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ABSTRACT

The entactogen (+) 3,4-methylenedioxymethamphetamine (MDMA or ‘Ecstasy’) has been an
important element of modern ‘rave’ culture for over a decade. ‘Ecstasy’ is used as part of a
repertoire of compounds termed ‘dance drugs’. These drugs include alcohol, amphetamine,
cannabis, cocaine, hallucinogens and ketamine, which are combined to aid all ni ght dancing.
Pre-clinical research indicates that MDMA is a selective serotonergic neurotoxin that
damages fine axonal projections arising from the dorsal raphé nucleus. Retrospective studies
of human ‘dance drug’ users suggest that long-term use is associated with changes in markers
of serotonergic function. These observations have been interpreted as consequences of
MDMA-induced neurotoxicity. However, whilst human research has described statistically
significant changes in cognitive function and an increase in self-reported psychopathology,
animal work has consistently failed to identify functional consequences of MDMA-induced
neurotoxicity. To reconcile these differences a series of studies was undertaken that
examined the effects of pre-treatment with a neurotoxic regimen of MDMA upon rat
behaviour in the elevated-plus maze model of anxiety. Furthermore, as human ‘Ecstasy’
users are also polydrug users, the consequences of neurotoxic MDMA pre-treatment upon the
behavioural effects of d-amphetamine, cocaine, ethanol, heroin and MDMA in the plus-maze
was also examined. The effects of neurotoxic MDMA pre-treatment upon the rewarding
properties of these drugs were investigated with use of the place-conditioning paradigm.

The MDMA pre-treatment regimen used in these studies produced significant serotonergic
neurotoxicity. Compared to literature reports this was mild (=25% of markers of serotonergic
function) and suggested strain differences in neurotoxic sensitivity. This has important risk-
assessment implications. In general, MDMA pre-treatment failed to affect baseline behaviour
in rats on the plus-maze. However, in accordance with the general plus maze-literature,
MDMA pre-treatment produced an increase in head dips and rears in one group of animals,
suggesting behavioural disinhibition, although it was not clear whether this was a
consequence of the neurotoxicity. The plus maze response to 10 mg/kg cocaine (decreased
number of head dips) and 2.0 g/kg ethanol (increased number of head dips) challenge was
altered in MDMA pre-treated animals, suggesting that underlying neurochemical deficits
may manifest upon pharmacological challenge. In the place conditioning studies MDMA pre-
treatment attenuated the CPP produced by 2.0g/kg ethanol. By extrapolation, the risks
associated with alcohol abuse may be increased in ‘Ecstasy’ users.

The results reported in this thesis strengthen suggestions that some hypotheses relating
observations in human ‘Ecstasy’ users to MDMA-induced serotonergic neurotoxicit are not
being substantiated. There are many alternative explanations that exist, which require further
investigation. The implications of human polydrug use upon future pre-clinical research was
also discussed. Animal research would benefit from a more thorough understanding of

patterns of human *dance-drug’ use rather than trying to isolate the effects of MDMA per se.
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CHAPTER 1

MDMA

(*) 3,4-METHYLENEDIOXYMETHAMPHETAMINE:

ABUSE, PRE-CLINICAL AND CLINICAL
INVESTIGATIONS



Chapter 1 - History and use of MDMA

1.1 MDMA — emergence and use
The entactogen (from Greek and Latin roots, literally to touch within) (+) 34-
Methylenedioxymethamphetamine (MDMA, figure 1.1) emerged in the late 1960’s as part of a widening
pharmacopoeia of recreationally abused drugs (Nichols, 1986; Shulgin & Shulgin, 1991). The Bureau of
Narcotics and Dangerous Drugs (forerunner to the present United States’ Drugs Enforcement Agency
(DEA)) first identified MDMA in seized street samples of crystalline powders in 1970 (Gaston &
Rasmussen, 1972; Sreenivasan, 1972) but use was restricted to adventurous drug users in contact with
esoteric chemists. MDMA was introduced to the psychiatric community in the mid 1970’s, whereupon
transformation into ‘Adam’ it generated unbridled enthusiasm within a network of closely affiliated
practitioners (Adamson & Metzner, 1988; Stolaroff, 1997). As part of psychotherapeutic treatment the
drug was said to facilitate communication and enhance introspection in patients without producing the
transient psychotic states common with other psychedelic drugs (Greer & Strassman, 1985), MDMA was
considered particularly useful because by generating self-disclosure and promoting trust it enhanced the
therapeutic relationship (Grinspoon & Bakalar, 1986; Stolaroff, 1997).
By the early 1980’s MDMA had also become an integral part of campus and nightclub life (Collin
& Godfrey, 1997; Eisner, 1989; Holland, 2001; Peroutka, 1987; 1990; Push & Silcott, 2000). Alerted by
preliminary evidence suggesting that the structurally related drug methylenedioxyamphetamine (MDA)
was neurotoxic to serotonergic neurons (Ricaurte et al, 1985), and growing media concern about
escalating use, the United States DEA ruled that MDMA be listed as a Schedule I drug (Lawn, 1986). This
meant that MDMA was considered to have high abuse potential, no accepted medical use, and a lack of
accepted safety even under medical supervision. MDMA had already been made illegal in the United
Kingdom in 1977 under an amendment to the Misuse of Drugs Act (1971), which classified all ring-
substituted amphetamines as Class A. This nomology was noteworthy as an example of blanket legislation
against a series of compounds that had, as yet, not entered recreational use. In 1985 MDMA was
designated a Schedule I drug in the UK and a Home Office issued licence is currently required to research

it.



Chapter 1 - History and use of MDMA
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Figure 1.1 Chemical structure of MDMA

Historically MDMA was sold under the brand name of ‘Ecstasy’ (Beck & Rosenbaum, 1994) but
epidemiological data has indicated that as the use of ‘Ecstasy’ increased so too did the number of
compounds sold as ‘Ecstasy’ (Baggott et al., 2000; Cole et al., submitted b; Jansen & Forest, 1999;
Saunders et al,, 1997; Sherlock et al., 1999; Shewan, 1996; Wolff ef al., 1995). ‘Ecstasy’ is normally sold
and consumed in tablet form. These tablets are given identifiable features, such as imprints and/or colours,
which are then used as a brand name (Forsyth, 1995; 2001; Saunders, 1993; 1995). Within such
identifiable brand name tablets the contents have been found to vary widely. ‘White doves’ have been
found to contain between 19-140 mg of MDMA, 94-125 mg of methylendioxethylamphetamine (MDE)
and 185-197 mg of ketamine (Wolff et al., 1995; Sherlock et al., 1999). ‘Mitsubishi’ tablets were found to
contain between 40 - 110 mg of MDMA and some also contained MDE (Cole et al., submitted b). Other
drugs which have been found in ‘Ecstasy’ tablets include dextromethorphan (DXM), MDA, 4-bromo-2, 5-
dimethoxyphenethylamine (2CB), N-Methyl-1- (1,3-BenzoDioxol-5-yl)-2-Butanamine (MBDB),
methamphetamine, 4-methylthioamphetamine (4-MTA), paramethoxyamphetamine (PMA), ephedrine,
salicylates and paracetamol (Baggott et al., 2000; Milroy et al., 1996; O’Connell & Heffron, 1999;
Ramsey et al.,, 2001; Saunders, 1995; Sherlock er al., 1999; Winstock & King, 1996; Winstock ef al.,
2001b; Wolff et al., 1995). Many published analyses are the result of tablet amnesties and may represent
samples associated with unusual or adverse reactions. However, since 1996, the monthly percentage of
‘Ecstasy’ tablets circulating in Holland that only contain MDMA is very low, rarely rising above 50%
(Spruit et al., 1999). Therefore, the World Health Organisation has designated ‘Ecstasy’ as a generic term
for a variety of different substances (WHO, 1997). The variability of MDMA content in ‘Ecstasy’ tablets

makes assessing the risks posed to human users difficult to estimate. Studies investigating the





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































