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Abstract

Under certain regimens of repeated pre-exposuyehpstimulant drugs show
an increase in locomotor activity across days stinig and, after abstinence
from the drug, a greater responsiveness to a subseghallenge dose of the
drug. This phenomenon, termed behavioural senarsas thought to
underlie certain aspects of drug addiction suatirag seeking and relapse.
Repeated administration of +/-3, 4-Methylenedioxjmenphetamine
(MDMA, ecstasy) produced sensitised hyperactivityats suggesting a lasting
neurological change. The present studies soughtdluate some of the
parameters around both the induction and expresdgibahavioural
sensitisation to MDMA and to evaluate if the sangit of the dopamine (DA)
D; and D receptors had altered under the current pre-expasgimen of
MDMA. Further, following MDMA pre-exposure that ndss n behavioural
sensitisation, changes in potency to the reinfgreifiects of MDMA were
investigated through the self administration pagadiFinally, high
performance liquid chromatography (HPLC) was useeMaluate changes in
brain amine levels following sensitisation to MDM@&comotor activating

effects.

Rats received a pre-treatment regimen consistirigdaily injections of
MDMA (0.0, 5.0 or 10mg/kg i.p). MDMA-produced locator activity was
measured after 2, 9 or 28 days of withdrawal. hreeogroups, hyperactivity
following administration the DA Pagonist SKF81297 (0.0, 0.5, 1.0, 2.0, 4.0
or 8.0 mg/kg), or the D2-like DA agonist apomor@Eh{0.0, 0.5, 1.0, 2.0 or 4.0

mg/kg)was measured in groups that received pre-exposWiDMA (10.0



mg/kg) or vehicle. The effects of thg &ntagonist SCH23390 (0.0, 0.01, 0.02,
or 0.04 mg/kg), the Pantagonist eticlopridé.03, 0.01, 0.003, 0.05, 0.1, or
0.2 mg/kg or the 5-Hcantagonist RS102221 (0.0, 0.25, 0.5, or 1.0 mg/kg)
on MDMA-produced hyperactivity in MDMA or vehicleg@-treated rats was
also measured. In Experiment 3, effects of MDMAvehicle pre-treatment on
latency to acquisition of MDMA (0.5 or 1.0 mg/kdision) self-

administration was measured. In Experiment 4 effetpre-treatment on brain
tissue levels of DA, its metabolite homovanilldda(HVA), serotonin (5-HT)

and its metabolite, 5-hydroxyindoleacetic acid (B\A) were determined.

The regimen of 5 daily treatments of 10.0mg/kg pazal persistent
behavioural sensitisation and cross-sensitisatidryperactivity produced by
DA receptor agonists. These effects were not, heweeflected in sensitised
responses to the ability of the antagonists tonatitee MDMA-produced
hyperactivity. Pre-treatment with MDMA did not deese latency to
acquisition of self-administration. Rather, thergsvan increased latency to
acquisition of self-administration in the MDMA ptesated rats. MDMA pre-
treatment decreased levels of the serotonin metatieHIAA in the frontal
cortex and hippocampus. Following the current peatment regimen, MDMA
produced behavioural sensitisation is mediateddwyoadaptations in central
dopaminergic substrates. The persistent locometwsissation is similar to
that produced by other amphetamine-like stimulants might underlie use

and abuse of this compound.
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MDMA

The amphetamine derivative, 3, 4-methylenedioxyamr@iphetamine
(MDMA or ‘ecstasy’) was synthesised around 1912 apdtent was
granted in 1914 (Green, Mechan, Elliott, O'She&&ado, 2003;
Kalivas, Duffy, & White, 1998). It is chemicallyrsilar to
amphetamine, methamphetamine, mescaline (see fiyuned a
number of ring-substituted phenethylamines anatk b stimulant and
hallucinogenic compound (Battaglia, Brooks, Kulsaka, & De
Souza, 1988; Baumann, Wang, & Rothman, 2006; Gaidb, &

Geyer, 1988).

Amphetamine Mescaline MDMA
@/\(NHE H;CO NH, 0 NHCH;,
L SOR!
3 Haco:ﬂj\/ 0 3

Figure 1.chemical structure of Amphetamine, mescaline andwD

Research in the early part of the 20th centurgamsbut the LD 50
(the Lethal Dose in 50% of animals tested) wasstigated by the U.S.
military in the 1950s. During the early 60s it waportedly first used
recreationally (Watson & Beck, 1991). In the 1980\was used as an
adjunct to psychotherapy before the U.S. drug eefoent
administration changed its classification to a siette 1 drug and

hence, illegal (Green, et al., 2003).



MDMA was a popular recreational drug in the Unikddgdom in the
1980’s (Cole and Sumnall, 2003) with popularitytloeé drug increasing
during the 1990’s leading to more widespread useuber of survey
studies have suggested increased use throughoi®80s depending
upon the population sampled. For example, in a &ofdl58 current
drug users 82% said that they had used MDMA irptieeious year
(Williamson, et al., 1997) while only 4% of medicilidents surveyed
at, or near, the same time reported MDMA use (W@&ishton, Kelly,
& Kamali, 1998). The same authors reported 13%ydgK university
students while U.S. student’s use increased fr@%2n 1997 to 4.7%
in 1999 and 10.6% in the final 2000 survey (Stroex, & Wechsler,

2002).

The United Nations Office on Drugs and Crime (UNQRG04)
presented long-term worldwide trends in productteaificking and
abuse of drugs. The reports revealed that the cgpison of certain
illicit drugs such as heroin and cocaine were desirg) while during
the last previous decade, amphetamine-type stirtsu(amainly

MDMA) were the second most commonly used illiciaglr

In New Zealand, the Expert Advisory Committee onid3 reported an
increase in overall use. Those who positively resied to the question,
“had they ever used MDMA?” increased from 3% - 5Hdébtveen

1998 and 2001. The greatest reported use, as svgleatest increase
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in use, came from the 20-24 year age group of suespondents. In
this age group, use of MDMA during the previousmé@nths rose from
3%-10% between 1998 and 2001 (The Expert Advisamynittee on
Drugs [EACD], 2004). These figures put New Zealand roughly

equal footing, in terms of use, with other oversaasple results.

Consistent with the reported increases of use haea increases in
associated medical complications. MDMA induces mber of serious
effects such as cardiac arrhythmias, hypertensigperthermia,
hyponatremia (disturbance of the salts in the blploger
complications, seizures and coma (Schifano, 2dDdaths attributable
to ecstasy use are rare but they are increasirigelb.K., out of all the
drug related deaths, ecstasy use in 1997 accotortéd% rising to

4.1% in 2002 (Schifano, Corkery, Deluca, Oyefes@;/8odse, 2006).

MDMA Pharmacology

MDMA is a racemic molecule in that it has two enamiers. The
(S)(+)-enantiomer is a more potent dopamine refeskée the (R)(-)-
enantiomer shows a higher affinity for serotoniceggors (Johnson,
Hoffman, & Nichols, 1986). MDMA is usually formukd and
consumed as a racemate, a 1:1 mixture of its emmaats (Pizarro, et
al., 2004) and acts on a number of different neugotcal systems
releasing presynaptic serotonin (5-HT), dopamin&)(&nd

norepinephrine (NE). MDMA induces increases in acgtlular
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monoamine concentrations through three direct ast{Gole &

Sumnall, 2003):

Firstly, MDMA is a substrate for the serotonin (SBRdopamine
(DAT) and norepinephrine (NET) transporters bindingand blocking
the transporter. As presynaptic plasma membranspuaaters rapidly
remove the released monoamine from the synapsekdge of this
process increases extracellular levels of all tbeeamines (Colado,
O'Shea, & Green, 2004; Gough, Ali, Slikker, & Hailsd991; Green,
et al., 2003; Lyles & Cadet, 2003; S. R. White, &lavic, Imel, &
Wheaton, 1996). Evidence of the transporter intevas of MDMA
can be seen when serotonin selective reuptakeitofsl{SSRIS), such
as fluoxetine, when co-administered with MDMA, atiate increases
in 5-HT (Berger, Gu, & Azmitia, 1992; HekmatpanalP&routka,
1990; Rudnick & Wall, 1992). Similarly, the DA reiaze inhibitor,
GBR12909, prevented MDMA induced DA release inev{tkoch &
Galloway, 1997) as well as in-vivo (Nash & Brodkir§91) . In
addition, extracellular norepinephrine (NE) lewetsre reduced by co-
administration of the NE-uptake blocker, desmethigramine

(Fitzgerald & Reid, 1990).

Secondly, when MDMA binds to the SERT it also ingsia carrier
mediated release of neurotransmitter. MDMA enteesynaptic nerve
cells through passive diffusion across the membvaale(Rudnick &

Wall, 1992) and through the actions of the SER® the cell nerve
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endings (Crespi, Mennini, & Gobbi, 1997). Once diesihe cell,
MDMA induces a mechanism of calcium independergasé of
serotonin into the synapse, by preventing the tegging of cytosolic
5-HT into vesicles through the reversal of vesic@Rudnick & Wall,
1992, 1993) and plasma membrane(lravani, AsarglPatieczorek, &

Kruk, 2000).

Thirdly, MDMA inhibits monoamine oxidase (MAO). MA@ an
enzyme with two subtypes; MAO-A is found in therexellular fluid,
and MAO-B is located in the cytosolic fluid (Westllj Denney,
Kochersperger, Rose, & Abell, 1985). Both MAO-A avidO-B were
inhibited by in-vitro application of MDMA althouglthere was a
preferential effect on MAO-A (Gu & Azmitia, 1993gbnardi &
Azmitia, 1994). The consequence of this effect @NA resulted in
high extracellular levels of 5-HT and a greateeley intracellular 5-
HT available for reverse vesicular transport. MA@iso plays a
central role in metabolising serotonin, norepingmhand dopamine
(Kato, Dong, Ishii, & Kinemuchi, 1986). Extraceblulincreases in the

monoamines are thereby also produced by MAO inbitit

A linear proportional increase in MDMA-produced @&curred with
increasing levels of 5-HT (Jacocks & Cox, 1992RSWhite, Duffy, &
Kalivas, 1994) suggesting that increases in exfitdae5-HT may
trigger DA release via interaction with receptdrkere are at least 14

distinct 5-HT receptors belonging to seven famije$iT; through 5-



HT-] (Hoyer, Hannon, & Martin, 2002) with the 5-kE[ 5-HT;a, 5-

HT,c, 5-HT3 and 5-HT, receptors all involved in the modulation of DA

release. Of particular interest, activation of BRE T, and 5-HE¢
receptors produce opposite effects on DA releagseBic

administration of the 5-HJ receptor antagonist ketanserin, and the

selective 5-HFa antagonist MDL100,907 attenuated MDMA-induced

increases in striatal dopamine efflux (Nash, 1$hmidt, Abbate,
Black, & Taylor, 1990). In contrast, the selectb#1T,c receptor
agonist, RO 60-0175, decreased DA release (Di aR@00) while
the receptor antagonist, SB 243213, increased [ase (Berg, et al.,
2006). These results suggest that in addition tdawADnduced DA
release through DAT function, secondary actions-BiT also

contribute to extracellular DA increases.

The deleterious effects of MDMA

There have been numerous investigations of thetienmg effects of
MDMA in guinea pigs (Battaglia, Brooks, et al., B)8dogs
(Nishisawa, Mzengeza, & Diksic, 1999), non-humamptes
(Frederick, et al., 1995), chickens (Bronson, Ji&igrk, & DeRuiter,
1994) and rats (e.g. Commins, et al., 1987; Malpé#hite, Irvine,
Somogyi, & Bochner, 1999; Marston, Reid, Lawrer@erman, &

Butcher, 1999).
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It has long been noticed that the sensitivity ®mleurotoxic effects of
amphetamine derivatives such as MDMA differs acroasnmalian
species. Primates are more vulnerable to substiartgphetamines than
rats or guinea pigs whereas mice are remarkaldyaot (Stone et al.,
1987). In rats, young animals were found to be nmohe resistant
against the long-term neurotoxic effects of thesgyslthan adult ones
(Broening et al., 1994) and different strains a@$ taave displayed
different responses to MDMA. For example, MDMA is
demethylenated by the CYP2D1 hepatic cytochroméRaZymes in
the rat (Kumagai et al., 1994). This enzyme is egped, differentially
in rat strain with subsequent alterations in meiaboof MDMA
(Malpass et al., 1999). The Dark Agouti rat for mypde, exhibits
enzymic deficiencies whereas the Sprague Dawlajnstras more

effective CYP2D1 enzyme capacity.

Mice have also being used in investigations oflbimg term effects of
MDMA, but the pharmacological effects of MDMA appea differ
from those of other species studied (Green, e2@03; Lyles & Cadet,
2003). In mice, the acute effects of MDMA are s¢anto the rat
(Logan, Laverty, Sanderson & Yee, 1988) howevereated large
doses of MDMA (3 x 50mg) produced a small prolont@hbin 5-HT

and 5-HIAA but marked falls in DA and DOPAC (Logenal.,1988).

15



A large number of studies have reported lastingateents in 5-HT
and its major metabolite, 5-hydroxyindoleacetiada&-HIAA);
reductions in [3H] paroxetine binding that refleetiuced density of
SERT,; and reduced serotonergic axonal densityamlissue
(Gouzoulis-Mayfrank & Daumann, 2006 ; O'Shea, GdasaEsteban,

Colado, & Green, 1998; Ricaurte, McCann, SzabocBeffel, 2000).

Following MDMA exposure there is a biphasic modlatof 5-HT
and 5-HIAA. There is an initial rapid increase ktracellular 5-HT (1-
4 hours following injection) with levels returninig baseline within 24
hours. Over a period of 3-4 days there is evidefickeficits in 5-HT
and 5-HIAA (Battaglia, et al., 1987; Colado, Murr&Green, 1993;
Schmidt, 1987; Stone, Stahl, Hanson, & Gibb, 1986gse deficits
were reported following the administration of agtenmoderately high
dose of MDMA (10mg/kg) (Schmidt, 1987) or repedtad (4.0mg/kg
twice daily for 4 days) (O'Shea, et al., 1998) ighh{10-40mgkg twice

daily) (Commins, et al., 1987) doses.

Following a large dose of MDMA (20mg/kg twice daftyr 4 days) a
marked reduction in the density of uptake sites elmerved (Battaglia,
et al., 1987). A decrease in 5-HT and 5-HIAA doet however,
necessarily reflect axonal terminal damage. Immwtoatiemical
evidence supported the finding that neurodegermerdtad occurred
within terminal, dendritic and cell body regionsof@mins, et al., 1987;

O'Hearn, 1988).
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MDMA induced neurotoxicity in non-human primateslaso been
reported (Fischer, Hatzidimitriou, Wlos, Katz, &daurte, 1995; Insel,
Battaglia, Johannessen, Marra, & De Souza, 1989URie, DeLanney,
Irwin, & Langston, 1988; Ricaurte, Martello, Ka& Martello, 1992;
Scheffel, Lever, Stathis, & Ricaurte, 1992). Thisrdhowever, an
important difference between the non-human priraatkrodent data.
The dose required to induce deficits in non-hunramates was less
than that required for rodents (De Souza, Battaglibnsel, 1990;
Ricaurte, 1989) and the deficits were more pensigtéatzidimitriou,

McCann, & Ricaurte, 1999).

It is tempting, given the non-human primate dasanter that
comparable MDMA induced deficits are produced imhauas who
abuse MDMA. Although there are indications of MDNi#duced
deficits (McCann, Mertl, Eligulashvili, & Ricaurté999; Ricaurte,
DeLanney, Wiener, Irwin, & Langston, 1988), a higtof multiple
drug use, variables such as questionable drugypand dosage, make

it difficult to draw robust, transferable conclussofrom these studies.

Brain reward mechanisms

A number of converging pieces of evidence have irapgd
mesolimbic DA in brain reward mechanisms. Singléregordings in

monkeys showed increased extracellular DA levetbe ventral
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tegmental area (VTA) upon food presentation (Sehélpicella, &
Ljungberg, 1993). There were extracellular DA irases in the nucleus
accumbens (NAc) during sex behaviour in the raeaBfet al., 1990).
Similarly, access to water for water deprived ratsreased nucleus
accumbens DA (Young, Joseph, & Gray, 1992). In msna
neuroimaging techniques have provided evidencearéased
dopamine activity in ventral striatal areas duniegard related tasks
(Schott, et al., 2008). Taken together, this stipagggests that DA is
a critical neurotransmitter for the mediation ahfercement. Animal
models are ideally suited for delineating aspettsbonly natural

rewards such as sex, and food, but also drug indweeforcement.

