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SCHECHTER, M. D. Serotonergic-dopaminergic mediation of 3,4-methylenedioxymetharnphetamine (MDMA, 
"ecstasy"). PHARMACOL BIOCHEM BEHAV 31(4) 817-824, 1988.--A series of three experiments were conducted to 
investigate the possible serotonergic and dopaminergic mediation of the discriminative stimulus properties of the "de- 
signer" drug MDMA. In Experiment 1, rats trained to discriminate 1.5 mg/kg (+_)-MDMA from its vehicle at 20 min 
postadministration were shown to generalize to another drug of abuse, N-ethyl-3,4-methylenedioxyamphetamine (MDE) 
and to the serotonergicaily-active agents norfenfluramine and TFMPP. In contrast, testing of various dopaminergically- 
active agonists did not result in MDMA-Iike responding. In Experiment 2, dopaminergic and serotonergic antagonist were 
employed to observe their effect upon MDMA discrimination at 20 min postinjection. The serotonin antagonist pirenperone 
significantly decreased MDMA discrimination, whereas the dopamine decreasing drugs CGS 10746B and haloperidol had 
no effect. In Experiment 3, another group of rats were trained to discriminate MDMA at 105 min postadministration to 
investigate if, at this (later) time, the dopaminergic properties of MDMA may be more salient. Indeed, the 
dopaminergically-active drugs had a heightened effect upon MDMA at this later time, although the serotonergic component 
of the MDMA discriminative stimulus was predominant. The results suggest that the effects of MDMA at 20 min 
postadministration are solely serotonergic in nature. At 105 min postinjection there appears to be the presence of a weak 
dopaminergic component. This biphasic serotonergic-then-dopaminergic action of MDMA may explain the reported human 
experience with the drug, as well as the often controversial results in the literature. 
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MDMA (3,4-methylenedioxymethamphetamine) is a psy- 
choactive drug that was first synthesized in 1914 by chemists 
who mistakenly thought that, as a chemical similar to am- 
phetamine, it could be marketed as an anorexiant (50). It has 
recently received much attention in the lay press [e.g., (10, 
13, 36)] as a result of  its July 1, 1985 assignment by the Drug 
Enforcement Administration (DEA) as a highly restricted 
Schedule I drug. The drug, popularly known as "ecs tasy"  
(XTC) or " A d a m , "  is chemically related to both am- 
phetamine and mescaline and users maintain that it inten- 
sifies emotional feelings without sensory distortion, as well 
as increasing perception of self-insight, empathy, and esthe- 
tic awareness. Indeed, MDMA's  apparent ability to relax 
inhibitions and enhance communication has been well- 
recognized by an estimated 35-200 physicians who were 
using it in their practice, as a psychotherapeutic adjunct, 
prior to the DEA ban (2). Nonmedical MDMA use has, in 
addition, been estimated to have reached 400,000 doses in 
1985 (2) and a recent survey of a college population indicated 
that 3~¢~ of  the students have used this drug (33). The 
N-ethyl derivative of MDMA (popularly known as " E v e "  or 
MDE) has also been produced by clandestine laboratories (3) 
and appears to produce pharmacological effects similar to 
those of MDMA (6). 

A recent and intense research effort has been mounted to 
determine the acute and chronic effects of MDMA upon the 
central nervous system. The results of neurochemical inves- 
tigations have evidence the fact that MDMA not only in- 
creases the release of serotonin (21,44), but also stimulates 
dopamine release (21). It, thus, seems possible that the ac- 
tion of this drug may, like amphetamine, involve dopamin- 
ergic neuronal systems and, like LSD, may also involve 
serotonergic neurons. The purpose of  this series of experi- 
ments was, therefore, to extend our knowledge as to possible 
serotonergic and dopaminergic mediation of the interocep- 
tive cue produced by MDMA to allow rats to make differen- 
tial responses in a discrimination task. 

