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Abstract 

Rationale - MDMA is currently an illegally abused recreational drug. Non-human animal studies demonstrate 

that MDMA causes non-repairable damage to serotonergic neurons. As the acute behavioural effects of 
MDMA are similar between non-human animals and humans, it is plausible to suggest that the neurotoxic 
effects of MDMA will be the same in each group. Results from previous human research investigating the 

psychobiological effects of MDMA have been inconsistent. They have relied on limited sample sizes and lack 

adequate control groups. The overall aim of the present study was to examine behaviours associated with 5- 
HT including: sleep, depression, impulsivity, memory, and executive functioning. The study investigated 5- 

HT related behaviours comparing past and present polydrug MDMA users whilst controlling for other 

recreational drugs. 

Method - The study involved a total of 1399 participants split across 6 groups: non-drug control; 

nicotine/alcohol control; nicotine/alcohol/cannabis control; non-MDMA polydrug control; current MDMA 

polydrug and past MDMA polydrug. Participants were required to complete the following: demographic and 
drug history questionnaire, Becks Depression Inventory (Version II), Pittsburgh Sleep Scale, Barraft 

Impulsivity Questionnaire, Wechsler Memory Test (Revised), Wisconsin Card Sorting Test, and the Tower of 
London Test. 

Results - The study found that past and present MDMA users suffer from specific deficits in measures of 
depression (cognitive-affective subscale), sleep, impulsivity (attention and motor subscales) and memory 
(verbal, visual, delayed). Past and present MDMA users displayed problems in selected executive functions: 

planning; solution time; and number of errors. Interestingly, statistical regression analysis predicted that these 
deficits in executive functioning may be due to MDMA, (1) directly affecting other psychological processes: 

memory, impulsivity, and sleep, which indirectly affects performance on executive functions; or, (2) MDMA 

directly disrupts executive functions: planning, solution time, and number of errors. 

Discussion - The present study is the first and largest study to date to suggest that MDMA causes acute and 
long lasting changes to specific psychological functioning: depression, sleep, impulsivity, memory, and 
executive functioning; without recovery even after 5 years of abstinence. Future studies need to control for 

mood, sleep disturbance, memory deficits, and elevated impulsivity when investigating disruptions to 

executive functions in past and present polydrug MDMA users. 
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Chapter 1- General Introduction 

1.1 Timeline of the thesis 

The hypothesis and methodology of this thesis were formulated during the period 2000 - 2001. During this 

time, non-human animal research had indicated +/- 3,4-methylenedioxyamethamphetamine (MDMA, ecstasy) 

was a specific neurotoxin to serotonin (5-HT, 5-Hydroxytryptamine). From the mid-1980's, human research 
had indicated that the frequent use of MDMA and other recreational drugs resulted in short-term 

psychological deficits (memory, executive functioning, depression, sleep, and impulsivity). During the period 

of research up to 2007, these studies were heavily criticised for biased samples from frequent drug users and 

lack of control of other recreational drugs. In addition, the studies reported conflicting results. From the mid 
1980s to 2011 there have been no single investigation focussing on the long lasting consequences of MDMA, 

as the majority of MDMA users were young and it was rare to find people whom had abstained from MDMA. 

Collection and analysis of the data for the presented thesis was during the period 2002-2007 and the thesis 

written during the years 2010 and 2011. 

1.2 The history and popularity of MDMA 

The research interest in MDMA has increased over the past 30 years, as has its popularity as a recreational 
drug. The history of MDMA clearly demonstrates it is a global recreational drug of abuse. 

The history of the compound MDMA commenced in 1912, initially discovered by the German pharmaceutical 

company Merck as a blood-clotting agent (Green et al. 1995; Haddad et al. 2002; Green et al. 2003; Gudelsky 

et al. 2003). Merck performed animal experiments using MDMA in 1927. The results from these studies 

suggested MDMA was similar to adrenaline. At this stage there was no evidence indicating the psychoactive 

properties of MDMA. It remained dormant until the period 1953-1954, when the US army conducted studies 

on non-human animals. The findings for these studies were never fully revealed, being documented as 
`sensitive'. In 1959, Merck investigated MDMA's pharmacological effects and tested its properties as a 
`stimulant'. 

In 1972, police in Chicago seized MDMA, suggesting that the use and distribution of MDMA as a recreational 
drug was commencing. The very first publication concerning MDMA and its psychotropic effects on humans 

was in 1978 by Shulgin and Nichols, where they described the effects of MDMA. Explaining it was neither a 
full stimulant nor psychedelic. Their publication cited it as a new drug with novel behavioural effects. 
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MDMA soon became a therapeutic drug during early 1970s. Word spread that MDMA was a drug that 

enhanced communication during clinical sessions, allowing patients to reduce their psychological defences 

and increase their ability for introspection (Green et al. 1995; Haddad et al. 2002; Green et at. 2003; Gudelsky 

et al. 2003). During the next 10 years, there was a surge in the distribution and popularity of MDMA across 

the Dallas area, which soon spread to the rest of the USA and to Europe. A few therapists used the drug for 

therapeutic purposes until it became illegal. During the mid-1980s, a legal battle began concerning the 

classification of MDMA and its potential harmful effects within the USA. Many doctors, scientists and 
therapists argued MDMA was a `safe' drug under medical supervision. They argued it had low potential for 

addiction. Following a 5-year legal battle on 23d March 1988, MDMA became a class I illegal recreational 
drug within the USA due to its health concerns (Green et at. 1995; Haddad et al. 2002; Green et at. 2003; 

Gudelsky et al. 2003). In the United Kingdom, MDMA became a `class A' scheduled drug under the Misuse 

of Drugs Act (1971) and it was illegal from 1977. 

Worldwide, the possession, manufacture and sale of MDMA is prohibited and can result in prosecution. To 

date there is still support for the reclassification of MDMA (Curran, 2000; Parrot, 2000; Parrot, 2001; Back- 

Madrugs et al. 2003; Morton, 2005; Nutt et al. 2010). One publicised debate concerning the reclassification of 
MDMA in the UK was by Nutt, who argued for the downgrading of MDMA (Nutt et al. 2010). He argued the 

current `class A' classification of MDMA did not reflect scientific evidence. Nutt argued that the most 

powerful and damaging drugs were those that were pleasurable, he debated this did not include MDMA. Nutt 

noted that MDMA was the least pleasurable illegal drug. Nutt states that MDMA is less toxic in overdose than 

alcohol. Nutt argues that only a small percentage (15%) of MDMA users inject the drug, which would result 
in more severe and intense consequences (Nutt et at. 2010). Thus, still today there remains debate concerning 

the addictive properties and health risks of MDMA (Curran, 2000; Parrot, 2000; Parrot, 2001; Back-Madrugs 

et al. 2003; Morton, 2005). Robust research such as this study is required in order to identify the long lasting 

consequences of using MDMA. 

Irrespective of its illegalisation, MDMA became a popular recreational drug of abuse across the world 
(Curran, 2000; Parrot, 2000; Parrot, 2001; Back-Madrugs et al. 2003; Morton, 2005). MDMA first became a 

recreational drug of abuse during the early 1970s; however, its popularity remained limited. During the 1980s, 

MDMA became known as `Adam'. It became popular in nightclubs within the Dallas area, quickly spreading 
to the UK and the rest of the world. It was associated with the `gay scene' and popular in clubs across major 
cities of the world. MDMA was a common drug of abuse amongst 15-35 year olds (Aldridge et al. 1998; 
Green et al. 1995; Morgan, 2000; Curran, 2000; Landry, 2002; Back-Madruga, 2003; Morton, 2005) and 
associated with the rave and dance scene as well as electronic music genres (Green et al. 1995; Morgan, 2000; 
Curran, 2000; Parrot et al. 2000, Landry, 2002; Back-Madruga, 2003; Morton, 2005; Aldridge et al. 2008). 
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In a survey of British University students, 13% stated they had taken MDMA at least once in their life, whilst 
3% stated that they had used it regularly (Parrot, 2000). This recreational use of MDMA seems to be 

continually increasing in every Westernised country with female use increasing (Parrott et al. 1998, Parrot, 

2000; Pope et al. 2001). UK statistics report a lifetime prevalence of 2% for the general population in 1994 

(Griffiths et al. 2008). In a UK survey of 15-16 year olds, 9.2% of boys and 7.3% of girls reported taking 

MDMA (Griffiths et al. 2008). Saunders estimated that at least half a million MDMA tablets each weekend 
during the 90s in the UK alone were consumed (Saunders, 1995). A report suggested that MDMA within the 

UK had risen by 100% within the period 1998-2003, increasing by 70% worldwide during this time interval 

(Office on drugs and Crime, 2003). The United Nations (2003,2008) report stated that the recreational use of 
MDMA was widespread, and had continually increased over the last decade. 

These figures indicate that MDMA was a popular recreational drug of abuse for all ages, genders, and its use 

was worldwide during the period 2000-2007. 

1.3 The pharmacokinetics, neuropharmacology, neuroanatomy and behavioural effects of MDMA 

Before considering the psychological and behavioural effects of MDMA, it is necessary to explain the 

chemical structure of MDMA, how it works within the brain and the neuroanatomical areas it targets. 

1.3.1 Synthesis of MDMA 

In 2011, the availability and supply of MDMA worldwide is being limited; due to the lack of safrole, a 

substance used in the manufacture of MDMA. The oils of several plants are synthesised in order to produce 
MDMA. These plants include: nutmeg, sassafras, saffron, dill, parsley seed, crocus, vanilla beans, and 

calamus. The synthesis of MDMA involves four procedures (Green et al. 1995; Haddad et al. 2002; Green et 

al. 2003; Gudelsky et al. 2003). This suggests that future MDMA abuse might be limited due to the over 
harvesting of safrole in Southeast Asia (European monitoring centre for Drugs and Drug Addiction, 2008). 

Even if MDMA is no longer a future recreational drug, there are still a large number of individuals exposed to 

MDMA during the period up to 2010. These individuals may suffer from potential consequences. Hence, the 
importance and need for investigating the long lasting consequences of MDMA. 

1.3.2 Chemical structure of MDMA 

MDMA is a unique drug with similarities and differences to other psychedelics. MDMA is an amphetamine 
derivative (Green et al. 1995; Haddad et al. 2002; Green et al. 2003; Gudelsky et al. 2003) and is chemically 

similar to amphetamine. It is similar to other hallucinogenic chemicals, such as mescaline (Green et al. 1995; 
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Haddad et at. 2002; Green et al. 2003; Gudelsky et al. 2003). Even though MDMA is similar in chemical 

structure to amphetamine, it is not a potent stimulant like amphetamine. It is chemically different from 

amphetamine and other hallucinogenic compounds; as MDMA has a secondary amine. Subsitution of the 

basic nitrogen is with N-methyl (Green et al. 1995; Haddad et al. 2002; Green et al. 2003; Gudelsky et al. 
2003; De la Tone et al. 2004). MDMA is the N-methylated form of 3,4-methylenedioxyamphetamine (MDA). 

This added N-methyl group hinders the psychedelic actions of MDMA; making it less hallucinogenic than 

MDA. The N-methyl group increases the affinity of MDMA to dopamine/serotonin (DA/5-HT) transporters 

(Green et al. 1995). This affinity to DA and 5-HT transporters is important for the possible role of MDMA 

induced long lasting psychological consequences. 

1.3.3 Pharmacokinetics of MDMA 

As MDMA is illegal, the purity of MDMA is largely unknown to the user. In its purest form MDMA is a 

white crystalline powder with a musty odour (Green et al. 1995; Haddad et al. 2002; Green et al. 2003; 

Gudelsky et al. 2003; Cole et al. 2002; De la Torre et al. 2004). MDMA is normally consumed orally; in the 

form of pills and tablets (Green et al. 1995; Cole et at. 2002; Haddad et al. 2002; Landry, 2002; Green et al. 
2003; Gudelsky et al. 2003; Back-Madruga, 2003). MDMA is mixed with other chemicals including: 

amphetamine, methamphetamine, ephedrine, and caffeine (European monitoring centre for Drugs and Drug 

Addiction, 2008). The typical UK dose of MDMA, in one tablet, is 75-80mg although it can range from 50 to 

250 mg per tablet (Green et al. 1995; Haddad et al. 2002; Cole et al. 2002, Green et al. 2003; Gudelsky et al. 

2003; Back-Madruga, 2003; European monitoring centre for Drugs and Drug Addiction, 2008). Onset of 

action is within 30 minutes after administration; with peak serum levels after 1 to 3 hours and the elimination 

half-life is 7 hours (Green et al. 1995; Haddad et al. 2002; Green et al. 2003; Gudelsky et al. 2003; De la Torre 

et al. 2004). These figures can vary amongst individual users and dosage (Landry, 2002). Once swallowed, 
MDMA reaches the stomach, where it is absorbed into the blood stream. Approximately, 20% of the dose of 

MDMA will actually reach the brain, where it will exert its psychedelic effects. The kidneys will eliminate 

around 60% of MDMA via urine. A further 7% will be metabolised into MDE (Green et al. 2004). MDE can 
have neurotoxic effects, adding to the possible neurotoxic effects of MDMA (Green et al. 2003; 2004). The 

varying amount of MDMA found in tablets makes this type of research rather problematic in terms of 

quantifying lifetime exposure and consumption. 

1.3.4 Neuropharmacology of MDMA 

The neurotoxicity of MDMA occurs within the CNS, thus it is necessary to explain the actions of MDMA 

within the CNS. 
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Immediately after MDMA reaches the CNS it is absorbed into the 5-HT neurons (De la Torre et al. 2004). 

MDMA is able to do this as it has a greater affinity with the reuptake transporters (SERT) than 5-HT, 

resulting in MDMA being able to enter the axon terminal before 5-HT. 

Normal neuronal activity involves the synthesis of 5-HT and its storage in neuronal vesicles. Following 

neuronal stimulation by an action potential, the presynaptic neuron releases into the synaptic cleft, the stored 
5-HT (Iravani et al. 2000; and Pifl et al. 2005). The released 5-HT will attach to a postsynaptic receptor, or, be 

reclaimed, via a reuptake transporter into the presynaptic neuron. 

MDMA is absorbed into the 5-HT neuron by the reuptake transporter via indirect passive diffusion, or directly 

through the reuptake transporter (Iravani et at. 2000; Green et al. 2003; De la Torre et at. 2004). A single dose 

of MDMA can release up to 80% of stored 5-HT (Iravani et at. 2000; Green et al. 2003). Once MDMA is in 

the neuron it will release larger amounts of 5-HT into the synaptic cleft than normal (Iravani et al. 2000). 

MDMA is able to block the reuptake of 5-HT (Iravani et at. 2000; Green et al. 2003; Pifl et at. 2005). Thus 

MDMA releases stored 5-HT into the synapse and prevents its reuptake, resulting in increased 5-HT 

producing a greater response on the postsynaptic neuron. It is able to reverse the reuptake transporter action to 

allow the `transporter' to begin pumping 5-HT into the synapse from the cell (Iravani et al. 2000; Green et at. 
2003; Pifl et at. 2005). In this way, MDMA re-establishes the functioning of 5-HT. Thus MDMA is generally 

accepted to be a potent indirect monoaminergic agonist producing carrier-mediated release and reuptake 
inhibition of 5-HT. MDMA possibly affects dopamine and noradrenaline levels within the CNS (Green et at. 
1995; Haddad et at. 2002; Green et at. 2003; Gudelsky et al. 2003; Back-Madruga, 2003; De la Torre et at. 
2004). Several hours after ingestion of MDMA, the enzyme monoamine oxidase (MAO) degrades any 5-HT 

left in the synapse. At this point, the effects of MDMA are minimal. After 7-8 hours, MDMA has released all 
the synthesised and stored brain 5-HT. During this time interval, if more MDMA was consumed, it would 
have little or no effect; as the 5-HT now needs to be re-synthesised (Iravani et at. 2000). A period of two/three 

weeks is required for the replenishment of neuronal 5-HT and for levels to return to normality (Iravani et at. 
2000; Green et al. 2003). This two/three week time interval would be dependent on the dosage of MDMA 

consumed. Large doses of MDMA result in the release of more 5-HT, resulting in more time needed to 

replenish 5-HT levels (Iravani et at. 2000). Accuracy of dosage in human experiments is therefore essential. 

Non-human animal studies suggest the synthesis of tryptophan hydroxylase (TPH) is inhibited by MDMA and 
reports have suggested that it can take several days before TPH levels return to baseline levels (Iravani et al. 
2000; Green et al. 2003). This lack of available TPH can provide an explanation for the time needed for the 

resynthesis following exposure to MDMA. Ultimately the time interval (2 weeks) is required for the re- 
synthesis of 5-HT, allowing 5-HT levels to return back to baseline levels (Green et al. 1995; Haddad et al. 
2002; Green et al. 2003; Gudelsky et al. 2003; Back-Madruga, 2003; Green et al. 2003; De la Torre et al. 
2004). Research investigating the long lasting consequences of MDMA needs to maintain that users abstain 
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from MDMA for a period of up to 3 weeks before psychological testing, to allow time for the TPH levels and 
5-HT to return to baseline. 

When MDMA enters the CNS, it triggers a wide range of receptors including: 5HT-1A, 5HT-IB, 5HTIE, 

5HTIF, 5HT2A, 5HT2C, 5HT3,5HT4,5HT5,5HT6, and 5HT7 (Green et al. 1995; Iravani et al. 2000; 

Haddad et al. 2002; Green et al. 2003; Gudelsky et al. 2003; De la Torre et al, 2004). Apart from the 5-HT3 

receptor, which is a ligand gated ion channel; all other 5-HT receptors are G protein coupled seven 

transmembrane receptors that work by activating an intracellular second messenger process (Green et al. 

1995; Haddad et al. 2002; Green et al. 2003; Gudelsky et al. 2003; De la Torre et al. 2004). It is through these 

receptors that MDMA is proposed to have its behavioural and psychoactive effects, which subsequently might 

be long lasting (Series et al. 1994; Willem et al. 2007; Soar et al. 2001; Montoya et al. 2002). 

In brief, MDMA causes the release of stored 5-HT from nerve terminals; prevents the reuptake of 5-HT from 

the synaptic cleft; and inhibits TPH, consequently preventing new serotonin being synthesised for a time 

interval lasting up to two weeks (Green et at. 1995; Haddad et at. 2002; Green et al. 2003; Gudelsky et al. 
2003; Back-Madruga, 2003). Following this initial release of serotonin, there is a period of 24 hours to two 

weeks, during which new 5-HT needs to be re-synthesised (Figure 1.1). As MDMA affects a number of 

receptors and 5-HT is limited following MDMA exposure, it is highly probable that there will be diverse acute 

behavioural and psychological changes associated with MDMA use. 

17 



Figure 1.1 Schematic illustration of proposed 5-HT levels following MDMA consumption. 

The diagram demonstrates the proposed 5-HT levels following the use of MDMA. After the consumption of 
MDMA, stored 5-HT is released ftom neurons. This releasing of stored 5-HT, can last for up to 3 hours. After 
this initial 3-hour period, no more 5-HT is released and any available 5-HT in the synapse will attach to post- 
synaptic receptors and be used up hence the acute effects of AMMA. As all stored 5-HT is released by the 
neurons, time is needed to synthesis new 5-HT. During this period of 5-HT synthesis, which can last up to 3 
weeks, there will be a lack of available 5-HT for the individual. This will result in unwanted side effects. The 
question remains whether following this 3-week interval, 5-HT levels return to baseline or if future serotonin 
availability is limited? The present study investigates the possible long lasting psychological problems 
following MDMA use. 

MDMA 
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**ýý 

CNS 5-HT ........................................................ Baseline 

levels ? 5-HT levels 

03 hrs 24 hrs -2 weeks 
Time 

1.3.5 Neuroanatomy of MDMA 

In order to understand the possible long lasting consequences of MDMA, it is essential to locate the 

anatomical areas that MDMA targets. The action of the majority of recreational drugs appears to be the pre- 

cortical and sub-cortical regions of the brain (Dworkin et al. 1988; Di Ciano et al. 1995; Iravani et al. 2000; 

Green et al. 2003; Koprich et al. 2003). The site of action for many recreational drugs includes many different 

pathways: opiate, dopamine (DA), 5-HT, gamma-Aminobutyric acid (GABA), acetylcholine and glutamate. 
Biological studies have discovered that the majority of recreational drugs work on two main neural pathways 
i) sertonergic, ii) and dopaminergic (Dworkin et al. 1988; Di Ciano et al. 1995; Iravani et al. 2000; Green et al. 
2003; Koprich et al. 2003). There is controversy surrounding the effect of MDMA on other neurotransmitters 
including dopamine and noradrenaline (Johnson et al. 2000; Parrot et al. 2003; Xie et al. 2004; Fornai et al. 
2005; Galineau et al. 2005). Non-human animal studies have demonstrated that MDMA can cause an increase 

in the level of DA; these results are inconclusive (Iravani et al. 2000; Green et al. 2003; Koprich et al. 2003). 

It is clear from non-human animal studies that MDMA is a complicated drug affecting many 
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neurotransmitters. Consequently, the possible long lasting consequences of MDMA may be 

neuropharmacologically complicated. 

1.4 The neuropharmacology and behavioural properties of 5-HT 

As MDMA is a 5-HT agonist, it is necessary to explain the vast role of 5-HT within the CNS, including its 

pharmacology and its behavioural effects. 

1.4.1 Neuropharmacology of 5-HT 

5-HT is a monoamine neurotransmitter (Green et al. 1995; Haddad et al. 2002; Green et al. 2003; Gudelsky et 

al. 2003; Back-Madruga, 2003). 5-HT is synthesised in serotonergic neurons within the central nervous 

system (CNS) and enterochromaffin cells (a type of enteroendocrine cell found in the lining of lumen of the 

gastrointestinal tract) in both non-human animals and humans. Mushrooms, fruits, plants, vegetables and 

turkey are high in tryptophan (Green et al. 1995; Haddad et al. 2002; Green et al. 2003; Gudelsky et al. 2003; 

Elliott et al. 2005). 

In humans, 5-HT is synthesised from the natural occurring amino acid tryptophan, via two-steps (Figure 1.2). 

Two enzymes are involved in this metabolic process, including TPH and the amino acid `decarboxylase'. TPH 

is the rate-limiting step in the pathway. TPH comes in two isoforms, known as TPHI and TPH2. Several 

tissues contain TPH 1 whereas the TPH2 is the brain specific isoform. Tryptophan and TPH can pass the 

blood-brain barrier readily. The process begins with the conversion tryptophan into a temporary product called 
5-HTP (5-Hydroxy-L-tryptophan) by the enzyme TPH. During this initial phase, addition of a hydroxyl group 

to trypotophan forms 5-HTP. Subsequently, the combination of 5-HTP with the enzyme `decarboxylase' 

produces 5-HT. During this second step a carboxyl group is removed from 5-HTP to form 5HT. 5-HT is 

broken-down by the enzyme monoamine oxidase to produce the inactive metabolite 5-hydroxyindoleacetic 

acid (5-HIAA) (Green et al. 1995; Haddad et al. 2002; Green et al. 2003; Gudelsky et al. 2003; Elliott et al. 
2005). The synthesis of 5-HT is important concerning probable MDMA neurotoxicity and future treatment 

options. 
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Figure 1.2 Two step synthesis of serotonin 

The synthesis of serotonin is a two-step process. The first step involves trvptophan (natural occurring from the 
diet) being converted to 5-HTP via the enzyme tryptophan hvdroxylase. The second step involves this 5-HTP 
being converted to 5-HT via the enzyme amino acid decarboxylase. 

Step 1 Tryptophan converts to 5-HTP (enzyme tryptophan hydroxylase) 

E ýý, Pi', t: 

Step 2 5-HTP converts to 5-HT (enzyme amino acid decarboxylase) 

Termination of 5-HT is predominantly via the reuptake from the synapse to the presynaptic neuron (Elliott et 

al, 2005; Pifl et al, 2005). The `5-HT reuptake transporter' or SERT specific monoamine transporter for 

serotonin is involved (Piff et al, 2005). The SERT has greater affinity to MDMA. Various other agents inhibit 

SERT including: amphetamine, cocaine, dextromethorphan, tricyclic antidepressants and selective serotonin 

reuptake inhibitors (Table 1.1; Green et al. 1995; Haddad et al. 2002; Green et at. 2003; Gudelsky et al. 2003; 

Back-Madruga, 2003). As other recreational drugs affect 5-HT, their exposure needs to be controlled in future 

MDMA research, as it may not be MDMA alone causing the proposed damage to the 5-HT (Table I. I). 

20 



.a 
e 
:ä 
y 

y 

i 

O 
a 
d 

i 
a 

C 

O 
U 

.. 

.: 
d 

F 

Cd 

0 

A 
e 

Q, 

u 
o) 

ö 

ovi 

"M 

fi ^ fi0ý 

0 

15 

Ira 
Q 

V] 

öb 

ti 
t3 = 

.oý 

NN 

a 0 
v 
e 
'C 0 
w 

x 

o 

A ed" '" cd" y 

'ý yU 
pýý Up 

Öý 
y 

C7 o: ýv C7 u ýa ýn 

CÜ Q 

,0 o a 
e. 

ý 
- Gý + C/1 i% cCC7a A 

y 
U y 2 

a+ . y ý 

10 
1, y aý o 

y H T 

- 
C A vU 

WU ý . 
7r OU UU 

V 

Ä z 
U ýä z 

Ur ä vii 45" ä äw CA 
Üä 

8 
a a 
eo 2 
0 

-Q 

äx I 

'C Of 
eC 

p `ý Ory . r3 'ro 
0: 

_" Cý L ee 

C" Ö 
eý00 

ed 'ýq 
q yam. 

r. N 



There is a primary anatomical pathway within the CNS for 5-HT (Figure 1.3). This 

serotonergic pathway includes a narrow band of cell bodies that run along the brain stem to 

the mid-brain (hippocampus, basal ganglia and amygdala) sending axons to higher regions of 

the brain (Green et al. 1995; Haddad et al. 2002; Green et al. 2003; Gudelsky et al. 2003). 

Nerve connections from the hippocampus pass to the suprachiasmatic nucleus; considered the 

`master clock', controlling physiological processes like sleep and wakefulness (Balogh ct al. 

2004). Additional neuroanatomical areas containing serotonergic projections include the 

septum and the cerebral cortex (Green et al. 1995; Haddad et al. 2002; Green et al. 2003; 

Gudelsky et al. 2003). 

The raphe nuclei is rich in 5-HT. The raphe nuclei are a cluster of nine nuclei found within 

the brain stem. These nine nuclei project virtually to every part of the brain (Green et al. 

1995; Haddad et al. 2002; Green et al. 2003; Gudelsky et al. 2003). In general, the caudal 

raphe nuclei project towards the spinal cord/brain stem and the rostral nuclei project to the 

cortex. 5-HT plays a major role within the CNS and if disrupted can result in serious 

behavioural and psychological problems. 

Figure 1.3 The major pathways of 5-HT within the rat CNS (Carlson, 2001) 

The figure provides the main 5-HT pathways within the rat CNS including the Raphe nuclei 
and its projections spanning the length of the brain, towards the cortex and the brain stem. 

Serotonin 
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1.4.2 Behavioural aspects of 5-HT 

5-HT within the CNS is highly documented in the research literature, forming an important 

role in a number of central psychological functions (Green et al. 2003; Elliott et al. 2005). 5- 

HT influences and regulates various processes: mood, anxiety, anger, aggression, 
impulsiveness, sexual activity, appetite, sleep, pain, circadian and seasonal rhythms, motor 

activity, metabolism, vomiting and body temperature (Green et al. 1995; Haddad et at. 2002; 

Green et al. 2003; Gudelsky et al. 2003; Back-Madruga, 2003). 

Extremely high doses of 5-HT can be very dangerous; sometimes lethal, in both non-human 

animals and humans. High doses of 5-HT can led to a condition called the `serotonin 

syndrome' (Green et at. 1995; Parrot, 200; Green et al. 2003). The `serotonin syndrome' 

occurs due to an over stimulation of the 5-HT2A receptors within the CNS. Symptoms are 

usually rapid, often occurring within minutes; including cognitive, autonomic and somatic 

effects (Table 1.2). The symptoms observed in non-human animals after a single dose of 

MDMA provide evidence that MDMA is a 5-HT agonist (Green et al. 1995; Green et al. 

2003). There are similarities in `serotonin symptoms' between humans and non-human 

animals (Table 1.2). It could be argued that as the acute effects of excess 5-HT are similar 
between non-human animals and humans, it is therefore possible that the consequences of 

limited 5-HT would be the same between species. As MDMA is a 5-HT agonist, it is clear 

that MDMA could potentially have adverse effects on physiological and psychological 
functions. 
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Table 1.2 Symptoms of the `serotonin syndrome' in humans and animals (Green et 
al, 1995 and Green et al, 2003). 

The table provides details of the physiological and behavioural symptoms following a high 
dose of 5-HT. The symptoms between non-human animals and humans are compared in the 
table and it is clear that these acute symptoms are very similar. 

Human ̀Serotonin Syndrome' Animal ̀ Serotonin Syndrome' 

Increased heart rate Increased heart rate 
Drowsiness Drowsiness 

Shivering Shivering 

Sweating Sweating 

Dilated pupils Dilated pupils 
Myoclonus Hyperactivity 

Tremor Tremor 
Hyperthermia Hyperthermia 

Mental confusion 
Headache 

Nausea 

1.5 The acute effects of MDMA in non-animals 

The acute effects of MDMA in laboratory non-human animals (rats, monkeys, and hamsters) 

include hyperthermia (related to ambient temperature), hyperactivity, and the `serotonin 

syndrome' (Carlin et al. 2000; Bhattacharya et al. 2001; Croft et at. 2001; Cornish et al. 2003; 

McCardle, 2004). The `serotonin syndrome' in non-human animals consists of a series of 

complex behavioural changes including: enhanced locomotor activity, reciprocal forepaw 

treading, head weaving, piloerection, hind limb abduction, proptosis, ataxia, unawareness, 
which finally result in convulsions and death (Green et al. 2004). Research indicates that these 

symptoms are caused by a rapid release of stored 5-HT (Carlin et at. 2000; Bhattachary et al. 
2001; Croft et al. 2001; Back-Madruga, 2003; McCardle, 2004). The `serotonin syndrome' in 

non-human animals provides further evidence that MDMA is indeed an indirect 5-HT agonist. 
This initial phase of 5-HT release will discontinue after a period of 24 hours (Green et al. 
1995; Back-Madruga, 2003; Fantegrossi et al. 2003; Green et al. 2004). 
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1.6 The acute behavioural and psychological effects of MDMA in humans 

There are similarities in the acute effects of MDMA between non-human animals and humans 

including: increased temperature, sweating, increased motor activity, tremors, and shivering 

(Green et al. 2004). In addition, acute adverse effects of MDMA in humans includes: 

tachycardia, jaw clenching, nystagmus, a nervous desire to be in motion, transient anorexia, 

panic attacks, nausea and vomiting, ataxia and muscle aches, urinary urgency, diplopia, 

insomnia and fatigue, tremors, inhibition of ejaculation and rarely transient hallucinations 

(Green et al. 1995; Cohen, 1998; Morgan, 2000; Curran, 2000; Parrot et al, 2000, Back- 

Madruga, 2003). There are other physiological side effects of MDMA: lower back pain, 

blurred vision and headaches. Symptoms can commence approximately 30 minutes after 

ingestion of MDMA and persist for a further six to eight hours following initial consumption 

(Green et al. 1995; Cohen, 1998; Morgan, 2000; Curran, 2000; Parrot et al. 2000, Back- 

Madruga, 2003). Previous studies indicate there is an inverse relationship between the 

positive and negative effects of MDMA. Thus regular MDMA polydrug users will state that 

the adverse `negative' effects increase with successive use whilst the 'positive' mood 

enhancing effects decrease (Curran et al. 1997; Peroukta et al. 1998; Parrot et al. 1998; Parrot 

et al. 2002). 

In humans, there are acute psychological and cognitive effects caused by MDMA. The 

literature describes it as `evoking an altered sense of consciousness with emotional and 

sensual overtones' (Curran, 2000; Parrot, 2000; Parrot, 2001; Back-Madrugs et al. 2003; 

Morton, 2005). This state is a pleasant state of introspection, a highly controllable experience 

that invites intensification of feelings and greatly facilitating interpersonal communication 

(Boy et al. 2001). This explains why MDMA was used by some psychotherapists to enhance 

psychotherapeutic processes and promote emotional communication during the 1970s 

(Curran, 2000; Parrot, 2001; Back-Madrugs et al. 2003; Morton, 2005). The use of MDMA as 

a therapeutic drug has been withdrawn, despite therapists' persistent arguments for its 

therapeutic benefits, despite the underlying side effects including increased cardiac disease 

and potential long lasting neurotoxicity (Curran, 2000; Parrot, 2001). Future research work 

should investigate the actual possible long lasting consequences of MDMA, as it could be a 

potential therapeutic drug with many beneficial attributes. 

The majority of MDMA users will use the drug in small social gatherings/parties with other 
drug users (Curran, 2000; Parrot, 2000; Parrot, 2001; Back-Madrugs et at. 2003; Morton, 

2005). The suggested reasoning behind this pattern of use is that MDMA users can heighten 

the positive experience of the drug by using it in this social fashion (Curran, 2000). 
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The psychological effects of MDMA include a reduction of inhibitions, an increase in 

openness and empathy (Curran, 2000; Parrot, 2000; Parrot, 2001; Back-Madrugs et at. 2003; 

Morton, 2005). Drug users under the influence of MDMA will be more energetic, happy, 

excited and playful (Curran, 2000). MDMA results in a reduction in violent behaviours and 

aggression (Curran, 2000; Parrot, 2000; Parrot, 2001; Back-Madrugs et al. 2003; Morton, 

2005). MDMA will occasionally result in a reduction in libido for some individuals. Users 

will experience an increase in intimacy, resulting in an increase in kissing and hugging of 
friends and/or strangers (Curran, 2000). Other psychological experiences include an altered 

perception of time (Curran, 2000). The majority of MDMA polydrug users fail to report 
hallucinations, whilst they are under the influence of MDMA; however they report an 

elevated intensity in visual input (Parrot et al, 2000). MDMA is associated with the dance 

scene, as MDMA users tend to be completely absorbed by colour and light (Climko et al. 

1987; Curran, 2000; Parrot, 2000; Parrot, 2001; Back-Madrugs et al. 2003; Morton, 2005). 

In summary, the acute physiological effects of the `serotonin syndrome' are similar between 

humans and non-human animals (Greer and Tolbert, 1986; Green et al. 1995; Morgan, 2000; 

Curran, 2000; Parrott et al. 2000, Back-Madruga, 2003). In addition, favourable psychological 

effects attributed to human usage include positive mood changes, enhanced communication 

and intimacy, improved interpersonal relationships, increased self-esteem and elevated mood 
(Climko et al. 1987; Green et al. 1995; Morgan, 2000; Curran, 2000; Parrot et al. 2000, Back- 

Madruga, 2003). It is clear that MDMA can have beneficial effects particularly in terms of 

treatment and counselling. If MDMA is not a selective neurotoxin it could be a positive drug 

and employed in therapy. Research is required to find the exact nature of this possible 

neurotoxicity to humans. 

1.7 The Neurotoxic effects of MDMA in non-human animals 

The remainder of this chapter will be focus on the possible long lasting neurotoxicity of 
MDMA. Firstly, it is necessary to summarise the evidence for neurotoxicity within non- 
human animals. Human MDMA users are not suitable for MDMA research, ethics 

notwithstanding, as they have varying patterns of polydrug use and varying drug histories. 

Non-human animal studies do not have this problem so it is easier to attribute any 

neurotoxicity with MDMA alone. 
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1.7.1 Explanation for the neurotoxicity of MDMA in non-human animals 

Following the consumption of MDMA, in both human and non-human animal studies, there is 

an initial increase in 5-HT levels followed by a significant reduction in 5-HT levels, during 

the period of 3-6 hours after its use (Green et al, 1995). This reduction in 5-HT could last up 

to three days after consumption of MDMA (Curran, 2000; Green et al. 2004). Whether this 

reduction in CNS 5-HT levels is permanent or levels return to baseline is under considerable 

scientific debate. The recovery of 5-HT neurons during the period of 24 hours and beyond is 

controversial with the majority of researchers suggesting that it is during this 24 hour period 

and possibly longer that 5HT neuronal toxicity begins, which is a long lasting and possibly 

permanent consequence (Green et al. 1995; Morgan, 2000; Curran, 2000; Back-Madruga, 

2003). 

More than a decade ago, the first evidence emerged that following the initial increase in 5- 

HT, MDMA and MDA (3,4-Methylenedioxyamphetamine) produced selective toxic effects 

on brain neurons in almost all non-human species (Frith et al. 1987; Ricaurte et at. 1988; 

Fisher et at. 1995; Frederick et al. 1997; Scheffel et at. 1998; Ricaurte et at. 2000; Ricaurte et 

al. 2001; Gurtman et al. 2002; Blessing et al. 2003; Bogan et al. 2003; Bowyer et al. 2003; 

Buchert et al. 2004; Wang et al. 2004; Garcia Osta et al. 2004; Fornai et al. 2004; Conductier 

et al. 2005; Escobedo et al. 2005; Galineau et al. 2005; Jones et al. 2005; Mueller et al. 2009; 

Biezonski and Meyer, 2010; Li 1H et al. 2010; Perrin et al. 2010; Mueller et al. 2011). There 

are several proposed explanations for this MDMA induced selective neurotoxicity as 
discussed below. 

One possible explanation for this MDMA induced toxicity is due to DA. MDMA is an 
indirect serotonergic agonist, which releases all available CNS 5-HT (Green et al. 1995; 

Morgan, 2000; Curran, 2000; Parrot et al. 2000, Back-Madruga, 2003). Laboratory studies 
have shown that MDMA causes DA to release from dopaminergic neurons (Darvesh et at. 
2005). Experimental studies indicate that this release of DA can cause neurotoxicity to 5-HT 

neurons. MDMA initially causes a depletion of 5-HT for a period of up to two weeks. This 
leaves the SERT empty. Consequently, DA enters the SERT and enters the 5-HT neuron. This 
DA is neurotoxic to 5-HT neurons and causes damage. Furthermore, DA is broken down by 
MAO to form hydrogen peroxide. Hydrogen peroxide is highly neurotoxic to neurons and 
results in oxidation of the 5-HT cell (Darvesh et al. 2005). This oxidation causes the 5-HT 

axon terminals to degenerate, causing damage and eventual neuronal death. This is important 
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as recreational MDMA users often co-use MDMA with other recreational drugs that increase 

DA levels (Hamids et al. 2009; Daza-Losada et al. 2009). This could potentially increase the 

possible neurotoxicity of MDMA (Table 1.1). 

A second possible suggestion for MDMA neurotoxicity includes MDMA-induced 

hypothermia and free-radical formation (Cadet et al. 1998, Kreth et al. 2000; Boot et al. 2000; 

Camarero et al. 2002; Zhou et al. 2003; Simic and Malicevic, 2008). Further investigations 

need to form conclusive answers whether DA is linked with the hyperthermia and free radical 

theory. Clearly, MDMA users are likely to be consuming MDMA in a manner, which will 
increase the potential neurotoxic behavioural and psychological effects. 

1.7.2 Evidence for neurotoxicity in non-human animals 

Over the past 25 years there have been numerous non-human animal studies indicating 

MDMA is a selective 5-HT neurotoxin (Frith et al. 1987; Ricaurte et al. 1988; Fisher et al. 

1995; Frederick et al. 1997; Scheffel et al. 1998; Ricaurte et al. 2000; Gurtman et al. 2002; 

Ricaurte et al. 2001; Blessing et al. 2003; Bogan et al. 2003; Bowyer et al. 2003; Buchert et 

al. 2004; Wang et al. 2004; Garcia Osta et al. 2004; Fornai et al. 2004; Galineau et al. 2005; 

Conductier et al. 2005; Escobedo et al. 2005; Jones et al. 2005; Mueller et al. 2009; Biezonski 

and Meyer, 2010; Li IH et al. 2010; Perrine et al. 2010; Mueller et al. 2011). Anatomical 

damage to 5-HT neurons has been demonstrated via the use of immunocytochemical 

methodologies (Ricaurte et al. 2000) and antibody staining (Ricaurte et al. 2000). 

Experimental non-human animal studies demonstrate that MDMA induced neurotoxicity is 

specific, resulting in a decrease in 5-HT content to selective brain regions, mainly the dorsal 

raphe nuclei (Mokier, 1987; Ali et al. 1990). The dorsal raphe nuclei projects to the following 

regions: (i) cortex, (ii) hippocampus, (iii) limbic system, (iv) hypothalamus (Green et al. 
2004) and, (v) Striatum (Schnieder 1973; Sachs et al. 1975; Wiklund et al. 1978; Bjorklund et 

al. 1979; Levitt et al. 1980; Jonsson et al. 1982; Frankfurt et al. 1984; Gustafson et al. 1987; 

Fritschy et al. 1992; Ricaurte, 2000; Boot et al. 2000; Mueller et al. 2009; Perrine et al. 2010; 

Biezonski and Meyer, 2010; Li IH et al. 2010; Mueller et al. 2011). This implies that these 

brain areas are affected by MDMA induced neurotoxicity. 

Non-human animal studies clearly demonstrate that MDMA is a 5-HT neurotoxin and is 

selective to certain regions of the brain; therefore it is likely to result in psychological and 
behavioural disturbances. 
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1.7.3 Long lasting evidence in non-human animals 

So far, the studies have been limited to acute neuroanatomical damage. There is, however, 

mounting evidence for possible MDMA induced long lasting damage to 5-HT. 

Exposure to MDMA resulting in selective 5-HT neurotoxicity has been demonstrated in a 

number of species: rats, guinea pigs, squirrel monkeys, cynomolgus monkeys, rhesus 

monkeys and baboons (McCann et al. 1997; Battaglia et al. 1988; Green et al. 1995; Morgan, 

2000; Green et al. 2004). In all the above species, studies have found that MDMA is highly 

selective, affecting 5-HT containing neurons almost exclusively (Commins et al. 1987). 

Interestingly, the mouse is the one species that is resistant to MDMA-induced 5-HT injury; 

however, at high doses it can also develop a persistent loss in brain 5-HT markers (Stone et al. 

1986). 

Experimental non-human animal studies reveal that 5-HT nerve terminals and axons ̀ whither 

away' following exposure to MDMA; reports indicate that if regeneration occurs it fails to 

return to complete normality (Battaglia et al. 1988; Green et al. 1995; Morgan, 2000). 

In one particular study, 4 days of exposure to MDMA resulted in neuronal damage that 

persisted for 7 years in non-human primates. The recovery of the 5-HT neurons was specific 

to certain brain regions. Specific brain regions that failed to return to normality including the 

amygdala and hypothalamus; where regeneration tended to be re-organised and 

hyperinnervated (Fischer, 1995; Green et al. 1995; Curran, 2000; Morgan, 2000). Other brain 

regions, predominantly the dorsal neocortex, failed to show any recovery (Insel et al. 1989). 

Studies from MDMA treated monkeys showed evidence of reorganisation of ascending 5-HT 

projections; this is similar to the `pruning' effect' (Fischer et al. 1995, Ricaurte et al. 2000). 

The `pruning effect' is a method of describing a tendency for neurons to conserve the quantity 

of their axon terminal fields; however, there is a loss of synaptic contacts in distant brain 

regions, which is associated with increased synaptic contacts in more proximal brain areas. 
Evidence of `pruning', after MDMA exposure, provides additional support that MDMA is a 
5-HT neurotoxin causing long lasting reorganisation of the CNS pathways (Schnieder 1973; 

Sachs et al. 1975; Wiklund et al. 1978; Bjorklund et al. 1979; Levitt et al. 1980; Jonsson et al. 
1982; Frankfurt et al. 1984; Gustafson et al. 1987; Fritschy et al. 1992; Ricaurte, 2000; Boot 

et al, 2000). These studies clearly indicate that MDMA is a long lasting 5-HT neurotoxin 

causing long lasting damage, where recovery of neurons leads to possible reorganisation. 
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Non-human animal studies demonstrate that exposure to MDMA causes specific long lasting 

damage to 5-HT axons. This can last for periods ranging from months to years following 

cessation of the drug MDMA (Fisher et al. 1995; Scheffel et al. 1998; Ricaurte, 2000; Bogen 

et al. 2003; Bowyer et al. 2003; Escobedo et al. 2005; Galineau et al. 2005). Numerous 

studies have demonstrated that MDMA causes dose-related reductions in CSF 5-HT and 5- 

HIAA levels, reductions in the density of SERTs, and reductions in the activity of TPH 

(Green et al. 1995; Ricaurte et al. 2000; Boot et al. 2000, Curran, 2000; Parrot et al. 2000, 

Morgan, 2000). 

The long lasting damage to brain 5-HT neurons are highly selective to MDMA and are not 

reproducible for other psychostimulant drugs including: cocaine, heroin, LSD and other 5-HT 

reuptake inhibitors in non-human primates (Dworkin et al. 1988; Balster, 1998; Ricaurte et al. 

2000; Fletcher et al. 2001; Goldstein et al. 2005). 

In summary, various non-human animal studies have demonstrated that MDMA is a selective 

5-HT neurotoxin, in selected brain regions with either lasting damage or reorganisation. The 

neuroanatomical region, where altered regeneration of neuronal growth has been reported 

includes: the amydala, hypothalamus, and the cortex (Table 1.3). Furthermore, this 5-HT 

neurotoxicity is observed in all non-human species animals including rats and monkeys. 

There have been various methodologies employed including antibody staining and radio- 
ligand binding. All the different techniques result in the same conclusion being MDMA is a 

selective 5-HT neurotoxin (Schnieder 1973; Sachs et al. 1975; Wiklund et al. 1978; Bjorklund 

et al. 1979; Levitt et al. 1980; Jonsson et al. 1982; Frankfurt et al. 1984; Gustafson et al. 1987; 

Fritschy et al. 1992; Ricaurte, 2000; Boot et al. 2000). 

As the doses administered to non-human primates during these experiments are comparable to 

the doses consumed by humans during a binge weekend it is plausible to propose that similar 
damage and re-structuring is occurring in human polydrug users; which requires immediate 

investigation (de la Torre et al. 2004). The amygdala and hypothalamus play a pivotal role in 

emotion, memory and reward in humans. If like non-human animals studies, MDMA causes 

neuronal degeneration and re-organisation in humans, it is probable that disruption will occur 

to psychological and cognitive functioning. 

Studies are now needed investigating the psychological consequences of MDMA use in 

humans. Possible evidence to add to the mounting case that MDMA is a probable selective 
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long lasting neurotoxin in humans includes the fact that it is a well-known scientific fact that 

humans are more susceptible to neurotoxic substances than either rats or primates. An 

example of this is research investigating the effects of MPTP (1-methyl-4-phenyl-1,2,3,6- 

tetrahydropyridine). Results from these studies indicate that MPTP is mildly toxic in rats 
however extremely toxic in humans (Ricaurte et al. 2000). In rats, a dose of 5 mg/kg of 
MDMA causes neurodegeneration of 5-HT neurons, which is comparable to the dose 

consumed by humans (3 mg/kg or more). As this dose of MDMA causes neurotoxic damage 

in rats, we can hypothesis that the damage to humans could be even more severe (Ricaurte et 

al. 2000). 

Table 1.3 Selective MDMA induced damage in rats 

The table provides a summary of the selective neurotoxicity of MDMA in rats as reported by 
the literature (Schnieder 1973; Levitt et al. 1980; Jonsson et al. 1982; Gustafson et al. 1987; 
Fritschy et al. 1992; Sachs et al. 1975; Wiklund et al. 1978; Bjorklund et al. 1979; Frankfurt 
et al. 1984; Ricaurte, 2000; Boot et al. 2000). The table provides details of selective 11DMA 
induced 5-HT damage and whether this selective damage been shown to be long lasting. 

Brain Region 5-HT level Reduced Long lasting neurotoxicity 

Amydala Yes Yes 

Hypothalamus Yes Yes 

Cortex Yes Yes 

Dorsal raphe nuclei Yes Yes 

Hippocampus Yes Not Investigated 

Striatum Yes Not Investigated 

1.8 The possible long lasting neurotoxic effects of MDMA in humans 

As MDMA is a neurotoxin in non-human animals, it is possible exposure to MDMA results in 

long lasting damage to humans. Anatomical studies indicate that MDMA is a neurotoxin to 

specific regions of the brain including the dorsal raphe nuclei, amydala and the hypothalamus 
(Green et al. 2004). These brain regions are involved in many areas of psychology including: 

sleep, memory, cognition, mood, motivation, emotion and appetite (Green et al. 2004). If 

31 



MDMA were neurotoxic to these brain regions in humans, it would be plausible to conclude 

that human MDMA users will experience long lasting behavioural and psychological changes 
including: sleep, memory, cognition, and mood. The following section will review research 
investigating the consequences of MDMA in humans. 

Brain imaging studies using Positron Emission Tomography (PET) and Single Photon 

Emission Computed Tomography (SPECT) are a method for visualising 5-HT neurons in 

individuals (Cowan, 2007). These studies have revealed less SERT binding in the brains of 
frequent MDMA users in comparison to non-frequent MDMA users (Reneman et al. 2001; de 

Win et al. 2008; McCann et al. 2005; Cowan, 2007, Nifosi et al. 2009). However, these PET 

and SPECT findings are not consistent (Cowan, 2007). Results have varied with some studies 

reporting mild regional brain differences between 5-15%, whilst other studies have reported 

more substantial differences ranging from 15-70% (Reneman et al. 2001; McCann et al. 2005; 

de Win et al. 2008; Nifosi et al. 2009). PET and SPECT studies have failed to demonstrate a 
difference in SERT binding for MDMA polydrug users that have abstained from MDMA for 

more than 20 weeks (Selvaraj et al. 2009). The authors concluded that this reduction in 5-HT 

is an acute effect rather than a long-lasting permanent effect as indicated by non-human 

animal studies. 

One of the most compelling MDMA human studies involves the use of PET. A technique that 

uses a radioligand that selectively labels SERT (McCann et al. 1998). MDMA polydrug users 
displayed lowered regional and global SERT binding in comparison to a non-MDMA control. 
PET scan abnormalities found a positive correlation between degree of reduced 5-HT binding 

and the participants' self-reported MDMA use. 

In addition to the imaging studies, other studies include self-reported behavioural studies. 
Schifano et al (1998) investigated 150 MDMA users whom had ̀ used MDMA at least once'. 
The results showed that 31% of MDMA users' self-reported depression, 28% self-reported 

experiencing psychotic episodes and 27% self-reported cognitive impairment. Participants 

were recruited whilst attending a drug treatment service, this suggests that all participants 

were polydrug users; including a majority being heroin addicts. The study found a positive 

correlation between the self-reported amount of MDMA tablets consumed and psychiatric 

symptoms (Schifano et al. 1998). The conclusions from this study are limited as there was no 

control group and participants were in treatment at the time of testing, which may have acted 
as a confounding variable, however without robustness in the methodology this cannot be 

confirmed. 
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Psychiatric cases studies have provided further evidence of possible MDMA induced 

psychological damage (Cohen et al. 1997). Results have found that MDMA users experience 

panic attacks, depression and general psychotic symptoms following abstinence from MDMA 

(McGregor et al. 2003; Milani et al. 2004; Thompson et al. 2004). Within the last 15 years, 

reports have began to look at the long lasting effects of MDMA consumption and have found 

that MDMA use can result in psychiatric changes including: long-term depression (McCann 

et al. 1992), insomnia (McGuire and Fahy, 1991) and hallucinations (Creighton et al. 1991). 

These individual cases have found that depression, insomnia and hallucinations continued to 

persist 1 year after drug abstinence (Green et al. 2004). Chronic psychiatric symptoms 
following the regular use of MDMA include: depersonalisation (McGuire et al. 1994), 

obsessive-compulsive symptoms (Cassidy and Ballard, 1994), flashbacks (Creighton et al. 
1991), and panic attacks (McCann and Ricaurte, 1991; Pallantini and Mazzi, 1992; McGuire 

et al. 1994). 

There are a number of interpretative difficulties with evidence from case studies. Firstly, the 

sketchy nature of the interpretation of the evidence from these case reports makes it very 
difficult to determine the risk to the average recreational MDMA user for psychiatric 
disorders, as current epidemiological evidence suggests that all of these disorders occur with 
fairly high frequency within the normal population per se. Consequently these small figures 

indicate that the occurrence of these psychiatric disturbances could be coincidental, having no 
immediate link to the exposure to MDMA. On the other hand, the majority of these adverse 

psychiatric problems are linked to lowered 5-HT levels implicating serotonergic 

neurotoxicity. However, research has clearly demonstrated that lowered 5-HT is reported in 

most cases of psychiatric disorders irrespective of MDMA use. The case studies failed to 

report if there was a family history of psychiatric disorders. If the psychiatric problem existed 
beforehand, the use of MDMA is merely a form of self-medication. These case studies failed 

to monitor whether these symptoms continued to remain the same, or whether they recovered 

with time, or got progressively worse with time. 

Further studies involve participants performing a battery of psychological tests. These studies 
investigating current MDMA polydrug users have reported that many psychological areas are 

affected by the consumption of MDMA including: memory (Curran et al. 2003; Daumann et 
al. 2003; Daumann et al. 2004), the ability to reason verbally, to sustain attention (Parrot and 
Lasky, 1998; Morgan et al. 1999; Curran et al. 2003; Gouzoulis-Mayfrank et al. 2005) and 
maintain regular sleep patterns (Soloff et al. 2000; Balogh et al. 2004; Gardani et al. 2005). 
Further studies have indicated that MDMA users have milder personalities including lowered 

scores on personality tests than a matched non-MDMA control group (Dughiero et al, 2001). 
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The argument remains whether MDMA use caused the milder personality or whether the 

milder personality resulted in MDMA use (Parrot, 2000; Soar et al. 2001). 

Several studies have investigated the concentration of CSF 5-HIAA in regular MDMA users 

and found a 25% decrease (Ricaurte et al. 2001). This evidence could provide further support 
for the prediction that MDMA is a selective serotonergic neurotoxin. There is still 

considerable debate amongst researchers whether lowered serotonin levels actually indicates 

selective 5-HT neuronal damage or whether it merely indicates that MDMA users already 
have a lowered level of the chemical and rely on MDMA as an albeit temporary form of self- 

medication. 

Self report studies suggest that a substantial number of MDMA users may use the drug in a 

way that could increase the risk of 5-HT neurotoxicity (Morgan, 2000; Parrot et al. 2000; 

Curran, 2000; Aldridge et al. 2008). In one study of 329 Australian MDMA users, one in six 

users had injected with MDMA at some point (Topp et al. 1999). Further results from this 

study indicated that 42% of the MDMA users had used MDMA continuously for a period of 
48 hours or more at least once in the past 6 months. It can be postulated the intake of multiple 

tablets on a single occasion is increasing (Boot et al. 2000; Curran, 2000; Parrot et al. 2000). 

Research suggests that neurotoxicity is dependent on dosage. The higher the dosage and 

exposure level the more severe the neurotoxicity (Green et al. 2004). These epidemiological 

studies indicate that MDMA users are continually increasingly the dosage of MDMA and 

exposing themselves to MDMA for longer periods, any psychological consequences 

associated with MDMA use will inevitably increase. 

Consumption of MDMA often occurs in the dance scene, where the environment includes: 

increased temperatures, crowded space, noise and limited access to drinking water. These 

environmental factors have been previously associated with increasing the risk of 
hyperthermia, which exacerbates MDMA neurotoxicity in rats (Malberg and Seiden, 1998; 

Cornish et al. 2003; Fantegrossi et al. 2003; Green et al. 2004; Sanchez et al, 2004). These 

studies indicate that the external environment in which humans use MDMA may increase the 
likelihood of 5-HT toxicity and further psychological disturbance. It seems using MDMA in 

the dance scene will increase possible neurotoxicity. 

Research seems to indicate that people who take MDMA just a few times in their life are 
risking long-term, permanent problems with learning and memory (Gouzoulis-Mayfrank et al. 
2000; Methan et at. 2001; Cole et al. 2002; De Win et al. 2008; Green et al. 2004; Murphy et 
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al. 2009). At present, there is a gap in the research providing sufficient evidence 
demonstrating the level of exposure of MDMA that is required in humans to cause disruptions 

to psychological functioning. The majority of these human behavioural studies have looked at 

the immediate acute effects of MDMA. There is currently insufficient evidence demonstrating 

whether the psychological problems are acute, or whether, they persist and if so how long do 

they continue after abstinence from MDMA. Secondly, whether this MDMA induced damage 

progressively worsens with the normal aging process. That is, does the trajectory of age 

related deficits continue at a new lower level following initial MDMA-induced neurotoxic 
damage? 

1.9 Recreational drugs of abuse 

The major problem with the majority of previous research investigating the current 

psychological effects of MDMA is that these studies failed to control for other recreational 
drugs. Arguably, the psychological deficits could be caused by the consumption of and/or the 

combination of other recreational drugs including: cannabis, amphetamine, alcohol and 

cocaine. 

MDMA users co-use MDMA with other recreational drugs and have a history of general 

recreational drug use. These additional recreational drugs includes: nicotine, cannabis, 

cocaine, alcohol, heroin and amphetamines. MDMA polydrug users are often exposed to a 

cocktail of recreational drugs, it is important to be able to attribute any negative psychological 

consequences to the exposure of MDMA only and to make sure the psychological deficits are 

related to MDMA and not any other recreational drug (Curran 2000; Parrott, 2001; Morton, 

2005). 

The research on recreational drugs is far too extensive to review in this thesis. However, in 

summary, it has indicated that certain recreational drugs of abuse are associated with a 
decrease in psychological and cognitive performance (Balster et al. 1988; Dworkin et al. 
1988; Di Ciano et al. 1995; Horan et al. 2000; Fletcher et al. 2001; Goldstein et al. 2005). 

These deficits are tested using a battery of psychological tests, including cognitive and 
behavioural tests. Many recreational drugs are implicated in lowered cognitive and 

psychological functioning including: alcohol, nicotine, cannabis, cocaine, amphetamine and 

meta-amphetamine (Di Fort et al. 2007; Yucel and Lubman, 2007; de Wit, 2009; Stalnaker et 
al. 2009). 
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Recreational drug use, as a whole, is increasing worldwide (European monitoring centre for 

Drugs and Drug Addiction, 2008). MDMA users are generally polydrug users. The most 

commonly abused recreational drugs (alcohol, nicotine, cannabis, cocaine and amphetamine) 

are associated with long lasting behavioural and cognitive consequences. It is important that 

any deficits in psychological functioning reported by MDMA research is due to MDMA itself 

and not the consequence of other recreational drugs. It is for this reason it is extremely 
important to control for all other recreational drugs using control groups and statistical 

methods. 

1.10 Summary of research from 2007 - 2011 

It is necessary to provide a summary of human and non-human animal MDMA research from 

2007 onwards. Even though the hypotheses of this thesis were formulated during the period 

2001, it is still remains a relevant and novel area of research in 2011. Robust human 

psychological studies are still required investigating the long lasting consequences of MDMA. 

1.11 Summary of non-human animal and human MDMA studies (2007-2011) 

Before 2007, there was evidence that MDMA had been found to be neurotoxic in a number of 

species, from rodents to non-human primates. However, the data surrounding the sensitivity 

of different brain regions to MDMA toxicity was questionable. Data examining recovery 

following MDMA exposure in non-human animal studies was even scarcer. Since 2007, there 

have been a smaller number of studies investigating the neurotoxicity of MDMA. In 

summary, the human studies investigating the effects of MDMA on psychological functioning 

since 2007 have been rather limited. No study during this period had investigated the possible 
long lasting consequences of MDMA in abstinent polydrug users. Secondly, there are limited 

studies employing robust control groups controlling for the use of additional recreational 
drugs. 

