannabis between day 0 and day 

4.

There were age differences between the MDMA and control group and between 

males and females in the MDMA group. However, there was only one significant 

interaction concerning the age of participants whereby younger participants were 

more discontented than older participants on day 0 but less discontented by day 4. 

Interestingly, older MDMA users tended to report experiencing more severe 

palpitations and loss of appetite than did younger MDMA users. It may be the 

case that the body is less able to cope with the physiological effects of MDMA as 

one ages. This is of some concern for older MDMA users and merits further 

investigation. Nevertheless, the vast majority of results were not affected by the 

age of the participants so this should not be considered a confounding variable.

The gender differences found in the present study should ideally be investigated in 

a study which controls for hormonal differences linked to the menstrual cycle of 

female MDMA users (Halbreich and Tworek, 1993). Indeed, a recent study by 

Bond et al. (2001) has shown that women display aggression following tryptophan 

depletion when in the premenstrual phase of their cycle. In particular, further 

research is required to address the question of whether gender differences in mid

week mood indicate a pharmacological sensitivity to depletion of 5-HT following 

MDMA in female users. This again raises the question as to why certain 

individuals are more susceptible to the adverse effects of MDMA. Although the
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results reported here show an association between weekend use of MDMA and 

mid week depression and aggression, it is not known whether people take MDMA 

in order to ‘self-medicate’ for a pre-existing disposition to depression or 

aggression, or whether use of MDMA itself causes these adverse residual effects.

5.7 Chapter Summary

The present study assessed 40 MDMA users and 40 polydrug controls on the night 

of drug use (day 0) and then again 4 days later. Results showed that female 

MDMA users were more likely than male users to display low mood a few days 

after taking MDMA and mood change was correlated with the amount of MDMA 

females had taken at the weekend. Additionally, MDMA users were more 

susceptible than controls to mid-week aggression, and in males this was related to 

the amount of MDMA taken at the weekend. These results suggest that future 

studies should take into account the gender of MDMA users. The vulnerability of 

users to low mood and aggression mid-week following weekend use of MDMA 

has implications for the emotional stability and functioning of the large numbers of 

people who use this drug.
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Chapter 6: 

General discussion

‘It is through the cracks in our brain that Ecstasy creeps in. ’
Smith (http://www.musicfolio.com/quotes/ecstacy.htm)
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The current thesis aimed to explore the acute and long-term effects of regular 

MDMA use on mood and cognition. Three key questions were identified:

1. What is the nature of the psychological impairment caused by MDMA?

2. What are the factors that may increase the risk of MDMA-related impairment?

3. Is MDMA-induced damage reversible after prolonged abstinence from this 

drug?

The findings of the studies presented in this thesis will be discussed in relation to 

each of the questions outlined above. As part of this discussion, consideration will 

also be given to the time course of the effects of MDMA use in terms of acute, 

sub-acute and long-term effects (as defined in section 1.7.2). There will then be a 

consideration of the methodological difficulties associated with human MDMA 

research. This is followed by a discussion of the clinical implications of the 

current findings and suggestions for future research. The studies are referred to by 

the order in which they are presented in this thesis: Study 1 is the survey study. 

Study 2 is the tryptophan challenge study. Study 3 is the ex-users study looking at 

reasons for quitting and Study 4 is the club-based study.

6.1 The nature of psychological impairment resulting from MDMA use

The studies in this thesis examined acute, sub-acute and long-term effects of 

MDMA consumption. Sub-acute effects of MDMA in the days following use were 

looked at in Study 4 (club-based) whilst long-term effects were examined in 

Studies 2 and 3 (tryptophan challenge and ex-user studies). Study 1 (survey) 

obtained retrospective accounts of acute, sub-acute and long-term effects of 

MDMA. It is important to make a distinction between acute, sub-acute and long

term effects because animal studies have shown that the effects of MDMA on 5- 

HT function can be similarly categorized (section 1.6). Evidence from animal 

research has shown that MDMA temporarily depletes 5-HT and 5HIAA in the first 

24 hours after administration and causes the temporary attenuation of tryptophan 

hydroxylase activity (Schmidt et al. 1986; Stone et al., 1986, 1987). These studies
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show that recovery of tryptophan hydroxylase activity (and consequently 5-HT 

function) may take up to 3 weeks after administration of MDMA. However, there 

is also evidence of longer-term alterations to serotonergic ftmction in terms of the 

destruction of 5-HT nerve terminals and abnormal reinnervation that can last up to 

7 years (Battaglia et al, 1988; Hatzidimitriou et al., 1999). Thus, in the following 

discussion a distinction will be made between acute, sub-acute and long-term 

effects of MDMA on (i) mood and (ii) cognitive function.

(il Mood

It was predicted that MDMA would cause acute, sub-acute and long-term 

alterations to the mood of users (section 1.9). In particular it was expected that 

users would show signs of depression because of the well-documented role of 5- 

HT in the aetiology of depressive illness.

ACUTE AND SUB-ACUTE EFFECTS

Study 1 indicated that the euphoric feeling reported by the majority of users in the 

first 24 hours after consumption had largely subsided 48 hours later. A similar 

pattern was obtained in Study 4 which found that MDMA users were less 

depressed and less angry than controls when on-drug, but that this was reversed 4 

days later whereby feelings of euphoria and empathy turned into low mood (for 

women) and aggression (for both men and women). This swing in the mood of 

MDMA users can be seen to parallel the initial transient release followed by 

depletion of brain 5-HT reported in animal studies (section 1.6). Moreover, it 

seems that the vast majority of MDMA users experience increases in depression 

and anger in the days following use of MDMA. Study 1 showed that 80% of users 

reported experiencing low mood mid-week following weekend consumption of 

MDMA. This was supported by the findings of Study 4 which not only provided 

objective evidence that MDMA users are more susceptible to low mood mid-week 

than controls who had not taken MDMA, but also that some female MDMA users 

scored in the range for mild to moderate clinical depression 4 days after
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consumption. These findings have important practical implications for the daily 

lives of MDMA users as it seems that the majority experience a marked downward 

swing in mood mid-week following weekend consumption of MDMA.

LONG-TERM EFFECTS

As seen above, many of the MDMA-using population report sub-acute changes in 

mood as a result of using MDMA. However, as animal studies show that MDMA 

also causes more permanent alterations to serotonergic function, it was 

hypothesized that there would also be long-term repercussions for the mood of 

human users. Study 1 found that 37% of the population reported depression as a 

long-term consequence of MDMA use. However, as the present author did not 

design that study, it is not known to what period of time the phrase ‘long-term’ 

refers. Moreover, the findings of Study 1 were based on self-report and as 

‘depression’ means different things to different people, there is likely to have been 

considerable variance in how participants interpreted this term. Further, a MDMA- 

naiVe control group was not included in the study.

Although Study 2 was not specifically designed to investigate differences in long

term depression between MDMA users and MDMA-naiVe controls, the results 

suggest that some ex-users are subject to long-term depressed mood. Although no 

group differences were found in BDI scores, ex-users showed some indication of 

disturbed mood in that they had lower self-esteem and higher levels of anxiety than 

current users and controls. Ex-MDMA users also showed evidence of depressed 

mood on the self-referent encoding task, where they recalled more ‘negative’ 

adjectives about themselves than current users or MDMA-naive controls. This 

lack of a ‘self-serving bias’ indicates depression in ex-users because it is thought 

that an essential part of our psychological well-being is achieved through the 

operation of self-serving biases that act to protect the ego (Kahneman and Tversky, 

1973; Taylor and Brown, 1988).
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However, this raises the question as to why similar mood effects were not found in 

current users. Studies have found reduced 5-HT receptor density in current users 

which suggests that they may be susceptible to depression as result of long-term 

alterations to serotonergic function (McCann et al., 1998; Semple 1999). In 

addition, large-scale surveys typically report long-term depression in 1/4 to 1/3 of 

current users (Cohen, 1995; Topp et al., 1999); a finding supported by Study 1 in 

the present thesis. However, to date, only Gerra et al. (1998) have shown long

term depression in current MDMA users with a recognised measure of trait 

depression (Hamilton rating scale for depression). One reason for this may be that 

MDMA does not induce depression. An alternative explanation for the lack of 

evidence of trait depression in long-term MDMA users could be that current 

MDMA use may ‘mask’ depressed feelings. That is, by taking MDMA on a 

regular basis, current users experience euphoric effects that may distract them from 

more long-term feelings of depression. Indeed, in this way current users may be 

self-medicating for an underlying 5-HT deficit. If this is the case, depression may 

only become apparent after cessation of MDMA use. This is suggested by the 

findings of Study 3, which showed evidence of trait depression in a group of ex

users who had not used for 3-4 years. The findings of that study also suggest that 

long-term depression is not experienced by all ex-users; it was restricted to the 

group of ex-users who stopped taking MDMA for mental health reasons who 

scored in the range for mild to moderate clinical depression on the BDI.

It is not known what percentage of current MDMA users eventually decide to stop 

using MDMA. It may well be that the 30% or so who report long-term depression 

in survey reports are those who are most likely to eventually abstain from MDMA 

use. The findings of Study 3 suggest that roughly half of those who choose to stop 

using MDMA do so because of the long-term effects on their mental health. Thus 

the present thesis suggests that long-term effects of MDMA on mood may only 

become apparent after cessation of use. This may be either because (i) those who 

are most vulnerable to experiencing the adverse effects of MDMA are those who
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eventually choose to stop using or (ii) current use of MDMA masks long-term 

problems.

The present thesis presents new information about the long-term effects of MDMA 

on aggression in current and ex-users. Two previous studies have addressed the 

issue of anger and aggression in MDMA users (Gerra et al., 1998; McCann et al., 

1994). Whilst Gerra et al. (1998) found evidence of residual aggression in male 

users who had not taken MDMA for 3 weeks, McCann et al. (1994) reported that 

male and female MDMA users had lower indirect hostility than control females. 

However, no differences were found between the MDMA and control groups when 

data from control males and females were analyzed together. Additionally, there 

were no differences in total aggression score or on other sub-scales of the Buss- 

Durkee Hostility Inventory. Thus it seems that the findings of Gerra et al. (1998) 

are more robust than those of McCann et al., especially when considered along 

with the findings of Study 4 of sub-acute mid-week increases in aggression. 

Nevertheless, when Gerra et al. (2000) tested the same MDMA users after 

abstaining from MDMA for one year, no differences were found between MDMA 

users and controls in terms of aggression on the BDHI. Therefore to date there is 

no evidence of long-term aggression in MDMA users.

The findings presented here clearly show that some MDMA users are also 

vulnerable to long-term aggression. In Study 2, ex-users had higher levels of trait 

aggression than MDMA-naiVe controls. This suggests that, as with depression, 

aggression is also a long-term effect of MDMA use in some vulnerable users. 

However, it is also possible that there were pre-morbid differences between groups 

and this is discussed later. Although there were no differences in trait aggression 

between groups in Study 3, both those who quit MDMA for mental health reasons 

and those who quit for circumstantial reasons had higher trait aggression scores 

than the current users in either Study 2 or Study 4. However, it should be 

remembered that there is an overlap in the samples of Study 2 and Study 3, and 

that Study 3 included participants who did not meet the inclusion criteria for Study
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2. Current users in both Studies 2 and 4 had similar levels of trait aggression 

which suggests that these data are robust. As with the findings relating to trait 

depression, current users did not show elevated levels of trait aggression relative to 

controls in either Study 2 or Study 4. Thus whereas Study 4 showed that current 

users experience a temporary increase in anger mid-week following weekend use 

of MDMA, Study 2 illustrates that only some users are vulnerable to experiencing 

long-term aggression as a result of using MDMA.

The findings presented above emphasize the importance of differentiating the 

acute, sub-acute and long-tenn effects of MDMA. Whereas the majority of current 

users experience the transient acute and sub-acute effects of MDMA use, it appears 

that only certain users experience long-term impairment to mood and cognition. 

As seen above, depression and aggression are the 2 main effects of MDMA on 

mood identified by this thesis, both acutely and in the long-term. It is interesting 

that these findings should have highlighted these 2 effects in particular. 

Depression and aggression have traditionally been seen as opposite ends of the 

same spectrum with regard to the expression of anger. As discussed in Study 4, 

aggression has been conceptualized as ‘anger-out’ behaviour whereas depression 

can be classed as ‘anger-in’ behaviour (Nunn and Thomas, 1999; Newman et al., 

1999). This distinction is supported by the data presented in Study 2 where ex

users had higher anger-in scores than current users and controls. This is in accord 

with the findings of lower self-esteem and the lack of a self-serving bias in ex

users, all symptomatic of depression and typical ‘anger-in’ behaviour. Moreover, 

ex-users showed that they had a longer duration of anger than current users. In 

Study 3 there was also a tendency for ex-users who gave mental health reasons for 

quitting MDMA to have longer duration of anger than those who gave 

circumstantial reasons. This is in accord with the hypothesis that ex-users are 

showing anger-in behaviour as they are not ‘letting go’ of their anger, but are 

instead dwelling on it which may further exacerbate feelings of depression.
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(ii) Cognition

Animal studies have shown that MDMA causes damage to areas associated with 

cognitive function such as the cortex, hippocampus and striatum (Marston et al.,

1999). Moreover, MDMA has been associated with long-term impairment on 

operant test batteries and delayed non-match to position tasks (Frederick and 

Paule, 1997; Marston et al., 1999). It was hypothesized that, in humans, similar 

damage to the frontal cortex and hippocampus would suggest impairment to higher 

cognitive function and memory. Cognitive function in current and ex-MDMA 

users was addressed by Study 2. In that study, the most robust finding was of 

mnemonic impairment in ex-users. Importantly, there were no group differences in 

IQ scores as predicted by the NART. Ex-users had poorer baseline scores on 

Rivermead delayed recall and Buschke delayed and long-term recall than current 

users and MDMA-naiVe controls. As discussed in chapter 4, this has important 

implications for MDMA users as the Rivermead prose recall sub-tests are 

considered to have good ecological validity as the best predictors of everyday 

memory (Sunderland et al., 1986). Further, impaired memory is also suggested by 

the increased sensitivity of ex-users to the manipulation with tryptophan on the 

Rivermead prose recall tasks. This is because challenge with tryptophan is known 

to highlight any vulnerability to mood or cognitive impairment that participants 

might have.

The crucial importance of the findings of Study 2 is that they establish an 

association between impaired memory and a biological index of serotonergic 

function. This was shown by the way in which ex-users who performed worst at 

baseline on the Rivermead tests tapping immediate and delayed recall were also 

those who metabolised least tryptophan, suggesting impairment to serotonergic 

function. This was a highly significant association that accounted for over 80% of 

the variance. The hypothesized mechanism of this impairment is a critical issue 

that will be discussed in the following section on the neurotoxicity of MDMA. 

Secondly, ex-users showed enhanced sensitivity to the psychological effects of
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tryptophan manipulation on the Rivermead delayed prose reeall task whereby ex

users in the depleted condition recalled fewer words post-drink than pre-drink 

whereas ex-users in the augmented condition recalled more post-drink than they 

had pre-drink. Taken together, these findings provide crucial information about 

impairment to episodic memory in ex-MDMA users and how this may be linked to 

impaired 5-HT function.

Thus the findings of Study 2 suggest impairment to episodic memory in ex-users. 

However, we cannot know precisely which aspect of memory is impaired, as a 

single memory task can tap many memory functions. For example, the prose recall 

task involves working memory and semantic comprehension as well as episodic 

memory. That the acquisition of new information is also impaired in some ex

users is suggested by the fact that ex-users also performed worse than current users 

and controls on a task tapping working memory (serial 7’s). Moreover, both ex 

and current users showed a slower rate of learning relative to controls on the 

Buschke selective reminding task. This is in accord with reports of impaired 

learning in current MDMA users (McCann et al., 1999; Klugman et al., 1999). 

This learning deficit may be related to impaired ability to concentrate. For when 

asked about their concentration, 70% of MDMA users in Study 2 and 80% of users 

in Study 1 reported poor concentration. As attentional skills are essential for any 

higher cognitive function, any such deficits at an attentional level may also 

produce the kind of results reported here. Further, the results of Study 3 suggest 

that the cognitive effects outlined above may have been more pronounced if we 

had looked at cognitive function specifically in ex-users that chose to stop using 

for mental health reasons. This is because if the mood deficits observed in that 

group are caused by an underlying degeneration of 5-HT neurons then one would 

expect that this would also cause impairment to mnemonic function. Indeed, as 

depression has been associated with impaired executive function and memory 

(Fossati et al., 1999; Dupont et al., 1990), it is possible that users with depression 

also suffer from cognitive impairment. This is particularly germane given the
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finding of Study 3 that approximately half of those who stopped using MDMA for 

mental health reasons scored in the range for mild to severe clinical depression.

Although current users did not differ from controls on measures of mood, they did 

show some cognitive impairments. Current users performed worse than controls 

on Buschke learning and, as with ex-users, this suggests impaired acquisition of 

new information.

Current users were also slower than controls on the double-digit cancellation task. 

