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GLENNON, R A , M YOUSIF AND G PATRICK Sttmulus properttes of l-(3.4-methylenedtoxyphenyl)-2-ammo- 
propane (MDA) analogs PHARMACOL BIOCHEM BEHAV 29(3)443-449, 1988 --Using a standard two-lever operant 
procedure, groups of rats were trained to discriminate mtrapentoneal doses of the phenyhsopropylammes (+)amphetamine 
(1 0 mg/kg) or racemlc 1-(2,5-dlmethoxy-4-methylphenyl)-2-ammopropane (DOM, I 0 mg/kg) from saline using a VI 15-sec 
schedule of remforcement for food reward Once trained, the ammals were administered doses of several methylenedloxy 
analogs (MDAs) of phenyhsopropylamlne including the N-monomethyl [S(+)MDMA and R(-)MDMA], N-monoethyl 
[(_+)MDE, S(+)MDE, and R(-)MDE], and the N-hydroxyl [(_+)N-OH MDA] derivatives The DOM-stlmulus did not 
generahze to any of these agents The amphetamme-sumulus generahzed to S(+)MDMA, S(+)N-ethylamphetamine and 
(_+)N-hydroxyamphetamme, but not to R(-)MDMA, (_+)MDE, S(+)MDE, R(- )MDE, or N-OH MDA The present results 
are consistent with other reports in the hterature suggesting that the psychoactive effects of certain MDA derivatives may 
be other than simply amphetamine- or DOM-hke 

Amphetamine Hallucinogens DOM MDA MDMA MDE Discrimination 

SIMPLE 3,4-methylenedloxy derivatives of phenyhsopro- 
pylamine (i e ,  those bearing no aromatic substltuents other 
than the methylenedloxy group) have recently gamed wide- 
spread notoriety because of (a) their possible, though con- 
troverslal, utility as adjuncts to psychotherapy [5, 19, 24, 
36], (b) their potential abuse liability [1,20] and (c) their 
neurotoxlc effects [27, 30, 31] The structurally simplest and 
best known member of this family of agents is I-(3 A-methyl- 
enedioxyphenyl)-2-aminopropane (3,4-MDA, "MDA") Other 
members of this series with demonstrated activity in humans 
mclude the N-monomethyl (MDMA, "Ecstasy," "Adam"),  
N-monoethyl (MDE, MDEA, "Eve") ,  and N-hydroxyl (N-OH 
MDA) analogs of MDA [3,4] A structurally related agent, 
alpha-desmethyl MDA (des-Me MDA, HPA), appears to lack 
psychoactive properties in humans [32] 

With the exception of MDA, relatively little is known 
concerning the stimulus properties of these methylenedloxy 
derivatives. Although we have previously trained animals to 
discriminate MDA [11,12] and MDMA [17] from saline, we 
have found it convenient to examine the stimulus properties 
of these agents using animals trained to recognize more con- 
ventional agents For example, using a two-lever drug dis- 
crimination paradigm with rats trained to discriminate the 
hallucinogen 5-methoxy-N,N-dimethyltryptamine (5-OMe 
DMT) from saline, 5-OMe DMT-stlmulus generalization oc- 
curred with (-+)MDA and R( - )MDA but not with S(+)MDA 
[13] This was our first indication that the isomers of MDA 
might be producing dissimilar stimulus effects In subse- 

quent studies with groups of rats trained to discriminate 
either the stimulant phenyhsopropylamlne (+)amphetamine 
(AMPH) or the hallucinogenic phenyhsopropylamme 
1-(2,5-dlmethoxy-4-methylphenyl)-2-amlnopropane (DOM) 
from saline, we found that stimulus generalization occurred 
with racemic MDA m both groups of animals [12,15]. How- 
ever, the amphetamine-stimulus generalized to S(+)MDA 
but not to R( - )MDA,  whereas the DOM-stlmulus general- 
ized to R( - )MDA but not to S(+)MDA suggesting that each 
optical isomer of MDA is responsible for a different stimulus 
effect [12,15] 

MDMA has recently been placed in Schedule I of the 
Controlled Substances Act. Since then, there has been an 
increased occurrence of the clandestine synthesis and illicit 
use of some of the other methylenedloxy derivatives [28] In 
the present study, for purposes of comparison, we examine 
the remaining members of this series in groups of animals 
trained to discriminate the same two phenyhsopropylammes, 
(+)amphetamine and DOM, from vehicle 