Kirilly (2010) investigated the SERT mRNA expression in the brainstem and raphe nucleus, 
5-HTT immunoreactive fibre density in several brain regions and 16 functional measures of 

sleep in response to a single dose of MDMA (15mg/kg) in rats. Behavioural experiments were 

performed 21 days after MDMA exposure. The results found changes in SERT mRNA 

expression in raphe nuclei. There were increases 7 days after exposure followed by transient 
decreases 21 days later. Significant reductions (20-40%) in 5-HTT immunoreactive fibre 
density in most regions of the brain were observed between 7-21 days after exposure to 
MDMA. Damage occurred in all cortical regions. Finally, functional changes observed in 
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rapid eye movement sleep latency and increased delta non-REM sleep; however, this was 

normalised and returned to baseline after 180 days. The authors concluded that a single dose 

of MDMA resulted in long lasting impairment of the serotonergic system in the rat, which can 
led to long-lasting cognitive, learning, memory and mood deficits. Kirilly concluded this 

would be particularly worse if there was a genetic or certain environmental factor(s) present 

and future studies should control for this (Kirilly, 2010). 

Hemandez-Rabaza et al. (2010) investigated the effects of MDMA alone or in combination 

with alcohol/cocaine on memory performance in adolescent rats. The results found that only 

rats exposed to combinations of alcohol/MDMA/cocaine exhibited significant memory 
deficits. The authors concluded that exposure to MDMA and alcohol during adolescence 

caused neurotoxic alterations and persistent memory deficits, highlighting the risks to modem 
day MDMA/alcohol drug users (Hernandez-Rabaza et al. 2010). 

Scholey et a] (2011) investigated the use of the internet as a means of collecting drug related 

self-reported data. They asked 49 participants to self-report their drug history. The results 
found a correlation between MDMA hair analysis, self-reported MDMA use and depression 

levels. They concluded that psychoactive drugs influence long-term mood and cognition 
(Scholey et al. 2011). 

There has been research using human neuroimaging techniques to SERT binding in MDMA 

users (Kish et al. 2010). The results found that SERT binding occurred significantly less 

throughout all cerebral cortices (range -19 to -46%) and the hippocampus (mean -21%). These 

reductions correlated to self-reported drug use including number of years and dosage. In terms 

of behaviour, the MDMA group reported mild mood disturbances, modest deficits on 

attention, executive functioning and memory tasks (Kish et al. 2010). This study controlled 
for exposure to other recreational drugs using statistical analysis. However, the study would 
have been more robust if they had included separate control groups. Secondly, the study did 

not investigate the long lasting consequences as participants abstained from MDMA only for 

a mean period of 45 days prior to participation in the study. 

With regard to memory studies, Blagrove et al (2010) investigated the role of MDMA on 
declarative/procedural memory in MDMA users. The experiment involved a retest, two 

experimental sessions 24 hours apart, so that the memory consolidation function of sleep was 
assessed. The study included three groups: drug-naive control (n=24), recent MDMA users 
(n=25) that had consumed MDMA at least 3 days prior to the first testing session, and 
abstinent users (n= 17) where users had not used MDMA for 8 days prior to testing. The study 
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concluded that greater lifetime consumption of MDMA, cannabis and cocaine reflected 
declarative memory deficits. However, MDMA did not affect memory consolidation. The 

study failed to monitor the long lasting consequences of MDMA on memory (Blagrove et al. 
2010). This study suggests that as MDMA users are polydrug users, it is essential to control 
for the effects of other recreational drugs. 

Mathews and Bruno (2010) investigated the association between depression and MDMA 

exposure. One hundred regular MDMA polydrug users were interviewed concerning MDMA 

use, depression and psychological distress. The results concluded that 23% of the sample 

suffered from an episode of recent depression. The authors acknowledged this percentage of 
depression was higher than the general population. The level of depression was associated 

with drug using factors: dosage of MDMA, cannabis and polydrug use, and binge use of illicit 

drugs (Mathews and Bruno, 2010). The study failed to control for other recreational drugs and 
did not include a control group. The study did not investigate the long lasting effects of 
MDMA. 

Scott et al (2010) investigated the role of genetics (polymorphism of the SERT gene) and 

environmental factors (stressful lifetime events, trauma, anxiety and polydrug use) on risk 
factors for depression in association with previous MDMA use (n=184). The study concluded 

that only lifetime trauma and stressful events were linked to increased depression. The authors 

stated that future studies need to report environmental factors and whether MDMA 

exacerbates pre-existing conditions (Scott et al. 2010). 

It has been proposed that the variability in the range of results found concerning MDMA 

neurotoxic damage on memory and executive functioning could be subjective to the difficulty 

of the task (Brown et al. 2010). In their study, they compared MDMA users with non-MDMA 

controls on differing complexity tasks (low, moderate and high). The results concluded that 

the more complex tasks were associated with more pronounced deficits than the low 

complexity tasks. They concluded that future MDMA studies needed to employ tasks that 
involve the use of multiple brain regions or greater contribution from the frontal lobe (Brown 

et al. 2010). 

Randall et al (2009) performed a laboratory-based sleep study on 7 MDMA users and 13 non- 
MDMA controls. The MDMA users were administered 2mg/kg of MDMA and studied on 3 

sessions for 3 nights (baseline, treatment and recovery). The study concluded that MDMA 

causes acute sleep disruption including REM dysfunction (Randell et al. 2009). This study 
only compared MDMA users and non-MDMA users, so they failed to control for the history 
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of previous recreational drugs. The study examined only the acute effects of MDMA and not 

the long lasting consequences. 

McCann et al (2009) investigated the effects of MDMA on sleep and cognition in a study that 

employed 19 abstinent MDMA users (abstained from MDMA for 3 weeks prior to the study) 

and 21 controls. The participants under went a 40 hour sleep deprivation experiment and were 

asked to complete a cognitive test battery during this period. The results found that during the 

sleep deprivation task, only MDMA users were more impulsive and less accurate on the 

memory task. The authors concluded that future executive functioning and memory tasks 

need to take into account sleep disturbance (McCann et al. 2009). This study failed to 

investigate the long lasting consequences of MDMA on sleep, executive functioning and 

memory. 

A web-based study investigated the link between MDMA and sleep (Carhart-Harris et al. 

2009). The study included a total sample of 1035 drug users, of which 31 were MDMA only 

and 58 abstained MDMA only. Current and former MDMA users were compared against 

controls on: 1) sleep quality, 2) sleep latency, 3) night time awakenings and 4) total sleep 

time. Both current and former MDMA users complained of sleep disturbances in comparison 

to non-MDMA controls. Even though abstinence from MDMA was monitored in this study, 

the period was only 28 days. The MDMA only group had a previous drug history including 

exposure to cocaine, amphetamine, ketamine, and opiates on less than 10 occasions. They had 

previously used cannabis use but not within a month of participation of the study (Carhart- 

Harris et al. 2009). The study failed to statistically control for other recreational drug use. It 

did not investigate whether these deficits in sleep had a detrimental effect on other 

psychological functions including: memory, executive functioning, impulsivity, and 

depression. 

A two-year follow up study monitored the neuropsychological profile and cognitive changes 

of 37 current MDMA/cannabis polydrug users, 23 current cannabis/non-MDMA users, and 34 

non-illicit drug users (de Sola Llopis et al. 2008). They measured attention, executive 
functioning, memory and learning. After two years, the MDMA/cannabis group showed 

persistent deficits on verbal fluency, working memory and processing speed. This study is the 

first study to investigate the possible long lasting effects of MDMA. However, the study only 

monitored MDMA users for a period of two-years. The control of other illicit drug use was 

rather limited. This study provides evidence of long-term cognitive impairment due to 
MDMA/cannabis (de Sola Llopis et al. 2008). 
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In brief, the non-human animal and human studies post 2007 have provided further evidence 
for the possible acute and long lasting effects of MDMA. These studies have suggested that 

other psychological functions are needed to be monitored in cognitive tasks: memory, sleep, 
impulsivity and depression. The human studies have poorly controlled for the effects of other 

recreational drugs including: alcohol, cocaine, amphetamines and ketamine, with most of the 

studies not even relying on advanced statistical methods. No study to date has investigated the 
long lasting consequences of MDMA in abstaining ex-MDMA polydrug users. 

1.12 The rationale for this study 

Gaining greater understanding and knowledge of the effects of MDMA on psychological and 
behavioural functioning will be beneficial both scientifically and clinically. Research 

investigating the long lasting psychological effects of MDMA will help to modify and 
formulate appropriate therapeutic intervention strategies to rehabilitate or compensate for lost 

abilities due to the negative consequences of using MDMA, since at present there seems to be 

no general acceptable guidelines for treatment concerning hypothesised MDMA-induced 

psychological and behavioural deficits. 

Finding reliable and valid evidence that MDMA can cause neurotoxicity to human users and 

the particular consequences of using MDMA will help to educate current and future MDMA 

users with the intention of controlling and possibly preventing future use. MDMA has many 

positive redeeming features including its positive effects of introspection and emotions. If the 

negative and long lasting effects of MDMA are highlighted and could possibly be eradicated 
MDMA could again be used in the clinical setting. 

A major issue with MDMA research surrounding brain and psychological neurotoxicity are 
the fluctuations within the published work. Over the past 30 years, research has failed to find 

consistent results. The majority of studies over the past 20 years have rightfully admitted 
limiting factor of the methodological flaws associated with their research including limited 

control groups, and biased sampling of participants like small samples. 

In the past 10 years, research has been more robust, however, there are still many 
methodological issues making it difficult to draw conclusions concerning the long-lasting 

effects of MDMA on psychological functioning. Research needs to be replicated with more 
stringent methodologies employed, so robust conclusions can be drawn. 
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Cognitive and psychological impairments could play a pivotal role in the development of 

addictive behaviours in addition to being an inhibitory factor for rehabilitation success for 

substance abusers. Thus, it could be proposed that if substance users exhibit problems with 

attention and cognitive functioning due to their addictive problems, it would consequently be 

harder for them to adapt to rehabilitation programs. In particular, those programs require 

generating new behaviours or techniques aimed at achieving a desired goal; being able to 

provide adequate motivation in order to be successful in their rehabilitation program; to plan 
behaviours that fail to accomplish an immediate reward; and finally finding the ability to 

inhibit inappropriate behaviours or desires. 

There are various reasons behind researching the consequences of MDMA use including the 

fact that results will provide greater understanding of 5-HT and its role in normal 

psychological functions. This research will provide evidence whether 5-HT damage is 

reversible or persistent, and will provide an indication of the dosage of MDMA needed in 

humans for cognitive and other psychological disruptions to occur. The majority of MDMA 

users feel that it is a harmless drug, with little long lasting effects (Curran, 2000; Parrot, 2001; 

and Morton, 2005). If the precise long-term effects of MDMA are discovered, users could be 

educated and it may prevent them from further consumption of the psychedelic drug, whilst 

also preventing others from experimenting with the drug. 

1.13 The research objectives and proposed study 

Although there is sufficient evidence indicating that MDMA is neurotoxic resulting in long 

lasting compensatory alterations on specific brain regions in non-human animals, there is 

currently a lack of research providing sufficient evidence demonstrating whether similar long 

lasting effects occur in humans. The issue of the dosage of MDMA required in humans to 

cause this neurotoxicity is questionable due to species sensitivity of toxic compounds. The 

frequency, dose and the route of administration of MDMA will play a pivotal role in its 

possible neurotoxicity. The aim of the current research is to indirectly investigate the long 

lasting effects of MDMA, by investigating the behavioural and psychological consequences 
of MDMA use in humans. 

By using validated and reliable psychological tests, it is possible to infer the functional 

sequelae of the putative MDMA-induced serotonin damage. This will highlight the amount of 
MDMA consumption required for psychological disruptions to occur and secondly to 
demonstrate whether the symptoms persist indefinitely, if they recover with time or if they get 
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progressively worse with time. As these tests have previously been linked to normal serotonin 

activity it is possible to speculate that if MDMA users differed from non-MDMA control 

users it maybe a result of serotonergic neurotoxcity. 

MDMA has been a recreational drug of abuse since the early 1980s. It is plausible to suggest, 

that now nearly 20-30 years later, there will be a number of MDMA users that had previously 
been exposed to MDMA and subsequently abstained from MDMA for more than five years, 

thus allowing us to research the long lasting effects of MDMA and possibly the relationship 
between MDMA use and its effects on psychological functioning with respect to the normal 

aging process. To date, no previous study, using human participants, has investigated the 

psychological and behavioural consequences of MDMA, after five years of abstinence from 

the drug; making this a novel study. 

This study aimed to investigate the relationship between serotonin related psychological 
functions and exposure to MDMA (Figure 1.4). It compared the relationship between the 

severity of each psychological problem and the amount of MDMA consumed in a lifetime. 

The dose-response relationship between severity of each type of psychological problem and 

the number of years of abstinence from the MDMA was investigated (Figure 1.5). 
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Figure 1.4: Schematic dose-response curve 

This figure shows a typical dose-response curve. The diagram provides the hypothesised 
relationship between the severities of the psychological problems compared with the number 
of years of abstinence. These psychological problems include memory deficits, depression, 
impulsivity, executive functions and sleep. The number of drug free years range ftom 0 years 
(current users) to more than 5 years (past-users). The figure demonstrates some possible 
outcomes; a- no change in the severity of the psychological problem as time progresses; b- 

a decrease in the severity of the psychological problem as time progresses; c- as time 
progresses there is an increase in the severity of the psychological problems. Finally not 
shown on the figure, is there may be no association between severity of the psychological 
problem and number of drug free years. 
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Figure 1.5: Schematic illustration displaying the predicted relationship between MDMA 
and lifetime consumption 

The figure illustrates the hypothesised severity of the psychological problems in relation to 
the amount of MDMA consumed in a lifetime. The psychological problems include: memory 
deficits, depression, impulsivity, executive functions, and attention. The figure shows some 
hypothesised relationships between the severity of the psychological disorder and the amount 
of MDMA consumed; a- there is no change in the severity of the psychological problem and 
the amount of MDMA consumed; b- there is a positive increase in the severity of the 
psychological problem as the amount of AMAM consumed increases; c- there is an initial 
increase in the severity of the psychological problem as the amount of MDM4 consumed 
increases however this initial increase in the severity of the psychological problems will 
eventually remain consistent irrespective of continued exposure to AIDMA . 
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* Includes depression, executive functioning, sleep, impulsivity and memory 

The originality of this study lies in the fact that no previous study within the field of 
biological psychology has investigated, in one study, the 'pseudo-dose-response' curve 
demonstrating the relationship between the amount of MDMA consumed and the severity of 

psychological problem. This study will investigate whether these psychological deficits are 

acute or long lasting. This study will employ more stringent control groups than previously 

used in other studies; comparing past and present MDMA users. Finally, the study will 
investigate whether executive functioning is dependent on the normal functioning of memory, 

sleep, depression, and impulsivity within drug users. 
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1.14 The proposed study 

The techniques employed in this study include measuring for disturbances in executive 
functioning (Wisconsin Card Sorting Test, and Tower of London), memory (Weschler 

Memory Scale - Revised), impulsivity (Bar att Impulsiveness Scale), sleep (Pittsburgh Sleep 

Inventory) and depression (Becks Depression Inventory - version II). This study decomposed 

each of the functions (executive functioning, memory, impulsivity, and depression) into 

separate subdomains. The study investigated whether lower order functions (sleep, 

depression, impulsivity and memory) affect higher functions being executive functioning. 

The study compared the pattern of MDMA use between current polydrug MDMA users and 

past polydrug MDMA users that have abstained for more than 5 years monitoring 

characteristics like age of initial onset, frequency of use and dosage. 

Based on previous results from both non-human animal and human research, the following 

can be hypothesised. It is predicted that current MDMA users will use MDMA in a more 
harmful way than past MDMA users (Chapter 2). Experiments testing memory, executive 
functioning, impulsivity, sleep and mood will find that current polydrug MDMA users will 

show a decrease in performance in relation to a non-MDMA control group (Chapter 3,4,5,6 & 

7). It is hypothesised that the results from the current study will find no difference in 

psychological performance between the current polydrug MDMA users that had consumed 

the drug within the last 6 months and the past polydrug MDMA users that had consumed the 

drug more than 5 years ago in comparison to matched age/occupation control groups (Chapter 

3,4,5,6 & 7). There will be a positive dose dependent relationship between level of exposure 

of MDMA and severity of psychological problems (executive functioning, memory, sleep, 
depression and impulsivity) (Chapter 3,4,5,6 & 7). There will be a positive relationship 
between the performances on executive functioning tasks and 
depression/memory/impulsivity/sleep functioning (Chapter 7). 
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Chapter 2- Drug History Questionnaire and Pilot Study 

2.1 Aims and objectives 

There are two sections to this chapter. The first includes piloting the Drug History 

Questionnaire (DHQ). The second section provides a profile of the demographics of past and 

present MDMA polydrug users during the period 2002-2007. 

2.2 Pilot Drug History Questionnaire 

Over the last two decades, research into drug addiction has increased substantially. An 

example of this increase would be that in 1996 there were 13 drug-related peer reviewed 
journals in comparison to 27 in 2007 (European Monitoring Centre for Drugs and Drug 

Addiction, 2008). To date there is not a single publicised assessment tool specifically targeted 

at MDMA polydrug users asking basic demographic details and full drug history for a non- 

clinical population. In order to collect data, the development of a new questionnaire (the 

DHQ) was required, which included sections on demographic details and also recreational 

drug use. 

In brief, this DHQ needed to include: (1) Essential demographic information: gender, age, 

residential area, ethnicity, education, and martial status, (2) Health information: present and 

previous medical problems, depression, psychiatric disorders, (3) Family information: family 

history of recreational drugs/alcoholism, and (4) Finally, history of recreational drug use 
including information on any recreational drugs used, the amount consumed, the length of 
time used, and any periods of abstinence from the recreational drugs. 

The second section of this chapter addresses two main questions: (1) Whether MDMA's 

popularity has increased or declined despite reports over the last decade of its possible 

psychological deficits and potential structural changes to the brain, during the period 2002- 

2007, (2) To investigate the demographics of a sample of drug users past and present to 

provide a profile of MDMA polydrug users within South East England, during the period 
2002-2007. 
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2.2.1 Justification for question inclusion in the DHQ 

Clearly, the DHQ needed to document use of all recreational drugs. On the whole, all 

recreational drugs of abuse to some degree influence areas of psychological health including: 

mood, memory, attention, impulsivity, decision-making, planning, and psychotic behaviour 

(Soar et al. 2001; Daumann et al. 2004; Dafters et al. 2004; Daniulaityte et al. 2010; Chou et 

al. 2011). Previous research examining the psychological consequences of MDMA have 

failed to robustly control for these recreational drugs (Soar et al. 2001; Daumann et al. 2001; 

Brecht et al. 2002; Back-Madroga et al. 2003; Morris. 2003; Parrot. 2003; Daumann et al. 

2004; Dafters et al. 2004; Moron. 2005; Murphy et al. 2009). This study aimed to stringently 

control for all recreational drugs that may cause psychological problems: alcohol, nicotine, 

amphetamine, cannabis, cocaine, heroin and ketamine. This aimed to increase confidence 

levels in asserting that it is indeed MDMA causing the psychological deficits. 

The DHQ required a section on recreational drugs co-used at the same time as MDMA. 

Epidemiological studies suggest that present and past recreational drug users tend to co-use 
MDMA with many other substances (Curran, 2000; Parrott, 2001; Morton, 2005; Ramo et al. 

2010). This array of drugs needed to be reported in this research. The majority of recreational 

drug users misuse many different types of recreational drugs: alcohol, nicotine, cannabis, 
MDMA, amphetamine, opiates and cocaine (Curran, 2000; Parrot, 2001, Morton, 2005; Ramo 

et al. 2010). A possible rationale for this pattern of use is that all of these drugs have diverse 

acute and long lasting effects. Certain effects are more desirable at certain times, or in 

particular situations (Pope et al. 2001). MDMA is a popular drug of abuse and frequently 

consumed during the weekend at raves (Curran et al. 1997; Parrot. 2009). MDMA use results 
in an uncomfortable aftermath followed by feelings of depression and lethargy (Parrot et al. 

2004). During the week, most MDMA users will use other recreational drugs (such as alcohol 

and marijuana) to counter balance any negative effects: fatigue, insomnia and depression 

(Winstock et al. 2001). 

Secondly, a cocktail of drugs may have a very different effect than the drug alone with cross- 
tolerance occurring (Scholey et al. 2004; Galineau et al. 2005). DA levels attenuate the 

neurotoxic effects of MDMA in non-human animal research (Galineau et al. 2005; Granado et 

al. 2011). Many recreational drugs co-used with MDMA have been shown to increase DA 

levels substantially (cocaine and amphetamine) (Peraile et al. 2010). Caution is needed when 
interpreting findings derived from polydrug MDMA users. Conclusions concerning MDMA 

neurotoxicity need to be formed on a robust methodology. With previous research it is 
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difficult to determine if the acute effects are due to MDMA alone or in combination with 

other recreational drugs (Bankson and Yamamoto, 2004). The DHQ documented whether 
MDMA is co-used with other recreational drugs. This improved the methodology and 
increased confidence in derived conclusions. 

Detailed questions outlining the frequency of drug use were incorporated into the 

questionnaire. Any period of abstinence from any type of recreational drug paying particular 

attention to MDMA was documented. Published reports indicate periods of abstinence from 

MDMA can result in the reversal of psychological dysfunction (Reneman, 2002; Haddad et 

al. 2002). More evidence is required concerning long lasting effects, particularly targeting 

human MDMA users, as the bulk of the current data comes from non-human animal studies 
(Zakzanis and Young, 2001a, 2001b). This study was interested in the long lasting 

consequences following MDMA abstinence. 

Serotonin pathways innervate most anatomical regions of the brain affecting psychological 
functions including emotional disorders (Christianson, 1997; Crockett et al. 2010). Serotonin 

levels can be manipulated within the human body by diet (Rissanen, 1994). Synthesis of 

serotonin within the CNS is dependent on dietary tryptophan, which is up taken by the blood 

and crosses the blood brain barrier (Rissanen, 1994; Yao et al. 2011). Protein rich foods 

contain little tryptophan in relation to other large amino acids. In comparison carbohydrates 

stimulate insulin secretion, increasing the uptake of large neutral amino acids into the muscles 

thus allowing tryptophan to cross the blood-brain-barrier effortlessly (Rissanen, 1994; Beyth 

and Baratta, 1996). Tryptophan depletion triggers rapid lowering of mood (Christianson, 

1993; Rissanen, 1994; Toker et al. 2010). Certain foods containing carbohydrates will 

facilitate an upsurge in 5-HT levels whilst proteins can diminish 5-HT levels subsequently 

causing a shift in mood (Christianson, 1997; Curzon, 1985; Wurtman, 1990; Jimerson et al. 

1990; Toker et al. 2010). It is reasonable to propose that if MDMA is neurotoxic to 5-HT 

neurons, MDMA users may try to maintain sufficient levels of 5-HT via diet in particular by 

increasing levels of carbohydrates. Alternatively, MDMA users may already have lower than 

average levels of brain 5-HT, therefore they consume MDMA and diets high in carbohydrates 

as a form of self-medication, ultimately trying to increase brain 5-HT. The questionnaire, 

therefore, paid particular attention to the drug user's diet. Additional details recorded included 

whether the diet differed only when they exposed to MDMA or whether MDMA users' diets 

generally differ from other non-MDMA recreational drug users. 

Pharmacology has revealed that the effect of a drug is dependent on the route of 
administration (Green et at. 2004; Kinner and Degenhardt, 2008). Intravenous injection 
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results in the drug immediately entering the blood stream. This route of administration will 

ultimately result in a quicker response in comparison to taking a pill orally, which requires 

gastrointestinal absorption (Curran, 2000; Parrot, 2001; Green et al. 2005). Most recreational 
drugs can be administered in a variety of ways. MDMA can be ingested orally, nasally, 

rectally and via intravenous injection (Parrot, 2001). This needs to be considered when 
investigating MDMA use and its overall effect on psychological performance. If MDMA is 

neurotoxic it is plausible that intravenous injection would result in enhanced neurotoxicity 
than oral administration. The questionnaire, therefore, controlled for all routes of 

administration of MDMA. 

In terms of drinking alcohol, current opinion suggests that binge drinking can be more 
harmful than regular drinking. Binge drinking is where the intention is to become intoxicated 

as quickly as possible; consuming large amounts of alcohol. It is common in males and young 

adolescents (Offending Crime and Justice Survey, 2003). As binge drinking is associated with 
increased health and psychological consequences compared with regular drinking, it is 

postulated that binge MDMA users may develop more severe and longer lasting consequences 

compared with regular users. 

The environment in which a drug is administered has an effect on the response of the drug. 

Studies have demonstrated that crowded environments intensify the effects of MDMA and 

amphetamine (Cornish et al. 2003; Feduccia et al. 2010). Loud environments increase the 

response and consequences of MDMA in non-human animals (Cornish et al, 2003). Most 

drug users will administer drugs in a nightclub environment that will include crowded places 

with loud music (Fantegrossi et al, 2003; Braida et al, 2005; Ramo et al, 2010). Drug users 

exposed to MDMA in such environments may in fact be increasing the likelihood of 

psychological effects. The environment that MDMA users are taking MDMA was 
documented in the questionnaire. 

Published research widely accepts the notion that psychiatric disorders including drug 

addiction have been closely linked with genetics. Drug addiction can be observed between 
first degree relatives and siblings in behavioural studies (Lin et al. 2004; Chen et al. 2011). 
Inclusion of family use of recreational drugs was, therefore, included in the questionnaire. 

Non-human animal research has demonstrated that MDMA induced damage to selective 5-HT 

neurons in female rat brains is reversible in comparison to males (Liechti et al. 2001; 
Verheyden et al. 2006), however this still remains questionable (van den Buuse et al. 2011). 
Research indicated that the amount of repair on damaged 5-HT neurons is dependent on 
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biological sex (Liechti et al, 2001 and Verheyden et al, 2006). This research implicates that 

hormones such as oestrogen and progesterone may provide a neuroprotective role (Liechti et 

al, 2001; Reneman et al, 2001b; Bubenikova et al, 2005). Thus, the biological sex was 
documented. 

MDMA exposure could lead to depression due to reduced 5-HT levels (Curran, 2000; Parrott, 

2001; Ricaurte et al. 2001; Mathews and Bruno, 2010; Scott et al. 2010). It is conceivable that 

effective treatments for past and present MDMA users would include those that increase 5- 

HT levels. Current treatments available for depression include Selective Serotonin Reuptake 

Inhibitors (SSRIs) and non-5HT selective drugs, including Serotonin Noradrenaline Reuptake 

Inhibitor (SNRIs) and Tricyclic Antidepressants (TCAs) (Dupuy et al. 2011). Individuals' 

diagnosed with past depression resulting from MDMA exposure may have been prescribed 5- 

HT-related antidepressants to alleviate symptoms. If serotonergic anti-depressants elevate 

symptoms, this will provide indirect evidence that MDMA may cause damage to selective 5- 

HT neurons, providing further support that MDMA is a neurotoxin. The DHQ documented if 

participants have suffered from past depression and the type of treatment prescribed. Finally, 

if depression was diagnosed and treatment offered, it was documented whether the treatment 

had the desired outcome or not 

The DHQ recorded information concerning the awareness of psychological disturbances 

specifically caused by the use of MDMA and not a consequence of other recreational drugs. A 

number of MDMA users state that MDMA fails to cause any long lasting psychological 
disturbance (Curran, 2000; Parrot, 2001; Gamma et al. 2005). Nevertheless, research has 

debated this statement for more than a decade. This discrepancy may result from the 

possibility that MDMA users and other recreational drug users are unaware of any 

psychological damage. Alternatively if users are aware of a decline in psychological 
functioning they fail to associate it with recreational drug use. Another interpretation is that 

the psychological deficit(s) existed beforehand and the drug user started to use the drug as a 
form of self-medication. If MDMA initiates deficits in mood, memory and executive 
functioning, with MDMA users being unaware of this deficit, it may lead to irrational 
behaviour and an overall decrease in quality of life (Beck and Weishaar, 1990). 

Certain individuals seem to have no related psychological deficits following MDMA use 
(Curran, 2000; Parrot, 2001) whilst others suffer from both behavioural and cognitive 
problems following exposure to MDMA (Curran, 2000; Parrot, 2001; Morris, 2003; Mathews 

and Bruno, 2010; Scott et al. 2010). A number of studies have demonstrated that MDMA 

users suffer from cognitive or behavioural problems after minimal exposure to MDMA 
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(Morland et al. 2000; Esteban et al. 2001; Meehan et al. 2001; Masi et al. 2002; Balogh et al. 
2004; De Win et al. 2008; Green et al. 2004). How can these confounding studies be 

explained? Is the neurotoxicity dependent on factors such as age of initial exposure to MDMA 

and brain maturation, initial dose taken typical exposure environment of MDMA, cocktail of 
drugs used whilst on MDMA, and family history of MDMA? MDMA toxicity may depend on 

other factors including route of administration of MDMA or content of MDMA pills. This 

study aimed to answer these questions and attempted to find a more consistent conclusion 

using the DHQ. 

There is insufficient evidence correlating MDMA exposure and increased chance of 

neurotoxicity. Consequently in a minority of cases within the literature individuals have 

occasionally taken MDMA, which has resulted in severe consequences (Morland et al. 2000; 

Esteban et al. 2001; Mechan et al. 2001; Masi et al. 2002; Balogh et al. 2004; De Win et al. 
2004; Green et al. 2004). The actual amount consumed needs to be documented in order to 

establish the relationship between dose and psychological functioning. 

In order to evaluate the acute and long lasting effects of MDMA, a demographic and detailed 

drug history questionnaire (DHQ) documenting all factors that may contribute to a decline in 

psychological functions was required. This first section described piloting of a demographic 
drug questionnaire targeting different categories such as demographics, frequency of all 

recreational drugs, effects of recreational drugs, and drugs co-used with MDMA. 

2.2.2 Methodology 

2.2.2.1 Not Study for demographic and DHQ 

2.2.2.2 Design 

This study included four pilot studies: (1) A test-retest pilot study involved participants filling 

out the drug history questionnaire twice with a time interval of a week, (2) Two validation 
pilot studies comparing responses from the newly formulated DHQ with responses from an 
unpublished clinical drug history questionnaire, used by the Institute of Psychiatry (IoP). The 
IoP drug history questionnaire is non-specific to a particular substance, (3) The second 
validation pilot study compared the responses from the present DHQ with a structured 
interview, (4) The final part is the main pilot study, where the DHQ was completed by 100 

participants (Table 2.1). 
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Table 2.1 Pilot studies validating and testing the drug history questionnaire 

The four different pilot studies performed including the test-retest for the DHQ, comparison 
of the DHQ with responses from the 1oP questionnaire, DHQ self-reported compared with an 
interview based on the DHQ, and finally the main study where 100 participants were asked to 
complete the DHQ. 

Pilot test Sample Measuring 

Test-retest n=20 Reliability 

Comparison with IoP n=20 Validity 

Comparison with interview n=20 Validity 

Main pilot study n=100 Participants had no difficulties 

2.2.2.3 Participants 

One hundred and sixty participants were involved; based on a power calculation, where n=28 
(power=80, D=0.05, dgl - Cohen, 1992; Faulet al. 2007; Faul et al. 2009). The mean age 

was 21 years (ranging 18-37 years) 54 % males. Sixty participants were included in the 

validation/reliability of the questionnaire. 20 participants were interviewed using the 

unpublished loP interview, and 20 participants employed in a structured interview based on 
the DHQ questionnaire. A further 20 participants were used to test the DHQ questionnaires 
consistency and reliability using a test-retest. Finally, the final DHQ was completed by a 
further 100 participants, where no further queries were raised by the participants. 

For the validity (IoP interview and general interview) and reliability test-retest, participants 
were recruited from a range of advertisements: (1) Local newspapers, (2) Webpage 
(www. msn. mywebpage drugexperiment co uk), and (3) London Metropolitan University 
(formally known as London Guildhall University). For the pilot study, participants were 
selected from London Metropolitan University (formally known as London Guildhall 
University) during 2001. 
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2.2.2.4 Materials 

In total, the DHQ consisted of 22 pages. Two pages (page 1 and 11) included instructions 

with the remaining 20 pages requiring answers to questions. Page 1 (the front cover) was an 
instructions page explaining that participants were required to put a response to the question 

asked in the appropriate answer box. It further explained that all participants were required to 

complete pages 2-10 (questions 1 through to 26). However, participants only needed to 

complete pages 12-22 if they had consumed MDMA in their lifetime (questions 27 through to 

47). Further instructions provided on page 11, reiterate that participants are only required to 

fill out questions 27 through to 47 if they have used MDMA (Appendix 2.1). 

Pages 2-10 and 12-21 asked questions concerning general demographics and drug-history 

questions. The type of questions asked included a combination of closed, multiple choice and 
finally open spaced questions (Appendix 2.3). The questionnaire was one-sided, double- 

spaced throughout, font size 14 and type was Arial. 

The DHQ consisted of three sections. `Section A' demographics on general lifestyle and 
health related questions including age, ethnicity, employment, mental health, social class, 
family use of recreational drugs, and general effects of drugs (pages 2-6). Section B consisted 

of specific use of recreational drugs including asking the types of drugs used currently (within 

the last 6 months) and previously (not within the last 6 months), and monthly and weekly diet 

(pages 7-10). Finally, Section C consisted of asking questions particularly concerned with 
MDMA consumption including total lifetime consumption, pattern of use, and finally 

questions concerning the acute effects of MDMA: physically and mentally (pages 12-22; 

Appendix 2.2). 

2.2.2.5 Procedure 

Forty-seven questions were formulated based upon previous studies (refer to introduction for 

more details) with six of these questions having sub-questions (Appendix 2.1). 

The initial phase of the pilot study was to test for its reliability (Table 2.1). This involved 

asking 20 participants to complete the questionnaire. These participants were required to fill 

the questionnaire out twice, including an interval of one week (retest). The responses were 
analysed (Appendix 2.4). 
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To test for the validity of the DHQ, 20 participants were interviewed using the standardised 
loP drug history form. Participants subsequently self-completed the DHQ. The responses 
from the DHQ and the IoP interview were compared and analysed (Appendix 2.4). 

Finally, a further 20 participants were given a structured interview based on the DHQ. 
Difficulties were addressed and relevant changes made (Appendix 2.2). 

The final phase of the pilot study involved distributing 100 questionnaires to participants from 

London Metropolitan University (formally London Guildhall University). Participants were 

supplied with a self-addressed envelope in order for them to return the completed 

questionnaire. The numbers of responses checked and no further changes implemented to the 

questionnaire (Appendix 2.2). The DHQ was used to collect data in chapters three through to 

seven. 

2.2.3 Results 

2.2.3.1 Test-retest reliability pilot study 

All the responses for the test-retest pilot study found there were no differences in responses 
between the initial questionnaire completed and the second questionnaire completed one week 
later (Chi square=0.9, df-46, p>0.05 - refer to table 2.5 and appendix 2.5). 

2.23.2 Interview validity pilot study 

The interview suggested that some of the questions needed to be re-structured (table 2.2 

appendix 2.1 and appendix 2.2), no further responses for the multiple-choice questions needed 
to be added. 
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Table 2.2 Changes to questions 

The following table summarises any changes to the DHQ following the validity pilot 
interview. The table provides details of the questions changed, and the page location on the 
DHQ. 

uestion and page location bange Made 

Q23 - Current drug use (page 7) Addition of times per week, times per month and 

umber of years 
24 - Previous drug use (page 8) Addition of times per week, times per month and 

umber of years 

2.2.3.3 IoP validity pilot study 

Comparison of responses between the drug history questionnaire and the IoP based interview 

found non significant differences in responses, with no further information being provided 
from the IoP interview (Chi square=0.2, df=46, p>0.05; appendix 2.5). 

2.2.3.4 Replies to the main pilot drug history questionnaire study 

For the main pilot study, of the initial 100 questionnaires (Appendix 2.1) sent to participants 
88% (n=88) were returned with 84% (n=84) completed. 

Responses from one hundred questionnaires were assessed in order to compile a scoring 

system that would allow the string responses to be transformed into meaningful numerical 

ordinal and interval data. Of the total forty-seven main questions, only six questions had a 

numerical response. Seven had a yes or no response. Three had a string response. Twenty-one 

questions had a multiple-choice response provided. Finally, for statistical analysis purposes 
ten of the questions required a percentage to be calculated (Appendix 2.4). 

2.2.4 Discussion 

2.2.4.1 Pilot demographic and drug history questionnaire 

The DHQ is able to gain information concerning participants previous and current drug use. 
To the authors' knowledge, this is the first questionnaire targeting MDMA users. Analysis 
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from the pilot study suggests the questionnaire is both a reliable and valid assessment tool, 

which is able to identify drug users, in addition to collecting relevant and meaningful data. 

Analysis from the interview ascertained the DHQ asked sufficient information. The interview 

failed to emphasise additional information, not already recorded from the questionnaire. The 

interview did reveal a small number of questions that needed to be re-structured. In addition, 

there were some general comments which required clearer instructions and some re- 

structuring of the questions. These changes were subsequently completed (refer to appendix 
2.1 and appendix 2.2). 

The response rate was 84% of the initial questionnaires posted and returned completed 

suggesting that the questionnaire was adequate in terms of the number of questions asked and 

the overall length of the questionnaire (Gillham, 2002). Due to the number of completed 

questionnaires it implies that the questionnaire was fairly easy to complete; as it is suggested 

a response rate of greater then 65% is considered good (Gillham, 2002). 

By producing a validated and reliable questionnaire, which is not only able to accurately 

quantify a person's drug history but also provide a behavioural account of the subjective 

effects of recreational drugs, means that results from future research investigating 

consequences of recreational drug use can be more reliable and increases confidence in 

subsequent interpretation. 

2.2.4.2 Limitations and future suggestions 

As with all self-reported questionnaires there are numerous limitations to this drug history 

questionnaire (for a fuller account on the disadvantages of self-reports refer to chapter 8). 

The pilot study suggested the questionnaire was reliable. As with all pilot studies, it had its 
limitations. The pilot included eleven recreational drug users and only seven MDMA users. 
Further validity and reliability tests are required in the future, with the inclusion of a more 
diverse ethnic background and contrasting cultures. However, the findings from the current 
pilot study suggested the DHQ was adequate and reliable to be used as a demographic and 
drug history research tool. 

Gaining information about participants' diets can be complex using a retrospective 
questionnaire (Curzon et al, 1990). Participants will often alter their diet. Often people will be 

unable to recall diets and may require prompting. The prompting may cause false memory 
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affecting the response. In the DHQ, prompts were given to assist the participants. This may 
have led to false reporting and inaccuracy of diet. An alternative method would be to ask 

participants to record a journal/diary (Jimmerson et al, 1990). However, a weakness includes 

the limitation of time for participants. In addition, it relies heavily on the participant's 

motivation. Another probable method would include biochemical measures of dietary 

tryptophan. Research by Schweiger et al. 1990 found that blood amino acid levels of 
tryptophan in anorexics following both protein-rich and carbohydrate-rich meals were lower 

in comparison to matched controls (Jimerson et al, 1990). The DHQ is a quick method to 

provide an estimated account of an individuals overall diet, as is required in this study. If 

future studies require accurate results concerning diet, it is recommended measuring blood 

amino acid levels, and subsequently correlating with psychological behavioural deficits. 

Ideally, 5-HT levels need to be measured accurately. Laboratory techniques consist of 

measuring amino acid concentrations from the blood and CSF provide indirect information on 
the 5-HT precursor L-tryptophan. Ultimately, this has an influence on the amount of 5-HT 

synthesised (Jimerson et al, 1990). A further indicator of 5-HT metabolism and functioning is 

the amount of serotonin metabolite 5-bydroxyindole acetic acid (5-HIAA) in the lumbar CSF. 

The majority of studies on 5-HT functioning have focused on measuring 5-HIAA in plasma, 

urine and CSF (Boot et al, 2000). Future studies would benefit from correlating the results of 
the DHQ with blood or CSF analysis to provide more accurate conclusion concerning 5-HT 

and MDMA. However, the current study is more concerned with MDMA lifetime use and 

psychological problems, rather than 5-HT levels per se. 

Drug users' perception of their own drug history can be distorted and inaccurate (Yacoubian 

et al, 2003). Most users will often excessively abuse many different types of recreational 
drugs often simultaneously. This can be difficult to monitor and record accurately using the 
DHQ. This can result in the drug users being unable to recall what they have consumed. In the 

majority of cases, the substances consumed will not be known to them as they are commonly 
mixed with cheaper substances and made in back-street labs (Cole et al, 2002). As drug users 
may suffer from possible memory related deficits a more accurate and reliable method needs 
to be adopted to estimate lifetime consumption of each recreational drug other than a DHQ 
(Daumann et al, 2003). Memory recall may be biased, as various recreational drugs can cause 
deficits to episodic memory (Parrott et al, 1998). Relying on participants' memories to 

remember accurate lifetime consumption of drugs can be very difficult and inaccurate. This 

places a question mark over the results of research that rely on these methodologies and the 
DHQ. Ideally, drug analysis need to be obtained during the period of psychological testing for 

example collection of blood, urine or hair analysis; however, such methodologies are 
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impractical due to health and safety laws, in addition to failing to monitor long-term drug use. 
Participants may not wish to divulge their drug history using DHQ due to social undesirability 

or legal reasons (Morgan, 2000). An alternative methodology would involve a longitudinal 

study. Nevertheless, longitudinal studies are not cost effective and are time consuming, 

whereas the use of a DHQ is cheap and quick allowing the collection of vast amount of data. 

Secondly, studies indicate that there are consistencies between self-reported MDMA use and 
hair sample analysis (Parrott et al. 2011), suggesting that this self-reported questionnaire is a 

sufficient method to collect drug history information. 

2.3 Drug misuse trends across South East England 

2.3.1 Introduction and Justification 

During the 1990s there was an extraordinary escalation in the number of drug users, young 

and old (Aldridge et al, 1998; Aldridge et al, 2008; van Nuijs et al. 2010). UK estimates 
during the period 1999-2001 suggested 4% of 16-59 year olds had taken MDMA. Usage was 
highest amongst 16-29 year olds (Ramsey et al, 2001). However, in 2010 there seems to be a 

reduction in the use of MDMA in comparison to previous years (European Monitoring Centre 

for Drugs and Drug Addiction, 2008). This is considered to be due to increased seizures and 

the lack of precursor chemicals needed to manufacture MDMA. There are legal substitutes to 

MDMA, which seem to be popular. Finally, cocaine use has dramatically increased amongst 
16-29 year olds from 1% in 1994 to 5% in 2000 (Sharp and Miech, 2001) and seems to be 

continuing to rise (van Nuijs et al. 2010). 

Politically, over the past decade, government legislation has targeted minimising drug use 

across the UK as well as educating people concerning the effects of drugs. It has been some 3 

years since the last published report concerning drug use trends within the UK (Aldridge et al, 
2008). One of the largest longitudinal studies published is the Aldridge Report investigating 

adolescent drug use (Aldridge et al, 1998). However, this report failed to monitor the 

participant into early adulthood and through later life. Given that MDMA use amongst adults 
is on the increase, this aging population of drug users need separate investigation. The 

Aldridge Report provided information concerning the reasons why adolescents initiate 

recreational drugs however it failed to provide a typical age, ethnicity, educational 
background of adult drug users. MDMA is a drug commonly associated with Caucasian 

clubbers in their mid-twenties, however recent studies suggest MDMA is becoming 
increasingly poplar amongst all ethnicities and ages (Morris, 2003; Montoya, 2002; Morton, 
2005). If MDMA is associated with possible health risks and selective brain neurotoxicity, 
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investigating adults whom are either (1) currently taking MDMA, or (2) those with a history 

of MDMA use, will provide information regarding potential MDMA induced psychological 
damage (Curran, 2000; Parrot, 2000). 

This section of the study addresses two main questions: (1) To verify whether educational 

government legislation have proved favourable in reducing overall substance use or as 

predictions suggest the number of drug users is still escalating within the South East England 

during the period 2002-2007, (2) To investigate the demographics of a sample of drug users 

past and present. Findings from this study will provide information on whether current 

polydrug MDMA users administer drugs in a more or less harmful way than MDMA users 5 

years ago. This will further provide information on frequency of MDMA and other substance 

use, age of initial exposure and co-use of MDMA with other substances, comparing past and 

present users. 

2.3.2 Methods 

2.3.2.1 Participants 

The total sample size consisted of 1399 participants split into three main groups: 1) Sample of 
438 current and past MDMA poly drug users, 2) 716 non-MDMA poly drug users, and 3) 245 

non-drug users (Power calculation; minimum of 72 per group, power=0.80,8=2.80; Cohen, 

1992; Faul et al. 2007; Faul et al. 2009). The participants were divided into a further five 

groups depending on their self-reported illicit drug history as detailed below. 

The groups included: 

i) non-illicit drug users, 
ii) current regular alcohol/nicotine users, 
iii) current alcohol, nicotine, cannabis users, 
iv) current non-MDMA polydrug users that have never consumed MDMA prior 

to taking part in the study, 

v) current polydrug MDMA users that had used MDMA in the last 6 months 

prior to taking part in the study, 
vi) past MDMA users who had abstained from MDMA at least 1 year prior to 

taking part in the study (Table 2.1). 
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In summary, the study compared four non-MDMA control groups with two MDMA poly drug 

groups: current and past MDMA users (Table 2.1). 

Table 2.1: Summary of overall drug groups 

The figure provides a detailed account of all drug groups involved in the study, where 
N=1399. There were six main groups included in the study: non-drug group, alcohol/nicotine 
group, alcohol/nicotine/cannabis group, non-AMMA polydrug, current AMAM polydrug, and 
past MDMA polydrug group. 

Non drug control group - participants whom have never taken any illicit drugs. The aim of 
this group is to have a control group that can be compared to other illicit drug users on 

performance on psychological measures. If performances differ between the control group 

and the licit/illicit drug users it could be proposed that the difference in performance is due to 
licit/illicit recreational drugs. 

Control group matched for alcohol/nicotine use - participants that used nicotine/alcohol. 
Participants would not have taken MDMA in their lifetime, nor taken any other illicit drugs. 

The reason for controlling for alcohol and nicotine is current research demonstrates alcohol 

and nicotine can affect performance in numerous psychological tests (i. e., short-term and 
working memory deficits, increased anxiety). By controlling for alcohol and nicotine use it 

implies that the results are due to the use of MDMA and not nicotine or alcohol. 

Control group matched for cannabis use -participants that use alcohol, nicotine and 

cannabis. Participants would not have taken MDMA in their lifetime, nor taken any other 
illicit drugs. The reason for controlling for cannabis is that current research demonstrates 

cannabis affects serotonin levels and thus performance in numerous psychological tests are 
reportedly affected (i. e., short-term and working memory deficits, increased anxiety). By 

controlling for cannabis use it implies that the results are due to the use of MDMA and not 
cannabis. 
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Control group matched for other illicit drug use including cocaine, amphetamine and 
heroin - this group will include participants that use cocaine, amphetamine, heroin as well as 

other illicit drugs. Participants in this group included those that drink alcohol and smoke 

tobacco. Participants would not have taken MDMA in their lifetime; however they would 
have taken all other illicit drugs. The reason for controlling for cocaine, heroin, and 

amphetamine amongst other illicit drugs is that research indicates that repeated use of 

cocaine/heroin/amphetamine affects similar neurotransmitters as MDMA, by controlling for 

such drugs it implies that the results are due to the use of MDMA and no other illicit drugs. 

Current MDMA users - to confirm current/previous research indicating that current MDMA 

users have problems with memory and learning as well as testing for other cognitive 

processes not previously investigated. Such individuals would have taken MDMA more than 

20 times in their lifetime. This group highlighted any short-term psychological effects of 
MDMA use. 

Past MDMA users (more than 1 year) - to confirm whether the psychological problems 

associated with MDMA use in humans is a short-term problem or a long-term problem. A 

pseudo-dose-response curve was produced showing the severity of each psychological 

problem in relation to the number of years of abstinence from the drug, MDMA. 

The sample was recruited from advertising in the following: 1) London Universities, 2) 

Supermarkets and local shops, 3) Free magazines/papers including MsLondon, and Loot, 4) 

Newspapers including the Evening Standard, Metro, Big Issue, 5) Other magazines like Time 

Out, 6) GP surgeries, 7) drug information and advisory centres, 8) chemists selling herbal 

ecstasy, 9) night clubs (refer to appendix 2.1). 

2.3.2.2 Designs and experimental procedures 

Each participant was required to complete the DHQ. 

2.3.2.3 Measures/statistics 

Data was analysed using Statistical Package for the Social Sciences (SPSS) version 16. Basic 
demographic details were analysed using t-tests, and chi-squared between the three groups: 
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non-drug, non-MDMA polydrug and MDMA group. The differences in lifetime use of 

recreational drug(s) were analysed using t-tests and chi-squared between non-MDMA and 
MDMA groups. The MDMA demographics concerning the past and present MDMA users 

were compared using t-test. 

2.3.2.4 Ethical considerations 

Ethical approval was given by London Metropolitan University Ethics Committee (formally 

London Guildhall University). Participants were not required to provide personal details such 

as name or address. In order for participants to remain anonymous, participants were provided 

with a reference number before they participated in the study (six-digit bar code) and were 
known only by this number. Participants were able to contact the researcher via telephone and 

email (separate telephone line and email account was provided for recruiting participants and 

a webpage - www. drug_experimentl23. com). 

Participants had a full briefing about the research before they participated and debriefing 

(Appendix 2.1). They were able to leave the study at any stage. Participants signed a 

statement providing consent (Appendix 2.2). 

These ethical issues applied throughout the remainder of the study (chapter 3 through to 7). 

2.3.3 Results 

The study included a total sample size of 1399 participants (Table 2.3). Of the total 1399 

sample, 17% has never experienced illicit drugs (non-drug and alcohol/nicotine group) in 

comparison to 83%, which had experienced illicit drugs (Table 2.3). Overall, there was an 

equal percentage of males/females, similarity in the three age groups and similar percentage 
in the different areas of residence within the overall sample. Further analysis revealed 
significant differences in ethnicity, where the majority of the sample 40% were non-UK 
followed by 33% which were white UK (Chi square 4.38, df3, p<0.05). Only a minority of 

participants 8% were Black UK and 19% Asian UK. In terms of employment, the majority of 
the total sample, 67%, were employed (n=1372). There were an equal number of students 
16.5% and unemployed 16.5%. The majority of the sample 60% was single. Other marital 
status included 13% separated/divorced followed by 27% married (Table 2.3). 
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Table 2.3 Selected characteristics of the total sample included in the study (n=1399). 

The table provides overall demographic details of the total sample including gender, age, are 
of residence, ethnicity, education, marital status, episode of depression and drug use (one 

sample chi square). 

Selected Characteristics Total sample 
% 

Total Sample 
N 

p 

Gender 

Male 53 741 ns 
Female 47 658 

Age in years 

18-25 42 588 ns 
26-34 36 503 
35 older 22 308 

Area 

Inner metropolitan 39 545 ns 
Outer metropolitan 27 378 
Non-metropolitan 34 476 

Race/ethnicity 

White (UK) 33 461 
Black (UK) 8 p<0/OS 
Asian (UK) 19 266 
Other (Non-UK) 40 560 

Education 

Employed 67 937 
Student 16.5 231 p<0.05 
Unemployed 16.5 231 

Current martial status 

Married 27 378 
Separated/divorced/widowed 13 182 P<0.05 
Single 60 839 

Past depression 

Yes 26 364 
No 74 1035 p<0.05 

Drug use 

No drug use 17 245 - 
MDMA drug history 32 438 
Other drug use minus MDMA 51 716 
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Comparison between the MDMA poly drug users (past/present) and non-MDMA poly drug 

users found significant differences in age, area of residence and education but there were non- 

significant differences in gender, ethnicity, and marital status (Table 2.4). There was a 

significant difference in age between the MDMA users and non-MDMA groups where 81% 

(n=355) of MDMA users were older (over 26 years old) in comparison to 69% of the non- 

MDMA users (n=644) (Chi square= 13.85, df=2, p<0.05; 2.2). There was a difference in area 

of residency with more MDMA users 40% (n=175) living in non-metropolitan areas in 

comparison to 37% (n=346) of the non-MDMA users (Chi square=11.37, d2, p<0.05). 
There was a significant difference in employment with less MDMA users in current 

employment 58% (n=254) in comparison to non-MDMA users 63% (n=588) (Chi 

square=12.56, df=2, p<0.05; Table 2.4)). 

Finally, comparing the current MDMA polydrug users and past MDMA polydrug users 

(abstained for mean 5 years; range 5-11 years) found a non-significant difference in gender 
(Chi squared=0.4, df=2, p>0.05). However, there were significant differences between ages 

where a majority of 95% (n=206) of past MDMA users were over 26 years old in comparison 

to 68% (n=150) of the current MDMA users (Chi square=52.85, df--2, p<0.05). A higher 

proportion of the current MDMA users 42% (n=93) lived in city areas in comparison to 24% 

(n=52) of past MDMA users. The majority 58% (n=126) of past MDMA users were white 
UK in comparison to 27% (n=60) of the current MDMA users. A larger proportion of past 
MDMA users were in employment 78% (n=169) in comparison to 37% (n=82) of current 
MDMA users. The majority 76% (n=168) of current MDMA users were more likely to be 

single in comparison to 14% (n=30) of past MDMA users (Table 2.5). 
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Table 2.4 Selected characteristics comparing the MDMA users (past and present, n=438) 
with the non-MDMA users (n=961). 

The table compares demographic details including gender, age, are of residence, ethnicity, 
education, marital status, and episode of depression between the MAMMA users and the non- 
AMAM control group. 

Selected Characteristics MDMA 
(past/present) 
%(n) 

Non-MDMA 
drug users 
%(n) 

p 

Gender 

Male 49 (215) 51(476) ns 
Female 51(223) 49 (458) 

Age in years 

18-25 19(83) 31(290) <0.05 
26-34 51(223) 44(411) 
35 older 30(132) 25 (233) 

Area 
Inner metropolitan 33 (145) 36 (336) <0.05 
Outer metropolitan 27 (118) 27 (252) 
Non-metropolitan 40 (175) 37 (346) 

Race/ethnicity 

White (UK) 45 (197) 38 (354) ns 
Black (UK) 10 (44) 9 (84) 
Asian (UK) 10 (44) 15 (140) 
Other (Non-UK) 35 (153) 36 (336) 

Education 

Employed 58 (254) 63 (588) <0.05 
Student 24 (105) 21(196) 
Unemployed 18(79) 17 (159) 

Current martial status 

Married 36 (158) 32 (298) ns 
Separated/divorced 19 (83) 16 (150) 
Single 45 (197) 52 (486) 

Past depression 

Yes 37 (162) 27 (252) <0.05 
No 63 (276) 73 (682) 
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Table 2.5 Selected characteristics comparing the past MDMA polydrug users with the 
present polydrug users (N=438). 

The table compares demographic details including gender, age, are of residence, ethnicity, 
education, marital status, and episode of depression between the past AIDMA users(n=217) 
and the current ADMA users (n=221). 

. 

Selected Characteristics Current 
MDMA 
% (n) 

Past p 
MDMA 
% (n) 

Gender 

Male 46 (102) 52 (113) ns 
Female 54(119) 48(104) 

Age in years 

18-25 32(71) 5(11) <0.05 
26-34 43 (95) 58 (126) 
35 older 25 (55) 37 (80) 

Area 

Inner metropolitan 42 (93) 24 (52) <0.05 
Outer metropolitan 28 (62) 26 (56) 
Non-metropolitan 30 (66) 50 (109) 

Race/ethnicity 

White (UK) 27 (60) 58 (126) <0.05 
Black (UK) 17 (38) 3 (7) 
Asian (UK) 23 (50) 8 (17) 
Other (Non-UK) 33 (73) 31(67) 

Education 
Employed 37 (82) 78 (169) <0.05 
Student 42(93) 7(15) 
Unemployed 21(46) 15 (33) 

Current martial status 

Married 24 (53) 47 (102) <0.05 
Separated/divorced 0 (0) 39 (85) 
Single 76 (168) 14(30) 

Past depression 

Yes 39 (86) 35 (76) ns 
No 61(135) 65 (141) 
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2.3.3.1 MDMA usage 

With regard to the pattern of usage of MDMA between the current and past MDMA polydrug 

users the results found past MDMA users reported using MDMA at an older age than current 
MDMA users (t=11.107, df-436, p<0.05). Current MDMA users reported using a larger dose 

than past MDMA users during their initial experience with MDMA (t=14.23, df=436, 

p<0.05). Current MDMA users reported consuming more MDMA pills on a single occasion 
than past MDMA users (t=11.69, df=436, p<0.05). Current MDMA users reported using 

nearly double the amount of pills in their lifetime in comparison to past MDMA users 
(t=2.215, df=436, p<0.05; Table 2.6). 

Table 2.6: MDMA demographics 

Basic demographics for the current and past-MDMA groups detailing information concerning 
MAMMA use including age first used MAMMA; amount of AMMA first used; amount of MAMMA 
normally consumed and lifetime amount of 3MMA consumed; (N=438). 

Age first 
tried MDMA 
Mean ((SD) 

No first 
used 
Mean (±SD) 

No Used 
permanently 
Mean (±SD) 

Lifetime use 
MDMA 
Mean (±SD) 

Current 

MDMA 18 (±3.46) * 2.74 (±0.81) * 2.3 (±1.15) * 956 (±764) * (n=221) 

Group 

Past 

MDMA 25 (±6.2) * 1.2 (±0.58) * 1.5 (±1.2) * 532 (±708) * (n=217) 

Group 

* denotes significant differences between current AMAM and past 11)MA group, where 
p<0.0S 

Overall, the type of recreational drugs consumed by the three (non-MDMA poly drug, current 
MDMA and ex-MDMA poly drug group) drug groups were similar apart from the following 

tranquillisers; cocaine; LSD; and alkyl nitrites. Current MDMA poly drug users had used 
more tranquilisers than past MDMA users and non-MDMA poly drug users. With regard to 

cocaine, the majority of current (56%) and past MDMA users (43%) had tried cocaine in 

comparison to 35% of non-MDMA drug users. As for LSD, equal numbers of current and 
past MDMA users had tried it (34%) in comparison to 18% of non-MDMA polydrug users. 
Finally the majority of current MDMA and past MDMA users had tried alkyl nitrites being 
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36% and 39% respectively in comparison to 13% of non-MDMA users (Chi squared=69.1, 
d60, p>0.05; Table 2.7). 

Table 2.7: Table of recreational drug use (percentage) 

Presents the percentages of drug users self-reported exposure to common recreation drugs of 
abuse for the three drug groups (non-AMMA polydrug, current AMMA polydrug and past 
tIDMA polydrug), (Chi squared =69.1, df=60, p>0.05; N=1154. Where LSD=lysergic acid 
diethylamide. 

