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The wide spread use of psychedelic drugs. such as
lysergic acid diethylamide (LSD), during the 1960' s and
1970 ' s led to severe reactions by governmental agencies
and proscription s against their use . However, with the
high degree of interest in mind -altering drugs in the
United States , as evidenced by their widespread popular­
ity, it was onl y a matter of time before new drugs appeared
that were de veloped out side of the pharmaceutical com­
panies .

Nearly 70 years after its fir st sy nthe sis, 3 .4 ­
meth ylenedioxymethamphetamine (MDMA) was redi s­
covered. Altho ugh it had its more recent origin in the class
of drugs that is generally defined as psychede lic or hallu ­
cinogen ic . it clearly app ears differen t from LSD . In hu­
mans. MDMA induces a state of reduced anxiety and
lowered defensiveness tha t makes it attractive to thera ­
pists wishing to speed up the therapeuti c process . How ­
ever. as with all substances that produce pleasurable
effects , it soo n became popu lar as a recreational dru g , and
it went the sa me way as the psychedeli cs: into Schedule I.

The present aut hor 's interes t in MDMA stems from
longstanding efforts . spanning nearl y 17 years , to under­
stand how psychedelic substances work . In co ntras t to the
pharm acologist. who often studies the e ffec t of a sing le
dru g to unde rstand how it work s . the development of a
potenc y-series is empl oyed . That is , a series of dru gs
close ly related in struc ture is prepared and the biological
potency of the members of the se ries is measured . Th en .
with these numbers in hand , one attempts to de velop
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quantitative structure-acuv rty rel ationships (QSARs) .
Simply stated , attempts are mad e to find quantitative
co rrelations (o r equation s) that relate biological activity to
fund amental properties of the molecule . Thi s approach is
being wide ly developed in the pharmaceutical indu stry in
order to unders tand more full y how particular types of
drugs work. and to be able to predict which additional
molecules should be synthes ized . It should also be added
that no equations have been de veloped that adequately
correlate hallucinogenic or psychedelic activity wit h any
particular molecular property .

In this co ntext, it is important to defi ne clearly the
type of bio logical activity that is being mea sured . It is
typical that if a mo lecule has several different sites of
action in the brain . that each one of these actions may be
re lated to entirely different structural fea tures or proper­
ties of the molecule . Thus , to de velop val id QSARs, one
need s to measure some index of pure biological act ivity . It
goes almost without say ing that psychedelics probably do
not have anyone pure mechanism of action . That is. their
co mplex arra y of behavioral effects is probably the net
result of multiple neurochemical component proce sses.
Martin and his co lleagues (Nozaki, Vaupel & Martin
11)77) at the Lexington (Kentucky) Addiction Resea rch
Ce nter were probably the first strong proponents of thi s
idea , but seve ral later gro ups (includ ing the present au­
thor ' s research team ) ha ve reiterated that thes e subs tances
may all di ffer in the scope of their qualitati ve effect s
(G lennon & Young 1984a . 11)84b . 11)84c: Nicho ls e t al.
)1)82 ) . Some compounds have predominantl y stimulant
effects like amphetamine , whi le others have an action
more like LSD or mesca line . In between , there is a whole
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spec tru m of biological action represented lite rall y by a
series of hundreds of molecul es .

So , it is not entire ly cl ear wh at is meant by the term
" psychede lic " in the firs t place. It seems to be a catcha ll
ca tegory that includes co mpounds that produce subjective
effects in human s that resemble , but only to varying
degrees . the effec ts produced by ot he r co mpo unds, such
as LSD .

With in this co ntex t of mixed ac tio n, there is one
subs tance that stands unique within the psychedeli c cate­
gory . T his material is 3,4-me thylenedioxyamphe tamine
(MDA) . By and large , th is drug docs not produce pro­
found sensory di srupt ion or hallucinat ion s (Na ranjo,
Shulgin & Sa rge nt 1967 ). Of all the so-called, subs tituted
am ph etam inet yp e hallucin ogen s , MDA ha s rem ained
popular and in high dem and amo ng recreat ion al dru g
users . Altho ugh it does not ge nerally produce hallu cin a­
tions , it is unique because it pow erfull y enhances emo­
tion s and empathy . MDA ea rne d a street reputation as the
love drug , largel y due to th is latt er qua lity (T hie sse n &
Cook 1973 ). During the effec t of the dru g , subjects ex pe­
rience a sense of am plified emotio ns, empa thy and a
power ful emo tio na l bond with othe r per son s presen t.