EXPERIMENT 1 

This laboratory was the site for an investigation that indi- 
cated that 1.5 mg/kg (_+)-MDMA can serve as a discrimina- 
tive stimulus in animals trained in a two-lever, food- 
motivated operant procedure (39). Once trained, these 
animals demonstrated a dose-related decrease in discrimina- 
tive performance after administration of lower doses of 
MDMA and the EDs0 was shown to be 0.27 mg/kg. The pur- 
pose of Experiment 1 was to extend this study by investigat- 
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ing if the MDMA-produced discriminative performance 
would generalize (transfer) to other drugs thought to act 
upon either dopaminergic or serotonergic neurons in the cen- 
tral nervous system. 

METHOD 

Subjects and Discriminative Training 

The animals used in this study were 8 male ARS/ 
Sprague-Dawley rats that had been previously trained to dis- 
criminate 1.5 mg/kg (_+)-MDMA from saline under a fixed 
ratio 10 (FRI0) schedule of reinforcement for food (45 mg 
Noyes pellet) reward using standard two-lever operant 
chambers (Med Associates, E. Fairfield, VT). The discrimi- 
nation training procedure for these animals has already been 
described (39). 

Stimulus Generalization Studies 

Once the rats met the training criterion, tests of stimulus 
generalization were conducted, i.e., the MDMA-trained rats 
were challenged with various doses of other agents in order 
to determine whether or not the rats would recognize the 
challenge agent as producing stimulus effects similar to those 
produced by MDMA. Maintenance of the MDMA/saline dis- 
crimination was ensured by continuation of training sessions 
throughout this phase of the study. Thus, training sessions 
were conducted with MDMA (1.5 mg/kg) and saline (1.0 
ml/kg) every second day, i.e., each animal was administered 
MDMA and 20 min later was placed into the two-lever oper- 
ant box and required to press the MDMA-appropriate lever 
in order to receive reinforcement. The lever pressed 10 times 
first was considered the "selected" lever and the animal was 
allowed to continue lever pressing for l0 min. On the next 
maintenance session, the animal was administered saline and 
20 rain later was required to press the (opposite) saline- 
appropriate lever to receive reinforcement and training was, 
likewise, continued for 10 rain. Interspersed between these 
maintenance sessions were days used to test the effects of 
other drugs and, by employing this pattern, each novel test 
drug/dose was preceded by one maintenance MDMA and 
one maintenance saline session. It was the first 10 presses 
("selected" lever) on these maintenance sessions which 
were used to judge if the animal was maintaining its dis- 
criminative performance to the training conditions. It was 
planned that if any rat fell below the 80% criterion, originally 
set (39), that rat would be dropped from subsequent data 
collection. This, however, did not occur. On days that novel 
drugs/doses were tested, the rats were immediately removed 
from the test chamber upon making 10 responses on either of 
the two levers. This precluded any continued training with a 
drug that was not used for initial training, i.e., a drug differ- 
ent than MDMA. Stimulus generalization (transfer) from 
MDMA to a test drug was said to occur when the rats, after 
being administered a given dose of a novel drug, made 80% 
or more of their first choice responses on the MDMA-correct 
lever. This seemed appropriate as the original criterion to 
judge MDMA-appropriate responding was, indeed, 80% cor- 
rect responding. 

Each test drug was administered in a random order, in at 
least three doses, with the initial dose chosen from the litera- 
ture available on that agent. Doses higher than those used 
were precluded by the appearance of behavioral disruption, 
i.e., long onset to lever pressing, at the highest dose re- 
ported. Drugs chosen for use, and the rationale behind that 

choice, were: N-ethyl-3,4-methylenedioxyamphetamine 
(MDE), a drug of abuse chemically related to MDMA and 
currently unscheduled with the DEA (6); both direct-acting 
(apomorphine) and indirect-acting (l-cathinone, d- 
amphetamine) dopaminergic agents (56); and indirect- (nor- 
fenfluramine) and direct- (putatively specific receptor) 
serotonin agonists [TFMPP acting upon 5HT~R; 8-OHDPAT 
acting upon 5HT, A; DOI acting upon 5HT~ receptors; (16)]. 