Recreational 

Drug 

Non-MDMA 

polydrug group 
(n=240) 

Current MDMA 

polydrug group 
(n=221) 

Past MDMA 

polydrug group 
(n=217) 

Amphetamin 59.5% 53% 47% 
Nicotine 62.5% 72% 77.5% 
Tranquilliser 12% 20% 16.5% 

Alcohol 97% 92% 96% 
Steroids 13.5% 16.5% 16% 
Cannabis 97.5% 93% 95% 

Cocaine 35% 56% 43% 
LSD 18% 34% 34% 
Psilocybin/ 

Psilocin 26% 31% 34% 

Alkyl nitrites 13% 36% 39% 

2.3.4 Discussion 

During the period 2002-2007, results from this study indicate the typical MDMA user in the 
South-East England is 27 ± 7.6 years old, either male or female, employed, and of any 
ethnicity. They usually consume between two or three tablets on a single occasion and co-use 
MDMA with alcohol, nicotine, amphetamine and cannabis. The usual route of administration 
is pill/tablet form. Finally, MDMA is consumed with friends. Most MDMA users self-report 
the following disturbances: mild depression, tiredness, anxiety and sleep disturbance, 

attributing these effects to MDMA. Most current MDMA users began using MDMA at a 
mean age of 18 (±3.36) years old, which is younger that past MDMA users. These findings 
further supported previous non-UK research (Schifano, 2000a). A self-rating questionnaire 
was administered to 360 young people in north-eastern Italy (69 were football fans and 291 

were club-goers). For the club-goers the age of first use ranged from 13 and 31 years old 
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(mean 18.6±3.1 years). Approximately one third of the users took the drug several times a 

week. The club-goers were genuine polydrug users, 75.3% took other recreational drugs once 

per week including cannabinols (75.3%), alcohol (53%), LSD and other psychedelics 
(50.4%), cocaine (30%), opiates (11.1%). These findings (Schifano, 2000a) are similar to the 

current findings suggesting current MDMA users are polysubstance users. 

In another self-report study, sample size of 737 and mean age 22.5 years, users were exposed 
to MDMA between the ages 15-18 years old (Schifano, 2000b). These findings are similar to 

the present results. For 82.2% of the people their first dose was 0.5-1 tablet, however for 25% 

of the sample, the first dosage of MDMA increased to more than four tablets on a single 

occasion (Schifano, 2000b). Their study suggested the amount of MDMA consumed on a 

single occasion is increasing, which supports the current findings. This study suggests that the 
dosage of MDMA is increasing with current users taking increased dosage on a single 

occasion in comparison to past MDMA poly drug users. There appears to be an inverse 

relationship between educational achievement, family income and the tendency to take higher 

doses of MDMA. Schifano reported the lower the income in the household the greater the 
intake of MDMA and thus associated MDMA use with social class. However, the current 

study contradicts this and as we found the majority of MDMA users were employed. In the 

Schifano study a pattern of polydrug use was found, with 65.9% of them having used cocaine 

at least once in their lifetime and 87.1% reported having taken high doses of alcohol in the 

past (Schifano, 2000b). Results from this study show similar statistics in terms of all the 

MDMA users co-using MDMA with other substances. 

Overall this study is supported by previous studies (Schifano, 2000a, 2000b), suggesting that 

current MDMA users are exposing themselves to greater amounts of MDMA than past users 

and therefore larger doses. If this increase continues, it is highly likely that MDMA users will 
suffer from more severe MDMA induced psychological and behavioural consequences as 

well as possible neurotoxicity. Non-human animal studies have demonstrated that larger 

amounts of MDMA result in increased selective damage to brain serotonergic neurons 
(Ricaurte et al. 1988; Mueller et al. 2009a, 2009b; Ricaurte et al. 2000; Perrin et al. 2010; 
Biezonski and Meyer, 2010; Li III et al. 2010; Mueller et al. 2011). If these non-human 
animal studies can predict possible consequences in humans it is therefore likely increased 
doses of MDMA will result in enhanced psychological damage. It is viable current MDMA 

will exhibit substantially greater psychological consequences than past MDMA users. 

The current study found that drugs users tend to be either male or female. In comparison, 
previous studies indicate that MDMA drug users are predominantly male (Miller et al. 2007). 

69 



This study provides evidence and supports future predictions that females are just as likely to 

consume illicit drugs in comparison to males supporting current epidemiological predictions 
(Aldridge et al. 2008). Predicted trends suggest the majority of illicit drug users tend to be 

younger than 29 years old, live in the city, come from diverse ethical background, are 

employed, and single. These findings support current predicted trends of drug use across the 

UK (Aldridge et al. 2008). 

The present results found a non-significant difference in the majority of individual 

characteristics between past/present MDMA substance users and the non-MDMA drug 

groups. They were similar in demographic detail including gender, ethnicity, marital status, 

and employment. The results from this study imply that in this sample of drug users, the 

demographic details fail to provide a reason why certain individuals' use MDMA and others 
do not. This study involves a diverse area of central London and surrounding areas, which 
includes a mixture of social background, ethnicities and ages. 

This study found that current MDMA users are younger, live in the city, and are more diverse 
in terms of ethnicity than past MDMA users. Past MDMA users, like the majority of the older 
drug using population, were more likely to be older in age, live out of the city, Caucasian UK 

in ethnicity, employed and married/separated in contrast to current MDMA users. This 

supports the notion that past MDMA users as expected are older, possibly more established in 

their lives in terms of careers and family life, alternatively they may have ̀ grown out' of the 

clubbing and rave scene. 

Previous research suggests that past MDMA users were middle class Caucasians (Aldridge et 
al. 1998; Miller et al. 2007). Recent epidemiological reports predict that MDMA is appealing 
to all ethnic types, social classes and ages in comparison to 10 years ago were MDMA was 
associated with white middle class Caucasians (Aldridge et al. 2008). Results from the present 
study seem to support the prediction that MDMA appeals to all ethnic backgrounds, ages, and 
social classes. The present results support the notion that the use of MDMA is continually 
increasing within the UK during the period 2002-2007 despite reports concerning its possible 
dangers and MDMA related physiological deaths. 

The present study found that MDMA users are more likely to co-use multiple substances in 

comparison to non-MDMA substance users supporting previous research (O'leary et al. 2001; 
Morton, 2005). The dangers associated with mixing substances in this way is still largely 

unknown (Gudelsky et al. 2003; Green et al. 2004; Hamida et al. 2009; Daza-Losada et al. 
2009). Further investigation into the reasoning behind this multiple use of substances is 
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required. Possible suggestions include the fact that MDMA results in tolerance, which is still 
highly debateable (Parrot et al, 2009). Users may combine other substances with MDMA in 

order to achieve a more desired effect. Secondly, MDMA consumption occurs at weekends, 
followed by a low, resulting in depression and severe behavioural problems (Curran et al. 

1997). It is probable that MDMA users consume other substances during the weekend to 

counter balance these negative consequences including cannabis, amphetamines and alcohol 
(Parrot et al. 2005). If MDMA use results in deficits in psychobiological functioning then the 

combination of different substances may enhance acute and long lasting negative 

consequences (Di Canio et al. 1995). In particular, non-human animal studies demonstrate 

combining MDMA with a DA agonist amplifies brain neurotoxicity (Di Canio et al. 1995; 

Reneman et al. 2002; Hamida et al. 2009; Daza-Losada et al. 2009). The results from this 

study demonstrate MDMA users co-use a multitude of drugs. 

Initial onset of use of MDMA is younger in current MDMA polysubstance users than past 
MDMA substance users. Results from brain maturation studies in rats have found that the 

younger the brain of the rat the more severe the MDMA induced neurotoxicity (Piper et al. 
2004; Galineau et al. 2005). As current MDMA users are of a younger age and the brain has 

not fully developed, they could potentially be causing enhanced brain deficits than past 

MDMA users. The human brain fully matures at the age of 25 years old (Cowen et al. 2003). 

At this stage, areas like the frontal lobe will fully develop (Sowell et al. 2001 a, 200 lb; Cowen 

et al. 2003). These anatomical areas are vital for behavioural control, planning and decision 

making (Garcia-Osta et al. 2004). If alterations of these brain regions occur during the 

maturation period, due to exposure to MDMA, these individuals may exhibit problems with 
impulsivity, planning and decision making in later life. A possible reason for the 

inconsistencies within the research concerning MDMA induced neurotoxicity amongst 
MDMA users could be that previous research has failed to control for the age of initial onset. 
MDMA may only be neurotoxic during the critical periods of development, for example 

adolescence. Users exposed to MDMA after the brain maturation are less likely to suffer from 

negative consequences in comparison to those that were exposed to MDMA in early 
development, which is the vital brain maturation period. This theory needs further 

investigation in both non-human animal and human studies. 

Non-human animal studies have demonstrated that the environment during exposure to 
MDMA has an effect on possible selective functional changes within the brain (Cornish et al. 
2003). This sample of current and past MDMA users in the present study consumed MDMA 
in similar environments. These `club' environments suggest that MDMA users, past and 
present, are using MDMA in hot conditions with loud music, which may intensify the 
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neurotoxicity. Environmental factors need to investigated, in terms of human MDMA users. 
A small proportion of the current MDMA users consumed it in quiet environments. Future 

studies comparing `quiet environments' with those that consume it in `hot and crowded 

conditions' are needed. One might expect both the behavioural and neurotoxic impact of 
MDMA to be less in the ̀ quiet' users. 

Factors such as diet, family history of drug use and history of mental illness were not 
highlighted as significant factors affecting the MDMA substance users in this study. For this 

reason, these factors were not pursued in terms of their effects on psychological functioning: 

depression, impulsivity, sleep, memory and executive functioning. 

2.4 Overall summary 

In summary, this section of the thesis described development of a DHQ. It includes pilot 

studies, and an initial reliability study. The DHQ targeted at MDMA polydrug users asking 

questions concerning MDMA and other illicit drug use. It is the first questionnaire attempting 
to gain information concerning co-use of MDMA with other recreational drugs, family history 

of drug use, diet, and psychiatric history. 

The present study reports new findings concerning the pattern of use of amongst MDMA 

polydrug users and non-MDMA polydrug users. The study reveals previously unaddressed 
issues concerning differences in pattern of substance use between current MDMA polydrug 

users and past MDMA polydrug users. Results clearly demonstrate MDMA polydrug users 

co-use multiple substances either to improve the subjective effects or to counter balance 

negative effects of MDMA. This pattern of use is highly dangerous and this drug interaction 

needs to be addressed. 

This study demonstrates that MDMA is escalating during the period of investigation (2002- 

2007). Most MDMA users still do not perceive MDMA as a seriously dangerous drug with 
adverse behavioural and neurotoxic consequences, particularly within the South-East 
England. The pattern of use of current MDMA users may exacerbate any MDMA induced 

psychological deficits and neurological changes. Further still, this study suggests that MDMA 

users abuse more substances than non-MDMA users in general. This merits the need for 
increased monitoring of MDMA substance users medically and investigating treatment 

options. Irrespective of the possible consequences of MDMA induced neurotoxicity, 
increased substance use per se in this MDMA group will most likely result in complications 
and increased severity. 
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The remainder of the study tested a total of 1399 participants on a battery of psychology tests: 
997 participants on depression (chapter 3), impulsivity (chapter 4), sleep (chapter 5), memory 
(chapter 6) and 402 participants on executive functioning (chapter 7). 
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Chapter 3- Depression 

3.1 Introduction 

This section will provide a brief introduction and defmition of depression. It will review the 

evidence supporting the role of 5-HT in depression. Finally, it will evaluate non-human 

animal studies and human studies concerning MDMA exposure and depression. 

3.1.1 The epidemiology of depression 

To begin it is essential to provide an epidemiological account of depression and the common 

causes of depression. 

Depression is a common psychiatric disorder occurring at any point throughout an 
individual's life. Research associates vulnerability towards depression to individual 

differences including gender; it is twice as likely in females, and age; the mean age ranging 
between 35-45 years of age (Evans et al. 1981; McGuffin et al. 1991; Hale, 1997; Eley et al. 
1999). Lifetime prevalence estimates for depression are controversial, with some figures as 
low as 2%, and others stating figures as high as 15% for the general population (Hale, 1997; 

Klaus et al. 2006). One major difficulty for predicting lifetime prevalence of depression 

includes it is often underestimated, as many depressed individual's will refuse help even 
though it is having a detrimental effect on their lives and consequently leads to increased 

suicidal rates (Klaus et al. 2006). 

Approximately 8% of the population suffer from a combination of depression and anxiety 
(Hale, 1997). Co-morbidity of depression and other psychiatric disorders is common. Risk 

factors for the development of depression include divorce or separation, parental death before 

the age of 11, and family histories of depression and alcoholism (Hale, 1997; Klaus et al. 
2006). 

Clinical symptoms of depression are divided into physical symptoms (somatisation) and 

psychological symptoms (cognitive). Somatisation symptoms consist of any of the following: 

anhedonia, loss of reactivity (loss of emotional reactivity to normally pleasurable 
surroundings and events), early waking (>2 hours early), psychomotor retardation or 
agitation, marked loss of appetite, weight loss being more than 5% of body mass in one 
month, and loss of libido (Hale, 1997). The cognitive symptoms of depression include: loss of 
interest, guilt, feelings of worthlessness, hopelessness, lack of self-confidence and suicidal 
ideation (Hale, 1997). 
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In summary, depression is common and often a disabling disorder affecting all ages and 

genders. Depression can be attributed to major life events and drug use. 

3.1.2 The role of serotonin in depression 

This section will summarise the evidence suggesting there is an association CNS levels of 5- 

HT and depression. 

Research suggests the aetiology of depression includes the monoamine theory (Smith et al. 
1997). The link between 5-HT and depression was first reported in 1962. Since then the 

monoamine theory of depression has gone from strength to strength due to the mounting 

evidence (Reidlinger and Riedlinger, 1994). Low levels of 5-HT are associated with 

symptoms of depression. Research has suggested the 5-HT1A receptor is associated with 
depression (Smith et al. 1997). Symptoms that are associated with the 5-HT1A receptor 
include worthlessness, apathy, fear, fatigue and insomnia (Hale, 1997). 

The most compelling evidence for the role of 5-HT in depression comes from studies 

measuring CSF and brain tissue concentrations of 5-HTT (the 5-HT metabolite) of patients 

whom are depressed (Smith et al. 1997). Smith et al. (1997) following a rapid depletion of 5- 

HT, caused by a lack of available tryptophan, found females relapsed into depression (Smith 

et al. 1997). The authors concluded that depression and relapse is caused by a lack of 

available CNS 5-HT. Evidence suggesting an association between clinical depression and 

reduced CNS 5-HT levels comes from the treatment for depression. Pharmacological 

treatment of depression includes selective serotonin reuptake inhibitors (SSRIs). SSRIs work 
by blocking the reuptake of 5-HT from the synapse. This will result in a greater amount of 5- 

HT being available for longer in the synapse hence increasing the chance of 5-HT attaching 

postsynaptically (Hale, 1997; Klaus et al. 2006). 

Research has suggested that depression is connected to additional neurotransmitters including 
DA, noradrenaline and GABA (Hale, 1997; Klaus et al. 2006). Compelling evidence for the 

role of DA in depression comes from Parkinson's disease and Schizophrenia. In both of these 
disorders, the primary physiological dysfunction is DA levels. In Parkinson's disease, it is a 
decrease in DA and in Schizophrenia it is too much DA. Epidemiology studies suggest that 
depression can be as low as 2% and as high as 70% for those with Parkinson's disease (Frey 

et al. 1996; Huges et al. 2004). 
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3.1.3 The role of MDMA in depression 

As depression has been linked to 5-HT deficiency and MDMA is an initial 5-HT agonist, this 

section will summarise the evidence suggesting that MDMA can cause depression. 

Experimental evidence has demonstrated that lowered levels of CNS 5-HT can lead to 

depression. Medical treatment for clinical depression includes SSRls, which ultimately result 
in raising brain 5-HT levels. Non-human animal research has demonstrated that MDMA can 

be neurotoxic to 5-HT terminals. Since MDMA is neurotoxic to selective 5-HT neurons in 

non-human animals, is it plausible to suggest that similar neurotoxicity is occurring in specific 
5-HT neurons in humans following exposure to MDMA. Therefore, it is possible to propose 

that if MDMA causes lowered 5-HT levels this would consequently result in deficits in 

psychological functioning including symptoms of depression. More compelling evidence 
involves experimental studies indicating the role of 5-HT1A receptor in depression. Research 

has associated MDMA with this 5-HTIA receptor. Non-human animal studies have 

demonstrated that the hippocampus is damaged following exposure to MDMA, with the full 

recovery of 5-HT neurons debateable (Klaus et al. 2006; Hale, 1997). Similarly, the 

hippocampus has been linked to depression. This provides further evidence to hypothesise 

that MDMA exposure will result in increase symptoms of depression in polydrug MDMA 

users (Klaus et al. 2006; Hale, 1997). 

3.1.4 Non-human animal evidence for the role of MDMA in depression 

This section will summarise the evidence suggesting that MDMA causes reduction in CNS 5- 

HT levels thus inducing depression like symptoms in non-human animal studies. 

McGregor et al. (2003) investigated the long-term consequences of MDMA on anxiety and 
depression in rats. The rats were administered injections of MDMA consecutively for a period 

of 4 hrs over 2 days (McGregor et al. 2003). Following a period of 8 -18 weeks after drug 

abstinence, the rats were tested for social interaction, object recognition and the forced swim 
test demonstrating depression. The results from the study indicated that rats administered 
MDMA demonstrated increased anxiety as displayed by the social interaction task in addition 
to showing signs of depression as indicated by a lack of attempts to escape from the forced 

swim test and increased immobility overall. Post mortem, analysis of the brains of those 

treated with MDMA indicated a loss of 5-HT in several brain regions including the 
hippocampus, striatum, amygdala and cortex (Roiser and Sahakian, 2004). Research has 

proposed that the areas of the brain connected to mood and depression include the amydala, 
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hippocampus and frontal cortex. This study provides evidence that MDMA reduces 5-HT 

levels in specific areas of the brain and consequently has a direct effect on behavioural and 

psychological functioning in particular symptoms of depression. Research studies have found 

similar results using different methodologies (Thompson et al. 2004). A major criticism of the 

results from non-human animal studies is whether these results can be extrapolated to human 

MDMA polydrug users and if they actually represent depression in humans. This argument 

will be expanded upon in chapter 8. 

3.1.5 Human evidence for the role of MDMA in depression 

There has been limited evidence demonstrating depression caused by exposure to MDMA in 

non-human animal studies, predominantly due to the subjective nature of depression. There is, 

however mounting evidence suggesting that depression is elevated in current and past MDMA 

users. 

The co-morbidity of depression and psychosis is often observed in the medical field 

(Gouxoulis et at 1992; McGuire et al. 1994; Series et al. 1994). There have been several 

reported case studies of individuals' that have suffered from psychosis and depression 

following ingestion of MDMA. In fact, in three specific cases the individuals' stated they had 

only used MDMA on a few occasions (one had only ingested it once and two had consumed 

two doses on two separate occasions). Of these three cases, the psychosis commenced 12 

hours following the exposure to MDMA. The three individuals' reported good health prior to 

the onset of psychosis/depression. The medical background of the individuals failed to 

provide justification for the persistence of the psychosis/depression and following a six 

months follow up period, the psychotic/depressive episodes persisted (Alciati et al. 1999). 

Consequently, all three cases were being prescribed anti psychotics medications (Alciati et al. 

1999). These case studies failed to indicate whether the medical treatment improved 

symptoms and whether the symptoms were long lasting and permanent. However, other 
MDMA case studies include drug users that are chronic MDMA and polydrug users 
(Creighton et al. 1991; Schifano, 1991; McGuire et al. 1994). Criticisms of such case reports 
include the fact that they are only based on a small percentage of MDMA users. In 

comparison, many other individuals have consumed MDMA and have failed to report any 

psychological problems associated with the use of MDMA. The accurate recording of medical 
psychiatric histories, were not possible, instead confirmation was heavily relied upon from 

peers and family, which is far from reliable. Finally, it is very difficult to link such psychotic 
episodes with MDMA alone (Creighton et al. 1991; Schifano, 1991; McGuire et al. 1994, ). 
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Other factors that may have caused the psychosis/depression need to be monitored: social 
factors, history of drug use and other medical factors. 

Research has investigated the acute psychological effects of MDMA. These studies involved 

testing current polydrug MDMA users, on a battery of psychological tests, immediately after 
the ingestion of MDMA and a few days later (Curran and Travill, 1997). One study compared 

a MDMA polydrug group (n=12) with an alcohol only group (n=12) following a night spent 
in a club. Mid week (after 5 days) after the use of MDMA, the MDMA polydrug users only 

reported increased depression, with a few of the MDMA polydrug users self-reporting clinical 

symptoms of depression. The results from Curran and Travill (1997) found that the use of 
MDMA caused acute depression. However, a major criticism of the study was that the 

researchers failed to measure the participants' level of mood before they had consumed 
MDMA. Another major problem with the methodology of the study was the lack of 

controlling for the effects of other recreational drugs. 

A similar study, investigating the acute psychological effects of MDMA compared regular 
MDMA users, novice MDMA users and non-MDMA control groups. The results reported two 

days after the ingestion of MDMA both the novice and regular MDMA groups were 

significantly more depressed, abnormally antisocial, and unpleasant in comparison to the non- 
MDMA controls (Parrott and Lasky, 1998). The results from this study indicated that 

exposure to MDMA can result in increased symptoms of depression. The main explanation 

provided for the result was that MDMA initially causes a surge in the release of 5-HT, which 
is subsequently followed by a decrease in CNS 5-HT levels. This change in CNS 

neurotransmitter levels may provide an explanation for the subsequent psychological and 
behavioural symptoms experienced following the exposure to MDMA. In summary an initial 

increase in positive mood was observed as MDMA was consumed, followed by a negative 

mood several days later as the 5-HT levels are reduced. 

In most of these human studies investigating the acute psychological consequences of 
MDMA, a major flaw is the lack of controlling for other recreational drugs of abuse: nicotine, 
alcohol, cannabis and amphetamine. However, these results from these studies have recently 
been replicated by Verheyden et al (2002) following the inclusion of more control groups. 

A self-reported psychological study employed a slightly larger sample size (n=29). The 
MDMA polydrug users reportedly consumed an estimated total lifetime mean of 527 MDMA 

tablets. The studies results found that MDMA polydrug users demonstrated significantly 
higher self-reported depression scores in comparison to matched non-MDMA control group. 
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The authors concluded the elevated depression scores were not a consequence of exposure to 

any other recreational drugs of abuse: alcohol, cannabis, and amphetamine (McInnes at el. 

2001). The results from their study support the prediction that MDMA exposure is associated 

with increased depression symptoms in MDMA drug users. 

A study investigating the behavioural effects of MDMA employed a wide battery of cognitive 

tests on all participants including monitoring depression as measured using the Beck 

Depression Inventory ([BDI] Beck et al. 1961) and the Profile of Mood States [PoMS]. The 

results from the study concluded that MDMA users reported higher levels of self-reported 

depression in comparison to non-MDMA control drug users (McCardle et al. 2004). The 

study only compared the MDMA polydrug group with only one control group being a non- 

MDMA polydrug group; making it difficult to attribute the behavioural results found to 

MDMA alone and not due to the consequences of other recreational drugs. However, their 

study does provide further psychological evidence that exposure to MDMA in humans can 

result in elevated acute depression scores. 

A further study investigated the relationship between MDMA use and depression. This study 

further divided the depression scores into the cognitive-affective and somatic subscales of the 

BDI (Roiser and Sahakian, 2004). The results revealed that overall the current and ex-MDMA 

(abstained from MDMA for a mean period of 2.5 years) polydrug users reported higher 

depression scores in comparison to the drug naive control group. This study was unable to 

find a significant difference between MDMA polydrug users and non-MDMA polydrug users 

even though the mean self-reported depression scores were higher for the current and ex- 

MDMA polydrug groups. With respect to the subscales of the BDI, there was a progressive 

positive increase in the cognitive scores between the drug naive, poly-drug non-MDMA 

control, current MDMA polydrug and ex-MDMA polydrug groups respectively. This pattern 

was not observed for the somatic scores which resulted in the self-reported scores being 

similar across all four groups (current MDMA polydrug, ex-MDMA polydrug, non-MDMA 

polydrug control and drug naive control group) (Roiser and Sahakian, 2004). Criticisms of 
this study include the fact that it only employed one polydrug group and failed to look at the 

other recreational drugs separately, for example alcohol, nicotine, cannabis, amphetamine and 

cocaine. The ex-MDMA polydrug users reportedly had consumed more than double the 

amount of MDMA in a lifetime than the current MDMA polydrug group. The frequency 

(times per month) of use of MDMA was significantly higher for the ex-MDMA polydrug 

group than the current MDMA polydrug group, thus the dosage of MDMA consumed in a 
lifetime for ex-MDMA and current-MDMA groups were not matched fully. The ex-MDMA 

polydrug group had abstained for a mean period of 2.8 years; suggesting depression caused by 
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using MDMA is not long lasting as other research and non-human animal studies have 

concluded. Finally, the sample used by Rosier and Sahakian to represent the population of 
MDMA users was small in numbers and therefore would not be a true representation of the 
diverse population of MDMA users. Their study needs to be replicated with larger samples 

and robust control groups. 

Interestingly, there is considerable debate concerning the association between MDMA use 

and acute depression, with studies varying on the levels of depression and many studies 
failing to find a relationship between increased depression and MDMA exposure. In another 

clinical study, nine outpatient MDMA users from a clinical neuroscience research unit were 

monitored (Krystal et al. 1992). The study reported that the participants' had lowered levels of 
5-HT. Their results reported that none of the participants' reported current anxiety or affective 

symptoms. The conclusions of the authors suggested that lowered levels of 5-HT might be a 

contributory factor in depression however it was not the exclusive cause (Krystal et al. 1992). 

They suggested that MDMA users might be attracted to MDMA, as a means of self- 

medication as they have lowered levels of 5-HT and are more prone to bouts of depression. 

This theory needs further exploration. 

In a study in 2004, De Win and colleagues investigated 23 heavy MDMA polydrug users, 15 

moderate MDMA polydrug users, 16 ex-MDMA polydrug users, and 15 non-MDMA 

polydrug users comparing depression scores using the BDI, in addition to the Composite 

International Diagnostic Interview (De Win et al. 2004). The results suggested that the 
depression scores did not significantly differ between any of the groups. There was a non- 
significant increase in self-reported depression scores for the MDMA groups. The BDI scores 
were correlated with the level of MDMA exposure. The authors concluded that a prospective 

study was required to establish the actual relationship between MDMA and mood. 

Studies have reported a negative association between suicidal tendency and low levels of CSF 
5-HIAA (Ricci and Wellman, 1990). Furthermore, there have been several reported incidents 

where exposure to MDMA has directly been implicated in suicide attempts (Cox, 1993 & 
Dowling, 1990). Further evidence is required to provide insight into the relationship between 
MDMA exposure, depression, suicide and anxiety. 

In summary, up to the period 2006 there have been major flaws in the previous research 
investigating depression in MDMA polydrug users. These criticisms include the relatively 
small sample sizes employed in all studies, which fail to fully represent the population of 
current MDMA polydrug users and non-MDMA polydrug users. Where long lasting 
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consequences have been investigated, the maximum period of abstinence studied was a mean 

of 24 months. Most of the studies are based on young clubbers and are thus biased towards a 

particular proportion of MDMA drug users. Epidemiological studies suggest that MDMA is 

continually being consumed by professional people. The drug is attracting all ages, with many 
MDMA polydrug users being older than 30 years and this needs to be fully represented in 

future studies. Previous studies have been unable to fully account for all other recreational 
drugs: cannabis, alcohol, amphetamine, cocaine, LSD and ketamine; due to the limited control 

groups. The majority of MDMA users are polydrug users. Additional illicit drugs (including 

alcohol, nicotine, cocaine, cannabis, and amphetamine) have been associated with elevated 

mood disturbance and such recreational drugs need to be controlled for in future studies. 
Finally, another substantial criticism concerning previous work in MDMA and depression is 

the level of depression reported by the majority of MDMA polydrug users. Most MDMA 

polydrug users report a higher level of depression in comparison to non-MDMA polydrug 

users, this level of reported depression is minimal and classified as non-clinically depressed. 

Table 3.1 provides a brief summary of some of the human experimental and behavioural 

studies investigating the psychological effects on mood of MDMA. 
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3.1.6 Summary of non-human animal and human MDMA studies (2007-2011) 

Jaehne et at. (2011) investigated the role of MDMA on rats with a rat model of depression, the Flinders 

Sensitive Line (FLS). MDMA was administered to Sprawley-Dawley rats with depression and rats 

without depression. The results found that rats predisposed to depression, exhibited increased 5-HT 

loss. Post-mortem evaluation revealed further 5-HT neuronal damage in the FLS rats. The authors 

suggested human MDMA users pre-disposed to depression are more vulnerable and might be more 

susceptible to developing MDMA induced damage. 

Schilt et al. (2010) investigated the role of MDMA in a group of middle-aged MDMA polydrug users. 
The study included a sample of heavy MDMA polydrug users (n=17), mild MDMA polydrug users 
(n=16) and a group of non-MDMA users (n=20). The results found that both the heavy and mild 
MDMA users differed on self-reported depression in comparison to the non-MDMA group. The authors 

concluded that future drug-related studies were needed to investigate not only young drug users, but 

also those middle-age drug users, in order to investigate the association between MDMA, 5-HT, 

cognition and the normal aging process (Schilt et al. 2011). Their study failed to control for other 

recreational drugs adequately including alcohol, cocaine and heroin. Secondly, the study did not 
investigate the long lasting consequences of MDMA. Finally, the study did not investigate the link 

between depression and other psychological functions including memory, executive functioning and 

sleep. 

A longitudinal study monitored 402 MDMA polydrug users for a period of 2 years. During this 2-year 

period, participants were required to complete the Beck Depression Inventory every six months (Falck 

et al. 2008). The results found that depression scores decreased over the 2-year period however this was 

non-significant. Other factors attributed to the depression included gender, ethnicity, education and 

other drug use. The authors concluded that MDMA does not result in long-term depressive 

symptomatology. Falck et al. (2008) failed to have a non-MDMA control group to compare. One could 

argue that a 2-year follow-up would not be enough time to monitor long-term problems. 

Even though the hypothesis of this thesis was formulated during 2001, it still remains a relevant and 

novel area of research in 2011. To date, no study has investigated the long lasting consequences of 
MDMA on depression including monitoring the effects of aging. Secondly, no single study has included 

the necessary control groups, monitoring the effects of other recreational drugs on depression including 

cannabis, cocaine, alcohol and amphetamine. 
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3.1.7 The measures of depression 

The Beck Depression Inventory - Second Edition (BDI-II) is a 21-item self-report instrument 

measuring the severity of depression in adults and adolescents aged 13 years and older (Beck et al. 
1961). The BDI-11 were developed for the assessment of diagnosing depressive symptoms 

corresponding to the diagnostic criteria for depression as stated in the American Psychiatric 

Association's Diagnostic and Statistical Manual of Mental Disorders - Fourth Edition (DSM-1V). 

Norm tables indicate that non-depressed individuals score a mean = 7.65 (±5.9), mildly depressed mean 

= 19.14 (±5.7), moderately depressed mean = 27.44 (±10) and severely depressed mean = 32.96 (±12). 

The BDI-11 is able to detect cognitive, affective, somatic and vegetative symptoms of depression. The 

BDI is a self-report measure of depression that has gone through extensive reliability and validity 

testing (Becks et al. 1988). 

3.1.8 The research objectives 

Research has demonstrated that clinical depression can have a detrimental effect on everyday living. 

Most persons suffering from long-term depression will eventually find that it encroaches on both their 

work and family life, predominately causing disruption to one or more. Around one in twenty patients 

seen by a general physician would be diagnosed with depression in the UK (Ebmeier et al. 2006). 

Consequently depression can be costly to the NHS as well as society as a whole. Treatment availability 
for depression includes psychotherapy or medications in the form of anti-depressants. The available and 

most commonly prescribed antidepressants presently include tricyclic antidepressants, selective 
serotonin reuptake inhibitors (SSRIs), and monoamine oxidase inhibitors (MAOIs) (Hale, 1997). If 

MDMA is causing a person to have a predisposition towards depression or exposure to MDMA 

resulting in an episode of depression, it is feasible to predict that in 20-30 years time, with the combined 

aging process, the UK National Health Service (NHS) might experience an influx of MDMA related 

clinically depressed people. To prevent this increase in depression, more research is needed to clarify 
the relationship between depression and MDMA. Evidence is needed to locate the aetiology of this 
MDMA induced depression, which could further help education and government warnings against 
taking the drug and viewing it as `safe'. Evidence needs to establish whether this depression is short 
lived or long lasting. 

Based on previous psychological and non-human animal research in related areas, the following can be 
hypothesised: Firstly, current MDMA polydrug users will self-report elevated depression scores in 

comparison to other non-MDMA recreational polydrug drug users. Secondly, abstained MDMA 
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polydrug users will have similar overall self-reported depression scores to current polydrug MDMA 

users. Thirdly, abstained MDMA polydrug users will have similar self-reported cognitive and somatic 

symptoms to current polydrug MDMA users. Finally, the study will establish if there is a positive linear 

relationship between dosage of MDMA and the level of self-reported depression as measured by the 

BDI-II. 

3.2 Methods 

3.2.1 Participants 

997 of the original 1399 participants were involved in this part of the study, based on a power 

calculation, where N=432 (Power calculation; minimum of 72 per group, power=0.80,5=2.80 - Cohen, 

1992; Faul et al. 2007; Faul et al. 2009). Overall the mean age of the sample was 25.1 years old (±7.4); 

with 523 (52%) being males. The participants were recruited from various sources: 1) WebPage (34%), 

2) Local newspaper advertisements (6%), 3) snowballing technique (37%), 4) drug advisory centres 

(22%), and 5) unspecified (1%). All the participants reported good health and had no previous 

psychiatric history. All participants reported abstaining from using MDMA for at least three weeks 

prior to participation of the study (mean period 4 weeks). 

The majority of participants (88%) were employed or in full time education at the time of participation 

of the study (34% education; 54% employment). The participants were split into 4 control groups and 2 

separate MDMA groups: 182 non-recreational drug control group; 172 alcohol/nicotine control group; 

163 cannabis/alcohol/nicotine control group; 169 polydrug control group whom had never used MDMA 

(had used other illicit substances at least once in lifetime e. g. heroin, ketamine, amphetamine etc); 154 

current MDMA polydrug group (used MDMA in the last 6 months); 157 ex-MDMA polydrug group 

(abstained from MDMA for more than a year). The two MDMA groups were further split into 67 

current less frequent MDMA users, 87 current frequent MDMA users, 49 less frequent ex-MDMA 

users and 108 frequent ex-MDMA users. 

3.2.2 Measures 

All participants were administered with the DHQ (refer to chapter 2 for full details, appendix 2.2). The 

structured interview asked 47 questions including basic demographics (age; educational background 

and ethnicity). Additional information included an extensive drug history, medical history and family 

drug history. Participants were asked specific questions concerning detailed recreational drug(s) use 
(MDMA, amphetamine, cannabis, ketamine, alkyl nitrites etc). Drug exposure was calculated by 

calculating the number of times per week * number of months per year * total number of years. 
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In addition, participants were given the short-form of the BDI-II (Beck Depression Inventory - Second 

Edition) to complete. The BDI-II consists of 21 four-choice statements. The overall total score is 

obtained by adding the highest score circled from each of the 21 items (each item was scored from 0-3). 

Maximum score was 63. The BDI-II is one of several depression scales developed to detect depression 

in routine clinical setting or research. The BDI-II was selected because of its simplicity of 

administration, scoring and interpretation. 

The levels of self-reported depression were measured using two separate methods. Firstly, participants 

were asked to complete the BDI- 11. Secondly, participants were asked about their own perceptions 

concerning the effects of MDMA. They were asked if they would, "describe themselves as depressed" 

and if so, whether they, "felt the depression was linked to the use of recreation drugs they had 

previously consumed" and finally, "if the depression was associated with any specific recreational 
drug(s)". 

3.2.3 Ethical Issues 

All participants provided written consent to partake in the study. Participants were able to withdraw at 

any point throughout the study and were informed of this. All data was anonymous and bar-coded. The 

study was approved by the local Ethics Committee in 2001, London Metropolitan University formally 

known as London Guildhall University. All participants were provided with a briefing and debriefing 

concerning the study (Appendix 3.1). 

3.2.4 Statistical Analysis 

Data was analysed using Statistical Package for the Social Sciences (SPSS) version 16. 

A one-way ANCOVA was run; the outcome variable was the mean depression scores measured by the 
BDI-11; the predictor variable was the drug group (non-recreational drug control group; 

alcohol/nicotine control group; cannabis/alcohol/nicotine control group; non-MDMA polydrug control; 
current MDMA polydrug group; ex-MDMA polydrug group) and the covariate was lifetime use of 
cannabis, amphetamine, cocaine, and ketamine. 

The two MDMA groups were further split into 67 current less frequent MDMA users, 87 current 
frequent MDMA users, 49 less frequent ex-MDMA users and 108 frequent ex-MDMA users depending 

on whether they had used MDMA less than 20 times (less frequent) and those that had used it more than 
21 times (more frequent). The results were further analysed using post hoc Bonferroni test, where 
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appropriate. 

The ANOVAs and ANCOVAs were checked for normality using the Kolmogorov-Smirnov and 
Shapiro-Wilk test. As the tests were significant, the data was transformed to logs and the normality test 

re-checked. The log transformed data was non-significant, suggesting the data was normally distributed. 

The kurtosis and skewness were checked for values between -2 and 2. The log transformed data was 

plotted using the output of a quantile-quantile (Q-Q) plot. As the data did not stray from the predicted 
line, the data was linear and normally distributed. The covariate in the analysis was checked for its 

independence from the experimental manipulation; an ANOVA with the covariate as the outcome and 

the drug group as the predictor was run for all of the covariates (cannabis, amphetamines, cocaine and 
ketamine). 

For the ANCOVA, the Levene's test of the homogeneity of variance assumption was checked for non- 

significance relating to the homogeneity of residuals. The residual plot was checked for assumption of 

equality of variance. The spread vs. level plot was used to check there was no relationship between the 

mean and standard deviation. The homogeneity of regression slopes was checked by customising the 

ANCOVA model in SPSS to look at the independent variable * covariate interaction. The interaction 

term was tested in addition to the main effects. The log transformed interaction term (independent 

variable * covariate interaction) was non-significant; the assumption of homogeneity of regression 

slopes was not broken. 

Log transformed self-reported BDI-11 depression scores were correlated with log transformed self- 

reported lifetime MDMA exposure using the Pearson correlation coefficient. 

Multiple regression analysis was performed on the log transformed BDI-11 depression scores with the 
log transformed lifetime exposure to recreational drugs (MDMA, alcohol, cannabis, nicotine, 

amphetamine, cocaine, LSD, steroids and ketamine) as the predictor variables. Using SPSS, the 

variance inflation factor (VIF) and tolerance statistics were checked. The VIF values were below 10 and 
the tolerance statistics were all above 0.2. The residual statistics was checked for extreme cases. The 

standardised residuals were all between -2 and 2. The Cook's distance was checked and all values were 
below 1.5. The DFBeta statistics was checked to make sure no value was greater than I. Examination 

of the residual plots demonstrated the data did not stray from the predicted line; the data was linear and 

normally distributed. The Levene's test was checked; it was non-significant thus homogeneity of 
variance was assumed. Homoscedasticity and hetroscedasticity were checked visually by plotting the 

standardised residuals (the errors) by the regression standardised predicted value. The residuals were 
randomly scattered around the horizontal line (0) (Tabachnick and Fidell, 2001). 
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Median lifetime exposure to all recreational drugs was compared using the Kruskal Wallis test. If the 
Kruskal Wallis test was significant, the data was further analysed using the Mann Whitney test. 

Two one-way ANOVAs were run; the outcome variables were the subscales of the BDI being the 

cognitive and somatic scores and the predictor variable being the drug group. The cognitive subscale of 
the BDI-II was calculated by adding the scores for each person on the following items: sadness, past 
failures, loss of pleasure, guilty feelings, punishment feelings, self-dislike, self-criticalness, suicidal 
thoughts, crying, agitation, loss of interest, indecisiveness, worthlessness, and irritability. The somatic 

subscale was calculated by adding the scores from the following items: loss of energy, changes in 

sleeping pattern, changes in appetite, concentration difficulty, and tiredness. 

3.3 Results 

3.3.1 BDI-II Scores 

The ANOVAs checking the covariates independence from the experimental manipulation were non- 

significant; demonstrating independence between the predictor and covariate for the ANCOVA. For the 

ANCOVA, the data was checked for homogeneity of residuals, equality of variance, normality and the 

homogeneity of the regression slopes were all checked for the ANCOVA. 

For the multiple regression analysis, the data was checked for multicollineraity, curvilineraity, 
hetroscedasticity and homogeneity of variance, and finally normality. 

The covariate, cannabis, was non-significantly related to the depression scores, F(1,991) = 0.019, 

p>0.05. The covariate, amphetamine, was non-significantly related to the depression scores, F(1,991) = 
0.127, p>0.05. The covariate, cocaine, was non-significantly related to the depression scores, F(1,991) 

= 0.058, p>0.05. The covariate, ketamine, was non-significantly related to the depression scores, F(1, 

991) = 0.014, p>0.05. There was an overall significant effect of depression scores on drug group 
controlling for the effect of cannabis, amphetamine, cocaine and ketamine, F(5,991) = 137, p<0.01. 

The four MDMA groups reported overall elevated mean depression scores in comparison to the four 

non-MDMA control groups. There was a difference in self-reported depression scores as measured by 

the BDI-II was between the four control groups (non-drug, alcohol/nicotine control, 
alcohol/nicotine/cannabis control, and non-MDMA polydrug control) and the four MDMA groups (less 
frequent current MDMA polydrug users, frequent MDMA polydrug users, less frequent ex-MDMA 
polydrug users and frequent ex-MDMA polydrug users) controlling for lifetime exposure to cannabis, 
ampethamine, cocaine and ketamine (Figure 3.1). 
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Further analysis demonstrated that there was a non-significant difference in self-reported depression 

scores between the current MDMA polydrug users and ex-MDMA polydrug users (Bonferroni Post 

Hoc, mean diff-ý0.85 p>0.05; Figure 3.1), with past and present MDMA users reporting similar levels of 

depression. 

The mean scores between the less frequent current MDMA polydrug users and the frequent current 

MDMA users were similar in self-reported depression scores between less frequent current MDMA 

polydrug users and frequent MDMA polydrug users (Bonferroni Post Hoc, mean diff=0.54, p>0.05; 

Figure 3.1). 

Further statistical analysis failed to find a significant difference in self-reported depression scores 

between less frequent ex-MDMA polydrug users and frequent ex-MDMA polydrug users (Bonferroni 

Post Hoc, mean diff--0.75 p>0.05; Figure 3.1), with the mean depression scores reported being similar. 
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Figure 3.1: The overall BDI scores for each drug group (mean ± S. E. M), N=997, where * p<0.05. 

The figures display the mean overall BDI score for each drug group. Where the groups include: non- 
recreational drug control group (non-drug)=182; alcohol/nicotine control group 
(alcohol/nicotine)=172; alcohol/nicotine/cannabis control group (alcohol/nicotine/cannabis)=163; 

non-MDMA polydrug control group (polydrug non-MDMA)=169; current frequent MDMA polydrug 
group (current frequent MDMA)=87; current less frequent MDMA polydrug group (current less 
frequent MDMA)=67, ex frequent MDMA polydrug group (ex frequent MDMA)=108, ex-less frequent 
MDMA polydrug group (ex-less frequent MDMA)=49. 

Non drug Nicotine/ Nicotine/ Non- Current Current Ex-less Ex 
Alcohol Alcohol/ MDMA less freq freq frequent frequent 

Cannabis Polydrug MDMA MDMA MDMA MDMA 

*denotes a significant difference between non-drug & alcohol/nicotine & nicotine/alcohol/cannabis 
& non-MDMA polydrug groups in comparison to the current less frequent MDMA & current 

frequent MDMA & ex-less frequent MDMA & ex frequent MDMA groups, where p<0.01 

There was a significant positive correlation between the self-reported depression score as measured by 

the BDI-II and the total amount of self-reported reported lifetime MDMA consumed (r=0.61, p<0.01), 

indicating increased exposure to MDMA results in elevated depression scores. 

3.3.2 Somatic dimension of the BDI-II 

For the somatic dimension of the BDI-II, the overall mean score progressively increased for each drug 

group 
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The results found that the lowest mean somatic depression score was for the non-drug group. The 

alcohol/nicotine group reported a lower mean somatic score in comparison to the 

alcohol/nicotine/cannabis group. The non-MDMA polydrug displayed a lower mean somatic score than 

the two MDMA groups (current-MDMA polydrug, and ex-MDMA polydrug group); which displayed 

similar somatic scores, F(5,991) = 56.7, p<0.01; further analysed using Bonferroni Post hoc test. 

The results demonstrated that elevated exposure to recreational drug results in higher scores for loss of 

energy, changes in sleeping pattern, changes in appetite, concentration difficulty, and tiredness (Figure 

3.2). 

There was a non-significant difference in mean somatic scores between current and ex-MDMA 

polydrug users, with the past-MDMA users reporting increased mean somatic scores in comparison to 

the current-MDMA users (Bonferroni Post Hoc test, p>0.05, Figure 3.2). 
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Figure 3.2: The somatic subscale scores of the BDI-1I for each drug group (mean±s. e. m), N=997. 

The figure shows the mean scores for the somatic subscale of the BDI-II. for the different groups. Where 
the groups include: non-recreational drug control group (non-drug)=182; alcohol/nicotine control 
group (alcohol/nicotine)=172; alcohol/nicotine/cannabis control group 
(alcohol/nicotine/cannabis)=163; non-MDMA polydrug control group (polvdrug non-MDMA)=169; 
current-MDMA polydrug group (current-MDMA)=154; ex-MDMA polydrug group (ex-MDMA)=157. 
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* denotes a significant difference between non-drug & alcohol/nicotine & alcohol/nicotine/cannabis 
groups in comparison to current-MDMA and ex-MDMA polydrug groups, where p<O. 01 

* denotes a significant difference between non-drug group & alcohol/nicotine groups in comparison to 
non-MDMA polydrug group, where p<0.01 

3.3.3 Cognitive-Affective dimension of the BDI-I1 

Overall, the self-reported mean scores for the cognitive affective dimension of the BDI was similar 
between the control groups. Statistical analysis revealed there was a non-significant difference in 

overall mean cognitive-affective dimension scores between the four control groups: non-drug, 

alcohol/nicotine control group, alcohol/nicotine/cannabis control group, and non MDMA polydrug 

control group, analysed using Bonferroni Post hoc test, p>0.05. 

On the other hand, there was a significant difference in mean cognitive-affective scores between the 
four control groups and the two MDMA groups: current-MDMA polydrug group, and ex-MDMA 
polydrug group, F(5,991) = 171, p<0.01; further analysed using Bonferroni Post hoc test, (Figure 3.3), 
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where the current and past MDMA users reported increased mean scores. This suggests that exposure 

to MDMA affects the cognitive-affective dimension of depression only. There was a non-significant 

difference in mean cognitive-affective scores between current and ex-MDMA polydrug users 

(Bonferroni Post Hoc test, p>0.05), with past and present MDMA users reporting similar mean 

cognitive-affective scores. 

Figure 3.3: Cognitive-affective subscale of the BDI-II for each drug group (mean±SEM), N=997, 

where p<0.01. 

The figure displays the mean cognitive-affective score for each group. Where the groups include: non- 
recreational drug control group (non-drug) = 182; alcohol/nicotine control group 
(alcohol/nicotine)=172; alcohol/nicotine/cannabis control group (alcohol/nicotine/cannabis)=163; 

non-MDMA polvdrug control group (polydrug non-MDMA)=169; current-MDMA polydrug group 
(current-MDMA)=154; ex frequent MDMA polydrug group (ex-MDMA)=157. 
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* denotes a significant difference between non-drug & alcohol/nicotine & nicotine/alcohol/cannabis & 

non-MDMA polydrug groups in comparison to the current less frequent MDMA & current frequent 
MDMA & ex-less frequent MDMA & ex frequent MDMA groups 

There was a non-significant difference in the self-reported responses to the overall depression question, 

which asked participants if they were depressed and experienced symptoms of depression. The question 

only required a `yes' or `no' response. The response were similar between all four control groups (non- 

drug, alcohol/nicotine, alcohol/nicotine/cannabis, and non-MDMA polydrug) and the two MDMA 

groups (current-MDMA polydrug and ex-MDMA polydrug group) with equal percentage of response 
between all respondents (Table 3.2; Chi square = 0.973, df=5, p>0.05). 
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Table 3.2: Responses to self-reported depression 

The table demonstrates the percentages of participants that acknowledged depression (Chi square = 
0.973; df=5, p>0.05). There were no differences in responses between the six groups (non-drug 
control, alcohol/nicotine control, alcohol/nicotine/cannabis control, non-MDMA polydrug control, 
current MAMMA polydrug and ex-MAMMA polydrug group, where N=997. 

Yes No 

Non-drug 68 114 

Alcohol/nicotine 67 105 

Alcohol/nicotine/cannabis 64 99 

Polydrug (non-MDMA) 65 104 

Current-MDMA 61 93 

Ex-MDMA 55 102 

Regression analysis suggested that the main predictor for the overall self-reported depression scores, as 

measured by the BDI-II, was the total amount of lifetime MDMA consumed (beta = 0.39; t=13, 

sr2=0.324, p<0.00), where MDMA accounted for 38% of the reason for the depression in the model, 
F(3,8)=9.302, p<0.05. Lifetime exposure to alcohol was the next main predictor for self-reported 
depression scores at 7.2% (sr2=0.062), followed by heroin at 3.8% (sr2=0.021), amphetamines at 3.3% 

(sr2=0.018), and finally LSD at 3.2% (sr2= 0.019) (Table 3.3). Lifetime exposure of ketamine, cannabis, 

and cocaine were non-significant predictors in this model, F(3,8)=9.302, p<0.05. 
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Table 3.3 Regression coefficients for BDI-II and drugs of abuse 
The table provide details of the regression coefficients for each drug of abuse (MAMMA, 
ketamine, tobacco, heroin, alcohol, amphetamines, cannabis, LSD and cocaine) and the 
overall BDI-II scores. The regression was only performed on the past and present 
MAMMA users (n=311). 

Drug Predicts Beta t p 

MDMA 38 0.39 13.28 0.00 
Ketamine 0.3 0.05 1.67 0.096 (ns) 
Tobacco 3.1 0.17 5.5 0.000 
Heroin 3.8 0.31 6.46 0.000 
Alcohol 7.2 -6.24 -9.92 0.000 
Amphetamine 3.3 1,46 7.24 0.000 
Cannabis 0.1 -. 03 -0.47 0.64 (ns) 
LSD 3.2 0.23 7.55 0.000 
Cocaine 1 -0.06 -1.163 0.103 (ns) 

3.3.4 Demographics of previous drug use 

For a full account of the demographic details for the different groups including age, ethnicity, working 
status etc refer to chapter 2. 

The ex-MDMA polydrug group indicated they had initially consumed MDMA for the first time at an 
older age (mean age 23) in comparison to the current-MDMA polydrug group (mean age 18). The 

current polydrug MDMA group reported consuming a larger dose of MDMA (mean tablets of 1.3) 
during their first experience of using the drug than the ex-MDMA polydrug group (mean tablets of 
1.25). The current-MDMA polydrug group self-reported being exposed to a larger dose of MDMA on 
average during a single occasion (mean tablets on a single occasion was 2.19) in comparison to the ex- 
MDMA polydrug group (mean tablets on a single occasion 1.5). Finally, the current-MDMA polydrug 
group self-reported consuming more MDMA tablets in a lifetime (mean lifetime tablets 922) than the 

ex-MDMA polydrug group (mean lifetime tablets 482) (Table 3.4). Finally, all MDMA participants 
reported that their usual route of administration of MDMA was via tablet and they normally consumed 
MDMA with friends. 
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Table 3.4: Basic demographics for the current and ex-MDMA groups. 

The table provides basic demographic details concerning history of MAMMA use. Including information 
concerning MAMMA use including age first used AMAM; amount of MAMA first used; amount of 
AMAM normally consumed and lifetime amount of MAMMA consumed; (n=311). *p<0.05. 

Age first tried No first No Used Total used 
MDMA Used Permanently in lifetime 

Current MDMA group 18.0* 1.32 2.19 922* 
(3.72) (0.79) (1.05) (750) 

EX-MDMA group 23.4* 1.25 1.54 482* 
(6.14) (0.58) (1.22) 727 

*denotes significant different between current MDMA group and ex-MAMA group (p<0.05) 

There was a slight variation in the percentage of users exposed to other recreational drugs of abuse 

amongst the different drug groups (non-MDMA polydrug, current-MDMA polydrug, ex-MDMA 

polydrug) (Table 3.5a). Overall the percentage of current MDMA polydrug users that had been 

exposed to alcohol and cannabis was less in comparison to the other two drug groups being ex-MDMA 

polydrug and non-MDMA polydrug users (Chi square=64.2, df=60, p>0.05). The percentage of non- 
MDMA polydrug users exposed to nicotine, tranquilisers, steroids, cocaine, LSD, psilocybin and alkyl 

nitrites was less than in the two MDMA groups. Finally, the ex-MDMA polydrug users were less likely 

to use amphetamines in comparison to the non-MDMA polydrug and current MDMA polydrug users. 
Psilocybin, alkyl nitrites, and LSD were used more by the ex-MDMA polydrug users in comparison to 

the non-MDMA polydrug and current MDMA polydrug users. 
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Table 3.5a: Exposure to other recreational drugs 

The table provides the percentage of drug users self-reported exposure to recreation drugs of abuse for 
the three drug groups, which includes non-AIDMA polydrug, current AMAM polydrug and ex-MDMA 
polydrug groups (Chi square =64.2, df=60, p>0.05). Where LSD=lysergic acid diethylamide. 

Recreational Drug 
Non-MDMA 

polydrug user 

Current 
MDMA 

Polydrug user 

Ex-MDMA 
Polydrug 

User 

mphetamines 49% 52% 45% 
Nicotine 63% 77% 75% 
ranquilisers 13% 18% 16% 

Alcohol 98% 91% 95% 
Steroids 13% 17% 15% 
Cannabis 98% 90% 93% 
Cocaine 40% 58% 44% 
LSD 19% 29% 32% 
Psilocybin/pislocin 24% 28% 29% 

lkyl nitrites 12% 33% 37% 

In terms of overall self-reported lifetime exposure to recreational drugs there were several differences 

observed between the different drug groups (current-MDMA polydrug group, ex-MDMA polydrug 

group, non-MDMA polydrug group) (Table 3.5b). The current MDMA polydrug groups reported less 

exposure to alcohol (U=21, p<0.05), nicotine (U=7.6, p<0.05), LSD (U=24, p<0.05), alkyl nitrites 
(U=26, p<0.05) and gases (U=22.4, p<0.05) in comparison to the non-MDMA polydrug and ex-MDMA 

polydrug groups. The current-MDMA polydrug group did report greater lifetime exposure to cocaine 
(U=28, p<0.05) and ketamine (U=28.7, p<0.05) than the other two groups; non-MDMA polydrug and 

ex-MDMA polydrug group. The ex-MDMA polydrug group self-reported elevated exposure to alcohol 
(U=21, p<0.05), nicotine (U=7.6, p<0.05), amphetamines (U=17, p<0.05), steroids (U=22, p<0.05), 
cocaine (U=28, p<0.05), LSD (U=24, p<0.05), alkyl nitrites (U=26, p<0.05) and gases (U=22,4, 

p<0.05). Finally, the non-MDMA polydrug group self-reported less exposure to amphetamines (U=17, 

p<0.05), steroids (U=22, p<0.05), cocaine (U=28, p<0.05) and ketamine (U=28.7, p<0.05). 
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Table 3.5b: Lifetime exposure to recreational drugs 

Table illustrates the total self-reported lifetime exposure to recreational drugs of abuse (mean/SD), 
N=997. Calculated using formula (no of occasions per week * no of months per year* no of years). 
Where * Mann-Whitney test, p<O. 05. 

Nicotine/alcohol Nicotine/ alcohol/Cannabis 

Alcohol 1188 (1172) 759 (754) 

Nicotine 46649 (41057) 31631 (26422) 

Polydrug (non-MDMA) 

Alcohol 1390 (1138) 

Cannabis 1026 (1031) 

Nicotine 53710 (29852) 

Tranquillisers 

Steroids 

Cocaine 

Current MDMA 

697 (739) 

2351 (693) 

29454 (25875) 

103 (61) 

14.3 (2.5) 

12.31 (10.26) 

13.59 (2.5) 

Ex-MDMA 

2171 (980) * 

3476(567)* 

81025(34313)* 

168 (81)* 

17.04 (3.4) 

28.15(13.6)* 

17.25(3.3)* 

Crack 

LSD 

Psilocybin/Psilocin 

Alkyl Nitrates 

Gases 

Heroin 

GHB 

Ketamine 

46 (94) 

1.92 (3.9) 

7.69 (15.8) 

2.18 (3.89) 

45 (39) 

85 (22) 

5.71 (2.65) 

45.2 (39) 

25.99 (23.6) 

1.96 (3.9) 

0.64 (1.68) 

0.54 (0.24) 

84 (46) 

58 (30) 

12.21 (4.3) 

29.6 (33) 

11.53 (15.4) 

4.53 (3.3) 

11.67 (1.09) 

13.79(l. 4) 

75 (26) 

194 (280) 

14.13 (3.7) 

65.11 (35.7) 

42.2 (20.4) 

6.51 (3.57) 

2.81 (1.41) 

1.25 (1.2) * 

* p<0.05 polydrug vs current MDMA and ex MDMA polydrug 
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3.4 Discussion 

The findings from this study found past (abstained for a mean of 5 years; range 5-11 years) and present 
MDMA polydrug users had similar overall BDI scores and these were elevated in comparison to other 

non-MDMA users. These findings are in agreement with previous research in the field (McGuire et al. 
1994, Creighton et al. 1991, Schifano, 1991, Curran and Travill, 1997, Roiser and Sahakian, 2004, 

Thompson et al. 2004). The study found that MDMA users past and present reported increased 

cognitive scores on the BD-II in comparison to other drug users. To date, this is the first study based on 
human participants to have found a similarity in self-reported depression scores between past and 

present MDMA users (abstained for a mean period of 5 years; range 5-11 years). The results from the 

present study, suggest that exposure to MDMA may led to increased self-reported acute and long 

lasting depression, irrespective of how long the users has abstained from the drug. Similar findings 

reported in non-human animal studies, where non-human primates have failed to show complete 

regeneration of damaged 5-HT nerve 7 years following MDMA exposure (Ricaurte et al. 2000). 

Concerning the somatic dimension of depression, it seems illicit drugs effect this dimension of 
depression and it is more likely to be associated with the overall use of illicit drugs rather than MDMA 

itself. 

The results from this study indicate that the elevated depression scores were unlikely to be a result of 

exposure to other recreational drugs including alcohol, cannabis, amphetamine and cocaine. The other 

recreational drugs were included as covariates in the ANCOVA calculation and were not significant 

predictors in the regression model for the prediction of self-reported depression in MDMA polydrug 
users. There is currently a considerable amount of research and suggestions that depression is caused by 

cannabis use alone and is not the consequence of MDMA use (Croft et al. 2001; Dafters et al. 2004a; 

Parrott et al. 2003; Daumann et al. 2004; Braida et al. 2005; Sala et al. 2005). This study included a 

separate cannabis control group in a regression model and correlation analysis. These findings from this 

study contradict previous research, which has failed to control for previous exposure to other illicit 
drugs, suggesting that exposure to MDMA does not cause elevated self-reported depression. 

