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The neurotoxicity of 3,4-methylenedioxymethamphetamine (MDMA) in rat brain was attenuated significantly by coadministration of several
benzylpiperazines (p-nitrobenzylpiperazine, p-chlorobenzylpiperazine and 1-piperonylpiperazine), which were weak inhibitors for [3HJ6-
nitroquipazine binding to the 5-hydroxytryptamine (5-HT) transporter in rat brain. These results suggest that these benzylpiperazines may inhibit
the MDMA-induced neurotoxicity by a novel neuropharmacological effect other than S-HT uptake inhibition.

3,4-Methylenedioxymethamphetamine (MDMA;
Ecstasy) has been used for recreational purposes'?
and is a neurotoxin to serotonergic neurons in rat
brain!~46:10:1114-17 1t is well known that the neurotoxi-
city of MDMA is inhibited by treatment with 5-hy-
droxytryptamine (5-HT; serotonin) uptake inhibi-
tors2*14-16 indicating that the 5-HT transporter plays
an important role in the neurodestruction of serotoner-
gic neurons by MDMA. It has also been reported that
selective 5-HT, receptor antagonists partially attenuate
the MDMA-induced neurotoxicity in rat brain'>!6.
Thus, although the neurotoxicity of MDMA in the
serotonergic neurons is now well established, the un-
derlying mechanisms of action are unknown. Recently,
we found that the MDMA-induced neurotoxicity in rat
brain was significantly attenuated by coadministration
of 1-piperonylpiperazine(3,4-methylenedioxybenzylpi-
perazine), which was a weak inhibitor for [3H]5-HT
uptake into rat brain synaptosomes and [3Hlketanserin
binding to 5-HT, receptor %, These results suggest that
the antagonism of MDMA-induced neurotoxicity by 1
-piperonylpiperazine might be due to effect(s) other
than 5-HT uptake inhibition and 5-HT, receptor an-
tagonism, although the pharmacological effects of 1-
piperonylpiperazine and the mechanisms underlying

~

the antagonism by 1-piperonylpiperazine are currently
unknown. Therefore, it may be of interest to examine
the effects of several benzylpiperazine derivatives on
the neurotoxicity of MDMA in rat brain. The present
study was undertaken to study the effects of several
benzylpiperazine derivatives on the neurotoxicity of
MDMA in the serotonergic neurons of rat brain.
Moreover, we compared these effects with the effects
of desipramine (a very weak 5-HT uptake inhibitor) on
the MDMA-induced neurotoxicity, and also examined
the effects of these drugs on the [3H]6-nitroquipaiine
labeling of the 5-HT transporter in rat brain in vitro.
Male Wistar rats (200-250 g) were administered
intraperitoneally with either vehicle (1 ml/kg), MDMA
(10 mg/kg) or MDMA (10 mg/kg) plus drugs (10
mg/kg) twice a day (09.00 h and 19.00 h) for 3 consec-
utive days. Rats were killed by decapitation 1 week
after the last administration. Brains were rapidly re-
moved and dissected on ice. The contents of 5-HT and
5-hydroxyindoleacetic acid (5-HIAA) in the cerebral
cortex were measured by high performance liquid chro-
matography (HPLC) with electrochemical detection as
described previously*6-8, The I1Cs, values of drugs on
{3H]6-nitroquipazine binding to cortical membranes of
rat at 37°C were determined by the previous report’
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with a slight modification. MDMA HCIl, p-chloroben-
zylpiperazine HCI, p-methoxybenzylpiperazine HCI
and p-nitrobenzylpiperazine HCl were synthesized in
our laboratory. 1-Benzylpiperazine (Wako Pure Chemi-
cal Co., Tokyo, Japan) and 1-piperonylpiperazine (Al-
drich Chemical Co., Milwaukee, WI) were used as HCI
salt. Desipramine HCl was purchased from Sigma
Chemical Co. (St. Louis, MO). Other chemicals were
purchased commercially. The statistical evaluation of
multiple data was performed by a one-way analysis of
variance, followed by the Fisher’s PLSD test.