Measurements and Statistics 

The lever pressed 10 times first was designated as the 
"selected" lever. The percentage of rats selecting the lever 
appropriate for MDMA was the quantal measurement of dis- 
crimination and quantal data are presented as percent cor- 
rect first choice responses on the MDMA-correct lever. In 
addition, the number of responses on the MDMA-correct 
lever divided by the total responses on both levers made 
prior to 10 responses (including the 10 on the MDMA-correct 
lever) times 100, constitutes the quantitative measurement. 
This latter measurement was used to analyze data on both 
levers and to incorporate counts on the "unselected" lever 
in the statistical analysis. The ~dvantages of using both 
measurements have been previously discussed (48). The 
quantal data for the dose-response experiments were 
analyzed by the method of Litchfield and Wilcoxon (23) 
which employs probit vs. log-dose effects and generates 
EDs0'S and tests for parallelism. When a drug was observed 
to produce 80% or greater quantal response on the MDMA 
lever, the drug was considered to generalize from MDMA 
and its dose-response curve was analyzed both for EDs0 and 
for parallelism to a previously (39) generated MDMA dose- 
response curve. 

RESULTS 

The ability of rats trained to discriminate 1.5 mg/kg 
MDMA from saline to generalize this discrimination to novel 
drugs is represented by data in Table 1. Administration of 2.0 
mg/kg MDE produced 93.8% quantal responding upon the 
MDMA-correct lever and decreasing doses of MDE were 
shown to produce decreased discriminative performance. 
Analysis (23) of the MDE dose-response curve yields an 
EDs0 (with 95% confidence limits) of 1.29 (1.06-1.57) mg/kg 
for the quantal measurement and a similar 1.19 (0.86-1.65) 
mg/kg for the quantitative measurements. Analyses of the 
slopes of this MDE-produced dose-response curve and the 
dose-response curve previously produced by various doses 
of MDMA in these rats (39) indicate that these curves are 
parallel within statistical limitations and MDMA appears to 
be 4.7 times more potent in this behavioral paradigm then 
does MDE. In contrast, none of the doses of the 
dopaminergically-active drugs, viz. , / -cathinone,  d-amphet- 
amine or apomorphine, produced an MDMA-appropriate 
(80% quantal) discrimination and, thus, none of these can be 
said to have generalized. However, it was observed that the 
0.6 mg/kg dose of l-cathinone, as well as the 0.8 mg/kg dose 
of d-amphetamine, produced 62.5% quantal responding in 
these animals. No dose of apomorphine produced greater 
than 56.3% quantal responding on the MDMA lever. 

The indirect-acting serotonergic agent norfenfluramine, at 
1.4 mg/kg, produced generalization in the MDMA-trained 
rats and decreasing doses of norfenfluramine produced de- 
creased discriminative performance. Analysis of the dose- 
response relationship indicated an EDso of 0.78 (0.55-1.13) 
mg/kg and parallelism to the MDMA dose-response curve. 
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TABLE 1 
EFFECT OF VARIOUS DOPAMINERGICALLY-  AND 

SEROTONERGICALLY-MEDICATED DRUGS IN RATS (n=8) 
TRAINED TO DISCRIMINATE 1.5 mg/kg MDMA FROM 

SALINE AT 20 MIN POSTINJECTION 

Dose (SD) 
Treatment (mg/kg) Quantal Quantitative 

MDE 2.0 93.8 83.0 (0.5) 
1.5 68.8 62.3 (5.7) 
1.0 18.8 39.7 (0.7) 

l-cathinone 1.2 37.5 46.1 (19.8) 
0.6 62.5 57.9 (7.9) 
0.3 6.3 19.6 (12.0) 

d-amphetamine 1.2 43.8 49.7 (5.9) 
1.0 25.0 42.0 (10.8) 
0.8 62.5 60.9 (19.0) 
0.4 37.5 42.2 (0.1) 

Apomorphine 0.32 56.3 52.8 (16.2) 
0.16 43.8 43.1 (15.7) 
0.08 5.0 18.8 (12.6) 

