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vitro 1s not altered by treatment with MDA or MDMA
(Hashimoto and Goromaru, 1990b,c) It may therefore
be, of interest to study the interaction between paroxe-
tine and MDMA 1n mouse bram

As shown n fig 1, MDA, MDMA and paroxetine
possess a 3,4-methylenedioxyphenyl group. This sug-
gests that a mechamism for the 3,4-methylenedio-
xyphenyl group may exist in the brain The present
study was undertaken to examine the drug interactions
between MDMA and paroxetine or several compounds
mcluding the 3,4-methylenedioxybenzyl (piperonyl)
group 1n mice using a radiotracer technique The major
finding of the present study 1s that the distribution and
metabolism of MDMA 1n mouse brain and peripheral
organs were altered significantly by pretreatment with
paroxetine or the basic compounds including the piper-
onyl group, suggesting that a specific mechanism for
the 3,4-methylenedioxyphenyl group which rapidly al-
ters the disposition and metabolism of MDMA might
exist in mouse brain and peripheral organs Portions of
these data were presented at the Fifth Annual Meeting
of the Japanese Society for the Study of Xenobiotics
(Tokushima, October, 1990) (Hashimoto et al., 1990b)
and the 111th Annual Meeting of the Pharmaceutical
Society of Japan (Tokyo, March, 1991)
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2. Materials and methods
21 Anmmals

Male ddy mice weighing 30-35 g were used The
amimals were housed n groups of ten animals per cage
They were maintamned under standard conditions (light
on from 6:00 to 18:00 h, room temperature 23 + 1°C,
humidity 55 + 5%) with free access to food and water

2 2 Materals

[*HIMDMA (3.15 TBq/mmol) was prepared as pre-
viously described (Hashimoto et al, 1990a) MDMA
hydrochloride and MDA hydrochloride were synthe-
sized from 34-methylenedioxy-2-propanone (pipero-
nylacetone) (Fluka, Switzerland) and methylamme or
ammonwum acetate as described by Braun et al (1980)
N,a-Dimethylpiperonylamine hydrochloride was syn-
thesized from 3,4-methylenedioxyacetophenone (Tokyo
Kasei, Tokyo, Japan) and methylamine as described
above 6-Nitroquipazine maleate was synthesized as
described previously (Hashimoto and Goromaru,
1990d) The drugs were obtained from the following
sources paroxetine hydrochloride (Beecham Pharma-
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Fig 1 Chemuical structure of compounds used i the present study
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Time course of radioactwvity i mice after 1v admimistration of [*’HIMDMA

A tracer amount (about 70 ng/kg) of [*HIMDMA was administered 1v to mice The time course of radioactivity 1n mice was measured as
described 1in Materials and methods The values are the mean+ S D of three mice

% Dose /g tissue

1 min 5 min 15 mun 30 mun 60 min
Blood 1494008 079+003 075+017 077+£022 0554006
Heart 5224029 230+011 150+014 087+£005 049+003
Lung 118 +123 511+102 290+062 182+007 102+007
Liver 300+£019 831+003 123 +£051 134 +146 121 +076
Spleen 3044075 400+053 3574025 1454038 0621003
Kidney 215 +341 151 +155 8274057 438+061 2214049
Bramn 3474045 4124004 302+021 1444012 0494002

ceutical, Surrey, UK), fluoxetine hydrochlonde (Eh
Lilly, Indianapolis, IN), clomipramine hydrochlornide
(Ciba-Geigy, Takarazuka, Japan), GBR 12909 (Re-
search Biochemical, Natick, MA), desipramine hydro-
chlonide, p-chloroamphetamine (PCA) hydrochlonde,
and pargyline hydrochloride (Sigma Chemical Co, St.
Lows, MO), 1-piperonylpiperazine, piperonyl isobu-
tyrate, piperonylamine (Aldrich Chemical Co , Milwau-
kee, WI), piperonyl butoxide (Tokyo Kasel, Tokyo,
Japan) and phenethylammme (PEA) hydrochlornide
(Wako Pure Chemucal, Tokyo, Japan). Other chemicals
were purchased commercially.