That current users should be impaired relative to controls on double but not single

digit cancellation indicates that the functional consequences of MDMA use are 

subtle and become more apparent as task difficulty (and therefore cognitive 

resource demands) increases. Indeed, current and ex-users in Study 2 did not show 

impairment compared with controls on other tasks tapping more basic cognitive 

functions such as STROOP and verbal fluency. This is in accord with the majority 

of the literature to date which has found that those functions affected by MDMA 

seem to be memory and higher cognitive functions (Rodgers, 2000; Gouzoulis- 

Mayfrank et al., 2000; Klugman et al., 1999; Morgan, 1998; Parrott et al., 1998). 

These studies have found that current MDMA users are more likely to show 

specific cognitive deficits on tests of attention, learning or memory rather than 

generalized impairment to cognitive function. Further, it seems that performance 

on tasks tapping immediate and delayed recall is particularly affected by MDMA, 

and that such impairment is not attributable to the conjoint use of cannabis 

(Rodgers, 2000). This was also supported by the fact that no significant 

correlations were found between cannabis use and measures of memory and 

cognitive function in Study 2.

The finding of increased impulsiveness in MDMA users relative to controls in both 

Studies 2 and 4 is also indicative of altered serotonergic function. It is thought that 

serotonin has a role in regulating information processing, although its precise role 

in cognition is still little understood (section 1.5.3). However, it is possible that
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MDMA-related impairment to serotonergic transmission results in an overall 

attenuation of inhibition in the cortex, leading to impulse control problems. Such 

impulsiveness would explain the pattern of quicker responding but with less 

accuracy seen on a number of cognitive tasks in different studies (Morgan, 1998; 

Wareing et al., 2000). This finding was replicated on the 5 minute RVIP task in 

Study 2 whereby ex-users had similar mean reaction times as current users and 

controls, but this was achieved through less accuracy in terms of fewer correct 

‘hits’. This suggests that ex-users are more impulsive in terms of wanting to 

maintain a quick reaction time, but at the cost of accuracy. The widely reported 

memory impairments in MDMA users may also be the product of reduced 

inhibition and a corresponding increased processing of other information that 

might interfere with mnemonic storage (Parrott, 2000).

6.2 Factors that may exacerbate impairment

The research hypotheses identified three factors that might influence vulnerability 

to experiencing adverse effects of MDMA; (i) patterns of MDMA use (ii) use of 

other drugs in combination with MDMA and (iii) gender. Each of these will now 

be considered in light of the findings of the present thesis.

(i) Links between patterns of MDMA use and adverse effects

Study 4 showed significant correlations between the amount of MDMA consumed 

on the weekend and mid-week mood. This strongly suggests that the ‘mid-week 

low’ phenomenon is a sub-acute rather than a long-term effect as it is related to the 

amount of MDMA taken on the weekend rather than to longer-term patterns of 

MDMA consumption. That is, no correlations were found between mid-week 

mood and either frequency of use, length of use, or cumulative amount of MDMA 

taken. This finding is also corroborated by animal evidence which has shown dose 

dependent decreases in brain 5-HT and CSF 5-HIAA following administration of 

MDMA over 4 consecutive days (Battaglia et al., 1988). Further, as discussed in
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the section on acute mood effects, the association between dose of MDMA taken 

on the weekend and mid-week mood suggests that the mid-week low phenomenon 

is the product of temporary 5-HT depletion rather than a longer-term neurotoxicity.

However, it is very difficult to establish a causal link between MDMA use and 

adverse psychological effects in the long-term. This is because there are a number 

of factors that might confound results. In order to circumvent this problem, the 

vast majority of studies exclude users with a history of psychiatric illness. 

However, this is one reason why studies of current users have not been able to 

show long-term effects as they thereby exclude both those who have psychiatric 

problems resulting from use of MDMA as well as those with organic illness that 

may predate first use of MDMA. This is why it is important to look for 

correlations between patterns of MDMA use and adverse psychological effects. 

The present thesis found a number of such associations.

As discussed in the research hypotheses, (section 1.9) evidence from animal 

studies suggests that heavier use of MDMA should be associated with increased 

susceptibility to adverse psychological effects. Human studies have shown that 

lifetime use of MDMA is correlated with reduced binding to the 5-HT transporter 

and reductions in CSF 5HIAA (McCann et al., 1998; Bolla et al., 1998). Lifetime 

dose of MDMA has also been associated with impairment to working memory and 

immediate recall (Gouzoulis-Mayfrank et al., 2000; McCann et al., 1999), and 

impulsivity (Morgan, 1998). In men, cumulative use of MDMA was associated 

with poorer delayed recall and verbal fluency in Study 2. Further, those who 

reported mid-week lows in Study 1 had been using MDMA for longer than those 

who did not report mid-week lows. Study 1 also showed that those men who had a 

smaller increase in the frequency of consumption from when they first started 

using reported experiencing mid-week lows more than those who had a larger 

increase in frequency of consumption over time. As discussed in chapter 2, this 

may be because those who experience adverse effects of MDMA change their use 

patterns over time. Nevertheless, it is surprising that more associations were not
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found between measures of MDMA use and measures of mood and cognitive 

function in current users in Study 2. This may be related to the fact that current 

users were less likely to show long-term changes in mood and/or cognition. Also, 

for every study mentioned above that found an association between lifetime use of 

MDMA and psychological impairment in current users, there have been as many, 

if not more, that have found no such associations, (for example. Gamma et al., 

2001; Semple et al., 1999; Gerra et al. 1998; Ricaurte et al. 1990).

Further, when comparing the number of studies that have found evidence of 

MDMA-related damage with those that have not found impairment, it is important 

to note that the same group of participants is sometimes used in several studies. 

Thus, a sub-set of the participants in the Ricaurte et al. (1990) study appear to have 

been used in both the Price et al. (1989) and Krystal et al. (1992) studies. Whereas 

this is not problematic in itself, the authors should state clearly that the same 

participants have been used so as not to conflate the number of studies reporting 

positive results. Of particular concern is the correlation reported above between 

lifetime use of MDMA and reductions in CSF 5HIAA (Bolla et al., 1998). For the 

participants in the Bolla et al. (1998) study appeal’ to be a sub-set of those in the 

study by McCann et al. (1994), where no such association between MDMA use 

and CSF 5HIAA was found. Therefore it seems that findings can be radically 

altered depending on which participants are included in the sample. Thus there are 

no clear conclusions to be drawn concerning the role of lifetime dose of MDMA as 

a predictor of adverse effects in current users.

In contrast to the findings with current users, ex-MDMA users showed a number of 

associations between patterns of use and adverse psychological effects. This was 

particularly so in Study 3 where those who stopped using for mental health reasons 

showed correlations behveen lifetime use of MDMA and trait depression, anxiety 

and self esteem scores. Greater cumulative use of MDMA was associated with 

more depression, more anxiety and less self-esteem. Length of MDMA use also 

showed significant associations in the mental health group, mainly with trait
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depression and a number of measures of anger/aggression. Hence the key effects 

of depression and anger/aggression as identified in the previous section are again 

those that show an association with patterns of use. The fact that such associations 

were found in the group that quit MDMA for mental health reasons as opposed to 

those who stopped for circumstantial reasons suggests that patterns of MDMA use 

predict susceptibility to adverse effects of MDMA in those that have a 

vulnerability to experiencing mental health problems. This would also explain 

why fewer associations were found between lifetime dose of MDMA and adverse 

effects in current users. That length of use was associated with adverse effects in 

the mental health group is interesting as it suggests that adverse effects increase 

with increasing length of use in vulnerable individuals.

tii) Use of other drugs in combination with MDMA

Study 1 found that over 98% of MDMA users reported taking another drug in 

combination with MDMA and similar figures were reported for both ex and 

current MDMA users in Study 2. Therefore, it is necessary to consider whether 

certain combinations of drugs increase susceptibility to the adverse effects of 

MDMA. As discussed in the research hypotheses (section 1.9), animal studies 

have suggested that drugs such as cocaine and LSD may interact with MDMA to 

increase its pharmacological effects. Study 1 showed that those who used cocaine 

conjointly with MDMA had higher scores on the negative effects factor than those 

who did not take cocaine with MDMA. Evidence from animals implies that those 

who conjointly use MDMA and cocaine subject themselves to a pharmacological 

interaction that increases dopamine release (Horan et al., 2000; Fletcher et al., 

20001, section 1.5.7). As dopamine is thought to have a key role in the neurotoxic 

action of MDMA, such an interaction could potentially cause increased damage to 

5-HT axons than MDMA acting alone. However, as cocaine is also known to 

cause alterations to 5-HT function, it remains difficult to establish whether the 

finding reported above is the result of cocaine acting on its own, or in combination 

with MDMA.
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Nevertheless, no correlations were found between lifetime use of drugs other than 

MDMA and measures of mood and cognition in Studies 2, 3 or 4. A main reason 

for the finding of Study 1 may be that, because of its large sample of 469 MDMA 

users, it had much more power than the other studies to detect differences between 

those who did and did not use cocaine in conjunction with MDMA. It is 

conceivable that participants in Study 1 were heavier cocaine users than those in 

the other studies, but as the present author did not design Study 1, the cumulative 

amount of cocaine taken is not known. It is always crucial to take adequate 

polydrug histories for all participants in MDMA research, and to try and match 

MDMA users and controls for use of as many psychoactive drugs as possible. This 

is discussed further when considering the methodological limitations of MDMA 

research.

fiiif Gender

Study 4 showed that women had greater increases in BDI scores than men 4 days 

after taking MDMA. Further, just over % of female users scored in the range for 

mild to moderate depression by mid-week following weekend use of MDMA. 

This suggests that although both male and female MDMA users experience mid

week lows, women experience more severe increases in mid-week depression. 

This appears to be a result of weekend use of MDMA as mid-week low mood was 

correlated with dose of MDMA taken at the weekend.

There are 2 possible explanations for this gender difference in susceptibility to the 

sub-acute effects of MDMA. Firstly, this may simply be a function of the fact that 

women are more susceptible to the effects of a reduction in 5-HT than are men. 

This has been shown in studies that have used other means of attenuating brain 5- 

HT function, such as a tryptophan depletion paradigm (Nishizawa et al., 1997; 

Ellenbogen et al., 1996). Alternatively, the sub-acute effects of MDMA may differ 

between genders whereby women are more likely to become depressed or exhibit 

other anger-in behaviour whilst men are more likely to outwardly demonstrate 

increased aggression. This is suggested by the way that men showed an

286



association between mid-week anger and dose of MDMA taken at the weekend 

whereas in women it was mid-week depression that was related to weekend 

MDMA consumption. This may reflect ‘anger-out’ behaviour in males and ‘anger

in’ behaviour in females. This furthers the findings of Liechti et al. (2001) who 

reported that women were more susceptible than men to the acute effects of 

MDMA such as heightened mood, changes in perception and thought disturbance. 

They also found positive correlations in women between dose of MDMA 

administered and scores on the visionary restructuralisation scale and anxiety 

scores.

Thus the findings of the present thesis indicate that women are also more 

susceptible to the sub-acute psychological effects of MDMA than men. Further 

gender differences might have been highlighted by Study 2 had women been 

included. If women are more likely to display anger-in behaviour in response to 

MDMA whereas men are likely to become angry, this may have become apparent 

under tryptophan challenge as this procedure is known to highlight existing 

vulnerabilities.

Whereas Study 4 found that women had greater increases in mid-week depression 

than men, the findings of Study 1 suggest that men who experience mid-week lows 

are more likely than women to use MDMA less frequently as a result. For the 

survey study found that men who reported experiencing mid-week lows were those 

who had relatively small increases in frequency of use over time. This suggests 

that men who experience adverse effects of MDMA use consume MDMA less 

often as a result. Other gender differences reported in the survey study concerned 

years of MDMA use where length of use was associated with mid-week lows in 

men, but not in women. However this probably reflects the fact that men in the 

survey were significantly older than women, and had therefore been using MDMA 

for a longer period of time rather than indicating a ‘genuine’ gender difference. 

There was a similar finding in the club-based study whereby males had taken 

MDMA in higher quantities over a longer period than females.

287



6.3 Is MDMA-induced damage reversible after prolonged abstinence from 

this drug?

The neurotoxicity of MDMA is a controversial topic because it ultimately provides 

the key to whether the adverse effects of MDMA use in humans are transient or 

whether they are symptomatic of long-term irreversible damage to 5-HT function. 

Whereas some researchers claim that MDMA is a human neurotoxin (Ricaurte et 

al., 2000: McCann et al., 1998), others argue that reports of its toxicity have been 

exaggerated and that it has potential as a therapeutic tool (Grob, 2000). It has 

already been seen how it is necessary to differentiate between acute, sub-acute and 

long-term effects when considering the nature of impairment to mood and 

cognition associated with use of MDMA. The findings of the studies presented 

here suggest that whereas the majority of current users experience adverse sub

acute effects of MDMA, a small group of users experience long-term 

psychological impairment. Therefore, this section will consider the 

persistency/permanency of long-term adverse effects of MDMA consumption.

Animal evidence has shown long-term MDMA-related changes in 5-HT 

neurochemistry as well as the destruction of neurons and abnormal reinnervation 

patterns (sections 1.6.2/1.6.4). Kleven and Seiden (1992) have used such evidence 

to define 4 criteria for determining the neurotoxicity of amphetamine analogues 

such as MDMA. These are: (i) long-lasting attenuation of 5-HT, (ii) a reduction in 

the number of 5-HT uptake sites, (iii) attenuation of tryptophan hydroxylase 

activity and (iv) changes to patterns of neuronal innervation. All these effects have 

been shown in animal studies. To recap, Schmidt et al. (1986) showed that a single 

lOmg/kg dose of MDMA caused both acute and long-term depletion of 5-HT, 

5HIAA and a reduction in the number of 5-HT uptake sites. Studies have also 

shown reduction in tryptophan hydroxylase activity (Stone et al., 1986; Rattray, 

1991). Fischer et al. (1995) and Hatzidimitriou et al. (1999) have shown persistent 

changes to patterns of neuronal innervation. The evidence to date suggests that it 

is the 5-HT axons furthest away from the dorsal raphe nuclei that are destroyed 

following administration of MDMA (Hatzidimitriou et al., 1999).
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The debate as to whether MDMA is neurotoxic has not been resolved because no 

study has been able to provide evidence of gliosis. Further, there are important 

concerns about the generalizability of animal findings to human MDMA users (see 

section 1.6.6). Nevertheless, two of the studies presented here have provided 

evidence of long-term differences in the psychological function of certain MDMA 

users. Studies 2 and 3 found that those who chose to stop using MDMA were 

prone to long-term depression, aggression, anxiety, hostility and low self-esteem. 

Ex-users also exhibited impaired memory relative to current users and controls and 

impaired learning compared with controls. Moreover, in Study 4 those who 

stopped using for mental health reasons showed correlations between lifetime use 

of MDMA and trait depression, anxiety and self-esteem scores whereby greater 

cumulative use of MDMA was associated with more depression, anxiety and less 

self-esteem.

However, the question remains as to whether we can attribute these long-term 

adverse effects to use of MDMA. The picture with regard to whether MDMA is 

neurotoxic to humans is more complicated than in animals because it is only 

possible to obtain indirect evidence of damage to 5-HT function. There have been 

a number of studies in humans that have attempted to link biological measures of 

altered 5-HT function with impaired mood and cognition in MDMA users (section 

1.7.3). The techniques used have included pharmacological challenges, measures 

of 5-HT metabolites in CSF and neuroimaging. Such studies have provided 

evidence for reductions in 5-HT markers in that fit the animal criterion for 

MDMA-induced neurotoxicity discussed above. However, the ultimate evidence 

of neurotoxicity- that of structural damage to 5-HT axons and cell bodies- cannot 

currently be obtained in humans.

To date human studies have not provided conclusive evidence about a link between 

MDMA, 5-HT function and psychological function that would suggest MDMA is 

neurotoxic to humans. Of crucial relevance to the findings of the present thesis is 

the fact that only 2 studies of 5-HT markers have found associations between 5-HT
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function and memory (Bolla et al., 1998; Reneman et al., 2000a). However, the 

Bolla et al. study looked at current rather than ex-users, and there is some debate as 

to whether the correlation between memory function and cumulative MDMA use 

only reached significance because of the inclusion of the control group in the 

analysis (Grob, 2000). The sample used in the Reneman et al. study was extremely 

small (N=5) and had only abstained from MDMA for an average of 4 % months. 

Further, groups were not matched for IQ which is known to be associated with 

memory. Additionally, the association between 5-HT function and memory 

reported by Reneman et al. (2000a) was only found on one sub-test of the RAVLT 

memory battery. Neither study provides information about the permanency of 

damage to 5-HT function and the implications of any such damage for long-term 

mood and cognition. The only study to have addressed this question so far found 

that MDMA users had a blunted prolactin response to d-fenfluramine challenge 

relative to MDMA-naiVe controls 12 months after last use of MDMA (Gerra et al.,

2000). The authors suggest that this reflects the neurotoxic effect of MDMA on 

the 5-HTia receptor which ties in with human evidence of reduced presynaptic 

receptor density (Semple et al., 1999; McCann et al., 1998). However, Gerra et al. 

(2000) did not find any association between measures of 5-HT function and 

impaired mood or cognition.