The results from this study revealed that there was a non-significant difference in depression levels 
between those that had used MDMA frequently (more than 20 occasions) and those that had used it less 
frequently (less than 20 occasions) in their life time. This may suggest that taking MDMA just a few 

times in one's lifetime may cause irreversible selective 5-HT neuronal damage, which is supported by 

evidence from non-human animal studies (Schnieder, 1973; Sachs et al. 1975; Wiklund et al. 1978; 
Bjorklund et at. 1979; Levitt et al. 1980; Jonsson et al. 1982; Frankfurt et al. 1984; Gustafson et al. 
1987; Fritschy et al. 1992a, 1992b; Ricaurte, 2000a, 2000b, 2000c; Boot et al. 2000; Mueller et al. 

101 



2009a, 2009b; Perrine et al. 2010; Biezonski and Meyer, 2010; Li IH et al. 2010; Mueller et al. 2011). 

However, it is plausible to predict that certain individuals are more prone to MDMA-induced 

neurotoxicity and depression. The possible MDMA induced depression needs investigating with non- 
human animal and human studies, with regard to amount of exposure and dosage of MDMA. 

Results from this study concluded that MDMA polydrug users were unable to acknowledge or were 

aware of any `feelings of depression'. This study found that the majority of MDMA polydrug users 
failed to recognise and admit overall depression. However, they were aware of individual symptoms as 

measured by the BDI-II. MDMA polydrug users failed to associate these individual symptoms of 
depression as measured by the BDI-II to the exposure to MDMA. This finding in itself may be 

problematic, as a lack of insight into the dimensions of depression (notably suicidal ideation, 

hopelessness and pessimism) may lead to future work related and social problems. These individual 

symptoms may additionally increase the chance of more drastic behavioural problems and could 
increase the risk of suicide in past and present MDMA polydrug users. Evidence for this notion comes 
from research by Beck, 1988 that found the BDI-II pessimism item was nearly as predictive of eventual 

suicide in 211 suicidal ideators as the 20-item Beck Hopelessness Scale (Beck et al. 1988 & Beck and 
Steer, 1988). A case study reported by Cox in 1993 highlights the risk of suicide due to MDMA use, 

where the case study linked MDMA use and suicide. A 21-year-old man was admitted to a psychiatric 
hospital 24 hours after the use of MDMA. He had no previous history of MDMA use and no other 

recreational drugs apart from alcohol, cannabis, amphetamine, and nicotine on one occasion. Following 

the MDMA ingestion, reports of his behaviour were increasingly `bizarre' and he was threatening to 

commit suicide. After 8 days, he was released from hospital and subsequently committed suicide. The 

author concluded that the suicide was ̀ almost certainly' associated to the use of MDMA (Cox, 1993). 

However, this was an isolated case study; large scale surveys of suicidal ideation are required. This 

finding has a considerable impact on quality of life for future, present and past MDMA polydrug users. 
MDMA users need to be aware of possible suicidal ideations and psychiatric problems. Another major 

consideration would be for possible treatment and therapy session for past MDMA polydrug users, 

since cognitive biases may be detrimental in preventing rehabilitation and causing probable relapse. 
MDMA users past and present continue to use other illicit drugs. MDMA users may continue to mask 

any suicidal tendencies due to continual drug use and self-medication, which is very problematic in 

itself. This needs further exploration with MDMA users becoming aware of the possible risk factors 

associated with MDMA use. 

From the results presented, it is possible that present, past and future MDMA users will develop severe 
depression. Most MDMA users are young adults when they begin using this drug. The mean age of the 

past MDMA users in this study was 32 years old. Previous studies demonstrate that depression peaks 
during the mid 40s within the non-clinical population (Hale, 1997; Klaus et al. 2006). The majority of 
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the sample of current MDMA polydrug users included in this study was in their mid 20s, implying that 
during their mid 40s, these MDMA polydrug users may experience severe symptoms of depression 

which may manifest as clinical depression. Health care professionals need to be aware of this possible 

sudden influx of depressed persons in the next 10-20 years. Treatment strategies and rehabilitation 

would need planning to accommodate this sudden MDMA induced epidemic. 

A major criticism of previous research investigating MDMA abuse and its association to elevated 
depression has been the somewhat marginal increase in depression scores for MDMA users. Previous 

studies have reported that MDMA polydrug users self-report a mean BDI-11 score ranging 7-9. The 

critics argue that this level of depression reported in previous studies is regarded as normal and would 

not be deemed clinically depressed in the medical field. Results from this study revealed that the mean 
BDI-II scores ranged from 12-15 for current and past MDMA polydrug users. The depression scores are 

above baseline normality for depression in the clinical setting; although these individuals are not 
deemed clinically depressed. However, it needs to be raised that the objective of this research is to 

attempt to suggest and predict what may happen in the future if young adults continually abuse MDMA. 

In respect to the results from this study, it is highly improbable to suggest that a 30-year-old MDMA 

polydrug user, whom is employed with a comfortable lifestyle, will experience clinical depression. In 

addition, it could be elaborated further to predict that as this abstained MDMA polydrug user ages and 

with the continual life pressures this level of depression will continue to progressively increase and 

reach clinical levels, which would not have happened if the person had never been exposed to MDMA. 

These findings provide evidence of this proposal, however future studies need to provide clear evidence 
to support this theory. 

Previous studies investigating MDMA with elevated depression scores and symptoms have been highly 

criticised with regards to the restricted control groups employed in the studies. These studies have 

lacked the control of other essential illicit drugs, which have been associated with increased depression, 

for example cannabis. Secondly, the sample sizes and method of recruitment for previous studies have 

failed to fully represent the population of MDMA polydrug users. These studies have been biased 

towards young adults in the dance/rave scene. This study robustly controlled for other illicit 

substances: cannabis, alcohol, nicotine, amphetamines, cocaine and heroin. The sample size and the 

recruitment of drug users in this study more closely resembled modem drug users than previous studies. 

3.4.1 Limitations and future studies 

This study relied heavily on self-reported measures of depression including the use of the validated and 
reliable BDI-II as well as self-reported closed question. These measures can be inconsistent and is 
dependent on the participant accurately filling out the questionnaire. Future studies measuring 
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depression may need to use a combination of self-reported measures, in addition to experimental 

techniques. One technique measuring depression would include `learned helplessness'. This 

experimental method has been a reliable and valid measure for depression and employed in non-human 

animal and human research (Becks et al. 1988). Diagnosis of depression by a psychiatrist in addition to 

self-reported measures of depression may also prove to be beneficial in future studies. However, it 

should be noted that the BDI-II is an established clinical tool, which has been through validation and 

reliability testing. 

The present results cannot conclusively state whether MDMA alone or a combination of MDMA with 

other recreational drugs (amphetamine, cannabis, and cocaine) caused the increase in depression. In 

order to provide a more comprehensive answer to this hypothesis, a sample of MDMA only users, 

which had only been exposed to MDMA would need to be compared with users that have been exposed 

to a combination of MDMA and other recreational drugs. This gap in the research may provide an 

explanation for the discrepancies in the findings in previous research, in addition to explaining the 

differences in results between the non-human animal and human studies. In the non-human animal 

studies, the history of the animal and the lack of exposure to other recreational drugs are recorded, in 

addition to the level of exposure of MDMA being accurate. Previous non-human animal studies have 

mainly focussed on the effects of MDMA alone; future studies should focus on the combination of 

MDMA and other recreational drugs. In human experiments, it is reliant on memory and self-reported 

techniques, leading to possible false information with incorrect conclusions being formulated. The 

inclusion of longitudinal studies in future human MDMA research would be beneficial for tackling this 

problem. However, if it is indeed the consequence a cocktail of drugs including MDMA, this is even 

more of a concern as drug users seem to be co-using illicit drugs more in modem day society. 

The literature on the aetiology of depression is exhaustive. Research suggests a possible genetic cause 
for depression. Some MDMA polydrug users may already be genetically prone towards depression; 

consequently they require the exposure of an additional factor for symptoms to begin to occur. It is 

plausible that MDMA polydrug users genetically prone to depression are more likely to suffer severe 
depression and possible clinical depression following exposure to MDMA, as the exposure to MDMA 

results in reduced levels of brain 5-HT. This MDMA exposure may be the triggering factor for the onset 

of depression. Those individuals that use MDMA and are not genetically prone to depression are less 

likely to suffer from depression in later life. This may explain the inconsistencies in the current research 
findings. A possible way to investigate this theory would be to compare identical twins that have used 
MDMA or to compare first-degree relatives. If this is the case, then individuals more susceptible to 
MDMA induced depression need to be screened and offered medical assistance. 
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Causal effects for depression include life events such as divorce, losing a parent at a young age and 

sexual abuse. These factors were not controlled for in this study. It is possible that MDMA polydrug 
drug users seek MDMA to try to escape from memories and/or thoughts concerning stressful life 

events. MDMA is a psychotropic drug that improves mood, thoughts and empathy. Future studies 
investigating mood and MDMA use needs to control for life events including the history taking of any 
divorce, sexual abuse and loss of a loved one. 

The literature on depression indicates there is a high co-morbidity rate between depression and other 

psychiatric disorders: anxiety, personality disorders, and obsessive-compulsive disorder. In fact, illegal 

drug users per se are associated with some form(s) of psychiatric problems: increased anxiety, 

personality disorders and Obsessive Compulsive Disorder (OCD) (McCann and Ricaurte, 1991; 

Pallantini and Mazzi, 1992; McGuire et al. 1994). It is highly plausible that as MDMA reduces 5-HT 

levels, which may not fully return to baseline levels after abstinence from MDMA exposure. MDMA 

may trigger psychiatric disorders in past and present MDMA polydrug users. Present and past MDMA 

users need monitored for anxiety related disorders, personality disorders and possible OCD, as they 

may be more vulnerable due to a combination of the normal aging process and MDMA in later life. 

Depression has a high concordance rate with gender. Research reveals females are twice as likely to 

display symptoms of depression and diagnosed with clinical depression in comparison to males (Hale, 

1997; Klaus et al. 2006). These figures could be subject to bias, as males are probably underestimated. 
Perhaps the statistics for males are under reported as they are frequently able to mask the depressive 

symptoms and depression with violence, aggression and drug use. The role of gender in MDMA needs 

examination. If females are more prone to depression than males in the normal population, the causality 

of this depression in females needs to be further investigated and secondly it might be plausible that 
females are more at risk from MDMA induced depression than males. This needs further exploration. 
Possible theories for this female induced vulnerability include cognitive processing, hormonal 

properties and coping mechanisms. 

For a more in depth discussion of the limitations associated with self-reported studies as well as studies 
surrounding the use of illicit drug(s), refer to chapter 8. 

3.4.2 Summary of the findings 

Even though the hypothesis for this study was formulated in 2001, it is still to date the largest single 
study investigating the association between depression and MDMA use, which includes a sample that is 

a true `real-life' representation of the general population, including a diverse range of ages and a large 

selection of educated individuals. This is the only study to robustly control for the use of other 
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recreational drugs (amphetamine, cocaine, cannabis, heroin and alcohol). Previous studies are 
predominantly based on student samples and/or younger adults. This study includes a larger 

representation of the population of MDMA polydrug users during the period 2002-2006. 

This is the first study to date to find that abstinence from MDMA (a mean time of 7 years) results in 

elevated depression symptoms, specifically the cognitive-affective dimension of depression. In fact past 

and present MDMA users suffer from similar levels of depression, suggesting that depression may have 

been initially present before the use of MDMA or that MDMA is neurotoxic to the brain resulted in 

long lasting damage, which is irreparable as found in non-human animal studies (Ricaurte et al, 1988). 

As past MDMA users still reported increased depression scores it may support the notion that MDMA 

polydrug users are drawn to use MDMA as it alleviates symptoms of depression and is a `serotonergic 

agonist'. 

In summary, this study supports previous data suggesting that polydrug MDMA users have elevated 
depression scores in comparison to non-MDMA polydrug users. Implicating that MDMA alone or a 

combination of MDMA and other recreational drugs may contribute to elevated depression scores. 
There was no significant difference in depression scores between present and past MDMA polydrug 

users. These results are supported by non-human animal studies suggesting that MDMA may cause 

neurotoxicity to selective 5-HT neurons resulting in long lasting depression, which persist for more than 

5 years. There was a significant positive relationship between the level of exposure to MDMA and the 
level of self-reported depression confirming previous studies. The results are unable to answer whether 
depression already existed and MDMA users seek the drug as a means of self-medication. The initial 

acute effect of MDMA is of an anti-depressant, increasing the levels of serotonin resulting in an 
increase in positive mood. MDMA users may initially use MDMA as a form of self-medication. This 

theory warrants further exploration. 
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Chapter 4- Impulsivity 

4.1 Introduction 

This section will provide a brief introduction and definition of impulsivity. It will evaluate the evidence 

supporting impulsivity and the role of 5-HT. Finally, it will assess non-human animal studies and 
human studies concerning MDMA exposure and impulsivity. 

4.1.1 The definition of impulsivity 

Impulsivity concerns the ability of an individual to modulate their cognition and behaviour to 

appropriately adjust to the requirements of a given environment (Patton et al. 1995; Hollander et al. 
2001; Everton et al. 2005; Diamantopoulou et al. 2007). Impulsivity can be divided into a `behavioural' 

aspect and ̀ personality' trait of impulsivity (Evenden, 1999). 

Behavioural definitions of impulsiveness include the making of premature responses in situations in 

which the postponement of action is required. Increased impulsivity is associated with the selection of a 

small immediate gain in preference to a larger delayed gain. Impulsivity is a tendency to react quickly 
to a stimulus without prior deliberation and evaluation of the possible consequences (Buss and Plomin, 

1975). 

Impulsivity, can be considered to be a dimension of personality, it is the failure to resist an impulse, 
drive or temptation that is harmful to one self or others. It is now widely recognised that 
`impulsiveness' is a complex construct and may not yield to a single behavioural definition (Barratt, 

1985). Impulsivity can be defined as swift action without forethought or conscious judgement, 
behaviour without adequate thought, the tendency to act with less forethought than do most individuals 

of equal ability and knowledge. 

It is often regarded as a measurable feature of behaviour, manifesting as impatience (including the 
inability to wait for rewards), carelessness, risk-taking, sensation seeking and pleasure-seeking, an 

underestimated sense of harm and extroversion (Barraft and Patton, 1983; Moller et al. 2001). 
Impulsivity has been studied within the normal non-clinical population in addition to the clinical 
setting. 

Impulsivity is a core symptom of a broad spectrum of psychiatric disorders being included in the DSM- 
IV with a separate section for disorders of impulse control (pathological gambling, intermittent 

explosive disorder, pyromania, kleptomania and trichotillomania). Additional psychiatric disorders 
linked to impulsivity includes: impulsive aggressive personality disorder (borderline antisocial 
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behaviour; histrionic and narcissistic), neurological disorders associated with disinhibition of behaviour, 

and substance abuse (American Psychiatric Association, 2000; Moller et al. 2001, Houston et al. 2003, 

Swann et al. 2004). Further still there are additional psychiatric disorders affecting children notably 

attention deficit hyperactivity disorder and mania (American Psychiatric Association, 2000). Research 

using MRI and fMRI techniques have associated addiction, impulsivity, risk taking and gambling with 

an overly active DA system (Buckholtz et al. 2010). Researchers have suggested that children with high 

propensity for risk-taking, impulsivity and novelty-seeking, are more likely to develop alcoholism and 

other additions later in life (Hanson, 2010). The trait of impulsivity is a potential marker of addiction 

being related to reward, memory and motivation. Some researchers believe that the behaviour itself 

does not seem to cause the addiction instead the use of drugs seems to normalise the central nervous 

system (Hanson, 2010). 

It is clear that impulsivity is a complicated process. The remainder of the chapter will be focussed on 

the personality trait of impulsivity. 

4.1.2 The association between serotonin, dopamine and impulsivity 

Even though most research associates dopamine with behavioural impulsivity, research using both non- 

human animals and humans indicates that 5-HT has been linked to impulse control and impulsive 

personality. Previous non-human animal research have demonstrated that rats whose serotonin 

pathways have been destroyed are more likely than rats with intact 5-HT pathways to select a smaller, 
immediate reinforcer rather than wait for a larger delayed reinforcer, which is often referred to as a 
impulsive choice (Patton et al. 1995; Mobini et al. 2000; Hollander et al. 2001; Everton et al. 2005; 

Diamantopoulou et al. 2007). 

Lesion studies in non-human animals have begun to elucidate the neurocircuitry of impulsivity. 

Cardinal et al. (2001) have reported that lesions of the nucleus accumbens core (a key brain region of 

reward and reinforcement) induce persistent impulsive choices in rats. These rats will consistently 

chose small or poor rewards that were immediately available in preference to larger rewards that were 
delayed (Patton et al. 1995; Hollander et al. 2001; Moller et al. 2001; Everton et al. 2005; 

Diamantopoulou et al. 2007). 

Additional non-human animal studies include knock-out mice lacking the 5-HT receptor 5-HT 1 B. 

These rats will display increased impulsive aggression and a liking for particular drugs including 

cocaine and alcohol. The polymorphisms of tryptophan hydroxylase have been associated with 
impulsive behaviours (Patton et al. 1995; Hollander et al. 2001; Moller et al. 2001; Everton et al. 2005; 

Diamantopoulou et al. 2007). Studies suggest that 5-HT plays a role in impulsivity and that reduced 5- 
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HT results in increased impulsivity. Clearly results from these animal studies have linked serotonin to 
impulsivity. 

Human studies investigating the relationship between 5-HT and impulsivity have discovered that in 

psychiatric patients displaying pathologically impulsive behaviour as well as persons from a non- 

clinical population whom display elevated impulsivity as a personality trait, have generally supported 
the putative relationship between diminished 5-HT function and poor impulsive control (Linnoila et al. 
1983; Virkkunen et al. 1987; Patton et al. 1995; Hollander et al. 2001; Everton et al. 2005; 

Diamantopoulou et al. 2007). 

Some research to date has been focussed on modulation of 5-HT transmission and impulsivity (Patton et 

al. 1995; Moller et al. 2001; Hollander et al. 2001; Everton et al. 2005; Diamantopoulou et al. 2007). 

SSRIs and other enhancers of serotoninergic transmission have been shown to reduce impulsive 

behaviours in a wide range of different disorders known to be associated with increased impulsivity 

including pathological gambling, borderline personality disorders, sexual addictions and disorders in the 

obsessive-compulsive spectrum (Patton et al. 1995; Moller et al. 2001; Hollander et al. 2001; Everton et 

al. 2005; Diamantopoulou et al. 2007). These medications would increase 5-HT activity within the CNS 

ultimately decreasing impulsiveness providing further evidence for the association between 5-HT and 
impulsivity. 

Supplementary biological evidence comes from studies investigating impulsive persons who plan 

aggressive acts. These studies have demonstrated that such individuals display higher CSF 5-HT 

metabolite levels than those impulsive persons that do not plan similar aggressive acts (Patton et al. 
1995; Moller et al. 2001; Hollander et al. 2001; Everton et al. 2005; Diamantopoulou et al. 2007). This 

study suggests that 5-HT may be linked to increased aggression rather than impulsivity per se. 

Experimental studies have demonstrated that those with a short allele polymorphism of the gene 5- 

HTTLPR, being a polymorphism of the 5-HT transporter gene, produce a reduced level of brain 5-HT. 

This reduced level of 5-HT has been correlated to reduced impulsivity scores as measured by the 
Barraft Impulsiveness Rating Scale (Baca-Garcia et al. 2005). This study was only investigated using a 
sample of females. Furthermore, the author concluded this reduced 5-HTTLPR was associated with 
`attentional' impulsiveness predominantly. Regrettably, not all experiments have found this causal 

relationship between 5-HTTLPR and ̀ attentional' impulsivity (Paaver et al. 2007). Additionally, 5-HT 

genes have been associated with elevated impulsivity including: the TPH2 gene (Lara et al. 2007), the 
5-HT 2a receptor gene (Bjork et al. 2002) and the 5-HTlb receptor gene (Zouk et al. 2007). 

Impulsive disorders have been shown to be mediated and associated with other neurotransmitter 
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systems including DA (Patton et al. 1995; Hollander and Evers, 2001; Hollander et al. 2001; Everton et 

al. 2005; Diamantopoulou et al. 2007). Specific impulse-control disorders, including pathological 

gambling, have been linked to abnormalities of DA receptors; in addition to disruption to DA pathways 

and the overactivity of DA (Martins et al. 2004). DA pathways seem to play a critical role in the 

mediation of reward and reinforcement behaviours (Patton et al. 1995; Hollander & Evers. 2001; 

Hollander et al. 2001; Everton et al. 2005; Diamantopoulou et al. 2007). Association studies of genes 

related to DA receptors have supported a genetic influence in impulsive behaviours. This may suggest 

that other recreational drugs of abuse that involve DA pathways may cause elevated impulsivity scores 
for example cocaine and amphetamine (Balster et al. 1988; Dworkin et al. 1988; Di Ciano et al. 1995; 

Horan et al. 2000; Fletcher et al. 2001; Goldstein et al. 2005). Behavioural research indicating current 
MDMA polydrug users have elevated impulsivity scores fail to control for other recreational drugs 

including amphetamine and cocaine. 

In humans, patients with impulsive disorders, such as stimulant, opioid and alcohol abuse have been 

found to have overactive nucleus accumbens activity notably increased DA levels (Patton et al. 1995; 

Hollander et al. 2001; Moller et at. 2001; Everton et al. 2005; Diamantopoulou et at. 2007). It is unclear 

whether such individuals seek out these DA drugs as a form of self-medication to normalise the CNS 

activity or whether the use of these drugs results in changes to the neurotransmitter activity within the 

CNS. These patients will show a disregard for future consequences that is related to but not entirely 

explained by the construct of impulsivity. Additional areas of the brain have been linked to increased 

impulsivity, including the amygdala and the frontal lobe (Patton et al. 1995; Moller et at. 2001; 

Hollander et at. 2001; Everton et al. 2005; Diamantopoulou et at. 2007). 

MDMA has been shown to have effects on the serotonergic pathways in the frontal cortex and the 

amydala (Ricaurte et al. 1988; 2000a, 2000b, 2000c; 2001). Additional research using both non-human 

animals and humans is required in the frontal lobe and amygdala in order to provide conclusive 

evidence for their role in impulsivity as well as provide more detail concerning neurotransmitter 
activity. 

In summary current theories suggest that impulsivity is far more complicated than initially thought. It 
has been proposed from studies that impulsivity can manifest into conflicting definitions. It is generally 
assumed there are two forms of impulsivity being personality trait of impulsivity and the behavioural 

aspect of impulsivity. The personality trait has been measured using self-reported personality inventory 

questionnaires, which has several independent factors and possibly separate biological bases including 

the serotonergic system. The behavioural aspect of impulsivity is often measured using objective 
computerised tests (e. g. Go/No-go task). These studies have concluded that the behavioural aspect of 
impulsivity reflects different aspects of impulsivity and is related to different neurobiological systems 
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including the dopaminergic system (Evenden, 1999). It is apparent that MDMA studies need to control 
for the use of other illicit drugs. 

4.1.3 Non-human animal studies on impulsivity and MDMA 

As it is clear that impulsivity is related to the activity of 5-HT with MDMA being a possible 5-HT 

neurotoxin, the non-human animal data suggesting that MDMA affects impulsivity may help support 
this theory. 

Meyer (2008) measured impulsivity in adolescent rats whilst being exposed to MDMA. The rats were 

administered MDMA intermittently, with similar frequency of doses as would be observed in humans 

during a binge weekend. The findings found that there were reductions in 5-HT levels within the 
hippocampus, however this reduction in 5-HT was not observed in the neocortex. The behavioural 

consequence of this loss of 5-HT included elevated behavioural impulsivity in the plus-maze task. 
These non-human animal studies have provided further support indicating that MDMA induces long 

lasting damage to 5-HT neurons, which consequently results in behavioural deficits for example 
enhanced impulsivity (Meyer et al. 2008). 

Saadat et al (2006) used rats to test for impulsivity levels employing a visuospatial discrimination 

procedure. Before commencement of the study, the rats were trained to lever press for a food reward in 

response to a light-stimulus. During the task the rats were subsequently required to withhold from 

pressing the lever, this was the way of measuring impulsivity in the study. Rats were exposed to 
MDMA. The findings found that exposure to MDMA resulted in reduced cortical 5-HT; there were 
however no significant differences in behavioural impulsivity up to 80 days after the exposure to 
MDMA. The authors concluded that despite signs of MDMA induced neurotransmitter damage, the 

study failed to demonstrate that MDMA exposure resulted in elevated behavioural impulsivity (Saadat 

et al. 2006). It is possible that a certain level of neurotoxicity at the neurotransmitter level is required 
before behavioural consequences can be observed, as is the case with Parkinson's disease where 80% 
degeneration of DA neurons is needed before behavioural consequences manifest. MDMA users are 
polydrug users and they often co-use MDMA with other DA related drugs for example amphetamine 
and cocaine. Research has clearly demonstrated an association between the hypersensitive dopamine 

system and the nucleus accumbens with elevated impulsivity (Taylor et al. 2001). 
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4.1.4 Human studies on impulsivity and MDMA 

It has been established that impulsivity is related to the activity of 5-HT and MDMA. As MDMA is a 

possible 5-HT neurotoxin, and the non-human data suggests that MDMA affects impulsivity, the 

evidence will now be evaluated suggesting that MDMA affects impulsivity levels in humans. 

Non-human animal studies suggest that exposure to MDMA results in decreased 5-HT CNS activity 

which occasionally causes behavioural deficits. The personality trait dimension of impulsivity requires 
human studies and introspection. Schiano investigated the association between MDMA exposure in 

human polydrug users and impulsivity (Schiano et at. 1998). The study comprised of 150 patients who 
had been referred to an Addiction centre in Italy. The results concluded that only 14% of the MDMA 

users met the DSM-III-R impulse control disorder criteria. The diagnosis was given by a psychiatrist 
blinded to the drug history of each patient. The authors concluded that this psychiatric disorder could 

manifest itself in certain individuals only (Schiano et at. 1998). Criticism of the study is that the sample 

consisted of general problematic recreational drug users that had been referred to the clinic, due to a 

cocktail of illicit recreational drugs including benzodiazepines, opiates, cocaine, THC, and alcohol. All 

of these drug users are complicated when used alone and even more so when combined and co-abused. 
Further factors which need to be considered include the consequences of the other illicit drugs, as well 

as the consequences of co-using illicit drugs. Research has clearly demonstrated a positive association 
between impulsivity/sensation seeking and frequency of drug use. Future studies need to account for 

frequency of drug use. As it would be predicted that the more illicit drugs used the higher the sensation 

seeking/impulsivity score irrespective of MDMA usage. 

In 2003, Butler and Montgomery presented 254 undergraduate MDMA users. This study did not 
include a vulnerable complicated clinical sample but a sample from a non-clinical population. The 

participants were required to complete the impulsiveness venturesomeness and empathy questionnaire 
(Eysenck et al. 1985) as well as a novel risk-taking task (Butler and Montgomery, 2003). The results 
concluded both the MDMA group and the non-MDMA polydrug control group displayed higher levels 

of the personality trait of impulsivity in comparison to the non-recreational drug group. The overall 
results supported the notion that drug users display elevated personality domain of impulsivity. Finally, 
the frequent MDMA users scored higher on the risk-taking task than the other groups (less frequent 

MDMA users, non-drug control group, and cannabis users) indicating that MDMA may cause elevated 
behavioural impulsivity. The authors concluded that consideration needs to be taken that increased 
impulsivity maybe the cause of the MDMA use. Such conclusions raised by the author are not 
successfully supported by the studies' findings. It seems the authors have been too daring in their 

conclusions as they were unable to clearly associate the increased impulsivity with MDMA alone as the 
frequent MDMA group were MDMA polydrug users and overall their frequency of drug use was higher 
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than the other groups. Secondly not all studies have agreed with such conclusions. Another study using 

the impulsiveness and venturesomeness questionnaire found there was a non-significant difference in 

scores between MDMA users and non-MDMA polydrug users (Morgan, 1998). Encouragingly the 

study did reveal an apparent correlation between lifetime use of MDMA and an elevated personality 

trait of impulsivity. A study by Parrot (2000) confirmed the conclusions that frequent MDMA users had 

increased behavioural impulsivity scores in comparison to other recreational drug users, however was 

unsuccessful in producing a difference in venturesomeness scores between the MDMA and non- 
MDMA polydrug users indicating that there was no difference in the personality trait of impulsivity 

between the groups (Parrott, 2000a). 

Clark and co-workers (2009) measured impulsivity scores on 15 current MDMA users, 14 past MDMA 

users, 15 cannabis users and 19 non-drug controls. The result found a non-significant difference in 

mean scores between the MDMA user groups. The cannabis users were less certain in their decision 

making. The authors concluded that the relationship between behavioural impulsivity, MDMA and 5- 

HT is far more complicated. Other recreational drugs need to be considered including cannabis, 

amphetamine and opiates in addition to frequency of drug use. 

Studies to date seem to concur conclusively that an increased frequency of illicit and licit drugs results 
in enhanced behavioural impulsivity irrespective of the drug type. It is long established that recreational 
drug use results in amplified risk-taking behaviour (Plant and Plant, 1992). Experimental evidence 

supports the notion that MDMA users are polydrug users (Morgan, 1998; Parrott et al. 2000; Schifano 

et al. 2000b) and will co-use MDMA with other recreational drugs including cannabis, nicotine, 

alcohol, cocaine, amphetamines, and LSD (Hanunersley et al. 1999). This pattern and frequency of drug 

abuse would be regarded as enhanced risk taking behaviour. Consequently this binging will result in 

elevated impulsivity behaviour for this diverse group of MDMA drug users. Clearly future studies need 

to control for frequency of drug use. 

These past studies investigating the association between MDMA use and elevated impulsivity have 

been unable to draw adequate conclusions. These studies have relied on small sample sizes that fail to 

represent the diverse population of MDMA users. These studies have failed to control for other 
dopamine related drugs including amphetamine and cocaine. There has only been one study 
investigating the long lasting effects of MDMA and the period of abstinence was less than 24 months, 
indicating that the long lasting effects of MDMA and impulsivity have yet to be fully investigated 
(Clarke et al. 2009). Table 4.1 summarises some of the studies investigating the association between 
MDMA and impulsivity. 
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4.1.5 The Barrat Impulsiveness Scale 

The Barrat Impulsiveness Scale (BIS - 11`h edition) is a 30 item self-report personality trait impulsivity 

measure. It is designed to assess personality construct of impulsivity. It is arguably the most widely 

used clinical and research impulsivity questionnaire being highly regarded within research. The BIS has 

been validated within the normal and clinical population. In March 2009 the BIS-11t" edition had 551 

citations (Stanford et al. 2009). The BIS has been correlated with the Taylor Manifest Anxiety Scale 

and Cattel Anxiety Scale in addition to being positively correlated against Eysenck's Extraversion 

dimension and Zuckerman's Sensation-Seeking Scale (Patton et al. 1995). The BIS is designed to 

measure three substrates of impulsivity including attentional impulsiveness, motor impulsiveness and 

non-planning impulsiveness (Barratt, 1985). Attentional impulsiveness deals with an inability to focus 

attention and concentration. Motor impulsiveness includes behaviour without thinking about the 

consequences and weighing up all possible outcomes. Non-planning impulsiveness involves a lack of 

planning. It is proposed that a score of 74 and above indicates an individual with high impulsivity. The 

normal range of impulsivity would include scores ranging from 52-71. Score below 51 would indicate 

that the individual was not honest when completing the questionnaire (Knyazev et al. 2006). The split- 
half reliability is 0.752 and the test-re-test reliability is 0.825, and the Cronbach coefficient was 0.794 

(Li et al. 2006). The BIS was included in this study as it is an excellent clinical tool, easy to 

complete/score and has undergone extensive validity and reliability testing. 

4.1.6 The role of MDMA in impulsivity 

Impulsivity has been correlated to lowered levels of serotonin in both non-human animal and human 

experimental studies, including specific genes of the 5-HT system. Studies indicate that the personality 
trait of impulsivity deficits have been linked to psychiatric disorders where the main problem causing 
this abnormal impulsivity level is the lowered 5-HT activity. Exposure to MDMA causes an initial 

acute brain increase in 5-HT in both humans and animal studies followed by a possible long lasting 

reduction in 5-HT, as demonstrated in non-human animal studies. As the acute effects of MDMA are 
similar between animals and humans it is possible the long lasting and neurotoxic effects of MDMA are 
similar. Therefore it is plausible that past and present polydrug MDMA users will exhibit enhanced 
personality trait impulsive scores in comparison to non-MDMA polydrug users. 
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4.1.7 The aims of the study 

Research investigating pathological impulsivity is of great clinical and public-health relevance. Notably 

there is an association with impulsivity to a vast number of psychiatric disorders. Elevated impulsivity 

is detrimental to morality, social and family stability, job dysfunction, increased accidents, suicidal 

tendencies, violence, aggression, criminality, excessive use of health-care, government, and financial 

resources. Irrespective of whether this enhanced impulsive behaviour is a consequence of MDMA- 

induced toxicity or excessive illicit/licit drugs per se, conclusive results are essential. 

Based on previous research in related areas, the following can be hypothesised. Firstly, MDMA 

polydrug users will display enhanced personality trait of impulsivity in comparison to non-drug 

controls. Secondly, non-MDMA polydrug users will report lowered levels of personality trait of 
impulsivity in comparison to MDMA polydrug users, controlling for the use of and frequency of other 
illicit drugs. Thirdly, past and present MDMA polydrug users will report similar personality trait 

impulsivity scores. Finally, there will be a positive dose-dependent relationship between level of 

exposure of MDMA and the level of self-reported personality trait impulsivity scores. 

4.2 Methodology 

4.2.1 Participants 

997 of the original 1399 participants were involved in this part of the study, based on a power 

calculation, where N=432 (Power calculation; minimum of 72 per group, power=0.80,8=2.80 - Cohen, 

1992; Faul et al. 2007; Faul et al. 2009; minimum of 72 per group, power=0.80,8=2.80). Refer to 

chapter 3 for full demographic details of the participants. 

4.2.2 Measures 

All participants were administered with a DHQ (refer to chapter 2 for full details, appendix 2.2). 

Participants were given the Barrat Impulsiveness Scale - 11`h edition (BIS) to complete. The BIS 

consists of 30 statements. Participants were required to read each statement and put an `X' on the 

appropriate response. Each statement was scored out of 0-4. Minimum possible score was 0 and the 

maximum possible score was 120. It was selected because of its simplicity of administration, scoring 
and interpretation. 
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4.2.3 Ethical Issues 

All participants provided written consent. Participants were able to withdraw at any point throughout 

the study. All data was anonymous. The study was approved by the local Ethics Committee, London 

Metropolitan University (formally London Guildhall University). Participants were given a briefing and 
debriefing (Appendix 2.1). 

4.2.4 Statistical Analysis 

Data was analysed using SPSS. A one-way ANCOVA was run; the outcome variable was the log 

transformed impulsivity scores measured by the BIS; the predictor variable was the drug group (non- 

recreational drug control group; alcohol/nicotine control group; cannabis/alcohol/nicotine control 

group; non MDMA polydrug control; current MDMA polydrug group; ex-MDMA polydrug group) and 

the covariate were lifetime use of cannabis, amphetamine, cocaine and ketamine. 

The two MDMA groups were further split into 67 current less frequent MDMA users, 87 current 
frequent MDMA users, 49 less frequent ex-MDMA users and 108 frequent ex-MDMA users depending 

on whether they had used MDMA less than 20 times (less frequent) and those that had used it more than 

20 times (more frequent). The results were further analysed using the Bonferroni test where required. 

For the ANOVA and ANCOVA, the Kolmogorov-Smirnov and Shapiro-Wilk tests were used to test for 

normality. As the tests were significant the data was transformed to logs and the normality test re- 

checked. The log transformed data was non-significant, suggesting the data was normally distributed. 

The kurtosis and skewness were checked for values between -2 and 2. The log transformed data was 

plotted using the output of a quantile-quantile (Q-Q) plot. As the data did not stray from the predicted 
line, the data was linear and normally distributed. The covariate in the analysis was checked for its 

independence from the experimental manipulation; an ANOVA with the covariate as the outcome and 
the drug group as the predictor was run for all of the covariates (cannabis, amphetamines, cocaine and 
ketamine). For the ANCOVA the Levene's test of the homogeneity of variance assumption was 

checked for non-significance relating to the homogeneity of residuals. The residual plot was checked 
for assumption of equality of variance. The spread vs. level plot was used to check there was no 
relationship between the mean and standard deviation. The homogeneity of regression slopes was 

checked by customising the ANCOVA model in SPSS to look at the independent variable * covariate 
interaction. The interaction term was tested in addition to the main effects. The log transformed 
interaction term (independent variable * covariate interaction) was non-significant; the assumption of 
homogeneity of regression slopes was not broken. 
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Log transformed self-reported BIS impulsivity scores were correlated with log transformed self- 
reported lifetime MDMA exposure using the Pearson correlation coefficient. 

Multiple regression analysis was performed on the log transformed BIS impulsivity scores with the log 

transformed lifetime exposure to recreational drugs (alcohol, cannabis, nicotine, amphetamine, cocaine, 
LSD and ketamine) as the predictor variables. Using SPSS, the variance inflation factor (VIF) and 
tolerance statistics were checked. The VIF values were below 10 and the tolerance statistics were all 

above 0.2. The residual statistics was checked for extreme cases. The standardised residuals were all 
between -2 and 2. The Cook's distance was checked and all values were below 1. The DFBeta statistics 

was checked to make sure no value was greater than 1. Examination of the residual plots demonstrated 

the data did not stray from the predicted line; the data was linear and normally distributed. The 

Levene's test was checked; it was non-significant thus homogeneity of variance was assumed. 
Homoscedasticity and hetroscedasticity were checked visually by plotting the standardised residuals 
(the errors) by the regression standardised predicted value. The residuals were randomly scattered 

around the horizontal line (0) (Tabachnick and Fidell, 2001). 

The BIS was then further divided into psychological, behaviour and motives subscales. Three one-way 
ANOVAs were run; the outcome variable was attention, planning and motor subscales of the BIS and 
the predictor variable was the drug group. 

4.3 Results 

4.3.1 Demographics 

For a full account of the demographical and the drug frequency details including MDMA exposure for 

the different groups refer to chapter 3. 

4.3.2 Barrat Impulsivity Inventory 

The ANOVAs were non-significant demonstrating independence between the predictor variable and the 

covariates for the ANCOVA. The homogeneity of residuals, normality, equality of variance and the 
homogeneity of the regression slopes were all checked for the ANCOVA. 

For the multiple regression, the data was checked for multicollineraity, curvilineraity, hetroscedasticity 

and homogeneity of variance, and finally normality. 
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There was an overall difference in mean self-reported BIS scores between the four control groups (non- 

drug, alcohol/nicotine control group, alcohol/nicotine/cannabis control group, and non MDMA 

polydrug control group) and the four MDMA groups (less frequent current MDMA users, frequent 

MDMA users, less frequent ex-MDMA users and frequent ex-MDMA users), where the four MDMA 

groups demonstrated overall increased mean personality trait impulsivity scores in comparison to the 

four non-MDMA polydrug control groups (Figure 4.1). 

The covariate, cannabis, was non-significantly related to the impulsivity scores, F(1,991) = 0.061, 

p>0.05). The covariate, amphetamine, was non-significantly related to the impulsivity scores, F(1,991) 

= 1.7, p>0.05). The covariate, cocaine, was non-significantly related to the impulsivity scores, F(1, 

991) = 2.1, p>0.05). The covariate, ketamine, was non-significantly related to the impulsivity scores, 
F(1,991) = 0.14, p>0.05). There was an overall significant effect of impulsivity scores on drug group 

controlling for the effect of cannabis, amphetamine, cocaine and ketamine, F(5,991) = 196.4, p<0.01). 

Further analysis demonstrated a non-significant difference in mean self-reported BIS scores between 

current MDMA polydrug users and ex-MDMA polydrug users (Bonferroni Post Hoc test, mean 
dif =0.43 p>0.05), with the overall mean personality trait impulsivity scores being alike between the 

two groups (Figure 4.1). 

Between less frequent current MDMA users and frequent current MDMA users there was a non- 

significant difference in mean self-reported BIS scores (Bonferroni Post Hoc test, mean diff=0.45, 

p>0.05), with both the frequent and non-frequent MDMA polydrug users scoring similar overall mean 

personality trait impulsivity scores . There was a non-significant difference in mean self-reported BIS 

scores between less frequent ex-MDMA users and frequent ex-MDMA users (Bonferroni Post Hoc test, 

mean dif0.32 p>0.05), again with no difference in mean personality trait impulsivity scores between 

the two groups (Figure 4.1). 
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Figure 4.1: The mean BIS scores 

The figure plots the overall BIS scores for each drug group (mean ±S. E. M), N=997. Non-recreational 
drug control group (non-drug)=182; alcohol/nicotine control group (alcohol/nicotine)=172; 
alcohol/nicotine/cannabis control group (alcohol/nicotine/cannabis)=163; non-MDMA polydrug 
control group (polydrug non-MDMA) = 169; current frequent MDMA polydrug group (current frequent 
MDMA)=87, current less frequent MDMA polydrug group (current less frequent MDMA)=67, ex- 
frequent MDMA polydrug group (ex frequent MDMA)=108, ex-less frequent MDMA polydrug group 
(ex-less frequent MDMA) =49. 
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There was a significant positive correlation between the level of self-reported personality trait 

impulsivity scores as measured by the BIS and the amount of self-reported reported lifetime MDMA 

consumed (r=0.44, p<0.01) indicating that the more MDMA used there is an elevated score for the 

personality trait of impulsivity. 
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Regression analysis was performed on the MDMA polydrug group, F(9,302)=157.87, p<0.01. The 

results found that the main predictor of overall self-reported personality trait of impulsivity was life 

time use of MDMA (beta=0.39; t=15.5, srz=0.427, p<0.00). Alcohol (stz=0.101) was the next 

predictor of self-reported depression scores followed by cannabis (sr2=0.092) and LSD (sr2= 0.052) 

(Table 4.2). 

Table 4.2 Regression coefficients for type of drug and the BIS (N=311) 

The table provide details of the regression coefficients for each drug of abuse (MDAU, ketamine, 
tobacco, heroin, alcohol, amphetamines, cannabis, LSD and cocaine) and the overall BSI score. The 
regression was only performed on the past and present MAMA users (n=311). 

Drug % predicts Beta t p 

MDMA 44 0.39 15.5 0.000 
Ketanvne 2.9 0.163 5.78 0.000 
Tobacco 1.6 0.13 4.41 0.000 
Heroin 5 0.38 8.41 0.000 
Alcohol 12.2 -5.07 -8.37 0.000 
Amp 2.3 1.27 6.47 0.000 
Cannabis 10.1 -0.13 -1.65 0.099 (ns) 
LSD 9.9 0.42 15.7 0.000 
Cocaine 0.2 -0.83 -2.59 0.010 

4.3.3 Subscale of the BIS 

The personality trait of impulsivity was further investigated by analysing the three subscales of the BIS 

including attentional impulsiveness, motor impulsiveness and non-planning impulsiveness (Figures 4.2, 

4.3 and 4.4). 

4.3.3.1 Attentional subscale of the BIS 

For the attentional impulsiveness subscale of the BIS the mean self-reported impulsivity score was 
significantly different between the four control groups (non-drug, alcohol/nicotine control group, 
alcohol/nicotine/cannabis control group, and non MDMA polydrug control group) and the two MDMA 

groups (current-MDMA users, frequent-MDMA users, ex-MDMA users); F(5,991) = 171.7, p<0.01, 
where the mean scores were increased for the MDMA groups in comparison to the mean scores for the 
non-MDMA control groups. Further analysis found a non-significant difference between the non drug 

control group and nicotine/alcohol control group with the mean scores being comparable (Bonferroni 
Post Hoc test, mean diff = 0.46, p>0.05). There was a non-significant difference between non-drug 
control group and nicotine/alcohol/cannabis control group (Bonferroni Post Hoc test, mean diff = 0.24, 
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p>0.05) with the mean attentional impulsiveness scores being alike. There was a significant mean 
difference between the non-MDMA polydrug control group and the current MDMA polydrug group 
(Bonferroni Post Hoc test, mean diff = 6.7, p<0.01), where the mean attentional impulsiveness score 

was elevated for the current MDMA polydrug group in comparison to the non-MDMA polydrug group. 

Between the non-MDMA polydrug control group and the ex-MDMA polydrug group there was a 

significant mean difference (Bonferroni Post Hoc test, mean diff = 6.6, p<0.01) with the ex-MDMA 

polydrug group reporting an elevated mean attentional impulsiveness score in comparison to the non- 

MDMA polydrug group. Finally there was a non-significant mean difference between the current- 
MDMA polydrug group and the ex-MDMA polydrug group (Bonferroni Post Hoc test, mean diff = 0.2, 

p>0.05), where the mean attentional impulsiveness scores were similar for both past and present 

MDMA polydrug groups (Figure 4.2). 

Figure 4.2: Mean `Attentional' Impulsiveness scores 

The figure plots the mean attentional impulsiveness subscale of the BIS. Mean self-reported impulsivity 
score for each drug group (mean4s. e. m), N=997. Non-recreational drug control group (non- 
drug)=182; alcohol/nicotine control group (alcohol/nicotine)=172; alcohol/nicotine/cannabis control 
group (alcohol/nicotine/cannabis)=163; non-MDMA polydrug control group (polvdrug non- 
MDMA)=169; current-MDMA polydrug group (current MDMA)=154; ex- MDMA polvdrug 
group=157; where p>0.05. 
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* denotes significant difference between non-drug & alcohol/nicotine & alcohol/nicotine/cannabis & 
non-ADAM polydrug compared with the current less frequent AMMA & current frequent 1vIDMA & ex- 
less fequent AlDAM & ex-frequent MD/VU users (p<0.05) 

4.3.3.2 Motor subscale of the BIS 

For the motor impulsiveness subscale of the BIS the mean self-reported impulsivity scores were 

significantly lower between the four control groups (non-drug, alcohol/nicotine control group, 

alcohol/nicotine/cannabis control group, and non MDMA polydrug control group) and the two MDMA 

groups (current MDMA users, frequent MDMA users, ex-MDMA users); F(5,991) = 6.61, p<0.01. 

Further analysis indicated that there was a significant difference between the non-drug control group 

and nicotine/alcohol control group (Bonferroni Post Hoc test, mean diff = 7.83, p<0.05), with the 

nicotine/alcohol control group scoring an elevated mean ̀ motor' impulsiveness score in comparison to 

the non-drug control group. There was a significant difference between non-drug control group and 

nicotine/alcohol/cannabis control group (Bonferroni Post Hoc test, mean diff = 3.84, p<0.05), with the 

non-drug control group scoring a lower mean motor impulsiveness score than the 

nicotine/alcohol/cannabis group. There was a significant mean difference between the non-MDMA 

polydrug control group and the current MDMA polydrug group (Bonferroni Post Hoc test, mean Jiff = 

8.1, p<0.01), where the mean motor impulsiveness score was higher for the current MDMA polydrug 

group in comparison to the non-MDMA polydrug control group. There was a significant mean 
difference between the non-MDMA polydrug control group and the ex-MDMA polydrug group 

(Bonferroni Post Hoc test, mean diff = 7.6, p<0.01), with the mean motor impulsiveness score being 

slightly higher for the ex-MDMA polydrug group in comparison to the non-MDMA polydrug group. 
Finally there was a non-significant mean difference between the current MDMA polydrug group and 

the ex-MDMA polydrug group (Bonferroni Post Hoc test, mean diff = 0.53, p>0.05), where both the 

past and present MDMA polydrug users score similar mean motor impulsiveness scores (Figure 4.3). 
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Figure 4.3: Mean Motor Impulsiveness scores 

The figure plots the mean motor impulsiveness subscale of the BIS. Mean self-reported score for each 
drug group (mean±SEM), N=997, * represents p<0.01. Non-recreational drug control group (non- 
drug)=182; alcohol/nicotine control group (alcohol/nicotine)=172; alcohol/nicotine/cannabis control 
group (alcohol/nicotine/cannabis)=163; non-MDMA polydrug control group (polydrug non- 
MDMA)=169; current-MDMA polydrug group (current MDMA)=154; ex frequent MMDA polydrug 
group (ex-MDMA)=157. 
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4.3.3.3 Non-planning subscale of the BIS 

For the non-planning impulsiveness subscale the mean self-reported impulsivity score was a non- 

significant difference between the four control groups (non-drug control group, alcohol/nicotine control 

group, alcohol/nicotine/cannabis control group, and non MDMA polydrug control group) and the two 

MDMA groups (current MDMA users, and ex-MDMA polydrug users); F(5,991) = 90.6, p>0.05, with 

all six groups scoring similar mean non-planning impulsiveness scores. Further analysis was therefore 

not required (Figure 4.4). 

Figure 4.4: Mean Non-planning Impulsiveness scores 

The figure plots the mean scores of non planning impulsiveness dimension the BIS. Mean self-reported 
impulsivity score for each drug group (mean±SEM), N=997. Non-recreational drug control group 
(non-drug) =182; alcohol/nicotine control group (alcohol/nicotine)=172; alcohol/nicotine/cannabis 
control group (alcohol/nicotine/cannabis)=163; non-MDMA polydrug control group (polydrug non- 
MDMA)=169; current MDMA polydrug group (current MDMA)=154; ex-frequent ecstasy polydrug 
group (ex-MDMA)=157; where p>0.05. 
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4.4 Discussion 

The overall BIS impulsivity scores were higher for the MDMA polydrug users in comparison to non- 
MDMA polydrug recreational drug users. This confirms previous research in the area suggesting that 
MDMA polydrug users self-report elevated personality trait impulsivity scores in comparison to other 

non-MDMA recreational drug users confirming the acute effects of MDMA (Schifano et al. 1998; 

Morgan, 1998; Hammersley et al. 1999; Schifano, 2000b; Parrott. 2000a, 2000b; Butler & 

Montgomery. 2003). This finding was further clarified from the correlation and regression analysis 
demonstrating that the main predictor of the personality trait impulsivity scores was exposure to 

MDMA. 

There was a non-significant difference found in the overall mean BIS impulsivity scores between the 

present and past MDMA polydrug users (abstained for a mean of 5 years; range 5-11 years). 

Interestingly, there were no differences in overall BIS impulsivity scores between the frequent and less 

frequent polydrug MDMA users. This contradicts previous research which suggests that less frequent 

MDMA polydrug users, that consume smaller amounts of MDMA, would self-report reduced 
impulsivity scores in comparison to frequent MDMA polydrug users (Butler & Montgomery, 2003). On 

the other hand, further inspection of the frequency and use of other illicit drug use (alcohol, nicotine, 

amphetamines, and cannabis) excluding MDMA discovered that the less frequent MDMA polydrug 

users were very similar in their use and frequency of other illicit drugs to frequent MDMA polydrug 

users. It could be proposed that the personality trait impulsivity scores were a reflection of the 
frequency and exposure of other illicit drugs and not due to the exposure to MDMA alone. Evidence 

clearly indicates that impulse control impairments are common to a number of addictive behaviours and 

could possibly constitute a risk factor for dependency and drug abuse (Roberts & Garavan, 2010). 

The overall BIS impulsivity score was further divided into three sub-domains including attentional 
impulsiveness subscale, motor impulsiveness subscale and non-planning impulsiveness subscale. The 

attentional impulsiveness subscale measures making quick cognitive decisions in addition to a lack of 

concentration. The motor impulsiveness subscale involves acting without thinking and prior thought. 
Finally, the non-planning impulsiveness subscale involves a lack of thought for the future or planning 
(Barrat, 1985). 

These results from the current study contradicted some previous research findings and theories 

concerning drug use and impulsivity (Dafters et al. 2004; Butler et al. 2003; Loxton et al. 2008; Clark et 
al. 2009). It seems from these results, the association between impulsivity and drug use is far more 
complex. 
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For the attentional impulsiveness subscale, the results found a non-significant difference in attentional 
impulsiveness scores between the alcohol/nicotine/cannabis control group and the non-MDMA poly 
drug control group. There was however a significant difference between the current-MDMA polydrug 
drug group and the non-MDMA polydrug control group on the attentional impulsiveness scale. This 

suggests that alcohol, nicotine, cannabis, amphetamines and cocaine may not increase the attentional 

aspect of impulsivity; which involves making quick cognitive decisions. These results suggest that 

MDMA affects the ̀ attentional' aspect of impulsivity. 

The results from this study suggest that people exposed to MDMA tend to make quick cognitive 
decisions and display a lack of concentration when making decisions (Barrat, 1985). Previous 

personality trait research investigating impulsivity has proposed that cocaine and amphetamine users 
display elevated overall impulsivity scores, with increased impulsivity being a risk factor for drug abuse 

and dependency (Hayaki et al. 2005). Non-human animal studies have previously located impulsivity 

to increased activity in the nucleus accumbens (Di Canio et al. 1995; Iravani et al. 2000). Previous 

research suggests that an overactive DA system results in increased impulsivity which is not a reflection 

of the personality trait of impulsivity (Evenden, 1999). Interestingly the major neurotransmitter in the 

nucleus accumbens is DA suggesting an overactive DAergic system. Recreational drugs like cocaine 

and amphetamine will have an effect in this brain region increasing the activity of DA (Balster, 1988; 

Moller et al 2001). It has been proposed that MDMA initially increases serotonin and this consequently 
increases DA levels in the nucleus accumbens (De la Torre et al. 2004). If this prediction occurred and 
MDMA affected DA activity in the nucleus accumbens, we would expect to see similar behavioural 

impulsivity scores between MDMA polydrug users and polydrug users that use amphetamine and 

cocaine only. Interestingly, further inspection of the drug groups found the frequency of use of 

amphetamine and cocaine reveals that the MDMA polydrug users had been exposed to more cocaine 

and amphetamine in terms of frequency and used more than the non-MDMA polydrug users. This may 

suggest that this elevated cognitive and attentional impulsivity result is due to the effects of 

amphetamine and cocaine use rather than MDMA use. On the other hand, amphetamine and cocaine 
alone were not significant predictors for the `attentional' impulsiveness subscale scores. The link 
between DA, MDMA, cocaine, amphetamine, behavioural and personality trait of impulsivity needs 
further exploration. A possibility would be to have a separate amphetamine polydrug group in addition 
to a separate cocaine polydrug group and finally a separate MDMA polydrug group in future studies. 
Secondly, future studies need to measure both the personality trait and the behavioural aspect of 
impulsivity (Evenden, 1999). 

For the motor impulsiveness subscale there was a significant difference between the non-drug control 
group and the non-MDMA polydrug drug group. There were non-significant differences in motor 
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impulsiveness scores between the three non-MDMA control groups. These results suggest that it does 

not matter which illicit drugs were been consumed e. g., cannabis, alcohol, nicotine, cocaine, 

amphetamine, and heroin. The result may support data suggesting that substance users display increased 

motor impulsivity resulting in the person acting without thinking. This suggests that the motor aspect of 
impulsivity maybe affected by the frequency and amount of recreational drugs used, not the type of 

recreational drug used. Further support for this theory comes from results from this study. The 

significant difference between the MDMA group and the non-MDMA polydrug group suggests that 

MDMA users report higher motor impulsive scores than other non-MDMA illicit drug users. These 

results could be explained by the fact that the frequency and amount of all illicit drugs were higher for 

MDMA polydrug users than the non-MDMA polydrug users. On the other hand, as MDMA users 

scores were elevated it may be argued that MDMA induced neurotoxicity results in damage to the 5-HT 

system causing an increase in motor impulsivity scores and subsequently the person having difficulty 

considering the consequences of an action before making a decision to proceed. 

Finally, for the non-planning subscale there were no significant differences between the non-drug 

control group and the other illicit drug using groups. This result suggests that the use of illicit drugs do 

not play a role in predicting scores on the motives non-planning subscale, suggesting that illicit drug use 

does not affect the ability to plan for the future when making a decision. 

Previous research has associated illicit/licit drug use as an indicator of increased impulsivity. In 

particular some studies have highlighted MDMA polydrug users as displaying elevated impulsivity 

scores in comparison to non-MDMA polydrug users (Plant & Plant, 1992; Mogan, 1998; Schifano et al. 

1998; Parrott et al. 2000a, 2000b; Schifano, 2000a, 2000b). These studies have been widely criticised 

as theorists argue that MDMA users tend to be polydrug users. They will continually abuse different 

types of illicit drugs with greater frequency and exposure amount, in comparison to non-MDMA 

polydrug users (Nutt et al. 2009). These critics point out that previous research investigating MDMA 

and impulsivity need to take particular care in controlling for all other recreational drugs including 

frequency of use and exposure amount, as it has been implicated that the more recreational drugs used 

the more likely they are to demonstrate risk taking behaviours and elevated impulsivity. In the current 

study, there were significant differences between the three illicit drug groups (non-MDMA polydrug 
drug control group and the two MDMA groups) concerning the different types, frequency and total 

amount of exposure of the other recreational drugs previously consumed. This implies that the elevated 

personality trait impulsivity scores might be a consequence of drug type, frequency of drug use and 

exposure amount. However, MDMA was shown to be the main predictor of the elevated personality 
trait impulsiveness scores providing further additional support the elevated impulsivity was a 
consequence of MDMA. 
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There is a considerable amount of research implying that the elevated impulsivity scores seen in 

substance users are caused by cannabis use and not MDMA (Croft et at. 2001; Gouzoulis-Mayfrank et 

at. 2002; Dafters et at. 2004a; Daumann et at. 2004; Parrott et al. 2004; Lundqvist et at. 2005; Sala et al. 
2005). However, previous studies have failed to acknowledge the differences and debate whether 

cannabis affects the behavioural side of impulsivity or the personality side of impulsivity (Evenden, 

1999). In this study there was the inclusion of a separate cannabis control group and the personality trait 

of impulsivity was measured. The findings from this study clearly suggest that it is MDMA and not 

cannabis exposure that causes elevated self reported personality trait impulsivity scores. 

Further inspection of previous research investigating the effect of MDMA inducing elevated 
impulsivity scores has revealed that the personality trait of impulsivity for the MDMA users normally 

ranges at a mean of about 60 (Croft et al. 2001; Gouzoulis-Mayfrank et al. 2002; Dafters et al. 2004; 

Daumann et al. 2004; Parrott et al. 2004; Lundqvist et al. 2005; Sala et al. 2005). This mean score is 

considered to fall within the normal range of impulsivity levels amongst the non-clinical population. 
This level of impulsivity is not deemed problematic, suggesting that previous research has failed to find 

MDMA users with elevated impulsivity scores that would be considered highly impulsive (Barratt, 

1985). Mean scores for the MDMA polydrug group in this study was 80. This level of impulsivity is 

deemed as highly impulsive and considered problematic. The non-MDMA polydrug control groups 

mean scores ranged from 65-75 suggesting these drug users were within the normal range of 
impulsivity (Patton et al. 1995). The findings from this study suggest that MDMA users demonstrate 

higher personality trait impulsivity scores which are deemed as highly impulsive and need future 

attention. 

