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Investigation of the prejunctional o,-adrenoceptor mediated actions
of MDMA in rat atrium and vas deferens

'Aisling Lavelle, 'Valerie Honner & *'J.R. Docherty

"Department of Physiology, Royal College of Surgeons in Ireland, 123 St. Stephen’s Green, Dublin 2, Ireland

1 We have investigated the effects of methylenedioxymethamphetamine (MDMA, ‘ecstasy’) on
peripheral noradrenergic neurotransmission in the rat.

2 In rat atrial slices pre-incubated with [*H]-noradrenaline and in the presence of desipramine
(1 um) to prevent effects of MDMA on basal outflow of tritium, MDMA (10 uM) significantly
inhibited the release of tritium evoked by short trains of six pulses at 100 Hz every 10 s for 3 min.
This effect did not occur in the presence of the ay-adrenoceptor antagonist yohimbine (1 uM).

3 In epididymal portions of rat vas deferens in the presence of nifedipine (10 uM), MDMA
produced a concentration-dependent inhibition of single pulse nerve stimulation-evoked contractions
with a pD, of 5.88+0.16 (n=4). Inhibitory effects of MDMA were antagonized by the o,-
adrenoceptor antagonist yohimbine (0.3 uM), but not by the S5-hydroxytryptamine receptor
antagonist cyanopindolol in a concentration (1 uM) which markedly antagonized the inhibitory
actions of the 5-HT-1 receptor agonist 5-carboxamidotryptamine.

4 In prostatic portions of rat vas deferens in the presence of cocaine (3 uM), MDMA produced a
concentration-dependent inhibition of single pulse nerve stimulation-evoked contractions with a pD,
of 5.124+0.21 (n=4). In the absence of cocaine, only the highest concentration of MDMA (30 um)
produced an inhibition, but the o,-adrenoceptor antagonist yohimbine (0.3 uM) converted the
response to MDMA from inhibition to potentiation of the stimulation-evoked contraction.

5 In radioligand binding studies, MDMA showed similar affinities for oo, oc and oop-
adrenoceptor sites, with pK; values of 5.1440.16, 5.11+0.05 and 5.31+0.14, respectively.

6 It is concluded that MDMA has significant a,-adrenoceptor agonist actions.
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Introduction

Cocaine and other substance abuse is widespread, and as a
result, cocaine related cardiovascular and autonomic compli-
cations have mushroomed (Rubin & Neugarten, 1992; Das,
1993). Ecstasy (3,4-methylenedioxymethamphetamine;
MDMA) has been much less studied than cocaine and classical
amphetamines, but is reported to have cardiac stimulant
actions in rats resulting in tachycardia (Gordon et al., 1991)
and is also reported to facilitate vasoconstriction in the rat
(Fitzgerald & Reid, 1994). Tachycardia and hypertension
(Hayner & McKinney, 1986), and cardiovascular mortality
(Dowling et al., 1987) have been reported in man. In addition,
MDMA has been linked to intracerebral haemorrhage
(Harries & De Silva, 1992), and cerebral hyperperfusion can
be demonstrated in rats (Kelly et al., 1994). Certainly, chronic
use of methamphetamine may also result in serious
cardiovascular changes including tachycardia and palpitations
(Chan et al., 1994), and another amphetamine derivative,
fenfluramine has been linked to valvular heart disease
(Connolly et al., 1997).

The object of this study was to examine the effects of
MDMA on peripheral noradrenergic neurotransmission and
how these might relate to cardiovascular actions. However,
results obtained led us to turn our attention to prejunctional
actions at ay-adrenoceptors. Some of these results have been
published in abstract form (Lavelle et al., 1999).

