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vitro is not altered by treatment with MDA or MDMA 
(Hashlmoto and Goromaru, 1990b,c) It may therefore 
be, of interest to study the interaction between paroxe- 
tlne and MDMA in mouse brain 

As shown in fig 1, MDA, MDMA and paroxetlne 
possess a 3,4-methylenedloxyphenyl group. This sug- 
gests that a mechanism for the 3,4-methylenedlo- 
xyphenyl group may exist m the brain The present 
study was undertaken to examine the drug interactions 
between MDMA and paroxetine or several compounds 
including the 3,4-methylenedloxybenzyl (piperonyl) 
group in mice using a radlotracer technique The major 
finding of the present study is that the distribution and 
metabolism of MDMA m mouse brain and peripheral 
organs were altered significantly by pretreatment with 
paroxetlne or the basic compounds including the plper- 
onyl group, suggesting that a specific mechanism for 
the 3,4-methylenedloxyphenyl group which rapidly al- 
ters the &sposmon and metabohsm of MDMA might 
exist in mouse brain and peripheral organs Porhons of 
these data were presented at the Fifth Annual Meeting 
of the Japanese Society for the Study of Xenoblotics 
(Tokushima, October, 1990) (Hashlmoto et al., 1990b) 
and the l l l t h  Annual Meeting of the Pharmaceutical 
Society of Japan (Tokyo, March, 1991) 

2. Materials and methods 

2 1 Ammals  

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

2 2 Materials 

[3H]MDMA (3.15 TBq /mmol )  was prepared as pre- 
viously described (Hashimoto et al ,  1990a) MDMA 
hydrochlorlde and MDA hydrochlorlde were synthe- 
sized from 3,4-methylenedloxy-2-propanone (plpero- 
nylacetone) (Fluka, Switzerland) and methylamlne or 
ammonium acetate as described by Braun et al (1980) 
N,a-Dlmethylplperonylamlne hydrochlonde was syn- 
thesized from 3,4-methylenedloxyacetophenone (Tokyo 
Kasel, Tokyo, Japan) and methylamlne as described 
above 6-Nitroqulpazme maleate was synthesized as 
described previously (Hashlmoto and Goromaru,  
1990d) The drugs were obtained from the following 
sources paroxetlne hydrochlorlde (Beecham Pharma- 
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TABLE 1 

Time course of radloactwxty in mice after 1 v administration of [3H]MDMA 

A tracer amount (about 70 ng/kg) of [3H]MDMA was administered iv to mace The time course of radloactwlty in mice was measured as 
described m Materials and methods The values are the mean ± S D of three mice 

% Dose/g tissue 

1 mln 5 mm 15 man 30 mm 60 man 

Blood 1 49±0 08 0 79±0 03 075±0 17 0 77±0 22 055±0 06 
Heart 5 22±029 230±0 11 1 50±0 14 087±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 3 04 ± 0 75 4 00 ± 0 53 3 57 ± 0 25 1 45 ± 0 38 0 62 _+ 0 03 
Kadney 215 ±3 41 151 ±155 827±057 438±061 221±049 
Brain 3 47±0 45 4 12±0 04 3 02±0 21 1 44±0 12 0 49±0 02 

ceutIcal, Surrey, UK),  f luoxetine hydrochlorlde (Eli 
Lilly, Indianapol is ,  IN), c lomlpramlne  hydrochlorlde 
(Clba-Geigy, Takarazuka ,  Japan),  G B R  12909 (Re- 
search Biochemical,  Natick, MA), des ipramine  hydro- 
chloride,  p -ch lo roamphe tamlne  (PCA) hydrochlorlde,  
and  pargyline hydrochlor ide (Sigma Chemical  C o ,  St. 
Louis, MO),  1-plperonylplperazlne,  plperonyl  lsobu- 
tyrate, p tperonylamane (Aldrich Chemical  C o ,  Milwau- 
kee, Wl),  plperonyl  butoxide (Tokyo Kasel, Tokyo, 
Japan)  and phene thy l amine  (PEA)  hydrochlor tde 
(Wako Pure  Chemical,  Tokyo, Japan).  Other  chemtcals 
were purchased  commercially.  