MD A has pharmacological propert ies , both in labo­
rator y anima ls and in biochemi cal assays, that clearl y
di st ingu ish it fro m hallu cin ogeni c subs tances such as 2,5 ­
dimethoxy-4 -me thy la mphe tam ine (DO M , STP) . Fro m
laboratory anima l model s. Martin and his co lleagues have
show n that MDA has effects similar to both LSD and
amp he tami ne (Nozaki , Vaupel & Martin 1977 ). More­
over, when stu die s were carried out wi th the optical iso­
mers of MDA, it was discovered that the LSD-like prop er ­
ties in anima ls were due to the effec ts of the lcvo- , or
R-( - ), isomer. whi le the effects of the dcx tro- , or S-( + ),
iso mer we re more like amphe tamine (Nic ho ls et al . 1986 ;
G lennon & You ng 1984a , 1984b , 1984c).

When a biologically ac tive co mpound has two opti­
cal isomers , generally only one is ac tive, or one is more
active than the ot her. Wi th all the othe r hallucin ogen s of
the substituted amp hetamine type , it is the levo-isomer
that possesses the hallu cinogen ic ac tivi ty (Nicho ls &
G lennon 1984; Shulgi n 197 3). However , both iso me rs of
MDA are active and their bio logica l effects are different.
Th ere has been no other subst ituted hallucinogeni c
amphetamine studi ed where this has been found. T he
levu-isom er of MDA , whi le it produces so me of the
effects on emotion of the racemic mixt ure . is more simi lar
to classic ha llucinogen s . Alth ou gh the dcxtro-isom er is
active at nearly the same dos e , it is not like the halluci ­
nogen s , but does have an effect on e mo tio n and empathy
that is similar to race mic MDA (S hu lgin 1978).

Agai nst th is background is the discovery of the
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effec ts of MDMA . Ch emicall y , MDMA is simply the
N-me thy l derivat ive of MDA. However, thi s tran sfonna­
tion has one pron ounced effec t: It attenua tes or aboli shes
hallucin og enic ac tivi ty . It is known fro m studies with
other hallucinogeni c amphe tamines that the addition of a
meth yl group to the basic nitrogen is very detrimental to
psychedelic act ivity (Shulgin 197 8). In particular, be­
ca use it is the Ievo-isomer ofthese co mpo unds that is more
biologically act ive , the e ffect of the N-meth yl is to abo lish
the acti on of thi s isomer as a psych edeli c . Nevertheless ,
MDM A is biologicall y ac tive and ha s a poten cy of only
slightly less than its parent , MDA . Wh at is one to make of
th is find ing? Eithe r MDM A is not a hallucinogen or else it
is a hallu cin ogen acting in a complete ly une xpected way
that is different from the ot her substitu ted am phe tami nes .

Thus, one may see that the classificatio n of MDA as
a hallu cino gen was based more on legal and enfo rce me nt
co ncern s , th an o n an ima l or human ph armacol ogy.
Adding the N-m eth yl , whi ch atte nua tes hallucinogen ic
ac tivi ty in ot her co mpounds of th is struc tural type , ought
to abo lish wh atever residu al hallu cinogen ic ac tiv ity that
MD A has, and one might ex pect MDMA to be nonhalluci­
nogeni c. In fac t, MDM A does not have effec ts like LSD
or DO M in rats (Nic ho ls e t al . 1986 ; G len no n et al. 1982),
and hum an rep ort s have ind ica ted that MDM A does not
produ ce hallucinatory effec ts (A nde rso n et al. 1978 ).