The seminal work conducted by Olds and Milner ()98¥bwed that
electrical brain stimulation could be powerfullym@rcing. These
‘reward’ substrates are within the medial forebfdaumdle in what has
come to be known as the ‘reward pathway’. Subsecgtadies have
suggested that the reward pathway comprises thieraiid
dopaminergic projections from the ventral tegmeatah (VTA) into
the nucleus accumbens (NAc) shell region and imtantedial
prefrontal cortex. Excitation and ensuing dopangiterelease from
this system (the mesolimbic system) is critical® acute reinforcing
effects of drugs of abuse (Carelli, 2004; Dacki®&rien, 2001; Di
Chiara, et al., 2004; Kelley & Berridge, 2002; Nexst2005; Robinson
& Berridge, 1993; Salamone & Correa, 2002; Wis&8 IVolf, 2002).

Indeed, nearly all drugs of abuse stimulate theast of dopamine at
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some point along the mesolimbic pathway and, rdgssdf the
specific and primary mechanism of action, all drafjabuse activate
dopaminergic transmission (directly or indirectily)the nucleus

accumbens (Di Chiara, et al., 2004; Nestler, 2005).

One of the more powerful tools for measuring thefoecing effect of
drugs is the self-administration paradigm thatedarug-taking to be
contingent on an operant response. In this proegdaforatory

animals are surgically prepared with an intravendvscatheter and
placed in an operant chamber with two responsepiitwo levers,
one the active lever, the other inactive). Oneagasp is associated with
an IV infusion of a drug (active lever) the othesponse has no
consequence (inactive lever). When presented Wwshchoice, a
significantly higher level of responding on theiaetiever suggests
positive reinforcement is gained from infusion loé¢ drug (Haney &
Spealman, 2008). Virtually all drugs that are abusghumans are
reliably self-administered by animals (Fischman & &ster, 1978;
Schuster & Thompson, 1969) and the patterns ofesgr in animal

l.V. self administration comparable to the pattefiise seen in humans
(Gardner, 2000; Spealman & Goldberg, 1978). Thhesself-
administration procedure provides a valid and béi@nimal model of
drug abuse liability and provides an animal moddiwonan drug-
taking and drug-seeking behaviours (Henningfielohéh, &

Heishman, 1991).
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Under baseline conditions, responding under fixat rschedules
increase as the dose of drug is reduced. It has heggested that this
increase in responding is compensatory and masgagonstant blood
level of drug regardless of available dose. Disams to the
mesolimbic DA system alter this pattern of drugrigk For example,
the DA receptor blocker pimozide (Risner & Jonés/ @) or
butaclamol (Yokel & Wise, 1976) produced dose-dejgei increases
in intravenous self administration (IVSA) of ampdo@ine consistent
with a reduction in dose (Pickens & Thompson, 19a3lysate
samples taken from the nucleus accumbens during S
amphetamine showed elevated DA levels (Ranaldip&lo&Zereik, &

Wise, 1999).

However, dopamine release alone cannot accoutthdaistinction
between occasional drug use and the chronic drpgndient state
known as ‘addiction’. It has been suggested thag addiction
proceeds as a result of neuroadaptive processks birain reward
system (Koob, 2006). When drugs of abuse repeatadiyate the
reward system of the brain they induce a hostmg lasting, complex
neural adaptations that are maintained over tiargging from hours to
years, and perhaps a lifetime (Kauer & Malenka,7208estler, 2004).
Adaptations of addiction have been modelled indberatory using
animals (Deroche-Gamonet, Belin, & Piazza, 200)uiding a
“prominent animal model of addiction”, termed beioaval

sensitisation (Wolf, 2002 (pg. 147)).
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Amphetamine induced Behavioural Sensitisation

Behavioural sensitisation has been studied to tigeds
neuroadaptations that occur after repeated exptsuireigs of abuse
(Wise & Bozarth, 1987). Behavioural sensitisatismiprogressive,
long lasting increase in the psychomotor stimutaproperty of drugs
of abuse that manifests itself in a number of behaally measurable
ways. Various behaviours such as, sniffing, reasing head
movements have all been reported although it iallysmeasured as
the enhanced locomotor activity following repeagggosure (Pierce &
Kalivas, 1997; Post & Rose, 1976; Robinson, 198shifRson &

Berridge, 1993; Stewart & Badiani, 1993; Wolf, 1998

Sensitisation was first reported early in the 183@.g. Downs &
Eddy, 1932; Tatum & Seevers, 1931) although it Viasttil the late
1960’s and early 70’s that investigations into aetpmine induced
behavioural sensitisation were pursued in earfasiison & Becker,
1986). Initial studies established that repeatephatamine
administration lead to one of two states, eithiarémce or
sensitisation. The manifestation of either conditi@pended upon
manipulation of a number of factors such as dosey dxposure, and
time after exposure. For example, continual expoéiar a two or
three day period), or repeated multiple high dagesnphetamine,
resulted in tolerance to drug produced hyperagtiuczenski &

Leith, 1981). On the other hand, repeated inteemithdministration



(daily injections), of relatively low doses, indacgensitisation
(Robinson & Kolb, 1999). A single exposure to antph@ne also
produced sensitisation to a number of drug-prodibeddviours, such
as stereotypy (Browne & Segal, 1977; Ellison & M&rd981) or
rotation (Robinson, 1984; Robinson, Becker, & Bret982). Repeated
intermittent administration has been reported twipce a more robust
and progressive increase in behaviour indicativieebfavioural

sensitisation (Kalivas & Stewart, 1991).

Typically, single daily injections of 2-4mg/kg amgiamine result in
behavioural sensitisation (Robinson & Kolb, 199@pre extreme
exposures consisting of daily amphetamine admatistn in doses
ranging from 5 to 32mg/kg (i.p.) produced behavabtwlerance (e.g.
Demellweek & Goudie, 1983; Jackson, Bailey, Cheistirisp, &
Skerritt, 1981; Lewander, 1971; Robinson & Becl®82). It has been
suggested that a critical factor is the intervalWaen treatments rather
than the dose (Robinson & Becker, 1986). Thustively infrequent
injections spaced up to a week apart may be méicaeibus in
producing sensitisation than injections given cloggether (Robinson,

1984).

The observation of sensitisation is also dependarime since last
exposure. Sensitisation was observed 3 days aftam@hetamine pre-
treatment regime with the magnitude of the respamgeasing 5 and

30 days post withdrawal (Kolta, Shreve, De Souz&lrétsky, 1985).
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Ideally, more than a day withdrawal following exposis required as
sensitisation has been observed 7, 14 and 28 fiayshee last dose but
not after a single day withdrawal (Hitzemann, Tsé#fitzemann,

Sampath-Khanna, & Loh, 1977).

Behavioural sensitisation is also dependent ortiveconmental
context in which the drug is administered. Condiéd effects elicited
by situational and environmental cues associatéal the drug come to
exert a powerful control over the manifestatiorbehavioural
sensitisation. Typically, when examining environtaand contextual
cues, the animals are taken from their home caggsn@ved to a
novel test environment. Half of these, the painexig, are injected
with a psychostimulant (drug paired with environt)emd half with
saline, the unpaired group. When removed fromebkednvironment
and placed back in their home cages the salinein@apgroup receive
the drug, thereby isolating the contextual envirentrfrom this group.
On the test day, only the previously paired graupaged a sensitised

response (Pert, Post, & Weiss, 1990).

A number of researchers have used similar methggdmexamine the
role of context in amphetamine produced sensitisathlthough
context dependent sensitisation was blocked (Ste&Bruhan, 1993),
and extinguished once gained (Stewart & Vezinal19%he majority
of reports confirm that environmental contextuadsare extremely

important for the manifestation of behavioural seésegtion (Ahmed,
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Stinus, Le Moal, & Cador, 1993; Badiani, Anagnaasa& Robinson,
1995; Badiani, Browman, & Robinson, 1995; Drew &dk) 1988;
Mazurski & Beninger, 1987; Stewart & Druhan, 1998zina,

Giovino, Wise, & Stewart, 1989).

Sensitisation and I ntravenous Salf-Administration

Investigators typically, and successfully, have soeed the latency to
acquisition of self administration showing drug-esgosed animals
acquiring self administration faster than drug eaawnimals (Horger,
Giles, & Schenk, 1992; Horger, Shelton, & Scheri9Q@; Piazza,
Deminiere, Le Moal, & Simon, 1989). Animals pre-espd to a
sensitising regimen of amphetamine were predisptussdlf
administer amphetamine (Horger, Giles, & SchenR21®. Piazza, Le
Moal & Simon, 1989) as indicated by decreased tatéo acquire an
operant response. However, pre-exposure to amphetatecreased
latency to acquisition of only low doses of drugi§zza, Deminiere, Le
Moal, & Simon, 1989) using a low fixed ratio (FRinforcement
schedule. When high doses of the drug were madkablg under the
same FR schedule, there was no difference betwaphetamine and
vehicle pre-exposed animals (Lorrain, Arnold, & ez 2000)

suggesting prior exposure may reduce the threskeaitorcing dose.

When high doses of amphetamine were availableeirs¢ii-

administration paradigm, amphetamine break poird progressive
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ratio (PR) schedule of reinforcement were highemafophetamine pre-
exposed rats (Mendrek, et al., 1998; Vezina, Pigrerrain, 1999). In
the PR schedule, the number of lever responsegeddo obtain a
reinforcer is increased for each successive raefauntil a ‘break
point’ that fails to support continued operant aging is reached. It
has been suggested that increases in break pomtdrug pre-exposed
animals reflects higher motivation to further séekdrug (Arnold &

Roberts, 1997).

Decreases in latency to acquisition and higherlopeats indicate
pre-exposure to amphetamine enhances drug seekinglbas the
acquisition rate of self-administration. One suggesfor this
alteration has been linked to the sensitisatiome$olimbic dopamine
neurons. Higher break points have been associatednereases in
NAc DA (Vezina et al., 1999) as well as sensitzatio the locomotor
activating effects of amphetamine (Mendrek, etl#198; Vezina et al.,

1999).

Non-human primates, mice and rats will all self-adster MDMA
(Banks, et al., 2007; Braida & Sala, 2002; Cornéttgl., 2003;
Daniela, Brennan, Gittings, Hely, & Schenk, 2004ni2la, Gittings, &
Schenk, 2006; Fantegrossi, Ullrich, Rice, Woodsd¥r, 2002;
Fantegrossi, et al., 2004; Ratzenboeck, Sariackbaum, & Zernig,
2001; Schenk, Gittings, Johnstone, & Daniela, 2@i3enk, Hely,

Gittings, Lake, & Daniela, 2008; Schenk, et al.020 There have
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however, been noted differences in latency to aipm of MDMA
self-administration when compared to other self-amistered drugs.
Acquisition of MDMA self-administration is relatiyeslow (Schenk et
al., 2003) with more variability in the latencydoquisition compared
with other self-administered drugs (e.g. Horgealet1990; Horger, et

al., 1992).

These differences might be due to the differentiplaaology of
MDMA. It has been suggested that drugs with a gresffect on DA
compared to 5-HT have a higher subjective reinimmet value (Wee,
Anderson, Baumann, Rothman, Blough, & Woolvertdi3) with
reinforcing efficacy positively correlated with iibition of dopamine
reuptake (Ritz, Lamb, Goldberg, & Kuhar, 1988; WH¢cRowlett,
Paul, Ordway, & Woolverton, 2000) and increasesximacellular DA
(Self & Nestler, 1995). Moreover, it has been sstge that the ratio of
DA to 5-HT is a better indicator of drug abuse ptitd than solely a
positive correlation with DA reuptake inhibition mcreased DA
release. For example, when different equipotentr@€@asers that
differed in 5-HT release were self administeredhmsus monkeys,
responding was lower when 5-HT potency was higi\éed, et al.,
2005). Further, Ritz and Kuhar (1989) reporte@gative correlation
between potency as a reinforcer and 5-HT transpbmeling affinity.
These data suggest that the ratio of 5-HT to Da&nismportant

determinant of self administration.
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Because of the predominant effect of MDMA on thesmnin system it
has been suggested that the lower DA:5-HT ratio exgjain the
increased latency to acquisition of self-admintstraof MDMA
(Schenk, et al., 2007). For example, acquisitioNRMA self
administration for drug naive rats was produceddaout 12 days
(Schenk et al., 2003), whereas acquisition to cmacaelf-
administration has been reported in as few as § (fBghenk &
Partridge, 1997). With repeated administration @MWK, there are
long-term reductions in brain tissue concentratiois-HT and in 5-
HT reuptake sites (Ricaurte et al., 2000; Greeaal.eP003; Gudelsky
andYamamoto, 2003) thereby increasing the DA:54dfio. With
continued self-administration studies, furtherrdases in 5-HT would
be produced and this might explain the developraEMDMA as an

efficacious reinforcer (Schenk, et al., 2007) .

Initiation and Expression of Sensitisation

Behavioural sensitisation is comprised of two digticomponents, 1)
initiation (also called ‘development’, ‘acquisitioor ‘induction) and 2)
expression. The initiation of sensitisation is dexelopment of the
augmented locomotor behaviour while the expressters to the
manifestation of that behaviour (Kalivas & Stewd@91; Pierce &
Kalivas, 1997; Robinson & Becker, 1986; Stewart &liani, 1993).
Effects on different components of the mesolimb# §ystem have

been attributed to these two processes.
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DA in the ventral tegmental area VTA appears todsponsible for the
induction of behavioural sensitisation followingpeated amphetamine
exposure (Nelson, Wetter, Milovanovic, & Wolf, 20®ierce &
Kalivas, 1997; Vanderschuren & Kalivas, 2000; Vezih996; Wolf &
Xue, 1998). Direct infusion of DA antagonists i@ VTA
completely blocked the acute locomotor activatifigas of
amphetamine (Vezina & Stewart, 1989). Repeated ataptine
injections into the VTA induced behavioural sessition to either
systemically, or intra NAc amphetamine (Bjijou,rtts, Le Moal, &
Cador, 1996; Cador, Bjijou, & Stinus, 1995; Hooksnes, Liem, &
Justice Jr, 1992; Kalivas & Weber, 1988; Vezinaté&vart, 1989). In
contrast, injections of amphetamine into other riednc substrates
did not result in sensitisation (Hitzemann, Wu, HdnrlLoh, 1980;
Kalivas & Weber, 1988; Perugini & Vezina, 1994)wibuld appear
that drug effects within the VTA underlie the intioa of behavioural

sensitisation.

Acute administration of amphetamine increased Dérfbow in the
NAc (Carboni, Imperato, Perezzani, & Di Chiara, 99Ralivas &
Stewart, 1991; Robinson & Berridge, 1993; Sharptefstrom,
Ljungberg, & Ungerstedt, 1987), but repeated ilNrsc administration
did not result in further increases in synaptic ugherty &
Ellinwood, 1981). Intra-NAc amphetamine producecbimotor

activity (Pierce & Kalivas, 1995), and repeated adstration resulted
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in sensitisation. However, there was no sensitissdonse to a further
amphetamine challenge (Kalivas & Weber, 1988). Tthagattern of
responding to a sensitising regime of amphetamiffersl when the

drug is infused into the VTA or the NAc.

A comparison of the effect of amphetamine admingstento the VTA
and NAc helps to clarify their role in inductiondaexpression of
amphetamine sensitisation. (Cador, et al., 1996)plhetamine injected
into the NAc dose-dependently increased locomatbivigy but
repeated exposure failed to produce behaviouraitssation. Repeated
injections into the VTA did not produce locomotatigity but resulted
in locomotor activity following an intra-NAc amplahine challenge.