2 3 Dtstnbutton of radtoactwtty m mtce after t. v admm- 
tstratton of [ 3H]MDMA 

Mice were admin is te red  l.V with 0 2 ml of [3H]- 
M D M A  solut ion (approxamately 37 kBq) The  mice 
were killed by decapt ta t lon at various t imes after lnjec- 
t ton of [ 3H]MDMA Organs  were removed and 
weighed,  each sample  be ing mcmera ted  by an auto- 
mated  sample combus t ion  system (Aloka, ASC-113, 
Tokyo, Japan) ,  and the percen tage  of Injected dose per  
gram tissue (% d o s e / g )  in each sample was deter-  
mined  by a liqutd scint i l lat ion counte r  (Aloka, LSC- 
1000, Tokyo, Japan)  

In  order  to examine the effects of several drugs on 
the dis t r ibut ion of [ 3H]MDMA in mice, drugs were 

adminis te red  l.p into mice 5 mln  before 1.v. adminis-  
t ra t ion of [ 3H]MDMA The  radloactwtty in the mice 

after inject ion of [ 3H]MDMA was de t e rmined  as de- 
scribed above. The  dose of drugs was expressed as the 
free base. Piperonyl  acetone,  plperonyl  butoxtde and  
ptperonyl  lsobutyrate were dissolved in 10% Tween  80 
solution. Other  drugs were dissolved in dlsttlled water. 
1-Plperonylpiperazlne and p iperony lamine  were used 
as the hydrochlorlde salt. 

2 4 HPLC analysts of radtoactwtty m mtce after tv  
admmtstratton of [ 3H]MDMA 

0 2 ml ahquot  of the tracer  amoun t  (approximately 
700 n g / k g )  of [ 3H]MDMA (approximately 370 kBq) 

was adminis te red  l.V to the mice, which were then  
kdled by decapl ta t ion 1 min  or 60 mln  after inject ion of 
[3H]MDMA. The  tissues were removed and  homoge- 
nized with 1 ml of 0 1 N HC10  4 conta in ing  0.1% 
cystelne. Af ter  centrffugat ion at 4000 × g for 10 m m  
(4°C), the fractions of supe rna tan t  were fi l tered through 
a mlcrofll ter  system (Air Press-30, Tosoh, Tokyo, Japan)  

and  the filtrate analyzed by high per formance  liquid 
chromatography (HPLC) (column,  TSKgel  ODS-80 T m  

TABLE 2 

Time course of radioactivity m mice after i v administration of [3H]MDMA (15 mg/kg) 

Career-added [3H]MDMA (15 mg/kg) was administered iv The time course of radloactwlty m mice was measured as described m Materials 
and methods The values are the means_+ S D of three mice 

% Dose/g tissue 

1 mln 5 mm 15 mm 30 mm 60 mln 

Blood 1 51_+0 17 1 09_+0 15 080+0 10 084-+008 084_+0 17 
Heart 4 60 _+ 0 63 3 08 _+ 0 53 2 50 + 0 10 2 38 _+ 0 05 2 02 _+ 0 30 
Lung 6 94 _+ 0 93 6 84 _+ 0 58 6 04 _+ 0 28 4 91 + 0 78 3 57 _+ 1 32 
Liver 4 11 ± 1 22 7 52 _+ 1 08 7 58 _+ 1 06 7 51 _+ 0 43 6 67 ± 0 88 
Spleen 465-+1 26 5 80±0 27 467±0 14 454±1 02 3 57±0 59 
KJdney 16 7 _+ 1 96 9 99-+0 79 10 4 ±2 62 7 85±0 46 6 10±0 89 
Brain 3 77±020 4 91±080 482±0 11 4 27±0 21 3 59±0 60 
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TABLE 3 

Effect of paroxetme on time course of radloactlvl~ m mice after i v administration of [~H]MDMA 

Paroxetlne (10 m g / k g )  was administered i p to mice 5 mln before i v administration of a tracer amount (about 70 ng /kg )  ol [3H]MDMA The 

t~me course of radioactivity m m~ce was measured as described in Materials and methods The values are the mean_+ S D of three mice 