Within this context, the findings of Study 2 make a very significant contribution to 

our knowledge. Study 2 showed impaired memory that was very strongly related 

to a biological measure of 5-HT function in ex-users who had not taken MDMA 

for minimum of 1 and an average of 2 V2 years. That is, an association was found 

between impaired memory and elevated levels of free plasma tryptophan. The 

biological explanation for this is that MDMA causes a reduction in the density of 

presynaptic nerve terminals, as has been shown in the neuroimaging studies 

mentioned above. Such a destruction of 5-HT nerve terminals would mean that the 

metabolism of L-tryptophan to 5-HT is unable to take place thereby resulting in 

elevated levels of free plasma tryptophan. Thus the increase in free plasma 

tryptophan noted in Study 2 may reflect a reduction in the density of 5-HT neurons
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in MDMA users which is also crucially associated with impaired memory. Indeed, 

Tiihonen et al. (2001) compare the relationship between increased levels of plasma 

amino acid and neuronal damage with that seen in Parkinson’s disease where 

patients with attenuated dopamine neurons have increased levels of plasma 

tyrosine, the amino acid precursor to dopamine (Lakke et al., 1987). Moreover, 

not only did Study 2 show an association between a marker of 5-HT and memory 

function, but a positive correlation was also found between baseline plasma 

tryptophan and frequency and length o f MDMA use in ex-users. Here, those who 

consumed MDMA more frequently for a longer period of time had higher baseline 

levels of total plasma tryptophan. This is important because elevated levels of total 

and free plasma tryptophan have been identified as markers of impaired 5-HT 

function (Tiihonen et al., 2001).

The findings of Study 2 also showed that ex-MDMA users were more sensitive to 

the manipulation of plasma tryptophan than current users or controls. This was 

shown by the way that ex-users showed reduced delayed prose recall following 

depletion of plasma tryptophan and increased recall following augmentation. Such 

sensitivity again suggests the vulnerability of the serotonergic systems of ex-users 

to the effects of MDMA. However, it is not known whether the reason why ex

users show long-term mood and cognitive deficits is because the serotonergic 

sensitivity outlined above pre-dated first use of MDMA or whether serotonergic 

sensitivity resulted from using MDMA. The findings of Study 3 suggest that the 

answer lies in a combination of the above explanations: that use of MDMA 

exacerbated a pre-existing serotonergic vulnerability in some users. That study 

found that not all users stop taking MDMA for mental health reasons. Roughly 

half of the participants in that study stopped using MDMA for reasons to do with 

their life circumstances rather than their mental health. Moreover, it found that 

those users who quit MDMA for mental health reasons had higher trait depression 

than those who chose to stop using for circumstantial reasons. Thus it seems that 

the functional consequences of MDMA-induced damage may only be apparent in 

some users. However, it may be the case that with time we will see similar deficits
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in other users who did not have a pre-existing vulnerability to MDMA. Indeed it 

has been suggested that age-related alterations to serotonergic function may cause 

impairment to mood and cognition in a wider sample of the MDMA-using 

population (McCann et ah, 2000). In this way, ex-users may represent the tip of 

the iceberg. However, it appears that age-related attenuation of 5-HT receptor 

density may not be as profound as the changes seen in dopamine receptors (van 

Dyck et ah, 2000). Therefore it is difficult to predict whether evidence of 

cognitive impairment will become more apparent as users age. Nevertheless, the 

importance of ex-users lies in providing evidence for the neurotoxic potential of 

MDMA in human users.

This raises the question as to whether the long-term damage apparent in some ex- 

MDMA users is permanent or whether it is reversible after a period of abstinence. 

The studies presented here suggest that impairment to mood and cognition may not 

improve with time. Study 3 found no association between years of abstinence and 

any trait measure of mood. Similarly, no significant correlations were found 

between cognitive ability and years since cessation of MDMA in Study 2. A 

correlation was found in Study 2 whereby those ex-users who had stopped using 

MDMA for longer had lower pre-trial hostility scores. However, it is unlikely that 

this indicates recovery of function in ex-users, as it was the only association found 

in either study involving ex-users. Further, the hostility measure is only a sub

scale of the aggression questionnaire and therefore not particularly robust. 

Moreover, the association between time since last MDMA use and trait hostility 

was only found in Study 2. As this study did not distinguish between ex-users who 

experience long-term adverse effects of MDMA and those who do not, it is 

possible that the later group of ex-users may have influenced this result. In 

contrast. Study 3 found no such associations in those who experienced long-term 

impairment as a result of using MDMA.

This interpretation is further supported by the finding of McCann et al. (1998) of 

no correlation between length of abstinence from MDMA and 5-HT transporter
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binding. However, only two studies to date have looked for associations between 

length of time since last use of MDMA and 5-HT function. In contrast to the 

findings of McCann et al. (1998), the other study (Semple, 1999) did report a 

correlation between length of time since last dose of MDMA and binding in many 

brain regions. However, participants in the study carried out by Semple had only 

abstained from MDMA for an average of 18 days. Thus it is likely that the 

reported correlation between days since last use and 5-HT transporter binding 

result was a sub-acute effect caused by attenuated tryptophan hydroxylase activity 

in those who had taken MDMA most recently. This is because CSF studies in 

humans suggest that serotonergic function is attenuated for 2-3 weeks after 

MDMA consumption (Ricaurte et al., 1990; McCann et al., 1999). Participants in 

the McCann et al. (1998) study had not taken MDMA for an average of 19 weeks 

before assessment, thereby avoiding the confounding influence of temporarily 

attenuated enzyme activity. As participants in Studies 2 and 3 of the present thesis 

had not taken MDMA for an average of 2 Vi and 4 years respectively, this suggests 

that certain users do not recover function for a number of years after last use of 

MDMA, if at all. That ex-users may not recover function after a period of 

abstinence is also suggested by animal studies which have found evidence of 

altered 5-HT ftmction 7 years after administration of MDMA (Hatzidimitriou et al., 

1999). However, it should be stressed again that Hatzidimitriou et al. did not 

report any evidence of functional behavioural impairment that one would expect to 

be associated with altered 5-HT ftmction.

Finally, we should consider the severity of the cognitive impairments reported here 

and whether they have an impact on daily life. Although impairments were only 

found in a small section of users, the findings of present thesis suggest that day to 

day memory is affected as the Rivermead memory test used here is considered to 

be a good indicator of everyday memory. However, it should be emphasised that 

there is no evidence of generalised impairment to cognitive function in current 

MDMA users. Indeed, the results of Study 2 showed that current users were only 

impaired relative to controls on two tasks, one of which required higher cognitive

293



capacity. Therefore the results of the present thesis do not support the concern that 

has been voiced that large numbers of MDMA users are subject to generalised 

cognitive impairment.

6.4 Methodological considerations

This section is intended as an overview of the methodological limitations of 

MDMA research as specific consideration of the issues pertaining to the each study 

presented in the current thesis is included in the discussion section of each chapter.

The methodological difficulties discussed here are important especially in the 

context of making any causal link between MDMA and mood and cognitive 

impairment. Administration of MDMA to human participants in a placebo- 

controlled double blind trial is generally precluded for legal and ethical reasons. 

Although a single MDMA administration is now possible in several countries, 

multiple dosing over time (which may illuminate long-term consequences) is 

precluded throughout the world. The data presented in the current thesis is 

retrospective and therefore participants’ baseline levels of psychological 

functioning before first use of MDMA are unknown. Therefore one cannot rule 

out the possibility of pre-existing impairment to serotonergic function that pre

dates first use of MDMA. In fact it is conceivable that MDMA users may be self- 

medicating for a pre-existing 5-HT deficit that attracted them to the drug in the 

first instance. The findings of Study 2 suggest such a pre-existing vulnerability in 

some users that may be compounded by the effects of MDMA. The only way to 

determine causality without administering MDMA directly to participants in a 

controlled laboratory environment would be to conduct a longitudinal prospective 

study so that baseline information is obtained about those who eventually go on to 

use MDML\. However, as MDMA is only used by approximately 6% of the 

population, there would be logistical problems in recruiting a large enough 

participant population to make such a study viable.
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The difficulty in establishing a causal relationship between MDMA and damage to 

5-HT function in humans provides particular problems when assessing evidence of 

neurotoxicity in humans. For it is difficult to make causal connections between 

MDMA use and long-term impairment to 5-HT function that may not be apparent 

for a number of years after first use of MDMA. In this respect the studies 

presented here have shown that it is easier to establish the time-course of MDMA- 

related impairment in studies of the acute and sub-acute rather than the long-term 

effects of MDMA.

A further confounding factor when looking at the residual effects of MDMA in the 

weeks following use is the role of tryptophan hydroxylase, the rate-limiting 

enzyme in 5-HT synthesis. Animal studies have shown that MDMA destroys this 

enzyme, thereby impairing 5-HT function until replacement enzyme can be 

synthesized (section 1.6). It is not known for how long tryptophan hydroxylase 

activity is suppressed in humans following use of MDMA, although the results of 

CSF studies suggest a minimum of 2 weeks. Therefore it is crucial to note when 

the last dose of MDMA was taken so as not to confound residual effects with the 

temporary depletion of 5-HT caused by destruction of tryptophan hydroxylase. 

There is considerable variance in the human literature to date concerning the 

amount of time since last use of MDMA that may account for some of the 

conflicting findings about the role of lifetime consumption and the nature of 

cognitive impairments. Study 2 in the present thesis aimed to ensure a 3-week 

‘wash-out’ period since last use of MDMA in current users. It is unfortunate that 

insufficient hair samples were obtained because of the number of participants with 

very short hair and that urine screens only detect the presence of MDMA for up to 

48 hours after use. However, as participants were informed prior to testing that 

urine and hair samples would be collected, this may have encouraged them to 

abstain from MDMA use.

The difficulties inherent in establishing causation in MDMA studies highlight the 

importance of associations between patterns of MDMA use and adverse effects.
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However, reliance on participants’ accounts of MDMA use patterns brings its own 

methodological difficulties. All data pertaining to drug use presented in the 

present thesis is retrospective. Therefore it is subject to the reliability of 

participants memories (Hammersley, 1994). Such testimony may be particularly 

unreliable given that a number of studies have shown impairment to episodic 

memory in MDMA users, including Study 2 presented here. Further problems 

arise when attempting to determine the dose of MDMA taken. The amount of 

MDMA in a typical tablet can show substantial variance (Forsyth, 1996). 

Moreover, tablets sold as MDMA can include a range of other psychoactive 

compounds such as amphetamine, LSD and ketamine, to name but a few. This is 

of particular concern given the findings of the club-based study where strong 

associations were found between mid-week mood and reported quantity of MDMA 

consumed at the weekend. One way of overcoming this problem would be to 

obtain blood or urine samples from participants in club-based studies. However, it 

is unlikely that this would be a practical possibility because of health and safety 

regulations. An alternative would be to test the purity of MDMA using kits that 

are now available to users. Indeed, such testing of MDMA tablets by users is 

increasingly common in the Netherlands. However, such kits do not give 

information about the presence of adulterants in Ecstasy tablets- they only indicate 

whether the tablets contain any MDMA.

Further methodological issues arise relating to the fact that MDMA is 

predominately used in dance clubs. Apart fi*om the obvious lack of environmental 

control that would otherwise be afforded by a lab-based study, the cramped and 

overheated conditions in clubs may serve to potentiate the neurotoxic effects of 

MDMA (Dafters, 1994). It is also important to note that the stimulant properties of 

MDMA enable people to dance for prolonged periods and reduce the need for 

sleep. Thus as somatic items are included in some questionnaire-based 

assessments of mood, it is important to distinguish between somatic and cognitive 

effects of use. This was done in Study 4 by analysing the somatic and cognitive 

items of the BDI separately. Further, consideration should be given to whether the
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effects of MDMA seen on mid-week mood could simply be a psychological 

reaction to having a good time at the weekend when faced with the realities of 

everyday life.

Study 1 showed that over 98% of MDMA users take other drugs in conjunction 

with MDMA. Such polydrug use again complicates the picture with regard to 

attributing any adverse psychological effects to use of MDMA. In particular, 

control groups should be matched for drugs which have a similar mechanism of 

action to MDMA, such as amphetamine, or drugs that also have an effect on 5-HT 

or dopamine such as LSD or cocaine. However, a number of studies have included 

MDMA users with substantial polydrug use that is not adequately controlled for 

(McCann et al., 1994, 1998, 1999; Bolla et al., 1998; Schifano et al., 1998). 

Fortunately the studies presented here have shown that only a small percentage of 

the MDMA-using population take LSD in conjunction with MDMA. However, 

Study 1 found that amphetamine was one of the most popular drugs used 

conjointly with MDMA, the others being alcohol, cannabis and cocaine. Whereas 

it is relatively easy to match control group participants for lifetime use of alcohol 

and cannabis, finding a group of users who take amphetamine/cocaine but not 

MDMA is considerably more difficult. Controls were not matched with 

current/ex-users for amphetamine or cocaine consumption in Studies 2 and 4. 

However, importantly, current and ex-users were matched for polydrug use in 

Study 2. Further, that there were group differences in lifetime polydrug 

consumption in Study 4 is of less relevance than the fact that groups were matched 

for drug use on the night of testing. It is therefore important to look for 

associations between lifetime use of such drugs and dependent variables. 

Crucially, no significant correlations were found between lifetime use of any drug 

other than MDMA and dependent variables in any of the studies presented here. 

Moreover, participants in all studies were closely matched for alcohol and cannabis 

use. This is critical as both these drugs have been shown to cause memory 

impairment which may confound that attributable to use of MDMA (Croft et al., 

2001).
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Finally, although memory impairment is the most widely reported negative effect 

reported in the literature, there are some methodological concerns about the 

robustness of these findings. For example, as performance on tasks tapping 

aspects of memory is known to be associated with IQ (Reber et al., 1991), it is 

essential that a measure of IQ such as the NART is included wherever mnemonic 

function is assessed. However, several studies reporting memory impairment in 

MDMA uses have not included a measure of IQ (Reneman et al., 2000a; Rogers, 

2000; Verkes et al., 2001). Critically, all groups were matched for IQ in Study 2 of 

the present thesis. Further, as there is no one theoretical framework of memory 

systems or processes, care should be taken when ascribing the performance of 

MDMA users on a single test to a particular memory process. Future research 

should include a thorough investigation of memory processes in MDMA users.

6.5 Clinical implications and suggestions for future research

As noted in Study 3, MDMA is not a typical drug of abuse in that it tends to be 

used sporadically, generally at weekends, rather then on a daily basis. 

Psychological problems arising from use are not currently encompassed by 

conventional drug advice or treatment services which focus on daily, chronic drug 

use. However, the findings of Studies 2 and 3 suggest that some MDMA users 

experience memory impairment and depression even after they have stopped using 

MDMA. Therefore there is a need to identify what can be done for current users 

from a harm-reduction perspective to minimize the risk of adverse effects.

Future research should examine the time-course of recovery after weekend 

consumption of MDMA. Study 4 found evidence of altered mood in MDMA users 

relative to controls 4 days after consumption of MDMA. It would be interesting to 

know whether mood reverts to normal ‘naturally’ in subsequent days/weeks, or 

whether mood remains depressed until the next intake of MDMA on the weekend. 

This would help determine whether MDMA users are locked into a cycle of using
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MDMA to alleviate depressed/angry mood which in turn causes further alterations 

to mood, or whether mood would return to baseline levels after a period of 

abstinence of 2-3 weeks, as suggested by the animal literature. If the sub-acute 

mid-week depression and aggression noted in Study 4 does ameliorate after 

abstaining for 2-3 weeks, then a harm-reduction strategy might be to advise people 

to limit use of MDMA to once a month.

Further, as the extent of change in mood was related to the amount of MDMA 

taken at the weekend, health professionals involved in designing harm reduction 

strategies should inform people to minimize the amount of MDMA taken in a 

typical session. At the same time however, the data presented here shows that 

current users are likely to increase the amount of MDMA used over time rather 

than limit consumption. Both Study 1 and Study 3 showed that users report 

increasing the dose of MDMA used over time, implying increasing tolerance. 

Tolerance to the effects of a drug represents adaptation at the neuronal level and is 

reflected behaviourally in users increasing dosage over time in order to maintain 

effects. Such neuronal adaptation has been shown in psychopharmacological 

studies where current MDMA users exhibit blunted prolactin and cortisol 

responses to 5-HT receptor agonists, indicating a possible downregulation of 

postsynaptic 5-HT2c receptors (Gerra et al., 1998, 2000; McCann et al., 1999; 

Section 1.7.3.). As MDMA is also a 5-HT receptor agonist it is likely that there is 

a downregulation of 5-HT receptors resulting from MDMA-induced 5-HT 

hypersecretion. This is of concern because if  users keep increasing the amount of 

MDMA taken, then the risk that they might be consuming amounts of MDMA 

equivalent to doses which have been shown to cause neurotoxicity in animals also 

increases (Ricaurte, 2000). Therefore health professionals might have difficulty 

convincing users to limit their intake of MDMA if users feel that they have to take 

increasing amoimts in order to get high.

Study 1 showed that those who took cocaine in conjunction with MDMA had 

higher scores on the negative acute effects factor than those who did not take
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cocaine with MDMA. This is important not only for MDMA users, but also for 

polydrug users who might be seeking professional help about their use of cocaine. 