Norfenfluramine 1.4 87.5 67.2 (7.2) 
1.0 62.5 61.1 (5.8) 
0.7 43.8 42.8 (4.5) 

TFMPP 0.8 81.3 76.9 (0.1) 
0.6 75.0 70.3 (0.4) 
0.3 31.3 40.2 (3.9) 

8-OHDPAT 0.8 35.0 39.3 (1.1) 
0.6 55.0 50.8 (6.7) 
0.4 35.0 42.8 (2.9) 

DOI 0.75 50.0 52.8 (6.7) 
0.50 43.8 51.9 (2.1) 
0.25 18.8 27.1 (13.9) 

Likewise, 0.8 mg/kg TFMPP produced 81.3% quantal re- 
sponding and decreasing doses produced decreased dis- 
crimination. In contrast, the 5HT~A specific 8-OHDPAT and 
the 5HT2 specific DOI did not produce generalization. 

EXPERIMENT 2 

In order to replicate and extend the results obtained in 
Experiment 1, a new group of rats was trained to discrimi- 
nate 1.5 mg/kg (+_)-MDMA from its vehicle in the two-lever 
discrimination paradigm. After testing (for purposes of rep- 
lication) of some of the agonists observed to produce gener- 
alization, this group of  rats was to be used to study the effect 
of  pretreatment with specific dopaminergic and serotonergic 
antagonists upon the MDMA-produced discriminative cue. 

METHOD 

Subjects and Discriminative Training 

Eight male ARS/Sprague-Dawley rats purchased from the 
same supplier as those used in Experiment 1 (Zivic-Miller 
Labs. ,  Allison Park, PA) were trained by the same method- 
ology. One of  these rats died of unrelated causes and the 
data, thus, reflect an n=7.  

Dose-Response and Generalization Studies 

Once the rats attained the training criterion, every second 
day was employed to test for generalization to lower MDMA 
doses (dose-response study) or to various doses of agonists 
(generalization study). Replication of the generalization ex- 
periments with MDE and norfenfluramine were conducted 
and the drug quipazine, at four doses, was employed to test 
for generalization. Alternate days were used to maintain and 
ensure discrimination to 1.5 mg/kg (_+)-MDMA and its 
vehicle. 

Stimulus Antagonism Studies 

Subsequent to the agonist generalization studies, and with 
the MDMA/vehicle discrimination maintained throughout, 
stimulus antagonism tests were conducted to evaluate the 
effect of a specific serotonin or dopaminergic antagonists 
upon MDMA-appropriate responding. Thus, the serotoner- 
gic antagonist pirenperone (16), at doses of 0.08-0.32 kg, was 
administered 15 min prior to MDMA or saline and animals 
were tested 20 min after the second injection. Likewise, the 
dopaminergic antagonist haloperidol (56), at doses of 0.15- 
0.25 mg/kg, was administered 15 min prior to either the train- 
ing dose of MDMA or saline and the rats tested 20 rain later. 
In a similar manner, the recently synthesized ben- 
zothiadiazepine CGS 10746B was tested to evaluate its effect 
upon MDMA discrimination. This agent has been reported to 
decrease dopamine release without either changing 
dopamine metabolism or occupying dopaminergic receptors 
(1) and it has been observed to block the discriminative 
stimulus properties of d-amphetamine in a similar behavior 
paradigm (41). 

RESULTS 

The dose-response results of treating rats trained to dis- 
criminate 1.5 mg/kg (+_)-MDMA from its vehicle with two 
lower doses of MDMA appear in the first part of Table 2. The 
EDs0 generated by analysis (23) of the quantal data is 0.73 
mg/kg and a similar 0.76 mg/kg for the quantitative meas- 
urement. As in Experiment 1, the highest dose of MDE and 
norfenfluramine tested produced generalization. Decreasing 
doses of each of these agonists produced decreasing 
MDMA-appropriate lever selections and the quantal EDs0 
for MDE was 1.59 mg/kg and for norfenfluramine the EDs0 
was 0.72 mg/kg. These EDs0's are similar to those of 1.29 and 
0.78 mg/kg for MDE and norfenfluramine, respectively, de- 
rived in a different group of rats used in Experiment 1. The 
potency ratio of  MDMA:MDE in this experiment was 2.2. In 
contrast, quipazine at doses of 0.5 to 1.5 mg/kg did not gen- 
eralize. However,  the 1.0 mg/kg dose of quipazine did result 
in 71.3% of first choice responses (quantal) on the MDMA 
lever. 