% D o s e / g  tissue 

1 m l n  5 m l n  15 mln 30 mln 60 mm 

Blood 1 48_+0 12 1 04_+0 10 1 00_+0 16 1 0 2 + 0  15 0 69_+0 04 

Heart  5 18_+0 17 292_+0 28 2 34_+0 37 1 98_+0 25 1 3 1 + 0  16 
Lung 123 _+009 4 7 1 + 0 9 9  368_+1 25 2 8 9 + 0 8 0  3 3 0 + 0 4 1  

Liver 4 0 7 ± 1  11 6 1 4 + 0 5 7  750_+172 7 3 5 + 1 8 4  414_+071 

Spleen 4 58 + 1 44 4 40 _+ 0 22 5 20 + 1 51 4 23 _+ 0 91 2 59 _+ 0 44 
Kidney 208 _+528 173 + 1 5 0  119 _+293 9 4 5 + 1 3 9  708_+116 

Brain 4 45 _+ 0 10 4 72 _+ 0 61 4 88 _+ 0 87 3 95 _+ 0 70 2 40 + 0 27 

(5 /xm, 4 6 mm l d X 15 cm), mobile phase; acetonl- 
trlle. 1% aqueous trtethylamlne acetate (pH 4 0) = 1 9, 
flow rate, 1 m l / m l n ,  detector, UV (254 nm)) The 
radioactivity m each fraction was determined by a 
llqmd scintillation counter. 

2 5 Stattsttcs 

The statistical evaluation of the multlgroup data was 
performed by a one-way analysis of variance, followed 
by the Scheffe's test for multiple comparisons The 
criterton for significance was P < 0.05 

3. Results 

Table 1 shows the time course of radtoactlvtty in the 
blood, heart, lung, lwer, spleen, ktdney and brain after 
iv  administration of a tracer amount  (approxamately 
70 ng /kg )  of [3H]MDMA High accumulations of ra- 
dioactivity in the lung and kidney were found 1 mln 
after injectton of [3H]MDMA Intermediate  uptake of 
radloactwity in the brain was observed, and the maxl- 

mum peak of radtoactlvlty in the bram occurred 5 mln 
after injection of [3H]MDMA 

Table 2 shows the ttme course of radioactivity in the 
blood, heart, lung, liver, spleen, kidney and bram after 
l.V administration of carrier-added [3H]MDMA (15 
m g / k g )  The observed behavtor following t v admlnts- 
tratlon of a large amount of M D M A  (15 mg /k g )  into 
mice has been described as excitatory m nature 
(locomotor activity, tremor, jerking, etc) The dlstnbu- 
ttons of radioactivity in the mice after injection of 
[3H]MDMA were altered by colnjectlon of a large 
amount  (15 mg /kg )  of M D M A  The radioactivity in 
the lung 1 rain after injection of [3H]MDMA was 
decreased, suggesting that lung tissue has a saturable 
uptake system for basic amines Parttcularly, the distri- 
bution of radioactivity in the bram was changed by 
comjection of the carrier (15 m g / k g )  The time course 
of radioactivity in the brain was altered stgntflcantly by 
comjectlon of M D M A  (15 mg/kg) ,  whereas the ra- 
dtoactlvlty in the blood was altered only slightly 

The effect of a potent 5-HT uptake inhibitor parox- 
etme on the dtstrlbutlon of radioactlvtty in the blood, 
heart, lung, liver, spleen, kidney and brain after iv  

TABLE 4 

Effects of monoamlne uptake lnhlbltors on distribution of radloactwlty m mice 60 mm after i v administration of [3H]MDMA 

VehMe (10 m l / k g )  or drugs (10 m g / k g )  were administered i p to mice 5 mm before 1 v administrat ion of [3H]MDMA The distributions of 
radloactlVl~ in mice 60 mm after injection of [3H]MDMA were measured as described in Matermls and methods The values are the mean _+ S D 

of three m~ce 

% D o s e / g  tissue 

Vehicle Paroxetlne 6-Nitro- GBR 12909 Deslpramme 

qulpazlne 

Blood 0 63_+0 09 0 64_+0 15 0 55_+0 11 0 57_+0 08 0 56_+0 05 
Heart  0 57_+0 15 1 12_+0 08 ~ 046_+007 043-+0 03 0 4 8 + 0  04 
Lung 0 79-+0 79 1 54_+0 10 d 0 79_+0 10 0 79-+0 06 0 88_+0 13 