Indeed, two animal studies have suggested that MDMA increases the rewarding 

effects of cocaine (Horan et al., 2000; Fletcher et al., 2001). Therefore harm- 

reduction advice might be to avoid this particular drug combination as use of 

MDMA could increase vulnerability to cocaine abuse.

The findings of the present thesis suggest that the nature of adverse effects of 

MDMA use may be different for men and women. Study 4 showed that females 

are more susceptible to experiencing increases in mid-week depression as a result 

of weekend use of MDMA. Twice as many female compared to male MDMA- 

users scored in the range for mild-moderate depression 4 days after MDMA 

consumption. Clinically it would be advantageous to know whether women are 

generally more susceptible to the 5-HT depleting effects of MDMA than men or 

whether women express MDMA-related alterations to mood in terms of depression 

and men in terms of anger/aggression. In particular, future studies should use 

objective tests of aggression and incorporate some measure of ‘anger-in’ and 

‘anger-out’ behaviour. Further, it is important to control for the menstrual phase of 

women as a recent study has shown that tryptophan depletion causes increases in 

aggression in premenstrual women (Bond et al., 2001). This finding suggests that 

women may be more vulnerable to mid-week aggression after weekend use of 

MDMA when they are premenstrual. Additionally, Studies 2 and 3 only looked at 

long-term effects of MDMA in male users; further research is required to 

determine whether MDMA has similar long-term effects on female users.

The present thesis suggests that some of the MDMA-using population are 

vulnerable to long-term functional consequences of altered 5-HT function. Study 3 

showed that some ex-users experience mild to moderate trait depression that is 

associated with their lifetime use of MDMA. These were the ex-users who said 

they had stopped using MDMA because of mental health problems. However, as it 

is not known whether these users had pre-existing damage to serotonergic function, 

future studies should attempt to determine baseline levels of 5-HT function before
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first use of MDMA. This could be achieved in a prospective longitudinal study, 

perhaps of students entering higher education. Such a study would also be able to 

determine what percentage of MDMA users eventually choose to stop using 

because of adverse effects on their mental health. This would give service 

providers prospective information as to what factors influence this vulnerability to 

experiencing adverse effects in order to provide harm reduction information. 

Further, what is required now is to ascertain whether impairment to mental health 

will also become apparent in the wider MDMA-using population rather than just 

the specific section of ex-users identified by the current thesis. One possibility 

may be that impairments become more apparent with age-related alterations to 5- 

HT function. If this is the case, then GP’s and drug services need to be aware of 

the connections between MDMA use and long-term depression. Moreover, mental 

health professionals should also he aware that the potentially neurotoxic effect of 

MDMA on presynaptic nerve terminals may mean that traditional anti-depressants, 

especially SSRIs, are of little therapeutic value in this section of the population.

Importantly for clinicians, the studies presented here have shown that MDMA 

users are themselves aware of the potential adverse effects of MDMA on their 

mental health: Study 1 found that those male users who had reduced the frequency 

of consumption were also those likely to report experiencing mid-week lows, and 

two-thirds of current MDMA users said that long-term impairment to mental health 

would be the main factor that might influence a decision to stop using MDMA. 

Moreover, those ex-users that had quit MDMA for mental health reasons had 

higher trait depression than those who had quit for circumstantial reasons. Taken 

together, these findings suggest that MDMA users are able to identify the 

detrimental effects of use on their mental health and change their patterns of use 

accordingly or even quit altogether. Study 3 provided important information about 

the consequences of a decision to abstain from MDMA. As a key finding was that 

abstaining MDMA users experience social isolation which may exacerbate feelings 

of depression, this should be a target area for any professional intervention. 

Further research should also address the accessibility of primary care services to
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MDMA users, as the fact that roughly two-thirds of the mental health group had 

sought professional help suggests that MDMA users are prepared to seek out 

support for mental health problems that may be related to their use of MDMA.

In summary, the present thesis has provided evidence that suggests both transient 

and enduring changes to serotonergic function in MDMA users. The studies 

presented here clearly highlight the importance of differentiating between the 

acute, sub-acute and long-term effects of MDMA. This has been achieved by 

using a range of methodologies ranging from a survey using a structured interview 

to club and lab-based studies employing psychometric tests. This methodological 

diversity serves to enhance the generalisability of the present research and to 

further our knowledge of the effects of MDMA.

Three factors- gender, conjoint drug use and the dose of MDMA consumed- 

influence the sub-acute effects that are experienced by MDMA users a few days 

after taking the drug. Study 4 showed that mid-week depression and aggression is 

related to the amount of MDMA taken on the weekend. Further, there were gender 

differences in the sub-acute effects of MDMA. Study 4 found that women had 

greater increases in mid-week depression than men and that in women this was 

associated with the amount of MDMA taken 4 days previously. Although there 

were no gender differences in extent of mid-week aggression, the increase in 

aggression from day 0 to day 4 was related to the amount of MDMA taken on the 

weekend in men only. Drugs used in conjunction with MDMA were also found to 

influence the sub-acute effects of MDMA. Study 1 showed that those who used 

cocaine conjointly with MDMA had higher scores on the negative effects factor 

than those who did not take cocaine with MDMA.

Vulnerability to long-term adverse effects of MDMA use may be confined to some 

users who experience mental health problems. It appears that those who stop using 

MDMA for mental health reasons are those who exhibit depressed mood, probably 

as a consequence of altered serotonergic function. Further research is required to
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determine whether those ex-users who stop using MDMA for mental health 

reasons are also susceptible to cognitive impairments. Had such a distinction been 

made between ex-users based on their reason for quitting MDMA in Study 2, 

perhaps the severity of impairment observed in this group of users would have 

been even greater. Whereas ex-users showed various long-term deficits in 

functions modulated by 5-HT, current users mainly showed evidence of short-term 

deficits. However, the nature of the deficits, in terms of low mood and 

anger/aggression appears to be similar both acutely and in the long term.

Despite the methodological difficulties associated with MDMA research, the most 

consistent finding to date is that of impaired mnemonic function in MDMA users. 

The current thesis has significantly extended this finding to provide evidence of 

long-term mnemonic impairment in ex-users that is strongly linked to a biological 

measure of impaired serotonergic function. As outlined in the research hypotheses 

(section 1.9), to date no one study has been able to show a connection between (i) 

altered 5-HT function, (ii) patterns of MDMA use and (iii) psychological 

impairment. Study 2 of the current thesis showed associations between altered 5- 

HT function and both patterns of MDMA use and cognitive impairment. This 

strongly suggests that some MDMA-users are susceptible to functional 

consequences of long-lasting changes to 5-HT function that may be related to their 

use of MDMA. Future research should follow up ex-users of this drug to 

determine whether these persisting changes remit over a period of years. 

Prospective studies may elucidate the degree to which such changes pre-date 

MDMA use or are a consequence of using this popular recreational drug.
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PROJECT MIRABELLE (Ecstasy Users): Glen Smith Associates
Main Questionnaire

3.4.97 Final

CLASSIFI C A T I O N  DETAILS: ASK AT END IF PR EFER .

CARD 1 CA RD S

R esponden t 1 R esponden t 2

Ages: O  O Ages: C H  EZI
(9) (10) (9) (10)

Gender: (11) Gender: (11)
M a le ........................................................... ..... 1 M ale ................................................. ..........1
F em ale ..................................................... 2 F e m a le ............................................ 2

Area: (12) Area: (12)
London ..................................................... ..... 1 London ............................................ ..........1
M anchester ............................................ 2 M a n c h e s te r ................................... 2

W o r k  Status: (13) W o r k  Status: (13)
Full-time .................................................. ..... 1 Full-time .......................................... ..........1
P a r t- t im e .................................................. .....  2 Part-tim e ........................................ .......... 2
Unem ployed and  seeking  w o r k ....... .....  3 U nem ployed and seeking  work ..........3
Unem ployed and  not seeking work .....  4 U nem ployed and not seek ing  work .... 4
S tu d e n t ..................................................... 5 S tu d e n t ............................................ 5

INTERVIEWER: TRANSFER THE FOLLOWING INFORMATION FROM THE
RECRUITMENT QUESTIONNAIRE

QA R esponden t 1 R esponden t 2
(14) (14)

Regularly tak e  E .... Regularly tak e  E ....
. . .For over 2 years  up to 3 y ears  ............... 1 . . .For over 2 years  up to 3 years ..... ...........  1
. . .For over 4 up to 5 y ears  ...........................2 ... For over 4 up to 5 y e a r s ................. ..........2
...F or over 6 up to 7 y ears  ...........................3 . . .For over 6 up to 7 years  ................. ...........3
. . .For over 8 up to 9 y ears  ...........................4 . . .For over 8 up to 9 years  ................. ...........4
...F or over 10 years  ....................................... 5 . . .F o ro v e r  10 years  ............................. 5

Don’t know ........................................................ 6 D on’t k n o w ............................................... ...........6

Q1A A n d  you are currently a regular user of E ?  ADD IF NECESSARY. A s  before, by 
regular user I m e a n  you take E at least once every 2 m o n t h s

R esponden t 1
(15)

Y es ......................................................................  1
N o ........................................................................  2
Don't k n o w ........................................................  3

R esponden t 2
(15)

Y e s ......................................................................1
No ...................................................................... 2
D on’t k n o w ...................................................... 3
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Q 1 B A n d  do you ever use E n o w a d a y s ?

R esponden t 1
(16)

Y es ...................................................................... 1
N o ........................................................................  2
D on’t k n o w ........................................................  3

Respondent 2
(16)

Y e s ......................................................................1
No .......................................................................2
Don’t k n o w ...................................................... 3

Q 1 C  In what year did you first try Ecstasy?

Q2

0 3

R esponden t 1 R esponden t 2

19 O  O 19 [H  EH
(17) (18) (19) (17) (18) (19)

C an ’t rem em ber ................................. 1 C an ’t r e m e m b e r ................................. 1

C a n  you r e m e m b e r  the year w h e n  you first started to take E  regularly - ie at least
once every two mon t h s ?

R esponden t 1 R esponden t 2

19 n  n 19 EH EH
(20) (21) (22) (20) (21) (22)

C an ’t rem em ber ................................. 1 C an ’t r e m e m b e r ................................. 1

1 would n o w  like to ask you s o m e  m o r e  questions about your first experiences
with Ecstasy. W h e n  you first started taking E, h o w  often did you take it? SINGLE
CODE ONLY

R esponden t 1 R esp o n d en t 2
(23) (23)

Every day 1 Every day 1
2-3 tim es a  w eek 2 2-3 tim es a  w eek 2
O nce a  w eek 3 O nce a  w eek 3
O nce a  fortnight 4 O nce a  fortnight 4
O nce every th ree  w eeks 5 O nce every th ree  w eeks 5
O nce a  m onth 6 O n ce  a  m onth 6
O nce every couple of m onths 7 O n ce  every couple of m onths 7
L ess often 8 L ess often 8

O ther (WRITE IN) 9 O ther (W RITE IN) 9
D on’t know 0 D on’t know 0

ASK 0 4  IF A CURRENT E USER (‘YES AT 0 1 B). O TH ERS G O  TO 0 6 .

0 4  Thinking about h o w  you currently use E, h o w  often are you taking it n o w a d a y s  in 
comparison to w h e n  you first started taking E. Are you taking it m o r e  often 
nowadays, less often nowadays, or about the s a m e ?  SINGLE CODE ONLY

R esponden t 1

(24)
Taking E a t the s a m e  level 1 GO TO 0 6
Taking E m ore o ften .......................2
Taking E le ss  o ften .......................... 3 ASK 0 5
D on’t know .........................................4

R esp o n d en t 2

(24)
Taking E a t the s a m e  le v e l.... 1
Taking E m ore o f te n ................. 2
Taking E le ss  o f te n .................... 3
D on’t k n o w ....................................4

GO TO 0 6

ASK 05
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ASK Q 5 IF NOW TAKE E ‘MORE’ OR ‘LESS’ OFTEN THAN PREVIOUSLY (SEE 0 4 ). 
O TH ERS GO TO 0 6 .

0 5  A n d  so h o w  often do you take E n o w a d a y s ?  SINGLE CODE ONLY

R esponden t 1 R esponden t 2

Every day
(25)

1 Every day
(25)

1
2-3 tim es a w eek 2 2-3 tim es a  w eek 2
O nce a  w eek 3 O n ce  a  w eek 3
O nce a  fortnight 4 O n ce  a  fortnight 4
O nce every th ree  w eeks 5 O n ce  every  th ree  w eeks 5
O nce a  m onth 6 O n ce  a  m onth 6
O nce every couple of m onths 7 O n ce  every  couple of m onths 7
L ess often 8 L ess often 8

O ther (WRITE IN) 9 O ther (WRITE IN) 9
D on’t know 0 D on’t know 0

ASK ALL
0 6  W h a t  would you describe as the long term effects of using E regularly? 

PRO BE W h a t  else?
WRITE IN.

R esponden t 1 R esp o n d en t 2

Q 7  W h e n  you first started taking E, h o w  m u c h  E did you take regularly over the
course of one session? B y  “session” I m e a n  an evening or night out. SINGLE CODE

R esponden t 1

(30)

R esponden t 2

(30)
Q uarter of a  tablet 1 Q uarter of a  tablet 1
Half a  tablet 2 Half a  tablet 2
O ne full tablet 3 O ne full tablet 3
1 -2 tab lets 4 1 -2 tab le ts 4
3-4 tab lets 5 3-4 tab le ts 5
5-6 tab lets 6 5-6 tab le ts 6
More than that 7 M ore than  that 7

Don’t know 8 Don’t know 8
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ASK Q8 IF A CURRENT E USER (‘Y ES’ AT Q1B). O TH ERS G O  TO SCREEN  BEFORE 0 9 . 
Q 8  H o w  m u c h  E do you regularly take n o w a d a y s  in on e  session? ADD IF APPROPRIATE, 

Again, by “session” I m e a n  an evening out. SINGLE CODE.

R esponden t 1 R esponden t 2

Q uarter of a  tablet
(30)

1 Q uarter of a  tablet
(30)

1
Half a  tablet 2 Half a  tablet 2
O ne full tablet 3 O ne full tablet 3
1 -2 tab lets 4 1 -2 tab lets 4
3-4 tab lets 5 3-4 tab lets 5
5-6 tab lets 6 5-6 tab lets 6
More than  that 7 M ore than  that 7

Don’t know 8 D on’t know 8

0 9

ASK 0 9  IF SAY ‘MORE’ OR ‘LESS’ AT 0 4  OR IF NO LONGER AN E U SER (‘NO’ AT 0 1 B). 
O THERS G O T O O 1 0 .

SHOW CARD A OR B W h a t  would you say are the main reasons w h y  (AS APPROPRIATE) 
you are taking m o r e  (SHOW CARD B) or less E nowadays/you d o n ’t take E these days?
(SHOW CARD A)

R esponden t 1
(32)

Taking Less/Don’t take at all
A) M oney is a  problem  ..................................... 1
B) I have not been  feeling h e a lth y ................ 2
C) It p laces stra ins on my job /stud ies ......... 3
D) Most of my friends have given it u p  4
E) I’m getting o ld e r .............................................5
F) I have m ore re sp o n sib ilitie s ...................... 6
G) It tak es  it out of you p h y sica lly ..................7
H) I’m not getting the s a m e  rush

a s  I u sed  to g e t ......................................... 8
I) I get d e p r e s s e d ..............................................9
J) It tak es  longer to com e down ...................0
K) I have so m e  m em ory loss ......................  X
L) It m ak es m e le ss  to lerant to o thers .... Y

(33)
O ther (WRITE IN ) ........................................ 1
Don’t k n o w ..................................................... 2

Taking More
(34)

A) I have m ore m oney to s p e n d .................... 1
B) It is part of my life s ty l e ............................... 2
C) M ost of my friends take  it .......................... 3
D) I need  to tak e  m ore Es to get

the s a m e  e f f e c t s ..................................... 4
E) I am  m ore co n fid e n t..................................... 5
F) I am  m ore open  with p e o p le ...................... 6

O ther (WRITE IN ) ........................................7
Don’t k n o w ..................................................... 8

R esp o n d en t 2
(32)

Taking Less/Don’t take at all
A) M oney is a  p ro b le m ...................................  1
B) I hav e  not been  feeling healthy .............  2
C) It p laces  stra in s on my job /stud ies .......  3
D) M ost of my friends have given it up .... 4
E) I’m getting older .......................................... 5
F) I have  m ore responsibilities ...................  6
G) It ta k e s  it out of you physica lly ................ 7
H) I’m not getting the  s a m e  rush

a s  I u sed  to ge t ......................................  8
I) I ge t d e p re sse d  ........................................... 9
J) It ta k e s  longer to com e d o w n .................  0
K) I have  so m e  m em ory l o s s .........................X
L) It m ak es  m e le ss  to lerant to o th e r s  Y

(33)
O ther (W RITE IN) .....................................  1
Don’t know .....................................................2

Taking More
(34)

A) I have  m ore m oney to sp en d  .................  1
B) It is part of my life s ty le ................................2
C) M ost of m y friends tak e  i t ........................  3
D) I need  to tak e  m ore Es to ge t

the  s a m e  effects .....................................4
E) I am  m ore c o n f id e n t ..................................  5
F) I am  m ore open  with p eo p le .......................6

Other (WRITE IN) ................................  7
Don’t know ............................................ 8
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A S K  ALL

Q 1 0  Thinking about w h e n  you first started taking E, what percentage of the overali
immediate effects were positive and what percentage were negative? INT E R V I E W E R :  
THIS S H O U L D  A D D  T O  100%. U S E  L E A D I N G  Z E R O S .