The results of the pretreatment experiments with 
antagonists appear in section A of Table 3. The dopamine 
release inhibitor CGS 10746B, at the highest dose (30 mg/kg), 
reduced MDMA discrimination to 71.4%, whereas no dose of 
haloperidol had an effect on discrimination. When these 
drugs were administered prior to saline, the rats maintained 
saline-appropriate responding (data not shown). Higher 
doses of antagonists were precluded because of the appear- 
ance of behavioral disruption. The serotonin-specific 
antagonist pirenperone produced a dose-responsive decrease 
in MDMA-appropriate discriminative performance with 0.32 
mg/kg pirenperone pretreatment reducing MDMA quantal 
responding to 28.6%. 
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TABLE 2 
DOSE-RESPONSE AND GENERALIZATION RESULTS IN 

RATS (rt=7) TRAINED TO DISCRIMINATE 1.5 nag/kg (_+)-MDMA AT 
20 MIN POSTINJECTION 

Quantitative 
Treatment Dose Quantal (SD) 

(_+)-MDMA 1.5 100.0 92.1 (0.0) 
1.0 85.7 77.2 (10.1) 
0.5 14.3 16.5 (13.9) 
0.0 veh. 0.0 8.4 (4.4) 
ED~0 mg/kg 0.73 0.76 
(95% conf. (0.55-0.96) (0.55-1.07) 

lim.) 

MDE 2.0 85.7 74.4 (18.0) 
1.5 42.9 50.8 (19.9) 
1.0 0.0 17.9 (4.9) 

EDso 1.59 1.50 
(95% conf. (1.37-1.84) (1.15-1.95) 
lira.) 

Norfenflur- 1.5 92.9 75.1 (0.8) 
amine 1.0 78.6 75.4 (12.9) 

0.5 21.4 24.5 (6.3) 

EDso 0.72 0.77 
(95% conf. (0.51-1.02) (0.48-1.21) 

lim.) 

Quipazine 1.5 64.3 63.1 (6.8) 
1.0 71.3 62.5 (3.5) 
0.75 64.3 62.6 (8.6) 
0.5 7.1 15.5 (10.6) 

EXPERIMENT 3 

Recent work from this site (25,55) indicates that brain 
dopamine content is greatly increased in the rat caudate and 
nucleus accumbens between 60 and 120 rain following intra- 
peritoneal administration of MDMA. If rats were trained to 
discriminate the stimulus effects of MDMA at a time later 
than employed in Experiments I and 2, i.e., at 20 min 
postinjection, then perhaps the dopaminergic component of 
the MDMA effect might be enhanced. 

METHOD 

Subjects and Discriminative Training 

Eight experimentally-naive Sprague-Dawley male rats 
were trained to discriminate (__+)-MDMA from its vehicle in a 
manner exactly like that used in Experiments 1 and 2 except 
for two differences: 1) All phases of shaping and training 
with MDMA and its vehicle, as well as subsequent dose- 
response and generalization experiments, were conducted at 
105 min after IP administration of (_)-MDMA; 2) Previous 
time-course studies (39) indicated that 1.5 mg/kg MDMA 
produced 93.8% MDMA-appropriate responding at 90 min 
postinjection, whereas this quantal measurement dropped to 
37.5% at 120 rain postinjection. Since that dose of MDMA 
would be poorly discriminable at 105 min (as later evidenced, 
see Table 4A), the training and maintenance dose of MDMA 
chosen for this group of rats was 2.5 mg/kg. 

