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Ecstasy [MDMA; (±)-3,4-methylenedioxymethamphetamine] is popular for 

positive effects including enhanced mood and empathy, despite potential deleterious 

physical and psychological consequences. The serotonin (5-HT) system plays a 

prominent role in the neurochemical and behavioral effects of MDMA, and preferentially 

targets 5-HT neurons in humans, although this substituted amphetamine does have 

significant actions on other monoamine systems.  Some negative effects of MDMA use, 

including mood and cognitive dysfunction, may involve the 5-HT system, and are often 

treated with 5-HTergic antidepressants. The involvement of specific 5-HT genes, 

including tryptophan hydroxylase-2 (TPH-2), 5-HT transporter (5-HTT), and 5-HT2A 

receptor (5-HT2AR) in the effects of MDMA is incompletely understood. Our initial study 

compared the prevalence of polymorphisms leading to reduced gene expression in those 

genes among MDMA users versus controls, and assessed the relationship between these 

polymorphisms and impulsivity. As compared to control groups, MDMA users were less 

likely to carry 5-HTT SS or 5-HT2AR A1438G GG/T102C CC genotypes thought to lead 

to decreased gene expression. No relationship was found between genotype and 

impulsivity, however drug-naïve controls had lower impulsivity levels than either 

MDMA or polydrug users. The differential distribution of 5-HTT and 5-HT2AR 1438G/ 

T102C suggests that these genes contribute to individuals’ choices of MDMA versus 

other drugs. The second study examined the relationship between TPH-2, 5-HTT, and 5-
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HT2AR polymorphisms, and self-reported MDMA intake or impulsivity in moderate-to-

heavy MDMA users. Decreased MDMA use was reported by individuals carrying 

genotypes associated with reduced gene expression (TPH-2 TT, 5-HTT SS, 5-HT2AR 

A1438G GG/T102C CC), and 5-HTT genotype-dependent changes in impulsivity were 

found. Our studies are the first to show a differential allelic distribution between MDMA 

users and controls, and demonstrate the relationship between TPH-2, 5-HTT and 5-

HT2AR A1438G/T102C polymorphisms and MDMA intake. Individuals carrying TPH-2 

TT, 5-HTT SS, 5-HT2AR A1438G GG/T102C CC may represent a subset of MDMA 

users at higher risk to develop MDMA-related adverse events, including depression. 

Further, this group may display poorer response to antidepressants and decreased 

retention in treatment given elevated impulsivity levels. Thus, our findings may have 

important implications for diagnosis and treatment of MDMA-dependent individuals.  
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Chapter 1:  Introduction  

GENERAL OVERVIEW & EPIDEMIOLOGY 

 

The substituted amphetamine 3,4-methylenedioxymethamphetamine (MDMA; 

ecstasy) is a popular drug of abuse. MDMA was synthesized and patented by Merck in 

1912 as a chemical intermediary (Freudenmann, Oxler et al. 2006), but not used in 

further drug development. Recreational use of MDMA was reported in the 1970’s 

(Gaston 1972) and peaked in the 1990’s. In addition to recreational use, MDMA was 

touted as an adjunct for psychotherapy, and reported to facilitate communication, 

“improve understanding of life” and increase empathy (Greer and Tolbert 1986; Greer 

and Tolbert 1998; Parrott 2007). Therapeutic use of MDMA was mostly based on 

anecdotal evidence rather than rigorous trials (Doblin 2002), but it is interesting to note 

that the effects of MDMA that make it valuable in psychological treatments are the same 

that maintain its popularity as an drug of abuse. In 1986, concerns about MDMA-induced 

neurotoxicity in animals led to its re-classification as a schedule I drug (Federal Register 

1986). This classification is given to drugs with a high abuse potential and no accepted 

medical use. However, the popularity of MDMA as an illicit drug continued an unabated 

rise until recently. The stabilization in usage trends, followed by mild decline in use 

(2006-2007) among youth in the US appears to be related to an increased awareness of 

the possible negative effects of MDMA (Johnston 2007).   

MDMA is currently the most commonly used club drug, in reference to the 

setting (rave clubs) in which the use was initially reported and still occurs frequently. But 

MDMA has certainly expanded beyond the rave sub-culture, and is now used in multiple 

settings (Fendrich, Wislar et al. 2003). Results from the National Household Survey on 

Drug Use and Health indicates a prevalence of lifetime use of 4.6% and a mean age at 

initiation of 20 years (SAMHSA 2006). Prevalence of use is highest in the 15-24 age 

groups, and MDMA use is associated with an increased risk of alcohol and other illicit 

drug consumption (Strote, Lee et al. 2002; Parrott 2006).  
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The key appeal of MDMA as a recreational drug resides in its ability to enhance 

mood and evoke euphoria, elicit empathy and connectedness to others, and increase 

energy (Vollenweider, Gamma et al. 1998; Liechti, Geyer et al. 2001).  Users also report 

that MDMA elicits alterations in auditory and visual perception, but does not evoke 

hallucinations per se.  The ability of MDMA to evoke both stimulant and hallucinogen-

like effects has prompted calls for a separate classification as an “entactogen”, a word 

meaning “the touch within”, in reference to the ability of users to get in touch with their 

feelings  (Nichols 1986).  

Well-known for the positive effects associated with its use, MDMA can 

nevertheless lead to negative, even life-threatening consequences. These may include 

cardiac arrhythmias, hypertension, hyperthermia, hyponatremia, liver problems, seizures, 

coma, and even death (Schifano, Oyefeso et al. 2003; Schifano, Oyefeso et al. 2003; 

Schifano 2004; Schifano, Corkery et al. 2006). The majority of MDMA-related adverse 

events are mild to moderate in severity, and MDMA administration in controlled 

laboratory settings has not been associated with serious events  (Vollenweider, Gamma et 

al. 1998; Liechti, Gamma et al. 2001). Most emergency room visits secondary to 

MDMA-related problems are due to collapse, loss of consciousness, palpitations, 

dizziness or weakness, and anxiety (Liechti, Kunz et al. 2005). Other rare but serious 

events such as atrial fibrillation (Madhok, Boxer et al. 2003), seizures, paralysis 

(Goldstein, Mordish et al. 2006) and coma have been reported (Rosenson, Smollin et al. 

2007). Conditions in clubs where MDMA is often used, with high ambient temperatures 

and concomitant polysubstance consumption, may amplify MDMA-related adverse 

events and lead to severe complications. This is true in particular of hyperthermia and 

hyponatremia, that may lead to the development of seizures or coma.  

Overall, MDMA-related medical complications and fatalities have risen sharply in 

the past decade (Schifano, Corkery et al. 2006). From 1997 to 2006, MDMA was 

estimated to account for 4.1% of all drug related deaths, a three to four fold increase from 

its mid-1990’s level (Schifano 2004; Schifano, Corkery et al. 2006). The increase may be 
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the result of its continued popularity and more widespread use, but may also be the result 

of increased awareness of its deleterious effects among health care workers. 

Unfortunately, awareness is not matched by advances in management of MDMA-related 

complications; treatment is usually aimed at symptomatic relief, and is not MDMA-

specific. Further, vulnerability factors for the development of MDMA-related adverse 

events, whether genetic or epidemiological, are not fully understood.  

MECHANISM OF ACTION OF MDMA AND THE CONTRIBUTION OF TRYPTOPHAN 

HYDROXYLASE, 5-HT TRANSPORTER, AND 5-HT2AR: 

 

MDMA binds to monoamine transporters, inducing non-exocytotic release of 5-

HT, dopamine (DA), and norepinephrine (NE), with relatively more release of 5-HT than 

DA or NE (5-HT>NE>DA) (Stone, Stahl et al. 1986; Gibb, Stone et al. 1987; Rudnick 

and Wall 1992). 5-HT is synthesized in raphe nuclei cells, which project to almost all 

areas of the brain (Koella 1969; Snyder and Bennett 1976). 5-HT is involved in 

cognition, emotional and behavioral control, and acts through a variety of 5-HT receptors 

currently divide into seven classes (5-HT1 to5-HT7) (Hannon and Hoyer 2008). The 

proper functioning of the 5-HT system in the brain depends upon the integrity of three 

mechanisms: 5-HT synthesis and degradation, removal from the synaptic cleft, and 

proper functioning of 5-HT receptors. Following is an overview of three genes involved 

in 5-HT homeostasis (tryptophan hydroxylase, 5-HT transporter, and the 5-HT2A 

receptor), their contribution to the effects of MDMA, and the potential role of genetic 

polymorphisms in this respect.  

 Tryptophan Hydroxylase-2 (TPH-2): 

 The rate limiting enzyme in the biosynthesis of serotonin is tryptophan 

hydroxylase, which catalyzes the conversion of tryptophan to 5-hydroxy-tryptophan. Two 

isoforms of the enzyme are known, TPH-1 and TPH-2, which share 71% amino acid 
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homology (Walther, Peter et al. 2003). TPH-2 is brain-specific, whereas TPH-1 is 

exclusively expressed in peripheral tissues (Zill, Buttner et al. 2004).  In rats, acute 

administration of MDMA causes the loss of TPH activity (Stone, Stahl et al. 1986; 

Schmidt and Taylor 1990) particularly in the cortex and the hippocampus. New TPH-2 

enzyme synthesis is required to overcome the effects of MDMA, and recovery of TPH 

activity is mediated by an increase in TPH mRNA expression (Garcia-Osta, Del Rio et al. 

2004). In rats, MDMA-induced 5-HT depletion can be reversed by administration of the 

5-HT precursor, L-5-hydroxytryptophan (Wang, Baumann et al. 2007). Longer-term 

impact of MDMA use on TPH-2 is not known, and human studies on TPH-2 and MDMA 

are lacking. 

 A single nucleotide polymorphism (SNP), rs 4570625 (at position 703, GT 

substitution), located in the TPH-2 promoter region, may cause alterations in TPH 

function; rs 4570625  is inherited as part of a haplotype block, along with rs11178997 

and rs11178998 (Scheuch, Lautenschlager et al. 2007). The G to T substitution is 

associated with a 10-22% reduction in promoter activity of the TPH-2 gene, thus reduced 

TPH-2 gene expression (Scheuch, Lautenschlager et al. 2007).  The G and T alleles are 

co-dominant, hence carriers of the TT genotype would be expected to have the lowest 

level of TPH-2 expression. In humans, G703T variability has been shown to modulate 

amygdala responsiveness to emotional stimuli, with carriers of the T allele experiencing 

greater amygdala activation in response to happy or sad, but not neutral, stimuli  (Canli, 

Congdon et al. 2005). Further,  carriers of the TT genotype displayed impaired executive 

function (Reuter, Kuepper et al. 2007), lower impulse control represented by low harm 

avoidance scores (Reuter, Ott et al. 2007), and more emotional dysregulation (Gutknecht, 

Jacob et al. 2007; Herrmann, Huter et al. 2007) than carriers of GT or GG genotypes.   

 In the context of MDMA use, and given the need to regenerate new TPH enzyme 

following MDMA administration, a reduction in promoter function of TPH-2 may slow 

down, or even hinder recovery from MDMA-induced 5-HT depletion. However, no 
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studies in humans have yet focused on the influence of TPH-2 polymorphisms on the 

extent of 5-HT depletion, MDMA intake or related behaviors such as impulsivity.  

 Serotonin transporter (5-HTT): 

 The 5-HT transporter (5-HTT) is a member of the SLC6 gene family, the 

neurotransmitter sodium symporter family (Rudnick 2006). Reuptake by 5-HTT is the 

first step in terminating neurotransmitter action at extracellular receptor sites. MDMA 

binds to 5-HTT, causing 5-HT release into the synaptic space (Stone, Stahl et al. 1986). 

5-HTT is the site of action of other illicit drugs (cocaine, amphetamines) as well as 

psychoactive medications, such as selective serotonin reuptake inhibitors antidepressants 

(SSRI) used to treat depression (Filip, Frankowska et al. 2005; Alessandro and Kato 

2008).  

Two polymorphisms that lead to lower levels of 5-HTT expression have been 

identified. A 44 base pair insertion/deletion in the promoter region of 5-HTT reduces 

transcriptional efficiency of the gene (Lesch, Bengel et al. 1996). The short allele “S” 

leads to decreased transcription of the serotonin transporter gene when compared to the 

long allele “L”.  A second polymorphism leading to reduced 5-HTT gene expression was 

reported within the L allele: a single base substitution AG (rs25531), leads to two 

functional subtypes, LA  and LG (Hu, Lipsky et al. 2006). LA is high expressing, while LG 

causes low gene expression, comparable in level to the S allele   (Hu, Lipsky et al. 2006). 

