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1. INTRODUCTION

It has been hypothesized that MDMA and substances that possess a psycho-
pharmacological effect similar to MDMA are members of a novel pharma-
cological class named entactogens [1-3]. In this chapter evidence will be
presented to support this, through a discussion of the data acquired in efforts
directed toward testing this hypothesis. Although these studies are far from
complete, the results gathered thus far, together with those from other labora-
tories, support the view that the pharmacology of entactogens is clearly
different from other known classes of compounds.

1.1. Entactogens, hallucinogens, and stimulants

.By definition, the identification of a new drug class results from pharmaco-
logical studies that clearly show that its members cannot be included within
other known categories. The two drug classes most often mentioned as sim-
ilar to MDMA are the hallucinogens and central stimulants. As medicinal
chemists, our approach to this work has focused on the molecular features
(i.e., structure-activity relationships) of the latter in comparison to MDMA-
like compounds. The approach employed utilizes the synthesis of a series of
structurally related congeners of MDMA and the measurement of their bio-
logical activity in terms of MDMA-like, hallucinogen-like, and stimulant-like
effects in animal models.

If the hypothesis of novel activity is correct, specific structural modifications
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of prototypic molecules should have differing consequences for the three types
of activities. These differences would be envisioned to arise from the lack of
overlap between the mechanisms by which members of these psychopharma-
cological classes produce their distinct effects. If the hypothesis is incorrect,
molecular modifications in the entactogen class would produce parallel func-
tional changes in one of the other drug classes, indicating that MDMA-like
compounds are actually included in one of the known categories.

The chemical structures of representative compounds are illustrated in
Figure 1. These are all derivatives of ~-phenethylamine. The stimulant
amphetamine (1) is simply a-methyl phenethylamine while DOM (2) illus-
trates the type of aromatic substitution typical for the most potent hallucino-
genic phenethylamine derivatives. MDA (3) and MDMA (4) possess a 1,3-
dioxole ring fused to the aromatic nucleus.

1.2. Defining activity - therapeutic versus pharmacologic

With respect to drugs that have centrally-mediated psychopharmacological
effects in humans, the biological action can be defined in two ways. Defini-
tions are commonly derived from the therapeutic goals toward which an
activity is applied in the treatment of medical disease states or symptoms. Thus
some examples of familiar drug classes include antipsychotics, antidepressants,
anxiolytics, and analgesics.

Alternatively, activity may relate to the primary pharmacological effect
produced by a drug. Amphetamine and cocaine, for example, are categorized
together as stimulants, although the former has been prescribed, among other
things, as an appetite suppressant, whereas the latter is useful as a local
anesthetic.

For a substance like MDMA, with no currently accepted medical use,
primary pharmacological effects must be used to define activity. Since the
effects of psychopharmacological agents may be manifested, for example, as
changes in mood, perception, and thought, the key question is whether or not
humans can distinguish MDMA from other classes of drugs, based on the way
it makes them "feel." In other words, does the psychopharmacology of
MDMA-like drugs differ in a significant way from that of other drug classes?

Such a determination would ideally be approached by conducting a series of
double-blind clinical trails, comparing MDMA with a variety of known
substances, such as LSD, mescaline, amphetamine, and cocaine. A range of
doses for each agent would be employed. In order to minimize the effects of
individual variation, a large number of subjects would be studied. It is probably
safe to say that such a detailed comparison will never be made. Nevertheless,
there are numerous anecdotal reports that suggest that MDMA is, in fact,
different from other known classes of drugs. These are, unfortunately, the best
data available at the present time.

The qualitative activity of hallucinogens is generally recognized to vary
from subtle at low doses to profound with progressively higher doses. The
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Figure 1.

distinguishing feature of these drugs, according to at least one widely used
pharmacology text [4], "is their capacity to realiably induce or compel states of
altered perception, thought, and feeling that are not (or cannot be) experienced
otherwise except in dreams or at times of religious exaltation." Stimulant
effects are characterized [5] by wakefulness, alertness, elevation of mood (often
with elation and euphoria), a decreased sense of fatigue, increased initiative,
self-confidence, ability to concentrate, and increased motor and speech
activity.

In contrast to hallucinogens, the effects of MDMA seem to change in inten-
sity yet remain qualitatively similar over the typical dose range of75-200 mg.
An increase in duration and side effects are noted at larger doses. Sensory
disruption and loss of contact with reality have not been commonly reported
with MDMA. Rather, the primary effect seems to involve enhanced closeness
and communication with others, accompanied by positive changes in feelings
and attitudes [6]. Like stimulants, MDMA also seems to produce increased
talkativeness and mood elevation, but this is apparently not accompanied by
increases in initiative, motor activity, or ability to concentrate.

1.3. Determining activity - biochemical and behavioral pharmacology
The type of information gained from anecdotal reports may be valuable in
comparing subjective drug effects, yet it lacks the rigor and precision needed
for reliable scientific conclusions. For that reason, behavioral and biochemical
pharmacological activities have been assayed in a variety of animal models.
The results of these investigations have also generally supported the hypo-
thesis that MDMA-like activity is distinct from other known drug classes.

The following discussion of behavioral pharmacology will primarily
involve results from drug discrimination (DD) experiments in rats. In this
paradigm, drug "states" produced by relatively low doses can be studied in a
qualitative and quantitative manner in terms of discriminative stimulus prop-
erties. The characteristic subjective effects of a specific training drug at a
specific dose, time, and route of administration serve as an interoceptive cue.
In the typical procedure, the presence or absence of this cue allows the subject
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to choose one of two possible operant responses, in this case pressing a lever in
order to obtain a reward. Animals thus learn to discriminate a drug versus
non-drug state through training with differential reinforcement; responses on
the correct lever are rewarded, whereas responses on the incorrect lever are
not.

After the animals acquire the discrimination, substitution tests with new
substances are performed. Testing several animals (larger numbers give more
reliable results) at several doses, a test drug can be evaluated for the degree of
substitution for the training drug, based either on the percentage of tested
animals selecting the drug-a ppropriate lever or the percentage of total responses
on the drug lever. Complete substitution (80% or greater drug-appropriate
responding) reflects a similarity of activity; lack of substitution (less than 60%)
reflects a lack of similarity, and partial substitution (60% -79%) may reflect
some degree of overlap.

Using substitution tests in the drug discrimination paradigm, an objective
evaluation of the subjective effects of drugs is possible. If two compounds
produce essentially similar effects (i. e., are members of the same drug class),
one will fully substitute for the other at doses that produce relatively little
behavioral disruption. If the profiles of action only partially overlap, complete
substitution ma y still be observed, but relatively large doses might be required
to provide the shared effects with sufficient intensity [7]. This means of classi-
fication (8] is extremely powerful in studies of centrally active drugs.