Dose-Response and Antagonism Experiments 

Once the rats trained to discriminate 2.5 mg/kg (-+)- 
MDMA from its vehicle at 105 min post-lP injection (referred 
to as the "105' rats") attained criterion performance, alter- 
nate days were employed to determine dose-response rela- 
tionships. After doses of 1.0-2.5 mg/kg MDMA were tested 
at 105 rain postadministration, MDMA in doses of 0.125 to 
1.5 mg/kg were tested, in the 105' rats, at 20 rain postinjec- 
tion. In addition, the rats trained to 1.5 mg/kg MDMA at 20 
min post-IP injection (referred to as the "20' rats" and de- 
tailed in Experiment 2) were given another series of dose- 
response sessions with an expanded MDMA dosage range of 
0.5-2.5 mg/kg. After these doses were tested at 20 min 
postinjection, doses of 0.75-2.5 kg MDMA were tested at 
105 rain postinjection. Thus, each of the two groups of rats 
were tested with various doses of MDMA at both 20 and 105 
rain postinjection. 

The 105' rats were subsequently pretreated with the same 
doses of antagonists as used in the 20' rats (Experiment 2). 
To ensure consistency, the antagonists were administered at 
the same time prior to testing as used in Experiment 2. Thus, 
e.g., in the 20' rats, haloperidol was injected 30 min prior to 
testing and 1.5 mg/kg MDMA administered 10 rain later or 20 
min prior to testing. In the case of the 105' rats, 2.5 mg/kg 
was administered and 75 rain later haloperidol was injected. 
Thus, the time between administration of the training dose of 
MDMA and testing was always 105 rain and the effects of 
antagonists were tested at the same pretreatment (or co- 
treatment) times as in Experiment 2. 

RESULTS 

The dose-response effects of various doses of (_+)-MDMA 
in the 105' rats appears in Table 4B (right side). The training 
dose maintained MDMA discrimination in 9 2 . ~  of all trials, 
whereas the testing of the vehicle resulted in 8.9% quantal 
responses on the MDMA-lever (or 91.1% of responses on the 
saline-correct lever). Decreasing doses of MDMA generally 
produced decreased discrimination and the ED.~0 generated 
from this data was quantal ED.5o = 1.46 mg/kg and the quan- 
titative EDs0 =1.23 mg/kg. When the 105' rats were tested 
with MDMA at 20 min postinjection (Table 4B, left side) the 
quantal EDs0 decreased to 0.27 mg/kg. 

The 20' rats also displayed decreased discrimination with 
decreasing MDMA doses and a quantal EDs0=0.71 mg/kg 
(Part A of Table 4, left side). This EDs0 is similar to that of 
0.73 mg/kg generated by dose-response experiments in this 
group of rats in Experiment 2. When the 20' rats were tested 
with various doses of MDMA at 105 min postinjection, their 
discriminative performance decreased at each dose resulting 
in an (increased) ED~0 = 1.48 mg/kg. 

The results of cotreatment with antagonists in rats trained 
to discriminate 2.5 mg/kg (_+)-MDMA at 105 min after its 
administration is presented in Part B of Table 3. The 
dopamine-release inhibitor CGS 10746B reduced MDMA 
discrimination to 62.5% at the lowest dose (20 mg/kg) used. 
However, increasing doses produced no greater decrease in 
MDMA discrimination. Likewise, all doses of haloperidol 
reduced MDMA discrimination at 105' with the highest dose 
(0.25 mg/kg) resulting in 46.2% quantal responding. Higher 
doses of each could not be used because of the appearance of 
behavioral disruption. As with the 20' rats, pirenperone co- 
treatment produced a dose-responsive decrease in the rats' 
ability to discriminate 2.5 mg/kg MDMA at 105'. 
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T A B L E  3 

EFFECT OF DOPAMINERGIC AND SEROTONERGIC ANTAGONISTS UPON 
(-)-MDMA DISCRIMINATION IN RATS TRAINED AT EITHER 20 MIN (n=7) OR 