Nevertheless, because of co nce rn by law enforce­
ment age nc ies ove r the widespread popular ity of MDM A
as a recreat ion al dru g, it too seems to have been cl assified
as a hall ucin ogen . It is not entire ly clear how sc heduling
co uld have been ca rried out had MDMA so mehow not
been classifie d into an existing dru g ca tegory . Ind eed,
so me rath er we ll-known scientists went as far as to ca ll
MDMA " just ano ther hallu c inogen " or "ano the r LSD . "
How ever , there is no rational basis for such assessme nts .

Th erefore , it was decided to test the hypoth esis (in
this author's laboratory ) that MDMA and co mpounds
wi th a re lated psychopharmacological ac tio n were co m­
pletely d ifferent and be longe d in an entire ly new drug
ca tegory . Th is hypoth esis seemed reason abl e for several
reasons . First of all, MDA itself is reall y a un iqu e co m­
pound among the so-called hallucinogen s. It is not gener­
a lly used for its halluc inogen ic effect, but rathe r for its
affec t-e nha nc ing q ua lities . O ne wonders whe the r it
sho uld be called a hall uc inogen at all, ba sed on its unu sual
ph arm acology. Nev ertheless, thi s uncert ainty is the start­
ing point for MDMA . One wou ld expect that add itio na l
molecul ar changes that were known to abol ish hallu ci ­
nogen ic activi ty in the substi tute d amphe tamines wo uld
furthe r rem ove MDM A-type compo unds fro m the hallu ­
ci nogenic ca tegory.

It was clear that MDM A had several fea tures that se t
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it apart from the substituted amphetamine class of halluc i­
nogen s. First, as prev iou sly noted , it possesses the feature
of N-meth ylat ion , wh ich is known to atte nuate activity in
other amphetamine- type hallu cin ogen s . In addition , and
perhaps more import ant , is the fac t that it is the dextro­
isomer that proved to be more active (Ande rson et al.
1978). Th is also co ntrasts with the amphetamine-type
hallu cin ogen s, where it is the levo-i sorner that is more
active .

Th ere is a very fundame nta l ass umptio n in pharma­
co logy and med icin al chemis try that revolves around the
concept of what is known as three-point attachment .
Simpl y stated , it means that if a biological target receptor
accommodates only o ne of two possible mirror image
isomers (i .e. . enantiomers) of a substance, there are a
minimum of three po ints of interaction between the dru g
and its receptor. This occ urs in a reliable and reproducible
way for all dru gs that have a high affi nity for that receptor.
Th is struc tura lly well-defined receptor does not suddenly
decide to accept the dextro-isorner for one compound ,
when for all other members of a drug series it prefers the
levo-isorner. This fac t alone is a powerful argument that
MDM A cannot be interact ing with the same tar get site or
recept or that is involved in the ac tion of hallucinogeni c
amphetami nes , such as DOM . Indeed, Lyon , Glennon
and Titeler (1986) have recentl y examined the abil ity of
MDMA to bind to the serotonin 5-HT2 receptor in rat
brain . As ex pected , it was the levo- isorner of MDMA that
bound with highe r affinity, as did the levo-i sorner of the
hallu cin ogen ic amphetami ne DOM .

However, these argume nts may still lea ve some
clo uds of do ubt. To the layperson' s view , the arra ngeme nt
of atoms in MDMA looks very much like that in the
hallucinogeni c amphet amines . Therefore, addition al
structura l mod ification s that co uld be made were con sid­
ered, which might move MDM A deriv ati ves even furth er
from any logic that co uld label them as halluc inogen ic .

It has bee n known for abo ut 20 years- as first dem ­
onstrated by Shulgin ( 1963)-that if one extends the
a-methy l of the hallu c inogen ic amphetamines to an a ­
ethy l, {Ill hallu cin ogeni c activity is lost. Th is is exempli­
fied in the struc tures of Figure I , where the active R
enantiome r of DOM is co mpare d with its a -ethy l co m­
pound BL-39 12A (Standr idge et al. 197 6). Wh ereas
DOM is hallu cinogen ic in ora l do ses from five to 10 mg.
BL-39l 2A has bee n given to humans at doses up to 270
mg wit hout produ cin g hallu cinogen ic effects (Wi nter
1980) . This is rather rem arkabl e and attes ts to the power­
ful effec t the a-ethy l gro up has in abo lishing hallu ci­

nogeni c ac tivi ty .
It was readi ly apparen t tha t the corresponding a­

eth yl hom ologue of MDMA should be exami ned . When
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this author ' s research team first co nce ived of thi s, there
was no way to know what effect thi s would have on the
activity of th is molecul e . It was pred icted , however , that
this molecul e would not be hallu cin ogeni c ,