*Author for correspondence; E-mail: jrdocherty @resi.ie

Methods

Male Wistar rats (200—300 g) were obtained from Trinity
College Dublin, and atrium, vas deferens, kidney and
submandibular gland were employed as outlined below

Radioactive overflow experiments

Rat right and left atrial segments were used, six segments from
each animal, at least one serving as a vehicle control. The
Krebs-Henseleit solution employed had the following compo-
sition (mM): NaCl 119; NaHCO; 25; D-glucose 11.1; KCl 4.7;
CaCl, 2.5; KH,PO, 1.2; MgSO, 1.0; EDTA 0.03, ascorbic acid
0.28. Isolated tissues were pre-incubated for 1 h in 1 ml of
Krebs-Henseleit medium  containing [*H]-noradrenaline
(0.5 um, Specific activity 39 Ci mmol~"), before being placed
in a Brandel Superfusor and superfused at 37°C with [*H]-
noradrenaline-free Krebs-Henseleit solution at a rate of
0.33 ml min~". The Krebs-Henseleit solution had the composi-
tion stated above, with additionally corticosterone (30 uM) and
propranolol (1 uM). Cocaine (3—30 uM) or desipramine (1 uM)
was present after pre-incubation with [*H]-noradrenaline,
except where otherwise stated.

In all experiments, tissues were stimulated for 3 min
(supramaximal voltage, 0.5 ms pulses) at 5 Hz or for 3 min
with short bursts of six pulses at 100 Hz every 10 s, three times
(Se-S,) at intervals of 27 min. After 99 min of superfusion the
tissues were stimulated to remove excess counts (S,). Effluent
samples were collected in 1 ml aliquots, beginning after
120 min of superfusion, so that sampling began 6 min before
the control stimulation period at 126 min (S,). Test drugs or an
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equivalent volume (1%) of distilled water (vehicle) were
superfused in the Krebs-Henseleit solution beginning 12 min
before the test stimulation period at 153 min (S,). At the end of
the experiment, tissues were dissolved in 0.5 ml of tissue
solubilizer (Soluene, Packard). A volume of 1 ml superfusate
or dissolved tissue was added to 3 ml of liquid scintillant
(Ecoscint A) and the radioactivity was measured by liquid
scintillation spectroscopy in a LKB 1214 RackBeta counter
with on average 48% counting efficiency for tritium and
automatic quench correction.

The basal efflux of tritium was expressed as a percentage
rate, i.e. the efflux of total tritiated compounds per min was
expressed as a percentage of the tritium content of the tissue at
the time of collection. To quantify the effects of a drug on the
basal efflux, the rate of efflux in the 3 min before stimulation in
the presence of the drug (S,) was divided by the rate of efflux in
the 3 min before the control stimulation period (S,), and
compared with the equivalent ratio obtained in vehicle
experiments without the test drug (B,/B, ratios).

The stimulation-evoked overflow of total tritium was
calculated by subtraction of the basal overflow and was
expressed as a percentage of the tritium content of the tissue at
the onset of the respective stimulation periods (see Smith &
Docherty, 1992). To quantify the effects of a drug on
stimulation-evoked overflow of tritium, the evoked overflow
in the presence of the drug (S,) was divided by the overflow
evoked in the control stimulation period (S;), and compared
with the equivalent ratio obtained in vehicle experiments
without the test drug (S,/S, ratios).

Rat vas deferens

Whole vas deferens, prostatic or epididymal portions were
obtained. Tissues were attached to myograph transducers
under 1 g tension in organ baths at 37°C in Krebs-Henseleit
solution of the following composition: (mMm): NaCl 119;
NaHCO; 25; D-glucose 11.1; KCI1 4.7; CaCl, 2.5; KH,PO,
1.2; MgSO, 1.0; EDTA 0.03, ascorbic acid 0.28.

