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Fig. 2 - (A) Passive avoidance test results for HB-EGF KO mice.
Latency to enter dark compartment was recorded in HB-EGF
WT (n=14) and KO (n=12) mice at training and test sessions.
Values are means+SEM. ~ p<0.01 vs. WT in training session.
* p<0.05 vs. WTin test session. (B) Effect of an ADAMs inhibitor
on behavior in a passive avoidance test. KB-R7785 (30 and
100 mg/kg) and vehicle (0.5% CMC) were subcutaneously
administrated to mice once a day for 4 days. The passive
avoidance test was conducted on the third to fourth days,

30 min after vehicle, KB-R7785, or scopolamine
administration. Latency to enter a dark compartment was
recorded in KB-R7785 and vehicle-treated mice during training
and test sessions. Values are means+SEM. ' p<0.05, # p<0.01,
vs. vehicle (test trial). Vehicle (n=16 or 8), KB-R7785 30 mg/kg
(n=10), 100 mg/kg (n=16), and scopolamine (n=6).

baseline, F(z12)=18.194, P<0.0001, n=5) (Figs. 3A, B, and C). These
results indicate that HB-EGF is essential for hippocampal LTP in
the CA1 region, and therefore HB-EGF may contribute to cogni-
tive function and memory formation.

2.4.  Phosphorylation of various protein kinases in the
hippocampus of HB-EGF KO mice

Activation of synaptic proteins, such as CaMKII by a high-
frequency stimulation (HFS) is essential for hippocampal LTP
induction (Fukunaga et al.,, 1993; Silva et al.,, 1992). We exam-
ined intrinsic CaMKII activity in CA1 slices by western blotting
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Fig. 3 - Long-term potentiation (LTP) in HB-EGF KO mice.

(A) Representative field excitatory postsynaptic potentials
(fEPSPs) recorded from the CA1 region. (B) Changes in slopes
of fEPSPs following high frequency stimulation (HFS) in the
CA1 region from WT (n=5) and HB-EGF KO (n=5) mice. (C)
Level of LTP potentiation at 1 and 60 min after HFS in the CA1
region from WT and HB-EGF KO mice. Values are means
+SEM. ' p<0.05, " p<0.01 vs. WT.

before and after HFS (Figs. 4A, B, C, and D). The summary his-
togram or relative immunoreactivity demonstrated that basal
phospho-CaMKII level was significantly decreased in HB-EGF
KO mice, when compared to WT mice (72.5+4.9% of base
line, F1 g=7.228, P<0.05, n=5), without changes basal protein
levels (Figs. 4 A and B). In addition, HFS increased phospho-
CaMKII levels in WT and HB-EGF KO mice [WT; 153.2+8.5%
of baseline, F; 5=18.589, P<0.01, KO; 121.6+11.8% of baseline,
Fue=14.717, P<0.01, n=5] (Figs. 4 A and B). Therefore, autop-
hosphorylated CaMKII level after HFS tended to be lower in
HB-EGF mice than in WT mice, but the difference was not sta-
tistically significant (Figs. 4 A and B). Basal levels of phosphor-
ylated o-amino-3-hydroxy -5-methylisoxazole-4-propionic
acid hydrobromide (AMPA)-type glutamate receptor subunit
1 (GluR1) (Ser-831), which is a postsynaptic CaMKII substrate
(Derkach et al., 1999), was also significantly lower in HB-EGF
KO mice than in WT mice [77.2£4.7% of base line, Fy =
9.292, P<0.05, n=4 or 5] (Figs. 4 C and D). On the other hand,
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Fig. 4 - Phosphorylation of various protein kinases in the hippocampus of HB-EGF KO mice. (A) Representative images of
immunoblots using antibodies against autophosphorylated CaMKII (pCaMKII), CaMKlI, phosphorylated PKCo. (Ser675) (pPKCa),
PKGCo., phosphorylated ERK (pERK), ERK, and 8-tubulin. (B) Quantitative analyses of pCaMKII, GaMKil, pPKCo, PKCa, pERK, ERK,
and B-tubulin. (C) Representative images of immunoblots using antibodies against phosphorylated synapsin (pSyn 1), synapsin 1
(Syn 1), phosphorylated GluR1 (Ser831) (pGluR1), and GluR1. (D) Quantitative analyses of pSyn 1, Syn 1, pGluR1 (Ser831), and GluR1.
Values are means +SEM., WT (n=4 or 5), KO (n=5). " p<0.05,  p<0.01 vs. WT (Control), ** p<0.01 vs. HB-EGF KO (Control).

HFS increased the levels of phosphorylated GluR1 (Ser-831)
and synapsin I (Ser-603) levels in WT and HB-EGF KO mice
[WT pGluR1 (Ser-831); 140.0+£10.9% of baseline, F(;7=8.885,
P<0.05, KO pGluR1 (Ser-831); 124.3+8.0% of baseline, Fy 8=
25.725, P<0.01, n=4 or 5, WT pSynapsin I (Ser-603); 128.0x
3.6% of baseline, F;=37.993, P<0.01, and KO pSynapsin ;
134.8+3.1% of baseline, Fy g=17.229, P<0.01, n=5] (Figs. 4 C
and D). No significant changes were observed in the phos-
phorylation levels of signals such as PKCa, ERK, and Synapsin
1in either the WT or the HB-EGF KO mice.

2.5.  Changes in various neurotrophic factors levels in the
brain of HB-EGF KO mice

Next, we investigated the effect of HB-EGF deletion on the pro-
duction of various neurotrophic factors by measuring the
levels of NGF, BDNF, NT-3, and GDNF in the several brain
regions in WT and HB-EGF KO mice. In the hippocampus, pro-
tein levels of NGF and NT-3 were significantly increased,
while GDNF level was decreased in HB-EGF KO mice when
compared with WT mice (Fig. 5A). The levels of NGF and
BDNF were significantly higher in the cortex of HB-EGF KO
mice than in WT mice (Fig. 5B). BDNF level was also upregu-
lated in the striatum of HB-EGF KO mice, compared with WT
mice (Fig. 5C). Although only BDNF levels showed a tendency
to increase in olfactory bulb of HB-EGF KO mice, no significant

changes were observed in the levels of neurotrophic factors in
either mouse group (Fig. 5D).

3. Discussion

Neurotrophic and growth factors play distinct roles in devel-
opment and maturation of the nervous system. HB-EGF is
widely distributed in neuron and neuroglia throughout the
brain, and is especially enriched in hippocampus, cerebral
cortex, and cerebellum (Mishima et al., 1996). This distribution
predicts HB-EGF to be an important contributor to neuronal
development and higher brain function. In this study, we
investigated possible roles for HB-EGF in memory formation
and synaptic plasticity.