2 3 Dustnbuton of radioactivity in nuce after 1.v admin-
istration of [PHIMDMA

Mice were admnistered 1.v with 02 ml of [*H]-
MDMA solution (approxmmately 37 kBq) The mice
were killed by decapitation at various times after ijec-
tion of [PHIMDMA Organs were removed and
weighed, each sample being incinerated by an auto-
mated sample combustion system (Aloka, ASC-113,
Tokyo, Japan), and the percentage of imjected dose per
gram tissue (% dose/g) in each sample was deter-
mined by a hquid scintillation counter (Aloka, LSC-
1000, Tokyo, Japan)

TABLE 2

In order to examine the effects of several drugs on
the distribution of [PHIMDMA 1n mice, drugs were
admimistered 1.p into mice 5 min before 1.v. admmnis-
tration of [P HIMDMA The radioactivity in the mice
after mjection of [*"HIMDMA was determimed as de-
scribed above. The dose of drugs was expressed as the
free base. Piperonyl acetone, piperonyl butoxide and
piperonyl 1sobutyrate were dissolved in 10% Tween 80
solution. Other drugs were dissolved n distilled water.
1-Piperonylpiperazine and piperonylamime were used
as the hydrochloride salt.

24 HPLC analysis of radioactinty in nuce after 1 v
admunistration of [*HIMDMA

02 ml aliquot of the tracer amount (approximately
700 ng/kg) of [’THIMDMA (approximately 370 kBq)
was administered 1.v to the mice, which were then
killed by decapitation 1 min or 60 min after imjection of
[*HIMDMA. The tissues were removed and homoge-
mzed with 1 ml of 01 N HCIO, contamning 0.1%
cysteine. After centrifugation at 4000 X g for 10 min
(4°QC), the fractions of supernatant were filtered through
a mucrofilter system (Air Press-30, Tosoh, Tokyo, Japan)
and the filtrate analyzed by high performance lquid
chromatography (HPLC) (column, TSKgel ODS-80 Tm

Time course of radioactivity 1n mice after 1v administration of [P’HIMDMA (15 mg /kg)

Carrier-added [PHIMDMA (15 mg/kg) was administered 1v The time course of radioactivity i mice was measured as described in Materials

and methods The values are the means+S D of three mice

% Dose /g tissue

1 min 5 min 15 mun 30 min 60 min
Blood 151+£017 1094015 080+010 084+008 084+017
Heart 4601063 308+053 250+010 238+005 2021030
Lung 6944093 6844058 6041028 491+078 357+132
Liver 4114122 752+108 758+106 7514043 6671088
Spleen 465+126 5804027 467+014 4544102 3574059
Kidney 167 +196 999+079 104 t262 785+046 6104089
Brain 377+020 491+080 4824011 4274021 3591060
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TABLE 3

Effect of paroxetine on time course of radioactvity 1n mice after 1v administration of [ 'THIMDMA

Paroxetme (10 mg/kg) was administered 1 p to mice 5 min before 1v admimstration of a tracer amount (about 70 ng/kg) ot [’HIMDMA The
time course of radioactivity in mice was measured as described in Maternals and methods The values are the mean+S D of three mice

% Dose /g tissue

| mun 5 min 15 min 30 min 60 min
Blood 1484012 1044010 100016 102+015 069+004
Heart 5184017 2924028 2344037 1984025 1314016
Lung 123 +£009 4714099 3684125 289+080 330+041
Liver 4074111 614+057 7504172 735+184 4144071
Spleen 458+144 4404022 5204151 42340091 2594044
Kidney 208 +£528 173 +150 119 +£293 945+139 708+116
Brain 4454010 4724061 4884087 3954070 2404027

(5 um, 46 mm 1d Xx15 c¢cm), mobile phase; acetoni-
trile. 1% aqueous triethylamine acetate (pH40)=1 9,
flow rate, 1 ml/min, detector, UV (254 nm)) The
radioactivity i each fraction was determined by a
liquid scintillation counter.