The S, LG and LA alleles are co-dominant in action, thus carriers of the SS or SLG 

genotypes have the lowest level of 5-HTT gene expression, whereas carriers of the LALA 

genotype have the highest. Most literature has referred to LA as L, whereas LG is grouped 

with the S allele for analysis. Genotype LL is associated with a higher level of 5-HTT in 

platelets, postmortem brain, and living brain (Little, McLaughlin et al. 1998; Greenberg, 

Tolliver et al. 1999). 

The effects of genetic variability in 5-HTT have been widely studied, and 5-HTT 

is now known to be a key locus of susceptibility for anxiety, depression and impulsive 
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behaviors (Caspi, Sugden et al. 2003; Canli and Lesch 2007; Paaver, Nordquist et al. 

2007). Indeed, carriers of 5-HTT SS have an increased susceptibility to depression upon 

stressful life events (Caspi, Sugden et al. 2003). Subjective effects of MDMA are 

attenuated by blockade of 5-HTT (Liechti, Gamma et al. 2001). MDMA users carrying 

the SS genotype have been shown to have higher depression scores and more 

abnormalities in emotional processing than non-MDMA users with the same genotype 

(Roiser, Cook et al. 2005), whereas MDMA users carrying the LL genotype were 

comparable to non-MDMA users in terms of depression scores and emotional processing 

testing (Reneman, Schilt et al. 2006). Thus, the 5-HTT SS genotype appeared to confer a 

certain vulnerability to neurocognitive sequelae of MDMA. Further, in MDMA users, a 

significant reduction in cortical and sub-cortical 5-HTT density has been shown, with the 

extent of reduction possibly being dose dependent (McCann, Szabo et al. 1998), 

(Buchert, Thomasius et al. 2004). Non-uniform recovery of 5-HTT density may occur 

with abstinence (Reneman, Booij et al. 2001; Buchert, Thomasius et al. 2004).  

 The relationship between 5-HTT genetic variability and long-term 5-HTergic 

regulation is not well understood. There is preliminary evidence that 5-HTT SS and TPH-

2 TT have additive effects on impulse control (Herrmann, Huter et al. 2007), but this has 

not been studied in the context of MDMA use. The influence of genetic variability in 

TPH-2 and 5-HTT on MDMA use patterns (quantity, frequency of intake) is also 

unknown, and is a focus of this project, as the extent of MDMA use may affect impulse 

control and neurocognitive sequelae of MDMA.  

 Serotonin 2A receptor subtype (5-HT2AR): 

 5-HT exerts its actions through the 5-HT receptors, a family of membrane bound 

receptors. 5-HT receptors belong to the G-protein coupled receptor family, with the 

exception of 5-HT3 which is a ligand gated ion channel (reviewed in (Hoyer, Hannon et 

al. 2002)). 5-HT2AR mediates some of the MDMA-induced behavioral responses and 

hyperthermia in rats and humans (Reneman, Endert et al. 2002; Bull, Hutson et al. 2003; 
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Bull, Hutson et al. 2004; Herin, Liu et al. 2005). Most of the effects of MDMA on 5-

HT2AR are thought to be mediated by the increased 5-HT concentration in the synaptic 

space upon MDMA administration. However, MDMA also has  moderate efficacy/ low 

affinity at 5-HT2AR (Gudelsky, Yamamoto et al. 1994; Nash, Roth et al. 1994). Human 

MDMA users display significantly lower 5-HT2AR binding ratios on Positron Emission 

Tomography (PET) than controls in all cortical areas, with time-dependent recovery. 5-

HT2AR density positively correlated with duration of abstinence (Reneman, Endert et al. 

2002). 

MDMA-induced cell death in cortical neuronal cultures is modulated by 5-

HT2AR, with protective effects of selective 5-HT2AR antagonists (Capela, Ruscher et al. 

2006). MDMA-induced apoptosis is potentiated under hyperthermic conditions. The 

effect of MDMA on core body temperature is of direct consequence for human users, as 

the conditions at clubs and rave parties (high ambient temperature, physical exertion, 

dehydration), where MDMA is often used, may exacerbate MDMA-related adverse 

events.  

 Genetic polymorphisms in both the promoter and coding regions of 5-HT2AR 

have been identified.  Promoter polymorphism A1438G (rs 6311, ss7939), an AG 

substitution(Spurlock, Heils et al. 1998), affects promoter activity, and therefore, levels 

of expression of 5-HT2AR. The A allele is associated with significantly greater promoter 

activity compared to the G allele (Parsons, D'Souza et al. 2004), leading to greater levels 

of expression of 5-HT2AR. The A1438G polymorphism is thought to alter promoter 

activity by virtue of its proximity to binding sites of transcription factors (Myers, Airey et 

al. 2007). A1438G is in linkage disequilibrium with T102C, a single base pair 

substitution (TC) located in the non-coding region of exon 1. T102C does not lead to 

changes in protein coding (Arranz, Munro et al. 1998). The T allele of T102C (and, thus, 

the A allele at position 1438) is associated with higher 5-HT2AR binding in postmortem 

brain samples (Turecki, Briere et al. 1999) and in human platelets (Khait, Huang et al. 

2005). Carriers of the CC genotype of T102C (and thus the lower-expression form of 
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A1438 G, GG) were found to have increased impulsivity levels (Bjork, Moeller et al. 

2002) and a higher likelihood of a past history of mood disorders (depression) with 

suicidal ideation (Du, Bakish et al. 2000),  and nicotine dependence (do Prado-Lima, 

Chatkin et al. 2004). The relationship between variability at A1438G and MDMA use 

patterns has not been explored yet. 

NEUROTOXICITY 

 

  MDMA administration leads to depletion of brain 5-HT ((Battaglia, Yeh et al. 

1987; Schmidt 1987; O'Hearn, Battaglia et al. 1988), reviewed in(Baumann, Wang et al. 

2007)) and reduction in markers of 5-HT nerve ending integrity (5-HTT). In humans, 

effects are limited to axons, sparing cell bodies  (Commins, Vosmer et al. 1987; Ricaurte 

and McCann 2001; Ricaurte and McCann 2001). Neurotoxic damage appears to target 

fine fibers originating from the dorsal raphe nuclei, with little to no effect on beaded 

fibers originating from the median raphe nuclei (Paris and Cunningham 1992). The 

development and extent of MDMA-induced damage depend on the mode of drug 

administration, dose, and species. Neurotoxicity is predominantly 5-HTergic in humans, 

rats, but dopaminergic in mice (Green, Mechan et al. 2003). Variability in 5-HTergic 

genes may modulate individual ability to recover from 5-HT depletion. This is 

particularly true in the case of allelic variants leading to reduced gene expression, such as 

5-HTT SS, TPH-2 TT, and 5-HT2AR A1438G GG.  

   In animal studies, the neurotoxic effects of MDMA are potentiated by a variety 

of conditions mirroring typical human MDMA intake: MDMA-induced damage is 

amplified by higher ambient temperatures (McCann, Ricaurte et al. 2001; Green, Sanchez 

et al. 2004), and co-administration of other substances, including caffeine (McNamara, 

Kerans et al. 2006), methamphetamine (Clemens, Cornish et al. 2005), and ethanol (Izco, 

Orio et al. 2007). Most MDMA tablets sold on the US market lack in purity and contain 

other substances (Tanner-Smith 2006), and MDMA use tends to occur in overheated 

environments with extensive physical activity (dancing). Thus, based on the existing 
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body of knowledge, it is safe to conclude that typical human MDMA use patterns would 

maximize the potential for MDMA-induced damage (Parrott 2006).  

The Netherlands XTC study, a large-scale prospective study of the effects of 

MDMA, using diffusion tensor imaging (an imaging tool ideally suited to reveal brain 

microstructural white matter organization), concluded that even minimal use of MDMA  

impacts axonal architecture (de Win, Reneman et al. 2007). This finding suggests that 

MDMA may cause neurotoxicity in humans at low doses, with the caveat that the 

changes found could represent a form of neuroadaptation, and not toxicity per se (Jager, 

de Win et al. 2008). Taken in stride with other results, existing knowledge supports the 

concerns that heavy use of MDMA, may translate to neurotoxicity in humans, whereas 

incidental intake may carry little risk (Jager, de Win et al. 2007). However, many 

questions remain about what defines “heavy” use, about individual susceptibility to 

MDMA-induced damage, and about genetic factors contributing to such susceptibility. It 

thus becomes important to identify factors associated with heavier MDMA use and 

epidemiological, genetic or psychological correlates of such use patterns.      

MDMA DEPENDENCE AND NEUROCOGNITIVE DEFICITS: 

 

 The first reports of dependence to MDMA were anecdotal (Jansen 1999), and 

MDMA was long-perceived by most as a benign, non-addictive drug. Diagnosis of 

MDMA dependence is easily overlooked in clinical samples as MDMA does not have its 

separate diagnostic category in DSM-IV, and percentages of clinically significant patters 

(abuse or dependence according to the Diagnostic and Statistical manual of psychiatric 

disorders, DSM-IV) of use are low. However, longitudinal studies have shown that a 

small subset of MDMA users reliably develop abuse and dependence. The Early 

Developmental Stages of Psychopathology Study, a prospective naturalistic study 

focusing on adolescents reported a cumulative lifetime incidence of 0.6% for dependence 

and 1% for abuse for MDMA (von Sydow, Lieb et al. 2002). By applying strict DSM-IV 
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diagnostic algorithms, 34% of MDMA users in general adolescent substance user 

samples met criteria for MDMA abuse, and 43% met criteria for MDMA dependence 

(Cottler, Womack et al. 2001). In moderate to heavy self-report MDMA user groups, the 

percentage of individuals meeting criteria for abuse/dependence on MDMA reaches 60-

70% (Thomasius, Petersen et al. 2005). The relationship between neurotoxicity and 

meeting diagnostic criteria for MDMA abuse/dependence has not been fully investigated, 

nor is the development of neurotoxicity in humans unequivocally proven as it is in 

animals; nevertheless, various lines of evidence suggest that the subgroup of MDMA 

users reporting high cumulative lifetime use and experiencing problems with MDMA as 

indicated by meeting DSM-IV criteria are at highest risk of suffering the sequelae of 

MDMA use. 

Heavy MDMA users display a characteristic pattern of  deficits on tests involving 

visuospatial orientation tasks (Fisk, Montgomery et al. 2005) or working memory tests 

(Wareing, Murphy et al. 2004). Impairment is also noted on verbal memory tests, motor 

function, and attention/vigilance tests (Morgan, McFie et al. 2002; Halpern, Pope et al. 

2004) (Hanson and Luciana 2004), with reports of impairment lasting up to seven years 

after heavy use (Soar, Parrott et al. 2004). Proper assessment and diagnosis of MDMA 

abuse or dependence is crucial, as neurocognitive deficits relate to the extent of MDMA 

use, with subjects meeting DSM-IV criteria for those entities exhibit more severe deficits 

than casual MDMA users (Hanson and Luciana 2004). The relationship between the 

severity of neurocognitive deficits and MDMA-induced neuronal damage has not been 

fully elucidated yet, though some evidence suggests the magnitude of memory 

impairment may be related to altered 5-HT transmission (Reneman, Booij et al. 2000). 

Thus, although the involvement of 5-HTT, TPH-2, and 5-HT2AR in mediating some 

effects of MDMA has been well-established, there are still gaps in knowledge of the 

contribution of these genes to behaviors or personality characteristics important to 

MDMA use. One such area is impulsivity, thought of as “acting without thinking”, or 
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acting without regard to consequences. Impulsivity is regulated by the 5-HT system (as 

detailed below), and is not completely characterized in the context of MDMA. 