It was concluded that repeated amphetamine expdbe tNAc was not
responsible for the dopaminergic adaptations ugihgrlbehavioural

sensitisation (Cador, et al., 1995)

Role of Dopamine D1 and D2-like Receptors in Amphetamine Sensitisation

In the 1970’s it was proposed that there were tlasses of dopamine
receptor, the D1 and D2 (Cools & Van Rossum, 1&&habian &
Calne, 1979). Around the 1990’s further heteroggnevealed at least
five subtypes of dopamine receptors (D1-D5) (Ciy8unzow, &
Grandy, 1993; Sibley & Monsma, 1992). The five gpbt are now
divided into two families and these are referredsdhe D1-like (D1,

D5) and the D2-like (D2, D3, D4) dopamine receptdise most
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notable distinguishing function of the two receabtypes is the
effect on adenylyl cyclase with the D1-like incregsand the D2-like
decreasing adenylyl cyclase activity or having fiect. A further
difference is the presence (or otherwise) of anrageptor; with
pharmacological studies indicating that the DA eeteptor is of the
D2 type (Nisoli, et al., 2009). DA D2 receptors étion both as
presynaptic autoreceptors and as postsynapticta@sepresynaptic
autoreceptors modulate dopamine synthesis andseglaad inhibit

neuronal firing.

Pre-treatment with the D1-like receptor antagor8§&tH23390, blocked
the development of sensitisation produced by iNffé: infusions of
amphetamine (Vezina & Stewart, 1989). SCH23390 lallscked the
development of sensitisation produced by repeatsigmic injections
of amphetamine (Stewart & Vezina, 1989). Theseifigdmplicated a
critical role of D1-like receptors in the VTA in ganetamine
sensitisation. However, an alternative explanafoorihe attenuation of
sensitisation was raised. It was suggested tha-ViTA administration
of the D1 like antagonist may have diffused inte émtire brain (Di
Chiara, 1993) explaining why subsequent administnaaf
amphetamine had not produced a sensitised respasisetest of this
hypothesis, intra-VTA amphetamine was co-admingstevith
SCH23390, sulpiride (a selective D2 antagonisKianserin (5-H}
antagonist). SCH23390, but not ketanserin or sdipidose

dependently blocked the induction of behaviourakgesation. (Bjijou,
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et al., 1996). Systemic administration of the D&pdor antagonist,
R022-2586, also failed to effect the developmergarfsitisation
(Vezina & Stewart, 1989). As was found with sulgé]j intra-VTA
administration of other D2 antagonists, spiperaneticlopride, also
failed to alter the induction of sensitisation he focomotor activating
effect of amphetamine (Bjijou, et al., 1996; Vezih896). Thus DA
D1-like, but not D2-like, receptors within the VTajopear critical to

the initiation of sensitisation to amphetamine.

Repeated amphetamine administration induced a ssitiséy of D,
autoreceptors (Wolf, White, Nassar, Brooderson, l&aifsa, 1993)
which may, in part, explain the failure of the &ntagonists to block
the induction of sensitisation. These autorece@mrsmpulse
regulating on the pre-synaptic neuron and proloreggubsure to
amphetamine reduced the responsiveness of thetoesé¢ipereby
increasing DA synthesis and release. White and WE284) showed

that a relatively high daily dose of amphetaminer(2 x 5mg/kg i.p.

for 5 days) significantly reduced the ability ofrevenous apomorphine

(a non-selective DA agonist, having a slightly l@ghffinity for D,-
like dopamine receptors) to suppress dopamingfirirthe VTA

suggesting a subsensitivity of the &utoreceptor. With increases in

dopamine release being induced througlalitoreceptor subsensitivity,

blocking the D receptor, as Vezina and Stewart (1989) and Bajod

colleagues (1996) had done, would not be expeotetbtk the process
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of induction to amphetamine but rather augmenptioeess

(Vanderschuren, Schoffelmeer, Mulder, & De Vrieg99).

DA VTA autoreceptor subsensitivity is a transielt¢@tion which

does not persist during withdrawal from repeateglztamine.
Following repeated exposure to a low dose of angohigie, and 3 days
withdrawal, intra-VTA application of the agonist, quinpirole, failed
to reduce firing rates suggesting a subsensitofitye autoreceptor.
This decreased response, however, was no longderd\vi4 days
following treatment, even though behavioural sésedion persisted

(Wolf et al., 1993).

MDMA and Locomotor Activity

MDMA increases the release and prevents reuptaké\ofollowing
MDMA administration, increases in extracellular DAve been
reported in striatum (Gudelsky & Yamamoto, 20088t Levin, &
Lovenberg, 1987; Steele, Nichols, & Yim, 1987), leus accumbens
(Bankson & Yamamoto, 2004; Cadoni, et al., 200B8frpntal cortex
(Nair & Gudelsky, 2004) and hippocampus (Shank&&udelsky,

1998).

The mechanism of DA release is both transporterirapdise
dependent with DAT inhibitors (Nash & Brodkin, 19%hankaran,
Yamamoto, & Gudelsky, 1999) since the sodium chibloeker,
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tertrodotoxin, (Yamamoto, Nash, & Gudelsky, 199%¢@uated

release. MDMA induced locomotor activity was alsteauated by
systemic administration of the,Dke antagonist, SCH23390, (Daniela
et al., 2004) and the antagonist, eticlopride (Ball, Budreau & Rebec,

2003).

Although MDMA primarily promotes DA release via tlransporter,
the serotonin selective reuptake inhibitor (SSRIpxetine, suppressed
MDMA stimulated DA release suggesting a role obsamergic
mechanisms (Callaway, Wing, & Geyer, 1990). FurtbeHT,
agonists potentiated (Gudelsky et al., 1994) artT5antagonists
suppressed (Nash, 1990; Schmidt et al., 1994; Yatwet al., 1995)
the MDMA-induced DA increase. More specificallyeth-HToa
receptors may modulate DA through increasing reguiaf either DA
synthesis or DA neuron firing rate (Schmidt etl8192; Gudelsky et al.
1994). Indeed, basal firing rate of DA neurons weoeeased by 5-
HT,c receptor antagonists and inhibited by 5;Hfieceptor agonists
(Di Matteo et al. 2000; Gobert et al. 2000) throagionic inhibitory

influence on release (Ball & Rebec, 2005).

Because of the well documented role of DA in loctonactivity it is
not surprising that both peripheral and central iatstration of
MDMA increased locomotor activity. Gold and Kool®8B) were one
of the first to demonstrate MDMA produced locomadotivity in rats

and since then there have been a number of othertsge.g. Bubar,
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Pack, Frankel, & Cunningham, 2004; Yamamoto & Spat688).
MDMA induced locomotor activity was decreased bgteynic
administration of the Dlike antagonist, SCH23390 (Daniela, et al.,
2004) and the Plike antagonist, eticlopride (Ball, Budreau, & RReb
2003). Moreover, pharmacological blockade of t#elDnhibited
MDMA induced locomotor activity (Callaway et al990). The
selective 5-HFa antagonist MDL 100,907, also suppressed MDMA
produced hyperactivity. Other less selective 5Hdntagonists
(ritanserin, methiothepin, MDL 28,133A, SR46349 afarapan) also
reduced MDMA stimulated activity (Ball & Rebec, Z)Kehne, et al.,
1996) but the 5-H3: antagonist, SB242084, potentiated the locomotor
stimulant effects of MDMA (Fletcher, Sinyard, & Hjms, 2006). It
has been suggested that the 5-HT antagonistscaMID&A produced

hyperactivity by modulating DA release (Ball & Reb2005).

Of interest, chronic treatment with DOI, although-8T,5 agonist,
produced an inhibitory regulation of the 5-)d Feceptor, which
increased MDMA produced locomotor activity. Thissaatributed to
5-HT,A mechanisms because the response to thez-td€eptor
agonist, MK212, remained unaffected by repeated pré&treatment.
(Ross, Herin, Frankel, Thomas, & Cunningham, 200®&)eed,
repeated DOI treatment decreased SAtEceptor protein expression
in the PFC and shell of the NAc. Because 54Eceptor activation

increased DA release (Ball & Rebec, 2005), thesdirigs suggest that
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5-HT.a receptors in the DA terminal areas of the PFCMNAd might

be critical to MDMA produced hyperactivity.

MDMA and behavioural sensitisation

Few studies have examined behavioural sensitisaai®fDMA and fewer
still have examined the mechanisms underlying theebpment or
expression of sensitisation. Repeated intermiddntinistration of MDMA
produced a progressive and enduring increase ibehavioural response
to the drug. One of the early investigations intbWIA behavioural
sensitisation was conducted by Spanos and Yama(h®89) who studied
both the acute and chronic behavioural effects DIMA. Acute effects
showed a dose related increase in MDMA produceantmtor activity.
Chronic exposure, consisting of alternate-day tiges with locomotor
challenge doses after the sixth and twelfth inggxj produced a dose
dependent increase in all behavioural measureghdranore, authors
reported correlated extracellular in-vivo voltamergtmeasures of DA
release paralleling the time course of MDMA indubsggerlocomotion.
When examining the chronic behavioural effects @NA exposure
Kalivas, Duffy and White (1998) concurred with Sparand Yamamoto
(1989), finding an augmented behavioural respomsleet drug. In addition,
and paralleling amphetamine induced DA releasg, fiend a dose
dependent increase in extracellular DA in the rugkeccumbens
suggesting there may be patterns of MDMA producadeadaptations

that overlap with other commonly abused amphetasniimecorroboration
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with this finding, MDMA induced increases in cdliifig in the dorsal
striatum were increased in sensitised rats (Ball.e2006). Serotonergic
mechanisms might also be involved since the SgAdantagonist,
GR127935, attenuated the development of sensarséticCreary et al.,
1999). However, Modi, Yang, Swann, & Dafn (2006)efd to find cross
sensitisation to amphetamine and methylphenidéte efpeated MDMA
administration. Chronic administration producedss#sation of only a
transient nature evident on challenge day 13 bubnalay 38. Chronic
dosage of 5 mg/kg persisted for a longer periodhoé with motor indices
of sensitisation still evident on day 38. The adstmtion of 10.0 mg/kg
MDMA however, produced increases in locomotor aitivi his does not
rule out the possibility of overlapping neural adions but may suggest
those adaptations to be more akin to cocaine r#ta@ramphetamine or

methylphenidate.

Intra-NAc core administration of the;fike receptor antagonist,
SCH23390, prevented the expression, but not thelopment, of
behavioural sensitisation (Ramos, Goni-Allo, & Agaj 2004).
Although Ramos et al. (2004) did not observe sesesitresponding
after SCH23390 bblockade through pre treatment with MDMA; D
receptor activation must still have occurred. Tdveger half life of
MDMA versus SCH23390 would ensureg 2ceptor activation past
any evident time analysis of the 60 minute testdoomotion or post
activity test chamber when the rats were placeé batheir home

cage. Indeed, the obvious interpretation is thateria/ the authors in
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that the O receptor is not involved in the induction of séissid
respondinglt was argued that projections from the prefrontatex
(PFC) might mediate behavioural sensitisation toN#/Dbecause
ibotenic acid lesions of the dorsal medial PFCt testroyed cell
bodies, blocked both the induction and expressi@epsitisation
(Ramos, Goni-Allo, & Aguirre, 2005b). Dopaminergmechanisms
were implicated since administration of thellRe receptor agonist,
SCH23390, into the medial PFC blocked the expressio
sensitisation. Because SCH23390 is also a x:iHceptor agonist, this
mechanism in the medial PFC might play a key noleghavioural
sensitisation to MDMA. This idea was supported sy finding that
attenuation of sensitisation produced by SCH23388 meversed by
administration of the 5-H;t receptor antagonist, RS 102221 and
sensitisation was produced by the 5;H&gonist MK212 (Ramos,
Goni-Allo, & Aguirre, 2005a). These data suppo#d ttiea that MDMA
induced sensitisation was mediated by 5-FEceptor stimulation in

the medial PFC and not by the blockade of medi& BPEFreceptors.

The current investigation

MDMA induces locomotor, as well as sensitised looton responding
that can be attenuated through dopaminergic anistgoDespite a
plethora of evidence suggesting a crucial roleagfadnine in
behavioural sensitisation to psychostimulantsaks in MDMA

sensitisation is yet to be fully investigated. dstbeen postulated that
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activation of DA O receptors initiate the neural adaptations undaglyi
amphetamine sensitisation (e.g. Stewart and VetiA88; Kalivas and
Stewart 1991; Bjijou et al. 1996; Vezina 1996). DApre-synaptic
receptors show evidence of transient sub-sengitjwthite and Wang
(1984) while DA D post-synaptic receptors may become sensitised
(Wolf et al., 1993). However, the role in MDMA incled sensitisation
is less clear. One way to address this is throwgtaoural

pharmacology.

The following set of experiments aims to firsthytelenine parameters
for the development of sensitisation to the locamnattivating effects
of MDMA and it is hypothesised that repeated intigient
administration will produce an augmented locomaitivity in
response to a further challenge dose of the drecpiRlly, the thesis
will determine whether cross-sensitisation is paztlto the locomotor
activating effects of Blike and/or D-like receptor agonists and
antagonists. Thirdly, the relevance of sensitisatoodrug self
administration will be evaluated. Finally, becadsécits in 5-HT have
been reported following exposure to MDMA, HPLC aséd will be
used. Tissue levels of 5-HT, DA and their primargtafolites will be
measured to ascertain what changes in neurocheleveds result from

repeated administration of MDMA.
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Experiment 1: induction and expression of behavioural

sensitised responding to MDMA locomotor activating effects

General methodology

Subjects

The subjects were male Sprague-Dawley rats, weygh@tween 250-3509g
(approximately 60 days old). The animals were latedictoria University in
Wellington, New Zealand and were initially housegairs and then housed
singly in a temperature- (21°C) and humidity- (55@6htrolled room. The
colony was maintained on a 12-hr light/dark cycléhights on at 0700.
Food and water were availalad libitum except during testing periods.
Laboratory animal care principles of the Victoriailkrsity of Wellington
Animal Breeding Facility were followed, and the Yida University of

Wellington Animal Ethics Committee approved all foraols

Apparatus for locomotion studies

Eight open field chambers (450mm x 450mm; Med Asdes (ENV-
515) Vermont, USA) equipped with four banks of I®cells on each
of the internal walls of the chamber were used ¢asare horizontal
locomotion. Photocells were set at 25mm aboveldor bf the chamber

and spaced evenly at 25mm centres around the peyiph
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The open field boxes were interfaced with a compane data were
obtained using Med Associates software. Each &githiamber was
enclosed in sound attenuating boxes (Med assochgesiont USA). A
beam ‘box’ was pre-set encompassing a 3 x 3 beasresd50mm x
50mm). Movement outside of this ‘box’ broke thems and constituted

one locomotor count.

All testing was conducted during the light cyclerel house light was
illuminated during testing and white noise was asnotinually present to
mask extraneous disturbances. Prior to and aftdr legomotor activity test,
the chamber interiors were cleaned and wiped withov ‘S’ disinfectant

(Southern Veterinary Supplies, NZ).

Drugs:

* Racemic MDMA hydrochloride, (ESR Ltd, Porirua, Née&aland).

e d-Amphetamine, (SIGMA; Australia).

e SCH23390 Hydrochloridg R(+)-7-Chloro-8-hydroxy-3-methyl-1-
phenyl-2,3,4,5-tetrahydr o- 1H-3-benzazepine hydrochloride] , (Tocris
Bioscience, Natick, Massachusetts).

e SKF81297 hydrobromid¢R-(+)-6-chloro-7,8-dihydroxy-1-phenyl-
2,3,4,5-tetrahydro-1-H-3-benzazepine hydrochloride] , (Tocris Bioscience,
Natick, Massachusetts).

* Apomorphine hydrochlorid¢ R-5,6,6a,7-tetrahydr o-6-methyl-4H-
dibenzo[ de,g] quinoline-10,11-diol hydrochloride], (Tocris Bioscience,

Natick, Massachusetts).
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« Eticlopride,[ S-)-3-Chloro-5-ethyl-N-[ (1-ethyl-2-pyrrolidinyl )methyl] -6-
hydr oxy-2-methoxybenzamide hydrochloride], (SIGMA; Australia).

All the above drugs were dissolved in sterile sali®.9%NACL).

« RS102221[8-[5-(2,4-Dimethoxy-5-(4-

trifluromethyl phenyl sulfonami do) phenyl-5-oxopentyl] -1,3,8-
triazaspiro[ 4,5] decane-2,4-dione hydrochloride], (Tocris Bioscience,

Natick, Massachusetts).

All the above drugs were dissolved in sterile sa(i@.9%NACL)

apart from RS102221 which was suspended in a salafi 1% polysorbate
80 (Tween® 80).

Subcutaneous (SC) or Intraperitoneal (IP) injectiamere in a volume of 1

ml/kg. All drug doses refer to the salt.

General Sensitisation Protocol

Rats were housed individually and were weighedtardlled daily, one

week prior to the commencement of all experiments.