It should be kept in mind, however, that a number of variables can influence
the results, such as the reinforcement schedule, the numbers of animals and
doses tested, and the type of reinforcement used. Therefore, as Overton points
out (9], the results of substitution tests have no fixed meaning and must be
interpreted with reference to the training paradigm employed.

One of the limitations ofDD worth noting is that substitution tests can only
indicate whether or not a test drug is similar to a training drug [9]. In addition,
the DD paradigm is not, in strict terms, a completely valid animal model for
human activity, since false positives have been observed. However, it does
represent an excellent "first guess" approach to behavioral activity, especially
in those cases where the two drugs being compared have been "cross-tested"
under similar conditions. If the psychopharmacology of MDMA-like com-
pounds is novel, a series of DD experiments using a variety of training drugs
can help to elucidate the nature of its pharmacological characteristics relative to
known drug categories.

We have carried out extensive drug discrimination studies using rats trained
to discriminate saline from LSD, saline from (+ )-amphetamine, saline from
(±)-MDMA, and saline from (+ )-MBDB (see section 4.1). Table 1 summar-
izes the results of those experiments. In general, the data demonstrate the
similarity between the MDMA and (+ )-MBDB training cues. Individual
experiments will be considered and we will refer back to the data in Table 1
numerous times in the course of the discussion in this chapter.

/-----------------------------
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Table 1. Drug discrimination results of substitution testing in rats: degree of substitution is
expressed as complete (ED 50 value in umol/kg), partial (PS), none (NS) or not tested (NT) in
this laboratory. All injections were given intraperitoneally, 30 minutes prior to the session.

Test drug Training drug

LSDa (+)_AMpb MDMN

LSD 0.025 NS PS
DOM 0.61 NS NS
Mescaline 33.0 NT NT
(+)-AMP NS 1.68 4.22
Cocaine NT NT 13.9
MDA 4.52 NS 4.06
(+)-MDA NS NS 1.63
(-)-MDA 2.94 NS 2.27
MDMA NS NS 3.40
(+)-MDMA NS NS 1.92
(-)-MDMA NS NS 5.03
MBDB NS NS 4.19
(+)-MBDB NS NS 3.67
(-)-MBDB NS NS 6.71

(+)_MBDBd

PS
NS
NS
NS
PS

2.09
1.43
3.09
3.35
1.67
3.09
2.92
3.28
6.51

'LSD tartrate training dose = 0.08 mg/kg (0.186umol/kg).
b (+)-amphetamine sulfate training dose = 1.0 mg/kg (5.43 umol/kg).
'MDMA hydrochloride training dose = 1.75 rug/kg (7.63umol/kg).
d (+)-MBDB hydrochloride training dose = 1.75 mg/kg (7.19 umol/kg).

2. STRUCTURE-ACTIVITY RELATIONSHIPS - GENERAL CONSIDERATIONS
One can envision at least three areas for structural modification of MDMA.
These are illustrated in Figure 2. First, the nature of the amine substituents can
be varied; other N-alkyls can be studied, or the nitrogen could be incorporated
into a ring system. A second point for structural modification might be the
side chain. the alpha-methyl can be extended, or replaced by a,a-dialkylation
or the side chain can be incorporated into a ring system fused to the aromatic
nucleus to produce rigid analogues. In the following discussion, examples of
these types of structural modification and their effects on activity will be
presented.

3. STRUCTURE-ACTIVITY RELATIONSHIPS FOR AMINE SUBSTITUENTS
The "parent" compound MDA (3), although classified as an hallucinogenic
amphetamine and available on the illicit market for about 20 years, had gained
a reputation as the "love drug" [10]. It had been recognized for many years
both by recreational drug users and by clinicians [11] that MDA had unique
psychoactive properties that were different from hallucinogens, such as LSD
or mescaline.

In animal studies, Shannon [12] concluded, based on the work accumulated
at that time (1980), that although MD A had effects like both LSD and amphe-
tamine, its mode of action might be like neither of these, and it therefore might
represent a unique class of drugs. Subsequent DD studies have shown that



110 7. Structure-Activity Relationships of MDMA and Related Compounds

O~NHCH3
RING • < I
SUBSTITUENT 0 ~ ~ CR3

SIDE CHAIN

•• AMINE
SUBSTITUENT

Figure 2.

MDA has stimulus properties similar to hallucinogens [1,13-16], whereas
equivocal results have been obtained when the drug was compared with
stimulants. Clearly, however, MDA is a psychoactive agent that is not easily

. categorized.
The results of DD studies in our laboraotry (Table 1) and Shannon's data

[12] indicate that MDA does not substitute for (+ )-amphetamine. However,
complete substitution for (+ )-amphetamine was reported by Glennon et al.
[16]. One possible explanation for this is that MDA and amphetamine have
partially overlapping pharmacological profiles (e.g., on dopaminergic sys-
tems). Depending on the paradigm used, shared effects may either be masked
by the non-overlapping activity (e.g., on serotonergic systems) or may be-
come apparent at higher doses [7]. The dose of MDA (2.75 mg/kg) required
for complete substitution for (+ )-amphetamine was, in fact, high and resulted
in disruption of two out of the four animals tested [16]. A similar situation was
observed for the complete substitution of (+ )-amphetamine in MDA-trained
rats [16]. This topic is discussed further in section 4.3.

While MDA, especially in high doses, appears to be hallucinogenic or
psychotomimetic [17], it seems not to have been used for this action but rather
for its effects on mood: production of a sense of decreased anxiety and enhanced
self-awareness. Even early reports described the desire of MDA users to be
with and to talk to other people [18]. MDA is also the only substituted amphe-
tamine that received serious clinical study as an adjunct to psychotherapy
[19,20].

An important structural feature of MDMA that distinguishes it from hallu-
cinogenic amphetamines is the fact that it is a secondary amine. That is, the
basic nitrogen is substituted with an N-methyl, while hallucinogenic amphe-
tamines are most potent as primary amines. In either 3,4,5-substituted or
2,4,5-substituted phenethylamine derivatives, N-methylation decreases hallu-
cinogenic potency by up to an order of magnitude [17].

When MDA is ingested, the hallucinogenic effects last typically 10 to 12
hours, similar to the duration of LSD or mescaline [17]. By contrast, MDMA
has a much shorter action, with perhaps a three to five hour duration of effects
[21]. There is no evidence that typical doses of MD MA lead to hallucinogenic
effects in a significant proportion of users, although in high dosages hallucino-
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genic effects have been reported [22]. Thus the simple addition of the N-
methyl group limits the temporal course of the action to less than half that of
MDA and attenuates or abolishes the hallucinogenic effects' that occur with
MDA itself.