25 Stanstics

The statistical evaluation of the multigroup data was
performed by a one-way analysis of variance, followed
by the Scheffe’s test for multiple comparisons The
criterion for significance was P < (.05

3. Results

Table 1 shows the time course of radioactivity in the
blood, heart, lung, liver, spleen, kidney and brain after
1v admnistration of a tracer amount (approximately
70 ng/kg) of [P'HIMDMA High accumulations of ra-
dioactivity 1 the lung and kidney were found 1 min
after mjection of [’HIMDMA Intermediate uptake of
radioactivity 1n the brain was observed, and the maxi-

TABLE 4

mum peak of radioactivity in the brain occurred 5 min
after injection of [*’HIMDMA

Table 2 shows the time course of radioactivity 1n the
blood, heart, lung, liver, spleen, kidney and brain after
Lv admmstration of carrier-added [PHIMDMA (15
mg/kg) The observed behavior following 1v adminis-
tration of a large amount of MDMA (15 mg /kg) into
mice has been described as excitatory in nature
(locomotor activity, tremor, jerking, etc) The distribu-
tions of radioactivity in the muce after injection of
[P HIMDMA were altered by comjection of a large
amount (15 mg/kg) of MDMA The radioactivity 1n
the lung | min after mjection of [PHIMDMA was
decreased, suggesting that lung tissue has a saturable
uptake system for basic amines Particularly, the distri-
bution of radioactivity in the brain was changed by
comjection of the carrier (15 mg/kg) The time course
of radioactivity 1n the brain was altered significantly by
comjection of MDMA (15 mg/kg), whereas the ra-
dioactvity 1n the blood was altered only shightly

The effect of a potent 5-HT uptake inhibitor parox-
etine on the distribution of radioactivity in the blood,
heart, lung, liver, spleen, kidney and bramn after 1v

Effects of monoamine uptake inhibitors on distribution of radioactivity in mice 60 min after 1v adminstration of [*’HIMDMA

Vehicle (10 ml/kg) or drugs (10 mg/kg) were admimstered 1p to mice 5 min before 1v admunistration of [PHIMDMA The distributions of
radioactivity in mice 60 min after injection of [*HIMDMA were measured as described in Materials and methods The values are the mean+S D

of three mice

% Dose /g tissue

Vehicle Paroxetine 6-Nitro- GBR 12909 Destpramine
quipazine

Blood 063+009 0641015 0554011 057+008 056+005
Heart 057+015 1124008 ¢ 0461007 0434003 048+004
Lung 079+£079 1544+010° 079+010 0794006 0884013
Liver 9671715 645+286 125 +640 115 +406 788+716
Spleen 0484004 0324010 055+012 012+005" 0124003 ¢
Kidney 177+006 4094059 176+025 205+074 281+069
Brain 0361006 188+013¢ 0404006 036+005 050+011

2 P <001 when compared with vehicle group



TABLE 5

Drug effects on distribution of radioactivity 1n blood and brain 60
mun after 1v admnistration of [*’HMDMA

Vehicle (10 ml/kg) or drugs (exp 1, 10 mg/kg, exp 2, 15 mg/kg,
exp 3, piperonyl compounds (20 mg/kg), pargyline (100 mg/kg),
exp 4, 20 mg/kg) were administered 1 p to mice 5 min before 1v
administration of ['THIMDMA The distributions of radioactivity 1n
blood and bramn 60 mun after injection of [PHJMDMA were mea-
sured as described in Matenals and methods The values are the
mean+S D of three mice

% Dose /g tissue

Blood Brain
Exp 1 .
Vehicle 077+021 070+0 14
Paroxetine 0544009 1834+034°
Fluoxetine 0544008 0974009
Clomipramine 057+018 0844008
Exp 2
Vehicle 058+008 0584001
MDA 0764024 235+087°
MDMA 0454007 198+018°%
PCA 061+027 0664011
PEA 0524012 0574009
Exp 3
Vehicle 0554001 053+007
1-Piperonyl piperazine 0404004 1714044°
N,a-Dimethyl-
piperonylamine 056+020 1774007°
Piperonylamine 0494006 0464004
Piperonylamine
+ Pargyline 044+013 1024044 4°¢
Pargyhne 047+001 0574008
Exp 4
Vehicle 067+012 044+010
Piperonyl acetone 076+017 057+011
Piperonyl butoxide 066+008 063+004
Piperonyl 1sobutyrate 0754013 057+016