In experiments investigating the ability of MDMA and
other agonists to inhibit or potentiate the isometric twitch of
vas deferens (in the presence or absence of cocaine 3 uM),
tissues were placed between platinum electrodes and stimu-
lated every 5 min with a single stimulus (0.5 ms pulses,
supramaximal pulses) to produce isometric contractions, and
nifedipine (10 uM) was present to block the non-noradrenergic
component of the twitch when using epididymal portions. Test
drugs or vehicle were added cumulatively in 0.5 or 1 log unit
increments at S5 min intervals. An isometric twitch was
obtained following 5 min exposure to each agonist concentra-
tion, or following exposure to the vehicle. Distilled water
vehicle did not significantly affect stimulation-evoked contrac-
tions. In some experiments, interaction with antagonists was
investigated. In these experiments, the antagonist or vehicle
was presence for 15 min before beginning cumulative additions
of the agonist.

Radioligand binding studies

Preparation of rat kidney membranes was carried out as
described in Connaughton & Docherty (1990), and prepara-
tion of rat submandibular gland and rat vas deferens
membranes were as described for rat kidney. Membranes of
Sf9 cells expressing human recombinant o,c-adrenoceptors
were purchased from Research Biochemicals. The resultant
pellets were used immediately or stored at —20°C for later use.
Pellets were reconstituted in 5 volumes (submandibular), 10

volumes (kidney and vas deferens) or 25 volumes (Sf9 cells) of
incubation buffer.

In saturation experiments, aliquots of membrane suspension
were incubated with various concentrations of [*H]-yohimbine
(specific activity: 81 Ci mmole™!, Amersham) at 25°C (rat
kidney: 0.5—30 nM; Sf9 cells: 0.2—20 nM; rat submandibular
gland: 1.0—40 nM; incubation buffer: Tris-HC1 50 mMm, EDTA
5 mM, pH 7.4 at 25°C) or with various concentrations of [*H]-
prazosin (specific activity: 77.9 Ci mmole~!, NEN) at 25°C (rat
vas deferens: 0.25-20 nM; incubation buffer as above). In
competition studies, [*H]-yohimbine (5 or 10 nMm) or [*H]-
prazosin (2 nM) was incubated with competing ligands in
concentrations from 0.1 to 1 mM in 0.5 log unit increments for
30 min. Non-specific binding was determined in the presence of
phentolamine (10 uM). Specific binding of [*H]-yohimbine or
[*H]-prazosin was 70 —90% of total binding at the concentration
used in displacement experiments. Assays were terminated by
washing with ice-cold incubation buffer, followed by rapid
vacuum filtration through Whatman GF/C filters, using a
Brandel Cell Harvester. Radioactivity retained on filters was
determined by liquid scintillation spectroscopy.

The inhibition constant (K;) for inhibition of radiolabelled
ligand binding was determined from the formula:

K; =1Cs/(1 + [H]/kp)

where ICs, is the concentration of competing ligand that
inhibits radioligand specific binding by 50%, K, is the
dissociation constant for the radioligand yohimbine (rat
kidney: 8.80+0.62 nM, n="7; human recombinant o,c-adreno-
ceptors: 8.7+3.5nM, n=3; rat submandibular gland:
23.742.0 nM, n=4) or prazosin (rat vas deferens:
0.914+0.34, n=11), and *H is the concentration of tritiated
yohimbine (5 nM: rat kidney; 10 nM: Sf9 cells and rat
submandibular gland) or tritiated prazosin (2 nM: rat vas
deferens).

Drugs

5-Carboxamidotryptamine (Research Biochemicals, U.S.A.);
cocaine hydrochloride (Sigma, U.K.); corticosterone (Sigma);
cyanopindolol (gift: Sandoz, Switzerland); desipramine hydro-
chloride (Research Biochemicals); methylenedioxy-methamphe-
tamine hydrochloride (MDMA: Research Biochemicals);
noradrenaline bitartrate (Research Biochemicals); propranolol
hydrocholoride (Sigma); yohimbine hydrochloride (Sigma).

Drugs were dissolved in distilled water, except for
corticosterone (100% ethanol) and cyanopindolol (few drops
of HCI).

Statistics

Values are mean +s.e.mean. Agonist effects were compared with
theeffects of vehicle using a Student’s ¢-test for unpaired or paired
data, where appropriate, and by ANOVAR analysis. Agonist
PECso, pICs, or pK; values were compared between tissues, and
were compared following vehicle or antagonist using a Student’s
t-test for unpaired or paired data, where appropriate.