Liver 967_+715 645_+286 125 _+640 115 _+406 7 8 8 + 7  16 
Spleen 048_+0 04 032_+0 10 055_+0 12 0 12_+005 ~ 0 12_+003 d 
~ d n e y  1 77 + 0 06 4 09 _+ 0 59 ~ 1 76 -+ 0 25 2 05 _+ 0 74 2 81 _+ 0 69 
Brain 0 36 _+ 0 06 1 88 _+ 0 13 " 0 40 _+ 0 06 0 36 _+ 0 05 0 50 + 0 11 

d p < 0 01 when compared with vehicle group 
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TABLE 5 

Drug effects on d l s tnbuhon  of ra&oactwlty m blood and brain 60 
mln after i v administration of [3H]MDMA 

Vehicle (10 ml /kg )  or drugs (exp 1, 10 m g / k g ,  exp 2, 15 m g / k g ,  
exp 3, piperonyl compounds  (20 mg/kg) ,  pargyhne (100 mg/kg) ,  
exp 4, 20 m g / k g )  were administered i p to mice 5 mm before i v 
administration of [3H]MDMA The distributions of radioactivity in 
blood and brain 60 mm after rejection of [3H]MDMA were mea- 
sured as described in Materials and methods The values are the 
mean _+ S D of  three mice 

% D o s e / g  hssue 

Blood Brain 

Exp 1 
Vehicle 0 77-+0 21 
Paroxetme 0 54-+ 0 09 
Fluoxetlne 0 54 -+ 0 08 
Clomlpramme 0 57 _+ 0 18 

Exp 2 
Vehicle 0 58 + 0 08 
M D A  0 76 -+ 0 24 
M D M A  0 45 -+ 0 07 
PCA 0 61 -+ 0 27 
PEA 0 52_+0 12 

Exp 3 
Vehicle 0 55 _+ 0 01 
1-Plperonyl plperazme 0 40 _+ 0 04 
N,a-Dimethyl-  

plperonylamme 0 56 _+ 0 20 
Piperonylamme 0 49 _+ 0 06 
Plperonylamme 

+ Pargyhne 0 44_+0 13 
Pargyhne 0 47 _+ 0 01 

Exp 4 
Vehicle 0 67-+0 12 
Plperonyl acetone 0 76 -+ 0 17 
Piperonyl butoxlde 0 66 _+ 0 08 
Plperonyl lsobutyrate 0 75 _+ 0 13 

w 

0 70_+0 14 
1 83_+034 b 
097_+009 
084_+008 

058_+001 
235_+087 b 
1 98_+0 18 a 
066_+0 11 
057_+009 

0 5 3 + 0 0 7  
1 71-+044 

1 77-+007 
046_+004 

1 02-+0 44 
0 57-+0 08 

0 44-+0 10 
057-+0  11 
063_+004 
0 57-+0 16 

" P < 0 05 b p < 0 01 when compared with vehicle group 
when compared with plperonylamlne group 

P < 0 0 5  

radioactivity in the heart, lung, kidney and brain 60 
rain after i v administration of [3H]MDMA was signifi- 
cantly altered by pretreatment with paroxetme (10 
mg/kg), but not by pretreatment with 6-nltroqutpazlne 
(10 mg/kg) (a very potent 5-HT uptake mhlbltor) 
(Vaatstra et al, 1981, Hashlmoto and Goromaru, 1990e, 
f), GBR 12909 (10 mg/kg) (a dopamlne uptake in- 
hibitor) (Van der Zee et al, 1980) and deslpramme (10 
mg/kg) (a norepmephrme uptake mhtbttor). The dls- 
trtbutlons of radioactivity in the spleen were decreased 
stgmficantly by pretreatment wtth GBR 12909 and de- 
slpramlne Furthermore, the radloactwlty m the brain 
was not altered by pretreatment wtth other 5-HT up- 
take lnhlbltors fluoxetlne (10 mg/kg) and clomlpramlne 
(10 mg/kg), as shown m table 5 (exp 1) 