Results from drug discrimination experiments indicate that the cues pro-
duced by MDA and MDMA are very similar, since the former completely
substitutes for the latter at relatively low doses [3]. Similar results were
reported for the substitution of MDMA in MDA-trained rats (1.5 mg/kg) [23]
and in fenfluramine-trained rats (2 mg/kg) [24] (see section 5.3). By contrast,
relatively high doses, accompanied by significant disruptive effects, were
necessary for the complete substitution of (+ )-amphetamine in MDMA-
trained rats [3].

The drug discrimination results provide evidence for the attenuated hallu-
cinogenic activity of MDMA relative to the primary amine, MDA. Racemic
MDMA does not substitute for DOM [14] or LSD [1]. In MDMA-trained
rats, DOM does not substitute, whereas LSD at relatively high doses produces
partial substitution accompanied by significant behavioral disruption [3].

As with MDA, results from substitution experiments with MDMA in (+)-
amphetamine-trained animals are once again equivocal, since complete substi-
tution occurs in some paradigms [23,25,26] but not in others [3]. In rhesus
monkeys, MDMA was found to be more like amphetamine than MDA, but
unlike the training drug, (+ )-amphetamine, drug-appropriate responding after
both MDMA and MDA was accompanied by large decreases in response rates
[26]. These data are discussed in terms of the mechanism of action of MD·MA
in section 4.3.

A number of investigators have examined the N-ethyl congener ofMDMA,
MDE (or "MDEA," 5), which seems also to have gained some popularity on
the illicit market. In drug discrimination studies, MDE has pharmacological
effects that are similar to those of MDMA [27]. Braun et al. [28] have reported
that of the N-substituted MDA derivatives that were studied for analgesic
action and human psychopharmacology, only the N-methyl (4), N-ethyl (5),
and N-hydroxy (6) compounds (Figure 3) were active. The N-hydroxy (6)
compound may serve merely as a prodrug for MDA, being metabolically
reduced to the primary amine, as has been observed for N-hydroxy-para-
chloroamphetamine [29]. It has recently been reported, however, that in drug
discrimination experiments, N-OH-MDA, like MDE, failed to substitute for
DOM or (+ )-amphetamine, while MDA substituted for both in a similar
paradigm [30]. The potential metabolic conversion ofN-OH-MDA to MDA
will have to be studied, especially with respect to time course, before this
situation is clarified.

In a recent report by Noggle et al. [31], the toxicity of a series of N-alkyl-
substituted MDA derivatives was reported and none exceeded the toxicity of
MDA itself. Interestingly, these authors point out that the effect of N-methy-
lation on relative toxicity serves as additional evidence that MDA-derivatives



112 7. Structure-Activity Relationships of MDMA and Related Compounds

....OH

O~N'< I Ho ~ CH3

MDE (5) N-OH-MDA (6)

Figure 3.

alter neurotransmission through a mechanism different than amphetamine.
That is, N-methylation of amphetamine to yield metamphetamine results in
an increase in toxicity, whereas a decrease in toxicity occurs upon N-methyla-
tion of MDA to MDMA [32].

Since the range of modification ofN-substitution seems so limited, it appears
unlikely that studies of N-substituted MDA analogues will offer additional
insight into mechanism of action. However, different N-alkyl groups may
affect regional brain distributionand pharmacokinetic properties. For example,
the N-ethyl analogue (MDE, 5) has a much shorter biological half-life in rats
[27] and humans than doesMDMA [17]. N,N-Dialkylation of the nitrogen
has been previously reported to abolish the activity of MDA [33].

4. STRUCTURE-ACTIVITY RELATIONSHIPS FOR SIDE CHAIN
MODIFICATIONS

4.1. Extensionof the a-methyl to an a-ethyl
The most important support for the hypothesis that entactogens represent a
unique drug class came from the discovery that the alpha-ethyl homologue of
MDMA, MBDB (7), possessed MDMA-like properties in man and in the
drug discrimination paradigm in rats [1, 3r. It was known that homologation
of the alpha-methyl of the hallucinogenic amphetamines completely abolished
hallucinogenic activity [34]. For example, the more active optical isomer of the
alpha-ethyl homologue of DOM, BL-3912 (8), was evaluated by a major
pharmaceutical firm and found to lack hallucinogenic activity at doses more
than lOO-fold higher than those effective for DOM [35]. This additional fea-
ture of the entactogens, that the alpha-ethyl homologues retained activity, was
a most powerful argument that MDMA and certainly MBDB could not fit
within the well-established structure-activity relationships of the hallucino-
genic amphetamines. The structures of MBDB and BL-3912 are illustrated in
Figure 4.

Several studies have characterized MDMA as an amphetamine or cocaine-
like agent, based on its stimulus properties or its self-administration in primates
[23,25, 26, 36, 37). It is well-known that both amphetamine and cocaine have
powerful effects on dopamine pathways in the brain, and it seems likely that
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MEDB(7) BL3912 (8) (9)

Figure 4.

drugs that release dopamine or stimulate dopamine receptors have reinforcing
properties that lead to self-administration and dependence liability [38].

One could not anticipate that the extension of the alpha-methyl of MDMA
to an alpha-ethyl 'would also attenuate the effects of the compound on dopa-
minergic pathways in the brain. In contrast to MDMA, MBDB has no
significant effect either on inhibition of uptake of dopamine into striatal synap-
tosomes [39] or on release of dopamine from caudate slices [40]. Drug dis-
crimination data support this idea, since amphetamine substitutes for MDMA
but not for MBDB. Furthermore, while cocaine fully substitutes in MDMA-
trained rats, only partial substitution occurs in (+ )-MBDB-trained rats (Table

, 1). This is further evidence of the decreased effect of MBDB on catechola-
minergic systems. These data could be interpreted to suggest that MBDB
would not be self-administered in animal models of dependence behavior and,
hence, might have low abuse potential. Howver, (+ )-MBDB also produces
serotonin neurotoxicity in rats, although MBDB is somewhat less toxic than
MDMA [Johnson, M.P. and Nichols D.E., unpublished findings].

Based on these data, it seemed likely that an alpha-ethyl moiety might
attenuate the ability of other phenethylamines to interact with dopaminergic
systems. To test this hypothesis, the alpha-ethyl homolog of methamphet-
amine (9, Figure 4) was synthesized. This compound (9) was also tested in the
drug discrimination paradigm in (+ )-amphetamine trained rats and compared
with (+ )-methamphetamine. The racemic alpha-ethyl homologue was found
to possess approximatley one-tenth the potency of (+ )-methamphetamine.
This supported the speculation that the alpha-ethyl group was generally effec-
tive in reducing the impact of phenethylamines on dopaminergic pathways.