Results

Stimulation-evoked overflow in rat atrium,; 5 Hz
stimulation

In rat atrial slices, basal outflow of tritium was 0.198 40.022%
of tissue tritium/min (n=15) and 0.1524+0.007% of tissue
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tritium/min (n=27), and stimulation at a frequency of 5 Hz
for 3 min produced a stimulation-evoked release of tritium of
2.8440.18 and 4.40+0.19% of tissue tritium content, in the
absence and presence of the re-uptake blocker cocaine (3 um),
respectively. MDMA (3 and 10 uM) tended to increase the
5 Hz stimulation-evoked overflow in the absence of re-uptake
blockers (although the increase did not reach statistical
significance) (Figure 1), but this may have been due to a
significant increase in the basal release of tritium (B,/B, ratios,
vehicle: 1.00+0.04, n=7; MDMA 10 um 1.2440.06, n=11;
P <0.05). In the presence of cocaine (3 uM), MDMA (30 um)
still significantly increased basal release of tritium (1.23 +0.06,
n=13, P<0.01), and MDMA (3-30 uM) did not significantly
affect the stimulation-evoked release of tritium, although the
tendency was to reduce stimulation-evoked release (Figure 1).
The effects of MDMA (10 uMm) were significantly different
when compared with and without cocaine (P <0.01, see Figure
1). Even cocaine (30 uM) did not prevent MDMA (30 uMm)
from increasing the basal release of tritium (n=2).

Stimulation-evoked overflow in rat atrium, stimulation
with short trains at 100 Hz

Further experiments were carried out using short trains of
pulses at 100 Hz and the re-uptake blocker desipramine. In the
presence of desipramine (1 uM), basal outflow was
0.120+0.004% of tissue tritium/min (z=37), and stimulation
with six pulses at 100 Hz every 10 s for 3 min produced a
stimulation-evoked release of tritium of 0.62+0.02% of tissue
tritium content. MDMA no longer increased the basal release
of tritium (e.g. vehicle 1.01+0.02, n=22; MDMA 30 um
0.984+0.06, n=7), and under these conditions, MDMA
(10 um) significantly reduced the stimulation-evoked release
of tritium (Figure 2). However, the effects of MDMA (30 um)
did not reach significance. In experiments examining the
interaction of the a,-adrenoceptor antagonist yohimbine with
MDMA, yohimbine (1 uM) and vehicle increased the
stimulation-evoked release of tritium to 203+ 16% of control
(n=38). The combination of MDMA (10 M) and yohimbine
(1 um) had a similar effect to yohimbine and vehicle
(192+18% of control, n=2_8).
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Figure 1 Effects of vehicle or MDMA (3-30 uM) on release of
tritium evoked by 3 min stimulation at 5 Hz in rat atrium in the
absence or presence of cocaine (3 um). Vertical bars indicate s.e.mean
from at least six (without cocaine) or 12 (with cocaine) experiments.

Rat whole vas deferens

In rat whole vas deferens, the initial biphasic twitch to a single
electrical stimulus was 0.74+0.11 g (n=6). MDMA (0.1-
10 um) produced a concentration-dependent increase in the
stimulation-evoked contraction, with a maximum potentiation
to 176.8 £18.9% of control (n=4) (Figure 3).
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Figure 2 Effects of vehicle or MDMA (3-30 uMm) on release of
tritium evoked by stimulation for 3 min with six pulses at 100 Hz
every 10s in rat atrium in the presence of desipramine (1 um).
Vertical bars indicate s.e.mean from at least five experiments.
Asterisks denote significance of effects of MDMA as compared with
the effects of vehicle (Analysis of Variance and Dunnett test:
*P<0.01).
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Figure 3 Effects of MDMA to potentiate or inhibit contractions
induced by single pulse electrical stimulation in whole vas deferens
(vas W), in prostatic portions (vas P), in prostatic portions (in the
presence of cocaine 3 um) (vas P Co), or in epididymal portions (in
presence of nifedipine 10 um) (vas E). Vertical bars indicate s.e.mean
from at least four experiments.
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Prostatic portions of rat vas deferens