Table 5 (exp 2) shows the effects of several 
phenethylamme derlvattves (MDA, MDMA, PCA, 
PEA) (see fig 1) on the dlstrtbutlon of radtoactlvlty m 
the blood and brain after lnjectton of [3H]MDMA The 
distribution of radloactlvlty m the brain 60 mln after 
i v admlmstratlon of [3H]MDMA was increased slgnlf- 
tcantly by pretreatment with MDA (15 mg/kg) and 
MDMA (15 mg/kg), but not by pretreatment wtth 
PCA (15 mg/kg) or PEA (15 mg/kg) These results 
suggest that the 3,4-methylenedloxyphenyl group may 
play an tmportant role in the alteration of radloactwlty 
In t h e  b r a i n  a f t e r  i n j e c t i o n  o f  [ 3 H ] M D M A  

The effects of several derwatlves (see fig. 1) includ- 
ing the piperonyl group on the dtstrtbution of 
[3H]MDMA m mtce are shown m table 5 (exp 3 and 
exp 4) and table 6 The radloacttwty m the brain 60 
mln after t v admxntstration of [3H]MDMA w a s  s i g n i f i -  

c a n t l y  mcreased by pretreatment with 1-plperonylpl- 
perazme (20 mg/kg), N,a-dlmethylplperonylamlne (a 
derivative shorting side-chain of MDMA) (20 mg/kg) 
Furthermore, the dlstrlbutton of bram radtoacttvlty was 
Increased slgntficantly by coadmlnlstratlon of ptperony- 

administration of [3H]MDMA lS shown m table 3 The 
radloactlvtty in each organ 1 mln after t v. admmtstra- 
tlon of [3H]MDMA was not altered by pretreatment 
with paroxetlne (10 mg/kg, i p ,  5 mm). However, the 
time course of radtoactlvlty in each organ was altered 
by pretreatment with paroxetlne, parttcularly the time 
course of brain radtoacttvtty, as shown m table 3. The 
alteratton of brain radioactivity mduced by pretreat- 
ment with paroxetme was almost identical to the alter- 
atton induced by comjectlon of MDMA (15 mg/kg) 
Thus, the clearance rate of radloactivtty from mouse 
brain after rejection of [3H]MDMA was decreased by 
coadmmlstratlon of carrter MDMA (15 mg/kg) or 
pretreatment with paroxetlne 

The effects of monoamlne uptake mhtbltors on dts- 
tributton of [3HJMDMA in the mtce are shown m table 
4 and table 5 (exp. 1). As shown in table 4, the 

TABLE 6 

Dose effects of  1-plperonylplperazme on distribution of radloactwlty 
in mice 60 mm after i v admlmstratlon of [3H]MDMA 

Vehicle (10 ml /kg )  or drugs were administered l p to mice 5 mm 
betore iv  administration of [3H]MDMA The d~stnbutlons of ra- 
dloactwlty m mice 60 mm after injection of [3H]MDMA were mea- 
sured as described m Materials and methods The values are the 
mean-+ S D of three mice 

% D o s e / g  tissue 

Blood Heart  Lung Brain 

Vehmle 050_+014 0 6 1 + 0 1 2  093 -+026  063-+011  
2 5 m g / k g  0 4 4 + 0 0 6  061-+009  1 1 5 ± 0 3 1  078_+021 
5 0 m g / k g  039_+002 069_+002 127-+017  094 -+ 0 0 9  
1 0 m g / k g  044_+001 122_+009 a 233_+026 a 188_+020 a 
2 0 m g / k g  046 -+008  132_+016"  241_+032 a 2 2 8 + 0 1 2  a 
4 0 m g / k g  044 -+010  128_+009 a 2 2 0 + 0 3 9  a 2 0 9 + 0 0 4  ~ 