Thus for structure-activity studies of MDMA-like substances, emphasis has
been placed on the use of (+ )-MBDB as the training drug, since it seems to
possess a primary psychopharmacology similar to that of MDMA but lacks
the "psychostimulant" component of MDMA. That is, MBDB is pharmaco-
logically less complex. Symmetrical transfer of the MDMA and MBDB
stimuli indicates that their primary discriminative stimulus effects are very
similar. Furthermore, the complete substitution of MDA for both MDMA
and (+ )-MBDB suggests that the parent compound also possesses similar
stimulus properties.
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Figure 5.

4.2. a,a-Dialkylation

Several side chain modified analogues of MDMA and MBDB have now been
examined. The earliest studies were of the a, a-dimethyl analogue, 3,4-
methylenedioxyphentermine (lOa), and its N-methyl derivative (LOb), shown
in Figure 5. This latter compound proved to lack MDMA-like activity
[Shulgin, A.T., unpublished findings]. Interestingly, this compound also
lacked the ability to stimulate the release ofeH]-serotonin from prelabeled rat
brain synaptosomes [41].

4.3. Stereochemistry and mechanism of action

An important difference between MDMA and the hallucinogenic ampheta-
mines is an observed reversal of stereoselectivity. For every substituted hallu-
cinogenic amphetamine that has been studied, it is the isomer with the R
absolute configuration in the side chain that is more potent in animal models,
in a variety of in vitro assays, and in humans. The two isomers differ in potency
by a factor of three to ten, depending on the assay system [42]. By contrast, it
is the S isomer of MDMA that is more potent. This was first reported in
experiments with rabbits and in clinical studies [43], and it has recently been
confirmed in other animal models [3,44].

These findings led to the proposal [43], based on the stereoselectivity for the
S-enantiomer of MDMA, that rather than having a direct effect at serotonin
.receptors, perhaps MDMA was a neurotransmitter releasing agent acting in a
manner similar to amphetamine, where the S enantiometer is also more active
than the R. A subsequent study indicated that the S isomers of MDA and
MDMA were indeed potent releasers of [3H]-serotonin from prelabeled rat
brain synaptosomes [41]. Recently, we reported that MDA and MDMA were
also potent releasers of serotonin from superfused hippocampal slices pre-
labeled with [3H]-serotonin [40]. In all studies to date, whether of release of
lTl.onoamines from synaptosornes or brain slices or in inhibiting monoamine
reuptake into synaptosomes [39], the S enantiomer of MDMA is either
equipotent to the R isomer or is more potent.

It is difficult to trivialize the significance of this argument, since the stereo-
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selectivity of biological receptors is accepted as a basic tenet of pharmacology.
There is no rationale or experimental precedent for believing that the 3,4-
methylenedioxy substitution should do anything that would cause the
receptor(s) involved in hallucinogen action to accomodate a side chain stereo-
chemistry reversed from that for phenylisopropylamines with other aromatic
substituents.

It is clear from the drug discrimination results that the common activity of
MDMA and MBDB is not like that of the typical hallucinogenic drugs, LSD,
DOM, and mescaline. While LSD seems to be more similar to MDMA than to
MBDB, transfer of the training stimulus does not occur to MDMA or MBDB
in animals trained to discriminate LSD from saline [1]. Similarly, when DOM
was used as a training drug, no substitution was observed for MDMA [14]. In
entactogen-trained rats, DOM did not substitute for either MDMA [3] or (+)-
MBDB (Table 1).

These results can be interpreted as reflecting the different mechanisms by
which entactogens and hallucinogens produce their stimulus effects. Although
additional experiments will be necessary to understand the neurochemical
events mediating the entactogen cue, they seem to involve presynaptic actions
at serotonergic neurons. The evidence for this will be discussed in detail later.
By contrast, a variety of experimental data suggests that the stimulus proper-
ties of DOM are related to post-synaptic activity at 5-HT z receptors [45].

Various experiments have provided evidence for this conclusion. First,
selective 5-HTt agonists do not substitute for DOM, which, along with
several related derivatives, lacks high affinity for 5-HTt binding sites. Second,
these same compounds have high affinities for 5-HT z sites, which are signi-
ficantly correlated with both ED so values for DOM-stimulus generalization
and estimates of human potencies. Third, 5-HT z antagonists block the sti-
mulus effects of DOM, as well as DOM-stimulus generalization to mescaline,
5-MeO-DMT, LSD, and quipazine [45]. Similar experiments also implicate a
role for 5-HTz receptors in the stimulus properties of LSD in rats [46].

However, affinity of MDMA for 5-HTz receptors probably cannot be con-
sidered significant to its mechanism of action, since the more active S isomer
has a higher K( than does the R isomer [47]. In pilot experiments, the MDMA
or (+ )-MBDB cues were not blocked with the selective 5-HT z antagonist
ketanserin, A similar 5-HT 2 antagonist, pirenpirone, was reportedly ineffec-
tive in reversing the disruption of operant responding in mice caused by either
isomer of MDMA [48].

Although Callahan and Appel [49] reported that (+)-MDMA and (-)-
MDMA substituted for mescaline, (+ )-MBDB-trained rats did not recognize
the mescaline cue as similar to the training drug (Table 1). Trulson et al. [50]
have discussed the involvement of dopaminergic mechanisms in the behavioral
effects of mescaline, and it seems possible that its combined activities at sero-
tonin and dopamine neurons may account for a similarity to MDMA and lack
of similarity to MBDB.

~)
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The results of experiments with the isomers of the parent compound MD A
(Figure 6) provide an important perspective for a discussion of stereoselec-
tivity. Several studies have now clearly shown that it is the R enantiomer of
MDA that has the hallucinogenic effects of the racemate, while it is the S
enantiomer that possesses more potential MDMA-like properties in animal
models (1,3,14,17,41,43]. Although S-(+)-MDA sometimes appears similar
to stimulants in the drug discrimination assay in rats [23, 51], it is not generally
realized that the effects of (+ )-MDA in humans qualitatively resemble those of
MD MA rather than amphetamine [Shulgin, A. T., personal communication].