R esponden t 1 R esp o n d en t 2

Positive exp erien ces  I— I I—-I I - ]  % 

Negative exp erien ces  I—]  O  I—̂  %

Positive ex p erien ces 

N egative ex p erien ces

□ □□ □ □□ %

%

Don’t know 

T O T A L 100%
35-43

Don’t know 

T O T A L 100%
35-43

011 Still thinking about w h e n  you first started taking E, what percentage of the
overall short term effects (ie, within 24 to 48 hours of taking E) were positive and 
what percentage were negative? I N T E R V I E W E R :  THIS S H O U L D  A D D  T O  1 0 0 %

R esponden t 1 R esp o n d en t 2

Positive exp erien ces  I— I I— I I—-I %

N egative exp erien ces  O  O  O  %

Positive ex p erien ces  I— I I——I I % 

Negative ex p erien ces I— ] O  %

D on’t know 

T O T A L 100%
44-52

Don’t know 

T O T A L 100%
44-52
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Q12 SHOW CARD 0  Thinking back to w h e n  you first started taking E, which of these 
describe h o w  you felt immediately after taking the drug? MULTICODE OK

R esponden t 1 R esp o n d en t 2
(53) (53)

A) Euphoric rush/hot rush/ A) Euphoric rush/hot rush/
adrenalin  flow/felt e x c i te d ............. .....1 adrenalin  flow/felt excited ............. 1

B) Felt very good abou t myself/ B) Felt very good abou t myself/
c o n fid e n t............................................. .....2 confident ............................................. ?

C) Felt very w arm  tow ards o thers ....... .....3 C) Felt very w arm  tow ards o t h e r s ........ 3
D) Felt m ore aw are/heightened D) Felt m ore aw are/heigh tened

p e rc e p tio n s ........................................ .....4 percep tions ........................................ 4
E) Felt c a lm /s e re n e .................................. .....5 E) Felt ca lm /se ren e  .................................. 5
F) Experienced h a llu c in a tio n s ............... .....6 F) E xperienced  hallucinations ............... 6
G) Felt om nipotent/all pow erfu l............. .....7 G) Felt om nipotent/all powerful ............. 7
H) Hard to ge t up from bed the next H) Hard to g e t up from bed the  next

day/tired/reluctant to w o rk /s tu d y .. .....8 day/tired/reluctant to w ork/study .. R
1) Felt s ick /v o m ited .................................. .....9 1) Felt sick/vom ited .................................. 9

J) 1 felt my h ea rtb ea t increase /pu lse J) 1 felt my h ea rtb ea t increase /pu lse
raced/felt hot and sw eaty  ............. .....0 raced/felt hot and  s w e a ty .............. n

K) 1 felt thirsty/m outh b ecam e  dry ....... . . . .  X K) 1 felt thirsty/m outh b ecam e  d r y ............. X
L) 1 b ecam e  confused/disoriented ...... .... Y L) 1 b e c a m e  c o n fu se d /d iso r ie n te d ....... Y

(54) (54)
M) 1 felt a n x io u s /p a n ic k y .......................... .....  1 M) 1 felt a n x io u s /p an ick y ........................................ 1
N) 1 felt p a ra n o id /p e rse c u te d .......................... ........2 N) 1 felt p a ran o id /persecu ted  .......................... ?
0 ) 1 had trouble sleeping ..................................... ........3 O) 1 had  trouble s le e p in g ....................................... 3
P) 1 had a  h e a d a c h e .................................................. ........4 P) 1 had  a  h e a d a c h e  .................................................. 4
Q) My skin b ecam e  irritated/ Q) My skin b e c a m e  irritated/

got m outh u lc e r s .............................................. ........5 got m outh u lcers .............................................. 5

R) 1 b ecam e  delirious/can’t rem em ber R) 1 b e c a m e  delirious/can’t rem em ber
w hat h a p p e n e d .................................................. ........6 w hat h ap p en ed  ................................................. 6

S) 1 b ecam e  over-excited/l did S) 1 b e c a m e  over-excited/l did
stupid things ......................................................... ........7 stupid th in g s ......................................................... 7

T) 1 lost my appetite  .................................................. ........8 T) 1 lost m y a p p e t i t e .................................................. 8
U) 1 chew ed my m outh/tongue/ U) 1 chew ed  my m outh/tongue/

My jaw  shook/gibbering jaw  ............. 9 My jaw  shook/gibbering j a w ............. 9

O ther (WRITE IN ) ................................................ ........0 O ther (W RITE IN) ................................................ n
Don’t k n o w ............................................. . . . .  X Don’t know X
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Q 1 3 S H O W C A R D  C  A G A I N  Still thinking about w h e n  you first started taking E, which 
of these describe h o w  you felt about 24 to 48 hours after taking the drug?
M U L T I C O D E  O K

R esponden t 1 R esp o n d en t 2
(55) (55)

A) Euphoric rush/hot rush/ A) Euphoric rush/hot rush /
adrenalin  flow/felt e x c i te d ............. .....1 adrenalin  flow/felt excited ............. 1

B) Felt very good abou t myself/ B) Felt very good abou t myself/
c o n fid e n t............................................. .....2 confident ............................................. ?

C) Felt very warm  tow ards o thers ....... .....3 C) Felt very w arm  tow ards o th e r s ........ 3
D) Felt m ore aw are/heigh tened D) Felt m ore aw are/heigh tened

p e rc e p tio n s ........................................ .....4 percep tions ........................................ 4
E) Felt c a lm /s e re n e .................................. .....5 E) Felt ca lm /se ren e  .................................. 5
F) Experienced ha llu c in a tio n s............... .....6 F) E xperienced hallucinations .............. 6
G) Felt om nipotent/all pow erfu l............. .....7 G) Felt om nipotent/all powerful ............. 7
H) Hard to ge t up from bed the next H) Hard to get up from bed  the  next

day/tired/reluctant to w o rk /s tu d y .. .....8 day/tired/reluctant to w ork/study ., R
1) Felt s ick /v o m ited .................................. .....9 1) Felt sick/vom ited .................................. 9

J) 1 felt my h ea rtb ea t increase /pu lse J) 1 felt my h ea rtb ea t increase /pu lse
raced/felt hot and sw eaty  ............. .....0 raced/felt hot and  s w e a ty .............. n

K) 1 felt thirsty/m outh b ecam e  dry ....... .... X K) 1 felt thirsty/m outh b ecam e  d r y ........ X
L) 1 b e c a m e  confused/disoriented ...... . . . .  Y L) 1 b e c a m e  co n fu se d /d iso rie n te d ....... Y

(56) (56)
M) 1 felt a n x io u s /p a n ic k y .......................... .....1 M) 1 felt a n x io u s /p an ick y ........................... 1
N) 1 felt p a ra n o id /p e rse c u te d ................. .....2 N) 1 felt p arano id /persecu ted  ................. ?
0) 1 had trouble sleeping ........................ ........3 0) 1 had  trouble s le e p in g ...................................... 3

P) 1 had a h e a d a c h e .................................................. ........4 P) 1 had a  h e a d a c h e  ................................. 4

Q) My skin b ecam e  irritated/ Q) My skin b ec a m e  irritated/
got m outh u lc e r s .............................................. ........5 got m outh u lcers .............................................. 5

R) 1 b ec a m e  delirious/can’t rem em ber R) 1 b e c a m e  delirious/can’t rem em ber
w hat h a p p e n e d .................................................. ........6 w hat h ap p en ed  ................................................. 6

S) 1 b ecam e  over-excited/l did S) 1 b e c a m e  over-excited/l did
stupid things ......................................................... ........7 stupid th in g s ........................................................... 7

T) 1 lost my appetite  .................................................. ........8 T) 1 lost m y a p p e t i te ................................................... R
U) 1 chew ed my m outh/tongue/ U) 1 chew ed  my m outh/tongue/

My jaw  shook/gibbering jaw  ............. 9 My jaw  shook/gibbering j a w ............. 9

O ther (WRITE IN ) ................................................ ........0 O ther (W RITE IN) ............................................... 0
D on’t k n o w .................................................................... . . . .  X Don’t know X
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ASK Q16A AND Q16B IF A CURRENT E U SER (‘Y ES’ AT 0 1 B). O TH ERS GO TO 0 1 7 .

0 1 4  SHOW CARD D. i have a list of reasons which other people have given as w h y  
they first decided to try E. W h e r e  any of these relevant to your first trial?
MULTICODE OK

R esponden t 1
(57) 
. . .  1

R esp o n d en t 2

A) To Increase  my self aw aren ess  ..
B) To boost or m aintain my

energy  levels  ..............................................2
C) It w as offered/given to m e ........................... 3
D) I w anted to try it for m y s e lf .......................... 4
E) I w anted  to try E b e c a u se  my

friends w ere /a re  using i t .......................... 5
F) I w as dared  by my friends/o thers ..............6
G) I w as bored/w anted to have fun .................7
H) I w anted  to mix it with o ther d r u g s .............8
I) I w as going to a  party/pub ........................... 9
J) I w as going c lu b b in g ...................................... 0
K) I w anted  to forget my tro u b le s ................. X
L) I w anted to stay  a w a k e ..............................  Y

(58)
M) I w anted to so b e r u p .......................................1
N) I w anted  to enjoy/get into the m u s ic  2
O) Didn’t know I w as taking it/

so m eo n e  gave  it to m e without 
telling m e it w as E ..................................... 3

O ther (WRITE IN) .........................................4
Don’t know ...................................................... 5

(57) 
. . .  1A) To in c rea se  my self a w aren ess  ...

B) To b oost or m aintain my
energy  levels .............................................. 2

C) It w as  offered/given to m e ...........................3
D) I w an ted  to try it for m y s e lf ...........................4
E) I w an ted  to try E b e c a u se  my

friends w ere /a re  using it .......................  5
F) I w as  d ared  by my f r ie n d s /o th e rs  6
G) I w as  bored/w anted to have f u n   7
H) I w an ted  to mix it with o ther d rugs ............8
I) I w as  going to a  p a r ty /p u b ............................9
J) I w as  going clubbing ...................................  0
K) I w an ted  to forget my troubles ...................X
L) I w an ted  to stay  aw ake ................................Y

(58)
M) I w an ted  to so b e r up ...................................  1
N) I w an ted  to enjoy/get into the m usic ........ 2
O) Didn’t know I w as taking it/

so m e o n e  gave  it to m e without 
telling m e it w as E .................................... 3

O ther (W RITE IN ) .......................................  4
D on’t k n o w ..................................................... 5

Q 15 SHOW CARD E W h i c h  of these drugs did you ever mix with E w h e n  you first 
started taking Ecstasy? MULTICODE OK

R esponden t 1
(59)

A lco h o l................................................................ 1
T obacco  ............................................................  2
Acid ....................................................................  3
S p eed  ................................................................. 4
C annab is ........................................................... 5
T em azep am  ..................................................... 6
C ocaine .............................................................  7

O ther (WRITE IN) .......................................... 8
N ever mixed E with o ther s u b s ta n c e s   9
D on’t know /can’t rem em ber ......................... 0

R esponden t 2
(59)

Alcohol ................................................................ 1
T obacco  ............................................................... 2
Acid ........................................................................ 3
S p e e d .................................................................... 4
C a n n a b is .............................................................. 5
T e m a z e p a m ........................................................6
C o c a in e .................................................................7

O ther (W RITE IN ) .............................................8
N ever m ixed E with o ther su b s ta n c e s  ....... 9
D on’t know /can’t r e m e m b e r ............................ 0

SKIP COLS. 60-61
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ASK Q16A AND Q16B IF A CURRENT USER (‘Y ES’ AT Q1B). O TH ERS GO TO 0 1 7 .

0 1 6A SHOW CARD E AGAIN A n d  which of these drugs d o  you ever mix E  with nowa d a y s ?
MULTICODE OK

R esponden t 1
(62)

A lco h o l................................................................ 1
T obacco  ............................................................  2
Acid ..................................................................... 3
S p eed  .................................................................  4
C annab is ........................................................... 5
T em azepam  ..................................................... 6
C ocaine .............................................................  7

O ther (WRITE IN) .......................................... 8
N ever mixed E with o ther s u b s ta n c e s   9
D on’t know /can’t rem em b er .......................  0

R esponden t 2
(62)

Alcohol ................................................................  1
T o b a c c o ................................................................2
A c id ........................................................................ 3
S p e e d ........................................... :........................4
C a n n a b is .............................................................. 5
T e m a z e p a m ........................................................6
C o c a in e .................................................................7

O ther (W RITE I N ) ............................................. 8
N ever m ixed E with o ther su b s ta n c e s  ....... 9
D on’t know /can’t r e m e m b e r ...........................0

Q16B SHOW CARD F W h i c h  of these best describes h o w  you d o  or do not mix E with 
other substances over the course of one session n o w a d a y s ?  ADD, IF YOU FEEL 
APPROPRIATE: R e m e m b e r ,  by other substances I m e a n  any other drug, tobacco 
or alcohol.

R esponden t 1
(63)

I always mix E with o ther
s u b s ta n c e s ..................................................  1

I often mix E with o ther
su b s ta n c e s  .................................................  2

I sometimes mix E with
o ther su b s ta n c e s  ......................................  3

I never mix E with o ther
su b s ta n c e s  .................................................  4

D on’t k n o w ......................................................... 5

R esponden t 2
(63)

I always mix E with o ther
s u b s ta n c e s .................................................... 1

I often mix E with o ther
s u b s t a n c e s .................................................... 2

I sometimes mix E with
o ther s u b s ta n c e s ......................................... 3

I never mix E with o ther
s u b s ta n c e s  .................................................... 4

D on’t k n o w ...........................................................5
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ASK ALL

Q 17 SHOW CARD G I have a list here of s o m e  long term effects from the regular use 
of E which other people have given. Are any of these relevant to yo u ?
MULTICODE OK

R esponden t 1

(64)
A) I need  to tak e  m ore Es to get

the s a m e  ou tcom es ..................................1
B) I feel m ore open  tow ards p e o p le ............... 2
C) I feel very good abou t myself/

confident ...................................................... 3
D) I have  g rea te r self a w a r e n e s s ....................4
E) I have trouble s le e p in g ................................. 5
F) I have le ss  appetite  ........................................6
G) I ge t c o n s t ip a te d ..............................................7
H) My relationships with friends/

family have  s u f fe re d ..................................8
I) My w ork/study h as  suffered ........................9
J) I feel worn o u t ...................................................0
K) My concentration is le ss  good/

ge t confused  ............................................  X
L) I get d e p re sse d  ...............................................Y

( )
M) I feel persecu ted /parano id /anx ious 1
N) I have h e a d a c h e s ........................................... 2
O) My skin is irritated/mouth u lc e r s .................3
P) My back/kidneys a re  so re  ........................... 4

O ther (WRITE IN) ......................................... 5
Don’t know .......................................................6

R esp o n d en t 2

(64)
A) I n eed  to tak e  m ore E s to get

th e  s a m e  o u tc o m e s ................................ 1
B) I feel m ore open  tow ards people ............  2
C) I feel very good ab o u t myself/

c o n f id e n t ..................................................... 3
D) I hav e  g rea te r  se lf aw a re n e ss  ................... 4
E) I hav e  trouble s le e p in g ................................ 5
F) I hav e  le ss  a p p e t i te ...................................... 6
G) I g e t constipa ted  ........................................... 7
H) My relationships with friends/

family hav e  suffered  ............................... 8
I) My w ork/study h a s  s u f f e r e d ...................... 9
J) I feel worn out ................................................ 0
K) My concentration  is le ss  good/

g e t c o n f u s e d ............................................... X
L) I g e t d e p r e s s e d ............................................... Y

( )
M) I feel persecu ted /parano id /anx ious 1
N) I hav e  h e a d a c h e s  ........................................  2
O) My skin is irritated/m outh ulcers .............  3
P) My back/kidneys a re  s o r e ............................4

O ther (W RITE IN ) .......................................  5
Don’t k n o w .....................................................  6

0 1 8  I want to ask you about coming d o w n  from E. H o w  long does It (O R IF NOT
CURRENT U SER “DID IT”) usually take you to c o m e  d o w n  from E  (when you have 
taken It straight)?

R esponden t 1 R esp o n d en t 2

□ □
Hour(s)

65-70

□ □ □□
Day(s) W eek(s)

□ □ □□ □□
Hour(s) Day(s) W eek(s)

65-70

(71)
N ever tak e  it s tra ig h t......................................  1

D on’t know /can’t rem em b er .......................  2

N ever tak e  it s tra ig h t..............

Don’t know /can’t rem em ber

(71) 
. . . .  1
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Q 19 A n d  h o w  long does it (OR IF NOT CURRENT U SER “did it”) usually take you to 
fully c o m e  d o w n  after you have mixed E with something else? MULTICODE OK

R esponden t 1

□ □ □□ □□
Hour(s)

72-77

Day(s) W eek(s)
72-77

(93) 
. . .  1N ever mix i t .................................................

