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[*H]|3,4-Methylenedioxymethamphetamine (MDMA) interactions
with brain membranes-and glass fiber filter paper

Samuel S. Wang, George A. Ricaurte and Stephen J. Peroutka '*
Depariments of Neurology and Pharmacology, Stanford University Medical Center, Stanford, CA 94305, US. A,

Received 31 March 1987, accepted 5 May 1987

The binding of [3H]3,4—methylenedioxymethampheLaminc (["HJMDMA) to both rat brain membrane preparaiions
and glass fiber filter papers was analyzed in the present study. Saturation studies indicate that ["HIMDMA binding is
saturable and monophasic in both the presence and absence of rat brain membranes. This apparent *specific’ binding
of [*"H]MDMA in both the presence and absence of brain homogenates was totally eliminated by pretreating glass
fiber filter papers with polyethylenimine. Drug competition studies demonstrated that [*HIMDMA binding displays a
distinct ‘pharmacological’ profile in the absence of brain tissue. These data indicate that apparent [PHMDMA
binding to rat brain homogenates results from artifactual of [*H]MDMA to glass fiber filter paper. In addition, uptake

of [*HIMDMA into rat brain synaptosomes could not

usefulness in radioligand binding studies.

be detected. We conclude the [*HJMDMA has limited

3.4-Methylenedioxymethamphetamine (MDMA); Radioligand binding studies; Polyethylenimine;
{Artifactual binding)

1. Introduction

3.4-Methylenedioxymethamphetamine
(MDMA) is a psychotropic drug which passesses
mild sumulant properties in man (Shulgin et al..
1969). The drug is chemicallv related to both
stimulants such as amphetamine and hallucino-
gens as mescatine. MDMA is also a popular illicit
drug at the present time. Like its structural ana-
togue 3,4-methylenedioxyamphetamine (MDA,
MDMA is a selective serotonergic neurotoxin
{(Ricaurte et al., 1985: Stone et al.. 1986; Schmidt
et al., 1986). The neurochemical basis of the psy-
choactive and neurotoxic effects of MDMA re-
mains unknown.

Radioligand binding techniques have greatly
facilitated the analysis of drug action in the central
nervous system. A preliminary report by Gehlert
et al. (1985) indicated that [*’H)MDMA appeared
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to label *specific binding sites’ in rat brain. The
present study attempted to further characterize
the binding of [*HIMDMA to both rat brain
membrane preparations and glass fiber filter
papers and to assess its ability to be sequestered
Into rat brain synaptosomes.

2. Materials and methods
2.1. Radioligand studies

Receptor binding assays were performed
according to the methods of Gehlert et al. {1985).
In brief, adult rat brains were purchased from
Pel-Freeze, Inc. (Rogers, AR) and stored at
—70°C.'On the day of the study, the brains were
defrosted and cerebella were discarded. Remain-
Ing tissues were homogenized in 20 volumes of 50
mM Tris-HCl (pH 7.7 at 25°C) using a Brink-
mann Polytron and then centrifuged in an IEC
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B20A centrifuge at 45000 X g for 10 min, The
supernatant was discarded and the pellet was
resuspended in 20 volumes of a Krebs original
phosphate buffer (mM: 118 NaCl, 47 KCl, 2.5
CaCl,, 12 KH,PO,, 12 MgS0;,- 7H.,0. 16
Na,HPO,-2H,0 and 32 HCl) pH 74 The
homogenates were immediately used in the bind-
ing assay.

Saturation studies consisted of 25 pl of a solu-
tion of [PHIMDMA (final concentrations = 4-511
nM). 25 p} of buffer or displacing drug and 200 pl
of tissue suspension or buffer. All other radio-
ligand studies were performed in a 1 mi final
volume. Following incubation at 25°C for 30 min.
the assay mixtures were rapidly filtered using a
Brandel Cell Harvester (Gaithersburg. MD) and
No. 32 glass fiber filters (Schieicher and Schuell.
Keene. NH). The filters were washed two Limes
with 3 ml of ice-cold 50 mM Tris-HCl buffer (pH
7.7). Radioactivity was measured by liquid scintil-
lation spectroscopy in 5 ml of 3a70 Counting
Cocktail {Research Products International, Mount
Prospect, IL) at 55% efficiency. Specific binding
was defined as the excess over blanks taken in the
presence of 107 M MDMA.