METHOD 

Drug Dts¢rtmmatton Studies 

ThLrteen male Sprague-Dawley rats (ca. 250--300 g) were 
used in the present study The animals were housed individ- 
ually and, prior to the start of the study, their body weights 
were reduced to approximately 80% of their free-feeding 
weight During the entire course of the study, the animals' 
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body weights were maintained at this reduced level by partial 
food deprivation, in their home cages, the animals were 
allowed drinking water ad lib The animals were trained 
(15-min training session) to discriminate lntraperltoneal in- 
jections (15-mln presession injection interval) of either 1 0 
mg/kg of (+)amphetamine sulfate (n=7) or 1 0 mg/kg of 
DOM hydrochlorlde (n=6) from vehicle (sterile 0 9% saline) 
under a variable interval 15-sec schedule of reinforcement 
for food (sweetened powdered milk) reward Standard two- 
lever operant chambers (Coulbourn Instruments model 
El0-10) were used The amphetamine-trained rats are essen- 
tially the same animals that we used In an earlier study [16] 
(two of the onglnal animals died and were replaced by three 
new ammals) The six rats trained to discriminate DOM from 
sahne were trained as previously described in greater detail 
[15] In general, dally training sessions were conducted with 
both training drugs (in their respective group of animals) or 
10 ml/kg of sahne, on every fifth day, learning was assessed 
dunng an initial 25-mln non-reinforced (extinction) session 
followed by a 125-mIn training session For approximately 
half the animals, the left lever was designated the drug- 
appropriate lever whereas the situation was reversed tor the 
remaining animals Data collected dunng the extinction ses- 
sion included responses per minute (1 e .  response rate) and 
number of responses on the drug-appropnate lever (ex- 
pressed as a percent of total responses) Animals were not 
used m the stimulus generahzatlon studies until they made 
greater than 80% of their responses on the drug-appropriate 
lever after administration of training drug, and less than 21Y~ 
of their responses on the same drug-appropriate lever after 
administration of saline, for three consecutive weeks The 
animals were placed in the operant chambers no more than 
once per day and were in their home cages except during 
training and extinction sessions 

Tests of stimulus generahzatlon were conducted in order 
to determine if the MDA analogs would substitute for the 
(+)amphetamine or racemlc DOM stimulus During this 
phase of the study, maintenance of the training drug dis- 
crimination was insured by continuation of the training ses- 
sions on a dally basis (except on a generalization test day, 
see below) On one of the two days before a generahzatlon 
test, approximately half of the animals would receive tram- 
lng drug and half would receive saline, after a 25-mln ex- 
tinction session, training was continued for 125 mm 
Animals not meeting the original criteria (i e , >80% of total 
responses on the drug-appropriate lever after administration 
of training drug and <20% of total responses on the same 
lever after administration of sahne) during the extinction 
session were excluded from the immediately subsequent 
generalization test session During the investigations of 
stimulus generalization, test sessions were interposed among 
the training sessions The animals were allowed 25  mln to 
respond under non-reinforcement conditions, the animals 
were then removed from the operant chambers and returned 
to their home cages An odd number of training sessions 
(usually five) separated any two generalization test sessions 
Doses of the challenge drugs were administered in a random 
order, using a 15-mln presession injection interval, to groups 
of 3-6 rats If a particular dose of a challenge drug resulted in 
disruption of behawor, only lower doses would be evaluated 
in subsequent weeks Stimulus generalization was said to 
have occurred when the animals, after a given dose of chal- 
lenge drug, made ~>80% of their responses on the drug- 
appropriate lever Animals making fewer than 5 total re- 
sponses dunng the 2 5-mln extraction session were consld- 

ered as being disrupted Where stimulus generahzatlon oc- 
curred, ED50 values were calculated by the method of Fin- 
ney [7] The ED50 doses are doses at which the animals 
would be expected to make 50% of their responses on the 
drug-appropnate lever 

Solutions of all drugs were made fresh dally in 0 9% 
sterile saline All drugs were administered via the intraperi- 
toneal route 15 mln prior to testing 

L o c o m o t o r  A~ tlvtty S tud ies  

The spontaneous locomotor activity of mice was deter- 
mined by quantltatlng the number of interruptions of a 
photocell light beam (Autotron I n c ,  Danville, IL) In a 
13×7×3" plastic cage as previously described [21] Ambula- 
tory movement of the mice interrupted the light beam which 
traversed the cage Gross movement was measured at a time 
interval of 5-15 mIn after injection of test drug This time 
period was selected because of its rough correspondence to 
the 15-mln presesslon injection interval used in the drug dis- 
crimination studies Eight to 14 mice were used for each dose 
with two animals per chamber The mice were injected lntra- 
pentoneally with saline (control) or with solutions of the test 
drugs In saline 