One can view this as a rather unique situation. Both enantiomers of MDA
are active but differ in qualitative effect. Thus, if the psychopharmacology of
(+ )-MDA is like that of MDMA, then N-methylation has little effect on the
entactogenic properties of this enantiomer but serves primarily to attenuate the
hallucinogenic activity of R-( - )-MDA. Drugdiscrirnination data provide
evidence for this since (- )-MDA substitutes for hallucinogenic training drugs

. [1,13,14], whereas (-)-MDMA does not [1,14]. However, (-)-MDA also
substitutes for MDMA, and one could envision that the psychopharmacology
of racemic MDA might be viewed as comprised of the hallucinogenic and
entactogenic properties of the (- )-isomer and the entactogenic and psychosti-
mulant properties of the (+ )-isomer. This is a perfect example of why detailed
studies of the mechanism of action of psychoactive compounds should be done
with the pure optical isomers!

The net effect of (±)-MDA can really be viewed as the result of the simul-
taneous actions and interactions of two different drugs that happen to be
enantiomers. Varying the dose of racemate can alter the psychopharmacolo-
gical properties in a manner that depends on the potency of each isomer in
producing its distinct activity.
- Some confusion may currently exist as to which isomer of MDA is more

potent, as a consequence of the differing qualitative effects of the enantiomers.
In contrast to initial reports [17], there is now evidence that the activity of (+)-
MDA is actually greater than that of (-)-MDA. For example, (+)-MDA was
found to be the most potent compound tested in substituting for both MDMA
and (+)-MBDB, although the (-)-isomer also has entactogen activity (Table
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1). Similarly, when racemic MDA (1.5 mg/kg) was used as a training drug
[23], (+)-MDA was found to be more potent than (-)-MDA. Thus, entacto-
gens, as studied in rats trained to discriminate MDA [23], MDMA, or (+)-
MBDB from saline, consistently demonstrate stereoselective action (5 > R).

Similar stereoselectivity is observed for the stimulant activity of ampheta-
mine and related compounds, such as cathinone [52]. However, the R isomers
of MDA, MDMA, and MBDB do not substitute for (+)-amphetamine,
whereas 5-(+)-MDA and 5-(+)-MDMA substitute for (+)-amphetamine in
some tests [23,30] but not in others [3,51, Table 1]. Thus, the "amphetamine-
like" activity of both MDA and MDMA, in cases where it has been observed,
is stereospecific [53], rather than stereose!ective.

Ariens [54] has noted that if a compound has multiple pharmacological
actions and if the eudismic ratios (activity of the more active stereoisomer -i-

activity of the less active stereoisomer) differ for the different effects, this
indicates that these effects are based on different mechanisms involving differ-
ent receptors. It seems unlikely, therefore, that MDMA-like and (+ )-amphe-
tarnine-like activities are identical.

Furthermore, although the N-ethyl derivative of MDA shares stimulus
properties with MDMA [27], and N-OH-MDA is reportedly similar in its
actions to MDA [28], neither substitutes for (+)-amphetamine under condi-
tions identical to those used when complete substitution ofMDA and MDMA
for (+ )-amphetamine was reported [30]. By contrast, the N-ethyl and N-OH
derivatives of amphetamine were observed to completely substitute for (+)-
amphetamine [30]. Thus, either an ethyl or a hydroxy substitutent on the
nitrogen abolishes the "amphetamine-like" effects of MDA but not amphe-
tamine itself. This difference in structure-activity relationships lends further
support to the concept of different mechanisms for entactogen and stimulant
activities.

5. AROMATIC SUBSTITUENT-ACTIVITY RELATIONSHIPS

At the present time, little is known about requirements for particular aromatic
ring substituents for a compound to possess MDMA-like activity. The largest
-group of substituted amphetamines with significant hallucinogenic potency
possess either 3,4,5- or 2,4,5-trisubstitution patterns [42], whereas stimulant
activity is generally attenuated by any aromatic substitution [53].

5.1. The 3,4-disubstitution
One.of the structural features of MDMA that is somewhat unusual is the fact
that it is 3,4--disubstituted. MDA, MDMA, and MBDB all possess the 3,4-
methylenedioxy function, and there apparently are no other active compounds
presently known that fall within the substituted amphetamine class that have
substituents only in the 3 and 4 positions.

The isomer ofMDA with a 2,3-methylenedioxy substituent has been found
to completely substitute for 3,4-MDA, with a potency estimated at 20% of the
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(11) (12)

Figure 7.

latter, but it does not substitute for either DOM or (+ )-amphetamine [55].
This example once again illustrates that compounds with entactogen-like
activity may differ from both hallucinogens and stimulants.

5.2. Additional methoxy groups
Shulgin [33] has previously summarized the effects on hallucinogenic activity
when either one or two methoxy groups are added to 3,4-MDA or 2,3-MDA.
Many of these derivatives are potent hallucinogens, but they have not as yet
been evaluated for MDMA-like activity. Interestingly, while the addition of
an ortho-methoxy to amphetamine results in a compound that retains stimul-
ant activity [53], the same modification to MDMA abolishes its ability to
substitute for (+ )-amphetamine [56].

5.3. Alkylation of the dioxole ring
Substitution on the methylene group between the.two oxygens of MDMA's
benzodioxole ring has been examined. The 3,4-ethylidenedioxy and 3,4-
isopropylidenedioxy compounds (11 and 12, Figure 7) were tested for ability
to substitute in LSD-trained or MDMA-trained rats in the drug discrimination
paradigm. Both compounds gave full substitution in rats trained to either
drug. Those results and comparison data for MDA are given in Table 2.
Addition of steric bulk to the dioxole ring reduces but does not abolish eNS
activity, whether defined as LSD-like or MDMA-like. At the training doses
employed, both 11 and 12 were more potent in mimicking MDMA than LSD,
based on their EDso values.

I

Table 2. Results of drug discrimination substitution testing of dioxole-ring-alkylated
MDA analogues in rats: EDso values in umol/kg (95% confidence interval).

Test drug Training drug'

LSD MDMA

MDA(3)
EDA(II)
IDA (12)

4.52 (3.11-6.57)
13.39 (7.13-25.12)
29.25 (14.75-57.99)

4.06 (2.59-6.38)
8.09 (4.28-15.31)

21.41 (12.51-36.66)

a Doses, presession time interval, and route of administration same as in Table 1.

------ --- ...
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5.3. Fenfl.uramine - The meta-trifluoromethyI substituent

Fenfturamine (13) was the product of a search for antiobesity agents with
decreased stimulant, toxic, and hypertensive effects relative to amphetamine
[57]. Clinical studies with this compound have demonstrated its effectiveness
in weight-loss programs and its lack of mood elevating properties [58]. In fact,
fenfturamine seems to produce overall effects characterized as unpleasant,
sedative, and qualitatively different from those of amphetamine [59,60] and,
apparently, from those of entactogens. Figure 8 shows the structures of fen-
fluramine and two other pharmacologically similar compounds with para-
substituents, para-chloroamphetamine (PCA) and para-methoxyamphetarnine
(PMA).