In additional studies. radioligand studies were
performed as described above, with the exception
that glass fiber filters were pre-soaked for 3 h i
fresh 0.3% polyethylenimine (PEI), pH 10 (1:33
dilution of 10% stock PEl in distilled water).

2.2. Uptake studies

Analysis of ["HJMDMA and {*H]5-hydroxy-
tryptamine (5-HT) uptake by crude cortical syn-
aptosomal suspensions was performed as de-
scribed previously (Ricaurte et al. 1980). Rat
cortical tissues were homogenized in 9 volumes
(weight per volume) of 0.32 M sucrose and centri-
fuged at 1000 x g for 10 min. The supernatant
was decanted and used as a crude synaptosomal
suspension. Of this suspension 0.1 m! was added
over ice to 1.9 ml of a Krebs phosphate buffer
(pH 7.4) which contained cither [*H]5-HT or
(*HJMDMA at final concentrations of 25-500 nM.
After vortexing, all tubes {except 0-4°C blanks)
were incubated at 37°C for 5 min and then re-
turned to ice. Tube contents were then rapidly

filtered using a Brandel Cell Harvester with No.
32 glass fiber filters. Filters were washed three
times with 3 ml of ice-cold 0.9% NaCl, then mea-
sured for radioactivity by liquid scintillation spec-
troscopy. Active uptake was defined as the dif-

ference in *H accumulation at 37 and 0-4°C.

2.3. Drugs

All drugs were dissolved and diluted in Krebs
buffer. Drug sources were as follows: ["HIMDMA
(74.7 Ci/mmol) was generously provided by Dr.
Steven Hurt (Dupont-New England Nuclear, Bos-
ton. MA). MDMA and 34-methylenedio-
xyethamphetamine (MDE) were generously pro-
vided by Dr. David Nichols of Purdue University.
Other drugs were obtained from the following
sources: 4-iodo-1-(2.5-dimethoxyphenyl-2-
aminopropane (DOl), 8-hydroxy-2-(di-N-pro-
pylamino)-tetralin  (8-OH-DPAT) and (+)-
butaclamol (Research Biochemicals, Inc.,
Waltham, MA); 5-HT, diazepam and amitripty-
line (Sigma Chemical Co., St. Louis, MO) d-
lysergic acid diethylamide (d-LSD) and MDA
(National Institute on Drug Abuse. Bethesda,
MD); cinanserin (ER. Squibb and Sons. Inc.,
Princeton, NJ3; fluoxetine (Lilly Research Labora-
tories, IN); and mesulergine (Sandoz, East
Hanover, NJ).

3. Results

3.1, Saturation analysis of [P"HJMDMA binding to
rat brain membranes and glass fiber filter paper

Increasing concentrations of ["HIMDMA were
incubated in the presence or absence of rat brain
homogenates. In the presence of rat brain mem-
branes, the specific binding of [PHJMDMA is
saturable. Scatchard analysis is monophasic, giv-
ing an averaged K value of 92+ 20 aM and a
B_.. of 5.54 + 1.0 pmol/g tissue (n= 3). A repre-
sentative Scaichard analysis is shown in fig. 1A.
The same experiment was performed in the ab-
sence of rat brain homogenates. Increasing con-
centrations of [*HJ]MDMA were incubated m 2
final volume of 250 pl of assay buffer. Scatchard
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Fig. 1. Scatchard analysis of [PH]MDMA binding in the pres-
ence and absence of rat brain homogenates. Saturation expert-
ments were performed using increasing concentrations of
["HIMDMA (4-512 nM) in the presence (A) or absence (B) of
rat brain homogenates. Binding assays were performed as
descnbed in Materials and methods. *Specific’ binding was
defined as the excess over bianks taken in the presence of 107
M MDMA. Data are the means of triplicate assavs performed
in a single expeniment. Each experiment was repeated three
times with similar results. Linear regression was used to de-
termine the axis intercept poinis. (A) Rat brain: K; =120 nM;
Bax = 3.6 pmol,/g tissue or 0.036 pmol /circle of filter paper.
(B) No ussue: ‘K" =170 aM: "B "= 0.046 pmol/circle of
filter paper.