Drugs 

N-Methyl- 1 -(3,4-methylenedloxyphenyl)-2-amlnopropane 
hydrochlonde (MDMA) and ItS R( - )  and S(+) optical isomers 
(as their hydrochlonde salts) were synthesized in our labora- 
tory as previously reported [14] N-Hydroxy-l-(3,4-methyl- 
enedloxyphenyl)-2-amlnopropane hydrochlorlde (N-OH 
MDA) was synthesized according to the method of Braun et 
al [3] 2-(3.4-Methylenedioxyphenyl)-l-amtnoethane hydro- 
chloride (des-Me MDA) was available from an earlier study 
[ 15] N-Hydroxyl-l-phenyl-2-amlnopropane oxalate (N-OH 
AMPH) was prepared according to the method of Gllsdorf 
and Nord [9] and (+)N-ethyl-l-phenyl-2-amlnopropane hy- 
drochioride (N-Et AMPH) was prepared by the method of 
Schaeffer et al [29] except that lithium aluminum hydride 
was used in place of sodium bls(2-methoxyethoxy) aluminum 
hydride as the reducing agent Racemlc N-ethyl-1-(3,4-methyl- 
enedloxyphenyl)-2-amlnopropane hydrochlorlde (MDE) and 
its optical isomers (as their hydrochlorlde salts) were ob- 
tained as gifts from NIDA 

RESULTS 

The (+)amphetamine-stimulus generalized to S(+)MDMA 
(ED50=0 6 mg/kg, Table 1). but not to R( - )MDMA,  at that 
dose of S(+)MDMA where generalization occurred (1 e , 0 8 
mg/kg) the animals' response rates were reduced to approx- 
Imately 50% of control levels The (+)amphetamine-stimulus 
did not generalize to MDE. nor to either of its optical iso- 
mers. but did generalize to (+)N-Et amphetamine Likewise, 
the (+)amphetamine-stimulus did not generalize to N-OH 
MDA but did generalize to N-OH amphetamine (ED50=0 38 
mg/kg, 1/xmole/kg) Again, response rates were depressed at 
those doses where generalization occurred The alpha des- 
methyl analog of MDA (des-Me MDA) produced sahne-ap- 
proprlate responding at doses of up to 15 mg/kg and disrup- 
tion of behavior at 20 mg/kg (Table 1) 

In the DOM-tramed animals, drug-appropriate respond- 
lng after administration of MDE, or of either optical isomer 
of MDE, never exceeded 2D%. at the highest non-disruptive 
doses evaluated, response rates were severely depressed 
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T A B L E  1 

RESULTS OF STIMULUS GENERALIZATION STUDIES USING RATS TRAINED TO 
DISCRIMINATE EITHER (+)AMPHETAMINE OR (_+)DOM FROM SALINE 

Dose Drug-Correct Mean Responses 
Agent (mg/kg) N* Respondlngt Per Minute? 

(+) Amphetamine-Trained Animals 

(_+)MDA~ + ED50=2 29 mg/kg 
S(+)MDA$ ED50=0 90 mg/kg 
R(-)MDA$ Disruption >2 0 mg/kg 
(_+)MDMA~ ED50= 1 64 mg/kg 

S(+)MDMA 0 1 4/6 0% 8 0 (2 2) 
035 5/5 3% (2) 69(1  6) 
05 4/5 34%(16) 100(1 6) 
08  4/5 80% (5) 8 2 ( 2  1) 
09 1/4 --§ 8 2 ( 2  1) 
1 0 0/4 --~ 
1 4 0/4 - - §  
1 6 0/5 - - 6  
2 0 0/4 --§ 

ED50=0 60 (0 44-0 80) mg/kg¶ 

R(-)MDMA 1 0 4/4 9% (3) 10 2 (2 8) 
20  2/4 33% (8) 182(14)  
2 5 3/5 22% (12) 8 4 (2 8) 
2 7 0/4 --§ 

(±)MDE 0 15 4/4 3% (2) 18 1 (6 8) 
0 4 3/3 0%, 20 0 (8 1) 
0 5 3/3 21%, (12) 16 5 (1 6) 
08  3/4 17% (2) 13 6(76)  
1 2 3/3 15% (9) 8 1 (2 2) 
1 8 3/4 25% (8) 108(1 2) 
2 0 0/3 --§ 