a p < 0 01 when compared with vehicle group 
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lamlne and pargyllne, but not by pretreatment with 
plperonylamlne (20 mg/kg) alone or pargyllne (100 
mg/kg) alone (table 5, exp 3) These results suggest 
that the increase In brain radioactivity by pretreatment 
with plperonylamlne plus pargyhne might be due to 
plperonylamine itself, which exists in the mouse brain, 
since piperonylamine seems to be metabolized by 
monoamlne oxadase. However, the d~strlbutions of ra- 
dioactivity in the brain 60 mln after injection of 
[3H]MDMA were not altered by pretreatment with 
plperonylacetone (20 mg/kg), piperonyl butoxlde (20 
mg/kg) or plperonyl isobutyrate (20 mg/kg), as shown 
in table 5 (exp 4) Furthermore, plperonyl butoxlde (1 
g/kg) did not affect the distribution of brain radioac- 
tivity (data not shown) In addition, the distribution of 

radioactivity in the heart, lung and brain 60 mln after 
1 v. administration of [3H]MDMA was increased signif- 
icantly by pre t rea tment  with 1-piperonylpiperazIne (2 5, 
5, 10, 20 and 40 mg /kg ,  l p., 5 min), in a dose-depen- 
dent manner  (table 6). The data indicate that the basic 
compounds including the plperonyl group could in- 
crease the radioactivity in the brain after injection of 
[3H]MDMA. 

Fig 2 shows the HPLC analysis of radioactivity in 
the mouse brain after iv  administration of [3H]- 
M D M A  The radioactivity in the mouse brain 1 min 
after i v  administration of [3H]MDMA was due to 
unmetabollzed [3H]MDMA However, the radioactivity 
in the brain 60 mln after injection of [~H]MDMA was 
due to unmetabohzed [3H]MDMA and radioactive 
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Fig 2 HPLC analysis of radioactive materials in the mouse brain after l v administration of [3H]MDMA The radioactive materials m the brain 
were analyzed as described m Matena ls  and methods  Retention time of M D M A  was 11 m m  A HPLC chart  of the brain radioactivity 1 m m  
after rejection of [3H]MDMA B HPLC chart of  brain ra&oactlvlty 60 mln after rejection of [3H]MDMA C HPLC chart  of brain radioactivity 
60 mm after rejection of [3H]MDMA into the mouse pretreated with paroxetme (10 mg /kg ,  1 p 5 mln) D HPLC chart  of  brain radioactivity 60 
mln after rejection of [3H]MDMA into the mouse pretreated with 1-plperonylplperazlne (20 mg /kg ,  1 p 5 mln) E HPLC chart  of brain 
radioactivity 60 rain after rejection of [3H]MDMA into the mouse pretreated wRh M D M A  (15 m g / k g ,  l p  5 mm) F HPLC chart of brain 

radioactivity 60 rain after mjectmn of [3H]MDMA into the mouse pretreated with 6-mtroqulpazme (l0 mg /kg ,  t p 5 mm) 



metabohte(s). Furthermore, the amounts of radloactwe 
metabohte(s) in the brain 60 rain after mjechon of 
[3H]MDMA were decreased by pretreatment with 
paroxetIne (10 mg/kg), 1-plperonylpiperazlne (20 
mg/kg) and MDMA (15 mg/kg), but not by pretreat- 
ment with 6-nltroqulpazlne (10 mg/kg). The data sug- 
gest that the increases in brain radioactivity by pre- 
treatment with paroxetine, 1-pIperonylpIperazIne and 
MDMA might be, m part, due to inhibition of the 
metabolism of [3H]MDMA to hydrophllic metabohte(s) 
in the brain Furthermore, fig 3 shows the HPLC 
analysis of the radioactivity In the heart, lung, liver and 
brain 60 rain after I v admlntstration of [3H]MDMA It 
was found that the radioactiwty m the hver 60 min 
after injection of [3H]MDMA was almost due to the 
radioactive metabohte(s) of [3H]MDMA, indicating 
that [3H]MDMA was metabohzed rapidly tn the hver. 
Moreover, it was found that 1-plperonylpIperazlne 
could prevent, at least In part, the metabolism of 
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[3H]MDMA to hydrophlhc metabohtes in the periph- 
eral organs (heart, lung, liver) and brain 