analysis in the absence of tissue is also momno-
phasic {correlation coefficient = 0.88; fig. 1B). De-
spite the absence of tissue, Scatchard analysis of
[*H]MDMA binding to glass fiber filters has a K
value of 150 + 20 nM and a B, ,, value of 0.057 +
0.011 pmoi/circle of filter paper (n=3). This
value for B ,, is not statistically different from
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the value obtained per filter paper that is observed
in the presence of rat brain homogenates (ie.
0.055 pmol /circle of filter paper).

3.2, Effect of filter pre-treatment with PEI on
[*HIMDMA binding

In the presence of rat brain homogenates, total
binding of 8.4 nM [*H]MDMA represented 2000
1 50 d.p.m., whereas ‘non-specific’ binding repre-
sented 1420 + 70 d.p.m. In the absence of tissue,
total [P"HJMDMA binding represented 2220 + 10
d.p.m. whereas non-specific binding represented
1180 + 50 d.p.m. Thus, apparent specific binding
accounted for 29% specific binding in the presence
of tissue and 47% specific binding in the absence
of tissue.

When radioligand studies using rat brain ho-
mogenates were performed using glass fiber filters
pretreated with 0.3% PEI, totai [*"HIMDMA bind-
ing represented 1600 + 40 d.p.m. while non-
specific binding was 1640 + 40 d.p.m. Interest-
ingly, in assays without tissue, both total and
non-specific ["HIMDMA binding decreased sig-
nificantly to 550 + 20 d.p.m. and 550 + 20 d.p.m..
respectively. Thus, the apparent specific binding
of [’HIMDMA was eliminated in both the pres-
ence and absence of brain homogenates by filter
pretreatment with PEL

3.3, Drug interactions with specific [‘HIMDMA
binding to glass fiber filter puper

The abiity of drugs to compete for specific
["HIMDMA binding to glass fiber filter paper was
determined in the absence of brain homogenates.
As shown tn table 1, a number of pharmacological
agents significantly decreased the specific binding
of ["HIMDMA to glass fiber filter paper. The
three agents which were most potent in inhibiting
specific ["HIMDMA binding were MDMA, MDA
and MDE. These agents are ring-substituted
amphetamines and are structural analogs. The next
most potents were fluoxetine and amitriptyline.
While structuraily diverse, these agents are similar
in that they are both potent inhibitors of
serotonergic uptake systems. By contrast,
serotonergic drugs such as 8-OH-DPAT, DOI,
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TABLE 1

Drug competition with ‘specific’ [PTHIMDMA binding to glass
fiber filter paper. Radioligand studies were performed as de-
scribed in Materials and methods using 4 nM [*HMDMA.
Competition studies were performed in the presence of 10~
M unlabeled drug (n = 3). Specific binding was defined as the
excess over blanks taken in the presence of 107 M MDMA.

107'M % of total ["HIMDMA
competing drug binding displaced
MDMA 56+ 5

MDA 434 5

MDE 41+ 4
Fluoxetine o+ 2
Amriptyline 1+ §
8-0H-DPAT 254+ 5

DOI 29+10

( + }-Butaclamol 24+ 7

d-LSD 24+ 3
Dhazepam 21+ 6

5-HT 21410
Mesulergine 24+ 7
Cinansenn i3+10

d-LSD and 5-HT show only moderate ability to
compete for a specific ["YHIMDMA binding to
glass fiber filter paper. Finally, both cinanserin
and mesulergime, which are potent 5-HT, receptor
antagonists, are essentially inactive in competing
for specific [*"HIMDMA binding.