S(+)MDE 0 5 4/4 12% (6) 13 5 (3 3) 
0 7 4/4 24% (12) 10 8 (3 4) 
1 0 3/5 5% (3) 7 6 ( 3  4) 
1 5 3/5 3% (3) 8 1 (1 4) 
20 3/6 14% (1) 6 8 ( 4 4 )  
23 2/6 --~ 

R(-IMDE 1 0 4/5 4%, (3) 11 8 (39) 
1 5 3/4 6% (5) 7 6 ( 1  6) 
1 7 3/3 2% (2) 1 0 8 ( 2 5 )  
2 0 3/3 0% 16 3 (3 2) 
40  3/4 15% (8) 13 0(43)  
4 5 3/4 28%, (17) 6 0 (2 0) 
5 0 4/5 19% (13) 7 2 (2 7) 
55 1/4 --§ 
60  0/4 --§ 
7 0 1/4 --§ 

S(+)N-Et AMPH 0 5 3/3 7% (6) 5 7 (1 6) 
07 5/7 38% (8) 70(1  7) 
1 0 4/7 55% (16) 6 8 (1 1) 
12  5/7 82%(11) 6 3 ( 1 0 )  

(_+)N-OH MDA 

ED50=0 87 (0 65-1 17) mg/kg 

004 3/4 12% (3) 4 2 ( 1 0 )  
0 1 3/4 0% 2 6 (0 2) 
0 2 3/4 0% 3 2 (0 6) 
04  3/4 0% 3 2(06)  
06  4/5 11% (9) 4 2 ( 0 9 )  
0 7 3/4 12% (3) 3 8 (1 1) 
0 8 1/4 --§ 
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T A B L E  1 

(CONTINUED) 

Dose Drug-Correct Mean Responses  
Agent (mg/kg) N* Responding+ Per Minute+ 

(_+)N-OH AMPH 8 4 (2 2) 
11 2 (1 6) 
12 4 (5 0) 
5 2 ( 1 5 )  

66) mg/kg 

Des-Me MDA 1 0 4/4 2% ~1) 18 3 (3 4) 
4 0  4/4 7% (4) 174(1 4) 

100 3/3 4% (3) 169(1 7) 
150 4/4 6% (2) 6 3 ( 1  7) 
20 0 0/3 - -~  

S(+)AMPH 1 0 7/7 91% (5) 14 6 (2 3) 

Sahne (1 ml/kg) 7/7 12% (4) 14 2 (3 l) 

0 2 4/5 19% (3) 
0 3 4/4 41e/~ (14) 
0 5 4/4 63% (16) 
1 0 4/5 93% (4) 

ED50=0 38 (0 21-0 

( _+ )DOM-Tramed Ammals 

(_+)MDA$ ED50= 1 68 mg/kg 
S(+)MDA$ Disruption > 1 5 mg/kg 
R(-)MDA:~ ED50=0 81 mg/kg 
(_+)MDMA:~ Disruption >2 0 mg/kg 
S(+)MDMA~ Disruption >2 0 mg/kg 
R(-)MDMA:~ Disruption >2 0 mg/kg 

(_+)MDE 0 2 4/4 6% (5) 8 2 (4 0) 
05  3/4 2e~ (1) 9 0 ( 1  7) 
0 6  4/6 2c7c (2) 4 3 ( 1  3) 
0 8 0/4 - -~  

S(+)MDE 005 3/3 ( ~  11 I (2 6) 
0 2 3/4 ffT~ 7 2 (3 2) 
0 4  4/4 5% (3) 3 1(05)  
0 6 0/3 - -~  

R ( - ) M D E  0 5 3/6 0% 7 5 (2 9) 
0 7  3/5 5% (4) 5 3 (3 8) 
1 0 3/5 4% (2) 6 3 ( 2  1) 
1 5 3/4 5% (3) 5 9 ( 1  9) 
2 0 3/3 19c, c (9) 6 0 (2 1) 
2 5 0/4 - -§  
3 5 0/4 - -~  

(-+)N-OH MDA 0 5 3/4 4% (2) 17 0 (1 4) 
0 7 4/5 2(1% (13) 15 5 (1 0) 
0 8 5/5 27% (10) 10 3 (2 9) 
1 0 1/3 - -§  
1 5 3/5 21% (6) 3 9 ( 0 6 )  
1 8 0/3 - -~  

(-+)DOM 1 0 6/6 94% (3) 10 8 (0 8) 