Thi s molecu le (shown in Figure I), N-me thy l- I­
(1, 3-benzod ioxo l-5-y l) -2-buta na m ine (M BDB), was
synthes ized and tested . Dr. Peyton Jacob (wo rking in
collaboration with Dr. Alexander Shulgin ) had also pre­
pared this compound , but the rationale for its design had
been developed from a somewhat different perspe ctive.
As a consequence, a co llaborative effort was made to
perform a fairly co mplete study of thi s substance , examin­
ing its effects in humans, rats and in a vari ety of biochern i­
cal pharmacology assays (Nicho ls et al. 1986 ; Steele ,
Nichols & Yim 1986 ). Although less potent than MDMA ,
MBDB had qual itative effec ts in humans very similar to
MDM A. Furthermore , it was the dextro- isorner that was
more active, similar to MDA and in contrast to the halluci­
nogeni c amphetamines . In rats train ed to discriminate
LSD from saline, MBDB did not have LSD-like acti on s .

MBDB represent s a structure that combines two
separate structura l features that abol ish or attenuate hallu­
cinogenic activity: N-methylation and o -ethylation . All
logic of struct ure-ac tivi ty relationships derived for substi­
tuted amphetamines argue s that the synergistic attenua­
tion provided by the se two struc tural features should ren ­
der MBDB totally inert as a hallucinogen . Yet, MBDB is
biologically active . It generally has the same effect on
emotion and empathy as doe s MDMA. Clearly , one is not
dealing with the pharmacology of hallucinogens any­
more , but with some different ca tegory of psych oactive
dru g.

Inasmuch as MBDB represented the first molecular
struc ture that could definitely be placed outside the
struc ture-ac ti vi ty defin itions of the hallucinogenic
amphetamine class, it was design ated as the prototype of a
new ph armac ological class . This is not to say that
MDMA-or even MD A-do not exert thi s same actio n
to some degree , but only that MBDB is the clearest
exa mple, based on struc ture-ac tivity relationship argu­
ment s, of a compo und that cannot be cla ssified as a
hallucin ogen . At thi s point , thi s author 's research team
felt it was justifi ed to nam e this new ca tegory .

Th e term " ernpathogen" has been suggested as a
nam e for dru gs such as MDMA . How ever , th is term was
rejected fo r several reason s. Fi rst of all, M BD B or
MDM A do more than simply ge nerate empathy , the co n­
notat ion of the term, Second , peopl e invariably dislike
hear ing the word " pathog en," wh ich clearl y stands out
when empathogen is pronoun ced . Because it was felt that
these dru gs prob abl y had the ir grea tes t va lue as adjuncts to
psychotherapy, a designatio n was so ught that wo uld be
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Figure 1. The more potent R-( - ) enantio mers of the potent hallucin ogenic amphetami ne deri vative DaM . and its
nonhallucino geni c a-ethyl hom ologue BL-3912A. The more acti ve enantiomer o f MDM A has the S-( + ) configuration.
inverted from that of DaM . as does its a -ethyl congener MBDB . Neith er of the latter co mpo unds fit within the acce pted
structure-activity relatio nships for hallu cinogeni c amphetamine derivat ives .

acce ptable to psych iatric patient s . It see med that the effec t
of these dru gs was to enable the therapist- or patient-to
reach inside and deal with pain ful emotional issue s that
are not ordinarily accessible. Just as the word " tact" has
the connotation of communica ting information in a sensi­
tive and careful way so as to avo id offen se, it see med that
the Lat in roo t of th is word , fa ctus , would be appropria te as
part of the terrn . Addition of the Greek root s en (within or
inside) and gen (to produ ce) created the term " entac­
togen ," having the connotation of producing a touching
within . Thi s designation seem s to have appropriate roo ts ,
is esthetically pleasing to those who have heard it, and
most import antly, appears to have no negative connota­
tions for a potential patient.