In prostatic portions of vas deferens, the initial monophasic
twitch to a single electrical stimulus was 1.124+0.10 g (n=30).
MDMA (0.1-10 uM) produced inconsistent effects against
nerve-stimulation evoked contractions: in some of experiments
MDMA produced a concentration-dependent inhibition, but
in other experiments, no inhibition, or even a potentiation
occurred, especially at low concentrations. The overall effect
was that there was no significant change in the stimulation-
evoked contraction (Figure 3).

Cocaine (0.3—3 uM) produced a potentiation of stimula-
tion-evoked contractions, but cocaine (30 uM) began to inhibit
contractions (Figure 4). However, in the presence of cocaine
(3 M), MDMA produced a concentration-dependent inhibi-
tion of the stimulation-evoked contraction with a pD2 (—Ilog
1Cso) of 5.1240.21 (n=4) (Figure 3).

In further experiments in the absence of cocaine, tissues
were treated with yohimbine (0.3 uM) or vehicle 15 min before
beginning a concentration-response curve to MDMA. As
before, MDMA (0.1-10 uM) produced variable effects, but
the higher concentration of 30 uM significantly reduced
contractions to nerve stimulation (Figure 5). In contrast,
yohimbine prevented the inhibitory effects of MDMA and
converted the inhibitory effect to a significant potentiation
(Figure 5).

Epididymal portions of rat vas deferens

In epididymal portions of rat vas deferens, the initial biphasic
twitch to a single electrical stimulus was reduced to a
monophasic response by nifedipine (10 uM), which eliminates
the first (non-noradrenergic) phase, leaving the second
noradrenergic phase. Nifedipine also prevents the postjunc-
tional contractile actions of a-adrenoceptor agonists. Under
these conditions, the twitch to a single stimulus was
0.70+0.08 g (n=27), and MDMA (0.1-10 uM) reduced the
size of the twitch in a concentration-dependent manner (Figure
3). MDMA virtually abolished nerve-stimulation evoked
contractions with a pD, (—log ICs) of 5.88+0.16.

In further experiments, epididymal portions in the
presence of nifedipine were treated with vehicle or
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Figure 4 Effects of cocaine on the contraction induced by single

pulse electrical stimulation in prostatic portions of rat vas deferens.
Vertical bars indicate s.e.mean from at least six experiments.

yohimbine (0.3 uM) 15 min prior to beginning a concentra-
tion-response curve to MDMA. Yohimbine significantly
reduced the potency of MDMA (MDMA pD,; vehicle:
5.76 £0.11, n="7; yohimbine: 5.274+0.17, n=7, P<0.05).
Epididymal portions in the presence of nifedipine, were
treated with vehicle or cyanopindolol (1.0 xM) 15 min prior to
beginning a concentration-response curve to MDMA. Cyano-
pindol did not significantly affect the potency of MDMA
(Figure 6). By comparison, this concentration of cyanopindo-
lol virtually abolished the inhibitory effects of the 5-HT-1
receptor agonist 5-carboxamidotryptamine (Figure 6).

Ligand binding studies
The affinities of MDMA and noradrenaline for oo

adrenoceptor ligand binding sites were examined in
competition experiments employing [*’H]-yohimbine labelled
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Figure 5 Effects of pre-exposure to yohimbine (0.3 um) or vehicle on
the ability of MDMA to inhibit the contraction induced by single

pulse electrical stimulation in prostatic portions of rat vas deferens.
Vertical bars indicate s.e.mean from at least five experiments.