Days 1-5:

Rats were transported daily from their home cagdbd locomotor
activity room and placed into the middle of the mfield chambers.
Locomotor activity was recorded for 15 or 30 mirsyteecording was
then paused while rats were administered drugloresand activity was
recorded for an additional 60 minutes. Activityalatere collected at 5
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min intervals during the 30 min pretreatment anar® post-treatment

periods.

Days 6 & 7:

For the majority of experiments, there was a twp wahdrawal period
during which the rats remained in the home cagasuber of
experiments had extended withdrawal periods (dde 13 in which the

rats remained in their home cages.

Day 8:

Rats were transported from their home cages ttottwanotor activity
room and placed into individual activity chambekstivity was recorded
during a 15 or 30 minute pretreatment and 60 mipatt-treatment

period.

Data Analysis

Data analyses (unless otherwise specified) werdwiad on the activity
counts during the post injection interval. Locomiagtsponses were
analysed using a 1, 2 or 3-way (as specified i easults section)
repeated measures Analysis of Variance (ANOVA) \hign repeated

measure of time.
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Overall layout for experiment 1A and 1B

Table 1.
Pre-treatment
Exp. 1A Exp. 1B
Amphetamine Vehicle | MDMA Vehicle | MDMA Vehicle
(2.0mg/kg) (5.0mg/kg) (10.0mg/kg)
Day 1 vs. Yes Yes Yes Yes Yes Yes
day 5
2-day
Withdrawal Yes Yes Yes Yes Yes Yes
9-day No No No No Yes Yes
withdrawal
28-day Yes Yes No No Yes Yes
withdrawal

Table 1. Within experiment 1, drug pre-treatment and witkndxbperiods
vary. The table identifies the drug pre-treatmeimimistered and withdrawal
period used.

Experiment 1a Amphetamine-produced sensitisation

Background

Repeated intermittent exposure to a number of $aintulrugs produces a
sensitised locomotor response. The sensitised miral/responses
reflect a host of neuroadaptations. These compgiarges are greatly
impacted upon by a number of parameters in the ddagnistration
regimen including withdrawal time from the last gradministration
(Kolta, et al., 1985) dose ( Kalivas & Duffy, 19%aulson, Camp, &
Robinson, 1991; Paulson & Robinson, 1995), drugsedpe duration
(Robinson & Becker,1986), and the context in whiedhdrug is delivered

(Badiani, Browman, et al., 1995; Badiani, Camp, &biison, 1997,
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Robinson, Browman, Crombag, & Badiani, 1998; Sté&aBadiani,

1993).

To this end Experiment 1 as a whole was designeétermine the
protocols required to induce reliable sensitisatmthe locomotor
activating effects of MDMA. To start, experimenteproduced
amphetamine sensitisation and then used the dglaret withdrawal
protocols to attempt to induce MDMA sensitisatibifferent doses of
MDMA were used in the pre-treatment regimen, anidfong drug
abstinence, varying challenge doses were admiatsiarorder to
determine whether there were changes in the depemse function.
Because MDMA is an amphetamine derivative, it wgsothesised that
the induction and expression protocols for seraiba to the behavioural

effects of amphetamine and MDMA would be similar.

Experiment 1a Procedure

On days 1-5, rats (numbers vary and are reportedch experiment)
were given a single daily administration of amphetee (0.0 or 2.0
mg/kg, IP). This dose and injection regimen hassf®wn to produce
persistent sensitisation to the locomotor stimuédfects of amphetamine
(Vanderschuren, Schmidt, et al., 1999) and has bsed in a number of
previous investigations (Laudrup & Wallace, 199%GNamara,

Davidson, & Schenk, 1993; Nordquist, et al., 2008).
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After either 2 or 28 days of withdrawal, during whiall rats were left in
home cages, the locomotor activating effects miplaetamine (0.0 or 0.5

mg/kg, IP) were measured as described above.

Experiment 1a Results.

Amphetamine pre-treatment day 1 vs. day 5

Figure 1.1 shows locomotor activity as a functibtime on Days 1 and
5 of the pre-treatment regimen. A mixed 3-way ANOMZay (1 & 5) x
Drug (amph or vehicle) X Time (12 five min bins)] on the counts post
injection (‘time 0’) revealed a significant mairfedt of Day (F(1,22) =
21.65, p< 0.05), Drug (F(1,22) = 219.74, p< 0.88) a significant
interaction between Day and Drug (F(1,22) = 14#880.05). There was
also a 3 way interaction for Day x Drug x Time (E@42) = 2.46, p<
0.05). A post hoc analysis of the amphetamine (@2dg x Time) showed
that locomotor activity counts were higher on dagohpared to day 1 of

testing (F(1,22) = 18.95, p< 0.05).
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Figure 1.1. Locomotor counts for the 75 minutes of testingpasrdays.
Rats were administered either amphetamine (2.0mgiRdn=12) or
vehicle(n=12) each day in the testing chamber. Locomotor coangs
summed into bins of 5 minute intervals with timéb@ing the time of
drug injection.

Amphetamine pre-treatment 2-day withdrawal

Figure 1.2 shows locomotor activity as a functiémimme on challenge
day (day 8). A mixed 3-way ANOV ppre-treatment (amph or vehicle) x
Dose (0.0 or 0.5mg/kg) x time (12 five min bins)] revealed a significant
effect of pre-treatment (F(1,82) = 3.99, p< 0.@#)] Dose (F(1,82) =
11.56, p< 0.05), but no interaction between prattinent and Dose

(F(1,82) = 1.04, ns).
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Figure 1.2. Locomotor counts for the 75 minutes of testindofeing
injection of either amphetamine (0.5mg/kg i.p.¥ehicle. Data were
collected following 2 days withdrawal. The firggting in the legend
identifies the group’s pre-treatment drug while seeond indicates the
challenge drug. Sample sizes are in brackets béstdiéstings.
Locomotor counts are summed into bins of 5 minatervals with time
‘0’ being the time of drug injection.

Group differences were examined with a 1-way ANOWA&h-Amph,
Amph-Amph,) on post injection totalsAn overall difference between the
groups was found (F(1,49) = 4.18, p< 0.05). Waetae low dose of
amphetamine failed to produce significant locomaictivation in the
vehicle pre-treated rats, increased activity waslpced in the
amphetamine pre-treated rats during the initialM@ute post injection
period. When total locomotion for just the init@dst injection 30 minute

period was compared activity in the Amph-Amph grewgs significantly

higher than activity of all other groups (p<0.05).
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Amphetamine pre-treatment 28-day withdrawal

A further group of vehiclén=7) and amphetamin@=7) pre-treated rats
were administered 0.5 mg/kg i.p. amphetamine 28 fiallowing the
sensitisation regimen. Figure 1.3 shows the timgsmfor the total 75

minutes following amphetamine (0.5mg/kg i.p.) adistiation.

—O— Vehicle pre-treatment

—0— Amphetamine pre-treatment
700 A
600 -
500 -
400 +

300 4

200 4

Acitivity count (5 min bins)

100 A

T T T T T T T T T T T T
-10 -5 0 5 10 15 20 25 30 35 40 45 50 55 60

Time (mins)

Figure 1.3. Locomotor counts for the 75 minutes of testingofeing 28
days withdrawal. All animals were challenged withpetamine
(0.5mg/kg i.p.) with the legend indicating vehieled amphetamine pre-
treated rats. Locomotor counts are summed intodfiBsminute intervals
with time ‘0’ being the time of drug injection

The amphetamine pre-treated rats tended to be maspensive to the
effect of amphetamine but the effects were of narohller magnitude
than when testing was conducted following 2 daykavawal (Figure
1.2). Additionally, amphetamine pre-treated ratelezl to have higher

activity scores during the pre-treatment phasestirig although
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variability throughout testing was high. A repeatedasures ANOVA
(pre-treatment x time) failed to reveal any significant differences betwe
the two groups over the 30 minutes post injectk(d ) = 1.085, p>

0.05) or the 60 min post injection period (F(1,£2).247, p> 0.05).

Experiment 1b, MDMA-Produced Sensitisation

Procedure

On days 1-5, rats were given a single daily adrtration of MDMA

(0.0, 5.0 or 10.0 mg/kg i.p.) and activity was mead. These doses were
chosen based on previous literature that has ddratets sensitisation
(Ramos, et al., 2005a; Spanos & Yamamoto, 198%rA&f 9 or 28 days
of withdrawal, during which all animals remainedfieir home cages,
locomotor activating effects of MDMA (0.0, 2.5, 5010.0 mg/kg i.p.)
were measured as above. (28 day withdrawal anwele housed in

pairs during the 28 day drug abstinence period).

49



Experiment 1b Results.

5.0 mg/kg MDMA pre-treatment day 1 vs. day 5

During initial tests, a large sample of rats wetmmistered repeated
intermittent administration of the lower (5.0 mg/kig) dose of MDMA.
The locomotor activating effects of MDMA as a fupatof time on Days
1 and 5 of treatment are presented in Figure 1MW produced
hyperactivity (F(1,84) = 83.24, p< 0.05) was ndisantially altered by
repeated exposure and the ANOVA failed to revesgliicant effects of
Day (F(1, 84) = 2.2, ns) or an interaction betwBary and Drug (F(1, 84)

=3.21, ns).
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Figure 1.4. Average locomotor counts for the 90 minutes dirtgson
day 1 and 5 following administration of MDMA (5.0vkg i.p.) (n=43)

or vehicle(n=43) in the test boxes. Locomotor counts are summed int
bins of 5 minute intervals with time ‘0’ being ttime of drug injection.

5.0 mg/kg MDMA pre-treatment 2-day withdrawal

Following a two day withdrawal the motor activatieffects of various
doses of MDMA (0.0, 2.5, 5.0 10.0 mg/kg) were meaduFigure 1.5

shows the time course data.
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Figure 1.5. Locomotor activating effects of various doses @MA
following a 2-day withdrawal from daily administiat of MDMA
(5.0mg/kg i.p.) or vehicle. Top panel is the tinoeicse of locomotor
activity for vehicle pre-treated rats. Bottom paisehe time course of
locomotor activity for MDMA pre-treated rats. Locotor counts are
summed into bins of 5 minute intervals with timéb@ing the time of
drug injection
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A mixed 3-way ANOVA[Pre-treatment (MDMA or vehicle) x Dose (0.0,
2.5, 5.0, 10.0) x time (12 five min bins)] revealed a main effect of Pre-
treatment (F(1,79) = 4.08, p<0.05) and Dose (F(35723.73, p<0.05)
but no significant interaction between Pre-treathagrd Dose (F(3, 79) =

0.44, ns).

Figure 1.6 presents the total activity data cokapacross time following

each dose of MDMA for the MDMA and vehicle pre-trmant groups.

®)

18000 ~
16000 - O Vehicle pre-treat ®
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Figure 1.6. Total locomotor counts on challenge day for thertQutes
post injection with vehicle and MDMA (5.0 mg/kg .J)pre-treated rats.
After two days of withdrawal rats were challengethiIDMA (0.0, 2.5,
5.0 or 10.0mg/kg i.p.). * difference from vehicleegtreated group.
Analysis on total locomotor activity counts duritigg 60 minutes post-

injection period was conducted using a 2-way ANO{PRe-treatment x

Dose). Main effects were echoed from the repeated nmeasnalysis
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above [a main effect for Pre-treatment (F(1,79)384p<0.05) and Dose
(F(3,79)=23.73, p<0.05)]. Independent sampleststevealed MDMA
pre-treated rats were more responsive to the 0/Rgr{t(22) = -2.04, p<
0.05) and the 2.5 mg/kg (1(6.396) = -2.57, p< 0d&ges (Levene’s test

for equal variances violated, adjusted df reported)

10.0 mg/kg MDMA pre-treatment day 1 vs. day 5

Figure 1.7 shows MDMA-produced hyperactivity on Bdyand 5 of the
higher dose pre-treatment regimen (919) or 10.0(n=21) mg/kg i.p.)
A mixed 3-way ANOVA[Day (1 & 5) x Drug (MDMA or vehicle) X

Time (12 five min bins)] on the post injection (‘time 0’) data revealed a
main effect of Drug (F(1,38) = 284.57, p< 0.05) y§&(1,38) = 4.87,
p<0.05) and an interaction (F(1,38) = 7.86, p<Q.08)ere was also a 3
way interaction for Day x Drug x Time (F(11,418%43, p< 0.05). Post
hoc analysis on the MDMA da{®ay x Time) showed that MDMA-
produced hyperactivity was greater on Day 5 contparday 1 of

treatment (F(1,36) = 5.16, p< 0.05).
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Figure 1.7 Average locomotor counts for the 90 minutes diingsacross
days. Rats were administered either MDMA (10.0mg/ig (n=21) or
vehicle(n=19) each day in the test chambers. Locomotor counts are
summed into bins of 5 minute intervals with timéb@ing the time of
drug injection.

10.0 mg/kg MDMA pre-treatment 2-day withdrawal

Following a two day withdrawal locomotor activatiaffects of various
doses of MDMA (0.0, 2.5, 5.0 10.0 mg/kg) were meegLFigure 1.8

below presents the time course data.
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Figure 1.8. Locomotor activating effects of various doses @MA
following a 2-day withdrawal from daily administiat of MDMA
(10.0mg/kg i.p.) or vehicle. Top panel is the tiooairse of locomotor
activity for vehicle pre-treated rats. Bottom paisehe time course of
locomotor activity for MDMA pre-treated rats. Locotor counts are
summed into bins of 5 minute intervals with timéb@ing the time of
drug injection
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A repeated measures ANOVjpre-treatment (MDMA or vehicle) x Dose
(0.0, 2.5, 5.0, 10.0) x time (12 five min bins)] revealed a main effect of
Pre-treatment (F(1,60)=15.841, p<0.05) and Dos& 6Bj=35.71,

p<0.05) but no significant interaction between fPeatment and Dose

(F(3, 60) = 1.46, ns).

Figure 1.9 presents the total activity data cokapacross time following

each dose of MDMA for the MDMA and vehicle pre-trmant groups.
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Figure 1.9. Total locomotor counts on challenge day for therélutes post
injection with vehicle and MDMA (10.0 mg/kg i.p.Jgtreated rats. After
two days of withdrawal rats were challenged with Mi® (0.0, 2.5, 5.0 or
10.0mg/kg i.p.). Numbers in brackets above eatimmo is the sample size.
* difference from vehicle pre-treated group
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Analysis on total locomotor activity counts was doated by using a 2-
way ANOVA (Pre-treatment x Dose). Post hoc t-tests revealed an
increase in the activating effect of all doses @MWA (p<0.05) accepting

the 10.0 mg/kg challenge dose

10.0 ma/kg MDMA pre-treatment and 9 day withdrawal

Figure 1.20 shows the time course of MDMA-produbgderactivity
(0.0 or 5.0 mg/kg, IP) for rats that had been peated with the higher

dose of MDMA (0.0 or 10.0 mg/kg, IP) 9 days earlier
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Figure 1.20. Locomotor activating effects of MDMA (0.0 or 5.0rkg/
I.p.) following a 9-day withdrawal from daily adnistration of MDMA
(10.0mg/kg i.p.) or vehicle. The first listing ind legend identifies the
group’s pre-treatment drug while the second inés#he challenge drug.
Sample sizes are in brackets beside the listingsoiinotor counts are
summed into bins of 5 minute intervals with timéb@ing the time of
drug injection.
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A repeated measures 3-way ANOVYpre-treatment (MDMA or vehicle)

x challenge (MDMA or vehicle) x time (12 five min bins)] failed to reveal
a significant effect of pre-treatment (F(1,17) §2.ns), or, perhaps due
to the small sample sizes , an interaction betvpeesireatment and
challenge (F(1,17) = 2.60, ns). However, there avagin effect of

Challenge (F(1,17) = 5.66, p<0.05).

Figure 1.21 shows the time course of MDMA-produbgderactivity
(0.0 or 10.0 mg/kg, IP) for rats that had beentpeated with MDMA

(0.0 or 10.0 mg/kg, IP) 9 days earlier.
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Figure 1.21. Locomotor activating effects of MDMA (0.0 or 10.0rkg
I.p.) following a 9-day withdrawal from daily adnsstration of MDMA
(10.0mg/kg i.p.) or vehicle. The first listing ine legend identifies the

group’s pre-treatment drug while the second inéisahe challenge drug.