Don’t know /can’t rem em ber .......................  2

R esp o n d en t 2

□ □ □□ □□
Hour(s) Day(s) W eek(s)

N ever mix it...............................

Don’t know /can’t rem em ber

(93) 
. . . .  1

0 2 0  SHOW CARD H Have any of the following experiences happened to you?
MULTICODE OK

R esponden t 1 R esponden t 2
(78) (78)

A) Not being ab le  to get enough E ..... ........ 1 A) Not being ab le  to ge t enough E .... ......... 1
B) Finding tha t you need  m ore E B) Finding tha t you need  m ore E

to ge t the  s a m e  outcom e to g e t the s a m e  outcom e
(as  before) ....................................... .........2 (a s  b e f o r e ) ....................................... ......... 2

C) Finding tha t the E tab lets a re C) Finding that the  E tab lets are
im pure/d ilu ted /unclean ................. .........3 im pure/diluted/unclean ................ ......... 3

D) Not being able to ge t a s  high a s D) Not being ab le  to ge t a s  high a s
others/w aiting for it to ‘kick in’ .... 4 others/w aiting for it to ‘kick in’ .... 4

O ther (WRITE IN) ............................. .........5 O ther (W RITE IN ) ............................. ......... 5
Don’t know .................................................... 6 D on’t k n o w ........................................... ......... 6

021  Has (OR IF NOT CURRENT USER “Did”) taking E affected your relationship with 
your friends and family? W o u l d  you say they (have) improved, they (have) 
suffered or that there has been/was no change? SINGLE CODE ONLY

R esponden t 1
(79)

My relationships have im proved.................  1
T here  h as  been  no ch an g e  ........................  2
My relationships have s u f fe re d ..................  3

O ther (WRITE IN) .......................................... 4
Don’t k n o w ........................................................  5

R esponden t 2
(79)

My relationships have im p ro v ed ............... 1
T h ere  h a s  been  no c h a n g e ........................2
My relationships have suffered ................ 3

O ther (W RITE I N ) .........................................4
Don’t k n o w ...................................................... 5

0 2 2  Has (OR IF NOT CURRENT USER “Did”) taking E affect your sex life? W o u l d  you 
say it (has) improved, it (has) suffered or that there has been/was no change?
SINGLE CODE ONLY

R esponden t 1
(80)

My se x  life h a s  im proved............................... 1
T here  h as  been  no ch an g e  ........................  2
My sex  life h a s  suffered ............................... 3

Don’t know ................................................. 4

R esponden t 2
(80)

My se x  life h a s  im p ro v ed .............................1
T h ere  h a s  b een  no c h a n g e ........................2
My se x  life h a s  s u f f e r e d ..............................3

Don’t kn o w ............................................... 4
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Q 23 After you (had) fully c o m e  d o w n  from E (nowadays), has/did It m a d e  you m o r e
tolerant or m o r e  irritable towards other people - or has/did it m a d e  no difference?
SINGLE CODE ONLY

R esponden t 1
(81)

M ore to le ra n t..................................................... 1
M ade no difference .......................................  2
M ore irritable ...................................................  3

D on’t k n o w ........................................................  4

R esp o n d en t 2
(81)

M ore to le ran t.................................................... 1
M ade no d if fe re n c e ...................................... 2
M ore ir r ita b le ...................................................3

Don’t k n o w .......................................................4

0 2 4  W h a t  effect did/has taking E affected have on your concentration at work/when 
studying? W o u l d  you say your concentration suffered, improved, or w a s  there 
no effect on your concentration? SINGLE CODE ONLY

R esponden t 1
(82)

My concentration s u f f e r e d ...........................  1
No effects .........................................................  2
My concentration improved ........................  3

D on’t k n o w ........................................................  4

R esp o n d en t 2
(82)

My concentration  suffered ......................... 1
No e f f e c t s ......................................................... 2
My concentration  im p ro v e d ........................3

D on’t k n o w .......................................................4

0 2 5  In the past did you ever experience any low periods between E-taking sessions?
SINGLE CODE ONLY

R esponden t 1

Y es experienced  lows 
N o ....................................

(83) 
. . .  1 
. . .  2

R esp o n d en t 2
(83)

Y es ex p erien ced  lo w s .................................. 1
No .......................................................................2

D on’t k n o w ........................................................  3 D on’t k n o w .......................................................3

0 2 6
ASK ALL CURRENT ‘E’ U SERS (‘Y ES’ AT 0 1 B). O TH ERS G O  TO 0 2 7  
A n d  what about n o w a d a y s ?  SINGLE CODE ONLY

R esponden t 1

Y es experienced  lows 
N o ....................................

(84) 
. . .  1 
. . .  2

R esp o n d en t 2

Y es ex p erien ced  lows 
No ....................................

(84) 
. . . .  1 
. . . .  2

D on’t k n o w ........................................................  3 D on’t k n o w .......................................................3

ASK ALL
0 2 7  Have you ever had to seek medical treatment as a result of taking E  by itself? 

R e m e m b e r ,  by itself w e  m e a n  without any other drugs, alcohol or tobacco
SINGLE CODE ONLY

R esponden t 1

Y es 
No .

(85) 
. . .  1 
. . .  2

R esp o n d en t 2

Yes 
No .

(85) 
. . . .  1 
. . . .  2

Don’t know ................................................. 3 Don’t kn o w ............................................... 3
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IF ‘Y E S ’ A T  Q27, A S K  Q 2 8  A N D  Q29. O T H E R S  G O  T O  030.

0 2 8  H o w  m a n y  times have you received medicai treatment as a result of taking E by 
itself? S I N G L E  C O D E  O N L Y

R esponden t 1
(86)

O n c e ...................................................................  1
1-2 tim es ........................................................... 2
3-4 tim es ........................................................... 3
5-6 tim es ........................................................... 4
O ver 6 t im e s ..................................................... 5

O ther (WRITE IN) .......................................... 6
D on’t k n o w ........................................................  7

R esponden t 2
(86)

O nce ..................................................................1
1-2 t i m e s .......................................................... 2
3-4 t i m e s .......................................................... 3
5-6 t i m e s .......................................................... 4
O ver 6 tim es ...................................................5

O ther (WRITE IN) .........................................6
D on’t k n o w ...................................................... 7

0 2 9  S H O W C A R D  I W h a t  s y m p t o m s  did you have which required treatment? 
M U L T I C O D E  O K

R esponden t 1
(87)

C onfusion /d iso rien ta tion ............................... 1
Delirious ............................................................  2
A n x io u s ..............................................................  3
Panic ..................................................................  4
P aranoid  ............................................................  5
Fatigued ............................................................  6
H e a d a c h e .......................................................... 7
In so m n ia ............................................................  8
Mouth u lc e r s ..................................................... 9
Bad skin ............................................................  0
Seized  up ............................................................X
Vomiting ............................................................  Y

(88)
D ia rrh o e a ..............................................................1
Constipation ..................................................... 2

O ther (WRITE IN) .......................................... 3
Don't k n o w ........................................................  4

R esponden t 2
(87)

C onfusion/disorientation ............................... 1
D e lir io u s ............................................................... 2
Anxious .................................................................3
P a n i c ......................................................................4
P a ra n o id ................................................................5
Fatigued ............................................................... 6
H ead ach e  .......................................................... 7
Insom nia .............................................................. 8
Mouth u icers .......................................................9
Bad skin ............................................................... 0
S eized  up .......................................................... X
V o m itin g ...............................................................Y

(88)
D iarrhoea ............................................................. 1
C onstipation ........................................................2

O ther (W RITE I N ) .............................................3
D on’t k n o w .......................................................... 4

A S K  ALL
0 3 0  Have you ever had to seek medical treatment as a result of taking E with other 

substances? A D D  IF N E C E S S A R Y :  B y  other substances I m e a n  other drugs, 
alcohol or tobacco. S I N G L E  C O D E  O N L Y

R esponden t 1
(89)

Y es ...................................................................... 1
N o ........................................................................  2

D on’t k n o w ........................................................  3

R esponden t 2
(89)

Y e s .......................................................................1
N o ........................................................................2

D on’t k n o w ...................................................... 3
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IF ‘Y ES’ AT Q30, ASK Q31/Q 32. OTHERS GO TO 0 3 3 .

03 1  H ow  m an y  tim e s  h a v e  y o u  re c e iv e d  m ed ica i t re a tm e n t  a s  a  re s u i t  o f ta k in g  E w ith  
o th e r  s u b s ta n c e s ?  SINGLE CODE ONLY

R esponden t 1

(90)
O n c e ...................................................................  1
1-2 tim es ........................................................... 2
3-4 tim es ........................................................... 3
5-6 tim es ........................................................... 4
O ver 6 t im e s ..................................................... 5

O ther (WRITE IN) .......................................... 6
D on’t k n o w ........................................................  7

R esp o n d en t 2

(90)
O n ce  ..................................................................1
1-2 tim es .......................................................... 2
3-4 t i m e s .......................................................... 3
5-6 t i m e s .......................................................... 4
O ver 6 tim es ...................................................5

O ther (WRITE IN) ......................................... 6
D on’t k n o w .......................................................7

0 3 2  SHOW CARD I AGAIN W h at s y m p to m s  d id  y o u  h a v e  w h ic h  re q u ire d  t r e a tm e n t?
MULTICODE OK

R esponden t 1

(91)
C onfusion /d iso rien ta tion ............................... 1
Delirious ............................................................  2
A n x io u s ..............................................................  3
Panic  ..................................................................  4
Paranoid  ............................................................  5
Fatigued ............................................................  6
H e a d a c h e .......................................................... 7
In so m n ia ............................................................  8
Mouth u lc e r s ..................................................... 9
Bad skin ............................................................  0
S eized  up ............................................................X
Vomiting ............................................................  Y

(88)
D ia rrh o e a ..............................................................1
C onstipation ..................................................... 2

O ther (WRITE IN) .......................................... 3
D on’t k n o w ........................................................  4

R esp o n d en t 2

(91)
C onfusion/disorientation ............................... 1
D e lir io u s ................................................................2
Anxious .................................................................3
P a n i c ......................................................................4
P a ra n o id ................................................................5
Fatigued ................................................................6
H ead ach e  .......................................................... 7
Insom nia .............................................................. 8
Mouth u lcers .......................................................9
Bad skin ............................................................... 0
S eized  u p ..........................................................  X
V o m itin g ...............................................................Y

(88)
D iarrhoea ............................................................. 1
C onstipation ........................................................2

O ther (W RITE IN) ............................................. 3
Don’t k n o w ...........................................................4
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E. F U T U R E  O P T I O N S

ASK ALL
Q33 H o w  long from n o w  do you think y o u ’ll continue to use Ecstasy? SINGLE CODE 

ONLY

R esponden t 1 CARD 2 

(9)

R esponden t 2 CARD 2

(9)
N ever a g a in ................................... ..................  1 N ever a g a in ............................................... 1
Up to 1 y e a r ................................... ..................  2 Up to 1 y e a r ............................................. 2
O ver 1 year up to 2 y e a r s .......... ..................  3 O ver 1 y ear up to 2 y e a r s .................... 3
O ver 2 years up to 3 years  ..... ..................  4 O ver 2 y ea rs  up to 3 y e a r s ................ 4
O ver 3 years  up to 5 years  ...... ..................  5 O ver 3 y ea rs  up to 5 y e a r s ................. 5
O ver 5 y e a r s ................................. ..................  6 O ver 5 y ea rs  ........................................... 6

D on’t k n o w ..................................... ..................  7 D on’t k n o w ............................................... 7

0 3 4  D o  you have any concerns about continuing to take E  regularly? SINGLE CODE 
ONLY

R esponden t 1

(10)
Y es ...................................................................... 1
N o ........................................................................  2

D on’t k n o w ........................................................  3

R esp o n d en t 2

(10)
Y e s ......................................................................1
No .......................................................................2

Don't k n o w .......................................................3

0 3 5
IF YES AT 0 3 4  ASK 0 3 5
SHOW CARD J W h a t  are they? MULTICODE OK

R esponden t 1

( 11 )
A) It c a n ’t be  good for you

in the long term  ...........................................1
B) It might affect my brain

(concentration/m em ory loss) .................2
C) It might affect my health

(kidneys, b a c k /s p in e ) ............................... 3
D) It might affect my sexual appetite  .............4
E) It might m ake m e d e p re sse d  .................... 5
F) It might affect my job/m y s tu d ie s ............... 6
G) It might give m e su dden  m ood

sw ings (unpredictably) .............................7

O ther (WRITE IN) ......................................... 8

D on’t know .......................................................9

R esp o n d en t 1

(11)
A) It c a n ’t be good for you

in the  long t e r m ......................................... 1
B) It m ight affect my brain

(concentration/m em ory l o s s )  2
C) It m ight affect my health

(kidneys, b a c k /sp in e ) ..............................3
D) It m ight affect my sexual a p p e t i te  4
E) It m ight m ak e  m e d e p r e s s e d ...................5
F) It m ight affect my job/m y stud ies .............6
G) It m ight give m e su d d en  m ood

sw ings (u n p red ic tab ly )............................7

O ther (WRITE IN ) ........................................8

D on’t k n o w ..................................................... 9
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Q36 SHOW CARD K S o m e  people have stopped taking E and others prefer to 
continue. W h i c h  of these reasons might persuade you to stop taking E 
regularly? MULTICODE OK

R esponden t 1 R esp o n d en t 2

(12) (12)
A) Finding it w as doing my head  I n ....... ......1 A) Finding it w as  doing my h ead  In ..... 1
B) If 1 couldn’t give of my b est a t B) If 1 couldn’t give of my b es t a t

work or s tu d y .............................................2 work or s t u d y ..................................... ?
C) If my friends w ere giving up .............. ......3 C) If m y friends w ere  giving u p ............. 3

D) If 1 w as spending  less  time D) If 1 w as spend ing  less  tim e
going to parties .................................. ......4 going to p a r t i e s ................................. 4

E) If 1 w as spending  less  time E) If 1 w as spend ing  le ss  tim e
going to c lu b s ............................................5 going to c lubs .................................... 5

F) If 1 w as spending  less  time F) If 1 w as spend ing  less  tim e
going to pubs ............................................6 going to p u b s ..................................... H

G) F ears  abou t the  long term effects G) F ea rs  ab o u t th e  long term effects
on my m ental health ........................ ......7 on m y m ental health ....................... 7

H) F ears  abou t the  long term effects H) F ea rs  abou t th e  long term effects
on my physical health .................................... ..........8 on my physical health ................................... 8

1) F ears  abou t the  short term effects 1) F ea rs  ab o u t th e  short term effects
on my m ental health ........................................ .......... 9 on m y m ental health ....................................... 9

J) F ears  abou t the  short term effects J) F ea rs  abou t th e  short term effects
on my physical health .................................... .......... 0 on my physical health ................................... n

K) If 1 thought the  quality of E K) If 1 thought th e  quality of E
tab lets w as d e te rio ra tin g ...................... X tab le ts  w as d e te rio ra tin g ................ X

L) If 1 thought it m ight affect L) If 1 thought it m ight affect
my jo b /c a r e e r ........................................... Y my jo b /c a r e e r ..................................... Y

(13) (13)
M) Knowing so m eo n e  who becam e M) Knowing so m e o n e  who b ecam e

m entally ill ......................................................  1 m entally i l l ........................................................................ 1
N) Knowing so m eo n e  who becam e N) Knowing so m e o n e  who b ecam e

physically ill ............................................................................... 2 physically i l l .................................................................... 2
0 ) Knowing so m eo n e  who had died 0 ) Knowing so m e o n e  who had  died

a s  a  result of taking E .................................... .......... 3 a s  a  result of taking E ................................... 3

P) Getting a  criminal r e c o r d ................................. .......... 4 P) Getting a  criminal record ............................... 4

Q) P re ssu re  from my parents/fam ily . . . . .......... 5 Q) P re ssu re  from my parents/fam ily . . . . 5

R) My parents/fam ily finding out R) My parents/fam ily finding out
1 w as taking E ........................................................... .......... 6 1 w as taking E ............................................................ 8

S) Personally  having a bad S) Personally  having a  bad
experience  with E ................................................. ...........7 ex p erien ce  with E ................................................ f

T) S eeing  so m e o n e  e lse  have a  bad T) S ee ing  so m e o n e  e lse  have  a  bad
experience  with E ................................................. 8 ex p erien ce  with E ................................................ 8

O th e r .............................................................................................. .............9 O th e r ............................................................................................... 9
Don’t know ............................................................................ .............0 D on’t k n o w ............................................................................ 0

R E C O R D  L E N G T H  O F  I N T E R V I E W

minutes

CARD 2 (14) (15)

T H A N K  R E S P O N D E N T  A N D  C L O S E
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Appendix I I : Unpublished tests and interviews used in studies 2-4
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i) Substance Use Interview

Volunteer no: Date:

Initials Age:. Gender:

Employment status: Years of education:

‘I would like to ask you a few questions about your drug use history. Have you ever 
used any of the following substances?’

1. Drug historv

Substance

Have you ever used the following 
substances?

For how many 
years did you 
regularly use?