4P <005 "P <001 when compared with vehicle group * P <005
when compared with piperonylamine group

administration of [*HJMDMA 1s shown 1 table 3 The
radioactivity in each organ 1 min after 1v. administra-
tion of [*HIMDMA was not altered by pretreatment
with paroxetine (10 mg/kg, ip, 5 min). However, the
time course of radioactivity 1n each organ was altered
by pretreatment with paroxetine, particularly the time
course of brain radioactivity, as shown 1n table 3. The
alteration of brain radioactiity induced by pretreat-
ment with paroxetine was almost 1dentical to the alter-
ation mduced by coimjection of MDMA (15 mg/kg)
Thus, the clearance rate of radioactivity from mouse
brain after mjection of [*HJMDMA was decreased by
coadministration of carrier MDMA (15 mg/kg) or
pretreatment with paroxetine

The effects of monoamine uptake mhibitors on dis-
tribution of [’ HIMDMA in the mice are shown 11 table
4 and table 5 (exp. 1). As shown 1n table 4, the
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radioactivity 1n the heart, lung, kidney and bramn 60
mim after 1v administration of [*’HIMDMA was signifi-
cantly altered by pretreatment with paroxetine (10
mg /kg), but not by pretreatment with 6-nitroquipazine
(10 mg/kg) (a very potent 5-HT uptake mhibitor)
(Vaatstra et al , 1981, Hashimoto and Goromaru, 1990e,
f), GBR 12909 (10 mg/kg) (a dopamine uptake In-
hibitor) (Van der Zee et al , 1980) and desipramine (10
mg/kg) (a norepinephrine uptake mhibrtor). The dis-
tributions of radioactivity in the spleen were decreased
signtficantly by pretreatment with GBR 12909 and de-
sipramine Furthermore, the radioactivity in the brain
was not altered by pretreatment with other 5-HT up-
take inhibitors fluoxetine (10 mg /kg) and clomipramme
(10 mg /kg), as shown 1n table 5 (exp 1)

Table 5 (exp 2) shows the effects of several
phenethylamine derivatives (MDA, MDMA, PCA,
PEA) (see fig 1) on the distribution of radioactivity in
the blood and brain after injection of [P’ HIMDMA The
distribution of radioactivity in the brain 60 min after
1v admunistration of ["THIMDMA was increased signif-
icantly by pretreatment with MDA (15 mg/kg) and
MDMA (15 mg/kg), but not by pretreatment with
PCA (15 mg/kg) or PEA (15 mg/kg) These results
suggest that the 3,4-methylenedioxyphenyl group may
play an important role m the alteration of radioactvity
in the brain after injection of [’HIMDMA

The effects of several dervatives (see fig. 1) includ-
mg the piperonyl group on the distribution of
[*HIMDMA 1n mice are shown 1n table 5 (exp 3 and
exp 4) and table 6 The radioactivity m the brain 60
mun after 1v admimnistration of ["THIMDMA was signifi-
cantly mcreased by pretreatment with 1-piperonylpi-
perazine (20 mg/kg), N,a-dimethylpiperonylammne (a
derwvative shorting side-chain of MDMA) (20 mg /kg)
Furthermore, the distribution of brain radioactivity was
increased significantly by coadministration of piperony-

TABLE 6

Dose effects of 1-piperonylpiperazine on distribution of radioactivity
i mice 60 min after 1v admimistration of [SHMDMA

Vehicle (10 ml/kg) or drugs were administered 1p to mice 5 min
betore 1v administration of [*HIMDMA The distributions of ra-
dioactivity 1n mice 60 min after injection of [*HIMDMA were mea-
sured as described 1in Matenals and methods The values are the
mean+S D of three mice