A CLOSER LOOK AT IMPULSIVITY AND ITS POTENTIAL ROLE IN MDMA USE  

  

Impulsivity is a core symptom in many psychiatric disorders, and represents a 

vulnerability factor for the development of addictive disorders in general (Kreek, Nielsen 

et al. 2005; Verdejo-Garcia, Lawrence et al. 2008). Impulsivity has been defined as a 

“predisposition toward rapid, unplanned reactions to internal and external stimuli without 

regard to negative consequences of these reactions to the impulsive individual or others” 

(Moeller, Barratt et al. 2001). Impulsivity is a heterogeneous clinical construct ranging 

from impulsive decision making to intolerance of delay gratification (Winstanley, Eagle 

et al. 2006). Various methods to measure impulsivity have been designed, including 

laboratory and self-report measures. Baseline impulsivity is subject to significant genetic 

regulation, but an individual’s impulsivity levels may be affected throughout the course 

of a lifetime by various experiences, including drug use (Allen, Moeller et al. 1998) or 

psychotherapy (Paris 2008). In the case of MDMA, baseline levels of impulsivity are not 

significantly associated with initiation of use of MDMA (de Win, Schilt et al. 2006), but 

an increased level of impulsivity was noted in a prospective cohort of young MDMA 

users following initiation of use (de Win, Reneman et al. 2007).  While some studies have 

indicated that MDMA use is associated with increased behavioral impulsivity and 

impaired decision-making compared to polydrug non-MDMA users and drug-naïve 

controls (Morgan, Impallomeni et al. 2006; Quednow, Kuhn et al. 2007), other studies 

have failed to replicate these findings, and indicate similar levels of impulsivity among 

MDMA and other drug users (Hanson, Luciana et al. 2008). Interpretation of the results 

is limited by the type of drugs used by the control groups and the type of tests used to 

assess impulsivity levels. Taken together, the literature seems to indicate that elevated 

impulsivity is associated with increased drug use and poorer outcome in general (Allen, 
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Moeller et al. 1998; Hanson, Luciana et al. 2008), and, in the case of MDMA users, may 

be associated with increased MDMA-induced sequelae. An increased level of 

impulsivity, whether at baseline or resulting from drug use, may worsen the drug problem 

and decrease treatment retention. Indeed, individuals with higher impulsivity levels are 

more likely to drop out of treatment than their less impulsive counterparts (Moeller, 

Dougherty et al. 2001).  

 Impulsivity is regulated by the 5-HT system (Paaver, Nordquist et al. 2007; 

Walderhaug, Magnusson et al. 2007). Elevated levels of impulsivity have been associated 

with lower levels of 5-HT and its metabolites in the CNS, as in individuals with a history 

of violent suicides (reviewed in (Nomura and Nomura 2006)). Further, artificial 

decreases in 5-HT levels in the brain are accompanied by increased impulsivity (as in 

during an acute tryptophan depletion state), and this effect is modulated by 5-HTT 

genotypic variation (Walderhaug, Magnusson et al. 2007).   

Animal studies show that impulsivity levels are modulated partially by 5-HT2AR 

and 5-HT2CR, which exert opposing actions (Winstanley, Theobald et al. 2004; Ross, 

Herin et al. 2006) and by 5-HTT. Human studies support the notion that the 5-HT system 

regulates impulsive behaviors, and provide evidence for the contribution of 5-HTT, 5-

HT2AR genetic variability in this respect; carriers of 5-HT2AR 102 CC (that is, A1438G 

GG) genotype had a greater incidence of mood, substance use disorders, and impulsive 

patterns on cognitive testing compared to carriers of CT or TT genotype (Bjork, Moeller 

et al. 2002). Carriers of the short allele of 5-HTT (S) display more impulsivity when 

compared to LL carriers (Paaver, Nordquist et al. 2007). Additionally, MDMA users who 

are carriers of the 5-HTT SS show altered decision making when compared to carriers of 

non-SS genotypes (Roiser, Rogers et al. 2006). The variation is noted in the way the 

different groups weigh, and are attuned to, probabilities of gain and loss. Thus, carriers of 

genotypes associated with decreased gene expression of 5-HTT and 5-HT2AR appear to 

be at higher risk for impulsivity, and at higher risk of experiencing MDMA-related 

sequelae. Based on the current knowledge, it is reasonable to expect an increase in certain 
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aspects of impulsive responding in the context of MDMA-induced 5-HT depletion. 

However, the intricacies of regulation of impulsivity by the 5-HTergic system render 

such a conclusion too simplistic, and the effect of various genetic variants in 5-HTergic 

genes on impulsive behaviors has to be carefully determined.  

In summary, the present studies sought to explore the relationship of variants in 

TPH-2, 5-HTT, and 5-HT2AR leading to lower gene expression on two behavioral areas 

likely to affect prognosis in human MDMA users: impulsivity and MDMA intake 

patterns. To this effect, we conducted an association study to examine the prevalence of 

alleles leading to lower gene expression in TPH-2, 5-HTT, and 5-HT2AR, and the 

relationship of those alleles to impulsivity levels in MDMA users, polydrug users and 

controls. We then focused on the relationship of those alleles on MDMA intake and 

frequency in MDMA users. In the first study, we show that, while impulsivity levels are 

not significantly different among MDMA and polydrug users, MDMA users are less 

likely to be carriers of alleles leading to reduced gene expression of 5-HT2AR A1438G 

(GG) and 5-HTT (SS). We further demonstrate, in the second study, that alleles of TPH-

2, 5-HTT, and 5-HT2AR leading to reduced gene expression do indeed modulate MDMA 

intake, and that carriers of these genetic variants use less MDMA than their counterparts 

carrying normal to high-expression alleles. These findings are the first to highlight the 

contribution of TPH-2, 5-HTT, and 5-HT2AR genotypes in the choice of MDMA versus 

other drugs (chapter 2), and modulation of MDMA intake in humans (chapter 3), and 

emphasize the need to study the effect of these gene variants further.  
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Chapter 2:  Prevalence of TPH-2, 5-HTT, & 5-HT2AR alleles leading to 

decreased gene expression in MDMA users, polydrug users and drug-

naïve controls and their relationship to impulsivity 

INTRODUCTION 

Susceptibility to development of drug abuse and dependence results from of the 

interaction between genes and environmental stressors, such as family conflict, abuse, or 

job loss (Kreek, Nielsen et al. 2005). Substantial contribution of genetic factors likely 

underlies individual differences in vulnerability the development of drug abuse, either in 

as substance-specific susceptibility factors, as in the case of cell adhesion genes, shown 

to be dysregulated in methamphetamine dependence (Uhl, Drgon et al. 2008), or as 

general risk factors for development of substance abuse in response to life stressors 

(Koob and Kreek 2007).  

Candidate gene analysis has emerged as one scientific approach to determine 

susceptibility or protective genes for drug use based on pathophysiological hypotheses. 

Using candidate gene analysis, the prevalence of specific genetic variants in single or 

multiple genes is studied in drug user groups of interest compared to control groups. This 

approach is advantageous because it allows linking genes variants of interest to 

behavioral manifestations, such as impulsivity or severity of drug use. Preliminary 

evidence of genetic susceptibility factors for heroin dependence, cocaine & stimulant 

dependence has been published (Saiz, Garcia-Portilla et al. 2008) (Nielsen, Barral et al. 

2008) (Nomura, Ujike et al. 2006; Williams, LaForge et al. 2007), but the role of genetic 

factors in MDMA use has not been studied yet.  

The substituted amphetamine 3,4-methylenedioxymethamphetamine (MDMA; 

ecstasy) is a popular illicit drug. MDMA is considered a “club drug”, a term used to refer 

to drugs primarily used by young adults at dance clubs and raves. Club drug use is still 

rampant in these settings, but is also increasing in other social settings (Fendrich, Wislar 

et al. 2003). MDMA is the most widely used club drug in Europe and the US (EMCDDA 

2007; Johnston 2007), and is popular for its stimulant and hallucinogen-like properties 
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(Nichols 1986). Chronic use and/or high doses of MDMA can result in adverse physical 

and psychological adverse effects, including cognitive and memory deficits (Hanson and 

Luciana 2004; Soar, Parrott et al. 2004; Thomasius, Petersen et al. 2005). Additionally, 

MDMA intake has been shown to increase impulsivity levels in users (de Win, Reneman 

et al. 2007). Impulsivity, characterized by acting without regard to consequences, 

represents a vulnerability factor for drug addiction in general (Winstanley, Theobald et al. 

2004; Kreek, Nielsen et al. 2005; Walderhaug, Magnusson et al. 2007). Thus, the finding 

of increased impulsivity in the following MDMA use is of critical importance, as 

increased impulsivity levels are associated with risk-taking behaviors including unsafe 

sexual practices and reckless driving (Teese and Bradley 2008; Velez-Blasini 2008). 

There are somewhat conflicting results as to the level of impulsivity in MDMA users 

compared to other drug users, with earlier studies reporting that MDMA users are more 

impulsive than individuals using other drugs (Morgan 1998; Morgan, Impallomeni et al. 

2006), and more recent evidence contradicting those findings, and showing equivalent 

impulsivity levels in MDMA users when compared to other drug users (Hanson, Luciana 

et al. 2008).  

The mechanism of action of MDMA involves non-exocytotic release of 

monoamines (serotonin (5-HT), dopamine (DA), and norepinephrine (NE)) (Berger, Gu 

et al. 1992; Crespi, Mennini et al. 1997), with effects on 5-HT being greater in magnitude 

than DA or NE (Yamamoto, Nash et al. 1995; Kankaanpaa, Meririnne et al. 1998). 

Among 5-HTergic genes involved in the actions of MDMA, three genes directly involved 

in the molecular and behavioral effects of MDMA are of interest in this study: tryptophan 

hydroxylase-2 (TPH-2), 5-HT transporter (5-HTT), and the 5-HT2A receptor (5-HT2AR). 

Polymorphisms leading to decreased gene expression for each of the above genes have 

been identified. A single base pair substitution in the TPH-2 promoter gene at position 

703 (GT) leads to reduced gene expression in the TPH-2 gene (Zill, Buttner et al. 2004; 

Scheuch, Lautenschlager et al. 2007). Two promoter polymorphisms in the 5-HTT gene 

(a 44-base pair insertion/deletion leading to a “short” versus “long” allele (S vs L), and an 
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AG single nucleotide substitution in the long allele (LA versus LG).  The S and LG 

alleles lead to reduced expression of the 5-HTT gene (Lesch, Bengel et al. 1996; Hu, 

Lipsky et al. 2006). Similarly, a promoter polymorphism in 5-HT2AR (single base-pair 

substitution AG at position 1438) is associated with decreased gene expression 

(Parsons, D'Souza et al. 2004; Myers, Airey et al. 2007). Past literature has referred to a 

single base pair substitution (TC) at position 102, that is in complete linkage 

disequilibrium with A1438G, but has no functional significance (Spurlock, Heils et al. 

1998). The effects of T102C variability documented in the literature, such as increased 

binding in human post-mortem brains (Turecki, Briere et al. 1999) and platelets (Khait, 

Huang et al. 2005) can thus be attributed to A1438G variability rather than T102C 

variability.  

Impulsivity is regulated by different components of the 5-HTergic system, a fact 

of direct relevance to the field of MDMA research, as 5-HT is the neurotransmitter 

system predominantly affected by MDMA. There is evidence that genetic variability in 5-

HTT modulates risk assessment and choices on a gambling task in MDMA users (Roiser, 

2005), and that the alleles leading to decreased gene expression of TPH-2 (allele T) 

(Herrmann, Huter et al. 2007) and 5-HT2AR A1438G/ T102C (alleles G/C) are associated 

with impaired executive functioning and increased impulsivity levels (Bjork, Moeller et 

al. 2002).  However, the impact of those gene variants on impulsivity in MDMA users 

has not been studied.  

We have chosen to use a candidate analysis approach to study the prevalence of 

alleles leading to decreased expression of TPH-2, 5-HT2AR and 5-HTT in MDMA users, 

and link those gene variants to impulsivity in the context of MDMA. In this project, we 

hypothesized that alleles leading to reduced expression of TPH-2, 5-HT2AR and 5-HTT, 

will be less prevalent in MDMA users compared to polydrug users and controls. The 

second aim of this project is to clarify discrepancies in impulsivity levels between 

polydrug users and MDMA users. We hypothesized impulsivity levels to be comparable 

between MDMA users and polydrug users, and expected a relationship between TPH-2, 
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5-HT2AR A1438G and 5-HTT genotypes on impulsivity, with alleles leading to reduced 

expression of TPH-2, 5-HT2AR and 5-HTT being associated with higher impulsivity 

levels. 

METHODS  

Subjects were recruited from 2002 to 2006 at the Substance Abuse Research Clinic, 

the University of Texas-Health Science Center-Houston. MDMA users consisted of non-

treatment seeking individuals above 21 years of age, with a moderate to heavy MDMA use 

history. Inclusion criteria consisted of self-report moderate to heavy MDMA uses (greater 

than 20 lifetime uses), and a negative urine drug for any substances (excluding MDMA) at 

intake. Polydrug users (the equivalent of a sick-control group) consisted of individuals above 

21 years of age, with a self- report of drug use excluding MDMA. Drug naïve controls 

reported no prior history of drug use, except for social alcohol use or cigarette smoking.  