Sample sizes are in brackets beside the listingsoinotor counts are
summed into bins of 5 minute intervals with timéb@ing the time of
drug injection.
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A repeated measures 3-way ANOVYpre-treatment (MDMA or vehicle)
x challenge (MDMA or vehicle) x time (12 five min bins)] failed to reveal
a significant effect of pre-treatment (F(1,29) 697, ns), or an
interaction between pre-treatment and challengk, 2B} = 1.26, ns), but

a main effect for challenge (F(1,29) = 93.39, pe5).

Figure 1.22 presents the total post-injection @gtivata collapsed across
time following 9 days withdrawal for the MDMA anehicle pre-

treatment groups.
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Figure 1.22. Total post injection locomotor counts on challedgg for
the 60 minutes post injection with vehicle and MDNI.0 mg/kg i.p.)
pre-treated rats. After nine days of withdrawas naere challenged
with MDMA (0.0, 5.0 or 10.0mg/kg i.p.). Numberslhnackets above
each column is the sample size. * difference frahiele pre-treated

group
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Analysis on total locomotor activity counts was doated by using a 2-
way ANOVA (Pre-treatment x Dose). There were main effects for both
pre-treatment (F(1,49) = 5.39, p< 0.05) and do$2,4B) = 32.48, p<
0.05). Post hoc contrasts revealed an increaseiadtivating effect of
both the 5.0mg/kg MDMA and 10.0 mg/kg MDMA challendose

(p<0.05).

10.0 ma/kg MDMA pre-treatment and 28 day withdrawal

Figure 1.23 shows the time course of rats challength MDMA (5.0 &
10.0mg/kg i.p.) following the 28 day withdrawal jwef from the MDMA

(10.0mg/kg) pre-treatment
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I.p.) following a 28-day withdrawal from daily admstration of MDMA

(10.0mg/kg i.p.) or vehicle. The first listing ine legend identifies the
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group’s pre-treatment drug while the second inéisdhe challenge drug.

Sample sizes are in brackets beside the listingsoinotor counts are
summed into bins of 5 minute intervals with timéb@ing the time of

drug injection.

A repeated measures 3-way ANOVYpgre-treatment (MDMA or vehicle)

x Dose (5.0 & 10.0 MDMA) x time (12 five min bins)] revealed a

significant effect of pre-treatment (F(1,41) = 4.9% 0.05), in addition to

a main effect of Dose (F(1,41) = 25.53, p< 0.0%i}, o interaction

between pre-treatment and Dose (F(1,41) = 1.04, ns)
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Figure 1.24 presents the total post-injection #@gtivata collapsed across
time following 28 days withdrawal for the MDMA anehicle pre-

treatment groups.
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Figure 1.24. Total post injection locomotor counts on challedgg for
the 60 minutes post injection with vehicle and MDNI®.0 mg/kg i.p.)
pre-treated rats. After 28 days of withdrawal ra¢se challenged with
MDMA (5.0 or 10.0mg/kg i.p.). Numbers in brackatsove each column
are the sample sizes. * difference from vehicletpeated group

Analysis on total locomotor activity counts was doated by using a 2-
way ANOVA (Pre-treatment x Dose) revealing both a Dose (F(1,41) =
4.97, p< 0.05) and Pre-treatment (F(1,41) = 4.97M.05) main effect.
Post hoc contrasts revealed an increase in theatioty effect of the 5.0
mg/kg MDMA challenge dose (p<0.05) but no differema the

10.0mg/kg MDMA challenge dose.
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Experiment 1 Discussion

This experiment was designed to develop protoarlsénsitisation to the
locomotor activating effects of MDMA. Repeated miétent
administration of both amphetamine and MDMA prodlsensitised
hyperactivity. This sensitised response was appaeing the pre-
treatment regimen and also following a 2 and 9:délydrawal period for

the MDMA pre-treated rats.

Amphetamine-induced locomotor activity increasedkadly from day 1
to day 5. Following a 2-day withdrawal period, tksponse to a low dose
of amphetamine was also enhanced. Additional tests conducted to
examine the persistence of the sensitised respuvgever an
amphetamine-produced sensitised response was gerlapparent
following a 28 day withdrawal period. Although, #itbe 7 amphetamine
pre-treated animals had total post-injection loctmnoounts approaching
twice that of the average vehicle pre-treated gimutpvariability was

large and, as a group, it was not statisticalliabdé

This finding is in contrast to other studies thavé demonstrated an
increase in the sensitised response following aenebed withdrawal
period of 28 days (Hitzemann , Tseng, Hitzemanm&dh-Khanna &
Loh, 1977; Paulson & Robinson,1995, 1996). It isgdlole that a
different pre-treatment regimen may have resultea iore persistent

sensitised response in the above studies. Howender the current
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conditions, sensitisation to the locomotor activateffects of

amphetamine was observed 3, but not 28 days, folpexposure.

In contrast to the effects of repeated exposuestphetamine, MDMA-
produced hyperactivity following the low dose (Sku/ failed to
increase between days 1 and 5 of exposure. Thit cescurs with other
findings (Ball, Budreau, & Rebec, 2006). Higher elexposures
however, showed an increase in MDMA produced agtivom days 1-5

of exposure.

Following exposure to repeated doses of 5.0 mg/KdvM, a sensitised
response to the effects of the lower dose of 2.&gngas observed.
Repeated exposure to the higher dose of 10.0mgllyIMincreased
locomotor activity between days 1 and 5 and follaywwo days of
withdrawal a sensitised response was observedadotwer doses (2.5
and 5.0 mg/kg) of MDMA. Thus, the dose-effect cutmeMDMA-
produced hyperactivity was shifted leftwards follogrboth pre-
treatment regimens. Two other investigations h&osve sensitisation
following a similar MDMA pre-treatment regimen. ¢éme, rats were
treated for six consecutive days with 10.0 mg/kgN¥®) and tested with
the same dose of MDMA following a 5-day withdrayakiod (Modi,
Yang, Swann, & Dafny, 2006). In the other, ratseveeated for 5 days
with a single dose of 10.0mg/kg per day followeda®¥ day withdrawal
period (Colussi-Mas & Schenk, 2008). In both inigegions 10.0 mg/kg

pre-treatment produced a robust increase in MDMddpced
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hyperactivity across days during the pre-treatnpeniod. The current
investigation, in conjunction with the above dataggests that a single,
daily administration of the 10.0mg/kg pre-treatmeéoge compared to
that of the 5mg/kg is the more effective pre-treatbdose during a 5-day

exposure period to observe sensitisation.

The present results suggest that a short withdrperad enhances the
manifestation of MDMA- induced behavioural sensitisn. The majority
of investigations into MDMA sensitisation have ailsgposed a relatively
short withdrawal period ranging from 48 hours todb¥s (Kalivas, et al.,
1998; McCreary, Bankson, & Cunningham, 1999; Rarabal., 2004;
Spanos & Yamamoto, 1989). Consistent with thesgirigs is the current
data that show after 9 days withdrawal form repkat@osure to

10.0mg/kg MDMA there was a sensitised response.

Following longer withdrawal period of 28 days, hawee sensitisation
was no longer apparent. Instead, when compareaoiioads, the
hyperactive response to 5.0 mg/kg MDMA - was desgdaThis finding
contrasts with a study that demonstrated sensarsathen testing was
conducted following a 38 day withdrawal period (Mcat al., 2006)The
current results however, should be interpretedi@asity as the total
locomotor activity counts in the saline controbkratere extremely high.
However, the locomotor counts for the MDMA pre-tezhanimals are
comparable to the locomotor counts observed aftiy3 (Figure 1.9)

and 9 days (figure 1.22) withdrawal. One possiblson for the
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increased response in vehicle rats is that duhe@8 day withdrawal
period rats were housed in pairs rather than siagliy the other groups.
Housing environment is known to alter subsequeng desponses and
animals housed in groups were more sensitive tchatamine induced
locomotor activity (Schaefer & Michael, 1991). hiid is also true for
MDMA produced hyperactivity the data suggest aedédhtial influence

of prior drug exposure.

Of interest, there was a greater response in lotmmagativity following
administration of vehicle to the MDMA pre-treateads. This conditioned
effect has also been demonstrated following repeadeninistration of
amphetamine (Anagnostaras & Robinson, 1996; Dretli&k, 1988;
Mazurski & Beninger, 1987; Vezina, et al., 1989)thAugh not
specifically tested for, the current results sugga®le of context in the

expression of MDMA-induced locomotor sensitisation.

Summary experiment 1

A sensitisation protocol was developed to inducesisised responding to
MDMA. An augmented locomotor response was eviderass days of
pre-treatment (day 1 vs. 5) and also evident withdvawal periods of

up to 9 days after the last exposure. Repeatedrastnaitions of either
10.0 or 5.0 mg/kg for 5 days showed sensitisednutor responding to a
lower dose of the drug, however, the regimen o&ifydreatments of

10.0mg/kg produces persistent sensitisation.
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Experiment 2: Changesin sensitivity of the D; and D receptor to

repeated inter mittent exposure of MDMA

Background

An important mechanism underlying amphetamine predihyperactivity is
an increase in extracellular levels of DA in celdies and terminal regions
of the mesolimbic system. Repeated intermittentiasnation of
amphetamine increases the dopamine response argktisitised
neurochemical response is believed to result imbWiehnral sensitisation. The
expression of sensitisation is typically measuredraincrease in drug
produced hyperactivity that can be explored witarptacological
manipulation of dopamine release, through for eXapmgceptor activation

or suppression.

The role of the Pand D receptors in amphetamine sensitisation has
previously been investigated. Sensitisation waskgd by the Rlike
antagonist, SCH23390 (Drew & Glick, 1990; Vezin&&wart, 1989;
Vezina, 1996) and sensitised locomotor activatias wbserved in response
to the selective bdopamine receptor agonist, SKF81297, in amphe&amin
pre-treated rats (Chen et al., 2003). Intra VTAgxposure to the D
antagonist, eticlopride, blocked amphetamine preduoscomotor activity
(Tanabe, Suto, Creekmore, Steinmiller, Vezina, 2004 effects of the
mixed D/D, agonist, apomorphine, has been equivocal. Follgwin

amphetamine-produced sensitisation, sensitisadi@pomorphine-produced

68



stereotypy was observed (Kuczenski & Segal, 1998)Hs pre-treatment
regimen failed to increase apomorphine-producetbiotal activity

(Vanderschuren et al., 1999).

Blockade of dopamine Dike and I —like receptors significantly attenuated
MDMA-induced locomotor activity in rats (Ball et.aR003; Daniela et al.,
2004). A role of dopamine receptors in both th&ation and expression of
sensitisation has been suggested (Ramos et afl; 2005a; 2005b). Cross
sensitisation to amphetamine has also been demtessuggesting common

neural adaptations mediating behavioural sensaisgModi et al., 2006).

To date, the role of the;and D receptors in the expression of sensitisation
to the behavioural effects of MDMA has not been poghensively

examined. The current investigation aims to idgrgtential changes in\D
and D receptor sensitivity as a result of repeated mitent exposure to
MDMA. It is hypothesised that the DA;&nd D receptors will be sensitised
following a regimen of repeated intermittent MDMArnainistration. The
response to the selective-like agonist, SKF81297, and tha/D, agonist,
apomorphine will be determined in MDMA sensitisatst Additionally, the
potency of selective antagonists to attenuate MDM@duced hyperactivity

will also be measured.
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Experiment 2a method

Experiment 2 follows the previously described gahsensitisation
methodology of five, single daily injections of MDM(10.0mg/kg) followed

by 2 days withdrawal.

The ranges of doses chosen for SCH23390 have beemgo attenuate
MDMA produced hyperlocomotion (Daniela et al., 2R0dhe dose range of
eticlopride was based on Ball et al. (2003) denmratish of the attenuation
of MDMA produced hyperactivity. Doses of the &lective agonist,
SKF81297, were based on Reavill, Bond, Overend u&telr, (1993) and
doses of apomorphine were chosen based on preaopketamine
sensitisation studies (Kuczenski & Segal, 1999;déaschuren, Beemster, &
Schoffelmeer, 2003; Vdikar, et al., 1999). The ddee the selective 5-HE

antagonist, RS102221, were based on Bonhaus, €1397).

Experiment 2a Results.

Effects of SKF81297 in MDMA sensitised rats

Figure 2.1 shows the time course of the effectSKF81297 in vehicle and
MDMA pre-treated rats. A three-way ANOV|Pre-treatment (10.0 MDMA
or vehicle) X Dose (0.0, 0.5, 1.0, 2.0, 4.0 and 8.0) X Time (12 five minute
bins)] was conducted. There was a main effect of Prerveatt (F(1,72) =
20.48, p <0.05), and of Dose (F(5,72) = 16.36, ®5)) but no interaction

between Pre-treatment and Dose (F(5,72) = 1.04, ns)
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Figure2.1. Locomotor activating effects of SKF81297 in MDMAd
vehicle pre-treated rats. Symbols represent thenrse¢&EM) number of
activity counts. Locomotor counts are summed inbs lof 5 minute
intervals with time ‘0’ being the time of drug iwcjgon.
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Figure 2.2 below presents the above data as tmtafriotor counts
following the injection of various doses of SKF8T2%nalysis on total
locomotor activity counts was conducted by usirigveay ANOVA
(Pre-treatment x Dose) with post hoc contrasts. Post hoc contrasts
revealed an effect of pre-treatment for the 0.0kgpgfoups (F(1,12)=
14.64, p< 0.05), the 1.0 mg/kg groups (F(1,12)=14<00.05), the 2.0
mg/kg groups (F(1,12)= 5.68, p< 0.05) and therdgdkg groups

(F(1,12)= 5.66, p< 0.05).
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Figure 2.2. Mean total locomotor counts (+SEM) on challengg da
during the 60 minute post injection period with ¥@hicle and MDMA
(10.0 mg/kg i.p.) pre-treated rats. Numbers ab@ah €olumn represent
the sample size used. * difference from vehicletpgated group
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Effects of SCH23390 in MDMA sensitised rats

Following the sensitisation regimen of 5 daily ctjens of MDMA (0.0 or
10.0mg/kg) and 2-day withdrawal effects of the-like antagonist,
SCH23390, on the locomotor activating effect of m§tkg MDMA was
measured. Figure 2.3 shows locomotor activity asation of time on test
day (day 8). A three-way ANOVAPre-treatment (10.0 MDMA or vehicle) X
Dose (0.0, 0.01, 0.02, and 0.04) X Time (12 five minute bins)] revealed a
main effect of Pre-treatment (F(1,54) = 13.40, g8} and Dose (F(3,54) =
4.74, p <0.05), but no interaction between Pretitneat and Dose (F(3,54) =

1.29, ns).
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Figure 2.3. Locomotor activating effects of SCH23390 in MDMAd
vehicle pre-treated rats. Symbols represent thenrs¢®EM) number of
activity counts. Locomotor counts are summed inbs lof 5 minute intervals
with time ‘0’ being the time of drug injection.
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Figure 2.4 shows the above data presented addotahotor counts

following the injection of MDMA. A one-way ANOVA oata from vehicle
pre-treated animals failed to reveal a main efdé@ose (F(3,27) = 1.79, ns).
There was however a main effect of dose in the MDpié treated rats
(F(3,27) = 3.30, p<0.05). In the MDMA pre-treatgdup, post hoc analysis
showed the 0.04 SCH23390 dose significantly deeddDMA produced

hyperactivity (F(1,13) = 13.80, p<0.05).
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Figure 2.4. Effects of SCH 23390 on MDMA-(5.0 mg/kg) produced
hyperactivity in vehicle and MDMA pre-treated ra&ymbols represent
the mean number of activity counts (+SEM). Numbetsrackets above
each column is the sample size. * difference frahicle pre-treated

group
Because there was a sensitised response to MDMAlata from vehicle and
MDMA pre-treated rats were rescored as a percerthgnge from

‘baseline’ responding in Figure 2.5 below. A twoywaNOVA [Pre-
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% of SCH23390 0.0 Dose responding

treatment (10.0 MDMA or vehicle) X Dose (0.0, 0.01, 0.02, and 0.04)] failed
to reveal a significant effect of Pre-treatmentl(B4) = 0.24, ns) or a
significant interaction between Pre-treatment andd)(F(3,54) = 0.22, ns)
but a significant main effect of Dose was obtai(ie,54) = 4.88, p<0.05).
Subsequent post hoc analysis with a one-way ANOWAeahicle pre-treated
rats revealed that the 0.04 dose significantly ceduMDMA-produced
hyperactivity (F(1,14) 6.50, p <0.05). In the MDMx#e-treated group the
0.04 dose of SCH 23390 also significantly decre&dBd1A-produced

hyperactivity (F(1,14) 13.80, p <0.05).
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Figure 2.5. Effect of SCH 23390 on MDMA (5.0 mg/kg) produced
hyperactivity in vehicle and MDMA-pre-treated ramata are expressed
as mean percent change from vehicle (+SEM). * giffee from vehicle
pre-treated group.
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Experiment 2b Results.