3.4. Uptake studies of [*H]MDMA and [‘H]5-HT
using synaplosomes

Increasing concentrations of [*"HIMDMA and
[*H}5-HT were incubated in the presence of crude
cortical synaptosomal suspensions. No uptake of
[*HJMDMA was evident in concentralions rang-
ing from 25-500 nM. By contrast, uptake of [*H]5-
HT under identical conditions was saturable and
sensitive to fluoxetine inhibition. The apparent
K_ and V__ for [’H}5-HT uptake were 0.10 +

m

0.02 M and 24 980 &+ 1 780 d.p.m., respectively.

4. Discussion

The major finding of the present study is that
apparent specific ["H]MDMA binding to rat brain
homogenates results from labeling of glass fiber
filter papers. This apparent, but artifactual, bind-

ing of the radioligand is saturable and mono-
phasic. Drug competition studies reveal a specific
*pharmacological profile’ of drug interactions with
the [PHJMDMA binding to glass fiber filter paper.
Thus, ring-substituted amphetamines and seroton-
ergic uptake inhibitors are the most potent agents
in competing for this specific but artifactual bind-
ing site. Pretreatment of glass fiber filters with
PEI an agent which has been reported to reduce
non-specific interactions between radioligands and
glass fiber filter papers (Bruns et al., 1983), totally
eliminates apparent specific binding of
[*HJMDMA in both the presence and absence of
brain homogenates.

Radioligand binding studies have been ex-
tremelv useful in characterizing the site of action
of pharmacological agents in the central nervous
svstem. Although a varietv of critena have been
established to confirm that radioligand ‘binding
sites” are equivalent to membrane receptors, these
criteria are frequently overlooked in imutial reports
of novel radioligands. For example, radioligand
binding to glass tubing and other inorganic
materials can cause significant problems with in-
terpretation of radioligand data (Yamamurz et al.,
1978). Radioligands such as [*H]8-OH-DPAT
(Peroutka and Demopulos, 1986) have been found
to label glass fiber filter paper under certain con-
ditions.

The present study is an excellent example of
such problems. For example, the binding of
[’HJMDMA to glass fiber filter paper has a very
unique and interesting pharmacological profile.
The most potent agents are structural analogues.
i.e. ring-substituted amphetamine derivatives. The
next most potent agents are both serotonin uptake
inhibitors. Since fluoxetine and amitriptyline are
structurally diverse, a possible interpretation of
the present data could be that [TH]MDMA labels
part of the serotonergic uptake system. In fact, the
ability of [*HIMDMA 10 ‘specifically’ label glass
fiber filter papers suggests that the iomic proper-
ties of the filter paper allows ["HIMDMA to com-
pete for specific but physiologically irrelevant sites
on the filter paper. Therefore, [*HIMDMA cannot
be used to analyze potential brain membrane
binding sites unless its binding to glass fiber filter
paper 1s eliminated.



The second phase of this study attempted to
analyze the ability of [*H]MDMA to be seques-
tered in rat brain synaptosomes. Under identical
conditions, the uptake of [*H]5-HT is rapid and
saturable. By contrast, there was no evidence that
[*HJMDMA could be sequestered into rat brain

synaptosomes at concentrations between 25 and

500 nM. Despite the fact that ring-substituted
amphetamines destroy 5-HT terminals, these data
suggest that the mechanism of action does not
include direct uptake of MDMA into synapto-
sOmes.

Therefore, the present study demonstrates that
["HIMDMA labels glass fiber filter papers and
cannot be sequestered into rat brain synapto-
somes. Thus, despite a preliminary study suggest-
ing that ["HIMDMA labels a specific brain recog-
nition site, we conclude that [*H]MDMA has ex-
tremely limited usefulness in characterizing the
potential site or sites of action of MDMA.
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