Diagnosis:  

 Axis I diagnoses were made using the Structured Clinical Interview for DSM-IV 

(SCID). The SCID is a diagnostic instrument initially developed for psychiatric research by 

Spitzer (Spitzer, Davies et al. 1990; Spitzer and Siegel 1990), and updated for DSM-IV 

(First, Donovan et al. 1996). The SCID was used to screen for DSM-IV Axis I disorders. 

Other information obtained from all participating subjects included background information 

(standard demographic and socioeconomic information), use of medications (use of 

prescription medications which have an effect on the central nervous system other than drugs 

of abuse was exclusionary), and a family history summary (psychiatric illness including 

alcohol and drug dependence). Information about drug use was collected using a drug history 

questionnaire, previously validated and used at our center, the drug history questionnaire was 

used as the primary tool for quantification of past drug use (current and lifetime 

consumption). MDMA users were further asked about details of their MDMA use, including 

lifetime consumption, usual number of tablets used per session, drugs usually used in 

conjunction with MDMA, and weekly, monthly, and yearly use frequencies. 
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 The Barratt Impulsiveness Scale, version 11 (BIS) (Patton, Stanford et al. 1995) a 30 

item self-report questionnaire which has been extensively used in several previous studies on 

impulsivity and aggression (Cherek, Moeller et al. 1997; Allen, Moeller et al. 1998), 

constituted the primary measure of impulsivity in this study. The BIS consists of three 

subscales yielding separate subscores (motor, attentional, and non-planning) that are summed 

into a total BIS score representing a global impulsivity score.  

Exclusion criteria for all groups:  

Subjects were excluded if they had current or past DSM-IV Axis I diagnosis of mood, 

psychosis, anxiety or other disorders (excluding substance abuse/dependence for MDMA and 

polydrug user groups, as above), any serious non-psychiatric medical illness requiring 

ongoing medical treatment or which could affect the central nervous system. Subjects’ use of 

any medication which could affect the central nervous system, a positive HIV test, an I.Q. 

below 70 on the Wechsler Adult Scale of Intelligence, or a positive pregnancy test, as well as 

pacemakers, metal or electromechanical implants or metallic foreign bodies, were also 

exclusion criteria. (The study recruitment served an imaging component for which 

individuals had to be metal-free). 

DNA Collection & Processing:  

 Blood samples were obtained by venipuncture, collected in EDTA tubes. Leucocytes 

(buffy coats) were separated and stored at -80°C until DNA extraction, which was done using 

the PureGene genomic DNA isolation kit (Gentra Systems, Minneapolis, MN). DNA 

quantitation was performed using PicoGreen® dsDNA Quantitation Kit (Molecular Probes, 

Eugene, Oregon). Genes of interest were amplified by PCR using a thermostable HotStar 

Taq enzyme (Qiagen, Valencia, CA) for TPH-2 and 5-HT2AR. The FailSafe™ PCR 

System (Epicenter Biotechnotology, Madison, Wisconsin) was used for 5-HTT. PCR 

conditions, primers used are listed in tables 1&2. Characterization of PCR products was 

done by band detection on 2% agarose gel electrophoresis first, followed by amino acid 

sequencing to confirm amplimer identity. 
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Table 1: Primers used for PCR  

 

Gene/ 

Polymorphism 

Forward primer  Reverse primer 

TPH-2/ 

G703T 

CTCTGCATAGAGGCATCACAGG TGCTGATGGGAGGGATAAGATC 

5-HTT TCCCTGTACCCCTCCTAGGATCGCT TCTAGGTGGCACCAGAATCCCGCG 

5-HT2AR/ 

T102C 

CTTCTACACCTCATCTGCTAC CTCCTTACTTCATCTCCAGGA 

5-HT2AR/ 

A1438G 

ACCACAGACGTGCCTAGCCA CACAGTGCCACTTACCTACC 

5-HT2AR/ 

H452Y, 

A447V 

CAATACCGGCTTTGGCCTACA GTGGAAGGCACACTGAGCAA 

5-HT2AR/ 

I197V 

GCCTCCATCATGCACCTCTG GACAGTTCGTGCTTTCTGAAA 

5-HT2AR/ 

T25N 

CAA GTTCTGGCTTAGACATGG ACTGGACAGTCGACTCTGAA 
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Table 2: PCR conditions   

Different PCR conditions were used for each polymorphism to optimize yield. Details of 

PCR cycles are detailed below. 

Gene/ 

Polymorphism 

Enzyme Activation 

tº/time 

Denaturation  

tº/time 

Annealing 

tº/time 

Elongation 

tº/time 

Activation 

tº/time 

TPH-2 G703T 

 

5-HT2AR 

A1438G 

HotStar 

Taq 

 

95ºC/ 15’ 

 

94ºC/30” 

 

54ºC/30” 

 

72ºC/1’ 

 

72ºC/10’ 

 

5-HT2AR 

T102C 

HotStar 

Taq 

 

95ºC/ 15’ 

 

94ºC/30” 

 

58ºC/30” 

 

72ºC/1’ 

 

72ºC/10’ 

 

5-HTT FailSafe™ 

PCR 

System 

95 °C / 2’ 95 °C/ 30” 65 °C/ 

30” 

68 °C/ 45” 68 °C/ 10’ 

   

Statistical analysis:  

 Analysis was conducted using the Number Crunching Statistical Software (NCSS, 

2006, Kaysville, Utah). Bonferroni correction for type I error was done based on the family 

wise error rate. Thus, a test was considered significant if α < 0.05/(#tests per analysis family). 

Allele/genotype prevalence was compared using chi-square testing. When assumptions for 

chi-square testing were not met, a Fisher’s two-tailed exact test was used. Further 

analyses were conducted with genotypes grouped in two tiers (e.g. CC versus non-CC).  

Since the two 5-HT2AR promoter polymorphism studied (T102C, A1438G) are in linkage 

disequilibrium, only one was included in the analysis to decrease the number of multiple 

testing corrections needed. 5-HTT alleles were analyzed based on functionality of the 

allele, with LG grouped with the S allele LA. Thus, SLG= SS, whereas LALA= LL. BIS 

scores were compared using univariate ANOVA, then with ANCOVA using age, 

ethnicity and education as covariates as these differed among groups. 
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Calculations of Hardy-Weinberg equilibrium: 

 As a quality check method, genotype frequencies were tested for Hardy-Weinberg 

equilibrium using the HWSIM program. Comparison of observed versus expected genotypes 

was performed using a goodness of fit test (chi-square). Exact testing with a Monte-Carlo 

permutation (10,000 permutations) was used when assumptions for chi-square testing were 

violated (Yale University). 

Data Missingness: 

Genotype completion rates were compared between groups. Missingness rates 

differed for 5-HTT (χ
2
=20.67, p=0.000005); polydrug users and drug-naïve controls had 

significantly more missing values than MDMA users. Therefore, a sensitivity analysis 

was conducted to determine the possibility of data imputation (Wayman 2003). Briefly, 

eight imputed data sets were created. Complete/imputed sets were then compared. The 

pattern of missingness was not ignorable and thus, missing data was not replaced. This 

may limit the generalizability of the any comparisons involving HTT among those two 

groups, as the drug naïve group had no individuals with the LL genotype.   

RESULTS 

Comparison of baseline characteristics of MDMA users, polydrug users and drug-

naïve controls:  

 Baseline demographic characteristics are reported in Table 3. MDMA users, 

polydrug users, and drug-naïve controls were similar in gender distribution, but differed 

in age, ethnicity and educational attainment. Age was not normally distributed. MDMA 

users were significantly younger than drug-naïve controls and polydrug users (ANOVA, 

F(1,145)= 14.85, p=0.00005; Kruskal Wallis, H=17.2, df=2, p=0.0002). Ethnicity differed 

overall among groups (χ
2
= 14.4, p=0.025). Specifically, polydrug users included more 

subjects of African-American ethnicity than MDMA users (χ
2 

= 12.2, p= 0.007). In 

contrast, no difference in ethnic distribution was found between MDMA users and drug-

naïve controls (χ
2
=3.23, p=0.35).  Drug naïve controls included more subjects with a 
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college degree compared to both drug users groups (χ
2
=12.2, p=0.007). MDMA and 

polydrug users did not differ in overall self-report patterns of drug use (detailed in table 

4), with the exception of polydrug users reporting significantly more alcohol use than 

MDMA users. No gender differences were noted in any of the above characteristics. 
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Table 3: Baseline characteristics  

Demographic characteristics of MDMA, polydrug users and drug-naïve controls 

are presented below. Significance level was set at 0.01 (0.05/5, Bonferroni-corrected). 

Gender, education and ethnicity were compared using χ
2
 testing. Age was compared 

among the three groups using a one-way ANOVA. 

 

Group MDMA users 

 

Drug-naïve controls 

 

Polydrug users 

 

Number of subjects 85 26 38 

Gender     n(%) 

Male 

Female 

 

62 (72.9) 

23 (27.1) 

 

13 (50) 

13 (50) 

 

27 (71.1) 

11 (28.1) 

 

*Age   mean(sd) 24.4 (4.8) 33.3 (9.5) 29.1 (9.7) 

 

*Education  n(%) 

Less than HS 

Highschool 

Part college 

College & up 

 

7    (8.2) 

26 (30.6) 

37  (43.5) 

5    (5.9) 

 

0 

1 (6.3) 

8  (50) 

7  (43.7) 

 

9   (30) 

12   (40) 

7  23.3) 

2  (6.7) 

**Ethnicity  n(%) 

Caucasian 

African-American 

Hispanic 

Other 

 

29 (34.1) 

39  (45.9) 

11  (12.9) 

3    (3.5) 

 

6  (26.1) 

1  (47.8) 

3  (13.0) 

3  (13.0) 

 

3   (8.1) 

28 (75.7) 

               3   (8.1) 

3   (8.1) 

 

 

 

*significant at p<0.01  

** p=0.02  
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Differences in Prevalence for 5-HTergic Polymorphisms: 

  

 The raw data for prevalence of TPH2, 5-HTT, and 5-HT2AR polymorphisms are 

listed below (Table 5). MDMA users were less likely than controls to be carriers of the 5-

HT2AR T102C CC/ A1438G GG genotype, whereas control groups were more likely to 

carry the non-CC/non-GG genotype (overall χ
2
=8.78, p=0.01). This finding was more 

pronounced when MDMA users were compared to drug-naïve controls alone (χ
2
=7.96, 

p=0.004). However, the difference in prevalence only trended towards significance when 

MDMA users were compared to polydrug users alone (χ
2
=3.24, p= 0.07).  

 MDMA users were less likely to be carriers of the 5-HTT SS genotype compared 

to controls (χ
2
=7.98, p=0.01) who were more likely to carry a non-SS genotype. Results 

were comparable when MDMA users were compared to polydrug users alone (χ
2
=6.9, 

p=0.008), but not when MDMA users were compared to drug-naïve controls (χ
2
=2.3, 

p=0.13). No difference was found in the prevalence of TPH-2 among MDMA users, 

polydrug users, or drug-naïve controls (overall  χ
2
= 2.72, p= 0.3).  
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Table 4: Comparison of drug use between MDMA and polydrug users   

 

 MDMA users n(%) Polydrug users n(%) Statistical test 

 

Cannabis 37 (80.4) 34 (100) Fisher’s exact test, 

p=0.006 

Alcohol 23* (50) 34* (100) Fisher’s exact test, p 

=0.000001 

Cocaine 17 (37) 13 (38.2) χ
2
=0.01, p=0.9 

 

Benzodiazepines 4* (8.7) 12* (35.3) Fisher’s exact test, 

p=0.003 

Methamphetamine 11 (23.9) 1 (2.9) Fisher’s exact test, 

p=0.01 

Hallucinogens 13 (28.3) 2 (5.9) Fisher’s exact test, 

p=0.01 

Opiates 7  (15.2) 7 (20.6) χ
2
=0.39, p=0.5 

 

* Significant at <0.006  

  

Self-report use of various drug classes was compared among MDMA and polydrug 

users using χ
2 

tests. Significance level was set at p= 0.006 after Bonferroni correction 

(0.05/8). A Fisher’s exact test was used when assumptions for χ
2 

were not met (cell size 

<5). 
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Table 5: 5-HT gene polymorphisms and their distribution among MDMA, polydrug 

users, and drug naïve control groups  

 MDMA Polydrug Drug-naïve 

5-HT2AR promoter polymorphisms 

T102C CC CT TT CC CT TT CC CT TT 

26 49 10 16 19 3 14 8 3 

A1438G GG GA AA GG GA AA GG GA AA 

20 48 7 17 18 3 11 10 4 

TPH-2 promoter polymorphism  

G703T GG GT TT GG GT TT GG GT TT 

39 38 7 15 18 4 8 15 1 

5- HTT promoter polymorphism 

L=LA=LG 

Analysis based on 

morphology 

LL LS SS LL LS SS LL LS SS 

21 34 26 3 7 14 2 8 6 

L=LA, LG=S 

Analysis based on 

functionality 

LL LS SS LL LS SS LL LS SS 

11 34 36 0 6 18 1 5 11 

 

Comparison of impulsivity scores among MDMA users, polydrug users and drug-

naïve controls  

 Self-report impulsivity levels measured by BIS scores and subscores were 

compared among groups (Table 6). BIS scores were significantly higher among MDMA 

users and polydrug users compared to drug naïve controls on the non-planning subscore 

(ANOVA, F(2,125)= 4.31, p=0.01), on motor subscore (ANOVA, F(2,125)=6.85, p=0.001), 

attentional subscore (ANOVA F(2,125)=6.63, p=0.002), and BIS total score (ANOVA, 

F(2,125)=8.56, p=0.0003). After controlling for age, ethnicity and education, group 

differences persisted in motor score (ANCOVA, F(2,106)= 3.95, p=0.02) and total BIS 

score (F(2,106)=3.51, p=0.03). Scores did not differ significantly among MDMA and 

polydrug user groups (Figure 1).  