Table I shows the effects of drugs on the reductions
of 5-HT and 5-HIAA produced by multiple administra-
tion of MDMA.. The contents of 5-HT and 5-HIAA in
the cerebral cortex of rats after multiple administration
of MDMA (10 mg/kg, i.p.) were decreased signifi-
cantly to 17% and 20% of control, respectively. The
coadministration of p-nitrobenzylpiperazine (10 mg/
kg), p-chlorobenzylpiperazine (10 mg/kg) and 1-
piperonylpiperazine (10 mg/kg) significantly attenu-
ated the reductions of 5-HT and 5-HIAA produced by
treatment with MDMA (10 mg/kg). p-Nitrobenzylpi-
perazine was the most potent blocker for the MDMA-

TABLE 1
Drug effects on the MDMA-induced neurotoxicity in rat brain

Vehicle (1 ml/kg), MDMA (10 mg/kg) or MDMA (10 mg /kg) plus
drugs (10 mg /kg) were administered intraperitoneally into rats twice
a day for 3 consecutive days. Rats were killed by decapitation 1 week
after last administration, and the contents of 5-HT and 5-HIAA in
the cerebral cortex of rats were measured by HPLC. Values are the
mean+S.D. of 4 rats. Values in parentheses represent percent of
vehicle group.

S-HT 5-HIlA4A4
(ng / mg tissue) (ng / mg tissue)

Vehicle 0.18+0.03 0.15+0.01
MDMA 0.03+0.01 (17%) ** 0.03+0.02 (20%) **
MDMA
+ 1-benzyl-
piperazine
MDMA
+ 1-piperonyl-
piperazine
MDMA
+ p-chioro-
benzyl-
piperazine
MDMA
+ p-methoxy-
benzyl-
piperazine
MDMA
+ p-nitro-
benzyl-
piperazine
MDMA
+desipramine 0.03 +0.01 (17%) **

0.03+0.01 (17%) ** 0.03+0.01 (20%) **

0.07+0.01 39%) ***  0.06+0.02 (40.0%) **+
0.09:+0.05 (50%) **** 0.09+0.03 (60%) **++
0.03+0.01 (17%) **

0.04+0.01 27%) **

0.12+0.04 (67%) *** 0124003 (80%) *+*

0.0310.01 (20%) **

* P<0.05 ** P <001 when compared with vehicle group. ¥+ P <
0.05, ** P <0.01 when compared with MDMA alone group.

TABLE 11

Drug effects on [ 3H]6-nitroquipazine binding to cortical membranes of
rats

The ICs, values of drugs on [3H]6-nitroquipazine binding to cortical
membranes at 37°C were determined as described in the text. The
values are the mean of 3 determinations done in duplicate, the S.D.
of which are less than 10%.

ICsy (uM)
1-Benzylpiperazine 122.6
1-Piperonylpiperazine 78.7
p-Chlorobenzylpiperazine 25.0
p-Methoxybenzylpiperazine 49.3
p-Nitrobenzylpiperazine 10.67
Desipramine 1.63

induced neurotoxicity, followed by p-chlorobenzyl-
piperazine and 1-piperonylpiperazine. However, the
reductions of 5-HT and 5-HIAA in the cerebral cortex
by MDMA were not altered significantly by coadminis-
tration of 1-benzylpiperazine (10 mg/kg), p-methoxy-
benzylpiperazine (10 mg/kg) and desipramine (10
mg/kg).

Table II shows the IC., values of drugs on [*Hle-
nitroquipazine binding to cortical membranes of rat at
37°C. The benzylpiperazine derivatives examined were
very weak inhibitors for [3H]6-nitroquipazine binding
to cortical membranes, and were less potent as com-
pared with desipramine. Thus, it seems that these
benzylpiperazine derivatives are weak inhibitors of
[3H]6-m’troquipazine-labeling of the 5-HT transporter
in vitro.

