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The levels of neurotensin-like immunoreactivity (NTLI) and dynorphin-like immunoreactivity (DLI) in the neostriatum, nucleus

cumbens and substantia nigra were increased 18 h after a single administration of MDMA (3,4-methylenedioxymethampheta-

ne, 10 mg/kg). Coadministration of SCH 23390, a dopamine D_ receptor antagonist, or MK-801, a non-competitive antagonist

the NMDA (N-methyl-D-aspartate) receptor complex, prevented the MDMA-induced increase of NTLI and DLI in all three

ain structures while the administration of sulpiride, a dopamine D: receptor antagonist, failed to alter the MDMA effects. These

_dings suggest that MDMA-induced changes in neurotensin and dynorphin involve both the dopaminergic and the glutamatergic
stems.
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Introduction be prevented by the blockade of a glutamine receptor
subtype. Thus, MK-801 ([+]-5-methyl-10Al-dihydro-

Dopaminergic activity alters central neurotensin and 5H-dibenzo[a,b]cyclohepten-5A0-imine maleate), a non-
_norphin systems. Administration of the dopamine D_ competitive NMDA (N-methyl-D-aspartate) glutamine
ceptor agonist, SKF 38393, increases neurotensin-like receptor antagonist, prevents the D_-mediated meth-
lmunoreactivity (NTLI) concentrations in the neostri- amphetamine-induced increase in neostriatal neuro-
um and in the nucleus accumbens while the dopamine tensin (Singh et al., 1989), suggesting a possible interac-

2 receptor agonist LY 171555 reduces NTLI con- tion between the D_ receptor system and the NMDA
mtrations (Merchant et al., 1989a,b). Neostriatal dy- system. Thus, the purpose of this study was to identify

.)rphin levels are similarly altered by D 2 agonists while the mechanism(s) mediating MDMA-induced changes
imulation of the D_ receptors result in an increase in in extrapyramidal and limbic neurotensin and dy-
gral dynorphin levels (Nylander and Terenius, 1987). norphin A systems by determining the potential role of

The administration of methamphetamine, an indirect dopamine and the glutamine receptors in these effects.

>pamine agonist, produces a D_-mediated elevation in
igral and neostriatal NTLI and dynorphin-like im-
mnoreactivity (DLI) levels (Hanson et al., 1987; Letter 2. Materials and methods

al., 1987). The methamphetamine analog, MDMA
_,4-methylenedioxymethamphetamine), can also in-
-ease neostriatal and nigral levels of NTLI and DLI in 2.1. Animals and treatment
manner similar to methamphetamine (Hanson et al.,

988; Merchant et al., 1987). The mechanism for the Male Sprague-Dawley rats (180-220 g, Simonsen
IDMA-induced neuropeptide changes remains to be Laboratories, Gilroy, CA) were housed six per cage in a

etermined. Interestingly, recent observations indicate temperature-controlled room with a 12-h light/dark
lat Dr-mediated responses in brain neuropeptides can cycle and given access to food and water ad libitum.

Animals received a single s.c. injection of MDMA (10

rog/kg; National Institute on Drug Abuse, Rockville,
MD) or 0.9% NaCI 15 min after an i.p. administration
of 0.9% NaCI. sulpiride (80 mg/kg; Sigma Chemical

orrespondence to: G.R. Hanson, Department of Pharmacolog5 and

oxicology, University of Utah, Skaggs Hall, Salt Lake Cit',', UT Company, St. Louis, MO), SCH 23390 (0.5 mg/kg:
4112,U.S.A. Schering, Bloomfield. NJ) or MK-801 (1.7 mg/kg:
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Merck, Sharp and Dohme, Rahway, NJ). The drug 3.2. Effects of blocking dopamine and NMDA receptt,r_
doses are expressed as the free base. The animals were on the MDMA-induced increase in DLI
killed by decapitation 18 h after the last dose: the

brains were rapidly removed and the neostriatum dis- Figure 2 demonstrates the effects of sulpiride, SCil
sected out on a cold plate. After freezing the brain on 23390 and MK-801 on the MDMA-induced increase m
dry ice, the substantia nigra and nucleus accumbens DLI concentrations measured in the neostriatum Ifi_were excisedwith a microdissectingknife.The tissues
were stored at -80 °C until assayed.

2.2. Neurotensin and dynorphin assays NTLI CONCENTRATIONS
(pg/mg protein)

The response of the neurotensin and dynorphin A 1200

systems was assessed by measuring the concentrations Iff1 saline I , {r_

of NTLI and DEl according to previously reported l1 sulphide [ T M.Y
techniques (Hanson et al., 1987; Letter et al., 1987) 900 [[x:] SCH23390[ * 1

employing selective neurotensin and dynorphin antisera I_1 _-80, ] TI
in a radioimmunoassay which reliably detected 5 pg and rll8 pg of NTLI and DLI, respectively. The neuropeptide 600
concentrations were calculated as pg/mg protein. Dif- -r I I t

ferences between the means were analyzed by an e_.y_.. ] It 4.
ANOVA test followed by a Fisher test with the level of 300
significance set at P < 0.05.