% Dose /g tissue

Blood Heart Lung Brain
Vehicle 050+014 0614012 093+026 063+011
25mg/kg 0444006 061+009 115+031 078+021
50mgs/kg 039+002 069+002 1274017 094+009

10mg/kg 044+001 12240092 23340262 188+020°2
20mg/kg 046+008 1324016 2414032 22840122
40mg/kg 0441010 128+009° 2204039 2094004 °

* P <001 when compared with vehicle group
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lamine and pargyline, but not by pretreatment with
piperonylamme (20 mg/kg) alone or pargyline (100
mg/kg) alone (table 5, exp 3) These results suggest
that the increase in brain radioactivity by pretreatment
with piperonylamine plus pargyline might be due to
piperonylamine 1tself, which exists 1n the mouse brain,
since piperonylamine seems to be metabolized by
monoamine oxidase. However, the distributions of ra-
dioactivity 1n the brain 60 mun after njection of
[*HIMDMA were not altered by pretreatment with
piperonylacetone (20 mg/kg), piperonyl butoxide (20
mg/kg) or piperonyl 1sobutyrate (20 mg/kg), as shown
1n table 5 (exp 4) Furthermore, piperonyl butoxide (1
g/kg) did not affect the distribution of brain radioac-
tivity (data not shown) In addition, the distribution of

soooL " 1%

radioactivity 1n the heart, lung and brain 60 min after
1v. administration of [PHJMDMA was increased signif-
icantly by pretreatment with 1-piperonylpiperazine (2 5,
5, 10, 20 and 40 mg/kg, 1p., 5 mn), 1in a dose-depen-
dent manner (table 6). The data indicate that the basic
compounds ncluding the piperonyl group could in-
crease the radioactivity 1n the brain after injection of
[*HIMDMA.

Fig 2 shows the HPLC analysis of radioactivity 1n
the mouse bramn after 1v admunstration of [*H]-
MDMA The radioactivity in the mouse brain | min
after 1v admumistration of [PHJMDMA was due to
unmetabolized [*HIMDMA However, the radioactivity
1n the brain 60 mun after injection of [*HIMDMA was
due to unmetabolhized [PHMDMA and radioactive
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Fig 2 HPLC analysis of radioactive materials in the mouse brain after 1v admimistration of [PZHIMDMA The radioactive materals in the brain
were analyzed as described 1n Materials and methods Retention time of MDMA was 11 min A HPLC chart of the brain radioactvity 1 min
after ijection of [P’HIMDMA B HPLC chart of brain radioactivity 60 min after mjection of P HIMDMA C HPLC chart of brain radioactivity
60 mun after ijection of [’ HJMDMA 1nto the mouse pretreated with paroxetine (10 mg/kg, 1p 5 min) D HPLC chart of bran radioactivity 60
muin after mjection of [PHJMDMA to the mouse pretreated with 1-piperonylpiperazine (20 mg/kg, 1p 5 min) E HPLC chart of brain
radioactivity 60 min after injection of [*’HIMDMA 1nto the mouse pretreated with MDMA (15 mg/kg, 1p 5 min) F HPLC chart of brain
radioactivity 60 min after injection of [3HIMDMA 1nto the mouse pretreated with 6-nitroquipazine (10 mg/kg, 1 p 5 min)



metabolite(s). Furthermore, the amounts of radioactive
metabolite(s) in the brain 60 min after mjection of
[*HIMDMA were decreased by pretreatment with
paroxetine (10 mg/kg), 1l-piperonylpiperazine (20
mg /kg) and MDMA (15 mg/kg), but not by pretreat-
ment with 6-nitroquipazine (10 mg/kg). The data sug-
gest that the increases in brain radioactivity by pre-
treatment with paroxetine, 1-piperonylpiperazine and
MDMA mught be, in part, due to mmhibition of the
metabolism of [P HJMDMA to hydrophilic metabolite(s)
in the brain Furthermore, fig 3 shows the HPLC
analysis of the radioactivity in the heart, lung, liver and
brain 60 min after 1v administration of [° HIMDMA It
was found that the radioactivity in the liver 60 min
after mjection of [P HIMDMA was almost due to the
radioactive metabolite(s) of [PHIMDMA, indicating
that [*HIMDMA was metabolized rapidly in the lver.
Moreover, 1t was found that 1-piperonylpiperazine
could prevent, at least in part, the metabolism of
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[*HIMDMA to hydrophilic metabolites n the periph-
eral organs (heart, lung, hver) and brain