We first showed that conditional HB-EGF KO mice have cog-
nitive defects, characterized by impairment in both spatial and
fear memory. These results correspond to our previous report
that HB-EGF KO mice displayed deficits in short term memory
in a Y-maze test and in object identification memory in a
novel object recognition test {Oyagi et al.,, 2009). The Morris
water maze test is used to investigate hippocampal-dependent
learning, including acquisition of spatial and long-term memory
(Denayer et al., 2008; Peters et al., 2003). In this test, HB-EGF KO
mice were deficient in the probe trial (spatial memory). The
HB-EGF KO mice also exhibited impairment of fear memory in
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Fig. 5 ~ Tissue neurotrophic factors levels in individual brain regions. Levels of several neurotrophic factors were assayed by
enzyme immunoassay (EIA) in the (A) hippocampus, (B) cortex, (C) striatum, and (D) olfactory bulb of WT (n=5 or 6) and HB-EGF
KO (n=6) mice. Values are means+SEM. " p<0.05, ~ p<0.01 vs. WT mice. NGF: nerve growth factor, BDNF: brain-derived
neurotrophic factor, NT-3: neurotrophin-3, and GDNF: glial cell line-derived neurotrophic factor.

a test session of a passive avoidance test, which was conducted
24 h after a training session. These behavioral dysfunctions sug-
gest that loss of HB-EGF might especially affect memory reten-
tion. On the other hand, the latency to platform of HB-EGF KO
mice showed a tendency to increase, compared with WT mice,
in the acquisition trial (especially at days 3-5) of Morris water
maze test, but the difference was not statistically significant.
Further studies will be needed to investigate the effect of HB-
EGF on memory acquisition.

Long-term potentiation (LTP) at CA1 synapses in the hippo-
campus, a cellular model for learning and memory, is initiated
by the influx of Ca%" through N-methyl-p-aspartate (NMDA)-
type glutamate receptors. The insertion of AMPA-type glutamate
receptors into the postsynaptic site and the associated morphol-
ogy of dendritic spines are believed to be critical for LTP induc-
tion (Derkach et al., 2007; Matsuzaki et al., 2004; Shi et al., 1999).
In the present study, hippocampal LTP induced by a high-
frequency stimulation (HFS) was markedly impaired in HB-EGF
KO mice. HB-EGF KO mice also showed the reduction in activity
of CaMKII and phosphorylated GluR1.

CaMKII has been implicated as a key molecule in the induc-
tion of LTP (Lisman et al, 2002). Phosphorylation of AMPA
recepfiiié by CaMKII is reported to be particularly important
for LTP induction (Barria et al., 1997; Derkach et al., 1999). Phos-
phorylation of GluR1 (Serg831) by CaMKII underlies the increase
in AMPA receptor-mediated ionic conductance observed in
LTP (Lledo et al,, 1995; Mammen et al., 1997; Roche et al., 1996).
Decreased phosphorylation of CaMKII and GluR1 observed in
the hippocampus of HB-EGF KO mice suggest that CaMKII and
GluR1 mediate the effects of HB-EGF on synaptic plasticity.

Neurotrophic factors and cytokines display profound neuro-
modulatory .functions and are involved in the survival and
homeostatic maintenance of the central nervous system through
regulation of each other's expression. Disruption of the neurotro-
phin balance has been associated with pathogenesis of various
neurological diseases, such as schizophrenia, amyotrophic lateral
sclerosis (ALS), and Alzheimer’s disease (AD) (Narisawa-Saito et
al., 1996; Schulte-Herbruggen et al., 2007; Takahashi et al., 2000).
Altered neurotrophic factors levels were observed in several
brain regions in the HB-EGF KO mice; in particular, NGF, NT-3,
or BDNF levels were upregulated in hippocampus and/or cortex
of HB-EGF KO mice, compared with WT mice. Since HB-EGF itself
has a neurotrophic effect, the absence of HB-EGF may secondarily
alter the expression of neurotrophins. Taken together, these find-
ings suggest that the induction of these grewth factors compen-
sates for the deficit in HB-EGF and that the imbalance of
neurotrophic and growth factors might partly associate with im-
paired memory function and synaptic plasticity in HB-EGF KO
mice.

Typically, HB-EGF is processed from its precursor protein,
pro-HB-EGF, which is anchored in the plasma membrane. Pro-
HB-EGF is susceptible to proteolytic cleavage, namely ectodo-
main shedding, and is converted to the mature secreted factor,
HB-EGF (Goishi et al., 1995). Accordingly, ectodomain shedding
is essential for HB-EGF exerts its biological effects and ADAMs
are key enzymes in this pathway (Asakura et al,, 2002; Nanba
et al., 2003). The administration of an ADAMSs inhibitor also
impaired memory retention in the passive avoidance test.

In conclusion, the current study demonstrated that HB-EGF
KO mice exhibited impairments in spatial and fear memory,
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and also showed decreased LTP in hippocampal CA1 neurons.
These behavioral and synaptic dysfunctions are associated
with impaired activation of CaMKII and GluR1 in the hippocam-
pus. Further studies using in vitro neuronal and non-neuronal
cell cultures would provide the proof for a causal link between
the behavioral/physiological findings and the molecular profile.
These results suggest that HB-EGF plays a significant, but yet
to be fully identified, role in synaptic plasticity and memory
formation.

4, Experimental procedures
4.1. Animals

Ventral forebrain specific HB-EGF KO mice were generated using
the Cre-loxP system, as described previously (Oyagi et al., 2009).
All procedures relating to animal care and treatment conformed
to the animal care guidelines of the Animal Experiment Com-
mittee of Gifu Pharmaceutical University. All efforts were
made to minimize both suffering and the number of animals
used. The animals (10-15 weeks old) were housed at 24+2°C
under a 12 h light-dark cycle (lights on from 8:00 to 20:00) and
had ad libitum access to food and water. In all experiments,
we used wild-type (WT) littermates as a control group for the
HB-EGF KO mice.

4.2, Morris water maze test

A circular pool (diameter 120xheight 45 cm) was filled to a
depth of 30 cm with water (21-23 °C). Four equally spaced
points around the edge of the pool were designated as four
starting positions. The pool was placed in a dimly lit, sound-
proof test room with various visual cues. A hidden platform
(diameter 10 cm) was set 0.5 cm below the surface of the
water in a fixed position. Mice were placed in the water facing
the wall and trained with 4 trials per a day for 5 days. In each
trial, the starting position was changed, and the mice swam
until they found the platform, or after 60s were guided to
the platform; the mice were then placed on the platform for
15 s before being picked up. Three days after the last training
trial, the mice were given a probe test without the platform.
In this test, mice were placed in the pool once and allowed
to search for 120 s. Mean duration to the platform, and the
time spent in the quadrant where the platform had been,
was recorded using a videc camera-based Ethovision XT sys-
tem (Noldus, Wageningen, The Netherlands).