100

80E

60
veh 5-CT

cyan MDMA

% of control

40

20 1

0 T T T 1
-9 -8 -7 -6 -5
agonist concentration (log M)

Figure 6 Effects of pre-exposure to cyanopindolol (cyan 1.0 um)
(filled symbols) or vehicle (veh) (open symbols) on the ability of
MDMA (squares) or S-carboxamidotryptamine (5-CT) (circles) to
inhibit the contraction induced by single pulse electrical stimulation
in epididymal portions of rat vas deferens in the presence of
nifedipine (10 pum). Vertical bars indicate s.e.mean from at least six
experiments.
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Table 1 Affinity of MDMA and noradrenaline for o-
adrenoceptor ligand binding sites

Ligand binding MDMA pK; NA pK;
site (—log m) (—log m)
o2B 5.14+0.16 6.53+0.17
a2C 5.114+0.05 /
2D 5.31+0.14 5.3740.11
alA 4.34+0.32 /

Values are pK; (—log M)ts.e.mean from at least three
experiments.

membrane preparations of rat kidney o,p, recombinant
human o,c, and rat submandibular o,p-adrenoceptors. The
pK; values (—log M) obtained are shown in Table 1.
MDMA showed similar affinity for all three subtypes of o,-
adrenoceptor and had similar affinity to noradrenaline at
asp-adrenoceptors, but lower affinity at o,g-adrenoceptors
(Table 1). MDMA had approximately ten times lower
affinity for o,,-adrenoceptors in competition studies employ-
ing [*H]-prazosin labelled membrane preparations of rat vas
deferens (Table 1).

Discussion

In this study, we have investigated the effects of MDMA on
peripheral noradrenergic neurotransmission. The major find-
ing was a previously unreported a,-adrenoceptor agonist
action of MDMA. This and other findings are discussed below.

In radioactive overflow studies carried out in rat atrium,
MDMA significantly increased basal release of tritium in the
absence of uptake blockers. This effect of MDMA was
reduced by cocaine (3—30 uM) and abolished by desipramine
(1 um), and is due to entry of MDMA into nerve terminals
via the noradrenaline transporter to displace noradrenaline
(see Fitzgerald & Reid, 1993). Desipramine is reported to
have greater potency as a noradrenaline uptake blocker than
cocaine (see Docherty & McGrath, 1978).

In the presence of cocaine to reduce effects of MDMA on
basal release of tritium, MDMA did not significantly affect
stimulation-evoked release of tritium using the 5 Hz stimula-
tion parameters. We employ these stimulation parameters in
studies to investigate the ability of a,-adrenoceptor antagonists
to increase stimulation-evoked overflow (see Smith &
Docherty, 1992): hence, MDMA is not an a,-adrenoceptor
antagonist. To study possible agonist actions of MDMA, we
examined short trains of six pulses at 100 Hz every 10 s for
3 min, where negative feedback by noradrenaline should be
greatly reduced (see Bohmann er al., 1993). Under these
conditions, MDMA did significantly inhibit stimulation-
evoked release of tritium, and this action was prevented by
the o,-adrenoceptor antagonist yohimbine. To examine
prejunctional inhibitory actions of MDMA further, we turned
to the rat vas deferens.

In rat whole vas deferens, the electrical stimulation-evoked
contraction to a single stimulus is biphasic, the first phase is
non-adrenoceptor mediated and predominates in prostatic
portions, and the second phase is o;-adrenoceptor mediated,
and predominates in the epididymal portion (see Brown et al.,
1983). The second o;-noradrenergic phase can be examined in
isolation in the epididymal portion in the presence of the
calcium entry blocker nifedipine which eliminates the first non-
noradrenergic response and prevents the postjunctional