4.4.1 Limitations and future studies 

One major concern with the methodology employed in this study is it is very difficult to prove that the 

MDMA exposure alone caused an increase in personality impulsivity levels. It could be argued that 
MDMA polydrug users displayed increased impulsive personality traits before using MDMA and they 

use MDMA as a form of self-medication (Chapter 8). This could consequently lead them to seek 

recreational drugs such as MDMA, which would then normalise their system. The only plausible way to 

measure this theory, would be to perform longitudinal studies, which can be very costly and time 

consuming. If individuals are seeking MDMA because they have increased impulsivity beforehand, this 
is equally disturbing. This is of particular concern as past non-human animal studies have demonstrated 

MDMA is damaging to specific brain areas and nerve terminals (Ricaurte et al. 1988; 2000a, 2000b; 
2001). This theory would suggest that individuals using MDMA as a self-medication are risking 
possible neurotoxicity damage, which could be long lasting. If MDMA users are using MDMA as a 
self-medication it raises serious health issues. MDMA is illegal and produced in back street laboratories 
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and often mixed with a cocktail of substances. If the MDMA polydrug user already exhibits heightened 

impulsivity levels before using MDMA this raises even more concerns. This heightened system would 

elevate behaviours including more risk taking and increased sensation seeking. These MDMA polydrug 

users are co-using MDMA with other substances, in addition to constantly increasing frequency and 
dosage of recreational drugs. 

In this study the BIS has been divided into three subscales. These subscales include risk taking, lack of 

planning, and making up one's mind quickly (Patton et al. 1995). Patton and workers separated 
impulsivity into three components which included acting on the spur of the moment, which they 

referred to as motor activation not focusing on the task at hand, known as attention and finally not 

planning/thinking carefully thus referred to as lack of planning (Patton et al. 1995). If these three 

subscales are dimensions of impulsivity, it would be feasible that each one of these subscales would be 

exclusive of each other and measurable. There is considerable debate concerning the validity and 

reliability of these subscales which suggests a major limitation of the study (Patton et al. 1995). To date 

there are no studies have investigated the reliability and validity of the three subscales of the BIS. 

Secondly, there is considerable debate concerning measuring and defining impulsivity. Some authors 

argue that impulsivity and compulsivity are at opposite ends of the spectrum. Since the definition of 

impulsivity is still being debated it is very difficult to measure it as a single measurable number and it 

has been suggested that rather than measure impulsivity as a whole each component should be 

measured separately (Balster et al. 1988; Dworkin et al. 1988; Di Ciano et al. 1995; Horan et al. 2000; 

Moeller et al. 2001; Fletcher et al. 2001; Goldstein et al. 2005). Most researchers argue that impulsivity 

is very complicated and cannot be defined as one measurable component. Most researchers agree there 

is a distinction between the personality trait and the behavioural trait of impulsivity; however this needs 
further clarification (Evenden, 1999). Caution is needed when interpreting these results concerning the 

subscales of the BIS. 

The current study measured the personality trait of impulsivity. Other research studies have combined 

the use of the personality trait impulsivity questionnaires and computerised tests of behavioural 

impulsivity (Horesh, 2001). These studies have found a significant relationship between personality 
trait impulsivity and behavioural impulsivity; however this correlation is very weak. This study 

suggests that future research need to focus on more accurate measures for both the personality trait and 
behavioural aspect of impulsivity. Possible suggestions include event-related cortical potentials and 
laboratory behavioural tasks that measure behavioural inhibition, for example delay discounting and the 
Go/Nogo tasks. 

Enhanced impulsivity has been correlated to a number of psychiatric disorders. These disorders include 

aggression, ADHD, borderline personality disorder, antisocial personality disorder, intermittent 
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explosive disorder, kleptomania, pyromania, and pathological gambling (McGregor et at. 2003; Milani 

et al. 2004; Thompson et at. 2004a). It is generally accepted there is high co-morbidity amongst these 
disorders. It is plausible that MDMA polydrug users are more prone to these psychiatric disorders, due 

to changes in the neurotransmitter system. This needs further consideration, in terms, of the 
interpretation of future experimental results. MDMA polydrug users may present with one main 

psychiatric disorder, however secondary disorders could be masked and undiagnosed. MDMA polydrug 

users with elevated impulsivity scores will need careful medical screening and full psychiatric 

assessments. 

Correlation studies indicate that scores on the BIS are positively associated with scores on the 

Zuckerman Sensation Seeking scale and anxiety tests (Zuckermann, 1984). As MDMA polydrug users 
demonstrated elevated BIS scores, it is highly plausible that they will demonstrate elevated scores on 
the Zuckerman Sensation Seeking Scale and anxiety tests. This relationship between anxiety, Sensation 

Seeking and impulsivity needs to be investigated in future MDMA polydrug studies. 

As it is envisaged that MDMA polydrug users have probable MDMA-induced neurotoxicity, resulting 
in increased impulsivity, possible treatment options need to be considered. As this MDMA-induced 

toxicity is likely to be a result of reduced CNS 5-HT levels, treatment options would include increasing 

CNS levels of 5-HT. SSRIs would be one option; however if 5-HT levels are very low, SSRls will not 
be beneficial. A further option would include 5-HT agonists. Future studies, including non-human 

animal research in addition to human studies, need to investigate possible treatment options for MDMA 

induced impulsivity deficits. 

4.4.2 Summary 

Even though the hypotheses for this study were formulated in 2001, it is still to date the largest single 
study investigating the association between impulsivity and MDMA use, which includes a sample that 
is a true `real-life' representation of the general population, including a diverse range of ages and a 
large selection of educated individuals. This is the only study to date that robustly controls the use of 
other recreational drugs: amphetamine, cocaine, cannabis, heroin and alcohol. Previous studies are 

predominantly based on student samples and/or younger adults. This study includes a larger 

representation of the population of MDMA polydrug users during the period 2002-2007. 

The present study found that impulsivity levels were enhanced for both past and present MDMA 

polydrug users in comparison to non-MDMA polydrug users. These results suggest that MDMA 

polydrug users demonstrate higher levels of the personality trait of impulsivity, which initially causes 
them to seek MDMA in order to normalise their impulsivity levels. Alternatively MDMA induced 
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neurotoxicity causes damage to 5-HT neuronal terminals as demonstrated in non-human animal studies 

resulting in enhanced personality trait of impulsivity. Irrespective of the cause, MDMA polydrug drug 

users demonstrated increased impulsivity scores in comparison to non-MDMA drug controls. The range 

of impulsivity scores for the past and present MDMA polydrug users only were not deemed within the 

normal range and were considered highly problematic. In favour of the MDMA induced neurotoxicity 
theory, MDMA was the main predictor of the increased impulsivity scores as shown from the 

regression analysis. There was a positive correlation between lifetime use of MDMA and impulsivity 

levels. Separating the BIS into the three sub-domains of personality trait of impulsivity indicated that 

MDMA is specific and affects the cognitive-affective aspect of impulsivity; however caution needs to 
be taken interpreting these results, and further exploration is required. Finally, future research needs to 

target the behavioural aspect of impulsivity, in addition to the personality trait of impulsivity. 
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Chapter 5- Sleep 

5.1 Introduction 

This section will provide a brief account of the neuroanatomy, neuropharmacology and 

neurophysiology of sleep. It will assess the evidence supporting role of serotonin (5-HT) in sleep. 
Finally, it will evaluate both non-human animal and human studies concerning MDMA exposure and 

sleep disturbances. 

5.1.1 The neurophysiology and neuropharmacology of sleep 

All animals sleep. Every animal has a different optimum level of sleep (Buysee et al. 1998; Monk et al. 
2000; Colbron et al. 2002; Roman et al. 2005). Research suggests that sleep is required for survival. The 

actual role of sleep is still largely unknown however there are many theories that attempt to account for 

the function of sleep. 

In humans, the average time spent sleeping is between 7-9 hours with some needing 8 hours per night, 

others needing around 10 hours and some need as little as 5 hours sleep per night. In 2003 a human 

study suggested that less than 8 hours sleep per 24 hours results in decreased cognitive processes in 

humans (Everson, 2003). Each individual is different and the amount of sleep one requires in order to 
function correctly is thought to be dictated by the circadian clock (Buysee et al. 1998; Monk et al. 2000; 
Colbron et al. 2002; Roman et al. 2005). The hypothesised master clock, known as the ̀ circadian clock' 
is reportedly located in the hypothalamus and is known as the suprachiasmatic nuclei (SCN). The SCN 
is controlled primarily by light. The mechanism of action is predominately from the retina via the 

retinohypothalamic tract to the SCN. Furthermore, research has demonstrated there are cues other than 
light that can set by the `master clock' including exercise and social stimuli (Buysee et al. 1998; Monk 

et al. 2000; Colbron et al. 2002; Roman et al. 2005). When it is dark, the hormone melatonin is 

produced, which indicates to the body to slow down and initiate sleep (Reinoso-Suarez et al. 2011). 

Physiologically there are two distinct stages of sleep, which are often referred to in the literature as 
REM sleep (rapid eye movement sleep) and NREM sleep (non-rapid eye movement sleep) (Buysee et 
al. 1998; Monk et al. 2000; Colbron et at. 2002; Roman et al. 2005). 

NREM can be further divided into four stages (stage 1, stage 2, stage 3 and stage 4). NREM sleep is 
often referred to as slow wave sleep since electrical activity of the brain during this stage as measured 
by EEG recorders show the activity of the waves to be slower (0.5 to 2.0 Hz) whereas the amplitude (75 
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millivolts) is increased. During sleep there is a progression from stage 1 (drowsy sleep), 2 (light sleep), 
3 (deep sleep) and finally stage 4 (deep sleep). Stage 4 sleep is the deep sleep that is known as slow 

wave sleep and consequently has the highest arousal threshold. NREM sleep (stages 1,2,3, and 4) is 

regulated by GABA (see table 5.1) (Buysee et al. 1998; Monk et al. 2000; Colbron et al. 2002; Roman 

et al. 2005). 

During REM sleep the electrooculogram (EOG) measures bursts of rapid eye movement. During REM 

sleep most of the muscles are paralysed due to a suppression of certain nerve cells: pons and medulla. 5- 

HT has been associated with REM. Research has shown 5-HT increases REM sleep significantly 
(Buysee et al. 1998; Monk et al. 2000; Colbron et al. 2002; Roman et al. 2005). In addition, 5-HT 

increases the amount of time spent in deep sleep (stages 3/4) whilst reducing the amount of time spent 
in stages 1 and 2. Evidence suggests reduced levels of 5-HT will result in less time spent in deep wave 

sleep and more time spent in stages 1 and 2 (Buysee et al. 1998; Monk et al. 2000; Colbron et al. 2002; 

Roman et al. 2005). This will result in sleep being restless and waking feeling physically and 

psychologically tired. REM is governed by the neurotransmitter acetylcholine (see table 5.1) (Buysee et 

al. 1998; Monk et al. 2000; Colbron et al. 2002; Roman et al. 2005). 

The pineal gland has been linked with sleep (Buysee et al. 1998; Monk et al. 2000; Colbron et al. 2002; 

Roman et al. 2005) and is associated with 5-HT. Data suggests that 5-HT maybe involved in regulation 

of the SCN and the synthesis of melatonin (Meyer-Bernstein et al. 1997; Buysee et al. 1998; Monk et al. 

2000; Colbron et al. 2002; Roman et al. 2005). This 5-HT is converted to the hormone melatonin. 
Melatonin is then converted back to 5-HT. This process is cyclic and runs about 25 hours if left to free 

run. Nonetheless external zeitgebers like `day and light' will reset the cycle after 24 hours. Low 

melatonin levels have been connected to sleep disturbances and insomnia (Chase and Gidal, 1997). 

Reduced 5-HT levels in the pineal gland will result in lower levels of 5-HT being converted into 

melatonin consequently resulting in less melatonin. This could ultimately result in sleep related 

problems. During the night melatonin will be produced, causing onset of sleep. Melatonin has been 

administered clinically to induce sleep (Buysee et al. 1998; Monk et al. 2000; Colbron et al. 2002; 

Roman et al. 2005). It can be hypothesised a lack of 5-HT would ultimately result in a limited amount 

of melatonin and therefore a lack of sleep onset. 

Localising the sleep anatomy began with Moruzzi and Magoun (1949) who defined the reticular 

activating system (RAS) as a set of ascending pathways originating in the upper brainstem. It was 
discovered that wakefulness is an active process maintain by activity of the RAS. The RAS connects the 
brainstem to the cortex. The RAS is composed of several neuronal circuits: reticular formation, 

mesencephalic nucleus, intralaminar nucleus, dorsal hypothalamus, and tegmentum (Steriade, 1996). 
Sleep is associated with inhibition of the RAS and inhibition of sensory information. The 
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neurotransmitters involved in maintaining wakefulness and the RAS include noradrenaline within the 

locus coeruleus of the pons. These noradrenergic neurons innervate the cortex. In addition, 5-HT 

neurons in the dorsal raphe nuclei are active during wakefulness and less active during sleep. DA 

neurones in the ventral tegmentum of the mid-brain are active during wakefulness (Table 5.1) (Buysee 

et al. 1998; Monk et al. 2000; Colbron et al. 2002; Roman et al. 2005). 

The onset of sleep ('wakefulness' state into stage 1 and 2 sleep) is considered to be initiated by 5-HT 

neurons in the anterior raphe nucleus. The 5-HT pathway from the raphe nuclei stimulates the preoptic 

area of the anterior hypothalamus. Research suggests that this stimulation of the preoptic area of the 

anterior hypothalamus by 5-HT results in inhibition of the wakefulness state in the RAS via GABAergic 

neurons. 

5-HT is the main neurotransmitter involved in the process of going from the wakefulness state to 

NREM sleep. With several studies suggesting the role of many 5-HT receptor subtypes in the regulation 

of sleep/wake cycle including 5-HT1A, 5-HT1B, 5-HT2A, 5-HT2C, 5-HT3 and 5-HT7 (Borbely et at. 

1988; Monti and Jantos 1992; Kantor et al. 2001; Chapin and Andrade 2001a, 2001b; Filakovszky et at. 

2001; Monckton & McCormick, 2003). 

Physiological experiments demonstrate the dorsal raphe nucleus 5-HT neurons fire rapidly during the 

state of wakefulness. During slow wave sleep activity of 5-HT dorsal raphe neurons are reduced (Table 

5.1). REM sleep is initiated in the anterodorsal tegmentum of the pons due to cholinergic neurones. 
REM is associated with the disinhibition of 5-HT of the raphe nuclei, and decrease in DA of the locus 

coereuleus (Buysee et al. 1998; Monk et al. 2000; Colbron et al. 2002; Roman et al. 2005). 

Table 5.1 The neuroanatomy of sleep 

The table shows the neuroanatomy of sleep and the neurotransmitter active during each state of 
sleep/wake (Buysee et al. 1998; Monk et al. 2000; Colbron et al. 2002; Roman et al. 2005) 

Brain region Wakefulness NREM REM Neurotransmitter 

Locus coeruleus Active Non-active Non-active NA 
Dorsal Raphe Nuclei Active Non-Active Non-active 5-HT 
Ventral tegmentum Active Non-active Non-active DA 
Locus coeruleus Inactive Active Non-active GABA 
Dorsal Raphe Nuclei Inactive Active Non-active GABA 
Ventral tegmentum Inactive Active Non-active GABA 
Anteriordorsal Non-active Non-active Active Cholinergic 
tegmentum 
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Roman et al. (2005) investigated the link between chronic sleep restriction and the serotonergic system 
involved rats being subjected to a schedule of 4 hours of restricted sleep per day. The results found that 

following 8 days of restricted sleep the 5-HT1A receptors were desensitised. The 5-HT1A receptors 

subsequently remained desensitised for many days afterwards, even though recovery sleep was allowed. 

Normalisation occurred gradually but required at least 7 days (Roman et al. 2005). This study suggests 

that 5-HT1A receptors are affected during periods of restricted sleep, which might be relevant to 

MDMA users with reduced 5-HT levels. 

Non-human animal research has demonstrated MDMA may cause long lasting possibly permanent 

depletion of brain serotonin (Parrott, 2000; Curran, 2000; Morgan, 2001). As the acute effects of 

MDMA between non-human animals and humans are similar it is plausible the neurotoxic effects of 

MDMA are similar in humans. Studies have indicated that 5-HT is involved in sleep and that lowered 

levels of 5-HT can result in sleep disturbance (Buysee et al. 1998; Monk et al. 2000; Colbron et al. 

2002; Roman et al. 2005). 5-HT has been associated with the SCN which maintains the `sleep/wake' 

cycle (Buysee et al. 1998; Monk et al. 2000; Colbron et al. 2002; Roman et al. 2005). 

If MDMA induces selective neurotoxicity to 5-HT consequently this will result in sleep dysfunction in 

terms of disrupting sleep patterns and maintaining the 24 hour rhythm. MDMA induced selective 5-HT 

may disrupt the raphe nucleus resulting in abnormal onset of sleep. Finally 5-HT is linked with 

melatonin production. Abnormal levels of melatonin can result in a lack of sleep and insomnia. MDMA 

may result in lowered 5-HT which consequently leads to reduced melatonin levels and insomnia 

(Buysee et al. 1998; Monk et al. 2000; Colbron et al. 2002). 

In summary, it is clear that 5-HT plays a vital role in sleep including sleep onset, and the regulation of 

the SCN/melatonin. Non-human animal studies have demonstrated that restricted sleep can desensitise 

5-HT receptors. As MDMA is a possible 5-HT neurotoxin it is plausible that MDMA users will have 

problems with sleep. Secondly, other recreational drugs affecting dopamine and acetylcholine levels 

(nicotine, cocaine, amphetamine, cannabis and alcohol) need to be controlled as these may affect sleep. 

5.1.2 The role of MDMA in sleep 

It is clear that the normal activity of sleep is related to the levels of 5-HT. As MDMA is a possible 5- 

HT neurotoxin, the non-human animal data suggesting that MDMA causes sleep disruption will now be 

evaluated. 
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5.1.3 Non-human animal studies investigating MDMA and sleep 

Controlled sleep studies have been performed on non-human animals. An experimental study 
investigated the effect of MDMA on circadian patterns using rats measuring EEG and EMG. The short 
term results found that MDMA resulted in less stage 1,2,3,4, and REM sleep. Longer lasting effects 
included phase shifting the circadian pattern and a decrease in the circadian amplitude. The authors 

concluded that MDMA prevented non-photic stimuli resetting the SCN. They localised the phase shift 
to altered 5-HT1A receptor. The authors suggested that this altering of the circadian rhythm was due to 

MDMA ability to cause long lasting alterations in 5-HT caused by abnormal re-growth and the pruning 

effect (Balogh et al. 2004). This study suggests that MDMA causes disruption to maintaining a normal 

circadian rhythm by disrupting the SCN which is long lasting in non-human animals. 

Biello and Dafters, (2001) further studies tested MDMA and its ability to phase shift the SCN of rat in 

vitro brain slices. Coronal hypothalamic slices of the SCN from rats were prepared. The experiment 
included control rats and those pre-treated with MDMA. Three minute recordings of the firing rates of 

cells were performed for a 12 hour period. Findings found MDMA was able to disrupt the phase shift 
(disrupt the ability of the SCN cells to adapt to daily and annual environmental changes) of the 

circadian clock of rats. The authors suggested this was due to MDMA's ability to reduce 5-HT (Biello 

and Dafters, 2001). This could consequently mean that MDMA users may have difficulty adjusting to 

daily environmental changes. 

Colbron et al. (2002) performed a similar study on hamsters. This study involved a light stimulus to test 

the ability to of MDMA to phase shift. The results found that repeated exposure to MDMA altered the 

ability of the circadian clock to phase shift to a photic stimuli (Colbron et al. 2002). These findings 

suggest that the disruption of the circadian function caused by exposure to MDMA can led to a variety 

of clinical problems including sleep disturbance, mood dysfunction and depression. This would be 

particularly troublesome for those MDMA users, past and present, involved in shift work. 

Alvarenga et al. (2010) investigated the role of sleep loss on MDMA/cocaine exposure on DNA 
damage to organs in mice. The results found that sleep-deprived mice demonstrated increased DNA 
damage when exposed to MDMA and cocaine. These results suggest that sleep disturbances could 
increase the neurotoxic damage of MDMA and cocaine (Alvarenga et al. 2010). 

The non-human animal studies clearly demonstrate that MDMA causes sleep disturbances, which could 
subsequently be troublesome for both past and present MDMA users. 
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5.1.4 Human studies investigating MDMA and sleep 

An evaluation of the evidence suggesting that MDMA exposure causes sleep dysfunction in users will 
be examined. Human studies investigating MDMA and sleep have been somewhat limited (Table 5.2). 

A double blind, placebo-controlled study measuring sleep disturbance was monitored using six healthy 

participants (Gouzoulis et al. 1992). MDMA and MDE (the metabolite of MDMA) are very similar 

pharmacologically and most MDMA tablets will contain some MDE (Dancesafe, 1994). MDE (3,4- 

methylenedioxyamphetamine) or placebo was administered at llpm each night. Participants' sleep 
pattern was recorded using an electroencephalogram for two consecutive nights. The results found that 
MDE decreased total sleep time. Secondly, REM was totally suppressed in MDE exposed participants 
(Gouzoulis et at. 1992). The authors concluded that the effects of MDE on sleep are similar to that of 

amphetamines. The study suggests that since MDE caused disturbance in sleep it is postulated that 
MDMA causes neurotoxicity to brain 5-HT levels and this lowered 5-HT causes sleep disturbances, 

which maybe relevant to past and present MDMA users. 

A study by Cohen (1995) asked 500 participants to report subjective effects of MDMA. The 

participants were mainly males and Caucasian and their ages ranged from 18-25 years old. Data was 

collected using a survey. The self-reported exposure to MDMA ranged from one single occasion up to 
two hundred and fifty occasions. Of the 500 participants 38% reported that several days after the 
ingestion of MDMA they experienced insomnia (Allen et al. 1993). This implies that MDMA use is 

associated with acute sleep problems in current users. However, the results fail to speculate whether this 

sleep disturbance is short lived or long lasting and permanent. 

Davison and Parrott, (1997) employed a similar study investigating 20 recreational drug users (55% 

males). Participants were asked to describe the psychological and physiological effects of MDMA 
(Parrott, 1997). The sample consisted of 5 participants whom had consumed MDMA on a single 
occasion, nine participants had consumed MDMA between 2-9 times and six participants had consumed 
MDMA over 10 times. Participants were interviewed concerning the effects of MDMA. The results 
found that following ingestion of MDMA the participants experienced insomnia (Parrott, 1997). Since 
MDMA causes an initial increase in 5-HT followed by a decrease it is feasible to suggest that this 
insomnia is caused by a decrease in 5-HT caused by the neurotoxicity of MDMA. However, this study 
failed to adequately control for the exposure to other illicit drugs and secondly it failed to investigate 

past MDMA users. 

Allen et al (1993) investigated the association of sleep and MDMA. The study compared 23 MDMA 
drug users with 22 matched controls. Sleep disturbance was measured using a polysomnogram recorder. 
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The results found that MDMA users had 19 minutes less of `total sleep' in comparison to the control 
group. The MDMA group had 23 minutes less of `REM sleep' than the controls. In particular, for the 
NREM sleep it was documented that only stage 2 sleep was affected for the MDMA users; with no 
significant differences found in the other stages being 1,3 and 4. Participants were asked about current 

marijuana use. It was concluded that the results were not a consequence of marijuana use (Allen et al. 
1993). Later the same researchers claimed MDMA polydrug users demonstrated longer overall sleep 
times. This increase time spent in sleep was mainly due to an increase in stages 3 and 4 (McCann et al. 
2000). The findings from these studies predict MDMA causes short-term sleep problems to sleep 

physiology, which could manifest as sleep disturbances clinically. 

In a case study, a 26 year old Caucasian man allegedly took large amounts of MDMA; total estimated 
lifetime consumption was 750 MDMA tablets. In addition, he consumed other recreational drugs: 

amphetamines, cocaine, crack, LSD, solvents, nitrates, and cannabis. Following MDMA, he developed 

depression, suicidal thoughts, visual illusions, panic attacks, social phobia, sexual impotence and sleep 
disturbance. He stopped taking MDMA. Seven years after abstinence from MDMA the sleep 
disturbance continued. The authors concluded that further experimental research in this area is required 

using larger samples of current and past MDMA polydrug users (Soar et al. 2004). 

McCann et al. (2009) investigated sleep apnoea in young abstinent MDMA users (drug free for 2 

weeks). Sleep apnoea is a 5-HT breathing disorder. The study included 71 MDMA users and 62 control 

groups. Methodology included polysomnography. The results found that MDMA users had significantly 
increased obstructive sleep apnoea in comparison to the controls. This sleep apnoea was correlated to 
lifetime exposure to MDMA (McCann et al. 2009). 

Even though the hypothesis for this study was formulated in 2001, there are still to date limited studies 
investigating MDMA and sleep disturbances. In all of the studies during the period 2001-2010 

investigating the association between MDMA and sleep disturbance the authors failed to control for: 1) 
Other recreational drugs which is particularly important as other drugs have been linked to sleep 
disruption: cannabis, alcohol, nicotine, cocaine and amphetamine, 2) Secondly, previous experimental 
research has investigated the short term consequences of MDMA on sleep, failing to investigate the 
long lasting effects of MDMA on sleep and whether disturbances remain in abstinence MDMA 

polydrug users, 3) Finally, no single study had investigated the association between MDMA, sleep, 
depression and impulsivity. 
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5.1.5 The Pittsburgh Sleep Quality Inventory 

Sleep disorders can be classified into three general categories including, too much sleep 
(excessive sleepiness), too little sleep (sleeplessness) and finally parasomnia (a category of 

sleep disturbances that involve abnormal movements, emotions, perceptions and dreams 

during sleep (Lee-Chiong, 2007)). When assessing sleep various factors need to be taken into 

account, for example duration of sleep, periods of waking, time of sleep and whether the 

timing of the sleep is appropriate. The Pittsburgh Sleep Quality Inventory is a non-invasive 

method for determining sleep disturbance. It is made up of seven parts, which eventually 

provide an overall sleep score. The seven parts includes subjective sleep quality, sleep 
latency, sleep duration, sleep efficiency, sleep disturbance, use of sleep medication and day- 

time dysfunction. The questionnaire includes evening and daytime sleepiness. There is an 
internal consistency and reliability coefficient (Cronbach's alpha) of r=0.8 for the seven 

components (Buysee et al. 1998). The Pittsburgh Sleep Quality Inventory has undergone 

extensive validation and reliability tests (Buysee et al. 1989). It has been used for research 

and clinical practice in clinical and normal populations. A global sleep quality score of greater 

than 5 is recommended for defming sleep dysfunction. 

5.1.6 The aims of the study 

Research investigating the relationship between sleep and MDMA is important. If MDMA is 

connected to sleep disturbances, it would mean that MDMA users may increase their chance 

of developing sleep disturbances in later life. Sleep disturbance and a general lack of sleep 

can be very dangerous as it has been shown to affect memory, energy levels, mental abilities 

and overall mood. Sleep problems can cause confusion, frustration and depression. Sleep 

disturbance can result in severe consequences on every day activities including family, 

employment, and everyday tasks like driving. Sleep deprivation has been blamed for many 

accidents at work and home. 

Based on previous research in related areas, the following can be hypothesised. Current 

MDMA polydrug users will demonstrate sleep disturbance as measured by the Pittsburgh 

Sleep Inventory in comparison to non-MDMA polydrug users. There will be a non-significant 
difference in sleep scores as measured by the Pittsburgh Sleep Inventory between present and 
past MDMA polydrug users. There will be a positive correlation between the level of sleep 
disturbance as measured by the Pittsburgh Sleep Inventory and lifetime exposure of MDMA. 

There will be a positive correlation between sleep disturbances, as measured by the Pittsburgh 
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Sleep Inventory, levels of depression measured by the Becks Depression Inventory, and 
increased impulsivity measured by the Baratt Impulsivity Scale. 

5.2 Methodology 

5.2.1 Participants 

997 of the original 1399 participants were involved in this part of the study, based on a power 

calculation, where N=432 (Power calculation; minimum of 72 per group, power 0.80,5=2.80 

- Cohen, 1992; Faul et al. 2007; Faul et al. 2009; minimum of 72 per group, power=0.80, 
8=2.80). Refer to chapter 3 for full demographic details of the participants. 

5.2.2 Measures 

All participants were administered with a DHQ (see chapter 2 and appendix 2.2). 

Participants were further required to fill out the self-reported Pittsburgh Sleep Quality 

Inventory (PSQI). The questionnaire is made up of seven areas of sleep and the participant is 

required to self-rate each area providing a score of 0-3. A score of 0 indicates a `good' sleeper 

and a score of 3 indicates a `poor' sleeper. Finally the scores are added up to provide an 

overall global score. An overall score of 5 indicates sleep disturbance (Buysse et al, 1989). 

5.2.3 Procedure 

Participants were asked to read the briefing form (Appendix 2.3). They were asked to 

complete the consent form which contained contact details of the experimenter and 
information concerning the study. The participant was informed they were required to 

complete two questionnaires, the DHQ and the PSQI. Participants were informed that they 

were free to withdraw from the study at any point during participation. Total time for 

completion of task was around 30 minutes per participant. 
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5.2.4 Ethical Issues 

All participants provided written consent. Participants were able to withdraw at any point 
throughout the study. All data was anonymous. The study was approved by the local Ethics 

Committee in 2001, London Metropolitan University, formally known as London Guildhall 

University. Participants were given a briefing and debriefing (Appendix 2.3). 

5.2.5 Statistical Analysis 

Data was analysed using Statistical Package for the Social Sciences (SPSS) version 16. A 

one-way ANCOVA was run; the outcome variable was the mean log transformed PSQI 

scores; the predictor variable was the drug group (non-recreational drug control group; 

alcohol/nicotine control group; cannabis/alcohol/nicotine control group; non MDMA 

polydrug control; current MDMA polydrug group; ex-MDMA polydrug group) and the 

covariants were lifetime use of cannabis, amphetamine, cocaine and ketamine. 

The results were further analysed using post hoc Bonferroni test where appropriate. The two 

MDMA groups were further split into 67 current less frequent MDMA users, 87 current 
frequent MDMA users, 49 less frequent ex-MDMA users and 108 frequent ex-MDMA users 
depending on whether they had used MDMA less than 20 times (less frequent) and those that 

had used it more than 20 times (more frequent). The results were further analysed using the 

Bonferonni test where required. 

The ANOVAs and ANCOVAs were checked for normality using the Kolmogorov-Smirnov 

and Shapiro-Wilk test. As the tests were significant, the data was transformed to logs and the 

normality test re-checked. The log transformed data was non-significant, suggesting the data 

was normally distributed. The kurtosis and skewness were checked for values between -2 and 
2. The log transformed data was plotted using the output of a quantile-quantile (Q-Q) plot. As 

the data did not stray from the predicted line, the data was linear and normally distributed. 
The covariate in the analysis was checked for its independence from the experimental 
manipulation; an ANOVA with the covariate as the outcome and the drug group as the 

predictor was run for all of the covariates (cannabis, amphetamines, cocaine and ketamine). 

The covariate in the analysis was checked for its independence from the experimental 
manipulation; an ANOVA with the covariate as the outcome and the drug group as the 
predictor was run for all of the covariates (cannabis, amphetamines, cocaine and ketamine). 
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For the ANCOVA the Levene's test of the homogeneity of variance assumption was checked 
for non-significance relating to the homogeneity of residuals. The residual plot was checked 
for assumption of equality of variance. The spread vs. level plot was used to check there was 

no relationship between the mean and standard deviation. The homogeneity of regression 

slopes was checked by customising the ANCOVA model in SPSS to look at the independent 

variable * covariate interaction. The interaction term was tested in addition to the main 

effects. The log transformed interaction term (independent variable * covariate interaction) 

was non-significant; the assumption of homogeneity of regression slopes was not broken. 

Log transformed self-reported PSQI sleep scores were correlated with log transformed self- 

reported lifetime MDMA exposure using the Pearson correlation coefficient. 

Multiple regression analysis was performed on the log transformed PSQI sleep scores with 
the log transformed lifetime exposure to recreational drugs (alcohol, cannabis, nicotine, 

amphetamine, cocaine, LSD and ketamine) as the predictor variables. Using SPSS, the 

variance inflation factor (VIF) and tolerance statistics were checked. The VIF values were 
below 10 and the tolerance statistics were all above 0.2. The residual statistics was checked 
for extreme cases. The standardised residuals were all between -2 and 2. The Cook's distance 

was checked and all values were below 1.5. The DFBeta statistics was checked to make sure 

no value was greater than 1. Examination of the residual plots demonstrated the data did not 

stray from the predicted line; the data was linear and normally distributed. The Levene's test 

was checked; it was non-significant thus homogeneity of variance was assumed. 
Homoscedasticity and hetroscedasticity were checked visually by plotting the standardised 

residuals (the errors) by the regression standardised predicted value. The residuals were 

randomly scattered around the horizontal line (0) (Tabachnick and Fidell, 2001). 
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5.3 Results 

5.3.1 Demographics 

For an account of the demographics details and full drug history of the participants refer to 
chapter 2. 

5.3.2 PSQI 

The ANOVAs were non-significant demonstrating independence between the predictor 

variable and the covariates. The homogeneity of residuals, normality, equality of variance and 

the homogeneity of the regression slopes were all checked for the ANCOVA. 

For the multiple regression, the data was checked for multicollineraity, curvilineraity, 
hetroscedasticity and homogeneity of variance, and finally normality. 

There was a significant overall difference in self-reported mean PQSI scores between the four 

control groups (non-drug, alcohol/nicotine group, alcohol/nicotine/cannabis group, and non 
MDMA polydrug group) and the four MDMA groups (less frequent current-MDMA users, 
frequent-MDMA users, less frequent ex-MDMA users and frequent ex-MDMA users) with 
the MDMA polydrug groups reporting increased sleep disturbances when compared with the 

non-MDMA control groups (Figure 5.1). The covariate, cannabis, was non-significantly 
related to the PSQI scores, F(1,991) = 0.05, p>0.05). The covariate, amphetamine, was non- 

significantly related to the PSQI scores, F(1,991) = 0.69, p>0.05). The covariate, cocaine, 

was non-significantly related to the PSQI scores, F(1,991) = 0.87, p>0.05). The covariate, 
ketamine, was non-significantly related to the PSQI scores, F(1,991) = 0.74, p>0.05). There 

was an overall significant effect of PSQI scores on drug group controlling for the effect of 
cannabis, amphetamine, cocaine and ketamine, F(5,991) = 174.4, p<0.01). 

There was a non-significant difference in self-reported scores from the PSQI between current 
MDMA users and ex-MDMA users (Bonferroni Post Hoc, mean diff=0.43 p>0.05; Figure 
5.1) with both current and past MDMA polydrug users reporting similar sleep scores. 

Between less frequent current-MDMA users and frequent-MDMA users there was a non- 
significant difference in self-reported scores for the PSOI (Bonferroni Post Hoc, mean 
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diff=0.45, p>0.05; Figure 5.1) with both frequent and non-frequent MDMA users self- 
reporting the same scores. 

For the past MDMA users, both the frequent and non-frequent users reported identical sleep 
scores and this mean difference in sleep scores was non-significant between less frequent ex- 
MDMA users and frequent ex-MDMA users (Bonferroni Post Hoc, mean diff=0.32 p>0.05; 
Figure 5.1). 
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Figure 5.1: Mean PSQI scores 

The overall PSQI scores for each drug group (mean ±S. E. M), N=997, where * p<0.05. Non- 

recreational drug control group (non-drug)=182; alcohol/nicotine control group 
(alcohol/nicotine)=172; alcohol/nicotine/cannabis control group 
(alcohol/nicotine/cannabis) = 163, non-MDMA polydrug control group (polvdrug non- 
MDMA)=169; current frequent MDMA polydrug group (current frequent MDMA)=87; 

current less frequent MDMA polydrug group (current less frequent MDMA)=67, ex frequent 
MDMA polvdrug group (ex frequent MDMA)=108, ex-less frequent MDMA polvdrlig group 
(ex-less frequent MDMA)=49. 
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There was a significant positive linear correlation between the level of self-reported sleep 
disturbance as measured by the PSQI and the amount of self-reported lifetime MDMA 

consumed (r=0.45, p<0.01) indicating increased exposure to MDMA results in a positive 
increase in self-reported sleep disturbance as measured by the Pittsburgh Sleep Inventory. 

Regression analysis was performed in order to predict which recreational drugs were more 
likely to predict the sleep scores, F(9,302)=70.8, p<0.05 (table 5.4). The results found that the 

main predictors of sleep problems was MDMA (Beta=0.36, t-15.7, sr2=036, p<0.001); 
followed by alcohol (Beta=-7.44, t=-12.33, srz=0.09, p<0.001) and LSD (Beta=0.37, t=13.25, 

sr2=0.062, p<0.001). 

Table 5.4 Regression coefficients for each drug of abuse and PSI (N=311) 

The table provide details of the regression coefficients for each drug of abuse (MDM4, 
ketamine, tobacco, heroin, alcohol, amphetamines, cannabis, LSD and cocaine) and the 
overall PSQI score. The regression was only performed on the past and present AMMA users 
(n=311). 

Drug % predicts Beta t p 

MDMA 45 0.36 15.7 0.000 
Ketamine 0 0.008 0.293 0.769 (ns) 
Tobacco 1.3 0.17 3.914 0.000 
Heroin 2.7 0.17 5.7 0.000 
Alcohol 9.6 -7.44 -12.33 0.000 
Amp -2.2 1.26 6.44 0.000 
Cannabis -0.1 -0.09 -1.16 0.244 (ns) 
LSD -7.5 0.37 13.25 0.000 
Cocaine -0.1 -0.069 -2.08 0.038 
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5.3.4 Sleep, Impulsivity and Depression 

Finally the data was further analysed to predict a relationship between sleep, impulsivity and 

depression. 

There was a significant positive linear correlation between the level of self-reported sleep 

disturbance as measured by the PSQI and the self rated depression as measured by the BDI-II 

(r=0.74, p<0.01). Indicating that as sleep quality increases the level of depression decreases. 

There was a significant positive correlation between the level of self-reported sleep 

disturbance as measured by the PSQI and the level of self-reported impulsivity as measured 

by the BIS (r=0.71, p<0.01). This suggests that as levels of impulsivity increase the overall 

sleep quality decreases. 

There was a significant positive correlation between the level of self-reported level of 
depression as measured by the BDI-II and the level of self-reported impulsivity as measured 
by the BIS (r=0.62, p<0.01). This result proposes that as the level of depression increases the 

level of impulsivity increases. 

5.4 Discussion 

5.4.1 PSQI and MDMA 

This study confirmed findings from previous research reporting past and present MDMA 

polydrug users have increased self-reported sleep disturbance in comparison to other non- 
MDMA polydrug users; however this study employed larger and more diverse sample sizes 
including more robust control groups implying MDMA results in acute sleep disturbances 

(Gouzoulis-Mayfrank et al. 1992; Allen et al. 1993; Cohen, 1995; Parrott, 1997; Soar et al. 
2001; Balogh et al. 2004). These findings are further supported by non-human animal studies 

suggesting that MDMA induces selective 5-HT neuronal damage which adversely affects 

sleep. 

The results found imply present MDMA polydrug users reported similar sleep disturbances as 

past MDMA polydrug users. This study included participants whom have abstained from 

MDMA for a mean of 5 years (range 5-11 years). These results are supported by non-animal 
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studies which suggest MDMDA induces selective 5-HT neuronal toxicity which is long 
lasting (Schnieder 1973, Levitt et al. 1980, Jonsson et al. 1982, Frankfurt et al. 1984; 
Gustafson et al. 1987, Fritschy et al. 1992, Ricaurte, 2000; Boot et al. 2000). In non-human 
primates this MDMA induced damage failed to repair after 9 years (Fisher et al. 1995), 

suggesting that MDMA causes long lasting sleep disturbances in abstained users. 

Finally, past and present occasional MDMA polydrug users whom had only been exposed to 
MDMA a few times reported similar sleep problems in this study. The findings from this 

study are supported by non-human animal studies that have found MDMA induced 

neurotoxicity following small doses of MDMA. These findings contradict some researchers 
that believe large dosing and frequency of MDMA is needed in order to manifest this 

neuronal damage. Additional factors need consideration including whether these less frequent 

MDMA users have frequently used large doses of other recreational drugs including 

amphetamine, cannabis, alcohol, cocaine and LSD (Croft et al. 2001; Gouzoulis-Mayfrank et 

al. 2002; Dafters et al. 2004; Daumann et al. 2004; Parrott et al. 2004; Lundqvist et al. 2005; 
Sala et al. 2005). The sleep disturbance may be a consequence of recreational drugs and not 
MDMA. Co-using MDMA with other drugs has been demonstrated in non-human animal 
studies to increase the neurotoxicity of MDMA. Future studies need to investigate sleep 
disturbances in occasional MDMA polydrug users controlling for co-use of drugs as well as 
frequency and dosage of other illicit drugs. 5-HT genes have been localised (TPH2,5-HT I b, 
5-HTTLPR, and MAO) which affect serotonergic functioning within the brain. Certain 
individuals may be more prone to MDMA-induced neurotoxicity due to deficits in these 

genes. 

There was a positive linear relationship between lifetime consumption of MDMA and level of 

sleep disturbance. MDMA was the main predictor of self-reported sleep disturbance. This 

relationship suggests that the results were unlikely to be due to other illicit drugs including 

alcohol, nicotine, cannabis, amphetamine, ketamine, and cocaine. Alcohol has been linked 

with causing sleep problems (Roehrs & Roth, 2001; Brower, 2003). The figure for the co- 
morbidity between insomnia and alcoholism is reported as being between 36-72% (Brower, 
2003). Literature suggests the relationship between insomnia and alcoholism can be 

exacerbated by other psychiatric disorders including mood changes as well as a decrease in 

overall cognitive performance (Roehrs & Roth, 2001; Brower, 2003). Baseline 

polysomnographic measures correlated alcoholism with increased sleep latency, decreased 

sleep efficiency and decreased total sleep time, increased REM sleep, and decreased slow 
wave sleep (Brower, 2003). MDMA users are polydrug users. They are often combining 
alcohol and MDMA. This cocktail of MDMA and alcohol could elevate the negative 
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consequences on overall sleep quality. 

Global scoring of the PSQI states that a score above 5 suggests sleep disturbance. Findings 

from the current study show that the non-MDMA groups (non-drug control, alcohol/nicotine 

control, alcohol/nicotine/cannabis control/ non-MDMA polydrug control) had scores below 5 

indicating that they did not have from sleep problems. For the past and present MDMA users 
irrespective of whether frequent or occasional users the mean score was above 5 indicating 

sleep deficits. The PSQI is a validated and reliable measurement of sleep dysfunction; often 

used in the clinical setting and for research purposes (Buysee et al. 1998). 

5.4.2 Sleep, Depression and Impulsivity 

The results found a positive association between sleep and depression. The relationship 

between sleep and depression has long been established with health professionals and 

researchers suggesting figures could be as high as 80% of individuals suffering from 

depression having sleep related problems. Depression can lead to too much sleep alternatively 
it can result in too little sleep. Figures suggest that around 15% of depressed individuals will 

over sleep. Research states the lack of sleep alone is not the reason for the onset of depression 

however it can be a contributing factor. Sleep studies suggest that individuals with depression 

often complain of a difficulty in falling asleep, frequently waking up in the night, and waking 

up early in the morning being unable to fall back asleep. Case studies suggest that individuals 

with depression who are able to sleep often complain they are constantly tired throughout the 

day and their sleep was restless. Physiologically depressed individuals have little or no deep 

sleep (stages 3 and 4). REM sleep will occur earlier in the night. This restlessness could be 

explained by anxiety being a contributing factor and requires further exploration. Future 

detailed studies are required to investigate whether MDMA polydrug users are falling asleep, 

remain asleep during the night, experience disruptions in the night, and wake early. The 

amount of REM sleep needs to be recorded as well as the level of deep sleep (stage 3 and 4). 

This will help to decide whether the problem is due to the sleep cycle and/or pattern or if it is 

down to anxiety and/or restlessness (Buysee et al. 1998; Monk et al. 2000; Colbron et al. 
2002; Roman et al. 2005). 

Current theories have clearly suggested a link between sleep disturbance and depression 

(Allen et al. 1993; Cohen, 1995; Parrott, 1997; Soar et al. 2004). In all of these studies 

participants reported increased depression and sleep problems which authors attributed to 
MDMA use. Davisions and Parrot reported that 85% of MDMA users associated MDMA use 
with moodiness and 85% reported MDMA was associated with insomnia (Parrott, 1997). 
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Cohen reported slightly lower figures stating that 38% of MDMA users associated MDMA 

with insomnia and 38% associated it with depression (Cohen, 1995). In the case study 
reported by Soar and co-workers, the patient presented suffered from depression, suicidal 
thoughts and severe sleeping problems that he attributed to MDMA (Soar et al. 2004). The 

current findings clearly state that there is a relationship between self-reported depression and 

sleep. 

This study found a positive correlation between sleep and impulsivity. This relationship 

supports research stating that substance users are high sensation seekers (Everitt & Robbins, 

2005). However, there is still considerable debate concerning the route of these 

psychopathological disturbances. Are they a consequence of drug abuse or a predisposing 
factor (Everitt & Robbins, 2005; Blanchard et al. 2009)? These high sensation seekers will 

use many illicit and licit substances. A consequence of using these substances will include 

sleep deficits. Substance users may try to self-medicate to overcome sleep disturbances using 
drugs such as sedatives, which may worsen the problem. This pattern of use of illicit drugs 

will complicate treatment and rehabilitation. Research has found that the use of caffeine can 
disrupt sleep. Caffeine use may need to be controlled in future studies. MDMA tablets are 

often mixed with caffeine and this may need to be considered in future research (Parrott, 

2001). 

An association was found between impulsivity and depression nevertheless this connection 

was relatively weak in comparison to the other relationships found between sleep/depression 

and sleep/impulsivity. Studies comparing the BIS with patients with diagnosed 

depression/mania have found that motor impulsiveness is related to mania episodes, non- 

planning impulsiveness is connected to depressive episodes and attentional impulsiveness is 

linked with both mania and depression. Peluso et al (2007) predict that non-planning is a 

state-dependent symptom of depression. This should be investigated further in future studies. 

5.4.3 Limitations and future studies 

An area that needs attention is the link between anxiety, depression and MDMA. There have 
been a considerable number of reports linking MDMA use with occurrence of anxiety and 
depression. In the case study of a 26 year old reported to have taken 750 MDMA tablets, the 
individual was diagnosed with anxiety, phobia disorder, panic attacks as well as depression 
(Soar et al. 2004). Cohen reported that 16% of MDMA users associated MDMA with anxiety 
related problems in comparison to the 38% reporting depression (Cohen, 1995). Davison and 
Parrott reported rates as high as 40% for anxiety, 35% for paranoia and 55% for depression 
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(Parrot, 1997). This association could potentially be even more alarming as current research is 

suggesting that depression and anxiety co-exist, thus prognosis is more severe with an 
increased morbidity, elevated suicide risk and increased resistance to treatment (Lydiard & 

Brawman-Mintzer, 1998). 

Criticism of the current study includes the methodology used to determine sleep disturbance. 

Self-reported measures are considered to be very unreliable (refer to chapter 8 for further 

discussion). A more accurate measure would be to ask participants to keep a sleep diary. 

Regrettably these methods can be very costly and time consuming for the participants' as well 

as the researcher. Even more accurate measures would include polysomnographic and 

actigraphic sleep measures (Monk et al. 1994). On the other hand studies suggest that there is 

a significant correlation (i=0.56-0.81) between scores on the PQSI and polysomnographic 

sleep measures (Monk et al. 1994). The PQSI gives an overall index of sleep quality rather 
than an index for a particular night using polysomnographic measures. This has its own 

advantageous and disadvantageous. The PSQI is a respected clinical tool. 

Colbron and co-workers exposed hamsters to MDMA to investigate the ability of the SCN to 

phase shift to a photic stimulus after MDMA exposure. MDMA was administered on 

successive days. The results demonstrated that repeated exposure of MDMA resulted in 

altering the circadian clocks and the ability to phase shift to photic stimuli. This suggested 
that MDMA may cause a disruption to the normal functioning of the circadian clock and its 

resetting. This disruption could result in sleep disorders, increased mood, and a lack of 

concentration as seen in both jetlag and shift workers (Colbron et al. 2002). Future non- 
human animal studies are needed to confirm and identify the exact anatomical damage caused 
by MDMA particularly target the SCN and/or the pineal gland. In addition, studies need to 

target whether 5-HT directly disrupts the SCN or whether 5-HT indirectly affects another 
chemical like GABA. Secondly, future studies need to investigate the role of MDMA and its 

affect on melatonin. Non-human animal studies have indicated that 5-HT is synthesised to 

melatonin. If past and present MDMA users have a lack of available 5-HT it could 
consequently result in less melatonin and effect sleep onset and/or sleep quality. 

Future investigation would be to investigate past and present MDMA users for other health 
issues such as headaches, pain and migraines as these health issues are highly linked with 
sleep disturbances. 

Sleep disorders are vast with each one having its own aetiology. The most common sleep 
disorders include insomnia, sleep apnoea, restless leg syndrome (RLS), narcolepsy and 
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daytime sleepiness. Insomnia affects everyone at some point. Insomnia can be caused 
predominantly by stress, illicit drugs, jet lag and diet. Insomnia increases with age. Around 
40% are affected by insomnia in comparison to 30% of men. Sleep apnoea is caused by 
interruption of breathing during sleeping. Narcolepsy involves sudden onset of sleep known 

as `sleep attacks'. These attacks can last from 30 seconds to 30 minutes. Narcolepsy is 

considered to be related to a dysfunction of sleep regulation. Narcolepsy has been associated 
with head injury and neurological disorders. Narcolepsy is considered to be hereditary and 

research is currently trying to locate genes. Further MDMA experiments are needed including 

more polysomnography, and brain imaging to try and localise the exact nature of the MDMA 

induced sleep dysfunction (Buysee et al. 1998; Monk et al. 2000; Colbron et al. 2002; Roman 

et al. 2005). 

Current treatment for sleep dysfunction includes older antidepressants including sedatives like 

amitriptyline and dosulepin. Other pharmaceutical treatments include methylphenidate, 

antipsychotic drugs and benzodiazepines. Antidepressants decrease REM sleep percentage, 

and increase total sleep time in stages 3 and 4. Antipsychotic drugs increase stages 3 and 4 as 

well as decreasing REM sleep. Benzodiazepines increase stages 2,3, and 4 additionally 
decreasing REM. Other possible treatments may include 5-HTP and melatonin which increase 

REM sleep. In addition, non-human animal and human studies are needed to test the efficacy 
for possible treatments for MDMA induced neurotoxicity. There may be an excess of 
individuals with MDMA induced sleep dysfunction in the future and appropriate treatments 

will be needed. Each therapy affects different sleep stages. It is essential that the sleep 

physiology and stages affected by possible MDMA neurotoxicity are understood so 

appropriate treatment can be administered (Buysee et al. 1998; Monk et al. 2000; Colbron et 
al. 2002; Roman et al. 2005). 

Sleep alters with the aging process. Older individuals report more sleep related disturbances. 
Levels of melatonin will be reduced as individuals age as part of the normal aging process. 
Individuals using MDMA at a young age may produce problems later in life. A combination 
of the normal reduction in melatonin due to the aging process and MDMA induced 

neurotoxicity causing further possible reductions in melatonin levels could consequently 
result in premature aging process in terms of sleep problems (Buysee et al. 1998; Monk et al. 
2000; Colbron et al. 2002; Roman et at. 2005). 
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5.4.4 Summary 

Even though the hypothesis for this study was formulated in 2001, it is still to date the largest 

single study investigating the association between sleep and MDMA use, which includes a 
sample that is a true `real-life' representation of the general population, including a diverse 

range of ages and a large selection of educated individuals. This is the only study to date that 

robustly controls the use of other recreational drugs of abuse: amphetamine, cocaine, 
cannabis, heroin and alcohol. Previous studies are predominantly based on student samples 

and/or younger adults. This study includes a larger representation of the population of 
MDMA polydrug users during the period 2002-2007. Secondly, this is the first study to date 

to investigate the association between depression, sleep, impulsivity and MDMA. 

The results from this study found that and present MDMA polydrug users self report 

enhanced sleep disturbances in comparison to non-MDMA polydrug users. These findings 

provide further support suggesting that this deficit in sleep is maintained even after abstinence 
in past MDMA users. These results support non-human animal studies suggesting MDMA 

may induce selective neurotoxicity to 5-HT neurons resulting in sleep problems that is non- 

repairable and long lasting. These results are further supported by evidence from non-human 

animal and human studies which link sleep dysfunction with 5-HT. More studies are needed 
to investigate this sleep disturbance found in MDMA polydrug users. Such investigations 

need to include more physiological studies using EEGs as well as measuring sleep patterns 

and alterations. Sleep disturbance is a common disorder affecting a large percentage of the 

normal population. MDMA users maybe more prone to sleep disorders incurring substantial 
costs for health services as well society due to loss of productivity. Full sleep history and 
sleep examination should be taken in past, present and future MDMA polydrug users. 

This is the first study to find an association between MDMA, depression, sleep and 
impulsivity. These functions seem to be correlated to each other in previous research 
suggesting 5-HT plays a substantial role in maintaining normal psychological and 
physiological baseline levels. Further explorations of the association between sleep, 
impulsivity and depression are required. These psychological functions need to be controlled 
in future studies. 
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Chapter 6- Memory 

6.1 Introduction 

This section will provide a brief introduction and definition of memory. It will evaluate the 

evidence supporting the role of 5-HT in memory functioning. Finally, it will evaluate both 

non-human animal studies and human studies concerning MDMA exposure and memory 
deficits. 

6.1.1 The description of memory 

To begin it is necessary to provide a brief description of memory, which will provide an 

outline of what will be measured in this chapter. 

Figure 6.1 provides an outline of the structure of memory. Memory has often been referred to 

as a scheme that involves sensory information (verbal and visual) that can be stored into 

short-term memory (working memory), intermediate memory, and long-term memory. 
Information can be further classified into implicit and episodic memory (Fuster et al. 1971; 

Markowitsch, 1994; Frisk et al. 1990; Passchier et al. 2001; Smith et al. 2006; LaBar et al. 
2006). 

Episodic memory refers to remembering things that have happened in ones life experience in 

comparison to general memory, which is not associated to an individual's personal experience 

and known as semantic memory (Figure 6.1). In contrast, implicit memory involves 

remembering something with the lack of awareness of recollection. It is defined as an 

automatic or subconscious form of memory (Schacter, 1987; Toates, 2001). 

Short-term memory is information being stored for a brief period of time (Fuster et at. 1971; 

Markowitsch, 1994; Frisk et at. 1990; Passchier et at. 2001; Smith et at. 2006; LaBar et al. 
2006). On the contrary, information might be stored for a longer time by rehearsal. Only a 
limited amount of information may be stored in short-term memory (Figure 6.1). 

Long-term memory deals with information that is relatively permanent (Fuster et al. 1971; 
Markowitsch, 1994; Frisk et al. 1990; Passchier et al. 2001; Smith et al. 2006; LaBar et al. 
2006). Long-term memory is further divided into declarative and non-declarative memory. 

-154- 



Declarative memory referred to as ̀ explicit memory' is subdivided into memory for facts and 

memory for events. Non-declarative memory known as `implicit memory' can be further 

broken down into memory for skills and habits, priming, basic associative learning and non- 

associative learning (Figure 6.1). 

Research indicates different anatomical brain systems and neurons play particular roles in 

memory thus different types of brain neurons and synapses are involved in these types of 

memory (Fuster et al. 1971; Markowitsch, 1994; Frisk et al. 1990; Passchier et al. 2001; 

Smith et al. 2006; LaBar et al. 2006). These anatomical regions include the cortex, 
hippocampus, thalamus, striatum, medial temporal lobe, and amygdala (Figure 6.1). 

Of particular interest is the hippocampus, which receives sensory input from various brain 

regions with many researchers agreeing that the role of the hippocampus is for the 

consolidation of memory from short-term to long-term memory (Olton, 1979; Squire, 1994; 

Eichenbaunm, 2001). A further role for the hippocampus involves the storage of episodic 

memory primarily for spatial information (Rolls, 1996; Kesner, 1998; Jenkins et al. 2004; Lee 

& Kesner, 2004). 
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Figure 6.1 - Structure of memory 

The diagram provides the different divisions of memory and their anatomical associations 
(Toales, 2001) 

Memory 
Sensory and/or Verbal information 

Short-term memory Intermediate memory Long-term memory 
Cortex Thalamus 

Non-declarative Declarative 

(Implicit) (Explicit) 

Skills Priming Associative learning Facts Events 

Striatum Cortex Cerebellum Medial temporal 
lobe 

Emotion can play a role in memory resulting in emotional events being stored. Research 

suggests that the brain region the amygdala plays a pivotal role in the retention of emotional 

information. Evidence suggests that the amygdala facilitates the storage of emotional 

information via the prefrontal cortex and hippocampus (LaBar & Cbeza, 2006). 

Neuroimaging techniques have found a link between the amygdala, hippocampus and 

emotional memory retrieval. Studies have found that during emotional retrieval of 

information there was an increase in connectivity between the amygdala and the hippocampus 

(Smith et al. 2006). The study suggests that the amygdala is involved in emotional memory 

retrieval and accomplishes this via the hippocampus. Patients with the rare Urbach-Wiethe 
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syndrome who have selective bilateral lesions to the amygdala show deficits in the long-term 

recall/recognition of emotional pictures, words and stories (Markowitsch, 1994). 

The involvement of the frontal cortex in short term memory was originally suggested in the 

mid-1930s by Jacobsen whom made large lesions to the prefrontal cortex of monkeys 

resulting in inducing specific deficits in delayed response tests indicating damage to short 
term memory (Jacobsen, 1935). During a delayed response task, cellular recordings were 

monitored within the frontal lobe. Results consisted of active elevated spike discharges during 

the delay period of the task, where the animals were considered to be maintaining 
information. These results have suggested that specific neuronal activity within the frontal 

lobe was essential during short-term memory again connecting short-term memory to the 

frontal cortex (Kubota & Niki, 1971; Fuster & Alexender, 1971; Chafee & Goldman-Rakic, 

1998). This animal research has linked the prefrontal cortex with the storage of short-term 

memory. On the contrary, the role of the prefrontal cortex in humans is more complicated 
than in non-human animals. Neuropsychologists have studied patients with lesions to the 

prefrontal cortex and found that patients fail to show impairment to short-term memory; 
however, they do seem to have difficulty with retrieval of memory, known as episodic 

memory 

6.1.2 The role of serotonin in memory 

Serotonin receptor density has been measured using PET (Positron emission tomography) 

scans in vivo. Studies have found that 5-HTIA receptors are present in high density in the 
hippocampus, septum, amygdale, hypothalamus, and prefrontal cortex of human brain 

(Passchier et al. 2001). Furthermore 5-HT2A receptors are present in the prefrontal cortex of 
the human brain. Conversely there are lower 5-HT2A receptors densities in the hippocampus, 
basal ganglia and thalamus (Passchier et al. 2001). 

Areas that are important in the role of memory: the hippocampus, amygdala, hypothalamus, 

thalamus and the prefrontal cortex, are associated with 5-HT receptor. This suggests that in 
humans it maybe the 5-HT neurotransmitter involved in memory (Fuster et al. 1971; 
Markowitsch, 1994; Frisk et al. 1990; Passchier et al. 2001; Smith et al. 2006; LaBar et al. 
2006) and subsequently disrupted by MDMA consumption. 
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6.1.3 The role of MDMA and memory 

It is clear that memory is related to the activity of 5-HT. As MDMA is a possible 5-HT 

neurotoxin, the non-human animal and human data suggesting that MDMA affects memory 

will be evaluated in this section. 