4. Discussion 

The major finding of the present study is that the 
distribution of radioactivity in the mouse brain after I v 
administration of [aH]MDMA was altered significantly 
by pretreatment with paroxetine or basic compounds 
(MDA, MDMA, 1-plperonylplperazlne and N,a-dI- 
methylplperonylamlne) Including the plperonyl group 
Furthermore, the present results in&cate that paroxe- 
tine-mduced alteration of brain radioactwity after in- 
jection of [3H]MDMA was not due to the inhibitory 
effect of 5-HT uptake by paroxetme, since other 5-HT 
uptake inhlbltors (6-nitroqulpazine, fluoxetlne, clomi- 
pramlne) had no effect. As shown in fig. 1, paroxetine, 
MDA, MDMA, 1-plperonylplperazlne, N,a-dimethyl- 
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Fig 3 HPLC analysm of radloactwe materials m the mouse brain, heart, lung and liver after i v administration of [3H]MDMA The radloactwe 
materials m the tissue were analyzed as described in Materials and methods Retenuon ume of M D M A  was 11 mln A - D  HPLC chart of 
radloactwlty m the brain, heart, lung and liver 60 mm after injection of [3H]MDMA E - H  HPLC chart of radioactivity in the brain, heart, lung 

and hver 60 rain after injection of [3H]MDMA into the mouse pretreated with 1-plperonylplperazlne (20 m g / k g ,  i p 5 mln) 
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plperonylamlne and plperonylamlne possess the 3,4- 
methylenedloxyphenyl group We reported previously 
that the time course of radioactivity in the mouse brain 
after iv  administration of [3H]paroxetlne was altered 
by pre t rea tment  with M D A  or M D M A  (Hashlmoto 
and Goromaru,  1990b,c) Taken as a whole, the pres- 
ent data suggest that a mechanism for the 3,4-methyl- 
enedloxyphenyl group that rapidly alters the disposi- 
tion of [3H]MDMA might exist in the mouse brain 

HPLC analyses indicate that the radioactivity in the 
mouse brain 60 rain after i v  administration of 
[3H]MDMA was due to unmetabohzed [3H]MDMA 
and radioactive metabohte(s),  whereas the radioactivity 
in the brain 1 rain after injection of [3H]MDMA was 
due to unchanged [3H]MDMA Thus, it was found that 
the amount of radioactive metabohte(s)  in the brain 60 
mln after injection of [3H]MDMA was approximately 
50% of total brain radioactivity The data show that 
[~H]MDMA is either metabolized to radioactive 
metabohte(s)  in the mouse brain or radioactive 
metabohte(s)  of [3H]MDMA formed in the periphery 
enter into the brain The latter appear  to be unlikely 
since radioactive metabollte(s), which are usually hy- 
drophlhc, should not cross the blood-brain barrier In 
addition, it is well known that M D M A  is metabohzed 
Into MDA, indicating that the N-methyl group of 
M D M A  is cleaved off in the periphery (Lira and Foltz, 
1988, Fitzgerald et a l ,  1989) It is likely that 
[3H]MDMA is metabolized to non-radloactwe MDA 
and a radioactive methyl group by N-demethylatlon in 
the periphery, since tritium is labeled at the N-methyl 
group of M D M A  Probably, a radioactive methyl group 
which was cleaved off in the periphery would be rapidly 
metabolized and ehmlnated Furthermore,  the distri- 
bution of radioactivity in the mice 60 mln after injec- 
tion of [~H]MDMA was not altered by pre t rea tment  
with plperonyl butoxlde (a well known inhibitor of 
N-demethylase activity) (Dahl and Brezlnskl, 1985), 
suggesting that radioactive metabohte(s)  in the brain 
might not be metabohte(s)  formed by N-demethylatlon 
of [~H]MDMA Further  studies of the disposition and 
metabolism of [~H]MDMA using 3H labeled at the 
phenyl ring would be very interesting Although the 
chemical structure of radioactive metabohte(s)  of 
[3H]MDMA have not yet been identified, at has been 
suggested that the major radioactive metabohtes  of 
[~H]MDMA might be [3H]4-hydroxy-3-methoxymeth- 
amphetamine,  [ 3H]3-hydroxy-4-methoxymethamphet-  
amine and [~H]3,4-dlhydroxymethamphetamlne (Llm 
and Foltz, 1988, Hlramatsu et a l ,  1990, Youslf et a l ,  
1990) 