Thu s , MBDB belongs to a class of drugs that should
be known as entac togens . MD MA , and eve n MDA,
ex hibit entactoge nic activity, but combined perhaps with
stimulant or hallucinogenic effec ts . Thi s new category is
ju sti fi abl e a nd a pp ro p r ia te for seve ra l re ason s :
( I) Psych iatr ists who have used MDM A as an adjunct to
psychotherapy believe it to be a new type of compound;
(2) Its animal and subjective hum an effects do not resem-
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ble those of hallucinogens; and (3) MDMA , and es pec ial­
ly MBDB , do not fit within presentl y accepted struc ture­
activity rela tionships for halluc inogens or psychedelics .

One addit ional objection has been raised to placing
MDMA and related compounds into a new pharrnacolog­
ical class . Th is arises from the fact that MD A has effects
in rats and dogs that see m to indicate that it resembles not
only LSD, but also amphetamine (G lennon & Youn g
I984b) and cocaine (G lennon & Youn g 1984c). Because
it is the dextro-isomer of MO A and MOM A that has these
amphetaminelike effec ts in animals , and because it is the
dextro-isomer of MOMA that is more acti ve as an entac t­
oge n, it follows that perhaps this is the act ivity of MOMA:
It is simply another amphetaminel ike stimulant. Here
again, MHOB has provided ev idence that this is not the
case , and that entactoge ns have a un ique mechanism of
action.

The stimulant effects of amphetamine and cocaine
arc believed to be largely due to the ability of the dru gs to
alter the function of neuron al pathways in the brain that
utili ze th e neurotran sm itt ers dopamin e and nor­
epinephrine (Moore 1978; Yokel & Wise 1975 ). Studies
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TABLE I
RATE OF RELEASE OF 3H-SEROTONIN

FROM RAT WHOLE BRAIN SYNAPTOSOMES (NICHOLS ET AL. 1982)

Treatment
Control
R-( - )-MDA
S-( + )-MDA
R-(-)-MDMA
S-( + )-MDMA

Drug Concentration (Molar)

10-6

10-6

10-6

10-6

K, min" X 104
, (±S.E.)

125
202 (15)
242 (32)
173 (6)
284 (16)

that support this idea are too numerous to cite here . The
present author's research team has examined the ability of
MDA, MDMA , MBDB, and amphetamine to alter the
release and uptake mechanisms for the neurotransmitters
dopamine, norepinephrine and serotonin from rat brain
preparations . These results will be summarized later.
However, in these studies it was found that amphetamine,
MDA, and MDMA all had the ability to alter the utiliza­
tion of dopamine by rat brain neurons, but it was also
found that MBDB had virtually no effect on neurons that
utilize dopamine. Curiously , in the preliminary clinical
study of MBDB, subjects also reported that MBDB pro­
duced less euphoria than did MDMA . Thus, while both
MDA and MDMA have significant effects on dopamine
pathways in the brain, MBDB apparently does not. This
seems to set MBDB apart from stimulants , such as am­
phetamine and cocaine, where actions on dopamine neu­
rons are important. It further indicates that the entact­
ogenic effect is probably not mediated through dopa­
minergic pathways . Once again , MBDB served as a pro­
totype for the entactogens, because it seems to have a
pharmacological action that is less complex and easier to
define.

The majority of evidence gathered to date in the
present studies, as well as by other laboratories, indicates
that MDMA and MBDB may exert their action by causing
the release of the neurotransmitter serotonin from
serotonin-containing nerve endings in the brain. There are
only a few other drugs that are known to do this (e .g .,
fenfluramine), and they differ completely from MDMA
or MBDB in their human psychopharmacology. Interest­
ingly , drugs that block the reuptake of serotonin into nerve
endings have found application as antidepressant agents .
In the following discussion, a brief partial summary will
be presented of the experimental results of this author's
research team, which show how entactogens affect the
release and reuptake of dopamine , norepinephrine , and
serotonin from rat brain neuronal preparations.
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The earliest biochemical pharmacology of MDMA
was carried out in this author 's laboratory using synapto­
somes from rat brain (Nichols et al. 1982) . Synaptosomes
are produced by gentle mechanical disruption of brain
neurons . The region where chemical transmission occurs
between neurons is known as the synapse . It is here that
the nerve terminal releases chemical transmitters that dif­
fuse across the synaptic space and stimulate receptors on
the postsynaptic, recipient neuronal membrane . Synapto­
somes are small particles that include the neuronal termi­
nal and its associated postsynaptic target membrane . It has
most of the functions of the synapse in the intact brain, but
of course has no regulation of its firing rate and has no
interconnections with other neurons.