Effects of Apomorphine in MDMA sensitised rats

Figure 2.6 shows the effect of apomorphine in lerand MDMA pre-
treated rats. A three-way ANOVPre-treatment (10.0 MDMA or vehicle) X
Dose (0.0, 0.5, 1.0, 2.0 and 4.0) X Time (12 five minute bins)] revealed a
main effect of Pre-treatment (F(1,72) = 20.93, 080 and of Dose (F(4,72)
=11.97, p <0.05). There was also a significardrattion between Pre-

treatment and Dose (F(4,72) = 3.76, p <0.05).
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Figure 2.6. Locomotor activating effects of apomorphine in MBNMnd
vehicle pre-treated rats. Symbols represent theare®EM) number of
activity counts. Locomotor counts are summed imbs lof 5 minute
intervals with time ‘0’ being the time of drug imjgon.
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Figure 2.7 below presents the above data expresstaal post injection
locomotor counts. Analysis on total locomotor atyizounts was conducted
by using a 2-way ANOVAPre-treatment x Dose) with post hoc contrasts.
Post hoc results revealed that MDMA pre-treates nagre more responsive
to the 2.0mg/kg (F(1,14)= 6.76, p< 0.05), and tlemg/kg (F(1,12)= 6.97,

p< 0.05) doses.
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Figure 2.7. Mean total locomotor counts (+SEM) on challengg da
during the 60 minute post injection period with ¥@hicle and MDMA
(10.0 mg/kg 1.p.) pre-treated rats. Numbers ab@ah €olumn represent
the sample size used. * difference from vehicletpeated group
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Effects of eticlopride in MDMA sensitised rats

Figure 2.8 shows the effect of eticlopride on MDNdAeduced locomotor
activity in the vehicle and MDMA pre-treated radsthree-way ANOVA
[Pre-treatment (10.0 MDMA or vehicle) X Dose (0.0, 0.05, 0.1, and 0.2) X

Time (12 five minute bins)] was conducted. There was no main effect of Pre-
treatment (F(1,50) = 2.29, ns), or interaction lestw Pre-treatment and Dose
(F(3,50) = 1.21, ns) but a main effect of Dose(50) = 11.58, p <0.05) was

produced
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Figure 2.8. Effects of eticlopride on MDMA-(5.0 mg/kg) produte
hyperactivity in vehicle and MDMA pre-treated ra&ymbols represent
the mean number of activity counts (+SEM). Numbetsrackets above
each column is the sample size. Locomotor courts@mmed into bins
of 5 minute intervals with time ‘0’ being the tino& drug injection.
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Figure 2.9 shows the data presented as total mestion locomotor counts.
There was a main effect of Dose for both the vehiE(3,23) = 4.35, P<0.05)
and MDMA (F(3,27) = 8.23, p<0.05) pre-treated rétone-way ANOVA

on the data from the vehicle and MDMA-pre-treatats revealed that all

doses of eticlopride reduced MDMA-produced hypevégt(p <0.05).
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Figure 2.9. Effects of eticlopride on MDMA (5.0 mg/kg) produte
hyperactivity in vehicle and MDMA pre-treated ra&ymbols represent

the mean number of activity counts (+SEM). Numbetsrackets above
each column is the sample size. * difference frahicle pre-treated

group.
Figure 2.10 presents the above data as a percesftagge from baseline. A
two-way ANOVA [Pre-treatment (10.0 MDMA or vehicle) X Dose (0.0,

0.01, 0.02, and 0.04)] was conducted. There was a significant effect aged
(F(3,50) = 11.48, p<0.05) but the effect of Pemtment (F(1,50) = 0.09, ns)
or the interaction between Pre-treatment and e&:50) = 0.51, ns) were

not significant.
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Figure 2.10. Effect of eticlopride on MDMA (5.0 mg/kg) produced

hyperactivity in vehicle and MDMA-pre-treated raata are expressed as
mean percent change from vehicle (+SEM).

Effects of Lower Doses of Eticlopride in MDMA setised rats

In the previous groups, the lowest dose of etictlgpproduced a large
suppression of MDMA-produced activity in both greupherefore, several
groups were subsequently tested with a lower darsger. Figure 2.11 shows
the time course of MDMA (5.0 mg/kg) produced hypiraty following this
lower dose pre-treatment. A three-way ANOY® e-treatment (10.0 MDMA
or vehicle) X Dose (0.03, 0.01, 0.003 and 0.0) X Time (12 five minute bins)]
was conducted. There was a significant main etie€iose (F(3,41) = 3.15,
p<0.05) but no significant main effect of Pre-treant (F(1,41) = 1.49, ns) or

a significant interaction between Pre-treatment@aosde (F(3,41) = 2.06, ns).
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Figure2.11. Effects of low doses of eticlopride on MDMA (5.@fkg)
produced hyperactivity in vehicle and MDMA pre-tieérats. Symbols
represent the mean number of activity counts (+SENHbers in
brackets above each column is the sample size.nhotmy counts are
summed into bins of 5 minute intervals with timéb@ing the time of
drug injection.
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Figure 2.12 shows the data above presented addotahotor counts
following the injection of MDMA. A two way ANOVA reealed a
significant main effect of Dose (F(3,41) = 3.150@35). A one-way

ANOVA showed a significant main effect of Dose e tMDMA (F(3,22) =
5.86, p<0.05) pre-treated groups but not in theckelpre-treated groups
(F(3,22) = 1.78, ns). A one-way ANOVA on MDMA preeaited rats showed
all but the 0.003 dose to be significantly reducechpared to that of the 0.0

dose (p <0.05).
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Figure 2.12. Effects of eticlopride on MDMA (5.0 mg/kg) produced
hyperactivity in vehicle and MDMA pre-treated ra&ymbols
represent the mean total number of activity co(&EM). Numbers
in brackets above each column is the sample size.
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Experiment 2c Results.

Effects of RS102221 in MDMA sensitised rats

Figure 2.13 shows the effect of RS102221 in velaclé MDMA pre-treated
rats. A three-way ANOVAPre-treatment (10.0 MDMA or vehicle) X Dose
(0.0, 0.25, 0.5, and 1.0) X Time (12 five minute bins)] revealed a significant
main effect of Pre-treatment (F(1,50) = 54.26, pSPand a significant
interaction between Pre-treatment and Dose (F(35099, p<0.05) , but the

effect of Dose was not significant (F(3,50) = 1r39.
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Figure 2.13. Effects of RS102221 on MDMA (5.0 mg/kg) produced
hyperactivity in vehicle and MDMA pre-treated ra&ymbols

represent the mean number of activity counts (+SEM)nbers in
brackets above each column is the sample size.nhotmy counts
are summed into bins of 5 minute intervals withif® being the

time of drug injection.
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Total postinjection locomotor counts

Figure 2.14 shows the data above presented asitotdder of locomotor
counts following the injection of 5.0mg/kg MDMA one-way ANOVA on
vehicle data showed no effect of Dose (F(3,27)14 1ns) but a one-way
ANOVA on the data from the MDMA pre-treated groupsealed a main
effect (F(3,23) = 3.10, p<0.05). Post hoc analyesi®aled that the doses of
0.5 and 1.0 mg/kg RS102220 increased activityivedb the 0.25 mg/kg

dose (p<0.05).
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Figure 2.14. Effects of RS102221 on MDMA (5.0 mg/kg) produced
hyperactivity in vehicle and MDMA pre-treated ra&ymbols represent
the mean total number of activity counts (+SEM)nitbers in brackets
above each column is the sample size. * differérara vehicle pre-
treated group
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Figure 2.15 presents the above data as a percesttagge from
‘baseline’ (0.0 RS102221 dose) responding. A twg-ABOVA Pre-
treatment (10.0 MDMA or vehicle) X Dose (0.0, 0.25, 0.5 and 1.0mg/kg)]
showed no significant effect of Pre-treatment ()= 0.87, ns), no
main effect of Dose (F(3,51) = 0.31, ns) but aerattion between Pre-
treatment and Dose (F(3,51) = 2.99, p<0.05). Awag-ANOVA
showed a difference in MDMA pre-treated data (F§3;2 3.10, p<0.05)
with the difference between the 0.25 and 1.0 dg$el4) = 7.39,
p<0.05).
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Figure 2.15. Effect of RS102221 on MDMA (5.0 mg/kg) produced
hyperactivity in vehicle and MDMA pre-treated rdbata are expressed
as mean percent change from vehicle (+SEM).



Experiment 2 Discussion

In accordance with experiment 1, and previousditee, the present study
demonstrated that pre-exposure to MDMA producesisgation to its
locomotor producing effects. The locomotor actingteffects of
amphetamine are widely agreed to be mediated byda#vas & Stewart,
1991; Nestler, 1992; Robinson & Berridge, 1993:&et089) and the
present investigation demonstrated hyperlocomatmlyxring effects of
repeated MDMA might also reflect sensitisation nderlying dopaminergic

substrates.

Following repeated exposure to MDMA the &gonist, SKF81297, produced
a greater locomotor response when compared to legire-treated animals.
The leftward shift in the dose response curve ssiggesensitisation of the
D, receptor. Repeated exposure to amphetamine aldoged @ receptor
sensitivity in sub-cortical structures such asNiAe (Henry & White, 1991)
and VTA (Vezina, 1996). Further, pre-treatment wita D—like receptor
antagonist, SCH 23390, blocked both the developmedtexpression of
amphetamine produced behavioural sensitisationifde2996; Vezina and
Stewart 1989). In contrast, the development of MDpraduced
sensitisation was unaffected by pre-treatment ®(fiH23390 while but
SCH23390 dose dependently blocked the expressisansitisation (Ramos

et al., 2004).
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In the current investigation, the administratiortted D—like receptor
antagonist, SCH23390, decreased MDMA produced lotonactivity to a
comparable degree in both MDMA and vehicle preteg@animals. This
reduction in the response to MDMA supports the ithad the B receptor
plays a role in the expression of MDMA-produced érgativity, as has been
previously suggested (Daniela et al., Ball etR&mos et al.,). The failure to
observe an increased potency of SCH 23390 in th&k[Pre-treated rats is
not consistent with the idea that therBceptor became supersensitive as a

result of pre-exposure.

One possibility is that the effects of SCH 23396 @dwe to activity at
alternate receptor sites. Thus, although SCH2338Mken extensively used
as a dopamine Dreceptor antagonist (Bourne, 2001) it also bindk high
affinity to 5-HT,c receptors functioning as an antagonist (MillanwiNean-
Tancredi, Quentric, & Cussac, 2001). Administratdb-HT,c receptor
antagonists increased DA firing rates and 5d4+¥Eceptor agonists decreased
firing rates (Di Matteo et al. 2000; Gobert et20000). Therefore, it is
possible that these two effects of SCH 23390 coaoted each other. That
is, the DA blocking effects would be expected teutein an antagonism of
MDMA-produced hyperactivity whereas the effectstlom 5HT2c receptor
would be expected to enhance MDMA-produced hypetiact Indeed, the
current results support this hypothesis as thetete5-HT,c antagonist,
RS102221, potentiated MDMA-produced hyperactivitghe MDMA pre-

treated rats.
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The locomotor activating effects of the mixeg agonist, apomorphine,
were increased across a range of doses in MDMAtsatsanimals.
Apomorphine is non-selective but it has greatandfffor the D, receptor

(Li, et al., 2006). The Kior the D) receptor was 5 nanomolars (nM) and for
the D receptor it was 500 nM (Missale, Nash, Robinsabgd, & Caron,

1998). Apomorphine therefore is a preferential DAaBonist.

Following amphetamine pre-treatment, there have begorts of either no
change or down regulation ohBeceptors (Muller and Seeman, 1979;
Robinson & Becker, 1986) although DA Beceptor agonists have been
shown to induce augmented behavioural responssensitised rats (Levy et
al., 1988; Ujike et al., 1990). It has been sugggsdtowever, that
sensitisation is accompanied by an increased sgtysdf the high-affinity

D, post synaptic receptors (Seeman, Tallerico, KonT &Kapur, 2002;
Seeman, McCormick & Kapur, 2007). This might expléie increased

apomorphine-produced hyperactivity observed inpitesent study.

A transient decrease in the sensitivity ofddto receptors has also been
reported following repeated amphetamine administmgdVolf et al., 1993).
To ascertain whether this could explain the supsisee response to
apomorphine, effects of a low dose of theadtagonist, eticlopride, which
would have preferentially blocked;Butoreceptors (Salmi, Malmgren,
Svensson, Ahlenius, 1998), were determined. Uritet circumstances, an
increase in MDMA -produced hyperactivity might hdeen expected. This

was not observed, however, even when extremelydloses of eticlopride
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were administered. These data are, therefore,amstistent with the idea that
the autoreceptor became desensitised. Ratherathesdggest that MDMA
pre-treatment resulted in an up-regulation of tbgtgynaptic D

mechanisms.

Sustained receptor activation by DA agonists m#gr géhe B coupling of the
G-protein without alteration of receptor densi{iBsidissaar, Harro, Pruus,
Rinken, & Allikmets, 2008). Extracellular signalsogduce increases or
decreases of second messengers such as cyclicsatenwnophosphate
(CAMP) resulting in a number of biological respan$&elowitz & Berger,
2001). For example, when cocaine is chronically iagstered there is
increased adenylyl cyclase and cAMP dependentiprkilgase in neurons in
the NAc (Miserendino, & Nestler, 1995). Furthermaxistration of cholera
toxin in the NAc, activating adenylyl cyclase, enbes the acute locomotor
activating effects of amphetamine (Cunningham &lé&§gl1993). The
uncoupling of the G-protein had been reported Waithy chronic
administration of the Pagonist, apomorphine, without altering locomotor
activity (Rudissaar, et al., 2008). However, supestivity of the D
receptors following unilateral lesions of the gaalasystem, enhanced G
coupling and subsequent locomotor responses (Cangy\& Friedman,
2002; Cai, Zhen, Uryu, & Friedman, 2000). Thesadaiggest that in
neurons expressing,Peceptors an enhancegddupling may be produced
following amphetamine sensitisation however, thecexnechanisms of
action are, as yet, still unclear (Rudissaar ¢2808; Schwendt, &

McGinty, 2007; Traynor & Neubig, 2005). It is seaglly likely however,
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that during the MDMA sensitising regimen changesaduopling to the
adenylyl cyclase inhibiting PG-protein occurred. This may explain the

differential locomotor producing effects of the &jonist and antagonist.

Experiment 2 summary

The current results are consistent with the hymashiat locomotor
sensitisation to MDMA is mediated by DA receptorama&nisms. There was
cross-sensitisation between the effects of MDMA bath the B-like

agonist, SKF81297, and the preferential DAlIRe agonist, apomorphine.
These effects were not, however, reflected in sispsdiresponses to the
antagonists. Whereas the failure for the respan$&CH 23390 to be
increased in MDMA sensitised rats might be duedo selective effects, the
failure to observe differential effects of the-like antagonist, eticlopride,
suggests that there is an alteration in couplintpef) receptor mechanisms

under conditions of Pblockade.
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Experiment 3: Changesin potency of reinforcement of MDMA as

measured in the self-administration paradigm following repeated

inter mittent exposureto MDMA

Background

There is now strong evidence supporting the retatigp between drug
induced changes in mesolimbic dopamine and thercemgaeffects and
abuse liability of drugs as modelled by self adstmation. For example,
neurotoxic lesions (Roberts, Koob, Klonoff, & Fibig 1980) or
administration of -like and D-like receptors antagonists (Caine & Koob
1994; Pierre & Vezina, 1998; Woolverton & Virus,88 produced a
rightward shift in the dose effect curve. Conveysatiministration of direct
or indirect (Schenk et al, 2003; Spealman, Batrattimore, Rowlett, Platt,
& Khroyan, 1999) dopamine agonists produced a kftshift (Caine &
Koob, 1994) supporting the idea that dopaminergecmanisms underlie the

reinforcing effects of drugs of abuse.