contractile actions of exogenous o -adrenoceptor agonists (see
Brown et al, 1983). MDMA significantly potentiated
contractions in whole vas deferens, had variable effects in
prostatic portions, and inhibited contractions in epididymal
portions (in presence of nifedipine). o;-Adrenoceptor agonists
potentiate stimulation-evoked contractions in rat vas deferens
(see Docherty & O’Malley, 1983), so that the potentiating
action of MDMA probably involves postjunctional stimula-
tion. In prostatic portions in the presence of cocaine to block
neuronal uptake (cocaine was preferred in the rat vas deferens
due to the a-adrenoceptor antagonist properties of desipra-
mine: McCulloch & Story, 1972), MDMA produced a
concentration-dependent inhibition of contractions. These
results are consistent with two actions of MDMA. The first
action is to potentiate nerve-stimulation-evoked contractions,
and this effect predominates in the epididymal portion (as
demonstrated in the whole vas deferens) and is due to entry of
MDMA into the nerve terminal via the neuronal uptake
transporter for noradrenaline to displace noradrenaline. The
second action is to inhibit nerve stimulation-evoked contrac-
tions by a prejunctional action and is most easily seen when the
former action is prevented by cocaine or nifedipine.

We next examined the interaction of MDMA with
antagonists. In prostatic portions, the ay-adrenoceptor
antagonist yohimbine (0.3 uM) converted the inhibitory effect
of MDMA (30 uM) to a potentiation. In epididymal portions,
yohimbine significantly reduced the potency of MDMA. By
contrast, the 5-HT-1 receptor antagonist cyanopindolol did
not affect the inhibitory actions of MDMA in a concentration
which virtually abolished the inhibitory actions of 5-CT (see
also Borton & Docherty, 1990). This suggests that the major
prejunctional actions of MDMA are by agonism at o,-
adrenoceptors and not 5-HT-1 receptors.

Ligand binding studies confirm that MDMA has significant
affinity for a,-adrenoceptor subtypes, and has equal affinity
with noradrenaline for the a,p-adrenoceptor subtype, which is
the predominant prejunctional a,-adrenoceptor (see Docherty,
1998). It should be noted that a pK; value of around 5.3 may
suggest low affinity for an antagonist, but for a high efficacy
agonist which may need to occupy only a small percentage of
receptors to produce the maximum effect, this pK; probably
means than the agonist binds to the receptors in the range
7.00—5.00 (—log M). Such affinity fits with potency in the
functional studies discussed above: threshold effect of around
0.3 um.

Our results can be compared with effects of MDMA
reported in the literature. Central actions of MDMA have
been studied in much greater detail and include acute effects to
release S5-hydroxytryptamine which can result in hyperthermia
in experimental animals and man (Green et al., 1995). A
second action is to cause neuronal damage in rodent brain,
particularly to serotonergic nerves (Battaglia et al., 1987), and
this action may involve free radical generation (Colado et al.,
1997). Possible effects of MDMA involving the noradrenergic
system have been largely overlooked. Depletion of noradrena-
line can be shown in mouse heart in response to MDMA
(Steele et al., 1989). Fitzgerald & Reid (1993), in radioactive
overflow studies, found that MDMA increased basal release of
noradrenaline (and indeed dopamine and S5-hydroxytrypta-
mine) and increased stimulation-evoked release. In the
presence of desipramine (1 uM) to block noradrenaline uptake,
MDMA no longer increased 2 Hz stimulation-evoked release
in rat atrium, but there was no inhibition (Fitzgerald & Reid,
1994). In ligand binding studies, MDMA has been previously
reported to bind to «;- and a,-adrenoceptors with K; values of
18.4 and 3.6 uM, respectively (Battaglia et al., 1988), although
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these authors discussed MDMA as a possible ay-adrenoceptor
antagonist.

Finally, it is worth considering how our findings that
MDMA has significant effects as an agonist at a,-adrenocep-
tors impact on the recreational abuse and toxic effects of
MDMA. Certainly, such actions have not been considered in
reviewing the effects of MDMA in man. However, it is feasible
that o,-adrenoceptor agonism contributes to the central
abusive and peripheral cardiovascular and autonomic side
effects of MDMA. For instance, it has been reported that
MDMA decreases firing rates of serotonergic and noradrener-
gic but not dopaminergic neurones in the rat dorsal and
median raphe (Piercey et al., 1990), and although these authors
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