4.3. Passive avoidance test

Mice were tested using a two-compartment box with foot
shock grid (Neuroscience, Tokyo, Japan). On habituation day,
mice were placed in the lighted compartment, facing away
from the dark compartment and were allowed to explore for
30 s. After 30 s, the door was raised and the mice were allowed
to explore freely. When mice entered the dark compartment
with all four paws, the guillotine door was closed, and the
mice were immediately removed and returned to the home
cage. On training day (at 24 h after habituation), mice were
placed in the lighted compartment, facing away from the

dark compartment and allowed to explore for 30 s. After 30s,
the guillotine door was lifted. When the mice entered the
dark compartment with all four paws, the guillotine door
was closed, and the latency to enter was recorded (from the
time the door is lifted). Three seconds after the door was
closed, a foot shock (0.25mA, 2s duration) was delivered.
Thirty seconds after the foot shock, the mice were removed
to the home cage. On test day (at 24h after training), the
mice were returned to the lighted compartment, facing away
from the dark compartment. After 30s, the guillotine door
was lifted. When the mice entered the dark compartment
with all four paws, the guillotine door was closed, and the la-
tency to enter the dark compartment was recorded (from the
time the door was lifted). The mice were removed and
returned to the home cage. Animals who failed to enter the
dark compartment within 300s were assigned a maximum
test latency sore of 300 s.

An ADAM inhibitor, KB-R7785 (30 and 100 mg/kg), was dis-
solved in carboxymethyl cellulose (CMC) and subcutaneously
administrated to ICR mice (6 weeks old, SLC, Shizuoka, Japan)
once a day for 4 days. The passive avoidance test was conducted
on the third day (iraining trial) to fourth day (test trial), 30 min
after KB-R7785 administration. Scopolamine HBr (3 mg/kg) dis-
solved in saline was intraperitoneally administered to mice.

4.4, Electrophysiology

Preparation of hippocampal slices was performed as described
previously (Moriguchi et al., 2008). Briefly, the brain was rapidly
removed from each ether-anesthetized male WT or HB-EGF KO
mouse and the hippocampus was dissected out. Transverse
hippocampal slices (400 pm thickness), prepared using a vibra-
tome (microslicer DTK-1000, Dosaka, Kyoto, Japan), were incu-
bated for 2h in continuously oxygenized (95% O,, 5% CO,)
artificial cerebrospinal fluid (ACSF) containing 126 mM NaCl,
5mM KCl, 26 mM NaHCO;, 1.3mM MgS0,7H,0, 1.26 mM
KH,POy4, 2.4 mM CaCl,-2H,0, and 1.8% glucose at room tempera-
ture (28 °C). After a 2 h recovery periods, a slice was transferred
to an interface recording chamber and perfused at a flow rate of
2 ml/min with ACSF warmed to 34 °C. Field excitatory postsyn-
aptic potentials (fEPSPs) were evoked by a 0.05 Hz test stimulus
through a bipolar stimulating electrode placed on the Schaffer
collateral/commissural pathway and recorded from the stra-
tum radiatum of CA1, using a glass electrode filled with 3M
NaCl. A single-electrode amplifier (CEZ-3100, Nihon Kohden,
Tokyo, Japan) was used to record the responses, and the maxi-
mal value of the initial fEPSP slope was collected and averaged
every 1 min (3 traces) using an A/D converter (PowerLab 200,
AD Instruments, Castle Hill, Australia) and a personal comput-
er. After a stable baseline was obtained, high frequency stimula-
tion (HFS) of 100 Hz and 1's duration was applied twice with a
10 s interval and test stimuli were continued for the indicated
periods.

4.5. Western blotting

Hippocampal CA1 slices were homogenized in a buffer (70 ul)
containing 50 mM Tris HCl (pH 7.4), 0.5% Triton X-100, 4 mM
EGTA, 10 mM EDTA, 1 mM NazV0,, 40 mM sodium pyrophos-
phate, 50 mM NaF, 100 nM calyculin A, 50 pg/ml leupeptin,
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25 g/ml pepstatin A, 50 pg/m! trypsin inhibitor, and 1 mM DTT.
After the removal of insoluble materials by centrifugation
(15,000 rpm for 10 min), the samples were subjected to immuno-
blotting as previously described (Moriguchi et al., 2009). After
determining protein concentration in supernatants using Brad-
ford’s solution, samples were boiled for 3 min in Laemmli sam-
ple buffer. Samples containing equivalent amounts of protein
were subjected to SDS-polyacrylamide gel electrophoresis. Pro-
teins were transferred to an immobilon polyvinylidene difluor-
ide membrane for 2 h at 70 V. After blocking with 50 mM Tris-
HCI, 150 mM NaCl, and 0.1% Tween 20, pH 7.5, containing 2.5%
bovine serum albumin for 1 h at room temperature, membranes
were incubated overnight at 4 °C with anti-phospho CaMKII,
[1:5000, (Fukunaga et al., 1988)], anti-CaMKI], [1:5000, (Fukunaga
et al., 1988)), anti-phospho-synapsin I (site 3) (1:2000, Chemicon,
CA, USA), anti-synapsin 1 [1:2000, (Fukunaga et al,, 1992)], anti-
phospho-GluR1 (Ser831) (1:1000, Upstate, MA, USA), anti-GluR1
(1:1000, Chemicon), anti-phospho-ERK (1:1000, Cell Signaling
Technology, MA, USA), anti-ERK (1:1000, Cell Signaling Technol-
ogy), anti-phospho-PKCe (1:2000, Upstate), and anti-PKCa
(1:2000, Upstate) antibodies. Bound antibodies were visualized
using the enhanced chemiluminescence detection system (GE
Healthcare, Buckinghamshire, UK) and analyzed semiquantita-
tively using the NIH Image software.