0

3.Results , (_
1500

3.1. Effects of blocking dopamine and NMDA receptors
on the MDMA-induced increase in NTLI

1000

Figure 1 demonstrates the effects of sulpiride, SCH
23390 and MK-801 on the MDMA-induced increase in

500
NTLI concentrations measured in the neostriatum (fig.
IA), substantia nigra (fig. lB) and nucleus accumbens

(fig. lC). A single dose of MDMA (MDMA/saline) 0
increased NTLI concentrations to 274, 269 and 145% of

control in the neostriatum(fig. lA), substantianigra L_

(fig. lB) and nucleus accumbens (fig. lC), respectively. 1500 · *
Blockade of the D2 receptor with sulpiride did not alter
significantly the MDMA-induced increase in NTLI

measured in all three brain areas surveyed. However, 1000
blockade of the D t receptor with SCH 23390 resulted in
the blockade of the MDMA-induced increase in

neostriatal and nigral neuropeptide concentration. The 500
blockade of NMDA receptors with MK-801 also com-

pletely blocked the MDMA-induced change in neo- 0
striatal and nigral NTLI. In the nucleus accumbens (fig.
lC), however, NTLI levels measured in the MDMA- saline MDMA
treated animals receiving SCH 23390 or MK-801 failed Fig. 1. Effects of dopamine receptor antagonists and MK-801 .,n tht

to differ significantly from the concentration measured MDMA-induced increase in NTLI concentrations measured m tar
neostriatum (A), substantia nigra (B) and nucleus accumba'_s I(')

in the animals treated with saline or MDMA alone. Rats were given one dose of 0.9% NaCl or MDMA (10 mg/kg *.c }D

This may result from the relatively small increase in- min after administration of the D 2 antagonist, sulpiride 180 mgm

duced by MDMA as well as from the small non-signifi- i.p.), the Dj-selective antagonist, SCH 23390 (0.5 mg/kg J.p ). d_ i

cant increase in NTLI induced by the three receptor NMDA antagonist, MK-801 (1.7 mg/kg J.p.), or 0.9% NaCI and v,tft
killed 18 h after the last dose. Each bar represents the mean:t S.E. kfantagonists alone. None of the receptor antagonists
each treatment group, expressed as pg of NTLI per mg pttn_ ]

altered significantly NTLI levels in the three brain areas tn _ 6-7 per group). * p < 0.05 versus control. * P < 0.05 _

whenadministeredalone. MDMA-treatedgroup.
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DLI CONCENTRATIONS 4. Discussion
(pg/mg protein)

800 The resultspresentedin this studyindicatethat the

[_ saline (_) MDMA-induced increases in NTLI and DLI levels

sulpiride * measured in the neostriatum and substantia nigra are
600 SCH23390 mediated through the dopamine D_ receptors. Interest-

MK-80I · ingly, this study demonstrates for the first time that

400 these MDMA-induced increases in NTLI and DLI can
also be blocked by the non-competitive NMDA

t t antagonist, MK-801, thus suggesting that an excitatory
2001--,-1 amino acid system contributes to MDMA effects. DLI

levels in the nucleus accumbens were regulated as in the
two others brain structures. The lack of difference in the

0 ., nucleusaccumbensbetweenthe NTLI levelsof the

(_) control and the MDMA-treated animals after SCH
2500 * 23390or MK-801(fig.lC) couldsuggestthat the NTLI

levels are regulated as for DLI levels. However, this
2000 conclusionshouldbe withhelduntil further experiments

1500 demonstratea significantblockadeof the MDMA-in-
duced increase by SCH 23390 or MK-801. These ob-

1000 servationssuggestthat the mechanismwherebyMDMA
alters the peptide concentrations is similar to that of its

500' analog, methamphetamine.

Our observations that a D receptor antagonist blocks
0 th_A-induced increasesin NTLIand_ levels

· O i_rap,yramidal or limbic structures suggests t't't-_t
· _dopamine-mediated. As wl_'-"_gl_A,

600 SCH 23390 blocks t-'_"h'-_6Th-_m-_-etamine-induced in-
crease in neostriatal, nigral and nucleus accumbens
NTLI concentrations and neostriatal and nigral DLI

400 concentrations (Hanson et al., 1987; Letter et al., 1987;

Merchant et al., 1989b). Moreover, blocking D 2 recep-

200 tors with sulpiride failed to block both the MDMA- or
methamphetamine-induced changes in neostriatal and
nigral NTLI concentrations (fig. lA and B; Letter et al.,

0 1987).These observationsindicate that methampheta-

saline MDMA mine- and MDMA-induced changes in these peptides
are mediated through a similar mechanism. However,Fig. 2. Effects of dopamine receptor antagonists and MK-801 on the

MDMA-induced increase in DLI concentrations measured in the the present study reveals a discrepancy between the
aeostriatum (A), substantia nigra (B) and nucleus accumbens (C). DLI response to methamphetamine and MDMA.
Refer to fig. 1 legend for drug treatment. Each bar represents the Sulpiride is reported to attenuate the methampheta-
mean+S.E, for each treatment group, expressed as pg of DLI per mg mine-induced increase in nigral DLI (Hanson et al.,
protein (n = 4-7). * P < 0.05 versus control. * P < 0.05 versus

MDMA-treated group. 1987) but had no effect on MDMA-related nigral DLI
changes (fig. 2B). This discrepancy may result from
different dosing schedules, but it is also possible that
the role of D_ and D 2 receptors in mediating the
neuropeptide changes is different for these ampheta-

2A), substantia nigra (fig. 2B) and nucleus accumbens mine analogs.
(fig. 2C). MDMA increased DLI levels to 366, 308 and The blockade by MK-801 of the MDMA-induced

181% of control in the neostriatum, substantia nigra changes in neurotensin and dynorphin suggests that the
and nucleus accumbens, respectively. SCH 23390 or glutamatergic system is involved in the mediation of the
MK-801 totally blocked this increase while sulpiride response. This is supported by a recent observation that

administration failed to alter significantly the MDMA- administration of NMDA increases neostriatal and
induced change. The administration of SCH 23390, nigral NTLI concentrations (Singh et al., 1989). It is not
sulpiride or MK-801 alone had no significant impact on yet clear if the dopaminergic and the glutamatergic
the DLI levels measured in all three brain structures, systems act independently or in sequence to alter
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