Dose 
when 
used reg

No. of 
days
used (30)

Never Not for 
6months

In past 6 
months

Years 
since used

MDMA
Alcohol
Tobacco
Cannabis
Amphetamines
(speed)
Benzodiazepines
Cocaine/crack
Ketamine
GHB (liquid E)
LSD/hallucinogens
Heroin/methadone
Other (specify)
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2. Use in a typical month

‘We want to look at your use of different substances in a typical month. Please 
imagine a month when your drug intake was what you would usually take i.e. not a 
‘heavy’ or ‘light’ month. By month I mean a period of about 30 days’.

Drug type Used in
typical
month?

No.of 
days used 
in typical 
month

Amount used 
on typical 
day/session

Length 
of use 
(years)

Days 
since last 
use (>21)

MDMA
Alcohol
Tobacco
Cannabis
Amphetamines
Benzodiazepines
Cocaine/crack
GHB (‘liquid E’)
Ketamine
LSD/hallucinogens
Heroin/methadone
Other (specify)

3(a). How often do you mix MDMA with other drugs?

Always
Often
Sometimes
Never

3(h). Which drugs do you mix MDMA with? (Rank 1= most often -> 5= least often)
1.......................................
2.......................................
 3.......................................
 4.......................................
 5.......................................
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4. Thinking of the times you have taken MDMA, what percentage would you say 
that you mixed MDMA with ANY OTHER drug (excluding alcohol or tobacco)?

5. Which drugs do you use to ‘chill out’ after taking MDMA?

6(a). Would you say that the positive effects of taking ecstasy increased, decreased 
or remained constant over time?

6(b). Would you say that the negative effects of taking ecstasy increased, decreased 
or remained constant over time?

6(c). Would you say that any physical effects of taking ecstasy increased, decreased 
or remained constant over time? By physical effects I mean things like inability to 
sleep, loss of appetite etc.

7. Have you ever experienced low-mood between ecstasy-taking sessions (e.g. mid
week if you usually take ecstasy on weekends)?

8. Do you think that this might be related to your use of ecstasy?

9. Have you ever had problems concentrating that might be related to your use of 
ecstasy?

10. Have you ever had treatment for a depressed episode or anxiety? (specify)

11. Do you take any prescription drugs such as Prozac/SSRI’s/Benzodiazepines? 
(specify)
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m Modified HAPS

Volunteer no : Date : Time: Occasion: 1 2  3

This questionnaire is designed to help us know how you are feeling now. Read each 
item and place a tick in the box opposite the reply which comes closest to how you 
have been feeling over the course of today.
Don’t take too long over your replies: your immediate reaction to each item will 
probably be more accurate than a long thought-out response.

Tick only one box in each section

I have felt tense or ‘wound up’:

Most of the time □
A lot of the time □
Time to time, Occasionally □
Not at all □

I have felt as if I am slowed down:

Nearly all the time 
Very often 
Sometimes 
Not at all

I have felt that I would enjoy things the 
same as usual:

Definitely as much 
Not quite so much 
Only a little 
Hardly at all

□
□
□
□

I got a sort of frightened feeling 
like ‘butterflies’ in my stomach:

Not at all 
Occasionally 
Quite often 
Very often

I have felt frightened as though something 
awful were about to happen:

Very definitely and quite badly □
Yes, but not too badly □
A little, but it doesn’t worry me □
Not at all □

I have lost interest in my 
appearance:

Definitely □
Yes, but not too badly □
A little, but it doesn’t worry me □
Not at all □
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1 can laugh and see the funny side of 
things :

I have felt restless:

As much as usual □ Very much indeed □
Not quite so much as usual □ Quite a lot □
Definitely not so much now □ Not very much □
Not at all □ Not at all □

Worrying thoughts have gone I have looked forward with
through my mind: enjoyment to things:

A great deal of the time □ As much as I ever do □
A lot of the time □ Rather less than I usually do □
From time to time □ Definitely less than usual □
Only occasionally □ Hardly at all □

I have felt cheerful: I got sudden feelings of panic:

Not at all □ Very often indeed □
Not often □ Quite often □
Sometimes □ Not very often □
Most of the tie □ Not at all □

I have felt able to sit at ease and I have been able to enjoy good
feel relaxed: books or videos:
Most of the time □ Very much indeed □
Sometimes □ Quite a lot □
Not often □ Not very much □
Not at all □ Not at all □
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iiO Impulsivitv self-rating scale (ISRS)

Volunteer no: Date: Time: Occasion: 1 2  3

Please rate your feelings as they are at the moment by putting a mark across each line.

I am in the sort of mood in which I...........

A m  happy to take 
m y tim e over things

w ant to get things 
done quickly

Find it difficult 
to concentrate

Tend to say 
w hatever com es 
into my head

find it easy 
to concentrate

take care to choose 
the right words

A m  easily 
caught o ff guard

anticipate w hat’s 
ahead

D on’t m ind waiting find waiting difficult

Can keep calm

N otice w hat’s 
happening 
around me

_  tend to get emotional

ignore w hat’s 
happening around me

Tend to be im patient 

A m in
complete control 
o f my actions

Take other 
people’s reactions 
into account

can be very patient

not totally in control 
o f  m y actions

tend not to 
consider other 
people’s reactions

Behave
spontaneously tend to be thoughtful

355



A m  easily 
distracted

T hink about 
the consequences 
o f  m y actions

can keep my 
attention on one thing

do things 
without thinking 
about the consequences

Feel restless feel relaxed

Tend to do things 
in  a slap dash way

tend to do things 
very accurately

A m
self-possessed am  easily ruffled

Can
think clearly

Have no particular 
desire for an 
alcoholic drink

can’t think straight

feel like I need an 
alcoholic drink

Tend to fidget keep still naturally

Unlikely 
to be reckless

could easily do 
something reckless
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iv) Mood rating scale (MRS)

Volunteer no : Date : Time: Occasion: 1 2  3

1. Please rate the way you feel in terms of the dimensions given below
2. Regard the line as representing the full range of each dimension
3. Rate your feelings as they are AT THE MOMENT
4. Mark clearly and perpendicularly across each line

ALERT

CALM

STRONG

M UZZY
W ELL-
COORDINATED _ 

LETHARGIC 

CONTENTED _ 

TROUBLED _ 

M ENTALLY SLOW  

TENSE 

A TTENTIVE 

INCOM PETENT 

H APPY 

ANTA G O NISTIC 

INTERESTED 

W ITHDRAW N

D ROW SY

EXCITED

FEEBLE

CLEAR-HEADED 

CLUM SY 

ENERGETIC 

DISCONTENTED 

TRANQUIL 

Q U IC K W ITTED  

RELAXED 

DREAM Y 

PROFICIENT 

SAD 

_ AM ICABLE 

BORED 

GREGARIOUS
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y) Anger rating scale (ARS)

Volunteer no : Date : Time: Occasion: 1 2  3

1. Please rate the way you feel in terms of the dimensions given below
2. Regard the line as representing the full range of each dimension
3. Rate your feelings as they are AT THE MOMENT
4. Mark clearly and perpendicularly across each line

ANGRY

AFFABLE

FURIOUS

SOCIABLE

AGGRESSIVE

BELLIGERENT

RESENTFUL

PATIENT

FRIENDLY

SPITEFUL

ANNOYED

PLEASED

REBELLIOUS

PEACEFUL

QUARRELSOM E

CALM

UNSOCIABLE

COOL-HEADED

RESTRAINED

TOLERANT

IM PA TIENT

H O STILE

BENEVOLENT

COM POSED

D ISGUSTED

COM PLIANT

358



vi) Bodily symptoms scale (BSS)

Volunteer no : Date : Time: Occasion: 1 2  3

1. Please rate the way you feel in terms of the dimensions given below
2. Regard the line as representing the full range of each dimension
3. Rate your feelings as they are AT THE MOMENT
4. Mark clearly and perpendicularly across each line

N o anxiety very severe anxiety

N o depression

No im pairm ent 
to m em ory

N o palpitations or 
heart beating fast

N o nausea 
or sickness

N o visual 
sensitivity

very severe depression

very severely 
im paired memory

very severe palpitations 
or heat beating fast

very severe nausea 
or sickness

very severe visual 
sensitivity

N o irritability

No loss o f  
appetite

N o muscular 
tension

very severe irritability

very severe loss 
o f  appetite

very severe 
m uscular tension

N o headache

N o loss o f 
concentration

N o shaking 
or trem bling

very severe headache

very severe
loss o f  concentration

very severe 
shaking or trem bling

No indecision very severe indecision
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vii) Telephone Interview (study 3)

1. How many years did you regularly take Ecstasy for?

2. Did you often take other drugs at the same time as you took Ecstasy? What
drugs were they?

3. When you used Ecstasy regularly, how many days in a typical month would you 
take it?

4. How much would you take on a typical session?

5. Do you take Ecstasy now?

6. When did you stop taking Ecstasy?

7. Why did you stop taking Ecstasy?

8. Why did you start taking Ecstasy?

9. Would you say the effects were the same the last time you took Ecstasy
compared to the first time that you took it?

10. What were the downsides of stopping it?

11. What were the benefits of stopping Ecstasy?

12. Did you have problems giving Ecstasy up?

13. Did you do anything to try to help you give it up?

14. If you ever started taking Ecstasy again, after you gave up, why did you start 
taking it again?

15. Have you ever had any treatment for depression, anxiety or any other mental 
health problems?
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APPENDIX III: Data tables from study 2
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Table 3.15. Mean scores (s.d.) on Buschke selective reminding tasks.

Total Pre-drink Post-drink
Depleted

group
(pre-drink)

Depleted
group

(post-drink)

Augmented
group

(pre-drink)

Augmented
group

(post-drink)
Trial 1 

(supraspan)

Current users 6.17(1.54) 6.16(1.90) 6.19(1.76) 6.00(1.79) 6.00(1.83) 6.31 (2.06) 6.38(1.75)

Ex-users 5.69 (1.38) 5.75 (1.63) 5.63 (1.96) 5.38 (1.36) 4.75(1.29) 6.13(1.82) 6.50(2.16)

Controls 6.38(1.79) 6.78 (2.21) 5.97 (2.33) 6.94 (2.24) 6.38 (1.78) 6.63 (2.25) 5.56 (2.78)

Trial 2

Current users 8.19(2.40) 8.38 (2.72) 8.00 (2.50) 8.31 (2.85) 8.13 (2.50) 8.44 (2.68) 7.88 (2.58)

Ex-users 7.59(1.76) 8.09 (1.77) 7.09 (2.23) 7.88 (1.54) 6.00 (2.16) 8.31 (1.99) 8.19(1.76)

Controls 9.05 (2.03) 8.97 (2.56) 9.13 (2.28) 9.50 (2.83) 9.44 (2.19) 8.44 (2.22) 8.81 (2.40)

Trial 3

Current users 9.19(2.97) 9.69 (3.40) 8.75 (3.29) 9.69 (3.40) 9.38 (2.90) 9.56 (3.46) 8.13 (3.63)

Ex-users 8.59 (2.34) 8.94 (2.92) 8.25 (2.68) 8.44 (2.50) 8.13 (2.58) 9.44 (3.29) 8.38 (2.85)

Controls 10.66 (2.19) 10.59 (2.59) 10.72 (2.36) 10.69 (2.47) 10.56 (2.03) 10.50(2.78) 10.88 (2.70)
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Table 3.15. Mean scores (s.d.) on Buschke selective reminding tasks (contd.)

Total Pre-drink Post-drink
Depleted

group
(pre-drink)

Depleted
group

(post-drink)

Augmented
Group

(pre-drink)

Augmented
Group

(post-drink)
Long-term

Recall

Current users 2.17(1.81) 2.25 (1.93) 2.09 (2.37) 2.63 (2.09) 1.94 (2.29) 1.88 (1.75) 2.25 (2.52)

Ex-users 0.70 (1.34) 1.97(1.66) 1.44(1.70) 1.88 (1.45) 1.19(1.42) 2.06 (1.88) 1.69(1.96)

Controls
Delayed
Recall

3.08 (1.75) 3.31 (2.48) 2.84(1.89) 3.63 (2.66) 2.75 (1.57) 3.00 (2.34) 2.94 (2.21)

Current users 5.84(2.81) 7.31 (3.03) 4.38 (3.09) 6.88 (3.05) 4.19(2.90) 7.75 (3.04) 4.56 (3.35)

Ex-users 4.75 (2.63) 5.69 (2.65) 3.81 (3.33) 5.56 (2.39) 3.81 (4.02) 5.81 (2.95) 3.81 (2.59)

Controls
Intrusion

Errors

6.56 (2.73) 7.91 (3.06) 5.22 (2.97) 7.75 (2.65) 4.25 (2.21) 8.06 (3.51) 6.19(3.37)

Current users 1.08 (0.86) 0.88 (1.07) 1.28 (1.37) 0.69 (0.95) 1.50(1.37) 1.06(1.18) 1.06(1.39)

Ex-users 1.03 (0.82) 0.72(1.02) 1.34(1.18) 0.50 (0.73) 1.56(1.41) 0.94(1.24) 1.13(0.89)

Controls 0.80 (0.76) 0.47 (0.80) 1.13(1.21) 0.56 (0.89) 1.19(1.05) 0.38 (0.72) 1.06(1.39)
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Table 3.15. Mean scores (s.d.) on Buschke selective reminding tasks (contd.)

Total Pre-drink Post-drink
Depleted

group
(pre-drink)

Depleted
group

(post-drink)

Augmented
Group

(pre-drink)

Augmented
Group

(post-drink)
Short-term

Recall

Current users 6.00(1.98) 5.97 (2.12) 6.03 (2.58) 6.06(1.84) 6.19(2.56) 5.88 (2.42) 5.88 (2.68)

Ex-users 6.00(1.60) 6.25 (2.05) 5.75 (2.26) 6.13(1.93) 5.13(1.78) 6.38 (2.22) 6.38 (2.55)

Controls 5.09(1.71) 4.66 (2.04) 5.53 (2.09) 5.00 (2.28) 5.69(1.82) 4.31 (1.78) 5.38 (2.39)

Sum

Current users 23.55 (6.35) 24.16(7.34) 22.94 (6.84) 24.00 (7.02) 23.50 (6.63) 24.31 (7.34) 22.38 (7.22)

Ex-users 21.88(4.83) 22.78 (5.40) 20.97 (5.98) 21.69(4.69) 18.88 (5.21) 23.88 (5.99) 23.06 (6.12)

Controls 26.08 (5.45) 26.34 (6.40) 25.81 (5.74) 27.13(6.41) 26.38 (4.44) 25.56 (6.51) 25.25 (6.90)
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Table 3.16. Mean completion times and scores (s.d.) on single and double-digit cancellation and serial 7’s

Total Pre-drink Post-drink
Depleted

group
(pre-drink)

Depleted
group

(post-drink)

Augmented
group

(pre-drink)

Augmented
group

(post-drink)
Single digit cancellation 

(completion time)
Current users 58.82(13.36) 58.39 (14.12) 59.25 (13.45) 58.68 (13.30) 60.61 (13.39) 58.11 (15.32) 57.89 (13.80)

Ex-users 65.81 (14.16) 64.79 (14.90) 66.83 (15.10) 66.52 (16.61) 67.13 (14.97) 63.06 (13.29) 66.54(15.72)

Controls 59.45 (17.15) 61.08 (21.22) 57.83 (14.09) 59.76(15.95) 57.17(11.19) 62.40 (25.94) 58.49 (16.86)

Double digit cancellation 
(completion time)

Current users 82.26 (19.42) 81.33 (18.09) 83.19(21.47) 86.74 (20.76) 88.13 (24.20) 75.93 (13.54) 78.25 (17.75)

Ex-users 93.79 (24.26) 93.61 (25.72) 93.97 (24.43) 100.79(31.18) 98.31 (28.78) 86.44 (16.89) 89.64 (19.12)

Controls 83.26 (22.87) 86.25 (27.39) 80.27 (19.26) 86.91 (25.34) 81.33 (17.79) 85.59 (30.13) 79.20 (21.16)

Serial 7’s 
(score)

Current users 29.56(14.18) 28.53 (13.94) 30.59(13.84) 30.31 (14.96) 32.81 (15.72) 26.75 (13.08) 28.38 (13.84)

Ex-users 21.58(9.24) 20.53 (9.88) 22.63 (9.02) 19.44(10.19) 20.81 (9.92) 21.63 (9.76) 24.44 (7.92)

Controls 28.41 (11.72) 27.69(11.74) 29.13 (12.03) 27.69 (11.89) 28.50 (12.03) 27.69 (11.97) 29.75 (12.40)
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Table 3.17. Mean scores (s.d.) on semantic and phonemic verbal fluency.