4.6. Enzyme immunoassay (EIA)

Nerve growth factor (NGF), brain-derived neurotrophic factor
(BDNF), neurotrophin-3 (NT-3), and glial-cell line derived-
neurotrophic factor (GDNF) levels were measured with an EIA
with a minor modification (Nitta et al, 1999a; Nitta et al,
1999b; Nitta et al., 2004; Niwa et al., 2007). HB-EGF KO and WT
mice (12 weeks old) were used in this study. Homogenate buffer
[0.1 mol Tris-HCl (pH 7.4) containing 1 mol/l sodium chloride
(NaCl), 2% bovine serum albumin, 2 mmol/ ethylenediamine-
N,N,N’,N’-tetraacetic acid (EDTA), and 0.2% sodium nitride
{NasN)] was added to the brain tissue at a ratio of 1g wet
weight/19 ml of buffer, pulse-sonicated for 100s, and centri-
fuged at 100,000 g for 30 min. The supernatant was collected
and used for the EIA, Multiwell plates (Falcon 3910; Becton Dick-
inson and Co., NJ, USA) were incubated with 5 ml of each prima-
ry antibody (NGF; MAB256, BDNF; MAB648, NT-3; MAB267,
GDNF; and MAB212, R & D Systems, Minneapolis, USA} in 0.1 M
Tris-HCl buffer (pH 9.0) (10 mg/ml) per well for 12 h, washed
with washing buffer (0.1 M Tris-HCl buffer, pH 7.4, containing
0.4 M NaCl, 0.02% Na3N 0.1% BSA, and 1 mM MgCl,), and then
blocked with washing buffer containing 1% (w/v) skim milk. Tis-
sue extract or each protein standard (30 ul, R & D Systems) in
washing buffer was then added to each antibody-coated well;
and incubation was carried out for 5h at 25°C. After three
washes with washing buffer, 30 pl of biotinylated anti-NGF,
BDNEI’;_;\AIT-B, and GDNF-antibodies (BAF 256, BAF648, BAF267,
and BAF212, respectively; 10 ng/ml, R&D Systems) in washing
buffer was added to each well; and the plate was incubated for
12 to 18 h at 4 °C. The biotinylated secondary antibodies were
reacted with avidin-conjugated B-galactosidase (Boehringer
Mannheim GmbH, Mannheim, Germany) for 1 h. After a thor-
ough washing with washing buffer, enzyme activity retained
in each well was measured by incubation with the fluorogenic
substrate; 4-methylumbelliferyl-3-p-galactoside (100pM) in

washing buffer. The intensity of fluorescence was monitored
with 360 nm excitation and 448 nm emission. The detection
limit of the EIA was as low as 5 pg/ml. The recovery of each pro-
tein (61.8 pg/ml) exogenously added into the homogenizing
buffer following disruption of the rat hippocampus was about
80%. The value of protein content thus obtained was used with-
out correction.

4.7. Statistical analysis

All data were expressed as the mean +SEM. Statistical signifi-
cance was evaluated by Student’s t-test, Steel test, Mann-
Whitney U-test, and one-way or two-way ANOVA test fol-
lowed by a post hoc Tukey or Scheffe's tests. A p-value of
<0.05 was considered to be statistically significant.
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Abstract: Several lines of evidence suggest that the dopaminergic nervous system contributes to methamphetamine
(METH) dependence, and there is increasing evidence of antagonistic interactions between dopamine and adenosine re-
ceptors in METH abusers. We therefore hypothesized that variations in the A1 adenosine receptor (ADORA) gene mod-
ify genetic susceptibility to METH dependence/psychosis. In this study, we identified 7 single nucleotide polymorphisms
(SNPs) in exons and exon-intron boundaries of the ADORA! gene in a Japanese population. A total of 171 patients and
229 controls were used for an association analysis between these SNPs and METH dependence/psychosis. No significant
differences were observed in either the genotypic or allelic frequencies between METH dependent/psychotic patients and
controls. A global test of differentiation among samples based on haplotype frequencies showed no significant associa-
tion. In the clinical feature analyses, no significant associations were observed among latency of psychosis, prognosis of
psychosis, and spontaneous relapse. These results suggest that the 4DORA! gene variants may make little or no contribu-

tion to vulnerability to METH dependence/psychosis.
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INTRODUCTION

Methamphetamine (METH) is a psychomotor stimulant
with high liability for abuse, and METH abuse has become a
very serious social problem in Japan [1]. Chronic METH
abusers have been shown to have persistent dopaminergic
deficits [2, 3]. Amphetamines are thought to produce their
stimulant effects mainly via the dopaminergic system [4, 5],
although other systems may also be involved. Dopamine D1
and D2 receptors form heterodimeric complexes with adeno-
sine Al and A2a receptors respectly, which modulate their
responsiveness [6-9], suggesting that responses to ampheta-
mines may also depend on adenosinergic function.

Several lines of evidence suggest that adenosine Al re-
ceptors play a role in inhibiting the effects of METH.
Adenosine receptor antagonists potentiate the effects of
lower METH doses and substitute for the discriminative
stimulus effects of METH [10, 11]. Adenosine receptor
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agonists protect against METH-induced neurotoxicity, and
amphetamine-induced stereotypy and locomotor activity, and
reduce the acquisition of conditioned place preference in-
duced by amphetamine [12-15]. These results suggest that
adenosine Al-receptors play important roles in the expres-
sion of METH-induced neurotoxicities and behaviors.

To date, however, there has been no association analysis
between Al adenosine receptor (4DORAI) gene variants and
drug addiction. The purpose of this study was (1) to identify
novel sequence variants in all coding exons as well as exon-
intron boundaries of the ADORAI gene in Japanese, and (2)
to investigate whether these polymorphisms and/or haplo-
types were associated with METH dependence/psychosis.

MATERIALS AND METHODS
Subjects

One-hundred seventy-one unrelated patients with METH
dependence/psychosis (138 males and 33 females; mean age
37.5+£12.0 years) meeting ICD-10-DCR criteria (F15.2 and
F15.5) were used as case subjects; they were outpatients or
inpatients of psychiatric hospitals. The 229 control subjects
(119 males and 110 females; mean age 41.2+12.3 years)
were mostly medical staff members who had neither per-
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sonal nor familial history of drug dependence or psychotic
disorders, as verified by a clinical interview. All subjects
were Japanese, born and living in the northern Kyushu,
Setouchi, Chukyo, Tokai, and Kanto regions. This study was
approved by the ethical committees of each institute of the
Japanese Genetics Initiative for Drug Abuse (JGIDA), and
all subjects provided written informed consent for the use of
their DNA samples for this research [16]. After informed
consent was obtained, blood samples were drawn and
genomic DNA was extracted by the phenol/chloroform
method.

Defining Variants of the ADORAI Gene

Initially, DNA samples from 16 METH depend-
ent/psychotic patients were used to identify nucleotide vari-
ants within the ADORA! gene (GenBank accession no.
AC105940). Exon numbers were based on the report by Ren
and colleagues [17]. Exons 1A, 1B, 2, 3 and exon-intron
boundaries were amplified by polymerase chain reaction
(PCR) using a thermal cycler (Astec, Fukuoka, Japan), and
the products were sequenced in both directions using BigDye
terminators (Applied Biosystems, Foster City, CA) by an
ABI Genetic analyzer 3100 (Applied Biosystems). The
primer sequences used in this study are shown in Table 1.