In contrast to these differences in human psychopharmacology, the dis-
criminative stimulus properties of racemic fenfluramine have been well studied
and, in many respects, appear similar to those of (+ )-MBDB. Fenfturamine
substitutes for (+ )-MBDB at relatively low doses (Table 1), and Schechter [24]
has reported that MDMA substituted for fenfturamine. In studies where
stimulants have been tested in fenfturamine-trained rats, no substitution
occurred for (+)-amphetamine [61-63]. Furthermore, the dopamine antagon-
ist haloperidol, which effectively blocks the discriminative stimulus properties
of both (+)-amphetamine and cocaine [64], does not affect the fenfturamine
cue [61]. Similarly, haloperidol was found to have no effect when given prior
to the training dose of (+)-MBDB (see Table 3).

In exploratory studies, pretreatment of MDMA-trained rats with halo-
peridol failed to block the MDMA discriminative stimulus. These results may
reflect the non-critical nature of the dopamine component in the discriminative
stimulus properties of MDMA. It seems likely that the serotonergic com-
ponent may be more significant to the behavioral effects. Support for this
speculation is found in Schechter's work [24], where MDMA was observed to
substitute for the serotonergic agent fenfturamine at lower doses and with less
disruption than was observed for the substitution of MDMA for the stimulant
l-cathinone.

The interpretation of experimental results involving racemic fenfluramine
is complicated by the pharmacological differences between the enantiomers
[65], the activity of the N-dealkylated metabolite, norfenfturamine [62, 63, 66],
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Table 3. Results of attempts to block the cue produced by the training dose of
(+ )-MBDB (1. 75 mg/kg) in drug discrimination testing.

Drug Action Dose (mg/kg) Time N Resultb

Fluoxetine Serotonin 2.5 90 4 100%
Uptake 5 90 6 83%
Inhibitor 10 90 4 100%

Merergoline Serotonin 0.125 90 5 80%
Antagonist 0.25 90 6 50%

0.5 90 7 29%
Haloperidol Dopamine 0.05 45 5 100%

Antagonist 0.1 45 5 100%
0.25 45 6 83%
0.5 45 5 DC

a Presession time interval in minutes; (+ )-MBDB given at the usual time of 30 minutes.
b Results are expressed as the percentage of rats selecting the drug lever.
C D = 0/5 rats were disrupted or failed to finish 50 presses on one lever in five minutes. One rat responded on the

(+)-MBDB appropriate lever.

and the temporal variation in effects [67]. It does seem likely, though, that
the similarity between fenfluramine and entactogens may relate to common
neuronal actions. The more potent S-( + )-isomer of fenfluramine seems to
produce its effects through a release of serotonin [68].

Since fenfluramine has been extensively studied with an increasing use of
individual enantiomers, much can be learned about entactogens by comparing
their effects with those of fenfluramine. An interesting example of this can be
found in studies with cocaine, which, comparedwith (+ )-amphetamine, may
produce stimulus effects that are more MDMA-like. Broadbent et al. [51]
reported that neither isomer of MDA substituted for (+ )-amphetamine, but
(+)-MDA and, to a lesser extent, (-)-MDA substituted for cocaine. As a test
drug, cocaine completely substitutes for MDA [15] and MDMA but only
partially substitutes for (+)-MBDB (Table 1) and fenfluramine [61].

The serotonergic properties of cocaine may account for some of these
differences with (+ )-amphetamine. White and Appel [61] found that fen-
fiurarnine-appropriate responding after cocaine was reduced by haloperidol
and cyproheptadine. The data were interpreted to mean that cocaine partially
mimicked fenfluramine through a serotonergic mechanism secondary to dopa-
mine stimulation. Cocaine's ability to increase synaptic serotonin levels may
lead to a greater similarity between its effects and those of MDA, MDMA,
MBDB [39,40], and fenfluramine [66-68]. Thus cocaine may be able to
completely substitute for drugs such as MDA and MDMA, which share its
serotonergic actions and some of its dopaminergic activity. Partial substitutions
may result with compounds such as (+)-MBDB and fenfluramine, which
share with cocaine the former but not the latter.

Given the apparent similarities between the in vivo and in vitro effects of
fenfluramine and entactogens in rats, this would seem to imply that the
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dioxole ring is not essential. However, as previously mentioned, the psycho-
pharmacology of fenfluramine is quite different from that of MDMA. While
MDMA produces CNS stimulation and euphoria, fenfluramine, in common
doses, is sedative and dysphoric. A detailed comparison of the pharmacology
of fenfluramine and MDMA may be necessary before we understand exactly
how MDMA works.

Other similarities between (+ )-MBD Band fenfluramine include the partial
substitution of the selective serotonin uptake inhibitor fiuoxetine [61]. In
addition, the serotonin antagonists cyproheptadine and methiothepin decreased
fenfluramine-appropriate responding from 95% to 30% [61]. Pretreatment in
(+ )-MBD B-trained rats with the serotonin antagonist metergoline demon-
strated a similar effect. More detailed studies with other serotonin antagonists
will be necessary before conclusions may be reached. Table 3 summarizes the
results of attempts to block the training cue in (+ )-MBDB-trained rats.

Based on the modest ability of the (+ )-isomers of MDMA and MBDB to
inhibit the reuptake of norepinephrine into hypothalamic synaptosomes [39],
it seemed possible that noradrenergic pathways might be involved in the cue.
In another series of drug discrimination experiments designed to test this
hypothesis, the specific norepinephrine uptake inhibitor (- )-tomoxetine [69]
was tested for stimulus transfer in doses up to 10 mg/kg in MDMA-trained
rats. At 5 mg/kg, 67% of the animals responded on the drug lever, indicating
that some similarity in pharmacology may exist. However, pretreatment with
tomoxetine of six rats trained to discriminate MDMA from saline had no
effect on discrimination of a subsequent dose of MDMA. One may antici-
pate that, eventually, appropriate pharmacological manipulations will be
found that will give useful information about the mechanism of action for
entactogens.

5.4. PCA - the 4-Cl substituent

One might also speculate that para-chloroamphetamine (PCA, 14) would have
an effect similar to MDMA. Indeed, the early clinical data for PCA suggest
that it possessed antidepressant activity [70]. This would suggest that the
human psychopharmacology of PCA may well be closer to that of MDMA
than is fenfluramine, but it is unlikely that clinical experiments can be carried
out to study this. In drug discrimination studies, PCA substitutes for both a
low dose [61] and a high dose [63] offenfluramine but has not yet been tested
in entactogen-trained animals.