 Controlling for age, ethnicity and education, an analysis of covariance failed to 

show a relationship between TPH-2, 5-HTT or 5-HT2AR genotype and impulsivity 

scores. However, as shown in figures 2 to 4, the relationship of genotype to impulsivity 
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levels was not uniform across groups and gender, although the differences did not reach 

statistical significance. No relationship between gender and BIS total scores (ANCOVA, 

F(2,106)=0.42, p=0.6) and other subscores was detected, although females appeared to have 

a lower impulsivity level than males (Figure 5). 

Table 6: Impulsivity levels by group-BIS scores and subscores 

                            

 

Score(mean)(sd) 

MDMA users 

(n=83) 

Polydrug users 

(n=23) 

Drug-naïve controls 

(n=22) 

Motor score 25.5 (5) 26.6 (4.3) 21.8 (4.2) 

 

Non-planning score 24.5 (5.5) 24.6 (5.1) 20.9 (3.7) 

 

Attentional score 16.7 (4.4) 16.8 (3.4) 13.3 (3.0) 

 

Total BIS score  66.7 (12.5) 68.0 (9.7) 56.0 (7.9) 

 

  

Group 
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Figure 1: BIS Impulsivity Score MDMA users, polydrug users, and drug-naïve controls 

BIS scores among MDMA, polydrug and controls
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Impulsivity levels were compared among all three groups by an ANCOVA 

controlling for education, age and ethnicity. MDMA and polydrug users were more 

impulsive than drug-naïve controls. 
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Figure 2: Relationship between 5-HTT Variability and impulsivity levels stratified by 

gender in MDMA users, polydrug users, and drug-naïve controls  
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 5-HTT genotype appeared to modulate LL impulsivity levels differentially among 

genders. Error bars were omitted for clarity. While male carriers of 5-HTT LL had higher 

impulsivity levels than males carrying non-LL genotypes, the opposite trend was found 

for females. This finding suggests the need to study the relationship between gender and 

impulsivity further.  
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Figure 3: Relationship between TPH-2 Variability and impulsivity levels in MDMA 

users, polydrug users, and drug-naïve controls 
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Control MDMA Polydrug
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 BIS total scores were compared using an ANCOVA, controlling for ethnicity, 

education and age. Error bars were omitted for clarity. Carriers of TPH-2 TT genotype 

belonging to the control groups reported higher impulsivity levels than carriers of non-TT 

genotypes. However, the opposite was true for MDMA and polydrug users, where the 

TPH-2 TT genotype was associated with lower impulsivity level. This finding was non-

significant, but suggests the effect of TPH-2 polymorphism may depend on the drugs 

used by an individual.   
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Figure 4: Relationship between 5-HT2AR T102C/A1438G variability and impulsivity 

levels in MDMA users, polydrug users, and controls 
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Impulsivity levels as measured by total BIS scores were compared among MDMA, 

polydrug users, and controls as a function of 5-HT2AR T102C/A1438G polymorphism using  

ANCOVA. Error bars were omitted for clarity. The effect of 5-HT2AR T102C/A1438G 

polymorphism is not uniform between MDMA and polydrug users. Although this relationship 

was not significant, it suggests a more complex relation between genotype and drugs than 

previously known.    
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Figure 5: Relationship between Total BIS Scores, Group and Gender 
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Impulsivity scores were compared using a two-way ANOVA. As shown in the figure, there was a 

trend for female subjects to have lower impulsivity scores than males, although this finding did not reach 

statistical significance. Error bars are omitted for clarity. 
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DISCUSSION 

The present study sought to compare the prevalence of allelic variants of TPH-2, 

5-HTT and 5-HT2AR leading to reduced gene expression among MDMA users versus two 

control groups (polydrug users, drug naïve), and investigate the relationship between 

those alleles and self-reported impulsivity levels. The genes TPH-2, 5-HTT and 5-HT2AR 

were chosen based on their prominent role in the molecular and behavioral effects of 

MDMA. Congruent with our hypothesis, alleles leading to decreased gene expression of 

5-HTT and 5-HT2AR A1438G were less prevalent in MDMA users compared to both 

control groups. Impulsivity levels were comparable among MDMA and polydrug users, 

yet higher than drug-naïve controls.  

The differential allele prevalence between groups suggests that the alleles studied 

(5-HTT S, and 5-HT2AR T102C/A1438G C/G) may be associated with a decreased 

propensity to use MDMA relative to other drugs. No prior studies have documented 

differential allelic expression in MDMA users, and our findings raise the question of 

whether 5-HT2AR T102C/A1438G CC/GG play a role in drug choices in humans 

(choosing MDMA versus other drugs), and if so, whether the effects is MDMA-specific.  

Decreased prevalence of the GG genotype of 5-HT2AR A1438G in heroin dependent 

individuals compared to controls was reported recently (Saiz, Garcia-Portilla et al. 2008); 

taken together with our finding that MDMA users are less likely to be carriers of A1438G 

GG, this similarity between heroin and MDMA users suggests that the effects of the GG 

genotype of 5-HT2AR A1438G on drug use may not be  MDMA-specific.   

The findings of decreased 5-HTT SS genotypes among MDMA users compared 

to polydrug users and controls has not been replicated in the literature, but parallels the 

finding with 5-HT2AR discussed above. The sample size in this study was not large 

enough to ascertain whether there are any additive effects of alleles leading to reduced 

gene expression (5-HT2AR A1438G/T102C CC/GG, and 5-HTT SS), although evidence 

from prior studies suggest this may be the case for certain 5-HTergic genes, as TPH-2 TT 

and 5-HTT SS have additive effects on impulsive decision-making (Herrmann, Huter et 
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al. 2007).  Thus, our results constitute preliminary results that need to be investigated 

further in larger samples.  

In contrast to the differences in genotype detected among groups, we failed to find 

differences in impulsivity levels between MDMA and polydrug users. Despite 

inconsistencies in the early literature on impulsivity in the context of MDMA, our finding 

of comparable impulsivity levels among MDMA and polydrug user groups is in line with 

recent findings.  Hanson et al (Hanson, Luciana et al. 2008), in a carefully matched 

sample of MDMA and polydrug users, and using a composite impulsivity score that was 

created based on results of the tests utilized, found no difference in impulsivity levels 

among MDMA and other drug users on a variety of impulsivity measures. Discrepant 

findings in previous studies may have resulted from variations in drugs used by the 

polydrug control groups. For example, the first studies reporting elevated impulsivity 

levels in MDMA users recruited polydrug users with little to no cocaine or amphetamine 

use (Morgan 1998). Additionally, the use of a wide variety of instruments to measure 

impulsivity makes results from various studies difficult to compare. Last but not least, a 

synergistic effect between lowered 5-HT levels and novel situations on impulsivity has 

been shown (Walderhaug, Landro et al. 2007), raising the possibility that self-report, 

questionnaire-type measures may not adequately capture the full span of MDMA-related 

impulsivity changes.   

The main limitation of this study is the relatively small sample size in the control 

groups. The small sample size limited the prospects of studying additional exploratory 

interactions among the genotypes of interest, and limited the possibility of making 

meaningful conclusions about gender differences. This issue was further complicated by 

the low frequency of some alleles, such as TPH-2 (T), which limited statistical power. 

Lastly, change in equipment by our core laboratory led to a higher rate of missing data 

for 5-HTT among control groups, perhaps limiting the generalizability of our findings 

regarding 5-HTT.  
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In summary, this study is the first to demonstrate that MDMA users are less likely 

to carry 5-HTT (SS), and 5-HT2AR T102C/A1438G CC/GG than polydrug users or drug-

naïve controls, and highlights the need to study the contribution of genotype to choices 

MDMA use versus other drugs. The study also hints to gender and genotype influences 

on impulsivity which warrant further investigation.       
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Chapter 3:  Relationship between alleles leading to reduced expression 

of TPH-2, 5-HTT, & 5-HT2AR T102C/A1438G and MDMA use, 

impulsivity in moderate to heavy MDMA users 

INTRODUCTION 

MDMA is a popular drug of abuse widely used by teenagers and young adults 

(SAMHSA 2006; EMCDDA 2007), with complex pharmacological actions targeting 

monoamine neurotransmitter systems. MDMA has stimulant effects  and hallucinogen-

like effects, leading to altered visual, auditory and time perception, but is unlikely to 

produce frank hallucinations (Nichols 1986). Preclinical literature indicates that MDMA 

predominantly affects the 5-HTergic system and causes global 5-HT depletion (Schmidt 

1987; Green, Mechan et al. 2003; Baumann, Wang et al. 2007), and data from human 

studies, although more limited, is largely in agreement with preclinical evidence 

(Reneman, Booij et al. 2000; Reneman, Booij et al. 2001; Reneman, Endert et al. 2002; 

de Win, Reneman et al. 2004).  

Three genes, TPH-2, 5-HTT, and 5-HT2AR are among 5-HTergic genes that 

mediate behavioral and molecular effects of MDMA. Polymorphisms leading to 

decreased gene expression for each of those genes have been identified.  Single 

nucleotide polymorphisms in TPH-2 (GT) (Zill, Buttner et al. 2004) and 5-HT2AR 

(TC at position 102, AG at position 1438) are associated with decreased levels of 

gene expression (Spurlock, Heils et al. 1998; Parsons, D'Souza et al. 2004; Myers, Airey 

et al. 2007). Two polymorphisms in the 5-HTT gene promoter are associated with 

decreased expression levels. The first is a 44 base-pair deletion in the promoter leading to 

a “short” allele (S). The S allele leads to lower gene expression compared to the “long” 

allele, L (Lesch, Bengel et al. 1996).  Decreased 5-HTT expression levels also result from 

a single base pair substitution (AG) in the promoter resulting in the LG allele that has 

comparable expression levels to the S allele (Hu, Lipsky et al. 2006).   

MDMA users report increased tenderness and affection towards others, improved 

mood, increased energy (Vollenweider, Gamma et al. 1998), and increased sexual 
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arousal, but may also complain of nervousness, irritability, and paranoid feelings (Baylen 

and Rosenberg 2006). Concern about harmful effects of MDMA stems from various lines 

of evidence highlighting its potential to cause 5-HTergic neurotoxicity (Battaglia, Yeh et 

al. 1987; Schmidt 1987; O'Hearn, Battaglia et al. 1988), negative physical and 

psychological sequelae (Schifano 2004; Baylen and Rosenberg 2006), as well as memory 

and cognitive deficits (Reneman, Booij et al. 2000; Soar, Parrott et al. 2004; Thomasius, 

Petersen et al. 2005). Individual determinants of the development of negative sequelae 

following MDMA use are poorly understood, and have not been studied in light of 

genetic variability in  TPH-2, 5-HTT, and 5-HT2AR. 

Little is known about factors promoting the initiation and maintenance of MDMA 

use in humans. MDMA use, as with other drug use, results from the interaction of genes 

and environmental factors (Koob and Kreek 2007; Koob and Le Moal 2008); however, in 

the field of MDMA research, most studies have focused on epidemiological factors 

influencing use, while the genetic underpinnings of the response to MDMA in humans 

are largely unknown.  