4. Discussion

The major finding of the present study is that the
distribution of radioactivity in the mouse brain after 1 v
administration of [P HIMDMA was altered significantly
by pretreatment with paroxetine or basic compounds
(MDA, MDMA, 1-piperonylpiperazine and N,a-di-
methylpiperonylamine) mcluding the piperonyl group
Furthermore, the present results indicate that paroxe-
tine-induced alteration of brain radioactivity after in-
jection of [*HIMDMA was not due to the mhibitory
effect of 5-HT uptake by paroxetine, since other 5-HT
uptake inhibitors (6-mitroquipazine, fluoxetine, clomi-
pramine) had no effect. As shown 1n fig. 1, paroxetme,
MDA, MDMA, 1-piperonylpiperazine, N,a-dimethyl-
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Fig 3 HPLC analysis of radioactive materials 1n the mouse bratn, heart, lung and hver after 1v admmmstration of [P(HJIMDMA The radioactive

materials 1n the tissue were analyzed as described in Matenals and methods Retention time of MDMA was 11 min A-D HPLC chart of

radioactivity in the brain, heart, lung and liver 60 min after injection of [’THIMDMA E-H HPLC chart of radioactivity 1n the brain, heart, lung
and liver 60 min after injection of [3HIMDMA nto the mouse pretreated with 1-piperonylpiperazine (20 mg /kg, 1p 5 min)
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piperonylamine and piperonylamine possess the 3,4-
methylenedioxyphenyl group We reported previously
that the time course of radioactivity in the mouse brain
after 1v administration of [*H]paroxetine was altered
by pretreatment with MDA or MDMA (Hashimoto
and Goromaru, 1990b,c) Taken as a whole, the pres-
ent data suggest that a mechanism for the 3,4-methyl-
enedioxyphenyl group that rapidly alters the disposi-
tion of [*"HIMDMA might exist in the mouse brain

HPLC analyses indicate that the radioactivity 1n the
mouse braimn 60 min after 1v administration of
[*HIMDMA was due to unmetabolized [P"HIMDMA
and radioactive metabolite(s), whereas the radioactivity
in the brain 1 mimn after mjection of [*HIMDMA was
due to unchanged [*HIMDMA Thus, 1t was found that
the amount of radioactive metabolite(s) in the brain 60
min after ijection of [PHIMDMA was approximately
50% of total bramn radioactivity The data show that
[*HIMDMA s either metabolized to radioactive
metabolite(s) 1n the mouse brain or radioactive
metabolite(s) of [YTHIMDMA formed in the periphery
enter into the brain The latter appear to be unlikely
since radioactive metabolite(s), which are usually hy-
drophilic, should not cross the blood-brain barrier In
addition, 1t 1s well known that MDMA 1s metabolized
mto MDA, indicating that the N-methyl group of
MDMA 1s cleaved off 1n the periphery (Lim and Foltz,
1988. Fitzgerald et al, 1989) It 15 likely that
[*HIMDMA 1s metabolized to non-radioactive MDA
and a radioactive methyl group by N-demethylation in
the periphery, since tritium 1s labeled at the N-methyl
group of MDMA Probably, a radioactive methyl group
which was cleaved off 1n the periphery would be rapidly
metabolized and elimmated Furthermore, the distri-
bution of radioactivity 1n the mice 60 min after mjec-
tion of [’ HIMDMA was not altered by pretrcatment
with piperonyl butoxide (a well known mhibitor of
N-demethylase activity) (Dahl and Brezinski, 1985),
suggesting that radioactive metabolite(s) in the brain
might not be metabolite(s) formed by N-demethylation
of [*’HIMDMA Further studies of the disposition and
metabolism of [*’HIMDMA using *H labeled at the
phenyl ring would be very mteresting Although the
chemical structure of radioactive metabolite(s) of
[*HIMDMA have not yet been 1dentified, 1t has been
suggested that the major radioactive metabolites of
[*HIMDMA might be [3HJ4-hydroxy-3-methoxymeth-
amphetamine, [*H]3-hydroxy-4-methoxymethamphet-
amine and [*H)3.4-dihydroxymethamphetamine (Lim
and Foltz, 1988, Hiramatsu et al, 1990, Yousif et al,
1990)