Genotyping of IVS1A+182 (rs56298433) was performed
by PCR amplification using 2F-2R primers followed by re-
striction enzyme N/a III digestion. Genotyping of
Exon2+363 (rs10920568) was performed by PCR amplifica-
tion using 4F-4R primers followed by sequencing with the
same primers. [VS2+35826 (rs5780149) was performed by
PCR amplification using 5F-9R primers followed by se-
quencing with 5F and 5R primers. Genotyping of Exon3+937
(rs6427994), Exon3+987 (rs41264025), and Exon3+1064
(rs16851030) was performed by PCR amplification using
5F-9R primers followed by sequencing with 7F and 7R
primers.

Patient Subgroups

For the clinical category analysis, the patients were di-
vided into two subgroups by three different clinical features.
(A) Latency of psychosis from first METH intake: less than

Table 1. Primers Used in this Study
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3 years or more than 3 years. The course of METH psychosis
varied among patients, with some patients showing psycho-
sis sooner after the first METH intake, as previously reported
[16, 18]. Because the median latency was 3 years, this time
point was used as the cutoff in defining the two groups. (B)
Duration of psychosis after the last METH intake: transient
(<1 month) or prolonged (=1 month). Some patients showed
continuous psychotic symptoms even after METH discon-
tinuation, as previously reported {16, 18]. Patients with the
transient type showed a reduction of psychotic symptoms
within one month after the discontinuation of METH con-
sumption and the beginning of treatment with neuroleptics.
Patients with the prolonged type showed a psychotic symp-
toms continued for more than one month even after the dis-
continuation of METH consumption and the beginning of
neuroleptic treatment. (C) Spontaneous relapse: present or
not. It has been well documented that once METH psychosis
has developed, patients in the remission phase are liable to
spontaneous relapse without reconsumption of METH {16, 18].

Statistical Analysis

The Hardy-Weinberg equilibrium of genotypic frequen-
cies in each SNP was tested by the chi-square test. The level
of statistical significance was set at a= 0.05. The allelic and
genotypic frequencies of the patient and control groups were
compared using the chi-square test. Haplotype frequencies
were calculated by the Arlequin program available from
http://anthropologie.unige.ch/arlequin [19]. Locus by locus
linkage disequilibrium (LD) was evaluated by D’ and r°,
which were calculated by the haplotype frequencies using
the appropriate formula in the Excel program. A global test
of differentiation among samples based on haplotype fre-
quencies was also performed by the Arlequin program.

RESULTS
Analysis of the ADORAI Gene Variants

To identify polymorphisms in the ADORAI gene, exons
1A, 1B, 2, and 3, and exon-intron boundaries were analyzed
using genomic DNA from Japanese METH dependent/
psychotic subjects. Seven SNPs were identified (Table 2).
Five out of seven of these SNPs were previously reported by
Deckert [20]. In the two SNPs, the frequencies of the minor

Exon Forward Reverse

ExonlA 1F: TGG ACT GGA TGC CTT ATG GCT TAG 1R: GGC GCA GGA GCT GAG TGA CAATCG
2F: TCT CAC CCA GTA TCA CTT CCT TTG 2R: ATC ACA TGG TAC GGC AGA GAC TCA

ExonlB 3F: AAT AGG GAG AAA CGC CCCAGC CTT 3R: AAG CAC CTG TGT GGT CAG GGA AGC

Exon2 4F: GGT AGG AGC TGC ATG TGA CAA GTG 4R: GCA GAG TGA GGA CTG GAG CAC GAT

Exon3 SF: GGC TGT CAT GAA GCA ATG ATG AGA 5R: CCA GCG ACT TGG CGA TCT TCA GCT
6F: TCT ACC TGG AGG TCT TCT ACC TAA 6R: CCC TGA AGC TCT GGA CTG CTC ATG
7F: GTG GTC CCT CCA CTA GGA GTT AAC TR ACA GGT AAT TAC ACT CCA AGG CTC
8F: CTG ATA TTT GCT GGA GTG CTG GCT 8R: ACA CCT GCA ACA GAG CTT CCA AAG
9F: CCT TGC TGT CAT GTG AAT CCC TCA 9R: CAA GAG GAA GAT GCC AAT GGG AGA
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alleles differed between our patients and those of Deckert. In
the Exon2+363 (rs10920568) SNP, the G allele was present
in 15.5% of our Japanese controls (Table 3) and 36.9% of the
German controls [20]. In the Exon3+1064 (rs16851030)
SNP, the T allele was present in 35.8% of our Japanese con-
trols and 1.2% of the German controls [20]. These differ-
ences were suggested to be related to the difference in
ethnicity between the two cohorts. One SNP, Exon2+363
(rs10920568), was a synonymous mutation (Ala to Ala)
(Table 2). All the other SNPs were located either in the in-
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trons or an untranslated region in the exon 3. Two SNPs
(Exon3+937 (rs6427994) and Exon3+1454 (rs11315020))

‘were in linkage disequilibrium (LD) in the sense that the

genotypic patterns of the 16 samples examined were the
same, representing Exon3+937 (rs6427994) for these two
SNPs. IVS1A+182 (rs56298433), Exon2+363 (rs10920568),
IVS2+35826 (rs5780149), Exon3+937 (rs6427994), Exon3+
987 (rs41264025), and Exon3+1064 (rs16851030) were
chosen for further analysis.

Table2. ADORAI Gene Variants Found in the Japanese Population
Location Variants rs# SNP Name Function
IVSiA+182 G/T 156298433 intron
'Exon2+363 T/G 1510920568 805T/G synonymous (Ala->Ala)
1VS2+35826 TA/TS 55780149 intron
Exon3+937 AIC 156427994 1777C/A untranslated
Exon3+987 oy 1541264025 1827C/T untranslated
Exon3-+1064 C/IT 1516851030 1904C/T untranslated
Exon3+1454 T/del 1511315020 22%4insT untranslated
The nucleotide sequence of the ADORAI gene was referenecd to the NCBI nucleotide database under ion ber AC105940. Exon numbers were based on the report by Ren

and colleagues [17]. The

fumn labelled rs# shows SNP numbers from the NCBI SNP database. The data in the column labelled SNP name are from the report by Deckert {20].