Evidence that genetic variability impacts drug intake comes from alcoholism 

studies. Adolescents carrying 5-HTT LL (the allele leading to higher level of 5-HTT gene 

expression), were found to have an increased alcohol consumption and decreased 

sensitivity to the effects of alcohol (Hinckers, Laucht et al. 2006).  While this has not 

been studied yet for MDMA, surveys of MDMA users indicate that following initial use 

of MDMA, an important factor associated with heavy use include having used more than 

one MDMA pill upon initiation of use (Sterk, Theall et al. 2007). The link between the 

amount used and the level of response to MDMA is unknown, as are potential 

contributing genetic factors.   

Among the behavioral correlates of MDMA use, impulsivity has also received 

attention in the context of MDMA. Impulsivity, defined as a predisposition to action 

without foresight (Moeller, Barratt et al. 2001), constitutes a vulnerability factor for the 

development of drug dependence (Verdejo-Garcia, Lawrence et al. 2008). Impulsivity is 
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a multi-factorial concept, and tasks measuring discrete processes drawing on different 

neural circuits only correlate weakly with each other (Evenden 1999). Thus, although a 

large body of literature documents the relation between lowered 5-HT levels in the CNS 

(Nomura, Ujike et al. 2006) and increased impulsivity, the effect of lowering 5-HT levels 

in the CNS using tryptophan depletion, a widely used laboratory strategy (Bell, Hood et 

al. 2005), is limited to certain types of impulsive responding (Clark, Roiser et al. 2005).  

Baseline impulsivity levels are not associated with initiation of MDMA use, but 

increases in impulsivity were found after MDMA use in a prospective cohort study (de 

Win, Schilt et al. 2006), raising questions about interactions between MDMA-induced 5-

HT depletion and the effects of MDMA. Polymorphisms associated with decreased levels 

of gene expression in key 5-HTergic genes (TPH-2 T allele, 5-HTT S allele, and 5-

HT2AR A1438G/T102C C allele) are associated with increased impulsivity and impaired 

executive functioning (Bjork, Moeller et al. 2002; Paaver, Nordquist et al. 2007; Reuter, 

Ott et al. 2007).    

The aim of this study was to address the effect of genetic variability of TPH-2, 5-

HTT, and 5-HT2AR A1438G/T102C on MDMA use patterns and self-report impulsivity 

levels. We have previously shown (Chapter 2) that MDMA users expressed less 5-HTT 

SS, and 5-HT2AR T102C CC/ A1438G GG compared to controls, suggesting that alleles 

leading to decreased gene expression, and subsequent altered 5-HTergic transmission 

may modulate drug preference. Whether those alleles also affect MDMA use patterns and 

impulsivity among MDMA users is unknown.  Thus, this study sought to clarify the 

relationship of TPH-2 TT, 5-HTT SS, and 5-HT2AR A1438G/ T102C CC/GG on MDMA 

intake and impulsivity, and hypothesized that these alleles will be associated with lower 

MDMA use and higher impulsivity levels.   

METHODS  

 Non-treatment seeking individuals (males or females) above 21 years of age, with 

a moderate to heavy (greater than 20 lifetime uses) MDMA use history were recruited via 
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newspaper advertisements and flyers in rave clubs. The MDMA use questionnaire, 

designed for this study, was used to get information about cumulative lifetime MDMA 

intake, usual amount per sitting, maximal amount taken in one sitting, date of last use, 

and frequency of use per week, month, and year. This questionnaire also queried about 

other drug usually used with MDMA. Subjects were excluded if they had a co-morbid 

diagnosis other than that of alcohol or cannabis abuse or a serious non-psychiatric 

medical illness requiring ongoing medical treatment or which could affect the central 

nervous system. Other exclusion criteria included use of any medication which could 

affect the central nervous system, a positive HIV test, I.Q. below 70 on the Wechsler 

Adult Scale of Intelligence, or a positive pregnancy test. 

 The Barratt Impulsiveness Scale (BIS-11) (Patton, Stanford et al. 1995), a 30 item 

self-report questionnaire which has been used in several previous studies on impulsivity 

and aggression (Cherek, Moeller et al. 1997; Allen, Moeller et al. 1998) was used as the 

primary measure of impulsivity in this study. The BIS consists of three subscales: motor, 

attentional, and non-planning scores.  

 DNA was extracted from lymphoblastoid cell lines using the PureGene genomic 

DNA isolation kit (Gentra Systems, Minneapolis, MN), and quantitated using 

PicoGreen
®
 dsDNA Quantitation Kit (Molecular Probes, Eugene, Oregon). TPH-2 

G703T, 5-HT2AR A1438G/T102C were amplified by PCR using a thermostable HotStar 

Taq enzyme (Qiagen, Valencia, California). The FailSafe™ PCR System (Epicenter 

Biotechnotology, Madison, Wisconsin) was used for 5-HTT. Hardy Weinberg 

equilibrium was checked by HMSWIM, a specialized software for this purpose (Yale 

University). All genes studied were in Hardy-Weinberg equilibrium.  

Statistical analysis was conducted using the Number Crunching Statistical 

Software (NCSS, 2006, Kaysville, Utah). BIS scores were analyzed by one-way 

ANOVA, and the effect of genotype on impulsivity was studied using the General Linear 

Model function of NCSS (for 2-way ANOVA). MDMA use parameters (lifetime 

cumulative intake, maximum amount ever taken, usual amount per sitting, frequency per 
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week, month and year, and days since last use) were non-normally distributed, therefore a 

Kruskal-Wallis non-parametric ANOVA was used to analyze genotype effects on 

MDMA use parameters. Further analyses were conducted for genotypes combined in two 

tiers (TPH-2 TT versus non-TT, 5-HTT SS versus non-SS, and 5-HT2AR A1438G GG 

versus non-GG):  a t-test was used for this purpose. When assumptions for t-test were not 

met, a Mann-Whitney-U rank sum test was used. Please note that the two polymorphisms 

of 5-HT2AR, T102C and A1438G, are in linkage disequilibrium, thus are always inherited 

together. Only the A1438G allele is reported, to decrease the number of corrections 

needed for multiple testing. Results for 5-HTT are reported as S or L, with alleles S and 

LG combined as S, and LA reported as L.   

RESULTS 

A total of 85 individuals with a history of heavy MDMA use were recruited, with 

a mean of ~228 lifetime MDMA use. The sample consisted of 63 males and 22 females, 

with a mean age of 24.4 years (±4.8). Most subjects identified themselves as African- 

American (45.9%), and 34% as Caucasian. Almost half the sample reported some college 

education or completion of a college degree (49.4%). Males and females were similar on 

all demographic and MDMA use variables examined, and differed only in the maximal 

amount used per sitting, although this finding was no longer significant after Bonferroni 

correction (Wilcoxon rank sum test, z=-2.29, p=0.02). Details of self-reported MDMA 

use are in listed in Table 7. Most subjects reported other drug use concomitant with 

MDMA, and details are listed in Table 8.  

Relationship between TPH-2, 5-HTT and 5-HT2AR A1438G polymorphisms on 

amount of MDMA used: 

The raw data are presented in Table 9. A trend for association between lower 

MDMA use and alleles leading to lower gene expression (TPH-2 TT, 5-HTT SS, and 

A1438G GG) was noted. Cumulative lifetime intake trended towards significance when 

stratified by 5-HTT genotype (F(2,71)= 2.98, p=0.057; Kruskal Wallis, H= 5.84, df= 2, p= 
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0.053) with LL carriers reporting higher lifetime use than SS or SL carriers. A similar 

finding was noted for maximal amount used per sitting and 5-HTT genotype (F(2,73)=2.57, 

p=0.08; Kruskal Wallis, H=5.9, df= 2, p= 0.052). Results for A1438G and TPH-2 

paralleled those for 5-HTT, with alleles leading to reduced gene expression being 

associated with decreased use of MDMA, but the relationship did not reach significance 

(p= 0.22 for TPH-2, and p= 0.1 for A1438G). Figures 6&7 depict the relation between 

the alleles of interest and MDMA use variables. 

Relationship between TPH-2, 5-HTT and 5-HT2AR A1438G polymorphisms on 

frequency of MDMA use: 

Use frequency differed significantly by 5-HTT genotypes, with SL carriers 

reporting lower use than LL carriers for use per month (F(2,47)=6.47, p=0.003; Kruskal 

Wallis H=6.6, df=2, p= 0.03), or use per year (F(2,34)=6.56, p= 0.004; Kruskal Wallis H= 

8.29, df=2, p= 0.02). SS carriers reported intermediate use frequency values, lower than 

LL but higher than SL carriers. 

Carriers of the 5-HT2AR A1438G GG genotype had lower use frequencies than AG or 

AA carriers, but this finding did not reach statistical significance (F(2,36)= 2.72, p=0.07; 

Kruskal Wallis H=3.17, df=2, p=0.2). Although the relationship did not reach statistical 

significance, the magnitude of difference in use frequencies needs to be noted, as 

individual carrying the 5-HT2AR A1438G AA genotype (i.e. genotype leading to normal 

to high gene expression) reported ~ 3 times as much use of MDMA per year relative to 

GG carriers. For TPH-2, MDMA use frequency per week, month and year displayed a 

similar trend to 5-HTT and 5-HT2AR A1438G that failed to reach statistical significance, 

with carriers of TT genotype (genotype leading to reduced TPH-2 expression) reporting 

less use than carriers of GG and TG genotypes (see figure 8).  
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Relationship between TPH-2, 5-HTT and 5-HT2AR A1438G polymorphisms on 

impulsivity measures:  

BIS scores and subscores were normally distributed. Heterozygous individuals 

(carriers of 5-HTT SL) had the lowest BIS scores, followed by carriers of 5-HTT SS then 

5-HTT LL (see figure 9 & table 10). This finding reached statistical significance for the 

effect of 5-HTT genotypes on BIS total score (F=6.72, p=0.002) and attentional subscore 

(F=7.12, p=0.001). For TPH-2, TT carriers had lower BIS scores than TG or GG carriers, 

but the trend was not significant (F(2,79)=0.24, p=0.78). For 5-HT2AR A1438G, carriers of 

the GG and AG genotypes reported higher impulsivity levels than carriers of the normal 

to high expression allele AA. This finding did not reach statistical significance 

(F(2,80)=1.11, p=0.3).  

Both genders had similar patterns of BIS scores by genotypes. A two-way 

ANOVA examining the effects of gender and 5-HTT genotype showed a significant 

effect of 5-HTT (F(2,73)=3.65, p=0.03) but not of gender (F(2,73)=1.1, p=0.29). No 

interaction was noted between gender and genotype. 

Relationship between MDMA use frequency to impulsivity levels and amounts of 

MDMA used:  

 

As shown in figure 10, most subjects reported using less than 10 days per month 

(Mean = 5.5 days/month, median = 3 days/ month, range 0-30, standard deviation= 6.0). 

users reporting a frequency of use <8 days per/month were considered as “casual” users, 

whereas users reporting a higher frequency were termed “heavy users”.  Heavy users 

reported higher impulsivity levels than casual users (t=3.5, p=0.0009), and more than 3 

times more cumulative lifetime MDMA use than casual users (mean= 616 lifetime uses 

for heavy users versus 177 lifetime uses for casual users, t= 1.78, p=0.08, Mann-

Whitney-U z= 0.08, p=0.9).   
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Table 7: MDMA use amounts and frequency 

 

 N Mean Standard 

Deviation 

Range 

Cumulative Lifetime MDMA 

use 

77 228.1 578 20-5000 

Amount per sitting 38 2.1 1.4 0.25-7 

 

Max amount taken in one 

sitting 

78 6.1 5.8 1-28 

Use per week 61 2.4 1.7 0-7 

 

Use per month 51 5.6 6.0 0-30 

 

Use per year 39 71.7 79.9 0-365 

 

Last use (in days) 78 40.8 129.7 1-1095 
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Table 8: Concomitant drug use with MDMA 

Drug (by group) 

 

Self-report Use 

n  (%) 

Cannabis 36 (80) 

 

Alcohol 22 (48.9) 

 

Benzodiazepines 4   (8.9) 

 

Cocaine 16 (35.6) 

 

Opiates 6  (13.3) 

 

Methamphetamine 11 (24.4) 

 

Hallucinogens 12 (26.7) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 9: MDMA use variables per genotype 
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MDMA use 

variable  

Per genotype 

Mean (n)(se) 

TPH-2 5-HTT 5-HT2AR A1438G/T102C 

GG GT TT LL LS SS TT TC CC 

Cumulative lifetime 

intake 

286.5 

(36) 

(97.7) 

185.3 

(34) 

(100.6) 

132.8 

(7) 

(221.7) 

607.3 

(11) 

(174) 

217.4 

(31) 

(103.7) 