5.5. PMA - the 4-methoxy substituent

In another study underway in our laboratory, we have begun to examine
the effect of para-methoxyamphetamine (PMA, 15) in MDMA-trained rats.
Complete substitution of PMA for MDMA would be consistent with a
mechanism of action for MDMA where serotonin release is important, since
PMA is a potent releasing agent of serotonin both in vivo [71] and in vitro
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(16) (17)

(18) (19)

Figure 9.

[41,72]. PMA also is a potent releaser of norepinephrine in peripheral tissues
[73], but the blockade of its behavioral effects by chlorimipramine [71] sug-
gests that serotonin release may be important in the mechanism of action.
PMA did make a brief appearance on the illicit market in the early 1970s but
was responsible for several deaths [74], and its use subsequently declined.

5.6. Rigid analogues
Most recently, the tetralin and indan analogues of MDA (16-19, Figure 9)
have been examined. It has been previously shown that when hallucinogenic
amphetamine derivatives are incorporated into similar structures, the hallu-
cinogen-like activity in animal models is lost [75]. Thus, one might anticipate
that a similar strategy with MDMA could lead to congeners that would lack
MDA-like hallucinogenic effects. Furthermore, by examination of the two
methylenedioxy positional isomers, one could infer the binding conformation
of MDMA itself at the target site. As shown in Table 4, one positional isomer
is clearly preferred for MDMA-like activity.

Furthermore, the indan derivative 16 substitutes for MDMA with a potency
at least comparable to that of the training drug and was more potent
than MDMA in substituting for (+ )-MBDB. When administered to (+)-
amphetamine-trained rats, compound 16 failed to elicit a drug lever choice
from a single rat out of 29 tested at four doses. Together with a lack of sub-
stitution for LSD, the data indicate that this compound provides a good ex-
ample of a drug that can potently mimic both MDMA and MBDB, while
at the same time showing significant differences from hallucinogenic and
stimulant training drugs.

\ "'

',-:.
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Table 4. Drug discrimination results of substitution tests of rigid analogues of
MDA in rats trained to discriminate MDMA (1.75 mg/kg) from saline.

Structure no. ED so (umol/kg) and 95% confidence interval

16
17
18
19

2.75 (1.61-4.69)
5.68 (3.31-9.73)
Partial substitution
Partial substitution

Thus, with this series, definition has begun for some of the conformational
preferences of the receptor or target sites with which MDMA interacts, at least
in producing its discriminative cue. The results of these studies have also been
useful for contrasting stimulant and entactogen activities. When Glennon et al.
[52] tested the unsubstituted analogues of 16 and 17 in (+ )-amphetamine-
trained rats, 2-aminotetralin reportedly had about twice the potency of 2-
aminoindan, and it was concluded that the former compound best mimics
the conformation of amphetamine for producing amphetamine-like stimulus
effects. The results described above for 16-19 strongly suggest that MDMA-
like drugs probably adopt a different active conformation at their target site
than does amphetamine.

6. DIFFERENCES BETWEEN ENTACTOGENS AND HALLUCINOGENS

6.1. EEG studies
Recently, collaborative studies with Dr. W. Dimpfel have been employed
using quantitative radioelectroencephalography in the rat to characterize the
EEG "fingerprint" of hallucinogenic amphetamines and of MDMA and
MBDB. With this technique, four bipolar stainless steel electrodes are
chronically implanted in each of four brain regions in rats: frontal cortex,
hippocampus, striatum, and reticular formation [76]. The rats are freely-
moving, and transmission of field potentials is accomplished using a telemetric
device. The EEG is analyzed by Fourier analysis. Power density spectra are
computed for periods of four seconds, are segmented into six frequency
bands, and are averaged on each channel over time blocks of 15 minutes.

Using this method, a variety of hallucinogenic and non-hallucinogenic
compounds were examined. As previously reported [77], hallucinogens pro-
duce a marked increase of power in the al frequency (7.0-9.50 Hz) in the
striatum. The ability to increase power in this region of the EEG has been
observed for other classes of serotonergic drugs, including the 5-HT lA

agonists ipsapirone, gepirone, and buspirone, and with serotonin uptake in-
hibitors [78]. However, with 5-HT1A agonists, an increase in al power is
recorded only from the frontal cortex and hippocampus.

Doses of DOM, DOB, or DOl of 0.2, 0.1, and 0.1 mg/kg, respectively,
produced a pronounced and long-lasting increase in al power recorded from
the striatum. By contrast, doses of (+)-MDMA and (+)-MBDB up to 1.6
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mg/kg did not elicit this characteristic feature in the EEG. Thus in this
sensitive, quantitative EEG procedure, neither MDMA nor MBDB elicited an
EEG "fingerprint" (four electrodes x six frequency bands, per electrode) that
resembled the fingerprint produced by the hallucinogenic amphetamines
DOM, DOB, or DOl, or by LSD. These data are consistent with the results
obtained in other models and further support the hypothesis that MDMA and
MBDB cannot be classified as hallucinogenic phenethylamines.

6.2. Summary of structure-activity relationship differences
There are four structural features that currently contrast th~ structure-activity
relationships of entactogens with those of hallucinogenic amphetamines.

1. Ring substitution at only the 3,4- positions does not give active halluci-
nogens, except for MDA. However, this substitution is active for entactogenic
agents.

2. N-methylation greatly attenuates hallucinogenic activity but has no sig-
nificant effect on potency of entactogens. N-ethylation also seems to allow
compounds to retain entactogenic activity.

3. The more active stereochemistry of the entactogens is S, while that of the
hallucinogenic amphetamines is R.

4. Extension of the alpha-methyl to an alpha-ethyl abolishes hallucinogenic
activity but only has a minor effect on entactogens.

At the present time these contrasts seem sufficient to distinguish between
the two drug classes. The stereochemical argument and the effects of alpha-
ethylation are extremely powerful.

7. DIFFERENCES BETWEEN ENTACTOGENS AND STIMULANTS

There are several lines of evidence that distinguish entactogens from
stimulants. The drug discrimination data are consistent with the view that
although the dopaminergic activity of MDA and MDMA may account for
similarities observed with stimulants, depending on the experimental condi-
tions, their primary pharmacological activity is similar to that ofMBDB and is
probably related to effects in serotonin pathways.

Although amphetamine substitutes for MDMA in our studies, this only
occurs at doses that disrupt a significant number of animals, indicative of a
partially overlapping profile of action [7]. Furthermore, the large EDso for
amphetamine substitution in MDMA-trained rats is certainly not consistent
with the known potency of amphetamine in measures of its stimulant activity.
That is, in humans or in animal assays of its activity as a eNS stimulant,
amphetamine is perhaps ten times more potent than MDA or MDMA. Thus
its large EDso in MDA-trained or MDMA-trained rats, relative to that of the
enantiomers of MDA or MDMA, seems to suggest strongly that the primary
discriminative cue of MDMA cannot simply be "amphetamine-like."