The major finding of the present study is that the
neurotoxicity of MDMA in the rat brain was attenu-
ated significantly by coadministration of benzylpipera-
zine derivatives ( p-nitrobenzylpiperazine, p-chloroben-
zylpiperazine and 1-piperonylpiperazine). The present
data show that 1-piperonylpiperazine (10 mg/kg) is
less active at inhibiting the neurotoxicity of MDMA as
compared with a previous report®, since the half-dose
(10 mg/kg) of the previous report® was used in the
present experiment. The data of IC;, values of drugs
on [3H]6—nitroquipazine binding suggest that ben-
zylpiperazine derivatives used in the present study were
weak inhibitors of [3H]6-nitroquipazine binding to the
5-HT transporter in vitro. We have also demonstrated
recently that these benzylpiperazine derivatives were
weak inhibitors of [*H]5-HT uptake into rat brain
synaptosomes (Hashimoto et al., submitted). The coad-
ministration of desipramine could not attenuate the
MDMA-induced neurotoxicity in rat brain, although
desipramine is a more potent 5-HT uptake inhibitor
than the benzylpiperazine derivatives examined in this
study. Moreover, the MDMA-induced neurotoxicity
could not be attenuated significantly by coadministra-



80

Acute Effects of MDMA (% of Control)

0 +——1—7 T 7T T T T T

0 10 20 30 40 50 60 70 80 90 100

MDMA-induced Neurotoxiclty (% of Control)

Fig. 1. Correlation between potency for inhibition of the MDMA-in-
duced neurotoxicity and potency for inhibition of acute effects of
MDMA. Data of the MDMA-induced neurotoxicity were taken from
Table 1 (5-HT contents). Data of the acute effects of MDMA on the
concentration of 5-HT were taken from our data (Hashimoto et al.,
submitted). The data of MDMA alone and MDMA plus 5 ben-
zylpiperazine derivatives were used. 1, MDMA; 2, MDMA +1-
benzylpiperazine; 3, MDMA + p-methoxybenzylpiperazine; 4,
MDMA + 1-piperonylpiperazine; 5, MDMA + p-chlorobenzylpiper-
azine; 6, MDMA + p-nitrobenzylpiperazine. The correlation coeffi-
cient (r) = 0.95 and slope = 0.56 for data presented.

tion of imipramine, which was a more potent 5-HT
uptake inhibitor than desipramine and benzylpipera-
zine derivatives (Hashimoto, unpublished data). Taken
together, these benzylpiperazine derivatives might in-
hibit the MDMA-induced neurotoxicity by effect(s)
other than 5-HT uptake inhibition.

It is well known that the acute neurochemical effect
of MDMA is its carrier-mediated release of 5-HT 16,
and it is suggested that the protective effects of 5-HT
uptake inhibitors might be attributable to their ability
to inhibit 5-HT release induced by MDMA?. Recently,
we have found that these benzylpiperazines ( p-nitro-
benzylpiperazine, p-chlorobenzylpiperazine and 1-
piperonylpiperazine) significantly attenuated the acute
effects of MDMA on concentration of 5-HT in rat
brain (Hashimoto et al., submitted). Interestingly, the
potencies of these benzylpiperazines for blocking the
acute effects of MDMA were highly correlated with
the potencies for blocking the MDMA-induced neuro-
toxicity (y = 0.56x ~ 8.0, r=0.95, P < 0.001) (Fig. 1).
Taken together, the present results suggest that the
5-HT transporter might play a role in the inhibition of
the acute neurochemical effects of MDMA by these
benzylpiperazines, and that the inhibition of acute ef-
fects by these drugs might lead to the inhibition of
MDMA-induced neurotoxicity. Moreover, we have
found recently that specific in vivo binding of [?H]6-
nitroquipazine to the 5-HT transporter in brain was
decreased significantly by pretreatment with p-nitro-
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benzylpiperazine, but not by 1-benzylpiperazine
(Hashimoto, unpublished data). Unlike 5-HT uptake
inhibitors, it does not seem that these benzylpiper-
azines interact directly with the 5-HT transporter in
the brain. Although the exact sites at which these
benzylpiperazines act remain to be elucidated, the re-
sults from the present study suggest that the 5-HT
transporter might be involved in the inhibition of
MDMA-induced neurotoxicity by these benzylpiper-
azines, and that these benzylpiperazines might modu-
late the 5-HT transporter in vivo after administration
of drugs. Thus, it appears that these benzylpiperazines
may possess a novel neuropharmacological effect in the
central nervous system. Further studies on this hypoth-
esis are necessary. Moreover, previous reports'>'® sug-
gest that 5-HT uptake inhibition may be important for
modulation and attenuation of the rewarding effects of
amphetamine and related compounds. It would there-
fore be of great interest to study the effects of these
benzylpiperazines on the rewarding effects of am-
phetamine and related compounds.
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