The magnitude of the initial reinforcing effectsdsfigs was inversely related
to drug dose. Thus, self-administration was acgumere rapidly when
higher doses were available (Schenk et al, 1998pT& Lac, 1997).
Following systemic pre-treatment with amphetamineaxaine, latency to
acquisition of self-administration was reduced,gasging an enhancement of
the initial reinforcing effects (Horger et al., 1994992; Schenk & Partridge,

2000; Vezina et al., 1999). Pre-treatment with dratiper than the self-
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administered drug has also been shown to decreadaténcy to acquisition
of self-administration (Schenk et al, 1993; Sch&nkenwasser, 2002).
These findings suggest that pre-exposure to pstiamgants may increase
their reinforcing effects and mayoduce neuroadaptations that are common
and might underlie the abuse liability of some drugiven the role of
dopamine in self administration it further suggdbktt these

neuroadaptations are within the dopamine system.

Latency to acquisition of self-administration ohet drugs of abuse was
inversely related to drug dose; higher doses leddee rapid acquisition
(Schenk et al., 1991, 1993; Schenk & Partridge0200 the case of
MDMA, only one report has provided data on thetreteship between
acquisition rate and available dose for self-adstiation. In that study
(Schenk et al., 2007), two doses of MDMA (0.25 ar@img/kg/infusion)
were available. Latency to acquisition did notelifds a function of dose
and, in both cases, latency to acquire self-admnatien was more variable
and longer than the latency to acquire cocainer@A&g/infusion) self-

administration.

Pre-exposure to MDMA facilitated cocaine self-adistiation (Fletcher,
Robinson, & Slippoy, 2001), suggesting a sensitresgonse but, to my
knowledge, there have not been studies that haamierd the effects of
prior exposure to MDMA on latency to acquisitionMDMA self-

administration.
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Experiment two demonstrated an augmented locomesmonse to both D
and B agonists following repeated MDMA administrationisl therefore
hypothesised that a sensitised dopamine responge Yezilitate the
acquisition of self-administration. In the currexperiment two doses of
MDMA were chosen for this acquisition study (0.51dn0 mg/kg/infusion).
Both doses were based on previous research shawqmgsition of MDMA

within approximately 12 days (Schenk, et al., 2Q0E)7).

Materials and methods

'Subjects

Subjects were male Sprague-Dawley rats bred initlaium at Victoria
University of Wellington. They were initially hougen hanging
polycarbonate cages in groups of four to six pgecaut once they reached
weights of 250-275 g, they were individually housEde humidity (74%)
and temperature (21C) controlled animal colony mamtained on a 12:12-h
light/dark cycle with lights on at 0700 hours. Faott water were freely
available except during the short duration (2 heef}-administration tests

described below.

Surgery
Rats were implanted with a silastic catheter inrtglet jugular vein. The rats

were deeply anesthetized with ketamine (60.0 mdKgand pentobarbital

! The Materials and methods sub-sections namedéstshj ‘surgery’ and ‘apparatus’ have
previously been described in Schenk S, Gittingddhnstone M, Daniela, E. (2003).
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(20.0 mg/kg, IP), the external jugular vein wadased, a catheter inserted
and the distal end (22 ga stainless steel tubirg) passed subcutaneously to
an exposed portion of the skull, where it was fixeémbedded jeweller’s
screws with dental acrylic. Each day, the catheten® infused with 0.1 ml

of a sterile saline solution containing heparin.Q3Q/ ml) and ampicillin
(250,000 IU/ml) to prevent infection and the forroatof clots. The rats were

allowed 5 days post-surgery for recovery prior ébdvioural testing.

Apparatus

Self-administration training and testing were castdd in test chambers
(Med Associates, ENV 001) enclosed in sound att@mgialosets. The
testing room containing the 31 test chambers wasdity (55%) and
temperature (21°C) controlled. Each chamber wagppgd with two levers
and a stimulus light. Depression of one lever @bigve lever) resulted in an
infusion of drug. Depression of the other levee (itmactive lever) was
without programmed consequence. Infusions werevisiame of 0.1 ml
delivered over 12.0 sec via Razel pumps equippéd M rpm motors and

20.0 ml syringes.

Procedure

Rats received a pre-treatment consisting of MDMA (6 = 17) or
10.0mg/kg(n = 18)), i.p) as per the 5 day sensitising regimen dbedrin

the general procedure section of Experiment 1. Wais followed by a two
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day withdrawal period. Catheters were implantedfdfiewing day and
animals were allowed to recover for a further 5sd&yerefore, self
administration testing began 9 days following the-fpeatment phase. This
withdrawal period was chosen because a sensigspdbnse to MDMA was
produced 9 days following repeated MDMA administmatin Experiment

1b.

Self-administration tests were conducted duringydahour sessions. Every
session began with an experimenter delivered iafust MDMA.

Thereafter, each depression of the active level (feithforcement schedule)
resulted in an automatic infusion of MDMA [0.5 a0Ing/kg/infusion]
paired with the illumination of a stimulus lightdated directly above the
active lever.

Testing continued for 14 days or until the numbfeaiative lever responses
was greater than 10, and a preference for theealetiser was demonstrated,
as per Daniela et al., (2006) and Schenk et &lQ{R The number of days

required to meet this criterion was determinedetach rat.

Results

Figure 3.1 shows the cumulative percentage ofinagach pre-treatment
group that acquired MDMA self-administration asiadtion of days and
MDMA dose. For all rats, regardless of pre-treathar subsequent self-

administration dose, a total of 46% reached thieagkhinistration criterion.
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100 —o— MDMA pre-treated
(1.0mg/kg/inf, n=10)

90 1 —>— Vehicle pre-treated
(1.0mg/kg/inf, n=8)
80 1 —m- MDMA pre-treated
(0.5mg/kg/inf, n=8)
70 1 — Vehicle pre-treated

(0.5mg/kg/inf, n=9)

Percentage Acquired

Days
Figure 3.1. Cumulative percentage of rats that acquired MDM#-s
administration as a function of days of testin@-peatment condition and
MDMA dose.

Of the vehicle pre-treated group that self-admanesd 1.0mg/kg/infusion
nearly 40% met the criteria for acquisition by dgnd in this group the
highest percentage of rats that acquired self-adimation during the 14 day
test period. There was an increase in the latemegquisition for the vehicle
pre-treated group that self-administered the ladese of 0.5 mg/kg/infusion
MDMA. The MDMA pre-treated rats were slower to acqiself-
administration and a lower percentage met ther@it@thin the test period

when compared to their vehicle pre-treated countésp

Rats pre-exposed to 10.0mg/kg MDMA for five dayd &asted with 1.0
mg/kg/infusion MDMA had an average daily intakedd0mg/kg. Rats pre-
exposed to vehicle for five days and tested 1.(kgigffusion MDMA had

an average daily intake of 8.51mg/kg. There wadifference in average
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daily intake between MDMA and vehicle pre-exposealigs in the

1.0mg/kg/inf condition [t(6) =1.45, p= 0.196].

Rats pre-exposed to 10.0 MDMA for five days andesvith 0.5
mg/kg/infusion MDMA had an average daily intake3d89mg/kg. Rats pre-
exposed to vehicle for five days and tested 0.%gigffusion MDMA had
an average daily intake of 6.90mg/kg. There wagrfgant difference in
average daily intake between MDMA and vehicle prpesed groups in the
0.5mg/kg/infusion condition [t(4) =-3.396, p= 0.Q2vith vehicle animals

having a higher daily average intake.

Figure two shows the range of responses on theeaatid inactive lever for
all rats that failed to reach criterion. The fa@ldor these rats to acquire was

related to the criterion of 10 responses rathar thek of active lever

preference.
Table 2.
Range of responses
Pre-treatment MDMA Inactive lever Active lever
(mg/kg/infusion)

Vehicle (n=6) 0.5 0.3-3.1 1.6-3.6
Vehicle (n=3) 1.0 0.0-5.0 0.6-5.3
MDMA (n=5) 0.5 0.2-3.6 14-46
MDMA (n=5) 1.0 0-3.2 0.8-4.6

Table 2. Range of responses on the active and inactive feveats that
failed to reach criterion.
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Discussion

The present study was designed to determine whpthezxposure to
MDMA, under conditions that produced sensitisatiotthe locomotor
activating effects of MDMA, decreased the latermatquisition of MDMA
self-administration. Somewhat surprisingly, preatment with MDMA did
not decrease latency to acquisition. Indeed, inpaotaon to vehicle pre-
treated animals there was an increased latenayquasation for the MDMA

pre-treated rats.

An inverse relationship between drug dose and ¢gtémacquisition of self-
administration of other drugs of abuse has beerodstrated (Schenk et al.,
1991, 1993; Schenk & Partridge, 2000). Consistetit these findings
latency to acquisition of MDMA self-administratieves shorter for the
group that self-administered the higher dose anidlaer percentage of these
rats met the criterion for acquisition within tiesrtporal parameters of this

experiment.

In contrast to results of other studies, howeveDMIA pre-treatment failed
to decrease the latency to acquisition of self-aistration. One possibility is
that the doses of MDMA tested were too high towalieliable decreases to
be observed. Indeed, pre-exposure to amphetamaneadzd the latency to
acquisition of self-administration of low dosesa@2a, et al., 1989; Pierre &

Vezina, 1997) but failed to alter acquisition olf sglministration when
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higher doses were available (Lorrain, Arnold, & ez 2000; Mendrek,

Blaha, & Phillips, 1998).

Another possibility is that pre-treatment with MDMgS in the present study
sensitised the rats to the aversive effects of MDam8l hence delayed the
acquisition of self administration. Indeed, theaeébeen several reports of
MDMA-produced aversion. A conditioned taste avarsias produced by
MDMA (Lin, Atrens, Christie, Jackson, & McGrego993). MDMA also
increased the latency to emerge from a darkenedboa (McGregor, et al.,
2003) and reduced activity on the elevated plusenfBall, Hutson, & Fone,
2004), suggesting an anxiogenic effect (Navarro &ddnado 2002). These
initial aversive properties of MDMA might explaihd gradual acquisition of

self-administration in vehicle and also in MDMA-greated rats.

A final possibility for the failure of MDMA pre-ti@ment to enhance the
reinforcing effects of MDMA relates to pharmacologji effects of repeated
exposure. It has been suggested that reinforcimcpey of drugs is related to
the relative effects on DA and SHT neurotransmisshMore specifically, it
has been suggested that increased serotonergitsedfe associated with
decreased potency as a reinforcer. This idea sdbais a number of
empirical findings. Firstly, administration of tbeHT precursor tryptophan,
which increases brain 5-HT synthesis, decreasé@dmilinistration of
cocaine (McGregor, Lacosta, & Roberts, 1993) angretamine (Smith, Yu,
Smith, Leccese, & Lyness, 1986). Secondly, prettneat with 5-HT

reuptake inhibitors reduced cocaine self-adminisinaCarroll, Lac,
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Asencio, & Kragh, 1990). Thirdly, the motivationdelf-administer
amphetamine analogues with greater 5-HT potendygdmuipotent DA
potency, was reduced as measured by progressiggegponding (Wee, et

al., 2005).

A number of studies have shown that MDMA increasédiT levels

(Kalivas et al., 1998) and that chronic or longrtexxposure compromised 5-
HT neurotransmission (Battaglia, Yeh, & De Sou£88). These
pretreatment regimens, however, were more strintdpamt those used in this
study. Therefore the effects of the current regimiel DMA on tissue levels

of DA, 5-HT and their major metabolites were meadun Experiment 4.

Experiment 4: Alterations of brain amine levels following repeated

inter mittent administration of MDMA

Background

Amphetamine administration increased DA levels syrthptic dopamine
overflow throughout various neural substrates aagcthe striatum (Kolta, et
al., 1985), prefrontal cortex (Ichikawa, Chung, Dai, & Meltzer,
2002),VTA (Wolf, et al., 1993), NAc (Kalivas & Stent, 1991; Robinson &
Berridge, 1993) and all DA terminal fields (Vezii2804). Because local
application of amphetamine into the VTA, but ndbithe NAc, produced a

sensitised locomotor response (Cador, et al., 1R8kvas & Weber, 1988),
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it has been suggested that neuroadaptations @uttat the acute increase in

synaptic DA in the VTA mediate sensitised hypersati(Vezina, 2004).

The relationship between augmented DA releaselandliservation of
locomotor sensitisation has been equivocal. In ssindies, concordance
between sensitised behavioural and neurochemispbnses has been
reported. For example, 7 days after repeated ammpivee administration
there were increases in amphetamine-produced DAeiNAc of rats which
coincided with sensitised hyperlocomotion (Schedng, Watt, Renner, &
Forster, 2009). Other studies, however, have fadaeplicate these effects.
In one, sensitised hyperlocomotion was observealyg dfter withdrawal but
there were no differences in amphetamine inducg@amme overflow in
nucleus accumbens or striatal tissue (Weinsteingyéaan, Byrnes, Uretsky,
& Wallace, 1997). In another, sensitised locomaidivity observed 2 days
following withdrawal that was not associated withaaigmented DA
response; a sensitised DA response was not obsemidO days later
(Kuczenski, Segal, & Todd, 1997; Wolf, et al., 19nally, after repeated
high doses of amphetamine, amphetamine-producesbsgpical behaviour
was observed but there were no changes in amphetgmoduced increases
in NAc DA levels (Segal, & Kuczenski 1999). Thesgadsuggest that, under
certain regimens of administration, the behavioaral neurochemical

indices of sensitisation to amphetamine may beodiated.

Following acute administration, MDMA increased exgllular synaptic 5-

HT and produced a moderate increase in dopamimés|éSchmidt, 1987).
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Following chronic or high dose administration, heee MDMA reduced
brain levels of 5-HT, tryptophan hydroxylased the 5-HT metabolite, 5-
HIAA, (see Capela et al., 2009 for a review). Unsi@me conditions,
repeated administration of MDMA also produced béhaal and
neurochemical sensitisation (Bubar, et al. 2004ivids, et al, 1998;
Yamamoto & Spanos, 1988). Behavioural sensitisatias accompanied by
a moderate decrease in ventral striatal 5-HT (LgdWihov, & Schwarting,

2007).

In order to determine whether sensitisation producghe present
investigations was accompanied by changes in dvevals of 5-HT or DA,
rats were pre-treated with 10.0 mg/kg MDMA in a manthat induced
sensitisation and sacrificed two days after thaalfdrug administration.
Using HPLC tissue levels of DA, its metabolite HVBHT and its
metabolite 5-HIAA were measured. It is hypothesifed, in accordance
with previous literature, there will be a reductiarb-HT levels of brain
neurotransmitter along with its metabolite 5-HIAALS not predicted that

there will be any change in DA or HVA.

General Procedure

Rats were pre-treated once daily with MDMA (0.0,aL6hg/kg) or, as a
comparison, amphetamine (2.0 mg/kg I.P) for fivgsda as described in the

general sensitisation protocols, experiment 1.d¥otlg two days withdrawal
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rats were rendered unconscious with,@®an air tight chamber, decapitated

and the brains rapidly removed.

Brain Dissection

Whole brains were placed in a stainless steel biocHissection into 1.0 mm
coronal slices ( Heffner, Hartman, & Seiden, 19&ices were placed onto
an inverted petri dish chilled by ice. The dorgeabtum, NAc, frontal cortex
and amygdala and were dissected, placed in viaggh&d and stored at -80°

C until analysed.

HPLC analysis

Tissue samples were homogenised in 0.1 N perchdaricand centrifuged at
10 000g for 30 min at 4° C. The supernatant wesrétl and injected onto a
high-performance liquid chromatography system (&afilL100 series) with
electrochemical detection. The injection volume W@guL for the striatum

and 20ul for the other regions. 5-HT, 5-HIAA, DA and HVAese separated

using a C18 reversed phase column (23806 mm, 5um particle size;
Eclipse XDB-C18, Agilent, USA). The mobile phasaessted of NaH2PO4
(75 mM), octane-1-sulphonic acid (1.7 mM), EDTA2® mM),

triethylamine (10QuL/L) and methanol (10%), and was adjusted to pHt8 w
phosphoric acid. The flow rate was 1 ml/min. Detattvas performed using
a coulometric detector (Coulochem lIll, ESA, USAheTguard cell potential
was set at 450 mV and the analytical cell poteatigl0O0 mV.
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Chromatograms were acquired with ChemStation soéw@oncentrations

are expressed as ng per mg of tissue.