Table3. Genotypic and Allelic Distribution of the ADORAI Gene SNPs in the METH Subjects and the Controls

SNP Group N Genotype (%) P Allele (%) P
IVS1A+182 G G/T T G T
(rs56298433) Control 224 | 222(99.1%) | 2(0.9%) 0(0.0%) 446 (99.6%) | 2(0.4%)

METH 168 | 166(98.8%) | 2(1.2%) 0 (0.0%) 0%6! 334 (99.4%) 2 (0.6%) 0823
Exon2+363 T T/G G T G
(rs10920568) Control 229 162(70.7%) | 63 (27.5%) 4 (1.7%) 387 (84.5%) 71 (15.5%)

METH 171 | 132(772%) | 36(21.1%) 3(1.8%) 0333 300 (87.7%) 42 (12.3%) 0233
IVS2+35826 T4 T4/T5 T5 T4 TS
(rs5780149) Control 229 | 150(65.5%) | 69(30.1%) 10 (4.4%) 369 (80.6%) 89 (19.4%)

METH 171 | 108(632%) | 55(32.2%) 8 (4.7%) o887 271 (79.2%) 71 (20.8%) 0.708
Exon3+937 A AlC C A C
(rs6427994) Control 229 | 2(0.9%) 46 (20.1%) - | 181 (79.0%) 50 (10.9%) 408 (89.1%)

METH 11 | 529%) 38 (22.2%) 128 (74.9%) 0.248 48 (14.0%) 294 (86.0%) 0222
Exon3+987 C C/T T C T
(rs41264025) Control 229 | 215(93.9%) | 14(6.1%) 0 (0.0%) 444 (96.9%) 14 (3.1%)

o METH 171 | 162(947%) | 9(5.3%) 0 (0.0%) 0937 333 (97.4%) 9 (2.6%) 0.888

Exon3+1064 c CIT T c T
(1s16851030) Control 229 | 89(38.9%) 116 (50.7%) | 24 (10.5%) 294 (64.2%) 164 (35.8%)

METH 171 | 80(46.8%) 67 (39.2%) 24 (14.0%) oont 227 (66.4%) 115 (33.6%) 0572

N: number of samples.

P: Significance values between the METH subjects and the controls.
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Relationship Between the ADORAI Gene SNPs and
METH Dependence/Psychosis

Association analyses between these SNPs -in the
ADORAI gene and METH dependence/psychosis were per-
formed using DNA samples from 171 METH dependent/
psychotic subjects and 214 control subjects (Table 3). Among
them, the genotypes of five control samples and three METH
samples could not be determined at IVS1A+182 (rs56298433).
The genotypic frequencies in these SNPs were within the
Hardy-Weinberg expectations. No significant differences of
the genotypic and allelic distributions of these SNPs in these
samples were observed. As the minor allele frequencies
of two SNPs, IVS1A+182 (rs56298433) and Exon3+987
(rs41264025), were less than 5%, another four SNPs, Exon
2+363 (rs10920568), IVS2+35826 (rs5780149), Exon3+937
(rs6427994), and Exon3+1064 (rs16851030), were used for
further analyses.

A global test of differentiation among samples based on
haplotype frequencies was performed using the Arlequin

Kobayashi et al.

program, but no significant association with METH depend-
ence/psychosis was observed (P=0.590). Haplotype frequen-
cies were estimated by the Arlequin program, and locus by
locus LD was calculated by using the appropriate formula in
the Excel program. Most of the SNPs in exon 2 and exon 3
were in LD, suggesting that the locus from exon 2 to exon 3
was in a LD block (Table 4).

Subcategory analyses were conducted on the clinical pa-
rameters (latency of psychosis, prognosis of psychosis, and
spontaneous relapse) (Table 5). Significant differences were
observed in the shorter latency of psychosis (P=0.025) at
Exon3+937 (rs6427994). However, this significance disap-
peared after Bonferroni correction by the sub-group num-
bers, two (P < 0.025).

DISCUSSION

We analyzed the ADORA] gene variations in a Japanese
population and found seven SNPs in exons and exon-intron
boundaries. However, no significant associations were

Table4. Linkage Disequilibrium Mapping of the ADORAI Gene
Exon2+363 IVS2+35826 Exon3+937 Exon3+1064
(rs10920568) (rs5780149) (rs6427994) (rs16851030)
Exon2+363 \ 0.807 0.729 0374
IVS2+35826 0.029 \ 1.000 0,676 .
Exon3+937 0.012 0.030 1.000
Exon3+1064 0.014 0.061 0.068 o
7
D' and r* values for Controls are shown in the upper right and lower left, respectively.
TableS. Genotypic Distribution of the ADORA1 Gene SNPs in Subcategorized METH Subjects
SNP Exon2+363 (s10920568) IVS2+35826 (rs5780149) Exon3+937 (rs6427994) Exon3+1064 (rs16851030)
Genotype| T | TG | G T4 | T4T5 | TS Al ac| c cler|T
Group N P P P P
Control 220 J162| 63 | 4 150 | 69 10 2| 46 | 181 89 | 116 | 24
Latency of Psychosis
<3 years 67 a8 | 16 | 3| 0387 | 46 17 4 | 0684 ) 4| 10 | 53 | 0025 30| 26 | 11] 0173
23 years 71 s6 | 15 | 0 0275 | 40 29 2 {02 fo| 22 | 49 | 0124 | 35| 28 | 8 | 0237
Prognosis of Psychosis
METH |  Transient (<! month) o1 70 | 19 | 2| 0465 | s 29 3 | o83 |3 22 | 66 | o190 | 42| 37 | 12| 0269
. Prolonged (Z1 month)| 56 41 | 14 | 1] 092 33 20 3 o654 J 1| 1 | 44 | 0835 |27 ] 21 | 8 | 0205
. Spontaneous Relapse
Not present 104 8t | 22 | 1] o038 | e 34 6 [om3 |4 25 | 75 | o107 [ 52| 39 | 13 | 0081
Present 60 45 | 13 {2 | o519 | 39 19 2 joo3 |1 11| 48 o83 |25| 24 |11} 0163

N: number of samples.
P: Significance values between the METH subjects and the controls.
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observed between these SNPs and METH dependence/
psychosis in the genotypic, allelic, haplotypic or clinically
subcategorized analyses.

This is the first association analysis between ADORAI
gene variants and drug addiction. We failed to find associa-
tions between the ADORAI gene SNPs and METH depend-
ence/psychosis. While the significant difference (P=0.025) in
the shorter latency of psychosis at Exon3+937 (rs6427994)
disappeared after Bonferroni correction, this may have been
due to the sample size, and thus further analysis with a larger
sample is warranted.

The variants we found were one synonymous SNP, two
intron SNPs and four exon SNPs in the untranslated region.
These SNPs are unlikely to affect receptor function because
they are not non-synonymous SNPs or promoter SNPs. Be-
cause several animal studies have suggested a modulatory
role of adenosine receptors for dopamine systems, it remains
possible that another region in the ADORAI gene, such as a
promoter region or intron regions, contributes to the altera-
tion of ADORAI gene function.