The most interesting finding of the present study 1s
that metabolism of [PHIMDMA to radioactive metabo-
Iite(s) in the mouse brain was, m part, blocked by
pretreatment with paroxetine, 1l-piperonylpiperazine
and MDMA Furthermore, 1t was also shown that

metabolism of [PHIMDMA to radioactive metabolite(s)
1n the heart, lung and liver was, in part, prevented by
pretreatment with 1-piperonylpiperazine Also, 1t has
been reported that paroxetine 1s mitially oxidized to an
unstable catechol intermediate (Haddock et al, 1989).
The drugs studied 1n the present study may inhibit a
metabolic pathway of MDMA (e g, O oxidation of
3, 4-methylenedioxy function on the phenyl ring) These
results suggest that a specific mechamism for the 3.4-
methylenedioxyphenyl group which rapidly alters the
disposition and /or metabolism of [*HIMDMA may
exist 1n the brain and peripheral organs (heart, lung,
liver)

It has been reported that marked species differences
1n the MDMA-induced neurotoxicity are found in mice
and rats (Stone et al , 1987a, Logan et al, 1988, Per-
outka, 1988, Battaglia et al , 1988), indicating that mice
are less susceptible to the neurotoxic effects of MDMA
These 1nvestigators attribute the altered sensitivity to
metabolic differences between the two species More-
over, In contrast to systemic administration, direct 1n-
tracerebral mjection of MDMA failed to produce neu-
rotoxicity to the 5-HT neurons (Schmudt and Taylor,
1988, Molliver et al, 1989) Thus, 1t 1s suggested that
an active metabolite of MDMA 1n the periphery may
be responsible for eliciting the neurotoxic effects, al-
though there has been no direct demonstration of a
neurotoxic metabolite of MDMA Molliver et al (1989)
suggest that the formation of a peripheial metabolite
of MDMA may be an essential step in the MDMA-in-
duced neurotoxicity Very recently, we have observed
that MDMA-induced neurotoxicity of 5-HT nerve ter-
minals 1n the rat brain was antagomzed significantly by
coadministration of 1-piperonylpiperazine (Hashimoto
et al. 1992) In addition, 1t has been shown that the
disposition and metabolism of [’/HIMDMA in the brain
and periphery organs (heart, lung, liver) of rats are
significantly altered by pretreatment with |-
piperonylpiperazine (Hashimoto, unpublished) How-
ever, 1t 1s unclear whether 1-piperonylpiperazine pre-
vents the MDMA-induced neurotoxicity by ihibiting
the metabolism of MDMA to an active agent It was
also found that 1-piperonylpiperazine had very weak
inhibitory effects on 5-HT uptake nto rat brain synap-
tosomes (Hashimoto and Goromaru, 1992b) Thus, 1t 15
possible that I-piperonylpiperazine prevents the
MDMA-induced neurotoxicity by effects other than
mhibition of 5-HT uptake Further studies on this are
now 1n progress

In summary, the distribution of radioactivity 1n the
mouse bramn after 1v admimstration of [P HIMDMA
was significantly increased by pretreatment with parox-
etine or basic compounds including the piperonyl
group Furthermore, the alteration of radioactivity 1n
the brain and periphery organs {(heart, lung, liver)
produced by these drugs might be, in part, due to an



alteration of metabohsm of [*HIMDMA 1n the mice
The present results suggest that a specific mechanism
for the 3,4-methylenedioxyphenyl group which rapidly
alters the disposition and metabolism of [PHIMDMA
may exist in the brain and periphery organs of mouse
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