Peak areas corresponding to the DA, 5-HT, HVA aiti&AA were
measured and concentrations were determined fremretjression curve
obtained with external standards. Working extestahdards (500 — 15.125
ng/ml in 0.1N perchloric acid) were prepared daiyn 1 mg/ml stock

solutions and kept at -80°C.

Results

Figure 4.1 below shows a chromatogram of 5-HT, BAJIDA and HVA

standards separated using a C18 reversed phasercolu

108



-G
Lov
[ nvu

(a'212080672) 9 TINNVHD TOAV 'd TOAV

7390 >-HIAA

. ]
Figure4.1. Chromatogram of amine standards injected onto& C1
reversed phase column

Table 4.1 presents results of the analyses of effive brain regions from
control rats and those that had undergone a s&ngitiegimen of MDMA
(10.0 mg/kg I.P) or amphetamine (2.0mg/kg. I.P).phetamine and MDMA

were compared to vehicle groups with a Bonferooniexction applied.
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Table4.1. Neurochemical concentrations in tissue of rads taceived either vehicle,
MDMA (10.0 mg/kg I.P) or amphetamine (2.0mg/kg.) Id@ring a 5-day pre-
treatment regimen. ** = difference from vehicle fpreated group (p< 0.01), n=6
except for the ‘Amygdala MDMA'’ group where n=5.

Structure Concentration ng/mg tissue
DA 5-HIAA HVA 5-HT
Striatum
Vehicle 31.14.+3.69 0.55 40.03 1.6540.14  0.7940.11
Amph 30.26+2.93  0.52+0.04 1.44+0.08 0.79+0.11
MDMA 30.76+3.05  0.46.+0.03 1.48+0.13  0.74.+0.08
Nucleus Acc
Vehicle 12.08.+2.68 0.79 40.04 1.37.40.11  0.87.40.13
Amph 13.07+253  0.68+0.06 1.10+0.10  0.83.+0.06
MDMA 13.91+3.49  0.63.+0.04 1.09+0.11 0.86+0.14
Frontal Cortex
Vehicle 0.20+0.04 0.54 ©.03 0.0840.01  0.98 40.14
Amph  0.20+0.01  0.43+0.03 0.08+0.01  0.94+0.08
MDMA  0.22 +0.03 0.38 +0.02" 0.07+0.01  0.92 +0.16
Amygdala
Vehicle 0.88+0.16 0.62 40.06 0.1140.01  1.1240.14
Amph  0.88+0.16 0.52.+0.07 0.07+0.01 1.18+0.18
MDMA  0.86+0.09 0.42 +0.05 0.0740.01  0.94.+0.17
Hippocampus

Vehicle 0.07.+0.01 0.54 0.02 0.005 4©.003 0.68 4.09
Amph  0.06+0.00  0.44+0.0Z2°  0.000+0.000 0.75+0.07
MDMA  0.07+0.01  0.35+0.02° 0.003.+0.002 0.75+0.07
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Discussion

A large number of studies have reported neurochraraftects of MDMA
pre-treatment. In most studies, the MDMA pre-treaitregimen was
substantive with animals exposed to doses of 20wgg/day. These
exposures typically resulted in behavioural toleearather than sensitisation
to the behavioural effects of MDMA. Tolerance wasampanied by
substantial decreases in both 5-HT and 5-HIAA (Maret al., 1999;
McNamara et al. 1995). The regimen in the currardyswas less extreme
and produced a different profile of behaviour; sensitisation rather than
tolerance. Differences in the neurochemical conseges were also observed

in the present study.

There were no significant effects of the daily exyp@s on 5-HT although
there was a significant decrease in the primanabwdite, 5-HIAA, in two of
the 5 sites measured. This finding is consistettt thie decrease in 5-HIAA
in the frontal cortex previously reported (LudwMihov, & Schwarting,
2008). Comparable effects were produced by repeatedsure to a

sensitising regimen of amphetamine.

A number of studies have also failed to observagba in basal DA and 5-
HT levels, synthesis or metabolism following reela¢xposure to
amphetamine that resulted in sensitisation (Bonhen@ador, Stinus, Le
Moal, & Spampinato, 1995; Paulson, et al., 1991he®studies, however,

have suggested that following more stringent exposegimens alterations
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in tissue levels were produced. For example, aatentuin levels of 5-HT
and 5-HIAA in the striatum was observed 24 hrsrdfie last dose of a daily
administration regimen of 5.0 mg/kg amphetamineNMen, Scott, &
Williams, 1991). Additionally, chronic amphetamiaéministration in cats
(twice daily increasing doses of 5-15mg/kg amphetarfor ten days)
reduced levels of 5-HT and 5-HIAA up to50% in tloetex, hippocampus,
striatum, brain stem and spinal chord when meas@igays but not 14 days

post withdrawal (Trulson & Jacobs, 1979).

In the current results it is noticeable that thd Bmetabolite 5-HIAA was
reduced while levels of the parent molecule renthimechanged. Release
and reuptake of 5-HT is the main source of extlalzl5-HIAA. Once
released, the SERT moves the 5-HT molecules backhe presynaptic cell
where it is bound into storage vesicles or dearath&d 5-HIAA. This
metabolite is not stored but is passed back throoigihe extracellular area
(Stenfors & Ross, 2004). Without 5-HT release themereduction in 5-
HIAA levels. A reduction in release could explaihythere is no difference
in absolute tissue levels of 5-HT but, at the séime, there is a reduction in
5-HIAA levels. If there was a reduction in firingtes of serotonin neurons,
differences in levels of 5-HIAA would be seen ih&HT terminal regions.
Although only effects of MDMA or amphetamine wergrsficant in two

regions, for all regions there was a trend for cedu5-HIAA.

5-HT release is regulated by the 5-HBnd 5-HTg receptors with selective

antagonists blocking both the feedback mechanishirameasing
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extracellular 5-HT while reducing absolute 5-HIAévels (Hjorth, et al.,
2000) (Note that thisis an absolute decrease in 5-HIAA and as there is 1000
times more extracellular 5-HIAA than 5-HT there remains a larger

proportional amount of 5-HIAA). However, there is a differential role of the
5-HT;a and the 5-H7g receptor in mediating changes in 5-HIAA levelsaas
function of 5-HT. Administration of the 5-HX receptor antagonist,
robalzotan, directly into the frontal cortex, inesed citalopram-produced
extracellular 5-HT and decreased 5-HIAA levels (th)p1998).
Administration of the 5-H7g receptor antagonist, GR127935, also increased
citalopram induced increases in extracellular 5eiels, but no change in 5-
HIAA levels was produced. Although antagonism afhbiine 5-HT 4 and the
5-HT,g autoreceptors increased 5-HT levels, only antagomf the 5-HTg
disrupted the normal inverse relationship betweétTmand5-HIAA.

Stenfors and Ross (2004) interpreted this as dagrtwlation of 5-HTg
autoreceptors by the elevated synaptic 5-HT conagom resulting in
decreased 5-HT release. Applied to the currentteegumay suggest that
intermittent MDMA administration produces an alttfeHT;g auto receptor
state, reducing 5-HT release (but not overall gf@tavels) and subsequent

decrease of 5-HIAA levels.

Experiment 4 Summary

In previous studies, pre-exposure to amphetamindé¥IA under
conditions that produced sensitised behaviourgaeses did not alter tissue

levels of either DA or 5-HT (Bonhomme, et al. 1983ulson, et al., 1991).
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The current results are consistent with this extegttdecreased levels of the
serotonin metabolite 5-HIAA was produced in thenfed cortex and
hippocampus. The reduction in 5-HIAA levels maydoe to a disruption to
the 5-HT;g autoreceptor. Further evidence for this could @iabd through

a microdialysis assay of terminal regions of sermt@ells which would be
hypothesised to show a reduction in extracellidaels of 5-HT.
Electrophysiology studies would be required to @omf reduction in tonic

firing of 5-HT cells.

General Discussion

The aim of the current thesis was to determines@ine of the parameters for
induction and expression of locomotor sensitisatadiowing repeated
MDMA exposure (2) Changes in sensitivity of the dmne receptor
mechanisms in sensitisation, and (3) if sensitsatvas linked to reductions
in the potency of the reinforcing effects of MDMA measured by self
administration and (4) what, if any, long term edtens in brain tissue levels
of amines resulted from repeated exposure to MDM&roup of four
experiments were used to evaluate the above quesitd results can be

briefly summarised in the following manner.

1) A single dose of 10.0mg/kg MDMA administered dddy five
days produces reliable behavioural sensitisation.
2) Following the sensitisation regimen, there is cisEssitisation to

D; and B agonists. However, even though a dose dependent
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reduction in MDMA produced responding is attenudigd> and
D, antagonists, the potency of these antagoniststialtered by
MDMA pre-treatment. This suggests that there adedging
mechanisms other than just receptor hypersengitiggponsible for
the augmented locomotor activating effect of MDMANdwing a
sensitisation dosing regimen.

3) The protocol that induces locomotor sensitisatioesdnot decrease
latency to acquisition of MDMA in the self- admitregtion
paradigm suggesting there are no changes in tea@pof MDMA
as a reinforcer after the current pre-treatmeritmeqg

4) Following five single daily injections of 10.0mg/kgDMA there
are only minor reductions in the 5-HT metabolitelB\A and no

change in other brain amines tested.

Experiment one demonstrated that of the two presgxqe regimens, pre-
treatment with 10.0 mg/kg/day MDMA was the moresefive and that
behavioural sensitisation, unlike amphetamine sisation, was relatively
short-lived. A sensitising regimen of amphetamias &hown increases in
DA overflow up to three months following drug expos (Hamamura, et al.,
1991). Further, sensitised locomotor activity \apparent one year
following amphetamine exposure (Paulson, et ab,1)9This may suggest
that persistent sensitisation does not occur uthgeecurrent pre-treatment
regimen of MDMA however, a clear sensitised locamnoésponse was
evident in all of the behavioural assays. Thessigssed behavioural
responses may nevertheless underlie motivatiopaicés of drug seeking
and contribute to compulsive drug-taking that cbhases abuse (Robinson

& Berridge, 1993, 2003).
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It has been suggested that escalating dose adratiost produce a different
behavioural profile to that of repeated intermittadministration (Segal &
Kuczenski, 1999). Animals treated previously withiatermittent or
escalating dose of amphetamine have exhibitedrdiftepatterns of FosB and
c-Fos expression in mesolimbic dopaminergic cedlié® (Murphy, Pezze,
Russig and Feldo, 2001). Furthermore, followindedént escalating dose
administrations of amphetamine Russig, Murphy aglddn (2005) found a
reduction in amphetamine produced locomotor agtivitday 1 of the
withdrawal phase but an increase (behavioural 8eaitson) after 5 or 38
days. Given different administration schedulearaphetamine lead to
different behavioural consequences, future reseaould establish if the
long term expression of MDMA is evident following ascalating pre-
treatment dosing regimen compared to that of tmeentiintermittent

exposure.

The current investigation demonstrated cross seasdn to other dopamine
agonists suggesting an underlying dopamine meamathiat is common in
locomotor activating effects of psychostimulant$ds been suggested that
the action of amphetamine in midbrain DA cell bed®enecessary for the
induction of behavioural sensitisation. For exammgeated amphetamine
injections into the ventral tegmental area, butintt the DA terminal field

in the nucleus accumbens, produce an enhanced édoonesponse to
subsequent peripheral administration of amphetaiagvas and Weber
1988; Vezina and Stewart 1990). Also, the localroirgection of a DA Q

receptor antagonist into the ventral tegmental ersafficient to prevent the
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development of behavioural sensitisation to systeamphetamine treatment
(Stewart and Vezina 1989). Ramos and colleagud®(ZD05) investigated
the action of @ antagonist, SCH23390, in the prevention of develem and
expression of MDMA produced hyperlocomotion. It veagued that
projections from the prefrontal cortex (PFC) migiadiate behavioural
sensitisation to MDMA and that dopaminergic mecharsd were implicated
the expression of sensitisation. With the curraméstigation strongly
implicating a sensitised Deceptor and an augmentedmechanism in
response to the current regimen of MDMA adminigtratit would be
advantageous for future investigations to exanfitigese changes translate
into increases in extracellular dopamine releagggus more specific D

antagonist as SCH23390 activates 5-HT modulatifexes of DA.

Microdialysis analysis in the ventral tegmentalaam@ucleus accumbens and
frontal cortex may aid in answering the questiangavhat, if any, common
underlying dopamine mechanisms exist with MDMA anaphetamine
sensitisation. There have been consistent repbasiphetamine induced
sensitisation related adaptations in DA neurotrassion in striatal (Kalivas
and Stewart, 1991; Robinson, 1991; Robinson anddggr, 1993; White and
Wolf, 1991) caudate or nucleus accumbens (Koltd.£1985, Robinson and
Becker, 1982; Robinson et al., 1982; Wilcox et E86; Yamada et al., 1988)
DA release. To date however, few studies have tigaed neuroadaptations
following repeated MDMA administrations that progumzehavioural
sensitisation. Fos expression, which measuresiprot@anges in the

expression of the immediate early gene c-fos, leas Ipositively correlated
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with the behavioural consequences of repeated@kpgsure in the NAc shell
(Colussi-Mas & Schenk, 2008) suggesting DA mediatehges from
repeated intermittent exposure. As experiment tarna@hstrated alterations in
receptor mechanism sensitivity and experiment failed to show any
changes in gross storage pools of brain aminedewdtrodialysis techniques
may help in the future. Recording relative extrhdat levels of brain amines
in specific areas of the mesolimbic DA pathway nmadjcate downstream
alterations in DA overflow responsible for MDMA mhaced locomotor

sensitisation.

Changes in dopamine sensitivity may have been ¢éxg@é¢c increase the
reinforcing effects of MDMA. When this was testeddxamining latency to
acquisition of self-administration, acquisition waedayed in MDMA pre-
treated animals. Of interest, pre-treatment withW/in rats sensitises
cocaine-induced behavioural responses and increasase-stimulated
place preference (Horan et al., 2000; Kalivas .etl@98).As the current pre-
treatment regimen produced sensitised locomotoradicin, and may have
modulated a common dopaminergic mechanism. Thegsa question as to
what, if any, circumstances could decrease latemegquisition following
MDMA administration? As mentioned above, differadiministration
schedules of amphetamine lead to different behaai@onsequences.
Previous investigations that have looked at chaigpsetency to
amphetamine (Piazza et al, 1990) and cocaine (Bdhé&tartridge 1997) self
administration did not use an escalating dosingweg of stimulant. This

may suggest that an escalating pre-treatment wmtlde hypothesised to
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change the potency of latency to MDMA self-admi@gon acquisition. It
may have been that the self administration dodestsee in the current
investigation were too high and future studies ttmehmence acquisition on
a lower dose may show a change in potency resutiagiecrease in latency

to acquisition.

Throughout the current set of experiments neuroaterohanges have been
induced from exposure to MDMA. This was demonsttdig the reduction

in 5-HIAA levels. The deficits observed in the @nt investigation are
mirrored in a number of MDMA studies that identifgurochemical changes
following MDMA administration (Battaglia, Yeh, et.a1988; Commins, et
al., 1987; Goiii-Allo, et al., 2007; Nair & GudelskR006). It has become
increasingly clear that long lasting and perhapspeent changes in the
brain underlie maladaptive alterations associati¢dl @ompulsive drug
craving (Nestler, 2001). The current testing wasdceted under steady state
conditions whereas most neurochemical adaptati@examined in

response to a further drug administration (Kalivdsl. 1998).

Neurochemical analysis under drug conditions magakdiffering
neurochemical levels to those revealed in the atirnwestigation.

During amphetamine sensitisation there was a sogmifly elevated DA
release in dorsal and ventral striatum (Paulsobjrigon, 1995; Robinson,
Jurson, Bennett, & Bentgen, 1988) however therensagported change in
DA levels in the caudate or accumbens (Segal & Kaski, 1992). In future

investigations, recording of DA release in dorsal &entral striatum as well
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as caudate and accumbens brain regions, duringEiA sensitisation
regimen, may reveal if there is any overlap inraliens of brain amine

levels.

Taken together, the current research shows thaateg administration of

MDMA produces sensitisation to its locomotor adting effects that induced

lasting dopaminergic and serotonergic neural adapsa
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