Although a few association analyses of the ADORAI
gene and psychiatric diseases have been performed, no sig-
nificant association has been reported between ADORAI
variants and bipolar affective disorder or panic disorder {20,
21]. As caffeine is a nonselective adenosine receptor antago-
nist, the association between the psychoactive effects of caf-
feine and gene variants of adenosine receptors have also
been studied. However, the anxiogenic response to an acute
dose of caffeine in healthy, infrequent caffeine users was not
associated with ADORA! gene polymorphism [22]. Interin-
dividual variation in the anxiety response to amphetamine
has also been studied in healthy volunteers, but no associa-
tion was observed with ADORAI gene variants [23]. These
results suggest that the ADORAI gene variations have little
effect on psychiatric symptoms and/or personality traits.

In conclysion, our data suggest that the ADORAI gene
variants may not play a major role in the development of
METH dependence/psychosis.
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Abstract: Methylone (2-methylamino-1-[3,4-methylenedioxyphenyl]propane-1-one) is a synthetic hallucinogenic
amphetamine analog, like MDMA (3,4-methylenedioxy- methamphetamine), considered to act on monoaminergic
systems. However, the psychopharmacological profile of its cytotoxicity as a consequence of monoaminergic deficits
remains unclear. We examined here the effects of methylone on the transporters for dopamine (DAT), norepinephrine
(NET), and serotonin (SERT), using a heterologous expression system in CHO cells, in association with its cytotoxicity.
Methylone inhibited the activities of DAT, NET, and SERT, but not GABA transporter-1 (GAT1), in a concentration-
dependent fashion with a rank order of NET > DAT > SERT. Methylone was less effective at inhibiting DAT and
NET, but more effective against SERT, than was methamphetamine. Methylone alone was not toxic to cells except at
high concentrations, but in combination with methamphetamine had a synergistic effect in CHO cells expressing
the monoamine transporters but not in control CHO cells or cells expressing GAT1. The ability of methylone to
inhibit monoamine transporter function, probably by acting as a transportable substrate, underlies the synergistic effect

of methylone and methamphetamine.
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INTRODUCTION

Various illegal and/or restricted “designer drugs” have
been created by modifying amphetamines. Methylone (2-
methylamino-1-[3,4-methylenedioxy- phenyl]propane-1-one)
is one such synthetic hallucinogenic amphetamine analogue,
which resembles MDMA (3,4-methylenedioxymetham-
phetamine) but differs structurally by the presence of a
ketone at the benzylic position [1, 2]. This compound has
been newly placed under legal control as a drug of abuse in
Japan [3].

Because of its structural similarity to MDMA, methylone
is thought to act on monoaminergic systems, A behavioral
study by Dal Cason er al. [4] found that methylone substi-
tuted for MDMA in rats trained to discriminate MDMA from
saline. In studies of its pharmacology in vitro methylone was
threefold less potent than MDMA at inhibiting platelet sero-
tonin transporter (SERT) and as potent as MDMA in inhibit-
ing transporters for dopamine (DAT) and norepinephrine
(NET), but only weakly inhibited the vesicular monoamine
transporter [5, 6]. However, there have been few pharmacol-
ogical investigations of methylone in animal models, or stud-
ies about its mechanism of action.
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In addition, the cytotoxicity of MDMA is considered a
consequence of monoaminergic deficits through the drug’s
effects on the plasmalemmmal and vesicular monoamine
transporters |7, 8]. Again, methylone may resemble MDMA
in cytotoxic profiles. However, Nakagawa et al. [9] reported
that methylone did not exhibit cytotoxic effects on isolated
rat hepatocytes in contrast to MDMA and its analogues. The
possibility can not be excluded that methylone is cytotoxic in
some circumstances, since Nagai et al. [6] observed that like
MDMA, it reduced mitochondrial membrane potential.

Recently, we examined the effects of 5-methoxy-N, N-
dusopropylu'yptamme (5-MeO-DIPT), known as Foxy, on
monoamine neurotransmitter transporters, 1ncludmg DAT,
NET and SERT, using a heterologous expression system in
COS-7 cells and rat brain synaptosomes, in association with
its cytotoxicity [10]. In the present study, we used the same
strategy to evaluate the relationship between the effects of
methylone and methamphetamine on monoamine transport-
ers and cell toxicity.

The results indicated an ability of methylone to inhibit
monoamine transporter function, and cause damage syner-
gistcally with methamphetamine in cells heterologously
expressing monoamine transporters, suggesting that the
transport of these drugs underlies their cytotoxicity.

MATERIALS AND METHODS
Materials

Methylone was synthesized at the Division of Pharma-
cognosy, Phytochemistry and Narcotics, National Institute of
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Health Sciences (Tokyo, Japan). Its structure and purity were
confirmed by melting point (degradation, 225°C), TLC, GC-
MS and 'H-NMR analyses [11]. Other chemicals used were
purchased from commercial sources. ["H]Dopamine (DA)
(1.29 TBq/mmol), ["H]serotonin (5-HT) (1.04 TBg/mmol),
and "H]GABA (1.2 TBg/mmol) were obtained from Perki-
nElmer Life Science, Inc. (Boston, MA, USA), and [*H]
norepinephrine (NE) (1.18 TBq/mmol) from GE healthcare
Bioscience, Inc. (Buckinghamshire, UK).

Cell Culture and Expression

Chinese hamster ovary (CHO) cells were cultured at
37°C under 5 % CO, / 95 % air in Minimum Essential
Medium-alpha (a-MEM) supplemented with 10 % fetal calf
serum, 100 units/ml penicillin G, 100 pg/ml streptomycin,
and 0.25 pg/ml fungisone.

For the preparation of cell lines stably expressing trans-
porters, CHO cells at subconfluence were transfected with
¢DNA of rat DAT (rDAT), NET (NET), or SERT (rSERT),
or mouse GABA transporter-1 (mGAT1) using FuGENE6
transfection reagent (Roche Diagnostics, Mannheim, Ger-
many) according to the manufacturer’s directions. The cells
were then diluted sequentially, seeded in 96-well plates, and
selected using G418. The cell lines were confirmed to stably
express the transporters based on the uptake of each tritium-
labeled ligand, and designated CHO/'DAT, CHO/NET,
CHO/SERT and CHO/mGAT], respectively.