In earlier report s, it was argued that MDMA might
act by releasing neurotransmitters from nerve terminals
(Nichols et al. 1982; Anderson et al. 1978). Thi s was
based on the observation, noted earlier, that it is the
dextro-isomer of MDMA that is more potent. Similarly , it
is the dextro-isomer of amphetamine that is more effective
in releasing neurotransmitter from neuronal terminals.

Briefly, a synaptosome preparation from rat brain
was incubated with radioactive tritium-labeled serotonin .
This preparation was then washed and supported on a
filter, through which artificial cerebrospinal fluid was
perfused . The synaptosomes slowly release the radioac­
tive serotonin, without any stimulation. However, the
addition of certain drugs to the bathing medium can in­
duce rapid release of neurotransmitter. The results from
those experiments are summarized in Table I and are
expressed as a rate of release for the isomers of MDA and
MDMA .

These data showed that both isomers of MDA re­
leased serotonin equally well and that the S-( +) isomer of
MDMA is about equipotent to MDA . However, the R­
( - ) isomer of MDMA is less potent than its mirror image
S-( + ) isomer. Although there had been a suspicion that

Vol. IH(4) oer-o«. 19H6



NI CHOLS

these compounds might release neurotransmitter, this was
the first time it had been shown that MDA and MDMA
were potent rele asing agents for se rotonin.

More recently , MDA , MDMA , MBDB , the isomers
of amphetamine , and the halluc inogenic dru g DaM have
been compared for their ability to block the reuptake of
neu rotr ansmitter into ner ve terminals . In the synapse ,
after the ner ve terminal relea ses its neurotransmitter, a
process known as active uptake pumps the neurotransmit­
ter back into the neuronal terminal for reuse . Some dru gs ,
such as amphetamine , coca ine and tricycli c antidepres­
sants, have the ability to block this reuptake process . Thi s
allows the neurotr ansmitter to remain in the sy napse ,
where it continues to produce a chemical signal and stimu­
lates postsynapti c receptors . Th e functional effec t of this
is increased tran smi ssion in the synapse .

Agai n. rat brain sy naptoso mes prepared from var­
ious brain areas were used to study this process. Th e
synaptoso mcs were incub ated with tritium-labeled dop a­
mine . norepinephrine . and serotonin. The drug to be
stud ied was also adde d in test ex periments. Fo llowing
these incubatio ns. the sy naptoso mcs we re rapidl y filtered
and washed. and were then co unted for rad ioact ive
neurotrans mitter content . Thu s . in experiments where the
rcup tukc process was blocked . the synaptoso mes woul d
con tain less radioactive neu rot ransmitt er. As a measure of
relati ve potenc y . the co ncen tration of dr ug was det er­
mined that was necessary to inhibi t th is to hal f of the
amo unt taken up by sy naptoso mcs in the abse nce of any
lest dru g ( i .c .. IC5,, ) . Ta bles II. III and IV summa rize the
resu lts of these studies with JI,1D A. MDMA. MBDB . the
isomers of amphetamine and the hallu cinogen DOM .

Several thin gs arc ev ide nt from these data . For dop a­
mine reuptake (Table II), (a) MBDB and DaM have no
ability to block reuptake of dopamine , (b) MDMA is
considerably less potent than MDA, and (c) MDA and
MDMA exhibit stereoselective ly. That is, their S-( + )
isom ers are more potent .