As the acute effects of MDMA are similar between non-human animals and humans it is 

likely the neurotoxic effects of MDMA are comparable (Bolla et al. 1998; Parrott et al. 1998; 

Fox et al. 2001; Wareing et al. 2000). Non-human animal research suggests that MDMA 

initially causes an increase in 5-HT followed by a decrease it seems plausible to suggest that 

this decrease in 5-HT may occur in the frontal cortex, amygdala and hippocampus and affect 

memory (Fuster et al. 1971; Markowitsch, 1994; Frisk et al. 1990; Passchier et al. 2001; 

Smith et al. 2006; LaBar et al. 2006). 

Non-human animal studies have shown that MDMA induced neurotoxicity affects the 

hippocampus suggesting that MDMA may cause disruptions to the recall of spatial memory 
(Frisk et at. 1990; Passchier et al. 2001; Smith et al. 2006; LaBar et al. 2006). 

Consolidating information from short-term memory into long-term memory involves the 

limbic system including the hippocampus. MDMA is known to have acute effects on the 
hippocampus and other limbic structures resulting in behavioural changes in non-human 

animal studies. As non-human animal studies indicate that following the initial increase in 

serotonin, MDMA is selectively neurotoxic causing a depletion of 5-HT (Holla et al. 1998; 

Parrott et al. 1998; Fox et at. 2001; Wareing et at. 2000). It is therefore plausible that MDMA 

may have a detrimental effect on consolidating information from the short-term to long-term 

memory store in MDMA users. 

6.1.3.1 The role of MDMA on memory in non-human animals 

Rats were administered either a high dose (4*5 mg/kg) of MDMA every four hours for two 

consecutive days, a moderate dose (1 *5 mg/kg) of MDMA every four hours for two 

consecutive days, D-amphetamine (4* 1 mg/kg) every four hours for two consecutive days, 

and finally vehicle injections. Fourteen weeks later, the rats were tested on a recognition 
memory task. The high MDMA group demonstrated memory impairment relative to all other 
groups (Morley et al. 2001). This study suggests that binging on moderate to heavy amounts 
of MDMA over a period of 48 hours may lead to memory recall impairment lasting up to 
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three months following abstinence. 

Marston's group found impairment in a delayed matching to position working memory task in 

rats for up to 19 days following MDMA exposure (Marston et al. 1999). On the contrary, not 

all studies have found such results for example Ricaurte et at (1993) found that the choice 

accuracy of rats in a T-maze delayed in alternation task was generally unaffected following 

exposure to neurotoxic doses of MDMA. 

Daza-Losada and co-workers (2009) gave MDMA alone or with cocaine to rats. The study 
found that MDMA alone failed to produce significant changes in brain monoamines. 
However, MDMA and cocaine showed a decreased level of DA in the striatum followed by 

an increase in 5-HT in the striatum and cortex. The study only observed the acute effects of 
MDMA. It is predicted that this increase in 5-HT in the cortex and striatum would decrease as 
has been demonstrated in other non-human animal studies (Daza-Lasada et al. 2009). 

Camarasa et al. (2008) administered MDMA alone or MDMA with memantine, to rats. 
Memantine is an antagonist on several receptors: 5HT3, NMDA, D2, and nicotinic 

acetylcholine receptors. Rats were required to perform cognitive tasks. MDMA alone resulted 
in spatial memory impairment. On the other hand, MDMA pre-treated with memantine 
improved performance on the memory task. This finding suggests that MDMA may work via 
5HT3, NMDA, D2, and/or acetylcholine nicotinic receptors. Further research investigating 

these nicotinic receptors in MDMA is required (Camarasa et al. 2008). 

6.1.3.2 The role of MDMA on memory in humans 

Over the last 10 years there has been a substantial amount of research investigating the effects 

of MDMA on memory performance using clinical trials, imaging and cohort experiments 
(Table 6.1). 

An 18-month longitudinal fMRI study investigated the effects of MDMA on working memory 
processing (Daumann et al. 2004). A sample of 21 MDMA users was scanned, whilst 

performing on the n-back task, with increasing memory load. Participants were re-tested 18 

months later. At 18 months, the initial 21 MDMA users were further spilt into those that had 

continued to use MDMA (n=9) and those that had abstained from MDMA (n=8). The results 
found that there was a non-significant difference in brain activity for both current and 
abstained MDMA users at baseline and/or on the n-back task. However, after 18 months the 
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current MDMA users showed an increase in activation of the parietal region in comparison to 

their baseline activity, this was not observed after abstinence. The authors concluded that 
MDMA could cause damage to the neuronal activity to a particular brain region resulting in 

adjacent areas of the brain having to compensate. The imaging study found no abnormal 

cortical activity in the prefrontal, parietal, occipital, and cingulate brain regions for those that 

had abstained from MDMA. The authors concluded that abstinence from MDMA needed to 

be longer than 18 months in order to see altered cerebral activation (Daumann et al. 2004). 

This study suggests that if MDMA causes a problem to memory functions, the participant 

needs to have abstained from MDMA for a period of 18 months or longer. 

A study by Reneman et al (2000) investigated the long lasting effects of MDMA. The pilot 

study involved measuring the relationship between 5-HT neuronal activity and memory 
impairment as recorded by the Rey Auditory Verbal Learning Test (RAVLT). Serotonin 

activity was measured via [1231]-5-I-R9l150 SPECT (5-HT2A receptor densities). The study 
investigated five ex-MDMA users (abstained for a mean of 4 months) and nine healthy non- 
MDMA controls. The results found that ex-MDMA users demonstrated significantly higher 

binding ratios in the occipital cortex in comparison to the controls during the memory task, 

indicating up-regulation. The area of the occipital cortex has been shown in non-human 

primates to demonstrate high 5HT2A receptor binding sites due to a reduced 5-HT available 
(Heal et at. 1985; Scheffel et at. 1998). Mean 5-HT receptor binding correlated positively 

with memory performance. The authors concluded MDMA might cause long lasting 

alterations to 5-HT activity subsequently affecting memory performance (Reneman et at. 
2000). 

Reneman et al (2006) continued this work by doing a similar study using larger samples and 
better controls investigating the relationship between MDMA and memory by means of 
Single photon emission computed tomography (SPECT) using iodine labelling to quantify the 
density of brain 5-HT transporter in current and ex-MDMA users. Verbal memory was 

assessed using the RAVLT. The main study included 22 current MDMA users, 16 ex-MDMA 
users (abstained for more than 1 year) and 13 non-MDMA controls. The results found that the 

two MDMA groups were significantly impaired on the immediate recall and delayed recall 
tasks in comparison to the non-MDMA control group. However, the mean cortical 5-HT 

transporter density was only significantly lower in recent MDMA users and not ex-MDMA 
users. The study suggests that MDMA is neurotoxic to 5-HT neurons, which is reversible in 
humans, however MDMA induced disruptions in memory performance in non-human animals 
may not be reversible (Reneman et al. 2006). 
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Gouzoulis-Mayfrank et al (2003) investigated memory impairment in abstained MDMA 

users. This study consisted of 60 MDMA users that had taken MDMA on more than 20 

occasions, and 30 healthy non-MDMA controls that had no previous history of alcohol or 
drug use other than moderate cannabis use. The MDMA group was further split into moderate 

users (taken MDMA less than 80 occasions) and heavy users (taken MDMA on more than 80 

occasions). Working memory performance was measured using the digit span task from the 
WAIS-R and the 2-back task from the `Testbatterie zur Aufinerksamkeitsprüfung' (TAP - 
German assessment of attentional functions). General memory tests included the four subtests 
from the German learning and memory test (Baumler, 1974). The results revealed a 

correlation between the amount of MDMA consumed and memory performance indicating 

that the heavier the patterns of MDMA use the increased likelihood of memory deficits. There 

was no significant difference between the moderate MDMA group and the control group 
(Gouzoulis-Mayfrank et al. 2003). The authors' concluded that MDMA maybe a risk factor 

for an earlier onset of age-related memory problems or a risk of more severe memory deficits 

later on in life. 

A study by Wareing et al (2005) further investigated the link between MDMA and verbal 

working memory deficits. The study included 42 current MDMA users, 17 previous MDMA 

users (that had abstained from MDMA for more than 6 months) and 31 non-MDMA users. 
The study involved two parts: reading span and arithmetic span. The reading span involved 

answering simple multiple choice comprehension questions. Secondly, they had to recall the 
final word of a sentence after they had answered the question. The computation span part was 

similar; except the participant was required to uses arithmetic processing instead of sentence 

comprehension. Participants were presented with an arithmetical problem and had to solve it. 

Finally, they were required to recall the second digit of the problem (Frisk et al. 1990). Both 

MDMA user groups were impaired on the computation digit span, with the current users only 
impaired on the comprehension span. The use of other recreational drugs was controlled using 

statistical analysis only (Wareing et al. 2005). 

A study by Parrott et al (1998) investigated the effects of MDMA on a battery of cognitive 
tasks: verbal recall and visual scanning. Participants completed the task four times: initial 

drug-free baseline, at a Sat night club whilst on a drug, 2 days later and 7 days later. The 

study included 15 MDMA users whom reported taking MDMA on more than 10 occasions, 
15 novice MDMA users whom reported taking MDMA on less than 10 occasions, and 15 

controls whom had never taken MDMA. Overall the regular MDMA users recalled 
significantly less words on the verbal recall and the visual scanning recall in comparison to 
the other groups: novice MDMA and controls. 
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Daumann et al. (2003) used fMRI to investigate cerebral activation during a memory task in 

eleven heavy current MDMA users (used MDMA on more than 80 occasions), eleven 
moderate current MDMA users (used MDMA on less than 80 occasions) and eleven non- 
MDMA users (that had no previous history of regular drug use). The findings found no 
difference in overall performance in working memory scores between the three groups and 
there was no difference in cortical activation during the memory task. However, the two 
MDMA groups showed significantly more activation of the right parietal lobe during the 

memory task (Daumann et al. 2003). The study controlled for other drugs of abuse including 

amphetamine and cannabis. However, the study failed to have separate control groups for 

these different recreational drugs. The authors did suggest that MDMA users might 
demonstrate an altered brain function. However, investigations are required before any 

conclusions can be reached as the results could be explained by differences in motivational 
levels or different cognitive strategies between the moderate and heavy users. 

Morgan (1999) investigated memory impairment and MDMA use by comparing 25 polydrug 
MDMA users that had reportedly taken more than 20 ecstasy tablets, 22 polydrug users that 
had used illegal recreational drugs however had never taken MDMA and finally 19 non- 
recreational control group. All participants were matched for age, gender, education, height 

and weight. Memory was measured using the behavioural evaluation test - Rivermead 
Behavioural Memory (RBM) test that measures both immediate and delayed recall. The 

results found that MDMA users recalled significantly fewer items in the immediate and 
delayed conditions in comparison to the two non-MDMA groups (Morgan, 1999). 

Parrott et al (2002) asked MDMA users to self-report psychobiological problems that they 

associated with the use of MDMA. The participants included novice (used MDMA on less 

than 9 occasions); moderate (use of MDMA between 11-99 occasions) and heavy users (used 
MDMA on more than 100 occasions). The results found memory problems were reported by 
19% of the novice users, 52% of the moderate users and 73% of the heavy users. This study 
attempts to suggest that psychological damage caused by MDMA use is directly related to 
lifetime MDMA exposure (Parrot et at. 2002). 

Hasler et al. (2008) employed a double blind study on males. The study involved participants 
being administered MDMA alone or in combination with pindolol. Pindolol is a beta- 

adrenoreceptor and a weak 5-HTIA antagonist (Isaac, 2004). Participants were assessed on 
cognitive performance. Findings found that MDMA only users were significantly impaired on 
attention and visual-spatial memory. The pre-treatment with pindolol did not alter the 
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MDMA-induced impairment. The authors concluded that MDMA differentially affects 
selective memories which are not mediated by the 5-HT1A receptor system (Hasler et al. 
2008). 

Simon and Mattick (2002) investigated 40 regular MDMA users and 37 regular cannabis 

users using the Wechsler Memory Scale (WMS). The results from the study found that the 
lifetime exposure of MDMA and cannabis predicted memory ability. This study suggests that 

more robust control groups are required when investigating drug related research including 

separate MDMA and cannabis groups (Simon and Mattick, 2002). 

Not all studies have found a strong link between MDMA and memory deficits. A similar 

study investigating neuronal activity during a working memory task using fMRI techniques 

compared eight pure MDMA users, eight polydrug control MDMA users and eight non- 

polydrug user controls. The results found that pure MDMA users demonstrated a lower 

activation than the other two control groups in the inferior temporal regions, the angular gyrus 

and the striate cortex. There was a non-significant difference between polydrug MDMA users 

and non-drug controls. The study suggests that altered brain activity may occur during 

cognitive tasks in MDMA users; however the use of other recreational drugs may mask this 

effect or help to prevent it occurring (Dauniann et al. 2003). 

A cohort study investigated 15 regular MDMA users, 15 regular cannabis users excluding the 

use of MDMA, 15 control non-recreational drug users. The participants were tested on the 
WMS (Revised) on a day that all participants reported to be drug free. Performance was 

similar between all groups for measures of visual reaction time, auditory reaction time, 

complex reaction time, visual memory, attention, and concentration (Rodgers, 2000). The 

current MDMA/cannabis group had significantly impaired scores on general memory and the 

verbal memory task. The only task that the current MDMA users were significantly impaired 
in comparison to the cannabis and control group was delayed memory. 

6.1.3.3 Summary of non-human animal and human studies (2009 - 2011) 

This section will summarise the non-human animal and the human evidence supporting the 

role of MDMA in memory deficits during the period 2010-2011. 

Morini et al. (2011) investigated the role of MDMA in disrupting long-term potentiation 
(LTP) in the CA 1 cells of the hippocampus. A neurotoxic dose of MDMA was administered 
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to rats. Slices of hippocampus were examined a week later to find 53% reduction in 5-HT 

content, demonstrating 5-HT neurotoxicity. However, in these reduced 5-HT rats, the LTP 

was 46% greater than controls. They concluded there is a positive correlation between 

reduced 5-HT and enhanced synaptic plasticity (Morin et al. 2011). Form this study it 

suggests that MDMA induced learning and memory deficits are not a consequence of 
disruption to LTP. 

Blagrove et al. (2010) studied procedural and declarative memory in MDMA users. The 

participants were tested on two consecutive sessions. The groups consisted of drug-naive 

control (n=24), recent MDMA whom had taken MDMA within 3 days of the study (n=25), 

abstinent whom had abstained for 8 days prior to the study (n=17). The results concluded that 

greater lifetime exposure to MDMA resulted in poorer procedural memory whereas MDMA 

and cocaine lifetime use was associated with deficits in declarative memory (Blagrove et al. 
2010). This study highlights the need to control for other recreational drugs of abuse. A 

similar study reported that lifetime use of MDMA caused deficits to spatial span and spatial 
working memory tasks; however they also found that lifetime use of cannabis was 
problematic for verbal learning and overall memory performance (Hanson and Luciana, 
2004). 

During the period 2000-2011, there have been limited studies investigating exposure to 
MDMA and memory impairment; however results from such studies have reported 
contradictory findings (Table 6.2). Studies now need to take into account lifetime use of other 
recreational drugs which may affect memory performance including alcohol, cannabis, 
cocaine, and amphetamine. In some of the previous MDMA/memory studies, for example 
Morgan (1999), they did try to exclude other recreational drugs by including them as a 
covariate in the analysis. There are many issues with this statistical analysis. In addition, 
using separate control groups for these recreational drugs would have been beneficial and 
more robust (Gouzoulis-Mayfrank et al. 2003; Wareing et al. 2005; Morga., 1999; Parrott et 
al. 2002; Parrot et al. 1998; Daumann et al. 2003; Rodgers, 2000). Previous studies have 
failed to investigate the deficits caused by MDMA on memory and its effect on the normal 
aging process. The majority of studies have investigated the short-term consequences of 
MDMA and memory only. Finally, there is debate with the methodology employed in these 
studies as it is argued that in order to identify memory deficits the memory task needs to be 

complex (Brown et al. 2010). Not all studies have employed complex tasks. 
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6.1.4 The Wechsler Memory Scale 

The Wechsler Memory Scale - Revised (WMS-R) provides a measure of various aspects of 

memory (Wechsler, 1987). The WMS-R measures several subscales: general memory, 

attention/concentration, verbal memory, visual memory, delayed recall, logical memory, and 

visual reproduction. Two of the subscales are repeated during the task: logical memory and 

visual reproduction. Verbal and visually material is alternated during the task in order to 

maintain the participant's concentration and interest (Wechsler, 1987). 

The WMS-R test has undergone reliability tests (test-retest) for five of the subscales. Scoring 

for internal consistencies ranges from 0.41 to 0.88. The WMS-R has strong correlations with 

the California Verbal Learning test (CVLT) (0.79) (Delis et al. 1988). The CVLT was 

compared with the RAVLT. Factor analysis yielded a five-factor model between the WAIS-R, 

RAVLT and WMS-R including verbal comprehension, perceptual organisation, attention, 
learning and retention (Smith et al. 1992). 

The WMS-R has been used on a number of different patient groups with learning and memory 
disorders including Alzheimer's disease (Butters et al. 1988; Troster et at. 1993), Huntington's 

disease (Troster et al. 1993), multiple sclerosis, head injuries (Crossen et at, 1988; Janowsky et 

al. 1989), Korsakoff's syndrome, alcoholism, cerebral aneurysms, exposure to neurotoxins, 

schizophrenia (Gold et al. 1992), and depression (Wechsler, 1987; King et at. 1995). 

Standardised scores are available for the WMS-R based on a sample from the US that is 

considered to be representative of the general population. The manual provides norms for 

individuals aged 16-74 years old, being divided into six age groups ('Wechsler, 1987). These 

norms are based a sample size of about 50 for each age group. 

6.1.5 The objectives of the study 

Experimental studies have linked brain 5-HT with memory functioning. Studies have indicated 

that lowered levels of 5-HT can result in memory disturbance. Non-human animal research has 

demonstrated that MDMA may cause a long lasting depletion of CNS 5-HT, in specific areas 
of the brain. The long lasting consequences of MDMA on humans are still unknown. It is 

plausible to suggest that MDMA may cause memory disturbances in humans. Several studies 
have already investigated the effect of MDMA on memory however, such studies have failed 
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to control for other recreational drugs, employed small sample sizes thus reducing the power of 
the study and failed to investigate the long lasting effects of MDMA on memory on an aged 
sample. 

Based on previous research in related areas, the main hypothesis of this study includes: 1) 

MDMA users will demonstrate memory disturbance as measured by the WMS-R in 

comparison to non-MDMA polydrug users, 2) There will be a non-significant difference in 

memory scores as measured by the WMS-R between present and past MDMA polydrug users, 
3) There will be a negative correlation between memory deficits as measured by the scores of 
the WMS-R and lifetime exposure to MDMA, it is predicted increased lifetime exposure to 
MDMA will result in decreased memory scores. 

6.2 Methodology 

6.2.1 Participants 

997 of the original 1399 participants were involved in this part of the study, based on a power 

calculation, where N=432 (Power calculation; minimum of 72 per group, power 0.80,5=2.80 

- Cohen, 1992; Faul et al. 2007; Faul et al. 2009; minimum of 72 per group, power 0.80, 

5=2.80). Refer to chapter 3 for full demographic details of the participants. 

The participants were further divided into four control groups and two MDMA groups (non- 

recreational drug control group n=182; alcohol/nicotine control group n=172; 
cannabis/alcohol/nicotine control group n=163; non MDMA polydrug control n=169; current 
MDMA polydrug group n=154; ex-MDMA polydrug group n=157). 

6.2.2 Measures 

All participants were administered with a DHQ (Chapter 2, Appendix 2.2). 

Secondly, participants were further required to complete the Weschler Memory Scale - 
Revised. Instructions for the test were followed from the manual. The approximate time of test 

administration was 45 minutes. The test was made up of eight subscales (Wechsler, 1987). 
These included: figural memory, logical memory, visual paired associates, verbal paired 
associates, visual reproduction, digit span, mental control and visual memory span. Four of the 
eight subtests are repeated after a 30 minute period to assess delayed recall (visual paired 
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associates, verbal paired associates, visual reproduction and logical memory). Scoring involved 

a raw score to be obtained for each subscale, resulting in a final total of 8 raw scores. Each raw 

score was multiplied by a value provided on the record sheet to provide a new weighted score. 
This weighted score was transformed into an index score by an age-graded table, which can be 

found in the manual. Each index score has a mean of 100 and SD of 15. 

The eight index scores produce five overall scores including: 

" General memory (formed from five of the sub tests - logical memory, verbal 

paired associates, figural memory, visual paired associates and visual 

reproduction). 
" Verbal memory (formed from verbal paired associates and logical memory). 

" Visual memory (formed from figural memory, visual paired associates, and 

visual reproduction). 

0 Attention/concentration (formed from mental control, digit span and visual 

memory span). 

" Delayed recall (formed from the second attempt at logical memory, visual 

paired associates, verbal paired associates, and visual reproduction). 

6.2.3 Ethical Issues 

All participants provided written consent. Participants were able to withdraw at any point 

throughout the study. All data was anonymous. The study was approved by the local Ethics 

Committee, London Metropolitan University formally known as London Guildhall University, 

2001. Participants were given a briefing and debriefing (Appendix 2.3). 

6.2.4 Statistical Analysis 

Data was analysed using Statistical Package for the Social Sciences (SPSS) version 16. Five 

one-way ANCOVAs were run; the outcome variable was the subscales of the WSM - Revised 

test; the predictor variable was the drug group (non-recreational drug control group n=182; 

alcohol/nicotine control group n=172; cannabis/alcohol/nicotine control group n=163; non 
MDMA polydrug control n=169; current-MDMA polydrug group n=154; ex-MDMA polydrug 
group n=157) and the covariate was the lifetime use of cannabis, amphetamine, cocaine and 
ketamine. The results were further analysed using the Bonferroni test where required. 
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The ANOVAs and ANCOVAs were checked for normality using the Kolmogorov-Smirnov 

and Shapiro-Wilk test. As the tests were significant, the data was transformed to logs and the 

normality test re-checked. The log transformed data was non-significant, suggesting the data 

was normally distributed. The kurtosis and skewness were checked for values between -2 and 
2. The log transformed data was plotted using the output of a quantile-quantile (Q-Q) plot. As 

the data did not stray from the predicted line, the data was linear and normally distributed. The 

covariate in the analysis was checked for its independence from the experimental 

manipulation; an ANOVA with the covariate as the outcome and the drug group as the 

predictor was run for all of the covariates (cannabis, amphetamines, cocaine and ketamine). 

For the five ANCOVAs the Levene's test of the homogeneity of variance assumption was 

checked for non-significance relating to the homogeneity of residuals. The residual plot was 

checked for assumption of equality of variance. The spread vs. level plot was used to check 
there was no relationship between the mean and standard deviation. The homogeneity of 

regression slopes was checked by customising the ANCOVA model in SPSS to look at the 

independent variable * covariate interaction. The interaction term was tested in addition to the 

main effects. The log transformed interaction term (independent variable * covariate 
interaction) was non-significant; the assumption of homogeneity of regression slopes was not 
broken. 

Log transformed self-reported sub-domain memory scores were correlated with log 
transformed self-reported lifetime MDMA exposure using the Pearson correlation coefficient. 

Multiple regression analysis was performed on the sub-domain memory scores with the log 

transformed lifetime exposure to recreational drugs (alcohol, cannabis, nicotine, amphetamine, 
cocaine, LSD and ketamine) as the predictor variables. Using SPSS, the variance inflation 

factor (VIF) and tolerance statistics were checked. The VIF values were below 10 and the 
tolerance statistics were all above 0.2. The residual statistics was checked for extreme cases. 
The standardised residuals were all between -2 and 2. The Cook's distance was checked and all 
values were below 1. S. The DFBeta statistics was checked to make sure no value was greater 
than 1. Examination of the residual plots demonstrated the data did not stray from the predicted 
line; the data was linear and normally distributed. The Levene's test was checked; it was non- 
significant thus homogeneity of variance was assumed. Homoscedasticity and hetroscedasticity 

were checked visually by plotting the standardised residuals (the errors) by the regression 
standardised predicted value. The residuals were randomly scattered around the horizontal line 
(0) (Tabachnick and Fidell, 2001). 
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6.3 Results 

6.3.1 Demographics 

For an account of the demographic details and a full drug history of the participants, refer to 
chapter 2. 

6.3.2 Subdivisions of the WMS-R 

The ANOVA was non-significant demonstrating independence between the predictor variables 
and the covariates. The homogeneity of residuals, normality, equality of variance and the 
homogeneity of the regression slopes were all checked for the ANCOVA. 

For the multiple regression, the data was checked for multicollineraity, curvilineraity, 
hetroscedasticity and homogeneity of variance, and finally normality. 

6.3.2.1 Verbal Memory Test 

An overall significant difference was found on the verbal memory index score between the 
MDMA groups and non-MDMA control groups, where the mean verbal memory score was 
less for the MDMA groups in comparison to the non-MDMA control groups (Table 6.3). The 

covariate, cannabis, was non-significantly related to the verbal memory scores, F(1,991) = 
1.22, p>0.05. The covariate, amphetamine, was non-significantly related to the verbal memory 

scores, F(1,991) = 0.65, p>0.05. The covariate, cocaine, was non-significantly related to the 

verbal memory scores, F(l, 991) = 0.37, p>0.05. The covariate, ketamine, was non- 

significantly related to the verbal memory scores, F(1,991) = 2.29, p>0.05. There was an 

overall significant effect of verbal memory scores on drug group controlling for the effect of 

cannabis, amphetamine, cocaine and ketamine, F(5,991) = 176.4, p<0.01. 

Further analysis using post-hoc analysis found a significant difference between all four control 
groups (non-drug, alcohol/nicotine group, alcohol/nicotine/cannabis group, and non MDMA 

polydrug group) and the two MDMA groups (current-MDMA users and frequent ex-MDMA 
users), where the MDMA groups mean score was less than that of the non-MDMA control 
groups (Bonferroni Post Hoc, p<0.01). There was a non-significant difference between the 
current and ex-MDMA polydrug groups, with all groups scoring similar mean scores 
(Bonferroni Post Hoc, p>0.05). 
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6.3.2.2 Visual Memory Test 

For the visual memory index there was a difference in mean scores between drug groups 
(Table 6.3). The covariate, cannabis, was non-significantly related to the visual memory 

scores, F(1,991) = 0.048, p>0.05. The covariate, amphetamine, was non-significantly related 
to the visual memory scores, F(1,991) = 0.73, p>0.05. The covariate, cocaine, was non- 
significantly related to the visual memory scores, F(1,991) = 0.83, p>0.05. The covariate, 
ketamine, was non-significantly related to the visual memory scores, F(1,991) = 0.94, p>0.05. 
There was an overall significant effect of visual memory scores on drug group controlling for 

the effect of cannabis, amphetamine, cocaine and ketamine, F(5,991) = 55.2, p<0.01. 

Further analysis found a significant difference between the four control groups (non-drug, 

alcohol/nicotine group, alcohol/nicotine/cannabis group, and non MDMA polydrug group) and 
the two MDMA groups (current-MDMA users and frequent ex-MDMA users) (Bonferroni 

Post hoc, p<0.01), where the mean scores for the MDMA groups was less than the mean scores 
for the non-MDMA control groups. There was a non-significant difference between the current 
MDMA users and the ex-MDMA users, with the MDMA groups scoring alike scores 
(Bonferronj Post hoc, p>0.05). 

6.3.2.3 General Memory Test 

Overall there was a difference on the general memory index scores between the drug groups 
(Table 6.3). The covariate, cannabis, was non-significantly related to the general memory 

scores, F(1,991) = 0.007, p>0.05. The covariate, amphetamine, was non-significantly related 
to the general memory scores, F(1,991) = 0.14, p>0.05. The covariate, cocaine, was non- 
significantly related to the general memory scores, F(1,991) = 0.15, p>0.05. The covariate, 
ketamine, was non-significantly related to the general memory scores, F(1,991) = 0.006, 

p>0.05. There was an overall significant effect of general memory scores on drug group 
controlling for the effect of cannabis, amphetamine, cocaine and ketamine, F(5,991) = 187.3, 

p<0.01. 

Further analysis found a significant difference between the two MDMA groups (current- 
MDMA users and frequent ex-MDMA users) and the four control groups (non-drug, 

alcohol/nicotine group, alcohol/nicotine/cannabis group, and non MDMA polydrug group) for 
the general memory index, where the mean scores for the non-MDMA control groups were 
greater than the past and present MDMA groups mean scores (Bonferroni Post hoc, p<0.05). 
There was a non-significant difference between the current and ex-MDMA group on the 
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general memory index (Bonferroni Post hoc, p>0.05), with both the MDMA groups scoring 
similar mean scores. There was a significant difference in general memory index between the 

non-drug control/nicotine alcohol group and the alcohol/nicotine/cannabis and non-MDMA 

poly drug groups (Bonferroni Post hoc, p<0.05), where the non-drug control/nicotine alcohol 

groups mean scores were greater than that of the alcohol/nicotine/cannabis group and non- 
MDMA polydrug group. There was a significant difference between the 

alcohol/nicotine/cannabis and non-MDMA poly drug groups and the current and ex-MDMA 

groups (Bonferroni Post hoc, p<0.05), where the mean scores of both the current and present 
MDMA groups mean scores were less than that of the alcohol/nicotine/cannabis group and 

non-MDMA polydrug group (Table 6.3). 

6.3.2.4 Delay Memory Test 

There was a difference on the delay memory index score between the different drug groups, 

where the mean scores differed between all the drug groups (Table 6.3). The covariate, 

cannabis, was non-significantly related to the delayed memory scores, F(1,991) = 0.448, 

p>0.05. The covariate, amphetamine, was non-significantly related to the delayed memory 

scores, F(1,991) = 0.449, p>0.05. The covariate, cocaine, was non-significantly related to the 
delayed memory scores, F(1,991) = 0.618, p>0.05. The covariate, ketamine, was non- 

significantly related to the delayed memory scores, F(1,991) = 0.261, p>0.05. There was an 

overall significant effect of delayed memory scores on drug group controlling for the effect of 

cannabis, amphetamine, cocaine and ketamine, F(5,991) = 236.1, p<0.01. 

Further analysis found a significant difference between the four control groups (non-drug, 

alcohol/nicotine group, alcohol/nicotine/cannabis group, and non MDMA polydrug group) and 
the two MDMA groups (current-MDMA users and frequent ex-MDMA users), where the two 
MDMA groups scored less in terms of mean scores in comparison to the non-MDMA control 

groups (Bonferroni Post hoc, p<0.01) (Table 6.3). 

6.3.2.5 Attention Test 

Finally, there was no overall difference on the attention index score between the drug groups 
(Table 6.3), where the mean scores between the MDMA groups and the four non-MDMA 
control groups were similar (Table 6.3). The covariate, cannabis, was non-significantly related 
to the attention scores, F(1,991) = 0.001, p>0.05. The covariate, amphetamine, was non- 
significantly related to the attention scores, F(1,991) = 0.005, p>0.05. The covariate, cocaine, 
was non-significantly related to the attention scores, F(1,991) = 0.004, p>0.05. The covariate, 
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ketamine, was non-significantly related to the attention scores, F(l, 991) = 0.408, p>0.05. 

There was a non-significant effect of attention scores on drug group controlling for the effect 

of cannabis, amphetamine, cocaine and ketamine, F(5,991) = 6.52, p>0.05. 

Table 6.3 Mean (SD) index score for five subscales of the WMS-R 

The overall index scores for the WMS-R (verbal, visual, general, attention and delayed 

memory) Jbr each drug group (mean ± SD), N=997, where * p<0.05, (non-drug, 
alcohol/nicotine group, alcohol/nicotine/cannabis group, non-MDMA polvdrug group, current 
MDMA users and frequent ex-MDMA users). 

Measure Non-drug Alcohol/ 
Nicotine 

Alcohol/ 
Nicotine/ 
Cannabis 

Non- 
MDMA 
Poly DrU 

Current 
MDMA 

Ex- 
MDMA 

Verbal Memory 108.5 109.5 99.2 98. S 87.5 * 88.3 
Visual Memo 111.8 110.4 111.1 II H) 99.4 98.2 
General Memory 115.7 113.2 98.7 ** 97.8 ** 82.5 ** 86.2 
Attention 119.4 116.4 111.2 1 1(). 1 IIý. i II2.3 
Delayed Memory 110.1 108.7 108.6 107.9 89.2' 86.7 ' 

* Indicates significance during analysis at p<0.05 between current/ex MDMA polvdrug group 
versus non-MDMA control groups (non-drug group, alcohol/nicotine group, 
alcohol/nicotine/cannabis group, and non-MDMA polvdrug group) 

Indicates a significant difference (p<O. 05) between current/ex MDMA polvdrug group 
versus alcohol/nicotine%unnahis group, and non-MDMA pulvdrug group 

*** Indicates u significant dij/irenc"e (p<0.05) between alcohol/nicotine%cttntuhis gr"otrp, und 
non-MDMA pnlvdrug group versus non-drug group. alcohol/nicotine group 

6.3.3 Correlations 

The results found a significant negative linear correlation between the verbal memory index 

and the amount of self-reported lifetime MDMA consumed, indicating the greater exposure to 

MDMA the less the mean verbal memory index score (r=-0.43, p-0.05, Table 6.4). 

In addition, a significant negative linear correlation between the visual memory index and the 

amount of self-reported lifetime MDMA consumed, indicating the less exposure to MI)MA the 

greater the mean visual memory index score (r=-0.47, p<0.05, Table 0.4). 

A negative linear correlation was found between the delayed memory index score and the 
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amount of self-reported lifetime MDMA consumed, suggesting the more the delayed memory 

index score the less MDMA consumed (r--0.51, p<0.05, Table 6.4). 

Table 6.4 Correlation scores for the WMS-R 

Correlation scores between total lifetime use oI'MDMA and index scores from the lVMS 
(verbal memory, visual memory, general memory, attention, and delayed memo, ), where 

n=311. 

MDMA use 

Verbal memory -0.43" 

Visual memory -0.47* 

General Memory -0.35 

Attention -0.22 

Delayed memory -0.51" 

*Indicates a significant negative correlation (p<0.05) between MDMA use and delayed. visual 

and verbal memory. 

6.3.4 Regression 

Regression analysis was performed on the MDMA polydrug group only in order to predict 

which of the recreational drugs (MDMA, ketamine, nicotine, heroin, alcohol, amphetamine, 

cannabis, LSD, and cocaine) were more likely to predict the verbal memory scores, F(9, 

302)=29.27, p<0.05 (Table 6.5a). The results found that the main predictors of verbal memory 

scores were MDMA (Beta=3.62, t=17.1, sr2=0.41, p<0.00), followed by cannabis (Beta= l . 
09, 

t=2.77, sr2=0.039, p<0.000) and alcohol (Beta=2.69, t=4.32, sr2=0.034, p<0.000) (Table 6,5a). 

-174- 



Table 6. Sa Regression coefficients for each drug of abuse and verbal 
memory (N=311) 

The table provide details of the regression coefficients for each drug of abuse (MDMA, 
ketamine, tobacco, heroin, alcohol, amphetamines, cannabis, LSD and cocaine) and the 
overall verbal memory index score. The regression was only performed on the past and present 
MDM4 users (n=311). 

Drug % predicts Beta t p 

MDMA 43 3.62 17.1 0.000 
Ketamine 1.3 1.8 0.94 0.000 
Tobacco 0.3 1.15 6.94 0.000 
Heroin 2.9 2.27 8.8 0.000 
Alcohol 3.6 2.68 4.32 0.000 
Amp 1.2 11.6 6.45 0.000 
Cannabis 4.1 1.09 2.17 0.000 
LSD 0.5 0.17 0.39 0.000 
Cocaine 2.1 1.069 1.004 0.000 

Regression analysis was performed on the MDMA polydrug group only in order to predict 

which of the recreational drugs (MDMA, ketamine, nicotine, heroin, alcohol, amphetamine, 

cannabis, LSD, and cocaine) were more likely to predict the visual memory scores, F(9, 

302)=3.36, p<0.01 (Table 6.5b). The regression results found that the main predictors of visual 

memory scores were MDMA (Beta=0.56, t=15.7, sr2O. 463, p<0.00); followed by cannabis 
(Beta=6.02, t=3.6, sr2=0.048, p<0.000) and alcohol (Beta=6.44, t=11.9, sr2O. 0377, p<0.000) 
(Table 6.5b). 
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Table 6.5b Regression coefficients for each drug of abuse and visual 
memory (N=311) 

The table provide details of the regression coefficients for each drug of abuse (OMA, 
ketamine, nicotine, heroin, alcohol, amphetamines, cannabis, LSD and cocaine) and the 
overall visual memory index score. The regression was only performed on the past and present 
MDM4 users (n=311). 

Drug % predicts Beta t p 

MDMA 47 0.56 15.7 0.000 
Ketamine 2.1 1.28 1.31 0.000 
Nicotine 0.3 2.12 4.4 0.000 
Heroin 1.7 1.27 5.9 0.000 
Alcohol 4.0 6.44 11.9 0.000 
Amp 3.1 1.60 6.04 0.000 
Cannabis 5.1 6.02 3.6 0.000 
LSD 0.5 1.37 14.5 0.000 
Cocaine 3.1 1.019 3.12 0.000 

Regression analysis was performed on the MDMA polydrug group only in order to predict 

which of the recreational drugs (MDMA, ketamine, nicotine, heroin, alcohol, amphetamine, 

cannabis, LSD, and cocaine) were more likely to predict the delayed memory scores, F(9, 

302)=11.46, p<0.05 (Table 6.5c). The results found that the main predictors of delayed 

memory scores were MDMA (Beta=0.59, t=18.4, srZ=0.49, p<0.00); followed by cannabis 
(Beta=1.06, t=1.24, sr2=0.057, p<0.000) and nicotine (Beta=0.22, t=1.18, s? =0.031, p<0.000) 

(Table 6.5c). 

Table 6.5c Regression coefficients for each drug of abuse and delayed 
memory (N=311) 

The table provide details of the regression coefficients for each drug of abuse 
(ADM, ketamine, nicotine, heroin, alcohol, amphetamines, cannabis, LSD and 
cocaine) and the delayed index score. The regression was only performed on the 
past and present ADMA users (n=311). 

Drug % predicts Beta t p 

MDMA 51 0.59 18.4 0.000 
Ketamine 1 0.308 0.69 0.000 
Nicotine 3.3 0.22 1.18 0.000 
Heroin 1.5 0.71 5.9 0.000 
Alcohol 2.6 6.41 2.39 0.000 
Amp 0.2 1.62 5.34 0.000 
Cannabis 6.0 1.06 1.24 0.000 
LSD 0.2 2.37 11.7 0.000 
Cocaine 3.1 0.39 3.8 0.000 
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6.4 Discussion 

6.4.1 Main overall findings 

Even though this hypothesis was formulated in 2001, to date this is the most stringent study 
investigating MDMA and memory; including a robust control of illicit drugs, comparing scores 

on the different subscales of memory investigating past and present MDMA polydrug users. 

The overall findings found that MDMA polydrug users demonstrate lower performance in four 

of the five tests of memory including delayed memory tasks, general memory tasks, visual 
memory tasks and verbal memory tasks in comparison to other recreational drug users. These 
findings support non-human animal studies suggesting that MDMA induces selective neuronal 
damage to 5-HT subsequently causing memory disturbance (Parrott et al. 1998; Morgan, 1999; 

Rodgers, 2000; Parrott et al. 2002; Gouzoulis-Mayfrank et al. 2003; Daumann et at. 2003; 

Wareing et at. 2004). However, taking into consideration the correlation and regression scores 
it seems more likely that MDMA causes disruption to verbal, visual and delayed memory only. 

The results failed to find a significant difference on performance between present and past 
MDMA polydrug users on verbal, visual, general and delay memory. These findings support 

primate studies suggesting that MDMA induces long lasting selective neuronal damage to 5- 

HT (Parrott et al. 1998; Morgan, 1999; Rodgers, 2000; Parrott et al. 2002; Daumann et al. 
2003; Gouzoulis-Mayfrank et al. 2003; Wareing et al. 2005). This study compared users that 
had abstained for up to a mean of 60 months ranging from 55 months up to 132 months. These 
findings suggest the damage caused by MDMA is long lasting and possibly permanent to 5-HT 

neurons. This is the first reported study to investigate the long lasting consequences of MDMA 

on memory functioning in humans. 

A study by Gouzoulis-Mayfrank (2005) investigated the link between MDMA use, memory 
and whether a following a period of abstinence from MDMA if there is any improvement in 

memory performance. 38 MDMA users were followed up over a period of 18 months. After 
the initial baseline examination 17 of the MDMA users stopped taking MDMA however 21 

continued to use it. After 18 months of monitoring memory performance, the results found that 
for those participants that stopped using MDMA after the initial baseline examination their 
memory performance failed to improve 18 months later. For those MDMA users that continued 
to use MDMA their performance on the memory task remained the same. This study suggests 
that a period of abstinence of 18 months from MDMA is not long enough to detect an 
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improvement in memory ability and secondly that there is no continual decline in memory 

performance over an 18 month period if MDMA use is continued. However, this study does 

not rule out the fact that MDMA causes memory deficits however it does suggest that the time 
interval needs to be longer than 18 months (Gouzolis-Mayfrank et al. 2005); or exposure to 

MDMA needs to be increased. The current study found that past and present MDMA users 
demonstrated significantly worse scores on the delayed memory test, general memory test, 

visual memory test and verbal memory test confirming the results found by Gouzolis- 

Mayfrank et al. (2005). The current study used more stringent control groups in comparison to 

other studies. 

The current study did find that cannabis predicted general memory scores. The regression 

analysis found that cannabis seemed play a role in memory performance second to MDMA. 

Previous research has suggested that cannabis and cannabinoids can affect memory 

performance (Croft et al. 2001; Gouzoulis-Mayfrank et al. 2002; Dafters et al. 2004; Parrott et 

al. 2004; Daumann et al. 2004; Lundqvist et al. 2005; Sala et al. 2005). Studies have 

demonstrated that cannabis can cause disruption to short-term memory. In addition, studies 
have found that cannabis may interrupt the transfer of information from short-term to long- 

term storage. Secondly, studies indicate cannabis disrupts attention and concentration. The 

duration of these disruptions caused by cannabis after abstinence, has been disputed within the 

research field, however some reports suggest disruptions can last up to 24 hours (Chait et al. 

1985). Some researcher state cannabis may have longer lasting consequences on memory; 

however, this is still questionable. In this study, participants were not required to abstain from 

cannabis before partaking in the experiment. Future, MDMA studies need to control for 

cannabis as well as investigating the role of MDMA on possible disruption to short-term 

memory, and the transfer of memory from short-term to long-term storage. 

The present study included several separate control groups controlling for other recreational 
drugs like alcohol, cocaine, and nicotine, which have also been associated with affecting 

memory performance (Sahakian et al. 1989). Nicotine has been associated with improving 

attention and short-term memory, providing a possible protection (Rezvani et al. 2001). Studies 

have identified that cotinine, a nicotine metabolite, may provide protection to nerve cells 

preventing diseases: Alzheimer's disease and Parkinson's disease. Future studies need to 
investigate the protective nature of nicotine in MDMA users. In comparison, alcohol and 

cocaine, decrease memory performance and attention (Heishman et al. 1997; Bolla et al. 1998). 
This study does seem to identify that other recreational drugs may indeed have an effect on 
general memory performance including cannabis however, these results seem to suggest that 
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the use of MDMA alone or in combination with other illicit drugs results in far more 
impairments on memory performance. 

This study to date is the largest study investigating the current and long lasting effects of 
MDMA on memory. It is the only study investigating MDMA and its effect on memory 

performance that compares past MDMA polydrug users that have abstained for a period of 

more than 5 years (range 5-11 years). Previous studies have compared abstained MDMA 

polydrug users for period ranging from 6-36 months maximum. It has been difficult from 

previous studies to clarify whether deficits in memory performance are permanent or 

reversible. The current study confirms that after abstaining from MDMA for a mean period of 
60 months (ranging between 55 months to 132 months) memory performance is still poor in 

past MDMA polydrug users in comparison to other non-MDMA recreational drug users. 
Suggesting MDMA induced memory deficits are long lasting and possibly permanent as has 

been shown in non-human primates (Parrott et al. 1998; Morgan, 1999; Rodgers, 2000; Parrot 

et al. 2002; Daumann et al. 2003; Gouzoulis-Mayfrank et al. 2003; Wareing et at. 2005). 

6.4.2 Future studies and limitations 

Previous research has linked serotonin to memory consolidation, the storage of spatial episodic 

memory, the storage and retrieval of emotional memory, as well as the storage and retrieval of 

short-term memory (Dixon, 1999; Smith et al. 2006). Results from the present study clearly 
demonstrate that MDMA effects memory, however it is specific to various aspects of memory. 
Future studies need to target these specific areas of memory related to 5-HT. This future 

research would include measuring memory performance (spatial episodic memory, emotional 

memory and short-term memory) in addition to investigating the brain areas effected using 
fMRI, including the limbic system and the frontal lobe. 

The results from the present study are consistent with previous research in the area using 

alternative methodologies. The WMS-R is a validated and reliable measure of memory 

performance. On the other hand, other methodologies need to be used on MDMA polydrug 

users providing further insight into MDMA memory induced problems. A study using fMRI 

techniques investigated 17 MDMA users and monitored them for a period of 18 months 
(Daumann et al. 2004). The participants were divided into those that had stopped taking 
MDMA after the initial recruitment into the study (abstained MDMA group) and those that 

continued to use MDMA throughout the study (current-MDMA group). The results found that 
at baseline, the two groups had similar performance on a working memory tasks, however after 
18 months the current users demonstrated an MDMA dose-dependent increase in parietal 
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activation during the memory task in comparison to the abstained group. The authors conclude 
that changes in neuronal activity may occur before changes in cognitive performance are 
noticeable, however further investigation is warranted. The study concludes that areas of the 
brain may need to become active during certain tasks to compensate for neuronal damage in 

other areas. This may mean that using standard tests to measure memory performance may not 
flag up early memory disturbance in comparison to other methods like fMRI. fMRI may 
provide a method of early diagnosis of MDMA induced memory problems. Further evidence is 

required using techniques like fMRI comparing current and past MDMA poly drug users with 
matched recreational control users on memory performance to identify particular neuronal 
areas that show increased or decreased neuronal activity and/or compensatory anatomical 
alterations. Future longitudinal studies would be beneficial to investigate the anatomical 
changes during memory performance in MDMA polydrug users. 

A study looked at the relationship between MDMA users and its effect on verbal working 
memory performance (Jacobsen et al. 2004). The study consisted of six adolescent MDMA 

users (mean age 17 years old) and six adolescent non-MDMA users (mean age 17 years old). 
Participants were matched for age, IQ, and previous recreational drug use. During the 

performance of the working memory task, fMRI, was employed to picture brain activity. The 

results found that MDMA users failed to activate the left hippocampus during the verbal 
memory task in comparison to the non-MDMA controls (Jacobsen et at. 2004). The authors 
concluded that the study highlighted early exposure to MDMA might cause selective damage 

to the hippocampus confirming non-human animal studies. More studies are required using 
humans to monitor if this lack of use of the left hippocampus changes later in life, whether it is 

used in the future or whether this lack of use persists and is a long lasting consequence. Results 
from the Jacobsen study could be interpreted as MDMA being a selective neurotoxin to the left 

side of the brain. More studies are needed to be done using fMR1 on present and past MDMA 

polydrug users comparing them to matched recreational non-MDMA users on lateralisation of 
the brain and performance on memory tasks. It is widely accepted that males will rely on the 
left hemisphere of the brain during language tasks in comparison to females whom are more 
bilateral (Kulynych et al. 1994). Future studies need to investigate the differences in the long 
lasting effects between males and females paying particular attention to lateralisation of the 
brain. Males may have more problems due to relying on a damaged left hemisphere in 

comparison to females. 

A study investigated the association between MDMA use, personality, cognitive and emotional 
processes (Hanson and Luciana, 2004). Fifty-two participants were recruited and divided into 
two groups: MDMA and a non-MDMA control group. The control group were excluded for a 
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history of psychiatric illness or previous substance abuse. The results found that MDMA users 
performed significantly worse in the memory tests in comparison to the non-MDMA group. 
These deficits included spatial memory task (memory load), working memory and verbal 
recall. A criticism of this study was that half of the MDMA group met the diagnostic criteria 
for severe psychiatric disorders including substance abuse, anxiety disorder, and specific 

phobias (Hanson and Luciana, 2004). In another study, 45% of psychiatric in-patients over 60 

years of age and 29% of younger psychiatric in-patients had severe memory problems 
(Chandler et al. 1988). It seems that MDMA users need to be screened for psychiatric disorders 

as they may be a confounding variable in drug research. Future MDMA-related studies need to 
investigate psychiatric disorders and memory as a distinct group. The current study excluded 
anyone with a history of a psychiatric disorder. 

One region of the brain where neurons develop throughout life is the hippocampus. A novel 

case study investigated a 16 year old girl that had used been exposed to low amounts of 
MDMA. The girl was suffering from memory problems. The study found that after 18 months 

of cognitive rehabilitation her memory performance improved and this correlated with 

structural and metabolic changes; particularly remarkable hippocampal remodelling (Nifosi et 

at. 2009). This study provides possible evidence for cognitive rehabilitation as a future 

treatment for MDMA induced memory problems. This needs extensive investigation. 

The hippocampus plays a vital role in long-term potentiation, which is vital for long-term 

memory formation via glutamate (Bliss and Collingridge, 1993). MDMA research needs to 
investigate the role of glutamate in possible long lasting memory problems. Studies have 

demonstrated that memory formation involves changes in the glutamate neurons and synaptic 

alterations in hippocampus (Matthies et al. 2000). Further studies are required investigating the 
indirect or direct effect of MDMA on glutamate neurons and synapses. Secondly, 

tetrahydrocannabinol (THC) the active compound in cannabis interferes with long-term 

potentiation in the hippocampus. THC can cause short-term memory lapse (Piomelli et al. 
1997). The combined role of MDMA and THC needs further investigation. 

The role of the amygdala is emotional recall of memory. Non-human animal studies link 

neuronal damage to MDMA within the amygdale and this damage could potentially be long 
lasting. Further studies are needed to investigate emotional recall in past and present MDMA 

users including tests like the Stroop (Fuster et al. 1971; Markowitsch, 1994; Frisk et a!. 1990; 
Passchier et al. 2001; Smith et al. 2006; LaBar et al. 2006). 

Many other contributory factors can affect memory including caffeine. The effects of caffeine 
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on memory are controversial with research suggesting it can affect short-term memory and 
long-term memory (Erikson et al. 1985). Stress and diet play a role in memory performance 
(Bremner et al. 1995). In addition, further studies are required investigating levels of cortisol, 

memory and MDMA exposure. 

6.4.3 Summary 

The hypothesis for this study was formulated in 2001, but the largest single study investigating 

the association between memory and MDMA use, which includes a sample that is a true 'real- 

life' representation of the general population, including a diverse range of ages and a large 

selection of educated individuals. This is the only study to date that robustly controls the use of 

other recreational drugs of abuse (amphetamine, cocaine, cannabis, heroin and alcohol) when 
investigating memory deficits. Previous studies are predominantly based on student samples 

and/or younger adults. This study includes a larger representation of the population of MDMA 

polydrug users during the period 2002-2007. This is the first study to compare past MDMA 

users (abstained for 5 years) to investigate the long lasting consequences of memory problems. 

This study found that MDMA polydrug users past and present demonstrate decreased 

performance in selective memory functions: visual memory, verbal memory, and delayed 

memory. These findings are consistent with previous studies suggesting MDMA induces 

neurotoxicity to selective brain neurons consequently affecting memory performance. This 

may be the result of damage to 5-HT directly or indirectly effecting other neurotransmitters 
like glutamate and acetylcholine. Additional research is required to investigate the role of 

neurotransmitters in this memory impairment. This study suggests that this deficit found in 

memory performance in past and present MDMA users is not a result of cannabis alone. It 

cannot rule out the fact that MDMA and cannabis consequently caused this impairment. The 

outcome of this memory impairment in MDMA users is noteworthy, as this would result in 

past and present MDMA users facing problems in their everyday life. Future studies need to 

target specific domains of memory in terms of MDMA exposure: short-term memory, spatial 

episodic memory and emotional memory, as well as relating these to areas of the brain 
including the frontal lobe, and limbic system. 
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Chapter 7- Executive functioning 

7.1 Introduction 

This section will provide a brief introduction and definition of executive functioning. It will 

evaluate the evidence supporting the role of 5-HT in executive functioning. Finally, it will 

evaluate both non-human animal and human studies concerning MDMA exposure and 

executive functioning deficits. 

7.1.1 Description of Executive functioning 

Executive functioning is the ability to organise and synchronise all cognitive abilities. It 

involves how we plan and organize our lives, and how we execute these plans (Shallice, 1982; 

Morris et al. 1993; Park et al. 1994; Cockburn, 1995; Nagahama et al. 1996; Stuss et al. 2000; 

Carlin et al. 2000). 

Planning requires the synchronisation of numerous cognitive processes (Shallice, 1982; Morris 

et al. 1993; Park et at. 1994; Cockburn, 1995; Nagahama et at. 1996; Stuss et al. 2000; Carlin 

et al. 2000). The process of planning includes an ability to plan, in order to create multiple 

sequences of hypothetical events, and their consequences. Secondly, planning is an ability to 

mentally structure movements in abstract form from an initial state to a goal state. Finally, 

planning is the ability to anticipate future events mentally (Table 7.1). Executive functioning 

involves a host of complex processes (Grafman, 1995; Roberts et at. 1998 & 2010). 

Executive functions can be broken down into two main groups, organisation and regulation. 
Organisation deals with attention, planning, sequencing, problem solving, working memory, 

cognitive flexibility, abstract thinking, rule acquisition, and selecting relevant sensory 
information. Regulation involves initiation of action, self-control, emotional regulation, 
monitoring external and internal stimuli, initiating and inhibiting context specific behaviour, 

moral reasoning and decision-making (Shallice, 1982; Morris et al. 1993; Park et al. 1994; 
Cockburn, 1995; Nagahama et al. 1996; Stuss et al. 2000; Carlin et al. 2000). 
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Table 7.1 Summaries the major processes included in executive functioning 

The table summaries the major processes associated with the term `executive functioning'. The 
table provides a brief description of each of these functions. 

Executive Function Function 

Planning Foresight into devising multiple step strategies 
Flexibility Capacity for quick switching to the appropriate mental mode 
Inhibition Ability to withstand distraction and internal urges 
Anticipation Prediction based on pattern recognition 
Critical evaluation Logical analysis 
Working memory Capacity to hold and manipulate information in our minds' for a period of time 
Fuzzy logic Capacity to chose with incomplete information 
Divided attention Ability to pay attention to more than one thing at a time 
Decision-making In terms of quality and speed 

7.1.2 Neuropharmacology and neuroanatomy of executive functioning 

The anatomical region of the brain largely implicated in executive functioning is the forward 

section of the frontal lobe or prefrontal cortex (Reuter et al. 2008). Additional neuroanatomical 

regions implicated in executive functioning consist of the basal ganglia and thalamus. The 

frontal lobe is the most recent region of the brain to evolve (Robbins & Roberts, 2007). It is 

substantially larger in humans in comparison to other non-human primates and accounts for 

approximately 40% of the total volume of the human brain. The frontal lobe is innervated with 

many monoamines: dopamine, serotonin, noradrenaline and acetylcholine (Robbins & Roberts, 

2007). 

Evidence for the role of the frontal lobe in executive functioning has been confirmed using 

neuroimaging (Shallice, 1982; Morris et al. 1993; Park et al. 1994; Cockburn, 1995; Nagahama 

et al. 1996; Stuss et al. 2000; Carlin et al. 2000). These scans consist of case studies involving 

brain injury, tumour to the frontal lobe, and epilepsy. Additional experiments consist of 
imaging studies correlating 5-HT levels and performance in cognitive tasks for non-psychiatric 
individuals (Reuter et al. 2008). 

Executive functioning abnormality has been observed in many psychiatric disorders including 

OCD (obsessive compulsive disorder), depression, schizophrenia, Tourette's disease, ADHD 

(attention deficit hyperactivity disorder), autism and drug addiction (Shallice, 1982; Morris et 

al. 1993; Park et at. 1994; Cockburn, 1995; Nagahama et at. 1996; Stuss et at. 2000; Carlin et 

at. 2000). As executive functions, integrate various skills and subordinate cognitive processes, 
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damage to the executive functions results in a cluster of abnormalities in many skills as well as 

encroaching on lasting personality changes (Table 7.2). 

Additional evidence for the role of the frontal lobe in executive functioning consists of studies 

examining behavioural frontal lobe dementia (bvFTD). The progressive shrinking of the tissue 
in the frontal lobe and anterior temporal lobe causes this brain malfunction. Cognitive 

adaptations associated with bvFTD include loss of social skills, lack of empathy, disinhibition 

and antisocial behaviours, poor moral reasoning, lack of initiation, inappropriate humour, 

trouble making plans, with some developing eating disorders and addictions. These cognitive 
deficiencies as measured using executive functioning tests have been correlated with levels of 
brain 5-HT (Shallice, 1982; Morris et at 1993; Park et al. 1994; Cockburn. 1995; Nagahama et 

al. 1996; Stuss et al. 2000; Carlin et al. 2000). There is a negative correlation between 5-HT 

levels and executive dysfunction. Non-human animal studies have demonstrated that depletion 

of prefrontal 5-HT results in the disruption of executive functioning processes and 

perseverative inflexible behaviour including failure in error detection, altered responsiveness to 

punishment or loss of reward, and a deficit in inhibitory control (Evers et al. 2005; Robbins 

and Roberts, 2007). 

Table 7.2 Consequences of damage to the executive system on personality 

The table provides a brief summary of the processes disrupted during frontal lobe dysfunction 
(Toates, 2001) 

Personality affected due to frontal lobe damage 

Socially inappropriate behavior 
Inability to apply consequences from past actions Difficulty with abstract concepts (the inability to make the leap from the symbolic to the real world) 
Difficulty in planning and initiation (getting started) 
Difficulty with verbal fluency 
Inability to multitask 
Difficulty processing, storing, and/or retrieving information 
Frequent "policing" by others to monitor the appropriateness of their actions Loss of fine motor skills 
Moody or "roller coaster" emotions Lack of concern toward people and animals 
Loss of interest in activities 
Unawareness or denial that their behavior is a problem 
Antisocial behavior associated with disinhibition 
Trouble planning for the future 
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7.1.3 The role of serotonin in executive functioning 

Early research has linked 5-HT to cognitive functioning; specifically learning and attention 

processes (Riedel, 2003). Experiments investigating healthy participants inflicted with acute 

tryptophan depletion resulted in deficits in learning and cognitive ability (Park et al. 1994; 

Riedel et al. 2003; Klaassen et al. 2002; McAllister-Williams et al. 2002). 

Serotonin-related deficient disorders consisting of schizophrenia (Laurent et al. 2000), patients 

with frontal lobe dementia (Carlin et al. 2000) and frontal lobe lesions (Carlin et al. 2000) have 

correlated reduced levels of 5-HT to a decline in certain executive and/or attentional measures. 
These deficits in 5-HT levels have been associated with less frontal lobe activity using imaging 

and brain scans. Individuals with frontal lobe brain damage are constantly reporting 

impairments in plan development and executive functioning with these deficiencies 

corresponding to marked deficiencies in 5-HT (Shallice, 1982; Morris et al. 1993; Park et al. 