116.1 

(32) 

(102) 

221.7 

(9) 

(194.7) 

260.8 

(45) 

(87) 

160.7 

(24) 

(119.2) 

Maximum amount 

taken 

7.2  

(36) 

(0.9) 

5.4  

(35) 

(0.9) 

3.9 

(7) 

(2.2) 

8.4 

(10) 

(1.2) 

6.9 

(32) 

(0.9) 

4.5 

(34) 

(0.9) 

6.6 

(8) 

(2.0) 

6.6 

(48) 

(0.8) 

4.8 

(23) 

(1.2) 

Usual amount per 

sitting (# tablets) 

2.1 

(16) 

(0.3) 

2.1 

(19) 

(0.3) 

1.5 

(4) 

(0.7) 

2.2 

(4) 

(0.6) 

2.1 

(17) 

(0.3) 

1.7 

(16) 

(0.3) 

2.5 

(6) 

(0.6) 

2.0 

(27) 

(0.3) 

1.6 

(7) 

(0.5) 

Ecstasy/ week 2.8 

(27) 

(0.3) 

2.3 

(28) 

(0.3) 

1.3 

(6) 

(.7) 

3.4* 

(10) 

(0.5) 

1.9* 

(23) 

(0.3) 

2.5* 

(25) 

(0.3) 

3.5 

(6) 

(0.7) 

2.3 

(39) 

(0.3) 

2.3 

(16) 

(0.4) 

Ecstasy/ month 6.2 

(25) 

(1.2) 

5.2 

(22) 

(1.3) 

3.75 

(4) 

(3.1) 

10.9* 

(8) 

(1.8) 

3.1* 

(20) 

(1.2) 

5.2* 

(22) 

(1.1) 

8 

(7) 

(2.3) 

5.6 

(31) 

(1.1) 

3.8 

(14) 

(1.6) 

Ecstasy/ year 85.6 

(18) 

(19.1) 

61 

(19) 

(18.6) 

48 

(2) 

(57.3) 

142.4* 

(7) 

(25.4) 

 29.6 

(14) 

(18.0) 

68.5 

(16) 

(16.8) 

145 

(4) 

(38.3) 

74.1 

(23) 

(16.0) 

42.5 

(12) 

(22.1) 

*p<0.05 
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Figure 6: Effect of Effect of TPH-2, 5-HTT, and 5-HT2AR T102C/A1438G 

polymorphisms on MDMA cumulative lifetime intake 
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*p<0.05,  

 

Cumulative lifetime use was compared using t-test or Mann-Whitney U when 

appropriate for TPH-2 (TT versus non-TT), 5-HTT (SS versus non-SS), and 5-HT2AR 

T102C/A1438G (CC versus non-CC, GG versus non-GG). The difference between 5-

HTT genotypes was significant whereas the results did not reach statistical significance 

with TPH-2 and 5-HT2AR T102C/A1438G. All three genes are shown on the same figure 

to illustrate the similarity in trend across genes.  

  

    *      

          

 
 



55 

 

Figure 7: Relationship between TPH-2, 5-HTT, and 5-HT2AR T102C/A1438G 

polymorphisms on maximal amounts of MDMA used per sitting  
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Maximal amount per sitting was compared using t-test or Mann-Whitney U when 

appropriate for TPH-2 (TT versus non-TT), 5-HTT (SS versus non-SS), and 5-HT2AR 

T102C/A1438G (CC versus non-CC, GG versus non-GG). The difference did not reach 

statistical significance. All three genes are shown on the same figure to illustrate the 

similarity in trend.  
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Figure 8: Relationship between TPH-2, 5-HTT, and 5-HT2AR T102C/A1438G 

polymorphisms on frequency of MDMA use per year 
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*p<0.05  

Frequency of use per year was compared using t-test or Mann-Whitney U when 

appropriate for TPH-2 (TT versus non-TT), 5-HTT (SS versus non-SS), and 5-HT2AR 

T102C/A1438G (CC versus non-CC). The trend reached significance for 5-HTT only.  

Carriers of 5-HTT SL had lower MDMA use frequency per year than either homozygous 

groups (5-HTT SS or LL).  

* 
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Table 10: BIS scores by genotype 

 Per genotype 

Mean (n)(se) 

TPH-2 5-HTT 5-HT2AR T102C 

GG GT TT LL LS SS TT TC CC 

Non-planning 

score 

24.8 

(38) 

(1.0) 

24.2 

(37) 

(0.8) 

24.6 

(7) 

(2.1) 

26.7 

(11) 

(1.5) 

23.4 

(33)  

(0.9) 

29.5 

(35) 

(0.9) 

22.6 

(10) 

(1.8) 

24.7 

(47) 

(0.8) 

24.8 

(26) 

(1.1) 

Attentional score 16.7 

(38) 

(0.7) 

17.0 

(37) 

(0.8) 

15 

(7) 

(0.8) 

29.5 

(11) 

(1.6) 

23.8 

(33) 

(0.8) 

26.1 

(35) 

(0.8) 

14.5 

(10) 

(0.8) 

17.3 

(47) 

(0.7) 

16.6 

(26) 

(0.8) 

Motor score 25.8 

(38) 

(0.9) 

25.3 

(37) 

(0.6) 

24.3 

(7)  

(1.8) 

19.4 

(11) 

(1.3) 

14.9 

(33) 

(0.7) 

18.8 

(35) 

(0.7) 

24.2 

(10) 

(1.1) 

25.2 

(47) 

(0.8) 

26.6 

(26) 

(1.0) 

Total BIS score 67.4 

(38) 

(2.1) 

66.5 

(37) 

(2.1) 

63.9 

(7) 

(4.7) 

75.7* 

(11) 

(3.5) 

62.1* 

(33) 

(2.0) 

69.4* 

(35) 

(1.9) 

61.3 

(10) 

(3.9) 

64.8 

(47) 

(1.8) 

67.2 

(25) 

(2.5) 

*p<0.05 
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Figure 9: Relationship between TPH-2, 5-HTT, and 5-HT2AR A1438G/ T102C 

Polymorphisms on Impulsivity Levels 
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The relationship between impulsivity levels measured by total BIS scores and 

TPH-2, 5-HTT and 5-HT2AR T102C/A1438G genotypes was examined using a univariate 

ANOVA for each gene. All three genes are shown on the same figure to illustrate the 

similarity in trend across genes. Carriers of 5-HTT SL had lower MDMA use frequency 

per year than either homozygous groups (5-HTT SS or LL).  

  

     * 
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Figure 10: MDMA self-report use frequency 
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As shown above, most MDMA users reported a frequency of use of less than 8 days per 

month. Such use frequency is compatible with occasional weekend use during parties or social 

occasions. Heavier MDMA users, in contrast, reported using up to 30 days per month, 

suggesting use is not related to social activities or classical “rave” parties. 
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DISCUSSION 

This study sought to investigate the relationship between alleles leading to lower 

gene expression of TPH-2, 5-HTT, and 5-HT2AR and MDMA use, impulsivity levels in 

MDMA users. Congruent with the overarching hypothesis of this project, genotypes 

associated with lower gene expression (TPH-2 TT, 5-HTT SS, and 5-HT2AR 

T102C/A1438G CC/GG) were associated with decreased MDMA use and higher 

impulsivity levels. MDMA users carrying TPH-2 TT, 5-HTT SS, or 5-HT2AR 

T102C/A1438G CC/GG reported less MDMA use than their counterparts carrying 

normal to high expression alleles. This pattern was demonstrated across all three genes 

studied, and all MDMA parameters surveyed. 

 Impulsivity levels appeared to be modulated by genetic variability as well, 

although discrepant findings were noted across TPH-2, 5-HTT, and, 5-HT2AR. 

Interestingly, individuals carrying 5-HTT LL genotypes had higher impulsivity levels 

measured by BIS scores than SS carriers, contrarily to our expectations. Carriers of the 

SL genotype of 5-HTT reported lower impulsivity levels than carriers of either the SS or 

LL genotypes. This is surprising given that S and L alleles are reported to be co-dominant 

in action thus one would expect the impulsivity level of SL genotype carriers to be 

intermediate between those of SS and LL carriers. To our knowledge, only one study 

(Walderhaug, Magnusson et al. 2007), has reported a similar pattern (i.e. 5-HTT SL 

having lower impulsivity levels than SS or LL) with 5-HTT variation in normal controls 

undergoing tryptophan depletion: carriers of 5-HTT SL had lowered impulsive and mood 

response than carriers of 5-HTT SS or LL. The SL genotype was thus described as 

“protective” against the effects of tryptophan depletion in females, though the effects 

were less pronounced in males (Walderhaug, Magnusson et al. 2007). In our study, both 

genders displayed the same relationship between 5-HTT variability and impulsivity 

levels.    

This study further showed that MDMA intake in humans is modulated by 

variability in TPH-2, 5-HTT, and 5-HT2AR.  Previous pre-clinical research demonstrate 
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the involvement of 5-HT in the reinforcing effects of psychostimulants (Lile, Wang et al. 

2003). In rats, both 5-HTergic and dopaminergic inputs affect the discriminative stimulus 

of MDMA (Goodwin, Pynnonen et al. 2003). Thus, the alleles studied herein may 

modulate MDMA intake by inducing variations in individuals’ sensitivity and response 

level of MDMA. This finding is critical given that surveys among MDMA users have 

determined that the most important factor in repeated use of MDMA after initial 

experimentation is a positive experience (Sumnall, Cole et al. 2006), whereas abstention 

from MDMA was related to a negative experience or the expectation of a negative 

effects. Consequently, TPH-2 TT, 5-HTT SS, and 5-HT2AR A1438G/T102C CC/GG may 

shape future drug use behavior.  

The main limitation of this study is a small sample size that curtailed the 

possibility of analysis of additive gene effects and gender. It would have been helpful to 

obtain objective measures of 5-HT levels, as well as inquiries about the subjective effect 

of MDMA. Barring those limitations, this is the first study to demonstrate that MDMA 

intake is modulated by genetic variation in TPH-2, 5-HTT and 5-HT2AR. Our findings 

underscore the importance of conducting further studies to delineate the impact of these 

gene variants on the course of MDMA use and development of MDMA dependence.  
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Chapter 4:  Conclusions 

The studies described herein describe pilot work examining the contribution of 5-

HTergic gene variability (TPH-2 (allele T), 5-HTT (S allele, and LG) and 5-HT2AR 

A1438G (allele G)/ T102C (allele C) to MDMA use, focusing on the link between the 

genetic factors of interest and behavior (as manifested by impulsivity and MDMA use 

patterns). Our results showed that alleles leading to reduced gene expression in 5-HTT  

and 5-HT2AR A1438G were less prevalent in MDMA users compared to controls, 

suggesting that variability in those genes may play a role in determining drug preference. 

We then examined the role of TPH-2, 5-HTT and 5-HT2AR A1438G/T102C variability in 

modulating MDMA intake, and showed an association between genotypes leading to 

lower gene expression and decreased MDMA use by self-report.  

As presented in prior chapters, the 5-HT system is involved in regulation of 

impulsive behaviors as well as in the effects of MDMA. Moreover, abundant literature 

exists in support of the role of 5-HT in mood and anxiety disorders (Nutt 2008; Trivedi, 

Hollander et al. 2008). Thus, any discussion of the role of 5-HTergic genes in MDMA 

use would be incomplete without consideration of the frequent comorbidity of anxiety 

and depression with MDMA use. There is a significant overlap between genes associated 

with predisposition to depression and genes found in our study to affect MDMA use. 

Shared biological susceptibility, with genetic influences predisposing to dual diagnoses 

entities, is a hotly debated topic in psychiatry (Palomo, Kostrzewa et al. 2007), but the 

possibility that MDMA dependence and depression share a common genetic basis has not 

been studied.  