Sahne (1 ml/kg) 6/6 8% (2) 11 4 (1 1) 

* N = N u m b e r  of ammals responding/number receiving drug 
tFo l lowed by _+SEM 
SData previously reported [ 12,15], included for comparative purposes 
§DlsrupUon of  behavior 0 e , no responding) 
¶ED50 values followed by 95% confidence hmlts 
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FIG 1 The effect of the isomers of MDMA on spontaneous locomo- 
tor activity Each point represents the mean percent change in 
number of photocell beam interruptions, relative to concommtantly 
tested control mice, in MDMA-treated m,ce during the interval of 5 
to 15 minutes after IP injection (N=4 to 7 cages per dose ) Black 
squares R(-)MDMA. clear squares S(+)MDMA 

Racemlc N-OH MDA produced essentially sahne-appro- 
pnate responding at the highest non-disruptive dose eval- 
uated, here too, response rates were depressed (Table l) 

The effect of S(+)MDMA and R( - )MDMA on the loco- 
motor activity of mice is shown in Fig 1 The S(+)-lsomer 
was stgmficantly more potent than Its R(-)enant lomer  as a 
locomotor stimulant and its activity is essentially compara- 
ble to that of racemlc MDMA (365% Increase at 20 mg/kg, 
data not shown) 

D I S C U S S I O N  

MDA is a rather unique agent in that it produces effects 
that are both amphetamlne-hke and hallucmogen-hke (l e , 
DOM- or LSD-hke) (a) in drug discrimination studies using 
animals trained to discriminate either (+)amphetamine [12]. 
DOM [15], or MDA [12], (b) in the chronic spinal dog [26], 
and (c) in various behavioral tests involving rodents [23] 
Furthermore, the amphetamine-like properties of MDA ap- 
pear to be associated primarily with the S(+)-Isomer 
whereas the R(-)- lsomer  seems to be more responsible for 
the hallucinogen-like properties [10] Distinct structure- 
activity relationships (SARs) have been formulated for 
phenyhsopropylamlne stimulants and phenyhsopropylamtne 
hallucinogens [10,37], for example, for those phenyhso- 
propylamlnes with central stimulant activity, the S-Isomers 
are several times more potent than their R-enantiomers 
Also, the presence of small alkyl groups on the terminal 
amine function has relatively httle effect on amphetamine- 
like action but suppresses (or abolishes) hallucinogen-like 
activity [10] A comparison of MDA with its N-methyl de- 
rivative MDMA provides results that are consistent with 
these SARs Unlike racemlc MDA and R( - )MDA,  neither 
racemlc MDMA, R(- )MDMA. nor S(+)MDMA produce 
DOM-hke stimulus effects [15] However, racemlc MDMA 
does result in stimulus generalization when (+)amphetamine 
is used as the training drug regardless of the species of 
ammal employed rat [12], pigeon [6], monkey [22], and 
Table 1 shows that this amphetamine-like effect can be at- 
tributed primarily to S(+)MDMA Likewise. the locomotor 

stimulation produced by MDMA also appears primarily at- 
tributable to the S(+)-lsomer (Fig 1) Interestingly, homolo- 
gation of the alkyl group from methyl to ethyl results m an 
agent (1 e , MDE) that produces neither amphetamine-like 
nor DOM-hke stimulus effects (Table l) Furthermore, 
neither optical isomer of MDE results in amphetamine- or 
DOM-stlmulus generalization (Table l) This loss in 
amphetamme-hke stimulus effects for MDE relative to 
MDMA cannot be attributed solely to homologatlon, though 
it is less potent than (+)amphetamine itself (ED50=0 43 
mg/kg, 1 2/xmoles/kg). (+)N-Et amphetamine (ED50=0 87 
mg/kg. 4 4 /zmoles/kg) does produce amphetamme-hke 
stimulus effects (Table 1) These results are also consistent 
with the previous findings that N-Et amphetamine, like am- 
phetamine, is a potent locomotor stimulant [34] and IS self- 
administered by monkeys [33,35] 

A similar situation exists with N-OH MDA. the 
amphetamine-stimulus generalizes with (_+)N-OH am- 
phetamine but not w~th (-+)N-OH MDA (Table 1) suggesting 
that it is not merely the presence of the N-hydroxyl group 
that alters activity Indeed, others have previously reported 
that N-OH amphetamine produces amphetamlne-hke behav- 
ioral effects and that, in some assays, it is at least as potent 
as amphetamine [2,18] 