The most interesting finding of the present study is 
that metabolism of [3H]MDMA to radioactive metabo- 
hte(s) in the mouse brain was, in part, blocked by 
pre t rea tment  with paroxetlne, 1-plperonylplperazlne 
and M D M A  Furthermore,  it was also shown that 

metabolism of [3H]MDMA to radioactive metabohte(s)  
in the heart, lung and liver was, in part, prevented by 
pre t rea tment  with 1-plperonylplperazlne Also, it has 
been reported that paroxetlne is initially oxidized to an 
unstable catechol intermediate (Haddock et al ,  1989). 
The drugs studied in the present study may inhibit a 
metabolic pathway of M D M A  (e g ,  O oxidation of 
3,4-methylenedloxy function on the phenyl ring) These 
results suggest that a specific mechanism for the 3,4- 
methylenedloxyphenyl group which rapidly alters the 
disposition a n d / o r  metabolism of [3H]MDMA may 
exist in the brain and peripheral organs (heart, lung, 
liver) 

It has been reported that marked species differences 
in the MDMA-lnduced neurotoxlclty are found in mice 
and rats (Stone et a l ,  1987a, Logan et al ,  1988, Per- 
outka, 1988, Battagha et a l ,  1988), indicating that mice 
are less susceptible to the neurotoxlc effects of M D M A  
These investigators attribute the altered sensitivity to 
metabolic differences between the two species More- 
over, in contrast to systemic administration, direct ln- 
tracerebral injection of M D M A  faded to produce neu- 
rotoxlclty to the 5-HT neurons (Schmldt and Taylor, 
1988, Molhver et a l ,  1989) Thus, it IS suggested that 
an active metabohte  of M D M A  in the periphery may 
be responsible for ehcltlng the neurotoxlc effects, al- 
though there has been no direct demonstration of a 
neurotoxlc metabohte of M D M A  Molhver et al (1989) 
suggest that the formation of a perlphelal  metabohte 
of M D M A  may be an essential step in the MDMA-m-  
duced neurotoxlclty Very recently, we have observed 
that MDMA-lnduced neurotoxlclty of 5-HT nerve ter- 
minals in the rat brain was antagonized significantly by 
coadmlnlstratlon of 1-plperonylplperazlne (Hashlmoto 
et a l ,  1992) In addition, It has been shown that the 
disposition and metabolism of [~H]MDMA in the brain 
and periphery organs (heart, lung, liver) of rats are 
significantly a l te red  by p r e t r e a t m e n t  with l- 
plperonylplperazlne (Hashlmoto, unpublished) How- 
ever, it is unclear whether 1-plperonylplperazlne pre- 
vents the MDMA-lnduced neurotoxlclty by inhibiting 
the metabolism of M D M A  to an active agent It was 
also found that 1-plperonylplperazlne had very weak 
inhibitory effects on 5-HT uptake into rat brain synap- 
tosomes (Hashlmoto and Goromaru,  1992b) Thus, at is 
possible that 1-plperonylplperazlne prevents the 
MDMA-lnduced neurotoxlclty by effects other than 
Inhibition of 5-HT uptake Further studies on this are 
now in progress 

In summary, the distribution of radioactivity in the 
mouse brain after iv  administration of [3H]MDMA 
was significantly increased by pret reatment  with parox- 
etlne or basic compounds including the plperonyl 
group Furthermore,  the alteration of radioactivity in 
the brain and periphery organs (heart, lung, liver) 
produced by these drugs might be, in part, due to an 



alteration of metabolism of [3H]MDMA m the mtce 
The present results suggest that a specific mechanism 
for the 3,4-methylenedioxyphenyl group whtch rapidly 
alters the disposition and metabolism of [3H]MDMA 
may exist in the brain and periphery organs of mouse 
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