Depression, as diagnosed by the DSM-IV, the gold standard for diagnosis in 

American psychiatry, is a clinical syndrome including depressed mood, neurovegetative 

changes (alterations in appetite, weight, energy, sleep or concentration), lack of 

enjoyment of life, and possibly recurrent thoughts of death and suicidal ideations (DSM-

IV 2000). Low mood, a key symptom in depression, is reported in up to 55% of MDMA 
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users (Baylen and Rosenberg 2006), with clinically significant depressive symptoms in 

up to 15% of non-treatment seeking users (Falck, Wang et al. 2006).  Anxiety 

symptomatology may range from pervasive worry throughout the day that impairs 

functioning at work or home to sudden panic attacks, debilitating enough to make 

individuals unable to leave their homes for fear of having an attack in public. Anxiety and 

depression are leading worldwide causes of disability (Kroenke, Spitzer et al. 2007; 

Brenes, Penninx et al. 2008). Interestingly, individuals with childhood symptoms of 

anxiety and depression are at increased risk of MDMA use in adulthood (Huizink, 

Ferdinand et al. 2006). TPH-2, 5-HTT and 5-HT2AR A1438G/ T102C have been shown 

to contribute to the pathophysiology of 5-HT mediated symptomatology. Thus, these 

genes may impact both the degree of MDMA use and development of psychiatric 

comorbidity in the context of MDMA. Taken in the context of the broader 5-HT 

literature, we believe that genetic variability in TPH-2, 5-HTT and 5-HT2AR A1438G/ 

T102C contributes to the complex clinical picture that MDMA users often present with, 

and suggest these polymorphisms, particularly 5-HTT, may have implications for 

pharmacological treatment of MDMA users with comorbidities.  

DIAGNOSTIC IMPLICATIONS OF THE IMPACT OF  TPH-2, 5-HTT AND 5-HT2AR A1438G/ 

T102C  POLYMORPHISMS IN MDMA USERS 

To aid with treatment planning and provide more accurate prognosis, a distinction 

is made between drug-induced diagnoses from primary psychiatric symptoms, that is, 

symptoms occurring without the influence of substances (Spitzer 2004; Spitzer and First 

2005). Drugs in general can exacerbate pre-existing psychiatric symptoms, or precipitate 

symptoms that were non-existent prior to drug use.  MDMA use is no exception to this 

rule, and has been associated with a myriad of mental problems (Thomasius, Petersen et 

al. 2005; Soar, Turner et al. 2006). Users with a prolonged heavy history of MDMA 

consumption who meet DSM-IV diagnostic criteria for abuse and dependence algorithms 

display more problems compared to users who do not meet these criteria (Hanson and 
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Luciana 2004). The 5-HT system, which constitutes the main target of the effects of 

MDMA in humans, has a crucial role in modulation of depression, anxiety and 

impulsivity, all symptoms that have been described as undesirable psychological sequelae 

of MDMA use.  

Lowered levels of 5-HT in the CNS may predispose to depressive mood although 

the relationship between 5-HT levels and mood is complex (Ruhe, Mason et al. 2007). 

Acute tryptophan depletion, a dietary technique leading to transient reduction in central 

5-HT levels, has been widely used to study the impact of 5-HT levels on mood symptoms 

(Bell, Hood et al. 2005). Responses to acute tryptophan depletion are modulated by 

gender, with females developing more depressive symptoms, and males developing more 

impulsive symptoms, and by 5-HTT variability, with carriers of 5-HTT SS displaying the 

most intense responses (Ruhe, Mason et al. 2007; Walderhaug, Magnusson et al. 2007). 

However, depressive symptomatology in MDMA users has never been studied in light of 

5-HTT, TPH-2 or 5-HT2AR variability.  Results of acute 5-HT depletion studies have to 

be interpreted with caution, as depressive symptomatology in MDMA users is prominent 

only in heavy users (greater than 50 lifetime uses) (Falck, Wang et al. 2008), whereas 

occasional MDMA users may paradoxically experience mood improvement (de Win, 

Reneman et al. 2007; Falck, Wang et al. 2008). 

Among the three genes studied in this project, TPH-2, 5-HTT and 5-HT2AR, 5-

HTT has been the most investigated, though evidence for the involvement TPH-2 and 5-

HT2AR in mood disorders, specifically depression, is available (Serretti, Benedetti et al. 

2005; Perlis 2007). 5-HT2AR A1438G/T102C alleles are associated with clinical 

depression, and carriers of genotype T102C CC are over-represented among individuals 

with major depression compared to controls (Choi, Kang et al. 2005). 

5-HTT gene variability was found to modulate stress sensitivity independent of 

drug use (Caspi, Sugden et al. 2003; Canli and Lesch 2007). Preschool age children 

carrying the 5-HTT SS genotype display more shyness than carriers of SL or LL 

(Hayden, Dougherty et al. 2007; Hayden, Bodkins et al. 2008). Further, the 5-HTT SS 
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genotype predisposes children to a more negative processing style, accompanied by more 

retention of negative information (Hayden, Dougherty et al. 2007). As a result, following 

stressful life events, individuals carrying 5-HTT SS may be at heightened risk of 

developing mood symptoms. This may be partially explained by the fact that carriers of 

the short 5-HTT allele may have higher levels of tonic amygdala activation, and thus may be 

in a state of “constant vigilance” (Canli and Lesch 2007). Indeed, the 5-HTT genotype has 

been shown to modulate resting brain function in emotion-related regions in healthy 

individuals (Rao, Gillihan et al. 2007). 

Our results (chapter 2) showed that MDMA users were less likely to be carriers of 

5-HTT SS and 5-HT2AR A1438G GG than polydrug users or controls. Carriers of these 

genotypes (5-HTT SS and 5-HT2AR A1438G GG) belonged to the MDMA group, they 

reported less use of MDMA compared to their counterparts carrying other genotypes 

(chapter 3). Taken together with the association between 5-HTT SS and5-HT2AR 

A1438G GG (T102C CC) with depression, these results raise the possibility that carriers 

of genotypes leading to altered gene transmission may be at higher risk of developing 

depression upon MDMA use, or may end up using less MDMA because of their 

increased sensitivity to its effects. Further studies exploring the interaction between 5-

HTT, 5-HT2AR and TPH-2 and mood, sensitivity to positive or adverse effects in MDMA 

users are thus clearly needed. Additionally, we advocate that clinicians dealing with 

MDMA users should have a high index of suspicion for the possibility of a co-morbid 

mood disorder and a low threshold for initiating pharmacological treatment, as MDMA 

users appear to be at higher likelihood to suffer from dual diagnoses (drug use as well as 

a primary mood or anxiety disorder).     

IMPLICATIONS OF TPH-2, 5-HTT AND 5-HT2AR A1438G/ T102C  POLYMORPHISMS IN  

TREATMENT OF MDMA USERS 

Treatment for drug use has long been dominated by psychosocial modalities, with 

an expanding role for pharmacotherapy of substance abuse and dependence (Swift and 

Pettinati 2005; Gossop, Stewart et al. 2008). Common psychosocial interventions 
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include: twelve-step programs, which adopts a supportive approach, motivational 

interviewing, which aims to increase an individual’s motivation for change, group and 

individual skills training, family psychoeducation regarding the signs and effects of 

substance use, and individual or group psychotherapy involving cognitive and/or 

behavioral principles, which aim to increase coping strategies, awareness and self-

monitoring (Cleary, Hunt et al. 2008). None of these treatment modalities has been 

studied specifically for MDMA users. Pharmacological treatments, aiming to block 

craving for a drug or block its positive effects, are other options for drug treatments, and 

may be particularly useful for MDMA use when co-morbid with other psychiatric 

disorders. However, limited data exists in that area (Schmidt and Taylor 1990; Liechti, 

Geyer et al. 2001; Tancer and Johanson 2007). 

Compared to users of other drugs, few MDMA users seek treatment (Maxwell 

and Spence 2005), although up to half of MDMA users surveyed reported having tried to 

decrease their use without formal assistance (Topp, Hando et al. 1999).  Depression, 

paranoia and anxiety rank highest among problems experienced by MDMA users and 

subjectively reported (Baylen and Rosenberg 2006). Of MDMA users who decide to quit, 

more than half decide to do so because of mental health issues, mostly depression; a 

majority of individuals who decide to quit MDMA because of mental health reasons seek 

psychiatric care  (~65%) (Verheyden, Maidment et al. 2003).  

With the exception of limited laboratory studied, no clinical trials for 

psychotherapy or pharmacological treatments for MDMA have been conducted. Harm 

reduction approaches have included pill testing to determine the presence of adulterants 

(Baggott 2002), however, this approach was found to have unintended consequences of 

increased rather than decreased use, as users may feel more confident of their tablet 

purity (Winstock, Wolff et al. 2001). Education about adverse effects of MDMA may 

help in decreasing use. The stabilization, followed by decline in use of MDMA among 

youth in the US is believed to be the result of such large-scale interventions among young 

adults (Johnston 2007).   
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The effects of two selective serotonin reuptake inhibitors (SSRI), fluoxetine and 

citalopram, have been studied in MDMA users under controlled laboratory settings. The 

SSRIs as a class block 5-HT reuptake, raising extracellular 5-HT levels, with different 

SSRIs have varying pharmacological profiles in addition to their action on 5-HTT, e.g. 

(Leonard 1992). The effects of two SSRIs on the effects of MDMA in humans have been 

studied: citalopram and fluoxetine. Citalopram decreased most of the psychological 

effects of MDMA, as well as MDMA-induced sympathetic activation and cardiovascular 

effects (Liechti, Baumann et al. 2000; Liechti, Geyer et al. 2001). Fluoxetine similarly 

attenuated most, but not all, of the subjective effects of MDMA, and attenuated the heart 

rate increase associated with MDMA-induced sympathetic activation (Tancer and 

Johanson 2007). The results of these studies suggest that SSRIs could be used to treat 

MDMA users. However, both studies were preliminary in that they had small sample 

sizes, and did not include an examination of the effect of 5-HTergic gene variability on 

response, limiting generalizability of the results.   

Genetic polymorphisms in 5-HTT, 5-HT2AR, and possibly TPH-2 predict 

responses to SSRIs (Serretti, Benedetti et al. 2005; Alessandro and Kato 2008).  Carriers 

of 5-HTT SS treated for depression are less responsive to SSRIs and achieve remission 

less frequently from their depressive disorder (Alessandro and Kato 2008).  Depressed 

individuals carrying the 5-HT2AR A1438G GG genotype have a better response to 

citalopram than carriers of non-GG genotypes (Choi, Kang et al. 2005). Taken together, 

this evidence suggests that SSRI antidepressant may be useful for treatment of MDMA 

users, with or without co-morbid depression. Longer-term studies are needed to examine 

the full potential of SSRI treatment for MDMA users.   

The fact that SSRI antidepressants do not block all of the subjective effects of 

MDMA is in line with pre-clinical literature supporting the involvement of the 

dopaminergic or other systems in the behavioral and molecular effects of MDMA. 

Haloperidol, a classical antipsychotic medication with dopaminergic antagonist 

properties, blocks some subjective effects of MDMA and causes dysphoria (Liechti, 
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Geyer et al. 2001). This underscores the need to study medications with a broader 

spectrum of action for MDMA treatment, perhaps medications with dual action at 5-HT 

and dopamine systems.  

The possibility of pre-treatment genetic testing is an attractive option that may 

help to maximize treatment response in MDMA dependent individuals. A pilot study for 

pre-treatment genetic testing for 5-HTT as part of a depression treatment-algorithm 

showed that using pre-treatment testing increases the chances of matching patients with 

medications that will provide them with a higher likelihood of remission (Smits, Smits et 

al. 2007). While genetic testing is a controversial issue in general, there is some evidence 

that a relatively high percentage of adolescents (~62%) may be accepting of the idea if 

the information obtained from testing allows them to uncover susceptibility to addictive 

disorders (Tercyak, Peshkin et al. 2006). In summary, variability in 5-HTergic genes may 

modulate the comorbidity of psychiatric problems in MDMA users, as well as the 

response to treatment for those conditions, and needs to be taken into account when 

treating MDMA users.  

SUMMARY   

In conclusion, the present studies demonstrate the importance of genetic 

variability in 5-HTT, TPH-2 and 5-HT2AR in modulating MDMA use in humans. Our 

gene association study is the first to show that alleles leading to decreased gene 

expression in 5-HTT, TPH-2 and 5-HT2AR may, by ways yet unknown, lead individuals 

to use other drugs preferentially to MDMA, suggesting a genetic basis for drug 

preference. These same genetic factors confer susceptibility to depression, highlighting 

the possibility that carriers of 5-HTT SS, TPH-2 TT and 5-HT2AR A1438G GG may 

represent a vulnerable population for the development of mental health sequelae of 

MDMA consumption.  A second major finding in this study is the impact of 5-HTT SS, 

TPH-2 TT and 5-HT2AR T102C CC on the amount and frequency of MDMA use, 

suggesting the need to further study the interaction between altered 5-HTergic 
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transmission and behavior in humans. In all, these studies provide a firm basis for the 

contribution of 5-HTT SS, TPH-2 TT and 5-HT2AR A1438G GG to behavioral patterns in 

MDMA users, and warrant further investigation of the role of those alleles as 

susceptibility factors in the development of psychiatric comorbidity, as well as potential 

modulators of treatment response.    
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