Total Pre-drink Post-drink
Depleted

group
(pre-drink)

Depleted
group

(post-drink)

Augmented
group

(pre-drink)

Augmented
group

(post-drink)
Verbal fluency 

semantic
Current users 15.88(4.56) 16.56 (5.09) 15.19(5.20) 18.19(4.05) 16.63 (5.88) 14.94 (5.60) 13.75 (4.11)

Ex-users 15.61 (3.80) 15.41 (4.37) 15.81 (4.63) 14.38 (4.62) 15.75 (4.52) 16.44 (3.98) 15.88 (4.88)

Controls 15.66(4.18) 15.09 (4.91) 16.22 (4.92) 16.56 (4.90) 17.31 (3.50) 13.63 (4.62) 15.13(5.94)

Verbal fluency 
phonemic

Current users 16.16(5.31) 15.13(5.24) 17.19(6.26) 14.81 (4.64) 18.19(5.67) 15.44 (5.92) 16.19(6.83)

Ex-users 16.91 (5.64) 16.50 (5.74) 17.31 (6.41) 15.69 (5.35) 16.13 (6.87) 17.31 (6.17) 18.50 (5.90)

Controls 18.31 (6.39) 17.16(7.53) 19.47 (6.43) 19.38 (7.68) 21.69 (6.78) 14.94 (6.90) 17.25 (5.39)
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Table 3.18. Mean scores/reaction times (s.d.) for RVEP and STROOP tasks.

Total Pre-drink Post-drink
Depleted group 

(pre-drink)
Depleted group 

(post-drink)
Augmented

group
(pre-drink)

Augmented
group

(post-drink)
RVIP+tone 
No. hits /40
Current users 18.92 (6.89) 17.90 (7.92) 19.93 (6.75) 18.73 (7.99) 20.47 (6.69) 17.07 (8.04) 19.40 (7.00)

Ex-Users 14.31 (5.42) 14.50 (5.67) 14.11 (5.39) 15.00 (4.00) 14.07 (4.38) 14.00 (7.08) 14.14(6.42)

Controls 18.33 (5.06) 16.92 (5.28) 19.73 (6.36) 16.36 (5.67) 20.00 (7.75) 17.58(4.96) 19.42 (4.56)

RVIP+tone 
Reaction time
Current users 569.50(96.31) 579.17(113.42) 559.94(102.89) 586.03(119.80) 567.77(113.85) 572.31(110.43) 552.11(93.99)

Ex-Users 603.15(123.93) 630.60(163.02) 576.19(117.74) 611.08(133.71) 559.42 (91.24) 651.63(193.11) 594.24(142.62)

Controls 580.71 (94.71) 590.77(126.68) 570.65(125.45) 595.00 (95.02) 548.48 (65.32) 585.82(92.12) 596.52(171.37)

RVIP(10 min) 
No. hits /SO

Current users 33.04(6.28) 32.85(7.71) 33.23(7.07) 32.69(8.23) 36.23(7.25) 33.00(7.48) 30.23(5.66)

Ex-Users 27.37(7.88) 26.07(8.65) 28.67(8.64) 27.87(6.57) 30.40(5.80) 23.83(10.59 26.50(11.16)

Controls 30.95(6.09) 30.59(8.17) 31.31(5.66) 30.71(8.35) 33.07(4.92) 30.47(8.29) 29.67(5.97)
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Table 3.18. Mean scores/reaction times (s.d.) for RVIP and STROOP tasks (contd).

Total Pre-drink Post-drink
Depleted

group
(pre-drink)

Depleted
group

(post-drink)

Augmented
group

(pre-drink)

Augmented
group

(post-drink)
RVIP (10 min) 
Reaction time
Current users 514.00 (84.72) 525.01(92.21) 502.99 (73.70) 542.64(103.53) 520.34 (93.31) 507.39 (79.53) 485.64 (44.23)

Ex-Users 567.92(108.72) 578.20(109.17) 557.64(108.94) 557.89 (62.77) 526.11 (64.92) 603.58(147.95) 597.05(140.14)

Controls 552.48 (97.24) 562.00(117.98) 542.96 (81.30) 536.66 (63.51) 529.06 (78.68) 585.65(151.18) 555.93 (84.25)

STROOP
(incongruent)
Current users 749.59 (131.67) 794.43 (162.25) 704.75 (130.48) 783.51 (173.22) 703.47 (169.64) 805.35 (156.77) 706.03 (81.76)

Ex-users 834.25 (222.31) 863.57 (218.80) 804.93 (238.21) 827.16(191.20) 751.49 (143.24) 902.58 (246.11) 862.20 (305.45)

Controls 759.19(160.31) 800.64 (203.94) 717.74 (126.91) 770.00 (153.24) 704.67 (116.06) 827.44 (241.70) 729.18(138.44)

STROOP
(congruent)
Current users 670.31 (96.38) 700.82 (120.46) 639.80 (99.83) 705.65 (121.76) 668.48 (121.60) 695.98 (123.91) 611.12(64.76)

Ex-users 771.10(187.88) 814.07 (184.71) 728.14(217.23) 769.43 (184.94) 669.33 (144.06) 861.89 (178.58) 791.14(266.51)

Controls 700.78 (160.51) 754.00 (205.44) 647.56 (129.40) 740.41 (189.95) 641.98 (129.14) 765.89 (223.61) 652.44(133.65)
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Table 3.19. Mean modified BDI scores and mean STAI scores (s.d.)

Total Pre-drink Post-drink
Depleted

group
(pre-drink)

Depleted
group

(post-drink)

Augmented
group

(pre-drink)

Augmented
group

(post-drink)
Modified BDI

Current users 3.00 (2.99) 3.25 (3.42) 2.75 (2.84) 2.94 (3.49) 2.56 (3.29) 3.56 (3.42) 2.94 (2.41)

Ex-users 4.63 (4.66) 4.91 (5.34) 4.34 (4.27) 4.69 (3.79) 3.81 (3.31) 5.13(6.67) 4.88 (5.11)

Controls 3.11 (3.46) 3.06 (3.63) 3.16(3.49) 3.44 (4.00) 3.88 (3.84) 2.69 (3.30) 2.44 (3.05)

STAI

Current users 33.42 (7.54) 34.00 (8.98) 32.84 (8.21) 32.00 (8.19) 32.00 (8.44) 36.00 (9.54) 33.69 (8.15)

Ex-users 33.59 (8.09) 34.31 (9.22) 32.88 (8.50) 35.13 (9.79) 32.31 (8.69) 33.50 (8.85) 33.44 (8.55)

Controls 33.83 (7.82) 33.16(8.56) 34.50 (8.20) 33.94 (8.96) 35.13 (7.97) 32.38 (8.36) 33.88 (8.64)
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Table 3.20. Mean subjective ratings (s.d.) on the MRS mood scale.

Total Pre-drink Post-drink
Depleted

group
(pre-drink)

Depleted
group

(post-drink)

Augmented
group

(pre-drink)

Augmented
group

(post-drink)
Mood factor 1 

(alertness)
Current users 40.39 (16.23) 39.35 (19.62) 41.43 (16.47) 40.48 (19.64) 42.71 (19.00) 38.22 (20.17) 40.15(14.00)

Ex-users 39.24(13.47) 36.22 (15.92) 43.09 (15.59) 36.22 (15.92) 41.90(15.94) 34.56(18.98) 44.29 (15.66)

Controls 42.91 (13.92) 41.29 (15.37) 44.52 (16.25) 41.65 (17.47) 46.48 (16.40) 40.94 (13.52) 42.57 (16.40)

Mood factor 2 
(contentedness)

Current users 32.14(12.95) 33.39 (16.68) 30.89 (13.08) 33.10(14.46) 30.40 (11.88) 33.69 (18.33) 31.39 (14.56)

Ex-users 30.20 (13.39) 29.64(15.65) 30.76(14.14) 30.06 (17.42) 28.44 (14.27) 29.23 (14.22) 33.08 (14.08)

Controls 30.78 (10.69) 30.03 (12.11) 31.54(12.72) 30.85 (12.71) 30.49(11.70) 29.20(11.84) 32.59 (13.98)

Mood factor 3 
(calmness)

Current users 28.54(10.98) 30.33 (13.65) 27.34 (16.21) 32.28 (13.85) 28.41 (16.29) 28.38 (13.60) 26.28 (16.60)

Ex-users 29.88 (13.92) 33.16(15.96) 26.61 (15.94) 29.13(11.18) 22.69(14.51) 37.19(19.14) 30.53 (16.78)

Controls 27.48(12.12) 29.00(15.51) 25.97 (12.99) 28.63 (14.98) 25.50(10.61) 29.38 (16.50) 26.44(15.36)
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Table 3.21. Mean subjective ratings (s.d.) for anger, impulsivity and self-esteem.

Total Pre-drink Post-drink
Depleted
Group

(pre-drink)

Depleted
Group

(post-drink)

Augmented
group

(pre-drink)

Augmented
group

(post-drink)
Anger

Current users 26.76 (14.37) 26.94(16.71) 26.59 (14.96) 25.59 (16.97) 26.17 (15.05) 28.29 (16.93) 27.00 (15.39)

Ex-users 23.53 (11.81) 24.39 (13.65) 22.66 (12.59) 26.78 (12.56) 22.83 (12.14) 22.00 (14.67) 22.49 (13.43)

Controls 25.50 (11.07) 23.05 (11.18) 27.95 (13.49) 22.58 (13.94) 25.38 (11.98) 23.47 (8.45) 30.32 (14.82)

Impulsivity

Current users 36.09(13.15) 36.04 (14.48) 36.13 (13.96) 33.93 (11.13) 33.46 (14.69) 38.17(17.31) 38.80(13.10)

Ex-users 36.94 (14.00) 38.42(15.51) 35.46 (13.85) 36.10(18.74) 32.42 (14.37) 40.73 (11.70) 38.50 (13.12)

Controls 34.40(10.30) 31.80(10.79) 37.01 (13.15) 32.35 (12.80) 37.98 (11.92) 31.25 (8.74) 36.04 (14.60)

Self-esteem

Current users 80.77 (8.96) 80.25 (8.82) 81.28 (9.41) 79.63 (9.86) 81.06(10.35) 80.88 (7.93) 81.50 (8.69)

Ex-users 74.44(13.31) 73.06 (14.38) 75.81 (12.72) 73.31 (15.43) 76.56 (12.62) 72.81 (13.75) 75.06 (13.18)

Controls 79.19(9.46) 79.00 (9.67) 79.38 (9.82) 77.31 (11.73) 77.56 (11.67) 80.69 (7.03) 81.19(7.50)
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Table 3.22. Mean subjective ratings (s.d.) on mood and bodily symptoms scale.

Total Pre-drink Post-drink
Depleted

group
(pre-drink)

Depleted
group

(post-drink)

Augmented
group

(pre-drink)

Augmented
group

(post-drink)
Visual

Sensitivity
Current users 19.56(16.50) 16.91 (15.48) 22.22 (23.25) 14.13(15.18) 12.00 (16.04) 19.69 (15.75) 32.44 (25.23)

Ex-users 22.20(21.09) 24.19(26.01) 20.22 (21.73) 22.56 (24.88) 23.81 (19.57) 25.81 (27.82) 16.63 (23.78)

Controls 17.31 (18.61) 17.13 (20.07) 17.50 (19.83) 18.31 (21.44) 17.13 (20.47) 15.94(19.23) 17.88 (19.82)

Impaired
Memory

Current users 31.50(22.60) 32.47 (25.51) 30.53 (23.56) 29.75 (25.98) 23.25 (20.06) 35.19(25.59) 37.81 (25.13)

Ex-users 36.00 (21.87) 41.38 (29.63) 30.63 (21.47) 53.44 (30.87) 32.13 (21.46) 29.31 (23.48) 29.13 (22.08)

Controls 30.06 (20.11) 33.41 (23.72) 26.72 (22.39) 28.56 (20.37) 26.94 (21.63) 38.25 (26.42) 26.50 (23.84)

Nausea

Current users 20.72(18.31) 14,44(17.18) 27.00 (26.15) 8.88 (11.22) 18.63 (22.88) 20.00 (20.45) 35.38 (27.20)

Ex-users 17.36 (15.58) 7.59 (10.72) 27.13 (27.13) 6.38(10.12) 20.00 (20.03) 8.81 (11.50) 34.25 (31.80)

Controls 15.47(14.38) 9.88 (13.64) 21.06 (23.20) 5.94 (7.22) 16.88 (21.51) 13.81 (17.30) 25.25 (24.74)
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Table 3.22. Mean subjective ratings (s.d.) on mood and bodily symptoms scale (contd.)

Total Pre-drink Post-drink
Depleted

group
(pre-drink)

Depleted
group

(post-drink)

Augmented
group

(pre-drink)

Augmented
group

(post-drink)
Depression

Current users 19.67(17.41) 21.09 (19.22) 18.25 (17.62) 17.75(19.08) 13.75 (18.14) 24.44 (19.38) 22.75 (16.42)

Ex-users 18.64(15.56) 23.41 (25.32) 13.88 (14.99) 26.81 (26.94) 13.75 (14.62) 20.00 (23.98) 14.00(15.82)

Controls 18.97(19.73) 19.47 (19.62) 18.47 (22.92) 19.19(21.04) 21.81 (27.98) 19.75 (18.78) 15.13(16.70)

Irritability

Current users 24.13 (18.33) 25.44 (22.79) 22.81 (19.30) 22.31 (20.25) 21.19(20.71) 28.56 (25.35) 24.44(18.31)

Ex-users 19.42 (14.90) 21.09(21.36) 17.75 (19.76) 15.94(18.65) 13.06 (12.78) 26.25 (23.19) 22.44 (24.42)

Controls 18.48 (17.26) 16.22 (17.48) 20.75 (22.44) 15.06 (18.76) 15.31 (17.74) 17.38 (16.63) 26.19(25.75)

Headache

Current users 20.61 (21.59) 26.16 (22.60) 31.44 (22.71) 17.75 (27.98) 23.56 (31.13) 14.00(16.01) 27.13 (24.54)

Ex-users 19.59 (19.88) 14.44(18.35) 24.75 (27.21) 11.81 (17.86) 17.63 (24.61) 17.06 (19.03) 31.88 (28.56)

Controls 16.38 (14.38) 10.31 (15.70) 22.44 (24.24) 9.50(15.80) 29.81 (24.37) 11.13(16.07) 15.06 (22.45)

373



Table 3.22. Mean subjective ratings (s.d.) on mood and bodily symptoms scale (contd.)

Total Pre-drink Post-drink
Depleted

group
(pre-drink)

Depleted
group

(post-drink)

Augmented
group

(pre-drink)

Augmented
group

(post-drink)
Shaking

Current users 21.16(20.95) 22.22 (22.72) 20.09(23.17) 18.63 (21.42) 15.75 (17.07) 25.81 (24.09) 24.44 (27.90)

Ex-users 11.27(14.37) 8.63 (12.43) 13.91 (20.24) 3.63 (4.57) 10.88 (14.35) 13.63 (15.65) 16.94 (24.93)

Controls 15.50 (16.50) 11.47 (16.72) 19.53 (20.88) 9.50(10.60) 18.38(21.46) 13.44(21.38) 20.69 (20.92)

Anxiety

Current users 23.34(18.37) 23.81 (19,91) 22.88 (21.76) 22.63 (17.98) 21.75 (22.33) 25.00 (22.20) 24.00 (21.85)

Ex-users 26.33 (18.12) 30.09 (22.21) 22.56 (21.71) 27.31 (23.63) 16.81 (15.61) 32.88 (21.08) 28.31 (25.69)

Controls 21.27 (18.05) 23.53 (21.94) 19.00 (19.84) 26.38 (25.56) 19.75 (19.82) 20.69 (18.00) 18.25 (20.49)

Loss of 
Concentration
Current users 28.80 (19.32) 26.16 (22.60) 31.44 (22.71) 21.50 (20.06) 27.19(19.98) 30.81 (24.64) 35.69 (25.05)

Ex-users 32.05 (18.21) 29.38 (22.62) 34.72 (22.36) 30.19(23.58) 31.00 (19.76) 28.56 (22.36) 38.44 (24.76)

Controls 26.39 (17.07) 23.94 (22.72) 28.84 (21.65) 19.44 (19.79) 28.76 (20.83) 28.44 (25.14) 28.94 (23.11)
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Table 3.22. Mean subjective ratings (s.d,) on mood and bodily symptoms scale (contd.)

Total Pre-drink Post-drink
Depleted

group
(pre-drink)

Depleted
group

(post-drink)

Augmented
group

(pre-drink)

Augmented
group

(post-drink)
Muscular

tension
Current users 22.14(17.51) 22.09 (20.17) 22.19(21.00) 21.94(19.43) 17.88(18.61) 22.25 (21.52) 26.50 (22.92)

Ex-users 18.98(15.72) 22.06 (24.69) 15.91 (15.71) 23.89 (27.19) 19.19(16.93) 20.25 (22.67) 12.63 (14.16)

Controls 16.02(15.05) 17.66(19.13) 14.38 (16.34) 16.25 (23.21) 15.88(19.45) 19.06 (14.59) 12.88 (13.00)

Indecision

Current users 30.11 (19.79) 26.03 (20.45) 34.19(21.73) 22.50 (17.78) 30.63 (16.82) 29.56 (22.84) 37.75 (25.81)

Ex-users 27.02 (18.15) 27.88 (24.94) 26.16(19.06) 22.69 (27.33) 21.56 (16.78) 33.06 (21.90) 30.75 (20.59)

Controls 26.69(18.20) 25.34 (21.74) 28.03 (23.48) 23.19(20.19) 28.63 (24.28) 27.50 (23.65) 27.44 (23.43)
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