1994; Cockburn, 1995; Nagahama et al. 1996; Stuss et al. 2000; Carlin et al. 2000). 

The role of 5-HT in executive functioning has recently focused on hereditability and genes. 

One gene of interest is the TPH2 (tryptophan hydroylase 2) gene. TPH2 is the rate limiting 

enzyme of brain 5-HT. Various polymorphisms of this gene have led to alterations in cognitive 

performance in animal studies (Osinsky et al. 2009). Polymorphism of the TPH2 gene has 

demonstrated to impair working memory (Reuter et al. 2008). Working memory affects 

performance on executive functioning and some scientists argue it is part of the executive 
functions. 

Experimental studies have demonstrated that the frontal cortex contains a high density of 5- 

HT2A and 5-HT3 receptors (Clarke et al. 2006). The blocking of these receptors in lesioned 

monkeys, results in significant deficits within executive functioning ability. This blocking of 

receptors specifically targets information processing, inhibition and an increase in preservative 

errors (Clarke et al. 2006). 

Further evidence for the role of 5-HT in executive functioning consists of a study on rats 

comparing 5-HT IA and 5-HT2A receptors. The findings from the study demonstrated that 5- 

HTIA antagonist resulted in more errors on an executive functioning task whilst the 5-HT2A 

antagonist affected attention and inhibition in the executive functioning task (Mirjana et at. 
2004; Carli et at, 2006). This suggests that executive functioning is a complicated function and 
different receptors may be involved in the different domains. 
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7.1.4 The link between MDMA and executive functioning 

It is clear that executive functioning is correlated to the activity of 5-HT. As MDMA is a 

possible 5-HT neurotoxin, evidence from non-human animal and human data suggesting that 

MDMA effects executive functioning will be evaluated. 

Non-human animal studies demonstrate MDMA causes selective neurotoxic damage to brain 

5-HT. Evidence for MDMA related serotonin toxicity comes from studies where results have 

discovered global depletion of the 5-HT transporter protein (McCann et al. 1998), reduced 

neuroendocrine functioning (Gerra et al. 2000), and decreased levels of the serotonin 

metabolite (5H AA) in the cerebrospinal fluid of MDMA users (McCann et al. 1999). MDMA 

toxicity has been found in many non-human animal studies (Bolla et at. 1998; Parrott et al. 
1998a; Parrott et al. 1998b; Morgan, 1998; Dafters et al. 1999; Klugman et at. 1999; McCann 

et al. 1999; Morgan. 1999; McCann et al. 1999; Wareing et al. 2000; Fox et al. 2001; 

Gouzoulis-Mayfrank, 2000; Rodgers, 2000; Waring et al. 2000; Morgan 2000; Verkes et al. 
2001; Zakzanis and Young, 2001; Fox et al. 2001). This damage has been demonstrated to be 

selective in certain neuroanatomaical regions including the amygdala and cortex. Individuals 

with lowered 5-HT levels have been shown to have deficits in executive functions. 

Polymorphism of the TPH2 gene results in poor working memory performance and executive 
functioning dysfunction. Non-human animal studies have demonstrated that MDMA affects 

the synthesis of TPH, which may consequently lead to cognitive and working memory 
impairment. As MDMA is selectively neurotoxic to 5-HT in animals it is plausible it is 

neurotoxic to human 5-HT neurons. Consequently, this MDMA induced neurotoxicity in 

humans may result in psychological deficits specifically executive functioning. In summary, 
MDMA may cause damage to serotonin neurons and TPH, which subsequently cause 

executive dysfunction. 

7.1.5 Non-human animal studies and the effects of MDMA on executive functioning 

Measuring executive functioning in non-human animals is somewhat limited. These studies 

rely on rather simple tasks. Numerous animal studies have failed to find a relationship between 

MDMA use and cognitive decline. Slikker and workers found that although MDMA produced 

a significant 50% decrease in 5-HT in rats and 80% decrease in 5-HT in monkeys 

unfortunately no behavioural impairments were observed including executive functioning 
(Slikker et al. 1989). 
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In contrast, other studies have found an association between MDMA and executive 
functioning. Non-human animal research has demonstrated that non-human primates exposed 
to doses of MDMA similar to those used recreationally by humans resulted in marked loss of 
5HT markers including striatal type 2 vesicular monoamine transporters predominantly located 

in the frontal lobe (Ricaurte et al. 2000). This reduction in the type 2 5-HT transporter resulted 
in impairments on executive functioning tasks. 

Nonetheless, it needs to be pointed out that executive functioning is deemed by many as a 
higher cognitive function and that humans are more advanced in executive functioning abilities 

and susceptible to deficits than other non-human primates and non-human animals (Shallice, 

1982; Morris et al. 1993; Park et al. 1994; Cockburn, 1995; Nagahama et al. 1996; Stuss et al. 
2000; Carlin et al. 2000). 

7.1.6 Human studies and the effects of MDMA on executive functioning 

There have been numerous studies investigating the effects of MDMA on executive 
functioning in humans. Initial studies speculating that MDMA maybe linked to cognitive 
deficiency began by looking at individual case studies; more recently, cohort studies 

comparing current MDMA users with matched controls including recreational drug users that 

had never used MDMA have been conducted. Many of these studies have concluded MDMA 

users perform worse on tasks involving cognitive functioning (Bolla et al. 1998; Parrott et al. 
1998; Klugman et al. 1999; McCann et al. 1999; Morgan, 1999; Wareing et al. 2000; Fox et al. 
2001; Gouzoulis-Mayfrank, 2000; Rodgers, 2000; Verkes et al. 2001; Murphy et at. 2009). 

These finding progressed to compare occasional MDMA users with frequent MDMA users. 
Subsequent results demonstrated frequent MDMA users were associated with increased 

cognitive impairment (Waring et al. 2000 & Morgan 2000). 

McCann et al. (1999) investigated the effects of MDMA on cognitive performance compared 
22 MDMA uses and 23 control non-MDMA users. The participants were required to take part 
in a computerised cognitive performance assessment battery. Cerebrospinal fluid measures of 
monoamine metabolites were collected from each participant. The findings of the study 
verified that MDMA users performed significantly worse on tasks requiring complex attention 

and learning skills. MDMA users exhibited decreases in CSF 5-H1AA. The authors concluded 
that MDMA was associated with cognitive deficits, related to lower 5-HT brain levels 
(McCann et al. 1999). This study confirmed non-human animal studies suggesting MDMA was 
a neurotoxin resulting in a loss of serotonin and subsequently causing cognitive problems. 
These results have never been replicated due to ethical issues. 
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Another study investigated 24 MDMA users and 24 non-MDMA controls (Zakzanis & Young, 
2001). The participants were tested using the Behavioural Assessment of Dysexecutive 
Syndrome which is a test battery aimed at predicting everyday problems; including six 
subtests. The results found significant decline in test scores on specific subtests (time 

estimation, organization in terms of obeying rules and regulations. There was a significantly 
linear correlation between the amount of MDMA consumed and the amount of cognitive 
disruption for these sub domains. The authors concluded that MDMA might cause deficits in 

executive functioning however, this effect was not global but specific to certain domains of 
executive functioning: organization, categorisation and time estimation. (Zakzanis & Young, 
2001). 

Parrott et at. (1998) used a battery of cognitive tests to measure cognitive ability. The study 
included 10 regular MDMA users, 10 novice MDMA users and 10 control participants that had 

never used MDMA. The results found that there was no significant difference on the cognitive 
tasks between the three groups. The authors concluded that MDMA failed to cause cognitive 
impairment (Parrott et at. 1998). The study failed to control for other recreational drugs and the 
MDMA group had only used the drug on 10 or more occasions however the authors failed to 

speculate the mean number of times taken. The study did not investigate the long lasting 

consequences of MDMA on executive functioning. 

Fox et at. (2001) reported a novel study, where they compared three groups of drug users. All 

participants were young recreational drug users. Participants were selected for one of three 

groups dependent on whether i) they had used MDMA and had experienced problems 
associated with using the drug; ii) they had used MDMA but had not experienced any adverse 
affects associated with the drug; iii) they had never used MDMA. In the experiment, 
participants were required to give details of the problems that they associated with MDMA. All 

participants were required to complete i) the uplift, hassels, stressers and cognitive failures 

questionnaire (Parrott & Kaye, 1999); ii) immediate and delayed prose recall task 
(Gudjonssons, 1984); iii) a reaction time task; iv) a spatial working memory task; v) Wisconsin 

card sorting test; vi) a matched verbal recall/recognition task; vii) and finally the Tower of 
London task. The results from the study firstly confirmed previous studies concluding that 
MDMA users demonstrate selective cognitive impairment. Secondly, their study confirmed 
that the results were more persistent for frequent/heavy MDMA users (Fox et al. 2001). 
Finally, the uniqueness of their study found that MDMA users demonstrated the same 
cognitive impairment irrespective of whether they complained of MDMA induced problems. 
The results from their study suggested that individual reports of self-perception of cognitive 
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ability maybe inaccurate. Furthermore, the study highlighted the need for cognitive ability to 
be measured rather than relying on self-reports in drug users is an important requirement. This 

study failed to control for illicit drugs like amphetamine, cocaine and cannabis. Fox et at. 
(2001) did not investigate the long lasting effects of MDMA, nor did they monitor other 

psychological functions including sleep, memory, depression and impulsivity. 

A multiple regression study investigated the link between executive functioning performance 

and recreational drugs (Verdejo-Garcia et at. 2005). In this study, they included a small sample 

of 38 detox polysubstance drug users, to perform numerous cognitive tasks. The study 
included four regression models (working memory, attention, cognitive flexibility and 

analogical reasoning) with the predictor scores being cannabis, cocaine, heroin, MDMA and 

alcohol. The regression analysis concluded MDMA was a significant predictor for working 

memory and analogical reasoning. Cocaine was a significant predictor for attention and 

cannabis was a significant predictor for cognitive flexibility. The results from their study 

confirmed that the behavioural consequences of recreational drugs could still prolong even 

after a period of abstinence from the drugs (Verdejo-Garcia et al. 2005). The study highlighted 

the effects of other illicit drugs like cocaine and cannabis on cognitive ability and the 

importance of controlling for these in MDMA research. 

Medina and Shear (2007) investigated the link between executive dysfunction and mood. The 

sample consisted of 65 men and women, including a diverse range of MDMA and non-MDMA 

users. The results found that 19-63% demonstrated clinical psychological problems, including 

anxiety and depression. However, this elevated psychological state was not associated with 
lifetime use of MDMA but the result of other drug use including alcohol, cannabis and opiates 
(Medina & Shear, 2007). This study demonstrates the importance to control for other 

recreational drugs. 

However, not all studies have found such cognitive deficits in MDMA users (Morgan, 1998; 

Darters et al. 1999). Such studies suggest that other studies lack controllinf for cannabis, 
alcohol, amphetamine and cocaine use. It is clear that future studies investigating MDMA and 
executive functioning need to include more stringent control groups. 

Montgomery et al. (2010) investigated exposure to MDMA on a virtual reality executive 
functioning task. The task measured prospective memory and planning based on an office 
worker's job. The participants included 23 MDMA polydrug users and 26 non-MDMA 
polYdrug users. The results revealed that MDMA disrupted planning only. The authors 
reported that the task was more ecologically valid and represented a day-to-day activity. The 
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study failed to control for other recreational drugs and did not investigate the long lasting 

consequences of MDMA. Finally, the study did not investigate the role of other psychological 
functions including sleep, depression, memory and impulsivity. 

Table 7.3 provides details of some of the studies investigating MDMA and executive 
functioning. Earlier studies investigating MDMA and its affect on executive functioning tasks 

have been limited in their sample sizes, and restricted in their control groups. The majority of 
the studies have failed to control for cannabis, amphetamine, and cocaine. Still in 2011, no 

single study to date has controlled for these illicit drugs. Studies indicate cannabis, 

amphetamine, cocaine and alcohol have been shown to affect executive functioning (Croft et 

al. 2001; Gouzoulis-Mayfrank et al. 2002; Dafters et al. 2004; Daumann et al. 2004; Parrott et 

al. 2004; Lundqvist et al. 2005; Sala et al. 2005). The tests employed by some of the studies to 
investigate executive functioning are questionable concerning validity and reliability. Samples 

from the majority of studies are recruited from drug centres with participants being severe 

substance users, which complicate their drug history and cognitive functions. This makes it 

difficult to attribute the results to MDMA and not another substance related problem, health 

hindrance or social difficulty. Only a handful of studies have investigated the long lasting 

effects of MDMA with the mean abstinence totalling 12 months. Non-human animal 

experiments suggest this short time interval of abstinence is not a long enough period to 
demonstrate behavioural deficits (Parrott et al. 2004 & Daumann et at. 2004). 

Currently there is little solid evidence demonstrating the association between MDMA induced 

5-HT toxicity and the effects of MDMA on cognitive ability. In summary, there are currently 

no investigations concerning the effect of MDMA on an aging population and the long lasting 

effects. They lack adequate sample sizes, and fail to control for other recreation drugs of abuse 

making it hard to form any valid conclusions from these studies. 
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7.1.7 The association between depression, sleep, memory, impulsivity and executive 
functioning 

To date research has demonstrated a positive association between MDMA use and deficits 

with depression levels; sleep disturbance, impulsivity, and memory deficits (Wurtman, 1988; 

Linnoila et al. 1992; Risch et al. 1992). These psychological functions have been associated 
on numerous occasions to negatively affecting performance on cognition. Even though the 

research hypothesis was formulated in 2001, to date it remains unanswered and still there is 

no individual study that has investigated the association between MDMA exposure 
monitoring behavioural, emotional, psychological well-being (depression, impulsivity, sleep, 
and memory) and their effects on cognitive functioning. Past experimental research proposes 
cognitive functioning is dependent on behavioural, emotional and psychological states. More 

specifically experimental evidence has demonstrated depression and mood can affect 

cognitive performance (Beck 1988, Elliot et al. 1997). Anxiety and cognitive deficits have 
been linked (Luu et al. 2009). Research has shown that sleep disturbance can result in 

cognitive deficiency (Lazarus, 1982). Therefore, it is important to assess the impact of other 
behaviours (depression, impulsivity, memory, and sleep) on executive functioning rather than 

a simple causal connection between MDMA and executive functioning only. 

7.1.8 The Tower of London 

The Tower of London (ToL) is a test that measures executive functioning including problem 
solving (Shallice, 1982). In order to be able to adequately perform on this ToL test, planning 
is required. In particular, the ToL test involves the participant having to develop a solution, 
maintain this solution in their working memory and then to have access to this pathway later 

to solve the problem. Research has suggested that patients with frontal lobe lesions have a 
difficultly with handling the planning of non-routine situations as they have to rely on 
environmental stimuli for clues on how to act in such non-routine situations known as the 
Supervisory Attention System. The ToL task measures the Supervisory Attention System 
(Norman & Shallice, 1986). 

7.1.9 The Wisconsin card sorting test 

The Wisconsin Card Sorting Task (WCST) is considered to be a key tool in the diagnosis of 
frontal lobe dysfunction (Gant and Berg, 1948; Milner, 1968; Stuss et al. 2000). It measures 
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the ability to apply cognitive flexibility. It assesses abstract reasoning and the ability to shift 

cognitive strategies in response to environmental changes. The WCST relies on an intact 

working memory, visual processing and attention. Imaging studies have concluded that during 

performance of the test many areas of the brain are activated including the dorsolateral 

prefrontal cortex, ventrolateral prefrontal cortex, and caudate nucleus (Konishi et al. 2001; 

Monchi et al. 2001). It still remains to be one of the most widely used neuropsychological 
tests measuring executive functioning being used by neuropsychologists, clinical 

psychologists, neurologists and psychiatrists (Berman et al. 1995; Nagahama et al. 1996). 

The WCST and the ToL were chosen in this study for their simplicity. They are both widely 

used in research and in the clinical setting. They have been linked with executive dysfunction. 

The ToL and the WCST have undergone extensive validity and reliability testing. They are 

used worldwide, and have been translated into different languages (Norman and Shallice, 

1986; Berman et al. 1995; Nagahama et al. 1996). 

7.1.10 The aims of the study 

MDMA continues to be consumed by younger adults (between the ages of 18-24 years old) 

who believe it to be a `safe' drug with little long lasting effects despite the constant media 

attention highlighting its dangers. If MDMA causes longer lasting damage to cognitive 
functioning current MDMA users may develop a severe cognitive decline, which will affect 
their everyday lives. 

Recent studies have formed speculations concerning a link between performances on 

executive functioning tasks (ToL and WCST) and other psychological factors (depression, 

memory, sleep and impulsivity). Particular studies indicate that performances on the 

executive functioning tasks are disrupted due to abnormal levels of depression, sleep, memory 
performance and impulsivity. It is important to decipher whether MDMA has a direct effect 
on executive functioning or whether it has an indirect effect on executive functioning via 
depression, memory, sleep and impulsivity as this will have an effect on treatment and 
rehabilitation strategies. Previous studies investigating the long lasting psychological effects 
of MDMA have investigated executive functioning by the use of a battery of psychological 
tests. These studies have failed to look at whether any of the psychological areas (depression, 

memory, depression, and sleep) are effecting performance and causing deficits in executive 
functioning. 
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Based on previous research in related areas, the following can be hypothesised. Firstly, that 

the current MDMA polydrug users will demonstrate poor executive functioning scores in 

comparison to the non-MDMA polydrug users. Secondly, there will be no difference in 

executive functioning abilities between past and present MDMA polydrug users. Thirdly, 

there will be a negative correlation between the level of MDMA consumed and the level of 

executive functioning ability. Finally, there will be a positive relationship between executive 
functioning performance and depression/sleep/memory/impulsivity. 

7.2 Methodology 

7.2.1 Participants 

402 participants of the original 1399 participants were involved in this study based a power 

calculation where N=350 (power=80, a=0.05,5 groups of 70 - Cohen, 1992; Faul et al. 2007; 

Faul et al. 2009). Mean overall age was 25.4 years old (52.5% male and 47.5% female). 

Participants were recruited from a WebPage (34%); local newspaper advertisements (6%); 

snowballing technique (37%); drug advisory centres (22%) and unspecified (IN. All 

participants reported good health and had no previous psychiatric history. All participants 

reported abstaining from using MDMA for at least three weeks prior to participation of the 

study (mean period of 4 weeks). 

Most participants were employed or in education at the time of the study (42% education; 
56% employment). Participants were split into 4 control groups and 2 separate MDMA 

groups (63 non-recreational drug users; 69 alcohol/nicotine users; 72 

cannabis/alcohol/nicotine users; 71 polydrug users that had never used ecstasy (but had used 
other substances such as, heroin, ketamine, amphetamine. ); 67 current MDMA polydrug users 
(used MDMA in the last 6 months); 60 ex-MDMA polydrug users (abstained from MDMA 

mean 6.5 years (4 - 8.5 years). 

7.2.2 Measures 

All participants completed the DHQ (refer to chapter 2 for full details, Appendix 2.2) and the 
ToL and the WCST. 
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7.23 Tower of London (ToL) 

The Tower of London test (Shallice, 1982) involves two boards with pegs and several beads 

of different colour (blue, red, and green). The examiner has one board and the participant has 

the other board. The examiner is required to place the coloured beads on the board known as 
the goal position. Initially the participant begins with the beads in a starting position and is 

required to move their beads to replicate the goal position in as little moves as possible. The 

participants moved one bead at a time. Verbally participants planned the whole sequence of 

moves out mentally before attempting to move the beads. Trials consisted of twelve trials in 

total being two 2-move trials, two 3-move trials, four 4-move trials, and four 5-move trials. 
All trials were tape recorded so that after the session planning times and solution times could 
be measured using a stopwatch. Results included preplanning time, average move time, 

number of trials solved in a minimum period or minimum number of moves, and finally 

excess moves. 

Planning time represented the interval between the last articulation of the examiner and the 
first move of the apparatus by the participant. Solution time represented the amount of time 

taken to complete the task. The solution was terminated if 1 minute was exceeded for 

completion. Average time for planning and solution were recorded across the trials. Mean 

number of errors made were recorded and total number of categories completed. Finally, the 

number of moves required for completion was recorded. Administration time is 15 minutes 
(Shallice, 1982). 

7.2.4 Wisconsin card sorting test (WCST) 

The WCST is a neuropsychological test measuring flexibility in a situation where the rules are 

constantly changing (Berman et al. 1995; Nagahama et al. 1996). The tests measures two 

essential functions: maintaining set and set shifting. The `maintaining a set' measures the 
individuals' ability to maintain the current rule and apply it. The 'set shifting' measures the 
inhibition of previous rules involving planning and replacing. The objective of the test is for 

the participant to learn a rule. The procedure involves four stimulus cards being provided to 
the participant. The first card has one red triangle. The second card has two green stars. The 

third card has three yellow crosses. The fourth has four blue circles. An additional stack of 
cards are given to the participant and they are asked to place each additional card to one of the 
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four stimulus cards, to eventually form four separate piles of cards. The participant has to find 

out the rule and informed whether the card matches this rule once placed on the stimulus card. 
The rules are colour, shape or number. If the participant correctly stacks 10 of the cards, the 

rule is changed. The task continues for six trials. The trial was terminated if the rule was not 

solved in 50 attempts. The whole task takes 20 minutes to complete and generates the 

following results: number of categories completed measuring the ability to think abstractly, 

number of trials to first category measuring the ability to be flexible and switch between rules 

along with learning new rules - set shifting, failure to maintain set measuring the individuals 

ability to maintain the rules - maintain set, percentage of non-perseverative errors and 

percentage of perseverative errors measuring the ability to inhibit previously learnt rules 
(Berman et al. 1995; Nagahama et al. 1996). 

7.2.5 Ethical Issues 

All participants provided written consent. Participants were able to withdraw at any point 

throughout the study. All data was anonymous. The study was approved by the local Ethics 

Committee in 2001, London Metropolitan University, formally known as London Guildhall 

University. Participants were given a briefing and debriefing (Appendix 2.3). 

7.2.6 Statistical Analysis 

Data was analysed using SPSS version 16 (Statistical Package for the Social Sciences). Nine 

one-way ANCOVAs were run; the outcome variable was the subscales of the ToL (planning, 

solution time, number of trials, and number of errors) and the WCST (% perseverative errors, 
% non-perseverative errors, categories completed, trials to first category, and failure to 

maintain set); the predictor variable was the drug group and the covariate was the lifetime use 

of cannabis, amphetamine, cocaine and ketamine. 

The mean overall index scores from the four dimensions of the ToL and the five dimensions 

of the WCST were analysed separately. Each individual dimension was compared with the 
four control groups and the two MDMA groups using ANCOVA with drug groups as one of 
the independent factors (non-recreational drug control group; alcohol/nicotine control group; 

cannabis/alcohol/nicotine control group; non MDMA polydrug control; current-MDMA 
PolYdrug group; ex-MDMA polydrug group) and cognitive dimension as the dependent factor 
(WCST measuring the following five cognitive dimension: % perseverative errors, % non- 
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perseverative errors, categories completed, trials to first category; and failure to maintain set; 
ToL measuring the following four dimensions: planning time, solution time, number of errors 

and the number of trials completed). Where appropriate the results were further analysed 

using the Bonferroni test to obtain paired comparisons of individual drug group differences. 

The ANOVAs and ANCOVAs were checked for normality using the Kolmogorov-Smirnov 

and Shapiro-Wilk test. As the tests were significant, the data was transformed to logs and the 

normality test re-checked. The log transformed data was non-significant, suggesting the data 

was normally distributed. The kurtosis and skewness were checked for values between -2 and 
2. The log transformed data was plotted using the output of a quantile-quantile (Q-Q) plot. As 

the data did not stray from the predicted line, the data was linear and normally distributed. 

The covariate in the analysis was checked for its independence from the experimental 

manipulation; an ANOVA with the covariate as the outcome and the drug group as the 

predictor was run for all of the covariates (cannabis, amphetamines, cocaine and ketamine). 

For the nine ANCOVAs the Levene's test of the homogeneity of variance assumption was 

checked for non-significance relating to the homogeneity of residuals. The residual plot was 

checked for assumption of equality of variance. The spread vs. level plot was used to check 
there was no relationship between the mean and standard deviation. The homogeneity of 

regression slopes was checked by customising the ANCOVA model in SPSS to look at the 
independent variable * covariate interaction. The interaction term was tested in addition to the 

main effects. The log transformed interaction term (independent variable * covariate 
interaction) was non-significant; the assumption of homogeneity of regression slopes was not 
broken. 

Log transformed self-reported sub-domain scores of the ToL and the WCST were correlated 

with log transformed self-reported lifetime MDMA exposure using the Pearson correlation 
coefficient. 

Multiple regression analysis was performed on the sub-domains of the ToL and WCST with 
the log transformed depression, memory, sleep and impulsivity scores (BDI-11, general 
memory sub-domain of the WMS, PSQI and BIS) as the predictor variables. Using SPSS, the 

variance inflation factor (VIF) and tolerance statistics were checked. The VIF values were 
below 10 and the tolerance statistics were all above 0.2. The residual statistics was checked 
for extreme cases. The standardised residuals were all between -2 and 2. The Cook's distance 
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was checked and all values were below 1. The DFBeta statistics was checked to make sure no 

value was greater than 1. Examination of the residual plots demonstrated the data did not stray 
from the predicted line; the data was linear and normally distributed. The Levene's test was 

checked; it was non-significant thus homogeneity of variance was assumed. Homoscedasticity 

and hetroscedasticity were checked visually by plotting the standardised residuals (the errors) 
by the regression standardised predicted value. The residuals were randomly scattered around 
the horizontal line (0) (Tabachnick and Fidell, 2001). 

Median lifetime exposure to all recreational drugs was compared using the Kruskal Wallis 

test. If the Kruskal Wallis test was significant, the data was further analysed using the Mann 

Whitney test. 

7.3 Results 

The ANOVA was non-significant demonstrating independence between the predictor 

variables and the covariates. The homogeneity of residuals, normality, equality of variance 

and the homogeneity of the regression slopes were all checked for the ANCOVA. 

For the multiple regression, the data was checked for multicollineraity, curvilineraity, 
hetroscedasticity and homogeneity of variance, and finally normality. 

7.3.1 WCST 

There was an overall significant difference between the drug groups and the number of 

perseverative errors made. The covariate, cannabis, was non-significantly related to the 

number of perseverative errors for the WCST, F(1,396) = 0.187, p>0.05. The covariate, 

amphetamine, was non-significantly related to the number of perseverative errors for the 
WCST, F(1,396) = 0.059, p>0.05. The covariate, cocaine, was non-significantly related to 
the number of perseverative errors for the WCST, F(1,396) = 0.050, p>0.05. The covariate, 
ketamine, was non-significantly related to the number of perseverative errors for the WCST, 
F(1,396) = 0.236, p>0.05. There was an overall significant effect of number of perseverative 
errors for the WCST on drug group controlling for the effect of cannabis, amphetamine, 
cocaine and ketaniine, F(5,396) = 41.19, p<0.01. Further analysis found that there was a 
significant difference in the number of perseverative errors between the four non-MDMA 
groups and the two MDMA groups (Bonferroni Post hoc, p<0.01), with the two MDMA 
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groups making more perseverative errors than the non-MDMA control groups. There was a 

non-significant difference in the number of perseverative errors made between the current 
MDMA polydrug group and the ex-MDMA polydrug group (Bonferroni, p>0.05) with both 

the current and ex-MDMA users making a similar number of perseverative errors (Table 7.4). 

Overall, there was a non-significant difference in the number of non-preservative errors made 
between the six drug groups indicating that all drug users (MDMA and non-MDMA) made a 

similar number of non-perservative errors suggesting that drug use did not play a role in the 

number of non-perseverative errors made (Table 7.4). The covariate, cannabis, was non- 

significantly related to the number of non-perseverative errors for the WCST, F(1,396) = 
0.003, p>0.05. The covariate, amphetamine, was non-significantly related to the number of 

non-perseverative errors for the WCST, F(1,396) = 0.1.48, p>0.05. The covariate, cocaine, 

was non-significantly related to the number of non-perseverative errors for the WCST, F(1, 

396) = 1.68, p>0.05. The covariate, ketanrine, was non-significantly related to the number of 

non-perseverative errors for the WCST, F(1,396) = 0.085, p>0.05. There was an overall non- 

significant effect of number of non-perseverative errors for the WCST on drug group 

controlling for the effect of cannabis, amphetamine, cocaine and ketamine, F(5,396) = 30.29, 

p>0.05. 

There was no overall significant difference in number of completed categories between the 

six drug groups suggesting there was no difference in the number of trials completed between 

the different drug groups (Table 7.4). The covariate, cannabis, was non-significantly related to 

the number of categories for the WCST, F(1,396) = 0.085, p>0.05. The covariate, 

amphetamine, was non-significantly related to the number of categories for the WCST, F(1, 

396) = 0.019, p>0.05. The covariate, cocaine, was non-significantly related to the number of 

categories for the WCST, F(1,396) = 0.001, p>0.05. The covariate, ketamine, was non- 

significantly related to the number of categories for the WCST, F(1,396) = 3.46, p>0.05. 
There was a non-significant effect of number of categories for the WCST on drug group 
controlling for the effect of cannabis, amphetamine, cocaine and ketaniine, F(5,396) = 20.41, 

p>0.05. 

There was an overall significant difference between the mean number of trials to first 

category (set shifting) and the different drug groups. The covariate, cannabis, was non- 
Significantly related to the number of trials for the WCST, F(1,396) = 0.011, P>0.05. The 

eovariate, amphetamine, was non-significantly related to the number of trials for the WCST, 
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F(1,396) = 1.23, p>0.05. The covariate, cocaine, was non-significantly related to the number 
of trials for the WCST, F(1,396) = 1.27, p>0.05. The covariate, ketamine, was non- 

significantly related to the number of trials for the WCST, F(1,396) = 0.007, p>0.05. There 

was an overall significant effect of number of trials for the WCST on drug group controlling 
for the effect of cannabis, amphetamine, cocaine and ketamine, F(5,396) = 39.79, p<0.01. 
Further analysis found that there was a significant difference between the four non-MDMA 
drug groups and the two MDMA groups (Bonferroni Post hoc, p<0.01), with the two MDMA 

groups (past and present) needing more trials to achieve the correct first category in 

comparison to the non-MDMA control groups (Table 7.4). 

Finally there was a significant overall difference between failure to maintain the set 
(maintaining the rule) and the different drug groups. The covariate, cannabis, was non- 
significantly related to maintaining the set for the WCST, F(l, 396) = 0.005, p>0.05. The 

covariate, amphetamine, was non-significantly related to maintaining the set for the WCST, 
F(1,396) = 0.054, p>0.05. The covariate, cocaine, was non-significantly related to 

maintaining the set for the WCST, F(1,396) = 0.020, p>0.05. The covariate, ketamine, was 
non-significantly related to maintaining the set for the WCST, F(1,396) = 0.258, p>0.05. 
There was an overall significant effect of maintaining the set for the WCST on drug group 
controlling for the effect of cannabis, amphetamine, cocaine and ketamine, F(5,396) = 23.59, 

p<0.01. Further analysis found a significant difference in failure to maintain set between the 
four control groups and the ex-MDMA polydrug group only (Bonferroni Post hoc, p<0.01), 
demonstrating that ex-MDMA users failed to complete the set and maintain the rule in 

comparison to the current MDMA group and the non-MDMA control groups (Table 7.4). 
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Table 7.4: Mean (: SD) test performance on the WCST, N=402. 

The table displays the mean (SD) on the five measurements of the WCST for non drug users 
(non drug), alcohol/nicotine users (alc. /nic), alcohol/nicotine/cannabis users (alc/nic/can), 
non-MDMA polvdrug users (non MDMA poly), current MDMA polvdrug users (current 
MDMA), ex-MDMA polydrug users (ex-MDMA). 

Non Current 
Non Alc/Nic Alc/Nic/Can MDMA MDMA Ex 

drug Poly M DM A 
% Perseverative errors 12.6 (7.7) 12.8 (7.5) 11.3 (7.1) 12.7 (7.2) 15.7(10.8)' 16.5(10.1)+ 

% Non perseverative 13.7 (8.4) 15.7 (8.6) 15.8 (9.1) 14.7 (8.5) 14.8(14.6) 17.9(14.4) 

errors 
Categories Completed 5.5 (1.2) 5.4 (1.5) 5.8 (1.8) 5.9 (1.6) 5.1 (2.4) 3.5 (2.2) 

Trials to first Category 14.8 (6.6) 13.7 (6.1) 12.7 (7.3) 14.2 (9.7) 

Failure to maintain set 0.5(1.1) 0.6 (1.8) 0.7 (1.5) 0.6 (0.7) 0.8 (1.3) 

* denotes p<0.05 between current MDMA and ex-MDMA groups in comparison to non- 
MDMA groups (non-drug, alcohol/nicotine, alcohol/nicotine/cannabis, non-MDMA poh'drug 
group) 

7.3.2 ToL 

There was an overall difference between the mean planning time needed to complete the task 

and the six drug groups (Table 7.5). The covariate, cannabis, was non-significantly related to 

the planning time for the ToL, F(1,396) = 0.037, p>0.05. The covariate, amphetamine, was 

non-significantly related to the planning time for the ToL, F(l, 396) = 0.070, p>0.05. The 

covariate, cocaine, was non-significantly related to the planning time for the ToL, F(1,396) = 

0.048, p>0.05. The covariate, ketamine, was non-significantly related to the planning time for 

the ToL, F(1,396) = 0.149, p>0.05. There was an overall significant effect of planning time 

for the ToL on drug group controlling for the effect of cannabis, amphetamine, cocaine and 

ketamine, F(5,396) = 52.8, p<0.01. Further analysis found that there was a significant 

difference in mean planning time between the two MDMA groups and non-MDMA polydrug 

group (Bonferroni Post hoc test, p<0.05), where the two MDMA groups needed more 

planning time in comparison to the non-MDMA groups. There was a non-significant 
difference in mean planning time between the ex-MDMA polydrug users and the current 
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polydrug MDMA users (Bonferroni Post hoc test, p>0.05). There was a significant difference 
in mean planning time between the non-drug group and the alcohol/nicotine/cannabis group 
(Bonferroni Post hoc test, p<0.01), where the alcohol/nicotine/cannabis group needed more 
planning time than the non-drug control group. There was a significant difference in mean 

planning times between the ex-MDMA polydrug group and the non-MDMA polydrug group 
(Bonferroni Post Hoc test, p<0.05), where the ex-MDMA polydrug group needed more 

planning time than the non-MDMA polydrug group (Table 7.5). 

The covariate, cannabis, was non-significantly related to the solution time for the ToL, F(1, 

396) = 1.23, p>0.05). The covariate, amphetamine, was non-significantly related to the 

solution time for the ToL, F(l, 396) = 0.73, p>0.05). The covariate, cocaine, was non- 

significantly related to the solution time for the ToL, F(1,396) = 0.33, p>0.05). The covariate, 
ketamine, was non-significantly related to the solution time for the ToL, F(1,396) = 1.67, 

p>0.05). There was an overall significant effect of solution time for the ToL on drug group 

controlling for the effect of cannabis, amphetamine, cocaine and ketamine, F(5,396) = 22.58, 

p<0.01). Further analysis revealed a significant difference between the four non-MDMA 
groups and the two MDMA groups (Bonferroni Post hoc, p<0.01), where the two MDMA 

groups took longer to complete the task than the non-MDMA groups. There was a non- 

significant difference in mean solution time between the ex-MDMA polydrug group and the 

current MDMA polydrug group (Bonferroni, p<0.05) with both the current and ex-MDMA 

users taking similar times to complete the task (Table 7.5). 

There was an overall difference in the mean number of errors between the six drug groups 
(Table 7.5). The covariate, cannabis, was non-significantly related to the number of errors for 

the ToL, F(1,396) = 0.097, p>0.05. The covariate, amphetamine, was non-significantly 
related to the number of errors for the ToL, F(1,396) = 0.044, p>0.05. The covariate, 
cocaine, was non-significantly related to the number of errors for the ToL, F(1,396) = 0.053, 

p>0.05. The covariate, ketamine, was non-significantly related to the number of errors for the 
ToL, F(1,396) = 0.174, p>0.05. There was an overall significant effect of number of errors 
for the ToL on drug group controlling for the effect of cannabis, amphetamine, cocaine and 
ketamine, F(5,396) = 30.95, p<0.01. Further analysis revealed a significant difference 
between the non-drug control and the two MDMA groups (Bonferroni Post hoc, p<0.01) 
where the two MDMA groups made more errors than the non-MDMA control groups. There 

was a non-significant difference in mean number of errors made between the ex-MDMA 
PolYdrug group and the current MDMA polydrug group (Bonferroni Post hoc, p>0.05) with 
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both current and ex-MDMA users making a similar number of errors. There was a non- 
significant difference between alcohol/nicotine group and the alcohol/nicotine/cannabis group 
in terms of the number of errors made (Bonferroni, p>0.05). There was a significant 
difference between the alcohol/nicotine/cannabis group and the two MDMA groups 
(Bonferroni, p<0.05) where the current and ex-MDMA groups made more errors than the 

alcohol/nicotine/cannabis group (Table 7.5). 

Finally, overall there was no difference in the mean number of trials completed between the 

six drug groups, where all groups MDMA and non-MDMA control groups needed a similar 

number of trials to complete the task (Table 7.5). The covariate, cannabis, was non- 
significantly related to the number of trials for the ToL, F(1,396) = 1.77, p>0.05. The 

covariate, amphetamine, was non-significantly related to the number of trials for the ToL, 
F(1,396) = 3.77, p>0.05. The covariate, cocaine, was non-significantly related to the number 

of trials for the ToL, F(1,396) = 2.95, p>0.05. The covariate, ketamine, was non-significantly 
related to the number of trials for the ToL, F(l, 396) = 3.79, p>0.05. There was an overall 
non-significant effect of number of trials for the ToL on drug group controlling for the effect 
of cannabis, amphetamine, cocaine and ketamine, F(5,396) = 7.37, p>0.05. 
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Table 7.5 Mean (±SD) test performance on the ToL 

The table provides means (SD) for the four measures of the Tower of London. f r non drug 
users (non drug), alcohol/nicotine users (alc/nic), alcohol/nicotine/cannabis users 
(alc/nic/can), non-MDMA polydrug users (non MDMA poly), current MDMA polvdrug users 
(current MDMA), ex-MDMA polydrug users (ex-MDMA), where N=402. 

Non drug Alc/Nic Alc/Nic/Can Non 
MDMA 

Poly 

Current 
MDMA 

Ex 
MDMA 

Planning Time 8.7 (2.2) 8.5 (3.7) 10.7 (4.6) 16.4(5.7)* 17.5 (11.2)* 18.2 (10.8)* 

Solution Time 6.3 (1.7) 5.9 (1.2) 5.7 (1.4) 5.9(1.4) 7.4 (1.6) 7.8 (1.8) 

No of errors 3.5 (2.1) 3.3 (2.0) 4.1(3.3) ** 4.4(2.2)** 5.7(3.9) ** 6.2 (3.7)** 

No Trials 
completed 

11.5(0.6) 11.6(0.4) 11.2 (0.5) 11.4(0.4) 10.8 (0.4) 9.3 (0.5) 

* denotes p<0.05 between the ex MDMA, current MDMA, non MDMA polvdrug groups in 
comparison to the non-drug, alcohol/nicotine, alcohol/nicotine/cannabis groups 

** denotes p<0.05 between the ex MDMA, current MDMA, non MDMA poh'drug, 
alcohol/nicotine/cannabis groups in comparison to the non-drug, alcohol/nicotine groups 

For the ToL there was a significant correlation between the overall solution time and self- 

reported lifetime exposure to MDMA (r=0.31, p<0.05) and cannabis (r=0.21, p<0.05) (Table 

7.6). This indicates that the more MDMA and cannabis exposure, the longer time needed to 

complete the task. For the ToL there was a significant correlation between the planning time 

and self-reported lifetime exposure to MDMA (r=0.43, p<0,05), cocaine (r=0.45, p<0.05), 

cannabis (r=0.38, p<0.05). Similarly, this indicates that increased exposure to MDMA, 

cocaine, and cannabis results in more planning time needed to complete the task. For the ToL 

there was a significant correlation between total number of errors and self-reported lifetime 

exposure to MDMA (t=0.32, p<0.05), cocaine (x=0.32, p<0.05), and cannabis (r=0.54, 

p<0.05). Indicating increased exposure to MDMA, cannabis and cocaine resulted in more 

errors. 
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Table 7.6 Displays correlations between NIDMA and ToL 

The table displays the correlation scores between self-reported lifetime exposure to MDMA 
and four measurements of the ToL (planning time, solution time, no of errors, no of trials 
completed), * p<0.05, where N=127. 

ToL subscale MDMA Cocaine Cannabis Amphetamine 

Planning time 0.43* 0.45* 0.38* 0.26 

Solution time 0.31 * 0.16 0.21 * 0.16 

No of errors 0.32* 0.32* 0.54* 0.17 

No of trials 0.12 0.13 0.19 0.04 

completed 

* Denotes a significant positive correlation between MDMA and planning time/solution 
time/total number of errors 

For the WCST there was a significant positive correlation between the trials to first category 

and self-reported lifetime exposure to MDMA (r=0.42, p<0.05) and cocaine (r=0.23, p<0.05) 
(Table 7.7), suggesting that increased exposure to MDMA and cocaine resulted in more 

attempts needed to complete the first category. There was a significant positive correlation 
between failure to maintain set and lifetime exposure to MDMA (r=0.44, p<0.05). Indicating 

that increased exposure to MDMA results in an inability to complete the set and maintain the 

rule. 
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Table 7.7 Displays the correlation between MDMA and WCST 

Displays the correlation scores between self-reported lifetime exposure to MDMA and five 
measurements of the WCST (% Perseverative errors, % non- perseverative errors, completed 
categories, trials to first category), * p<0.05, where N=127. 

WCST subscale MDMA Cocaine Cannabis Amphetamine 

(r) (r) (r) (r) 

% Perseverative errors 0.24 0.14 0.11 0.00 

% non- Perseverative errors 0.21 0.12 0.25* 0.17 

Completed categories 0.23 0.17 0.19 0.21 

Trials to first category 0.42* 0.23* 0.15 0.16 

Failure to maintain set 0.44* 0.15 0.18 0.14 

*denotes a significant positive correlation (p<0.05) between MDMA and trials to f rst 
category/failure to maintain set 

7.3.3 Correlations for the ToL 

There is a significant positive correlation between the mean planning time for the ToL self- 

reported sleep scores as measured by the PSQI (r=0.75, p<0.000) suggesting that the more 

time needed for planning the more sleep disturbances reported. There was a significant 

positive correlation between the mean planning time for the ToL and the self-reported 
depression scores as measured by the BDI-II (r=0.83, p<0.000) indicating that an increase in 

depression resulted in more time needed in planning. There was a significant positive linear 

correlation between the planning task of the ToL and the self-reported impulsivity scores as 

measured by the BIS (r=0.687, p<0.000) proposing that increased impulsivity results in more 
time needed to plan a task. Finally, there was a negatively significant linear correlation 
between the planning task of the ToL and the general memory task of the WMS-R (r=-0.775, 

p<0.000) (Table 7.8) indicating that poor memory results in more time needed to formulate 

plans. 

There was a significant positive linear correlation between the mean solution time for the ToL 

task and the self-reported sleep scores (r=O. 717 p<0.000) indicating that sleep disturbance 
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results in more time needed to complete the task. There was a significant positive linear 

correlation between the mean solution time for the ToL task and the self-reported depression 

scores (r=0.734, p<0.000), suggesting depression results in longer time needed to complete a 
task. There was a significant positive linear correlation between the mean solution time for 

the ToL task and the self-reported impulsivity scores (r=0.578, p<0.000), proposing that more 
time is needed to complete a task if impulsivity scores are elevated. There was a significant 

negative linear correlation between the mean solution time for the ToL task and the general 
memory scores (r=-0.616, p<0.000) (Table 7.8), signifying that poor memory results in more 
time required to complete the task. 

Table 7.8 Reports mean correlation scores between psychological functions and ToL 

Displays the correlations between the four measurements of the Tower of London and the 
self-reported depression, sleep, impulsivity and general memory scores (sub-test of the 
Weschler Memory Test). Where N=127. 

Memory Sleep Depression Impulsivity 

Planning Task -0.67 ** 0.750 0.830 ** 0.687 ** 

Tower of London 

Mean Solution Time -0.616 ** 0.717 ** 0.734 ** 0.578 ** 

Tower of London 

Number of Trials -0.843 ** 0.631 ** 0.822 ** 0.753 ** 

Tower of London 

Number of Errors -0.673 ** 0.70 ** 0.707 ** 0.593 

Tower of London 

"denotes a significant positive correlation (p<O. 05) 

There was a significant positive linear correlation between the mean number of trials 
completed for the ToL task and the self-reported sleep scores (r=0.631, p<0.000) 
demonstrating that poor sleep results in increased number of attempts needed. There was a 
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significant positive linear correlation between the mean number of trials completed for the 
ToL task and the self-reported depression scores (r-0.822, p<0.000) suggesting that increase 
depression scores resulted in more trials needed. There was a significant positive linear 

correlation between the mean number of trials completed for the ToL task and the self- 
reported impulsivity scores (r-0.753, p<0.000), signifying that increase number of trials was 

associated with increase impulsivity scores. There was a significant negative linear correlation 
between the mean number of trials completed for the ToL task and the general memory scores 
(r--0.843, p<0.000) (Table 7.8) indicating that poor memory scores resulted in an increase in 

the number of trials needed. 

There was a significant negative linear correlation between the mean number of errors made 
in the ToL task and the self-reported sleep scores (r= 0.7, p<0.000), suggesting the greater 

errors made were associated with lower sleep scores. There was a significant negative linear 

correlation between the mean number of errors made in the ToL task and the self-reported 
depression scores (r= 0.707, p<0.000) indicating more errors were linked to lower depression 

scores. There was a significant negative linear correlation between the mean number of errors 

made in the Tower of London task and the self-reported impulsivity scores (r= 0.753, 

p<0.000) demonstrating higher impulsivity scores were linked with a smaller number of 

errors. There was a positive linear correlation between the mean number of errors made in the 
ToL task and the general memory scores (r=-0.673, p<0.000) (Table 7.8) signifying the more 
errors made the worse the memory score. 

7.3.4 Correlations for the WCST 

There was a significant positive linear correlation between the number of perseverative errors 
made in the WCST and the self-reported sleep scores (r= 0.661, p<0.000) demonstrating that 
increased sleep disturbance results in more perseverative errors. There was a significant 
positive linear correlation between the percentage of perseverative errors made in the WCST 

and the self-reported depression scores (rß. 723, p<0.000) indicating increased depression 

causes more perseverative errors being made. There was a significant positive linear 

correlation between the percentage of perseverative errors made in the WCST and the self- 
reported impulsivity scores (r=0.639, p<0.000) signifying more preseverative errors are 
associated with increased impulsivity. There was a significant negative linear correlation 
between the percentage of perseverative errors made in the WCST and the general memory 
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scores (r=-0.696, p<0.000) (Table 7.9); proposing that poor memory results in more 

perseverative errors. 

Table 7.9 Reports the correlations between psychological functions and WCST 

Displays the correlations between the percent of perseverative errors made, percentage non- 
perseverative errors, number of completed categories and number of trials to first category in 
the WCST and the self-reported depression, sleep, impulsivity and general memory scores 
(sub-test of the Wechsler Memory Test). N=127. 

Memory Sleep Depression Impulsivity 

% Perseverative errors -0.696* 0.661 * 0.723 ** 0.639* 

WCST 

% Non-Perseverative errors -0.214 0.164 0.216 0.368 

WCST 

Completed Categories 0.333 -0.351 - 0.321 - 0.298 

WCST 

Trials to First Category - 0.715 ** 0.679 * 0.744 ** 0.621 

WCST 

Failure to maintain set - 0.572 0.523 0.712 0.721 

WCST 

* denotes a significant positive correlation (p<0.05) 

"denotes a significant positive correlation (p<O. 01) 

There was a significant positive linear correlation between the number of trials to first 

category in the WCST and the self-reported sleep scores (r- 0.679, p<0.000) demonstrating 
that increased sleep disturbance was associated with increase number of trials needed to 

complete the first category. There was a significant positive linear correlation between the 

number of trials to first category in the WCST and the self-reported depression scores (r-- 
0-744, p<0.000) suggesting that depression is linked with an increase in the number of trials 
needed to complete the first category. There was a significant positive linear correlation 

- 209 - 



between the number of trials to first category made in the WCST and the self-reported 
impulsivity scores (i= 0.621, p<0.000) signifying that elevated impulsivity scores is 

associated with more trials required before completing the first category. There was a 

significant negative linear correlation between the number of trials to first category in the 

WCST and the general memory scores (r= -0.715, p<0.000) (Table 7.9) indicating that poor 

memory performance is associated with less trials needed to complete the first category. 

There was a significant positive linear correlation between failure to maintain set in the 

WCST and the self-reported depression scores (r=0.712, p<0.01); suggesting that increased 

depression was associated with a decreased chance of completing the task. There was a 

significant positive linear correlation between failure to maintain set in the WCST and the 

self-reported impulsivity scores (r=0.721, P<0.01) indicating that increased impulsivity 

resulted in more of a chance of not completing the task. 

7.3.5 Regression analysis for the ToL 

The regression model for the mean planning time of the ToL found that overall memory, 
impulsivity, sleep and depression predicted 70% of the mean planning time, F=277.318,0=4, 

U-6122, p<0.000, n=127. However, sleep (t=3.63, sr2=0.531, p<0.000) and depression 

(t=9.176, srz=0.223, p<0.000) were the significant predictors for the mean planning time in 

the ToL tasks. 

For the total solution time of the ToL the regression model found that overall memory, 
impulsivity, sleep and depression predicted 66% of the mean solution time, F(4,122)=91.454, 

df122, df=474, p<0.000, n=127. Similarly sleep (t=3.68, sr2=0.391, p<0.000) and 

depression (t=2.23, sr2=0.247, p<0.000) were the main predictors of the total solution time in 

the ToL. 

Memory, sleep, depression and impulsivity predicted 73% of the total number of trials 

completed for the ToL task, F(4,122)=332.7, p<0.000, n=127. The main predictors were 
depression (t=3.9, sr2=0.611, p<0.000), impulsivity (t=3.375, sr2=0.132, p<0.000) and 

memory (t= -8.328, sr2=0.075, p<0.000). 

73% of the total number of errors was predicted by memory, sleep, depression and 
impulsivity, F(4,122)=133.439, p<0.000, n=127. The main predictors for the total number of 
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errors made were sleep (t= -4.867, srZ=0.47, p<0.000) and depression (t= -4.544, sr2=0.371, 

p<0.000, n=127). 

7.3.6 Regression analysis for the Wisconsin Card Sorting Test 

The regression model for the total percentage of perseverative errors for the WCST found 

memory, sleep, depression and impulsivity predicted 63% of the total number of errors, F(4, 

122)=140.3, p<0.000, n=127. Depression was the main predictor for the total number of 

perseverative errors (t= 4.697, sr2=0.611, p<0.000). 

41% of the non-perseverative errors for the WCST was predicted by memory, sleep, 

depression and impulsivity, F(4,122)=23.7, df=4, df=122, p<0.000, n=127. The main 

predictors for the total number of non- perseverative errors were sleep (t= -2.196, sr2=0.37, 

p<0.000) and impulsivity (t=8.141, srz=0.031, p<0.000). 

For the total number of categories completed (WCST) memory, sleep, depression and 

impulsivity predicted 36% of the total number of errors, F=(4,122)=17.8, p<0.000, n=127. 

The main predictor for the total number of errors in the WCST was sleep (t= -2.965, 

sr2=0.291, p<0.000). 

The main predictors for the number of trials to first category in the WCST were depression 

(t=5.678, sr2=0.671, p<0.000) and memory (t= -2.662, sr2=0.073, p<0.000). The regression 

model found that overall memory, sleep, depression and impulsivity predicted 76% of the 

total number of errors, F(4,122) =157.7 p<0.000, n=127). 

Memory, sleep, depression and impulsivity predicted 64% for the failure to maintain set in the 

WCST, F(4,122)=83.3 p<0.000, n= 127. The main predictor for the failure to maintain the set 

in the WCST were depression (t=3.8, sr? =0.601, p<0.000) and impulsivity (t= 2.339, 

sr2=0.036, p<0.000). 
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73.7 Demographics 

The mean age of the total sample was 24 years old (SD=5.9; ranging from 18-46 years). The 

sample consisted of 47% females and 53% males. The majority, 38% of the sample lived in 

non-metropolitan city, 27% outer metropolitan city and 35% lived inner metropolitan. The 

ethnicity was split into 42% white, 10% black, 12% Asian, 36% were other. 

The ex-MDMA group reported taking MDMA for the first time at an older age (mean age 26) 
in comparison to the current-MDMA group (mean age 18) (t=2.71, df125, p<0.01, Table 
7.10). The current-MDMA group reported taking more MDMA (mean tablets of 1.42) during 

their first experience of MDMA than the ex-MDMA group (mean tablets of 1.15) (t=0.47, 
df=125, p>0.05, Table 7.10). The current-MDMA group reported using more MDMA during 

a single occasion (mean tablets on single occasion 2.31) than the ex-MDMA group (mean 

tablets on single occasion 1.49) (t=0.251, df=125, p-0.05, Table 7.10). Finally, the current 
MDMA group reported consuming more MDMA tablets in a lifetime (mean lifetime tablets 
989) than the ex-MDMA group (mean lifetime tablets 582) (t=11.6, df=125, p<0.01, Table 
7.10). Finally, all MDMA participants reported that their usual route of administration of 
MDMA was via tablet and they normally consumed MDMA with friends. 

Table 7.10: Basic demographics for the current and ex-MDMA groups 

The table provides details concerning MDMA use including: mean (SD) age first used 
AMMA, mean (SD) amount of MDMA first used, mean (SD) amount of MDMA normally 
consumed and mean (SD) lifetime amount of AIDMA consumed; (N=127). Where * p<0.05. 

Age first tried 
MDMA 

No first 
Used 

No Used 
Permanently 

Total used 
in lifetime 

Current MDMA 18.0* 1.42 2.31 989* 
(3.2) (0.82) (1.25) (778) 

EX-MDMA group 26.9* 1.15 1.49 582* 
(6.24) (0.58) (1.18) (688) 

There was a slight variation in the exposure to other recreational drugs of abuse (Table 7.11 a 
and 7.11 b). Overall a higher percentage of ex-MDMA users reported exposure to nicotine, 
alcohol, steroids, cocaine, crack cocaine, psiolocybin/psilocin and gases in comparison to the 
non-drug polydrug users and current MDMA polydrug groups (Table 7.11 a- chi 
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square=69.1, df=60, p>0.05). A higher percentage of current polydrug MDMA users reported 

exposure to amphetamines, heroin, and GHB (Table 7.11 a). 

Table 7.11a: Illicit drug use in different drug groups 

Percentage of drug users self-reported exposure to recreation drugs of abuse for the three 
drug groups, which includes non-MDMA polydrug (n=71), current MDMA polydrug (n=67) 

and ex-MAMMA polydrug ((n=60), Chi square =69.1, df=60, p>0.05). 

Recreational Non-MDMA current MDMA ex-MDMA 
Drug polydrug polydrug polydrug 

Nicotine 62% 67% 80% 
7ranquilisers 11% 22% 17% 
Alcohol 95% 93% 97% 
Steroids 14% 16% 17% 
Cannabis 97% 96% 97% 
Cocaine 29% 54% 41% 
LSD 17% 39% 36% 
Psiolocybin/Psilocin 28% 33% 38% 
Alkyl nitrites 14% 38% 40% 
Amphetamine 50% 54% 48% 
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Table 7.11b: Lifetime use of illicit drugs 

The table provides details of the total self-reported lifetime exposure to recreational drugs of 
abuse. Calculated using the formula: number of occasions per week * number of months per 
year* number of years. Where * Mann Whitney 

Nicotine/Alcohol Nicotine/ Alcohol/Cannabis 
(Mean/SD) (Mean/SD) 

Alcohol 1188 (1172) 759 (754) 

Nicotine 46649(41057) 31631 

Polydrug (non-MDMA) 
(Mean/SD) 

Current MDMA 
(Mean/SD) 

Ex-MDMA 
ean/SD 

Alcohol 1293 (1231) 1597 (779) 2144 (985) * 

Cannabis 1925 (892) 2668 (934) 3745(782)* 

Nicotine 53710 (22852) 49454 (24175) 81025 (38211) 

Amphetamine 56 (84) 155 (67) 148 (77) * 

Tranquillisers 1.92 (5.1) 18.3 (3.5) 17.44 (4.4) 

Steroids 9.61 (17.8) 11.11 (16.26) 18.25 (17.6) 

Cocaine 1.18 (2.19) 12.49 (3.1) 15.15 (2.2) * 

Crack 33(21) 44(56) 55(36) 

LSD 

Psilocybin/psilocin 

35 (12) 

5.1 (2.5) 

38(34) 

12.1 (4.1) 

95 (180) 

13.3 (3.8) 

Alkyl nitrites 46.2 (27) 26.6 (38) 45.1 (32.1) 

Gases 26.9 (13.6) 15.3 (12.2) 32.9 (27.5) 

Heroin 2.. 5 (2.4) 6.3 (7.3) 6.1 (4.7) 

GDB 0.54 (1.8) 9.67 (1.9) 4.51 (1.1) 

Ketamine 0.34 (0.24) 11.9 (1.5) 1.5(1.8) 
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7.4 Discussion 

7.4.1 Overall Findings 

In summary, the results from this study confirmed the hypothesis that MDMA polydrug users 
demonstrated deficits in executive functioning tasks in comparison to non-MDMA users. The 

results further indicated that past and present MDMA polydrug users exhibit similar executive 
functioning problems. These findings suggest that psychological deficits caused by MDMA 

are long lasting. This is the first study to date to investigate past and present MDMA users on 

executive functioning tasks, monitoring performance on other psychological functions: 

memory, depression, sleep, impulsivity and depression. These findings are discussed in more 
detail for the remainder of this chapter. 

7.4.1.1 WCST 

The findings from this study found that MDMA users past and present had difficulties in 

specific measures within the WCST, including the number of perseverative errors made and 

the ability to set shift thus being able to inhibit previously learnt rules (the number of trials to 

first categories) in comparison to non-MDMA control groups. These results imply that 

MDMA users have problems with divided working memory, rigid thinking and cognitive 
inflexibility. The past MDMA users displayed problems maintaining the set, indicating a 

problem with remembering the current rule in comparison to present MDMA users and non- 
MDMA groups. It is plausible cognitive problems like attention and abstract thinking may get 

worse with the aging process per se and not be associated with MDMA exposure. Previous 

studies have demonstrated an association between poor executive functioning (disinhibition, 

rigid thinking, inattention and a decline in working memory) and the aging process, where 
there is a decreased efficiency in the brains dopaminergic levels in the frontal lobe (Backman 

et at. 2010). Alternatively, attention and abstract thinking may take more time before the 
behaviour manifests. There could be a critical period between MDMA exposure and onset of 

symptoms and/or behavioural deficits. These results demonstrate past and present MDMA 

users suffer from cognitive problems including executive functioning deficits (working 

memory, rigid thinking and cognitive flexibility) which seem to be long lasting and may even 

get worse with the aging process, as has been shown in previous research (Allain et al, 2007). 