In animals trained to discriminate (+ )-amphetamine from saline, some
investigators have reported stimulus transfer with MDMA. In our paradigm,
no substitution occurred. Differences in experimental design or in numbers
of animals and doses tested may account for this discrepancy. Thus, in our
experiments, symmetrical transfer did not occur between MDMA and am-
phetamine. The MDMA cue certainly seems complex and may have some
similarity to amphetamine. However, suggestions that the pharmacology
of MDMA is essentially the same as that of amphetamine are clearly not
warranted by the data.

In summary, the following points highlight the differences between entac-
togens and stimulants.

1. The primary pharmacological effects of entactogens are serotonergically,
not dopaminergically, mediated. This is clearly indicated by the lack of
stimulant-related activity for MBDB, which can be attributed to the ability
of an alpha-ethyl substituent on phenethylamines to attenuate potency at
presynaptic dopamine release sites. Further evidence is provided by the ability
of metergoline to block (+ )-MBDB, the inability of haloperidol to block.
the cues produced by either MDMA or (+ )-MBDB, and by the similarity
between (+)-MBDB and the serotonergic drug fenfluramine.

2. A stimulant component is not necessary for' entactogen activity. Drugs
such as fenfluramine, MDE, 2,3-MDA, and (16) substitute for entactogens but
do not substitute for (+ )-amphetamine.

3. The active conformation of the side chains of MDMA and amphetamine
are probably different, as indicated by the relative potencies of their respective
aminoindan and aminotetralin analogues.

4. The stereoselective activity of entactogens in entactogen-trained animals
contrasts with the stereospecific activity when generalization occurs in (+)-
amphetamine substitution tests. Although entactogens and stimulants display
similar stereoselectivity, when tested within their respective classes, the R
isomers of MDA, MDMA, and MBDB substitute for MDMA and (+)-
MBDB but not for (+ )-amphetamine. In fact, contrary to other estimates of
potency, the R isomer of MDA is more potent than the S isomer of
amphetamine in substituting for MDMA.

5. The effects on stimulant and entactogen activities differ for N-ethyl and
N-OH substitutions.

6. N-methylation leads to increased toxicity for amphetamine but decreased
toxicity for MDA.

8. OUTLOOK FOR THE FUTURE
If entactogens are a distinct pharmacological class, the next question must
concern the therapeutic utility of such novel agents. The term entactogen was
chosen [1] after a consideration of the potential therapeutic applications of the
drug class it described. The name is meant to apply to agents with MDMA-

125
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like pharmacology, but would generally apply to any substance that can
produce (gen) an inner (en) "touching" (tact).

Just as the word tact, with the same Latin root tactus, is me-ant to imply both
skill and considerateness in dealing with others and the ability to do or say the
appropriate thing, entactogens should ideally produce an inner state where the
patient does not feel threatened or defensive. Yet, the memory cannot be
dulled as it is with benzodiazepines. Indeed, memory retrieval should be
facilitated, so that the ability to recall emotionally painful, repressed memories
is not impaired.

Since the neurochemistry of anxiety, depression, and other basic emotional
states has not yet been elucidated, it may be quite some time before the
pharmacology of entactogens is fully understood. Nevertheless, when a drug
like MDMA produces a unique psychoactive effect, it should be possible,
given enough time, to gain an understanding of the neuronal substrates that
mediate its effect(s).

The serotonin neurotoxicity of MDA and MDMA.ll~d in the~
c12...~~elop n~~SQ.IllflOURds-th-at--may-n:tain-cliuicaL~4
potendarriharmful side_effects. Is it possible that non-neurotoxic entactogens
c;~-be-dever6peaTAs with ~st technologies, this is a two-edged sword. A
major concern might be that a non-neurotoxic entactogen could become
popular as a recreational drug. Although the possibility of neurotoxicity with
MDMA should be a deterrent to potential users of this drug, it is not clear
that this knowledge has had any effect on MDMA abuse. Even if a nontoxic
entactogen were abused to the same extent as MDMA, at least concerns over
neurological damage would be lessened. On the other hand, if clinical utility
exists for MDMA-like substances, it cannot be explored until the issue of
neurotoxicity is resolved. Hence, a non-neurotoxic MDMA congener would
perhaps allow clinical testing of the potential of these compounds as adjuncts
to psychotherapy. Should such drugs be proven efficacious for this use, the
significance of this advance for psychiatry would far outweigh any concerns
about abuse of entactogens.

Non-neurotoxic entactogens can and will be discovered. Sufficient evidence
already exists to support this hypothesis. For example, Schechter [24] has
shown that the discriminative stimulus properties of MDMA are largely
dissipated by four hours following drug administration. On the other hand,
Schmidt [79] found that MDMA has a biphasic depleting effect on cortical
serotonin, with the later phase (> 6 hours) associated with the long term
toxicity and blocked by fluoxetine.

Schmidt and Taylor [80] administered the serotonin uptake inhibitor fluoxe-
tine to rats three hours after treatment with MDMA and were able to prevent
neurotoxicity. These workers suggested that the unique neurochemical effects
of MDMA are independent of the long-term neurotoxicity. In our studies, it
was shown that fluoxetine does not antagonize the MDMA discriminative cue.
Battaglia et al. [81] reported thi!!. acute MDMA treatment decreased brain------- --_·_---,·_---- ... _0.

-_._--------------------- --_. __ ."-_._-
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serotonin and 5-HIAA levels, but that mllltiple MDM A treatmenrs.rwere
required to- Jebreaswk-il1]mbeL of 5-I-iLJ,!Rtake sites,. the latter response
presumably a reflection of neuron terminal d~generation. _All these studies
indicate that the acute pharmacology of MDMA can be dissociated from the
long-term neurotoxic effects.

Further, it is also known from work with the neurotoxin para-chloroam-
ph etamine that some structural congeners have an acute 5-HT depleting effect
on brain 5-HT but lack the long-term neurotoxicity that is characteristic
of peA [82]. Since the psychopharmacological effects of MDMA have a
relatively rapid onset and in rodents are largely dissipated at a time when a
serotonin uptake inhibitor can still block neurotoxicity, it seems quite clear
that molecules can be developed that will probably possess human psycho-
pharmacology similar to MDMA but will lack serotonin neurotoxicity. When
this is accomplished, we can look forward to a clear definition of the primary
pharmacology of entactogens, and one would hope that at that time clinical
studies with such a compound would be possible to determine, finally,
whether entactogens represent a new technology for psychiatry.
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