The alpha desmethyl analog of MDA (1 e , des-Me MDA) 
is essentially inactive in both groups of animals (Table 1 and 
[15]) This is consistent with its lack of significant central 
effects in humans [32] It may be speculated that the absence 
of the alpha methyl group renders the molecule more sus- 
ceptible to oxidative deamlnatlon in VlVO, similar effects are 
observed when amphetamine is compared with its alpha- 
des-methyl counterpart phenethylamlne [37] 

MDA produces both amphetamlne-hke and DOM-hke 
stimulus effects N-Monomethylation of MDA results in the 
retention of amphetamine-like stimulus effects but in loss of 
DOM-hke stimulus effects As with other stimulant phenyl- 
Isopropylamlnes [10], it IS the S(+)-isomer of MDMA that IS 
the more potent (a) as a locomotor stimulant (Fig 1). (b) in 
disrupting schedule-controlled operant responding [14], and 
(c) with respect to stimulus generahzatlon in MDMA-tramed 
rats [14.17] S(+)MDMA also appears to be responsible for 
the amphetamine-like stimulus effects of MDMA (Table 1) 
Although these results might have been anticipated on the 
basis of available SAR, it cannot be overlooked that MDMA 
might undergo metabolism to MDA by demethylatlon in 
VlVO Indeed, we have recently demonstrated that in the rat 
MDA is a major metabohte of MDMA [8] Nevertheless, 
because the stimulus profile of MDMA is different from that 
of MDA, it does not seem likely that this metabohte can 
account for the actwlty of MDMA within the time con- 
stralnts employed in the drug discrimination study (unless 
racemic MDMA is preferentially metabolized to S(+)MDA) 

Homologation of the methyl substltuent to an ethyl group 
(l e , MDE) and replacement of the methyl group by a hy- 
droxyl group (i e , N-OH MDA) result m agents to which 
neither the amphetamine- nor DOM-stlmulus generahzes It 
IS particularly surprising that these agents (especially 
S(+)MDE) do not produce amphetamine-like stimulus ef- 
fects since the amphetamine-stimulus generalizes to racemlc 
MDA, S(+)MDA, S(+)N-Et amphetamine and N-OH am- 
phetamine. It is also surprising that MDE and N-OH MDA 
should differ from what is observed for MDMA when it has 
been reported (although very limited data are avadable and 
these agents have not yet been thoroughly evaluated in hu- 
mans) that all three agents share a common psychophar- 



448 G L E N N O N ,  Y O U S I F  A N D  P A T R I C K  

macological  profile m humans  [4] Several  explanat ions  are 
poss ible  First ,  these  agents  may p roduce  effects  m rats that  
differ f rom those  p roduced  in humans ,  second ,  these  agents  
may p roduce  a central  effect  that  in ter feres  with or  masks  
potentml  amphe tamlne -hke  or DOM-hke  st imulus effects  
(which might  have been  obse rved  at htgher  doses  had dis- 
rupt ion of  behav to r  not  occur red  at the lower  doses)  With 
regard to the lat ter  possibil i ty,  we have  previously  sugges ted  
that  p sychoac t t ve  p h e n y h s o p r o p y l a m l n e s  might cons ts t  o f  
several  behaviora l  sub-c lasses  [13] and it may be that  M D E ,  
N - O H  MDA,  and their  re la t ives ,  are producing  a phar-  
macological  effect  that  is ne i ther  a m p h e t a m m e - h k e  nor  
DOM-hke  The poss lb lh ty  also exis ts  that  these  agents  may 
const t tu te  m e m b e r s  of  a new pharmacologica l  class of  psy-  
choac t ive  agents  N~chols and co -worke r s  [25] have recent ly  

made  such a claim for M D M A  and,  more  specifically,  for the 
alpha ethyl  homolog  of  M D M A  In humans ,  these  agents  
repor ted ly  p roduce  a state of  i n t ro spechon  and the alpha 
ethyl  homolog  lacks amphetamine- l ike  or hal luclnogemc ac- 
tivity [25] M D A  and M D M A  may share  this activity but,  at 
the same t ime,  p roduce  amphe tamine-hke  and/or  DOM-hke  
effects  as ev idenced  by the results  of  the drug discr iminat ion 
studies Obwous ly ,  addihonal  s tudies  (on both  ammal  and 
human subjects)  are necessa ry  and war ran ted  m order  to 
be t te r  unders tand  th~s interest ing group of  psychoac t ive  
agents 
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