The results from this study could be further explained by findings from non-human animal 
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studies that demonstrate MDMA is a neurotoxin to selective brain 5-HT, which is long lasting 

and possibly permanent (Bolla et al. 1998; Parrott et al. 1998; Fox et al. 2001; Wareing et al. 
2000). The positive correlation found between the self-reported lifetime exposure of MDMA 

and the number of perseverative errors in this study supports the MDMA induced 

neurotoxicity theory. Verdejo-Garcia and co-workers found similar regression results where 
they found that MDMA was the main predictor of abstract reasoning in current polydrug 
MDMA users, with cannabis and cocaine failing to play a significant role in predicting 

abstract reasoning deficits (Verdejo-Garcia et al. 2005). 

7.4.1.2 TOL 

Results from this study for the ToL revealed that present and past MDMA polydrug users 

spent more time finding a solution than the non-MDMA polydrug users and non-drug 

controls. This implies that past and present MDMA polydrug users have problems with 

planning and decision-making (Norman and Shallice, 1986). The positive association between 

the self-reported life time exposure to MDMA and time spent finding a solution further 

supported this finding. 

In terms of planning time for the ToL, past and present MDMA polydrug users in addition to 

non-MDMA polydrug users needed more time than cannabis/alcohol/nicotine drug users. This 

finding suggests that MDMA may not have caused the problems associated with planning 
time and it maybe a consequence of other substances including amphetamine, cocaine and 
heroin. It is unlikely to be cannabis, as the cannabis group had similar planning times to the 

non-drug control group. Verdejo-Garcia and co-workers investigated cognitive memory tasks, 
inhibition and decision-making in poly drug users. Their findings suggested that cocaine users 
had more pronounced deficits than other drug users (MDMA, cannabis, amphetamine) in the 

executive functioning tasks (Verdejo-Garcia et al. 2007). In the present study, the MDMA 

polydrug group had used both MDMA and cocaine, which may result in more severe 
consequences. Further research is required investigating the role of amphetamine, cocaine and 
heroin on executive functioning tasks. 

In terms of the number of errors made in the ToL, the past and present MDMA users in 

addition to the cannabis group had an increased number of errors in comparison to the non- 
drug control group. This finding suggests that the number of errors were determined by 

another substance/factor other than MDMA. The likely substance would be cannabis. The role 
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of cannabis in executive functioning needs to be further investigated as previous research 
suggests cannabis affects cognitive performance (Croft et at. 2001; Gouzoulis-Mayfrank et al. 
2002; Dafters et al. 2004; Daumann et at. 2004; Parrott et at. 2004; Lundqvist et al. 2005; Sala 

at al. 2005). 

In summary, these findings found that past and present MDMA users demonstrated problems 
with divided working memory, rigid thinking, cognitive inflexibility, and decision-making. 
These deficits were similar between past and present MDMA users suggesting it is a long 
lasting consequence of MDMA. 

7.4.2 General Discussion 

The demographic characteristics between the past and present MDMA polydrug users were 

similar to those of the control groups including ethnicity and employment. The age of the past 
MDMA users were greater in comparison to the other groups. This was to be expected as the 

past MDMA users had to abstain from MDMA for a mean period of 78 months (ranging from 

49 - 102 months) so they would be older in age. The similarity in demographic details 

suggests the results from this study along with the differences found between the past/present 
MDMA users and the non-MDMA drug users were likely to a be a consequence of MDMA 

use rather than a result of the demographic differences. 

Linking executive functioning to the frontal lobe has recently been under controversy. 
Shallice has linked deficits on performance of the ToL to left anterior frontal lobe lesions. 
Evidence for this has come from studies comparing frontal lobe lesion patients with matched 

control patients on performance of the ToL. The results found that patients with frontal lobe 

damage performed significantly worse in cognitive tests in comparison to the controls. Critics 

argue this reduced performance in executive functioning cannot be linked to an exact region 
of the frontal lobe: left or right anterior frontal lobe. However, this does provide supporting 
evidence for the role of the frontal lobe in executive functioning tasks (Owen et al. 1990). 
PET studies have reported activation of specific areas of the brain during performance of the 
ToL (Owen et al. 1990; Morris et al. 1993; Baker et al. 1996; Moms et al. 1996). These 

anatomical regions include the frontal cortex, temporal cortex, amygdala, hippocampus and 
striatum (Owen et al. 1990; Morris et al. 1993; Baker et al. 1996; Morris et al. 1996). This 

study found that MDMA users demonstrated difficulties with planning and decision-making. 
As previous research have associated planning and decision making with the frontal lobe, it 
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seems likely that MDMA users past and present are finding difficulty with such functions, 
due to a deficiency within the frontal lobe. Neuroanatomically the main source of CNS 5-HT 
is the raphe nuclei. Axons from the raphe nuclei innervate virtually all areas of the brain, 
including the cerebellum/spinal cord to the cortex. Non-human animal studies have 

demonstrated that MDMA is a selective neurotoxin damaging 5-HT nerve terminals within 
the raphe nuclei (Francken et al. 2000; Hirst et al. 2003). Thus, it may be possible to imply 

that MDMA causes anatomical damage to 5-HT raphe nuclei, which consequently results in 
frontal lobe behavioural problems, including executive functioning deficits. Future studies 

need to investigate each subscale of the ToL, behavioural consequences of MDMA and 
localise the anatomical region. More evidence is required investigating the role of the frontal 
lobe in MDMA users, particularly targeting older users in addition to controlling for other 
illicit drugs. Secondly, future studies need to investigate the consequences of MDMA on the 
5-HT receptors found within the frontal lobe and raphe nucleus: 5-HT 1 A, 5-HT2B, and 5- 
HT2C. 

Verdego-Garcia and co-workers (2005) suggested that exposure to MDMA affected working 
memory and abstract reasoning. In addition, they demonstrated that cocaine affected 
inhibition control and cannabis affected cognitive flexibility (Verdejo-Garcia et al. 2005). The 
MDMA groups in this study were exposed to cocaine, cannabis and MDMA, implying that a 

cocktail of drugs will complicate findings and may cause substantially more impairment. This 

study found MDMA polydrug users demonstrated cognitive inflexibility, and rigid thinking. 
These results could be due to a combination of MDMA, cannabis and cocaine. 

These results suggest that certain domains of executive functioning were affected by MDMA 

whilst other areas remained intact; indicating that MDMA is domain specific, in terms of 
possible behavioural deficits. Fisk et al. (2009) found similar results, where 14 frequent 
MDMA users, 39 less frequent users and 28 non-drug users were tested on a battery of 
executive functioning tasks. The results found that MDMA users were not affected by 
inhibition on the contrary they were impaired on update processing. The authors concluded 
that future MDMA research needs to investigate the separate domains of executive 
functioning tasks as MDMA induced behavioural problems maybe specific to certain 
executive functions (Fisk et al. 2009). 

Recently researchers have proposed MDMA is not a 5-HT neurotoxin causing cognitive 
related deficiency, and the behavioural deficits found are due to cannabis. As most MDMA 
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recreational drug users are cannabis users, researchers propose this is the reason why MDMA 

users have cognitive problems. In this study, the study included a separate cannabis group. 
The results found that the cannabis group alone failed to exhibit the same severity of 

executive functioning problems as the past and current MDMA polydrug groups. It is 

plausible cannabis alone does not cause executive functioning deficiency and it may be a 

combination of MDMA and cannabis. Most previous studies have not employed a separate 
MDMA group, which had abstained from cannabis. It is difficult to conclude that the results 

were due to MDMA alone and not a combination of MDMA and cannabis. On the other hand, 

this study failed to find a correlation between life time exposure to cannabis and performance 

on the executive functioning tasks suggesting it is likely to be MDMA. Croft et al. (2001) 
investigated cannabis and its relationship to MDMA-related cognitive problems. Their study 
included MDMA only users, MDMA/cannabis users and non-MDMA/cannabis drug users. It 

measured a battery of neuropsychological tests. The results found that cannabis and 
MDMA/cannabis users did not differ significantly on test scores (Croft et al. 2001). The 

authors concluded that cannabis plays an important role in MDMA-related cognitive 
impairment. Criticism of their study is that other recreational drugs were not controlled: 

cocaine, amphetamine and alcohol. Other recreational drugs were controlled in this study: 

alcohol, nicotine, amphetamine and cocaine. This study seems to indicate that the executive 
functioning deficits were due to MDMA. 

Studies have reported that MDMA users, in addition to other drug users and frontal lobe 

lesion patients, demonstrate elevated impulsivity in addition to impulse control disorder, 

which could arise due to impaired inhibitory control a core aspect of executive functioning 

(Lawrence et al. 2009). It is plausible to suggest individuals would initiate action without a 

coordinated goal and pre-planning. This would result in shorter planning times and less 

accurate performances than non-MDMA users (Drewe, 1975). On the contrary, the results 
from this study found that past and present MDMA users demonstrated longer planning times 
in comparison to the control groups. 

In the present study, regression analysis of the mean performance on the ToL and the WCST 
found that lifetime exposure of MDMA was the main significant predictor. The regression 
suggests MDMA causes the selective cognitive impairment. In addition, non-MDMA 
polYdrug users demonstrated a cognitive decline in specific subscales of the ToL and WCST; 
however, this decline was not as severe as the scores of the MDMA users. As the 
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alcohol/nicotine/cannabis group failed to differ from the non-drug group it suggests alcohol, 

nicotine or cannabis alone are not the cause of this selective decline in cognitive decline. 

The prefrontal cortex, an area associated with executive functioning, is innervated with 

neurons transmitting dopamine, noradrenaline, acetylcholine and serotonin. Imaging studies 

and rats studies have proposed that DA is involved in attention and working memory 
(Chudassma et al. 2004). Further evidence includes studies using selective DA knock out 

genes (Robins et al. 2007). The role of dopamine and MDMA is still needed to be explored 
further, particularly as MDMA users will often co-use MDMA with cocaine and 

amphetamine. Recreational drugs like cocaine and amphetamine affect DA levels particularly 

areas like the amydala. 

7.4.3 Depression, sleep, memory and impulsivity 

Results from the correlations and the regression analysis of this study demonstrate that in the 

planning stages of the ToL, deficits in sleep and depression have an impact on the 

performance of ToL (Figure 7.12). This suggests that the inability of MDMA users to plan 

moves, could be due to MDMA affecting sleep and depression, which directly influences 

cognitive planning. This may explain the discrepancies in previous MDMA research. If an 
individual does not have deficits in sleep and depression, they will not have problems with 

executive planning. This suggests that MDMA directly affects sleep and depression, which 
indirectly disrupts executive functioning. Alternatively, MDMA may directly impinge on 

executive functioning with the sleep and depression being secondary factors. In addition, it 

seems other illicit drugs like amphetamine, cocaine and heroin may play a role on 

performance. This requires further investigation, with sleep and depression controlled for in 

future MDMA related executive functioning studies. 
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Figure 7.12 MDMA and planning time for ToL 

The figure suggests the possible links between performance on the Tower of London 
(planning time) with lifetime use of MDMA, lifetime use of other illicit drugs, self reported 
sleep and self-reported depression. 
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For the total number of trials completed in the ToL task the regression and correlation results 

supported the role of depression, impulsivity and memory in disrupting the number of trials 

completed. Increased self-reported depression and impulsivity scores resulted in a fewer 

number of trials being completed and an increase in memory ability resulted in more trials 

being completed. These results predict that depression and increased impulsivity may result in 

a decline in the ability to complete trials in the ToL task. In addition, an increase in memory 

may act as an advantage and increase the number of trials completed. These findings support 

the hypothesis that MDMA is a neurotoxin to selective 5-HT neurons, which subsequently 
directly causes depression and impulsivity, which indirectly disrupts the ability to complete 
trials. 
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Depression and sleep interrupt the time needed to complete the ToL task. Increased self- 
reported depression and sleep disturbances resulted in more time being required to complete 
the task. The findings from this study indicate that MDMA induces depression and sleep 
deficits, which indirectly effects the time needed to complete the task. On the other hand, 

MDMA may directly disrupt the time needed. Future research investigating executive 
functioning with regard to amount of time needed to solve a problem needs to control for the 

effects of depression and sleep disturbances. 

For the total number of errors in the ToL task the regression and correlation results supported 
the role for depression and sleep having an effect on the number of errors made. An increase 
in the level of self-reported depression and sleep disturbance resulted in more errors. In 

addition, it seems in this study the primary illicit drug involved is cannabis and not MDMA. 

The results from this study are supported by other studies that indicate cannabis plays a role in 

disrupting executive functioning (Fernandez-Serrano et al. 2010). The present findings 

support the hypothesis that cannabis disrupts depression and sleep, which directly affects the 

number of errors made. Alternatively, cannabis directly affects the number of errors in 

executive functioning tasks. The role of depression and sleep disturbance in executive 
functioning tasks needs to be addressed further in particular their role in the formation of 

errors (Pace-Schott and Hobson, 2002; Alexopoulos, 2004). 

For the WCST correlations and regression results found the total number of perseverative 
errors made was affected by the level of self-reported depression. Increased depression seems 
to result in more errors. These findings suggest that MDMA subsequently causes depression, 

which indirectly increases the number of errors. This needs to be investigated further with 
future research concentrating on excluding the effects of depression on the number of 
perseverative errors made in the ToL. 

For the number of trials to first category in the WCST were effected by the level of self- 
reported depression and memory ability (Figure 7.13). From this study, it can be proposed 
that MDMA disrupts memory and depression, which indirectly has an effect on the ability to 
complete trials. Alternatively, MDMA directly interrupts performance on trials to first 

category. Research in the future needs to investigate the long lasting role of MDMA on 
executive functioning controlling for depression and memory. 
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Figure 7.13 MDMA and the trials to first category for the WCST 

The figure suggests the possible links between the performance on the Wisconsin card sorting 
test (Trials to first categories) with lifetime use of MDMA, memory and self reported 
depression. 

" Depression 

MDMA and/or f Trials to first 
Category 

Cocaine 

Memory 

....................................................................... 

Note 
......... MDMA indirectly via depression/memory 

MDMA directly 
Depression/memory directly 

Finally, in the WCST the correlation and regression analysis found that the failure to maintain 

set was dependent on self-reported depression and impulsivity (Figure 7.14). However, this 

was only found for those MDMA users that abstained from MDMA. Findings from this study 

suggest that MDMA disrupts memory and depression, which indirectly affects the ability to 

maintain the set. Alternatively, MDMA directly affects the ability to maintain the set, 
however the consequences of being exposed to MDMA may take some time to develop. 

Future research investigating executive functioning needs to control for depression and 

impulsivity. 

- 223 - 



Figure 7.14 MDMA and the failure to maintain set for the WCST 

The figure suggests the possible links between the performance on the Wisconsin card sorting 
test (failure to maintain set) with previous lifetime use of MDMA, self-reported impulsivity 

and self-reported depression. 

....................................................................... 

Impulsivity 

Past MDMA Failure to 
maintain set 

Note ......... Past MDMA users only indirectly via impulsivity 
Past MDMA users onl_v directly 
Impulsivity directly 

Clinical studies have shown that later life lesions or other brain abnormalities of the 

frontostriatal pathway (frontal cortex and caudate nucleus regions of the brain) results in 

depression, along with disturbances in problem solving, sequencing, planning, organising and 

abstracting (Alexopoulos, 2004). This has led to the DED (depression-executive dysfunction) 

syndrome. Current theorists have indicated that these individuals are pre-disposed to 

depression with the lesion/brain abnormality in later life contributing to later life depression 

and the DED syndrome. Interestingly, the DED syndrome does not respond to atypical 

antidepressants. Future MDMA studies need to look into the DED syndrome to sec if it will 

provide further information on MDMA related toxicity. 

Studies investigating sleeping habits of non-clinical adults suggest that a high proportion 
(39%) sleep less than seven hours per night during the work week, and more than two-thirds 

(68%) sleep less than eight hours per night (NSF, 2002). Research indicates that this lack of 

sleep affects their cognitive performance (Anderson and Home, 2003; Gosselin et al. 2005). It 
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is hypothesised that the loss of sleep can result in changes within brain functioning: prefrontal 
cortex, anterior cingulated cortex, and dorsomedial thalamus). As the loss of sleep in healthy 
individuals can drastically influence frontal lobe and executive functions (creative thinking, 

cognitive flexibility, rule attainment, response initiation, and response inhibition), the loss in 

clinical populations would be even more drastic (Anderson and Home, 2003). Future MDMA 

and drug-related studies need to investigate the complex interaction between basic cognitive 
functions (attention, sleep, and depression) and the more complex functions like cognition. 

7.4.4 Limitations 

This study measured performance on the different domains of the Tower of London (planning 

time, solution time, number of errors and number of trails completed) in addition to the 
Wisconsin card sorting test (perseverative errors, non-perseverative errors, categories 

completed, trials to first category and failure to maintain set). ANCOVAs were performed 
between each of the domains and the different groups (non-drug, alcohol/nicotine, 
alcohol/nicotine/cannabis, non-MDMA polydrug, current MDMA polydrug and past MDMA 

polydrug). If there was a significant difference in mean scores between MDMA users and 

control groups (non-drug, alcohol/nicotine, alcohol/nicotine/cannabis, non-MDMA polydrug) 
the domain was considered to be disrupted by the exposure of MDMA. Correlations were 
performed between lifetime use of MDMA, cannabis, cocaine and amphetamine. If the 

correlation was greater than r-0.7, we then reported that the lifetime exposure of that 

particular illicit drug played a role in predicting scores of the specific domain of the ToL 

and/or WCST. Finally, correlations were performed between the psychological functions 

(sleep, memory, depression, and impulsivity). If the correlations was greater than r-0.7 it was 

proposed that the psychological state (depression, memory, impulsivity, and sleep) disrupted 

domains of the ToL and/or WCST directly or indirectly via MDMA and/or another illicit 

drug. These predictions were further confirmed using multiple regressions. This statistical 
analysis can be heavily criticised and there are shortcomings in forming conclusions from 

such analysis. It is acknowledged the shortcomings in employing this methodology; the next 
step would be to measure executive functioning in drug users whilst controlling for all illicit 
drugs in addition to depression, memory, sleep and impulsivity. On the other hand, the 

regression predictions and the correlations provide some indication MDMA induced 

neurotoxicity is more complicated in terms of psychological behavioural consequences and 
needs further exploration in the future research. 
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A limitation of this study is the use of the executive functioning tests: WCST and ToL test. 
There is ample debate concerning the WCST/ToL tasks and their ability to measure executive 
functions (Shallice, 1982; Berman et al. 1995; Nagahama et al. 1996). Some research feel 

tasks like the WCST and ToL maybe too complex and fail to isolate individual executive 
functioning components (Odhuba et al. 2005). These critics argue that there is too much 

overlap between the different executive components measured in the ToL and WCST. 

Executive functions are difficult to assess directly since they incorporate other cognitive 

skills. Damage to memory, language, visuospatial skills and other cognitive functions can 
influence how a person performs on tests of executive functioning. Secondly, executive skills 

are grounded within real world experiences. Any methodology employed to assess executive 
behavior require mental agility, foresight, planning and freedom from distraction. On the 

other hand, these ToL and WCST tests have undergone reliability and validity testing 
(Shallice, 1982; Berman et al. 1995; Nagahama et al. 1996). Future studies need to look at 

each individual components of executive functioning and test each one individually to form a 

clearer picture of the long term effects of MDMA on executive cognition functioning. These 

tests include the Stroop task, Keep track task -a working memory task; random letter 

generation task, Word Fluency Task, Trailmaking Test and Porteus Mazes. The results from 

tests need to be supported and correlated with other more advance techniques; including brain 

imaging and scans. In addition future studies need to investigate performance on real life, 

every day tasks: ability to drive, ability to react to hazard, the ability to foresee hazards, and 
the ability to work complex machinery. 

A major problem with executive dysfunction is the role of memory. Short-term memory has 

been associated with executive functioning performance (Baddeley, 1986). The primary role 

of short-term memory is to support long-term learning, which is done via working memory 
(Baddeley & Hick, 1974). It is difficult to determine the exact cause of the executive 
dysfunction from the present results. MDMA may have caused the executive dysfunction; 

alternatively MDMA may have affected short-term memory, which consequently affected 
executive functioning. Future studies need to investigate the consequences of MDMA on 
short-term memory and/or executive functioning. 

Illicit substances have long been associated with executive dysfunction including alcohol, 
cocaine, heroin, and amphetamine (Fernandez-Serrano et al. 2010). It is difficult to establish a 
correlation between different drugs and executive functioning as most drug users are 
polysubstance users. Where many drugs like alcohol, amphetamine and cannabis will be 
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common confounding factors. However, regression analysis has predicted that alcohol, 

cannabis, cocaine, and heroin all have deleterious effects on executive functioning 

(Fernandez-Serrano et al. 2010). Secondly, neuroimaging studies have revealed 

neurocognitive alterations within the brain (frontal and temporal cortex; amygdala, 
hippocampus, striatum) for substance users (cocaine, opiates, MDMA and cannabis); where 
these changes are more pronounced in cocaine users. As MDMA users are polysubstance 

users they will be co-using substances, future studies need to combine neuropsychological 
findings and imaging studies to look at adaptations which would be relevant for future 

rehabilitation of drug users. 

Deficiencies in executive functioning have been previously associated to psychiatric 
disorders: ADHD, Tourette's syndrome, OCD, traumatic brain injury, learning disabilities and 

autism spectrum disorders (Tan, 2009; Foley et al. 2010, Senathi Raja et al. 2010; Brown et 

al. 2010). These results could indicate that MDMA users are more prone to these psychiatric 
disorders, and will need diagnostic screening. Alternatively, it maybe postulated that MDMA 

users were predisposed to these psychiatric disorders consequently; they sought MDMA as a 
form of self-medication. These psychiatric disorders have been associated with frontal lobe 

dysfunction and 5-HT deficiencies. 

Finally, research has linked executive dysfunction, attention and working memory to DA 

abnormalities (Chudasama and Robins, 2004). Cohen and Durstewitz proposed a model 

suggesting that DA plays a role in stabilising representations within the prefrontal cortex. The 

model suggests that DA also gates relevant and irrelevant information (Cohen and Durstewitz, 
2000). Interestingly, in this study the results found that the MDMA polydrug users failed to 
have a problem with set shifting, which the `Cohen and Durstewitz' model argues attention 

and DA are required. This would then imply, as previous studies have, that MDMA does not 

affect DA levels (McGregor et al. 2003; Milani et al. 2004; Thompson et al. 2004). 

7.4.5 Summary 

The main results from this study found that past and present MDMA polydrug users 
demonstrated impairment on executive functioning tasks (ToL and WCST) in comparison to 

non-drug users and other non-MDMA recreational drug users. This study confirmed previous 
research demonstrating that the behavioural deficiency was not global but specific to certain 
domains of the ToL and WCST. To the authors knowledge no previous study has controlled 
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so robustly for other recreational drugs: cocaine, amphetamines, and ketamine. Additionally, 

this is the first study to investigate past recreational drug users that have withdrawn from the 
drug MDMA for more than 5 years on executive functioning. These findings are supported by 

non-human animal studies, which indicate that MDMA is a selective 5-HT neurotoxin that 

targets selective domains of executive functioning. These findings suggest these specific 
disruptions are long lasting. Previous studies have investigated executive functioning on 
MDMA users however, they have failed to take into account the role of memory, depression, 

sleep, and impulsivity on overall executive functioning (Bolla et al. 1998; Parrot et al. 1998; 

Fox et al. 2001; Wareing et al. 2000). With respect to the ToL, the level of self-reported 
depression plays a role in the ability to plan moves, total number of trials competed and total 

number of errors made. Sleep plays a role in the total number of moves planned. Impulsivity 

and memory play a role in the total number of trials completed. For the WCST, memory and 
depression play a role in the total number of perseverative errors made, and the total number 

of trials to first category. Additionally, MDMA may directly affect solution time and 

cognitive speed. Performance on non- perseverative errors and total number of categories 

completed on the WCST were not dependent on level of depression, sleep, impulsivity and 

memory ability. This suggests that MDMA may directly increase cognitive errors, disrupt 

planning and decision-making. Finally, future MDMA studies need to investigate the 

consequences of MDMA on the interaction between higher level functioning (cognition) and 
lower level functioning (sleep, depression, impulsivity); as well as controlling for co-use of 

all illicit and licit substances. 
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General Discussion 

8.1 Summary of main overall findings 

To date this is the largest single study investigating the long lasting psychological 

consequences and their sub-domains of MDMA, comparing past and present polydrug users. 
Even though this hypothesis was formulated in 2001, there is still no previous published study 
to date which has focused on such a large and diverse population of both past and present 
MDMA polydrug users. This study is a good representation of the general population of 
MDMA polydrug users rather than targeting just `club drug users'. Consequently, this study is 

an updated representation of past and present MDMA polydrug users, their opinions of 
MDMA and the long lasting psychological consequences of MDMA. Secondly, no previous 

study has focussed on the separate domains of the psychological functions (depression, 

memory, impulsivity, and sleep) comparing past and present polydrug users. Finally, this is 

the first study to investigate the long lasting consequences of MDMA in polydrug users on 

executive functioning tasks taking into account deficits in memory, impulsivity, depression, 

and sleep. Previous studies investigating the consequences of MDMA have many flaws 

raising doubts on the significance of reported findings, including the lack of data on previous 
illicit drug exposure, limited time allowed between last MDMA use and experimental 

procedure, and the lack of pre-morbid psychiatric history. The present study has controlled for 

psychiatric history, other illicit and/or licit drug use, and included a minimum 3 week period 
between last MDMA use and participation in the study, making this study the largest most 

robust study on the acute and long lasting effects of MDMA to date. 

Findings from this study suggest that the majority of present and past MDMA polydrug users 
in the South East of England were of mixed ethnicity and in their late-20s during the period 
2001-2007. They were employed, single and living in the inner metropolitan areas. MDMA 

users past and present use more illicit drugs in term of overall frequency than non-MDMA 
polydrug users. Present MDMA polydrug users are more likely to co-use MDMA with other 
illicit drugs (cannabis, amphetamine, alcohol and cocaine) than past MDMA users. This study 
found that past and present MDMA polydrug users self reported increased lifetime exposure 
to cocaine, and LSD on comparison to non-MDMA polydrug users. Present MDMA polydrug 
users seem to be exposed to MDMA for the first time at a younger age than past MDMA 

polydrug users and they will use larger doses of MDMA in comparison to past MDMA users. 
This increased dosage of MDMA, frequency and co-use of drugs in present MDMA polydrug 
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drug users suggest that they may be increasing the risk of possible long lasting damage to 

psychological functions (Curran, 2000; Parrot, 2001). 

The main findings from this study suggested that the use of MDMA resulted in the overall 
disruption of psychological functioning: depression, impulsivity, memory, and sleep (Figure 
8.1). Both past and present MDMA polydrug users self-reported elevated depression scores 
(cognitive-affective subscale), heightened impulsivity scores (motor impulsiveness subscale 
and attentional impulsiveness subscale), memory deficits (verbal memory, visual memory, 

and delayed memory) and overall sleep disturbance in comparison to non-MDMA polydrug 

users. Therefore this study suggests that MDMA causes acute and long lasting consequences 
in depression, memory, impulsivity and sleep, confirming previous studies (Curran, 2000; 
Parrot, 2001). This study confirmed results from previous published studies demonstrating 

that `psychological and cognitive task' dysfunction was dose related. The `frequent MDMA 

polydrug users' had more pronounced difficulties often being classified as `clinical' than the 
`milder less frequent MDMA polydrug users' in depression, impulsivity and sleep whose 
levels fell within the normal range. 

In the present study, the past MDMA polydrug users had abstained from MDMA for a mean 

of 5 years and they self-reported similar elevated depression scores (cognitive-affective 

subscale), sleep disturbances, enhanced personality impulsivity scores (motor impulsiveness 

subscale and attentional impulsiveness subscale) and memory dysfunction (visual, verbal and 
delayed), as the present MDMA polydrug users. This finding indicates that MDMA induces 
long lasting and possibly permanent selected psychological damage to functions like 
depression, sleep, memory and impulsivity. This is further supported by non-human animal 
including primate studies, which demonstrate that MDMA causes structural damage to 5-HT 

neurons that not only affects the terminal but also the neuronal axon. This renders the neuron 

structurally and neurologically dysfunctional. This results in a lack of activity in the cell body 

which has limited if no effect on 5-HT release (Franfurt et at. 1984; Frith et al. 1987; Ricaurte 

et al. 1988; Frederick et al. 1997; Scheffel et al. 1998; Shankaran et at. 1998; Ricaurte et al. 
2000a, 2000b, 2000c; Ricaurte et at. 2001; Gurtman et at. 2002; Blessing et al. 2003; Bogan 

et at. 2003; Bowyer et al. 2003; Buchert et al. 2004; Wang et at. 2004; Garcia Osta ct at. 
2004; Fornai et at. 2004; Conductier et al. 2005; Escobedo et at. 2005; Galineau et at. 2005; 
Jones et at. 2005). A debated question is whether there is an adaptive compensatory change in 
the regulation and activity of 5-HT neurons following a period of abstinence from MDMA 

and whether recovery occurs (O'Hearn et at. 1984). The results from this study suggest that 
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there is little difference in overall performance on psychological functions (sleep, memory, 
impulsivity, depression and executive functioning) between past and present MDMA 

polydrug users, suggesting that either the MDMA damages the 5-HT neurons fully or 

compensatory change occurs however this affects performance on specific psychological 
tasks (sleep, memory, impulsivity, and depression). 

One major discussion involves the similarities between the acute effects of MDMA in humans 

and non-human animals. Both non-human animal and humans studies have demonstrated that 
MDMA is a 5-HT agonist. Acutely MDMA causes a range of desired and undesired physical 

and psychological effects (De La Torre et at. 2000; Kalant, 2001). Both the acute and long 

lasting effects of MDMA in non-human animals can be attributed to the action of 5-HT within 

the brain including the well-documented `serotonin-syndrome', which can be observed in 

both humans and non-human animals (Parrott, 2000; Ricaurte et al. 2000a, 2000b, 2000c). It 

could therefore be argued that if the short-term acute effects of MDMA are similar between 

non-human animals (rats, mice, monkeys) and humans, it is plausible to suggest that there 

will be similarities with the long-lasting effects of MDMA between non-human animals and 
humans. There is considerable debate concerning the practicality of predicting MDMA 

induced neurotoxicity in humans based on results from non-human animal studies. The 

majority of the research on the long lasting effects of MDMA comes from non-human animal 

studies: rats (Battaglia et at. 1987a, 1987b; Battaglia, 1988), mice (Logan et at. 1988), dogs 

(Ricaute et at. 1988), and primates (Ricaute et al. 1988). To date there is questionable debate 

concerning its relevance to human users, since neuronal toxicity research indicates that the 
level of damage can vary from one species to another (Green et at. 1995; Ricaurte et al. 
2000a, 2000b, 2000c). Presently the strongest evidence indicating that humans are affected in 

the same way as non-human animals comes from comparing humans and non-human primates 
including monkeys via the `interspecies scale' (Ricaurte et al. 2000a, 2000b). Most non- 
human animal studies of MDMA neurotoxicity involve systematic administration of MDMA 

twice daily for 4 consecutive days. In comparison, humans typically use MDMA orally, and 
although they may use up to 10 doses of MDMA per night, however MDMA polydrug users 

will seldom abuse MDMA on 4 consecutive days. Encouragingly further evidence comes 
from a study using non-human primates that was administered a single 5mg dose of MDMA, 

which has resulted in significant 5-HT neurotoxicity. The dose administered is comparable to 
doses typically abused by a frequent MDMA polydrug user, if not considerably less than that 

used by humans (Ricaurte et at. 1988; Ricaurte et at. 2000a, 2000b). Recently, the amount of 
MDMA generally found in a tablet of ecstasy is between 80-150mg (Schifano, 1991; Parrott, 

-231- 



2000) with some reports suggesting tablets can contain up to 350mg of MDMA 

(www. dancesafe. org/labtesting). Amongst scientists today, there is an accepted theory that 

smaller species require higher doses of a toxic drug to achieve equivalent drug effects, being 

predicted by the interspecies scaling. This method utilises known relations between body 

mass/surface area and accounts for differences in drug clearance (Green et al. 2003). Using 

such a technique it is possible to predict doses of MDMA, which would be neurotoxic to 
humans based on doses that are neurotoxic to either rats or monkeys. Applying the known 

neurotoxic dose of 5 mg/kg in a 1-kg squirrel monkey, the equivalent dose in humans is 

predicted at 1.28 mg/kg or approximately 96mg in a 75 kg human (Ricaurte et al. 2000a, 

2000b). Human MDMA users typically use a single dose of 75-125 mg of MDMA, which 
falls into the neurotoxic range predicted by the interspecies scaling method (O'Shea et al. 
1998; Ricaurte et al. 2000a, 2000b). This formula suggests that the doses administered in non- 
human primate studies are comparable to those abused by recreational MDMA polydrug 

users. In addition, studies have demonstrated that the larger animals are more susceptible to 

the neurotoxic effects of an administered dosage of a drug than a smaller animal. These 

studies have demonstrated that primates are more susceptible to MDMA neurotoxicity than 

rats, which in turn is more susceptible than mice (Green et al. 1995). Primate studies have 

concluded that non-human primates are more sensitive to the neurotoxic effects of MDMA, 

and may not recover from MDMA induced 5-HT neuronal injury, especially after several 
lesions (Hatzidimitriou et al. 1999). If these interspecies scale fmdings suggested are correct, 
it is predicted that MDMA will be substantially more neurotoxic to humans than non-human 
primates. It is also proposed that even if the damaged human central 5-HT neurones could 
undergo `regenerative sprouting' following MDMA exposure, as demonstrated in non-human 

primates, it is still unknown whether they would regenerate back with normal functioning or 

consequently result in psychological impairment (Fisher et al. 1995). It is furthermore a well 
established fact that humans are more susceptible to neurotoxic substances in general than 

other species including rats or primates. An example would include MPTP (1-methyl-4- 

phenyl-1,2,3,6-tetrahydropyridine), which is mildly toxic in rats however, extremely toxic in 
humans (Burns et al. 1983). Suggestions from the interspecies scale and evidence from MPTP 
indicates that comparable doses of MDMA would be far more neurotoxic to humans in 

comparison to non-human primates. The debate whether evidence from non-human animal 
studies can be a predictor of the risk of developing long lasting damage in humans is 

controversial. Evidence for this argument would include as the acute affects between non- 
human animals and humans seem to correlate, it is plausible to predict that the long lasting 

effects of MDMA in non-human animals may be comparable to those occurring in humans. 
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The results from this study suggest that both past and present MDMA users demonstrate 

psychological deficits which seem to be long lasting. These results compliment the non- 
human animal studies that suggest MDMA is a long-lasting selective irreversible neurotoxin 
to S-HT. 

The present study examined the essential relationship between: MDMA, sleep, impulsivity 

memory, and depression. The findings found a strong correlation between depression and 

sleep in addition to a positive association between impulsivity and sleep. Furthermore, the 

results failed to find a strong correlation between depression and impulsivity. These findings 

suggest that sleep plays an important role in maintaining baseline levels of depression and 
impulsivity. These psychological states (sleep, depression and impulsivity) seemed to play an 
important role in executive functioning and need to be investigated further and monitored in 

future MDMA studies as they could affect treatment outcome and rehabilitation. 

In the current study the findings concerning executive functioning and MDMA were far more 

complicated (Figures 8.1 and 8.2). These results concluded that MDMA directly effected 

performance on these three domains of the ToL (planning, solution time and number of 

errors). The number of trails completed in the ToL was not affected by the direct exposure to 

MDMA; however correlation and regression analysis suggested depression, memory and 
impulsivity influenced these scores. This suggested that MDMA directly effects depression, 

memory and impulsivity, which consequently effects performance on the ToL task being the 

number of trials. These results were further complicated by exposure to other illicit drugs 

including cocaine and cannabis. For the total number of errors in the ToL, exposure to 

cannabis emerged as the main predictor. Cocaine and cannabis affected the performance for 

the total planning time for the ToL. 

For the WCST only the number of trials to ls` category appeared to be effected directly by 

past and present MDMA exposure (Figure 8.2) as well as other recreational drug including 

cocaine. The failure to maintain set domain of the WCST was only affected in past MDMA 

users and seemed to be influenced more by impulsivity and depression scores. This finding 

could be explained by the normal aging process or alternatively it could suggested that 
MDMA requires further time before it disrupts the psychological functions. For the other 
domains of the WCST (% perservative errors, % non-perservative errors, categories 
completed) the scores were not affected by past nor present MDMA exposure. 
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The findings from the executive functioning tasks (ToL and WCST) suggests that MDMA 

induced deficits to executive functioning tasks are more complicated than suggested in 

previous publicised studies. This may explain the diverse and often differing results obtained 
from similar cohort studies. Previous studies have failed to measure and control for the many 
diverse psychological functions (sleep, memory, impulsivity, depression and executive 
functioning) which could consequently mask the results, producing incorrect conclusions 
(Figures 8.1 and 8.2). The present study suggests that MDMA seems to influence scores on 

specific aspects of cognitive functioning. Nonetheless additional factors need to be 

considered, including the exposure to cannabis, and cocaine in addiction to the influence of 
the normal aging process. 

Additional psychological factors including any deficits in impulsivity, depression, memory 

and sleep functioning need to be monitored as they appear to play a role in executive 
functioning performance overall and these results suggest MDMA directly disrupt these 

functions. Future studies need to target whether MDMA affects memory, impulsivity, 

depression and sleep which indirectly effects executive abilities. Alternatively MDMA may 
directly affect performance on executive functions. These two theories need to be further 

investigated in future research. 

This unique study presented investigates the relationship between the various psychological 
functions and their interactions (Figures 8.1 and 8.2). The results from this novel study 
indicated that performance on executive functioning tasks (planning and decision making) 

emerged as dependent on memory ability, depression scores, sleep disturbance and 
impulsivity scores. From the present findings it could be hypothesised that if MDMA 

polydrug users failed to demonstrate decreased performance in memory, depression, sleep, 

and impulsivity they would consequently have little problems with planning and decision 

making. Comparisons now need to be made between MDMA polydrug users with and without 
depression, with and without memory disruptions, with and without increased impulsivity and 
with and without sleep disturbances, whilst measuring their interactions on executive 
functioning abilities. If this hypothesis is correct then MDMA polydrug users demonstrating 
lowered depression, increased impulsivity, sleep disturbances and memory scores will report 

similar deficits with executive functioning tasks. On the other hand MDMA users that fail to 
demonstrate memory, sleep disturbances, enhanced impulsivity scores, and depression 
dysfunction will demonstrate no disruptions in executive functioning tasks. This is the 
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direction that future MDMA induced research needs to take and such studies now need to be 

completed including non-human animal and human studies. 

In summary the findings from the present study indicates that MDMA polydrug users are 

abusing MDMA at a greater frequency and co-abusing it with other recreational drugs, this 

exposure of illicit drug(s) may heighten the possible long lasting effects of MDMA. Secondly, 

MDMA directly affects certain sub-domains of depression, impulsivity, memory, and sleep 

causing acute and long lasting deficits in past and present MDMA polydrug users. This study 
found that MDMA caused acute and long lasting disruptions to executive functioning as 

measured by the ToL and WCST (trials completed, planning, solution, number of errors and 
on the ToL and trials to first category on the WCST). Finally, this study suggests that MDMA 
induced psychological consequences are more far complicated than previous publicised 

studies have indicated. In terms of performance on executive functioning tasks future research 

needs to investigate the different sub-domains of executive functioning taking into account 

other illicit drugs (cannabis and cocaine), other psychological functions (heightened 
depression, enhanced impulsivity, sleep disturbances and memory dysfunction) and finally the 

normal aging process. 
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$. 2 Limitations 

All research has limitations and this study is no exception. It is well established that one 

major flaw with this type of cohort research is that MDMA users are all polydrug users 
(Jansen, 1996; Morgan, 1998a; 1999; Schifano et al. 1998). In terms of control groups, 

previous publicised research has failed to control for the many different types of recreational 
drugs, making the findings hard to conclude and relate purely to the exposure of MDMA. The 

results from the present study summarised that the psychological disturbances found were not 

a results of nicotine, alcohol, cannabis, amphetamine, cocaine, and ketamine exposure. The 

results can not exclude the possibility that the disturbances found: depression, sleep, memory, 
impulsivity and executive functioning, were due to MDMA use alone and not a combination 

of MDMA with other recreational drugs including cannabis, cocaine, ketaniine, heroin, and 

amphetamine. As with previous studies the present study confirms a pseudo-dose response 
function between MDMA and psychological functioning (the more MDMA consumed the 
higher the deficit to the psychological function). However, whether this level of psychological 
functioning can be related to MDMA use alone is arguable (Curran, 2000; Parrott, 2001). It 

has been well documented that DA may enhance the neurotoxicity of MDMA (McGregor et 

al. 2003; Milani et al. 2004; Thompson et al. 2004). The majority of polydrug MDMA users 
in this present study have reported the co-use of MDMA with cannabis, cocaine and 

amphetamine these are all DA agonists. Secondly, tablet analysis has reported that MDMA 

tablets show traces of amphetamine (Dancesafe, 2004). Non-human animal studies would be 

advantageous to compare the level of brain 5-HT neurotoxicity between MDMA alone and 
MDMA with a DA agonist. Finally, future research addressing MDMA neurotoxicity needs to 
bare this in mind and possibly compare MDMA users with those whom co-use MDMA with a 
dopamine agonist. 

A further criticism for this type of research is whether the participant was exposed to MDMA, 

and the exact amount of lifetime exposure. It is an imprecise method having to rely on 
participants self-reported accounts of their drug history. This type of data collection is 

required, since it is unethical for researchers to administer the drug itself to participants. 
MDMA for recreational use is produced in `backstreet' laboratories with no constraints on the 

substances used to make the MDMA tablet. Consequently, the user may not be aware of the 

exact content of the tablet and the possibility of taking a so-called ecstasy/MDMA tablet, 

which is a mixture of several psychoactive substances. Amphetamine, MDA and MDEA drug 

mixtures have been reported mixed with non-amphetamine substances like caffeine, 
ephedrine, and/or ketamine (Parrott, 2004). However, toxicology reports between the period 
late 1990s and early 2000s suggest the majority of MDMA tablets contain between 90-100% 
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MDMA (Parrott, 2004). A possible way of alleviating this problem would be to do 

longitudinal studies; where the participant is monitored over a long period of time being 

routinely examined and monitored. Regrettably such a study would be time consuming, 
financially costly and could be warranted unethical, since MDMA is an illegal drug of abuse. 
Post-mortem analysis would be beneficial in establishing the percentage of degeneration of 5- 

HT in past and present MDMA users. However, often such techniques are often complicated 
by factors such as the cause of death and suicide, the length of time between death and post- 

mortem analysis which can affect the results. 

This study relied on self-reported measures including sleep, impulsivity and depression 

scores. It should be kept in mind that all self-report inventories are subject to response bias. 

Consequently, some individuals may report increased symptoms resulting in inaccurately 

higher scores. Participants may try to deny symptoms resulting in lowered scores. One 

particular reason for this may be due to the current media attention on MDMA and its affects 

on mood. Results would be accurate if a measure of depression could be obtained that does 

not rely on participants self-reports. A study by Fox, 2001 investigated the subjective 

accounts of cognitive decline associated with MDMA use. They asked three groups of 

participants: those that felt lower cognitive functioning was due to MDMA use, those that 

experienced no cognitive problems but used MDMA and non-MDMA control group. The 

results found that both the MDMA groups exhibited similar cognitive deterioration in 

comparison to non-MDMA control group. The author concluded that most MDMA users 

were not aware of the cognitive damage that MDMA was causing (Fox et al. 2001). The 

present study found that the majority of MDMA users were unaware of the reduced 

psychological and biological effects in particular depression, and sleep disturbances. Future 

studies need to use alternative methods for measuring psychological performance other than 

self-reported measures. Self-reported measures can be considered to be very unreliable as the 

participant is required to rely on their memory. Future studies need to rely on measured 

psychological and cognitive tests. However, it should be noted that all self-reported 

questionnaires employed in this study had undergone extensive validity and reliability testing 

and are constantly used in both the clinical and for research purposes. 

The issue of interpretation of causality is a major problem within the field of recreational drug 

research. It is very difficult to prove in human studies whether the cause of the deficiency in 

psychological functioning was due to exposure to a recreational drug, or whether the deficit 

already existed beforehand with the individual deciding to use the recreational drug as a form 

of self-medication (McCann & Ricaurte, 1991; McGuire et al. 1994; Morgan, 2000). MDMA 
is a `class A' scheduled illegal drug; consequently it is very difficult to assess both its acute 
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and long-term effects using the more traditional methodologies of double-blind techniques; 

randomly allocating participants to either a placebo/active drug condition. There have, 

however, been a limited number of studies which have administered low doses of MDMA 

(Vollenweider et al. 1998; Curran, 2000). Unfortunately, the problem persists that it is 

unethical to repeatedly administer larger doses of MDMA, a possible neurotoxin, to allow the 
investigation of possible neurodegeneration of nerves in human participants. As a result the 

only possible solution is to compare MDMA polydrug users with matched control groups; 

whom have never abused MDMA, the methodology employed in this study. There are a 

number of growing case reports in which chronic psychosis and mood disturbance have 

persisted following MDMA intoxication. Such results suggest a role for MDMA in the onset 

of psychiatric disorders (McGuire et al, 1994; de Win et al, 2004). Irrespectively of whether 
the recreational drugs cause cognitive and psychological decline, or, whether poor 

psychological and cognitive decline attracts recreational drug use, has little bearing on the fact 

that this study provides evidence that recreational MDMA polysubstance drug users suffer 
from both psychological and cognitive impairment, which is predicted to get worse with the 

aging process and will require some form of treatment in the future. 

8.3 Future studies 

Presently there is a lack of research investigating the psychobiological consequences 
following abstinence from the drug MDMA. The majority of previously publicised research 
investigating the psychological consequences of MDMA has investigated the immediate 

effects of MDMA (Morgan, 2000; Curran, 2000; Parrot, 2001). There are few studies that 
have begun to investigate MDMA polydrug users that have abstained from MDMA usually 

ranging from 12 moths to 18 months, however to date no single study has compared present 
MDMA users with past MDMA users that have abstained for more than 5 years (Morton, 

2005). Additionally, non-human animal studies have demonstrated that selective brain 

damage caused by MDMA is non-repairable even after 7 years (Fisher et at. 1995). These 

non-human primate findings raise the question whether similar patterns of neurotoxicity are 
occurring in past MDMA polydrug users. The present study is novel in the fact it makes a 
comparison between present and past polydrug MDMA users. Evidence from human imaging 

studies is slowly emerging demonstrating that there is a neurotoxic effect of MDMA upon 5- 

HT. The link between reduced SERT and previous MDMA users was reported using PET 
(McCann et al. 1998; Cowan, 2007), SPECT (Reneman et at, 2001; Cowan, 2007) and finally 
levels of 5-HIAA in CSF (Bolla et al. 1998). These studies now need to be replicated and 
continued using similar techniques (PET and SPECT) controlling for levels of depression, 
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memory, impulsivity and sleep disturbances when investigating executive dysfunction 
between non-MDMA users, present and past MDMA users. 

One further question that has not been answered by the present study and warrants further 
investigation, is the issue of whether it can be concluded that MDMA ingestion causes direct 

psychological and cognitive impairments or whether MDMA polydrug users suffer from these 

psychological impairments beforehand, thus seeking MDMA as a means of self-medication 
(Curran, 2000; Parrot, 2001). Does the psychological problems (memory, depression, 
impulsivity, executive functioning, and sleep) cause individuals to take MDMA in order to 

eliminate the already established decline in psychological functioning? Alternatively do 

individuals with normal baseline psychological functioning levels take MDMA, which 

consequently results in a lowered level of psychological ability due to neurotoxicity? 
Research investigating drug use has been split into two separate areas. One of these suggests 
that people that use drugs of abuse have neuropsychological alterations prior to drug use 
which makes them vulnerable to drugs and can also act as a causal factor for consuming the 
illicit drugs (Verheul, 2001). On the other hand there has been ample research investigating 

the long lasting effects of using recreational drugs as already discussed in depth in previous 

chapters (Curran, 2000; Parrot, 2001). These studies have proposed that drugs like alcohol, 

cannabis, cocaine, amphetamines, methamphetamines and opioids all have detrimental effects 

on numerous psychological and cognitive processes (refer to chapter 1). One fundamental 

question that needs answering would be whether the decline in biological and psychological 
functioning occurs before drug onset or as a consequence of drug use. As yet no single study 
has provided enough evidence to find a satisfactory conclusion. Previous discussions 

regarding research investigating acute and long lasting effects of MDMA have been unable to 

establish the argument of `cause or effect'. Overall psychological functioning can be difficult 

to establish. One plausible method to try to over come this `cause or effect' argument would 
be to interview close friends and relatives. Secondly, another methodology would involve 

measuring psychological functioning from first-degree relatives to see if there are any 
similarities between family members and the MDMA polydrug user. If the decline in 

psychological functioning is due to genetics then it would be hypothesised that a similar 
pattern would be observable across the immediate family (Silberg et al. 1990; Eley et al. 
1999). 

Experimental studies have demonstrated that when rats are administered MDMA in crowded 
conditions and have a lack of water they are more susceptible to neuronal damage than rats 
administered MDMA alone with ample water. Such studies suggest that crowded conditions, 
loud noise and lack of water can extenuate the 5-HT damage caused by MDMA (Cornish et 

-241- 



at. 2003). All MDMA participants from the present study reported consuming MDMA in 

company including night-clubs. Non-human animal data suggests individual's exposing 
themselves to MDMA at night-clubs and raves are more likely to suffer psychological 
damage in comparison to an individual that has consumed it in a quiet spacious environment. 
Future studies need to investigate the different environmental settings in MDMA drug users 

and the level of MDMA induced psychological dysfunction. 

Additional issues which need to be addressed in future research includes investigating the 

total amount of MDMA consumed on a single occasion and the age of initial exposure of 
MDMA with the level of psychological problems (depression, sleep, memory, impulsivity and 

executive functioning) (Green et al. 2004). Non-human animal studies propose the amount of 

psychological damage is associated with the age of initial exposure and frequency of drug use 
(De Win et al. 2004). There is currently no published research investigating the age of onset 

of MDMA exposure and the level of psychological disruption. Studies have found that brain 

maturation normally occurs around mid-twenties particularly the frontal lobe (Parrott, 2000) 

and research has also suggested that before this time of maturation of the brain, the brain can 
be more vulnerable to toxins. If young drug adolescences are abusing possible ̀ neurotoxic' 

drugs like MDMA before this brain maturation period occurs it is hypothesised that such 
individual's are increasing the chance of brain damage and psychological disturbance 

(memory, depression, sleep, impulsivity and executive functioning). Future studies including 

non human animal studies should address this matter further. As yet there is currently limited 

data investigating the initial age of exposure to MDMA and the level of long lasting 

psychological damage. Future studies need to investigate the age of initial use of MDMA and 
dosage, brain maturation and finally the level of long lasting psychological damage. 

Future research needs to investigate whether MDMA can affect embryos in terms of a 

pregnant mother being exposed to MDMA. Broening et al, 2001 investigated the effects of 
MDMA on the developing brain of a rat. Neonatal rats were administered MDMA on either 
days 1-10 or 11-20. These time intervals correspond with early and late human trimester brain 
development. MDMA affected body weight gain during treatment. MDMA for the 11-20 day 

group of rats resulted in impairments in learning and memory, in comparison to these rats 
given MDMA at 1-10 days. Further investigation is needed investigating exposure of MDMA 

to embryos during late and early trimester brain development and any level of neurotoxicity 
including any possible psychological deficits (Broening et al. 2001). 

Due to the recent media coverage of MDMA there has been an influx of health information 

available suggesting the safety precautions required when taking MDMA. If future research 
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can find ways to avoid this possible `neurotoxicity' and probable long lasting psychological 
damage safety precautions can be published, so MDMA users can protect themselves. Non- 

human animal studies have employed drug discrimination techniques where rats are able to 
detect MDMA from other substances (Virden & Baker, 1999). In one study the rats were 

given either MDMA plus saline or MDMA plus fluoxetine, a SSRL Post mortem results 
found that rats given MDMA plus saline had significantly reduced 5-HT levels in the 

prefrontal cortex in comparison to the MDMA plus fluoxetine rats (Virden & Baker, 1999). 

This study highlights the possibility of drugs like SSRIs providing a protection from possible 
MDMA induced damage. The co-administration of fluoxetine with MDMA given to rats 

resulted in brain 5-HT levels remaining the same as the control rats (Curran, 2000). To date 

these results have not been replicated in humans. These drugs need to be further investigated 

as the possibility that co-using MDMA with a SSRI may decrease the extent of psychological 
damage caused by MDMA use could be beneficial. If MDMA causes long lasting depression, 

memory, impulsivity, sleep and cognitive disturbances as the present study implies it is 

possible that in 20-30 years time past MDMA polydrug users will be suffering from 

psychological deficits requiring treatment and therapy. It has been debated that MDMA may 
have therapeutic benefits in particular as a possible treatment option for psychiatric disorders. 

It may be that if MDMA can be administered safely with no adverse brain neurotoxicity and 
long lasting psychological deficits it may subsequently be used medically/therapeutically. 

An important issue raised following the outcome of this study surrounds the age of the past 
MDMA users. The past MDMA users in this study ranged between the ages 30-40 years old. 
They would not be deemed as an elderly sample. Nonetheless, with the normal aging process 
it could be argued that to exposure to MDMA may result in premature aging in terms of 
depression, cognitive dysfunctions, memory deficits, and sleep disturbances. These 

psychological problems are often heightened in the elderly. MDMA may cause acceleration to 

the normal aging process and dementia. In addition past and present MDMA polydrug users 

may become more susceptible to neurodegenerative disorders resulting in early onset. These 

would include early onset of Parkinson's disease and Alzheimer's disease (Frey et al. 1996; 

Huges et al. 2004; Kish et al. 2010; Kuniyoshi et al. 2003; Parrott et al. 2003). Particularly, as 
these neurological disorders have frequently been associated with memory, sleep, impulsivity 

and mood disturbances. Thus further research is required addressing this issue, with particular 

attention paid to those with family history of neurodegenerative disorders. 

Non-human animal studies have demonstrated that Parkinson's disease symptoms will only 
manifest if more than 80% of neuronal damage has occurred (Frey et al. 1996; Huges et al. 
2004; Kish et al. 2010; Kuniyoshi et al. 2003; Parrott et al. 2003). It could be argued that a 
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similar pattern of neuronal damage is required with MDMA polydrug users. This would mean 
that in order for MDMA polydrug users to show psychological disruption a certain degree of 
degeneration of 5-HT neurons would be required. Previous non-human animal research has 

found that rats exposed to MDMA fail to demonstrate behavioural deficits; however brain 5- 
HT neurotoxicity was evident (Parrott et al. 2000). Hence, this could be the reason that there 

are currently inconsistencies, in terms of results in previous MDMA research. It could be 

suggested that those MDMA polydrug users in previous studies demonstrating little 

psychological deficits still have neuronal damage. In addition it could be argued that a 

proportion of individuals might be more prone to degeneration and neurodegenerative 
disorders than others thus making them more susceptible to MDMA induced damage. Non- 

human animal studies would be particularly advantageous in providing accurate answers in 

terms of investigating possible genetic links. 

One area that may need further exploration is the role of cortisol in memory, executive 
functioning, sleep, depression and impulsivity (Parrot, 2009). It has been clearly demonstrated 

that cortisol via the HPA (hypothalamo-pituitary-adrenal) axis plays an important role in 

regulating core psychobiological functions (Lovallo, 1997). Human laboratory studies have 

demonstrated that MDMA causes significant acute increases in cortisol levels (De la Torre et 

al. 2000; Dumont & Verkes, 2006; Parrot et al. 2009). Furthermore additional studies have 

demonstrated that chronically, prolonged use of MDMA can result in a reduced cortical HPA 

axis response (Gerra et al. 2003). The authors concluded that this HPA basal hyper activation 

and reduced responsiveness to stress may represent a complex neuroendocrine dysfunction 

associated with MDMA use. It could be proposed that cortisol and other neurohormones 
including: prolactin, luteinizing hormone, oestradiol, follicle-stimulating hormone, 

progesterone and growth hormone; need to be investigated in future research for their role as 

possible modulatory factor(s) for MDMA. 

The field of behavioural genetics has received a substantial amount of attention over the last 
decade (Eley & Stevenson, 1999). A discipline with numerous unanswered questions is the 

role of genetics within the area of drug addiction (Soar et al. 2001). Do people take drugs 
because it is in their genes? Do they lack and/or have certain characteristics that have been 

passed to them via genes through different generations; for example due to a mutation, or the 

process of natural selection? Future MDMA related neurotoxicity research needs to start 
addressing the involvement of genetics, finding answers to these unrequited questions. 
Approximately, 10% of the population are deficient in the enzyme that is involved in the 
demethyylation of MDMA, known as debrisoquine hydroxylase, coded by the gene CYP2D6 
(Tucker et al. 1994). This enzyme slows down the metabolism of MDMA. It is therefore 
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proposed that individuals low deficient in this enzyme maybe at greater risk for the acute and 
long lasting consequences of MDMA (Tucker et al. 1994; Parrot, 2001). 

Although this thesis is dominantly focussed on 5-HT, it is recognised that 5-HT is ubiquitous 
in its distribution within the CNS. It is involved in all functional systems and their 

regulation/control. 5-HT neurons innervate virtually every part of the CNS and play a 
dominating role in modulating all other neurotransmitters, it is reasonable to conclude that if 

MDMA is a selective 5-HT neurotoxin (Curran, 2000; Parrot, 2001), all cognitive and 

psychological functions other than those specifically associated with 5-HT, will be affected 
by MDMA exposure. Future non-human animal studies need to include a combination of in 

vitro and in vivo studies the role of MDMA on additional neurotransmitters other than 5-HT. 

Secondly, future studies need to investigate the effects of MDMA on other psychological 
functions other than those linked to 5-HT. 
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8.4 Summary of thesis 

To date, the study presented is the single largest and most robust research investigating the 

`long lasting neurotoxic effects of MDMA' on psychological performance and functioning. 

This study demonstrates that during the period 2001-2007 MDMA was a recreational drug 

abused by a diverse population. Present MDMA polydrug users are likely to be increasing the 

risk of MDMA induced neurotoxicity due to the increased frequency and pattern of use 
including co-using with other illicit drugs. In addition the results found that frequently using 
MDMA resulted in long lasting damage to the psychological functioning including overall 

sleep disturbances, memory deficits (visual, verbal and delayed), depression (cognitive- 

affective sub-domain) and heightened impulsivity trait (motor and attention sub-domains). 
MDMA may directly effect executive functioning as measured by planning on ToL, solution 

time on ToL, number of errors on ToL and trials to 1` category, failure to maintain set on the 

WCST. Alternatively, MDMA may indirectly effect executive functioning by affecting sub- 
domains of depression, memory, impulsivity and sleep, which consequently effect trials 

completed, planning time, solution time and errors on the ToL and trials to first category, 
failure to maintain set on WCST. This study found that these psychological problems were 

similar between past and present MDMA polydrug users, suggest MDMA causes acute and 
long lasting psychological deficits. It is predicted that this MDMA induced psychological 

deficits combined with the normal aging process will cause problems in later life affecting all 

areas of daily living including social, family and employment. Both past and present MDMA 

users, as well as, health professionals need to be educated and warned about the possible long 

lasting dangers of using MDMA and the help available for those that may need it. 
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