Whil e it app ears unlik ely that inh ibition of dopamine
reuptake is important to the action of entac toge ns, it is not
clear wheth er or not norepinephrine is invo lved . As see n
in Table III , MD A , MDMA and MBDB are all reasonably
potent inh ibitors of norep inephrine reuptake . Aga in, it is
the S-( + ) isom er that is most potent. Amphetamine is a
much more potent inhibitor than any oth er co mpound
tested , and the hallu cinogen DaM has insignificant ac tiv­
ity.

Finally, in Ta ble IV one can see that MDA , MDMA
and MBDB are all potent inhibitor s of serotonin reuptake .
Amphetamine is far less active and the hallucinogen DaM
aga in is see n not to have sig nificant acti vity . Note that it is
the S-( + ) isomers of the entac toge ns that are more acti ve .
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There are some gene ral conclusions that can be
drawn from these data. Th e hallucinogen DaM has no
e ffec t o n the reuptake process for dopamine , nor­
epinephrine or serotonin. In clear co ntras t to thi s, MDA ,
MDM A and MBDB are all potent reuptake inhibitors . In
addition, it is the dextro-i som er of all of the active com­
pounds that is more potent. Thi s correlates with the
obse rved effec ts of the isomers in hum ans . In rats , the
dextro-isomer of MDA and MDMA has an ampheta ­
minelik e action (G lennon & Youn g 1984a). The stimulus
effec t of amphetamine in rats is generally con sidered to be
related to the ability of amphetam ine to relea se dopamine.
Thi s find ing is paralleled by the inhibition of dopamine
reupt ake by amphetamine in the present author' s studies.
However , MDMA and parti cul arl y MBDB are more than
an order of magnitude less potent than amphetamine in
this effect. Users ' subjec tive description s of the effec ts of
MDM A and MBDB also are quit e different from those of
amphetamine . Thus , the rat dat a do not giv e reli able
results in asc rib ing a n amphe ta m ine like ac tio n to
MDM A.

The present auth or' s research team has so far not had
the opportunity to carry out further studies of the effec ts of
entac togens on norepinephrine, but it is possibl e that this
ca techolamine neurotr ansmitter may be invol ved in their
action. In any case, these entac togens are able to rele ase
serotonin and to inhibit the reuptake of serotonin and
norepin ephrine into ner ve terminals. Th ese are actions
that are not possessed by the hallucinogeni c amphetamine
DaM (e .g. , Whipple , Reinecke & Gage 1983). Further­
more , while amphetamine has some similar neu rochemi ­
ca l properti es , its quantitative potency in the different
neurotr ansmitter sys tems varies fro m the entac togens .
Thus , whil e anima l studies suggest that MDMA has
amphetaminelike qualiti es, this appears to be true only in
the sense that amphetamine releases neurotransm itter and
blocks reuptake , as do MDA, MDMA and MBDB.

DRUG DISCRIMINATION STUDIES

Becau se the present auth or' s research team is not in a
posit ion to carry out studies in humans , it has been force d
to rely on animal models . Th e most powerful behavi oral
model pharmacologists have found so far for study ing
psychoacti ve co mpounds is known as dru g discrimination
(Glennon, Rosencrans & Youn g 1982). Esse ntia lly, rats
are trained to tell the di fference bet ween (disc riminate) the
effec ts of sa line (placebo) injec tion from those produ ced
by a parti cul ar dru g . In the present studies, LSD was used
as the training dru g. Without go ing into the meth odol ogy
in detail , suffice it to say that the procedure is very
powerful and has been useful in pred icting the ac tivity of
new co mpounds . Th erefore, in rats trained to discrimin ate

Vol. I X(4 ) Oct-Dec. 19X6



NICHOLS MECHANISM OF ACTION

TABLE II
IC so DETERMINATIONS FOR INHIBITION OF OOPAMINE
UPTAKE INTO RAT BRAIN STRIATAL SYNAPTOSOMES

(STEELE, NICHOLS & YIM 1986)

Compound
Amphetamine
MDA
MDMA
MBDB
OOM

S-( +) Isomer
ICso (~M)

0.38
1.96
4.20

> 5.00
> 10.00

R-( -) Isomer
IC so (~M)