Uptake and Release Assay

The uptake assay using radio-labeled ligands was per-
formed, as described previously [10, 12]. Cells were washed
three times with an oxygenated Krebs Ringer HEPES-
buffered solution (KRH; 125 mM NaCl, 5.2 mM KCI, 1.2
mM CaCl,, 1.4 mM MgSO,4, 1.2 mM KHyPO,, 5 mM glu-
cose, and 20 mM HEPES, pH 7.3) and incubated for 10 min
at 37°C with 10 nM of [PH]DA or other radio-labeled ligand.
Nonspecific uptake was determined in mock-transfected
cells and also in each plate in the presence of 100 uM co-
caine for monoamine and 1 mM nipecotic acid for GABA.
Data were analyzed using Eadie-Hofstee plots with Prism 5
(GraphPad Software, Inc., San Diego, CA). Statistical analy-
ses were performed using the unpaired Student’s t-test.

Reverse transport (release) was analyzed, as described
[10]. Cells loaded with [*H]substrate were incubated with or
without the drug under investigation at 37°C for 2 min, and
separated from the incubation solution. The radioactivity
retained in the cells and also in the separated solution was
measured by liquid scintillation counting. Statistical tests
were performed using an analysis of variance (Kruskal-
Wallis test) with pairwise comparisons using Dunn’s multi-
ple comparison test.

Cell Toxicity Assay

='The amount of lactate dehydrogenase (LDH) released
into the culture medium was measured for the evaluation of
methylone’s toxicity, as described previously [12] with some
modifications. Briefly, cells cultured in 96-well culture
plates were washed and incubated without phenol red in a-
MEM supplemented with 1% BSA and different concentra-
tions of methylone and/or methamphetamine for 24 h. The
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amount of LDH released into the medium was measured
colorimetrically (Wako, Tokyo, Japan). Statistical analyses
were performed using the Kruskal-Wallis test and Dunn’s
multiple comparison test.

RESULTS

Effects of Methylone on the Uptake of Substrate in CHO
Cells Stably Expressing Monoamine and GABA Trans-
porters

The effect of methylone on the transport of monoamines
was examined in CHO cells stably expressing the rat mono-
amine transporters, rDAT, rNET and rSERT, in comparison
with that on the mouse GABA transporter, mGATI1. Simul-
taneous incubation with [PHJDA, [PH|NE, or [PH]5HT and
methylone caused a decrease in the uptake of [’H]substrate
in a concentration-dependent fashion, although the effects
differed between transporters in contrast to the effects of
methamphetamine (Fig. 1). The rank order of the transport-
ers in terms of the potency with which they were inhibited by
methylone was NET > DAT >> SERT (Fig. 1 and Table 1).
Methylone inhibited SERT more, DAT and NETless, than
methamphetamine. However, it had no effect on GAT trans-
port activity at concentrations up to 1 mM (Fig. 1), while
nipecotic acid, an inhibitor of neuronal GABA transporter
such as GATI, inhibited PH]GABA uptake in a concentra-
tion-dependent manner (data not showr).
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Fig. (1). Effects of methylone on the uptake of substrates in
CHO cells stably expressing monoamine and GABA transport-
ers. Cells were incubated with [PH]substrates at 10 nM in the ab-
sence or presence of methylone at various concentrations. Specific
uptake was expressed as a percentage of the control, and values
represent the mean + SEM, n=3. Control uptake in the absence of
drugs was 4715 = 182, 4961 = 170, 13964 = 1135, and 798 = 114 dpm/
well for DAT, NET, SERT and GAT, respectively.

Tablel. Effects of Methylone and Methamphetamine on the
Uptake of Monoamines in CHO Cells Stably Ex-
pressing rat DAT, NET and SERT

1C50 (uM)
Transporter
Methylone Methamphetamine
DAT 2.84 £0.36 0.65 = 0.06
NET 0.48 +0.03 0.16 £0.00
SERT 8.42 +1.01 27.62 +2.87

Values represent the mean = SEM for three experiments cach performed in triplicate.
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Next, we analyzed the effect of methylone on uptake
kinetically. Table 2 summarizes the effects on [*H]substrates
in comparison with those of methamphetamine. Methylone
increased the K, value without changing the Vi, for the
uptake of ["H]NE, indicating competitive inhibition similar
to metamphetamine (Table 2). On the other hand, it showed
uncompetitive inhibition of PH]JDA and [*H]5-HT, tending
to decrease the V. while increasing the K, as metham-
phetamine did.

Effects of Methylone and Methamphetamine on the
Reverse Transport of [PH]substrates

To further characterize the effects of methylone on the
monoamine transporters, we examined its influence on the
reverse transport of [*H]substrates through DAT, NET and
SERT in comparison with methamphetamine, since unlike
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cocaine, methamphetamine induces the release of mono-
amines via a reversal of transport [13]. Methylone elicited
the release of ["HJDA, [°HINE and [’H]}5-HT from the cells
expressing rDAT, rfNET and rSERT, respectively, similar to
methamphetamine (Fig. 2). In addition, the combination of
methylone and methamphetamine did not cause a further
increase in the release of ["H]substrates.

Cytotoxicity Elicited by Methylone and/or Metham-
phetamine

Initially, we examined the effect of methylone and meth-
amphetamine on cell viability using a MTT-based WST-1
assay previously applied to Foxy [10]. However, we found
no changes with methylone and/or methamphetamine at any
concentrations tested (data not shown). Therefore, we used a
LDH release assay to evaluate methylone’s toxicity.

Table2. Changes in the Transport Kinetics Induced by Methylone and Methamphetamine in CHO Cells Stably Expressing the

Monoamine Transporters
K (uM) Vmax (fmol/ug protein/min)
DAT
Control 1.73+0.55 . 34.12+7.64
Methylone 5uM 2.33+0.67 26.68 + 8.70
Methamphetamine 1uM 2.06 +0.83 24.18+9.89
NET
Control 0.25+0.03 3.63 £0.31
Methylone 0.5uM 0.58 £0.10* 4.54 +1.01
Methamphetamine 0.2uM 0.71£0.20 4.69 +0.49
SERT
Control 0.27 +£0.04 40.68 +7.23
Methylone 10pM 1.12£0.25* 36.95 +5.68
Methamphetamine 30uM 0.86+0.21* 31.41+4.63
Values represent the mean + SEM for three experiments each performed in triplicate. *P<0.05 vs control.
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Fig. (2). Effects of methylone and methamphetamine on the reverse transport of [PH]substrates through the monoamine transport-
ers. CHO cells stably expressing rDAT, tNET, or tSERT were preloaded with a [’H]substrate at 20 oM for 30 min. They were then washed
with KRH buffer, and incubated for 2min in fresh medium containing 100 pM methylone and/or 100 pM methamphetamine. Values repre-
sent the mean + SEM, n=8-11, and are expressed as a percentage of the control (without drugs). *P< 0.05, **P< 0.01 vs control.
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