2.05
> 5.00
>5 .00
>5 .00

>10.00

TABLE III
IC so DETERMINATION FOR INHIBITION OF NOREPINEPHRINE
UPTAKE INTO RAT BRAIN HYPOTHALAMIC SYNAPTOSOMES

(STEELE, NICHOLS & YIM 1986)

Compound
Amphetamine
MDA
MDMA
MBDB
DOM

S-( +) Isomer
ICso (~M)

0.07
0.27
0.32
0.64

> 10.00

R-( -) Isomer
IC so (~M)

0.10
0.46
0.81
2.22

> 10.00

TABLE IV
ICso DETERMINATIONS FOR INHIBITION OF SEROTONIN

UPTAKE INTO RAT BRAIN HIPPOCAMPAL SYNAPTOSOMES
(STEELE, NICHOLS & YIM 1986)

Compound
Amphetamine
MDA
MDMA
MBDB
DOM

Journal (if Psvchoactive Drugs

S-( +) Isomer
ICso (~M)

2.55
0.51
0.44
0.40

> 10.00
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R-( - ) Isomer
IC so (~M)

> 5.00
1.44
1.51
1.74

> 10.00
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TABLE V
RESULTS OF DRUG DISCRIMINATION STUDIES IN RATS

TRAINED TO DISCRIMINATE LSD TARTRATE (0.08 MG/KG)
FROM SALINE (NICHOLS ET AL. 1986)

Treatment
Saline
LSD
(±)-MDA
( - )-MDA
(+ )-MDA
(±)-MDMA
(-)-MDMA
( +)-MDMA
(±)-MBDB
( - )-MBDB
( + )-MBDB

ED so (mg/kg)

0 .011
0 .970
0 .630

Animals Selecting
LSD Lever (%)*

38
38
50
50
14
38
50

Dose
(mg/kg)

1.29
1.84
3.44
1.72
1.95
2.92
2.56

"This value is .repo~ed when no LSD general ization occurred. It represe nts the highest percentage of rats selecting the LSD lever and
the dose at which this response level occurred . Each drug was tested at from four to II differe nt dose levels, and in five to 30 animals at
each dose.

between saline and LSD tart rate (0 .08 rug/kg adminis­
tered intraper itoneally), it can be determi ned whether a
drug produces an effect similar to LSD (i .c . , the drug
substitutes or ge nera lization occ urs) or if its effects are
d i ~s imilar. If genera lization is obtained, then the drug
migh t be expected to have LSD-like actions in humans. In
Ta ble V the results of studies are summarized where the
isomers of MDA , MDMA and MBDB were co mpare d in a
co lony of rats trained in this way .

As seen in Tab le V, only MDA produced an LSD­
like stimulus . Ta ken together with the work that has been
reported by Glennon and his colleagues (who employed
the same methods, but used rats trained to discriminate
DOM as the hallucinogen stimulus), these result s show
that MDMA and MBD B do not have hallucinogenl ike
effects in rats . Although it may see m curio us that rats are
needed to revea l something that has already been reported
by hum ans, there is a reluctance by regul atory agenc ies to
believe anecdotal human data. As surp rising as it seems, it
may take a preponderance of negat ive data from studies in
a variety of anima l model s befo re there is officia l acce p­
tance of the premise that MDMA is not a halluci noge n.
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CONC LUSIONS

In summary, this art icle has presented evidence
based on the known struct ure-activ ity relationship s of
psychoactive com pounds and studies of several biochemi­
cal parameters as well as behavioral da ta in rats that show
that MDM A and particularly MBDB do not fit into the
pharmacologic al classification of hall uc inogen or
psychedelic. Furthermore, these compounds differ suffi ­
ciently in their bioc hemical pharmacology profi les to
dist ingu ish them fro m amphe ta mi ne. T he re fore, if
MDMA and MBDB are not hallucinogens and are not
simply stimulants , what are they ? Based on their un ique
human psychopharmacology, it is believed tha t they rep­
resent a new drug category . There is no other known class
of psychoactive agents that prod uces effects similar to
these compo unds . Thus , the presen t author's research
team has proposed that this new pharmacological class be
desig nated entactogens.
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