105 MIN (n=8) POSTADMINISTRATION 

A. Trained at 20' 
With 1.5 mg/kg 

B. Trained at 105' 
With 2.5 mg/kg 

Dose 
Pretreatment (mg/kg) Quantal Quantitative Quantal Quantitative 

CGS 10746B 20 100.0 90.3 (0.9) 62.5 58.4 (11.8) 
25 85.4 66.1 (1.3) 68.5 59.6 (6.8) 
30 71.4 69.1 (13.4) 62.5 60.2 (8.1) 

Haloperidol 0.15 85.7 68.0 (0.4) 56.3 58.7 (7.6) 
0.2 92.9 76.5 (6.8) 66.7 66.6 (10.5) 
0.25 85.7 79.4 (3.7) 46.2 62.7 (6.2) 

Pirenperone 0.08 100.0 89.2 (2.4) 62.5 53.3 (3.9) 
0.16 50.0 45.2 (42.6) 56.3 58.4 (1.3) 
0.32 28.6 40.4 (24.2) 27.8 39.9 (2.7) 
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T A B L E  4 

DOSE-RESPONSE RELATIONSHIP OF RATS TRAINED AT 20 AND 105 MIN AFTER INJECTION OF MDMA 

MDMA 
Dose 
(mg/kg) Quantal Quantitative Quantal Quantitative 

A. Trained at 20 Min Postinjection (n=7) 

Tested at 
20 Min 

2.5 100.0 
2.0 ND 
1.5 93.7 
1.0 85.7 
0.75 35.7 
0.5 14.3 
0.0 (veh.) 7.1 

ED~o (mg/kg) 0.71 

B. Trained at 105 Min Postinjection (n=8) 

MDMA 
Dose Tested at 
(mg/kg) 20 Min 

2.5 ND 
2.0 ND 
1.5 97.5 
1.25 ND 
1.0 87.5 
0.5 62.5 
0.25 50.0 
0.125 25.0 
0.0 (veh.) ND 

(8.6) 

ED~o (mg/kg) 0.27 

95.9 (3.7) 85.7 
85.7 

88.6 (10.0) 64.3 
78.5 (14.4) 14.3 
42.9 (10.0) 0.0 
22.4 (l.0) 
10.4 (9.4) 

0.75 1.48 

92.9 
87.5 

88.4 (5.1) 50.0 
18.8 

77.0 (6.4) 25.0 
56.0 (13.3) 
48.4 (7.8) 
30.0 (2.2) 

8.9 

0.30 1.46 

Tested at 
105 Min 

ND 
ND 

Tested at 
105 Min 

ND 
ND 
ND 

75.2 (13.2) 
69.4 (5.0) 
57.1 (7.4) 
19.4 (19.4) 
7.3 (4.2) 

1.57 

89.7 (11.3) 
75.2 (8.1) 
51.9 (1.1) 
27.2 (12.2) 
31.2 (11.7) 

16.6 

1.23 

ND: not determined. 
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G E N E R A L  DISCUSSION 

As a previous study (39) indicated, MDMA was capable 
of continued control of discriminative responding in the rat. 
Subsequently, the pharmacological nature of the MDMA- 
produced interoceptive cue was evaluated in substitution 
and antagonism tests. N-ethyl-3,4-methylenedioxy-amphet- 
amine (MDE), the N-ethyl derivative of MDMA, gener- 
alized from MDMA in both Experiment 1 and 2. This 
effect was observed to be dose-responsive and the ED.~0 of 
MDE in both Experiment 1 and 2 would indicate that MDMA 
is more potent than MDE. This difference in potency has 
been reported to occur in both rats (6) and humans (10). 
Furthermore,  the dose-response curve for MDE is parallel to 
that generated by MDMA; this suggests a commonality of 
site/mechanism of action (22). This evidence may be impor- 
tant in any future considerations as to the DEA scheduling of 
MDE, as previously discussed (6). 

The psychostimulants d-amphetamine and l-cathinone 
were, likewise, tested for generalization from MDMA. The 
d-isomer of  amphetamine has been shown to be discrimina- 
ble by many laboratories [see review (56)] and its dis- 
criminative cue has been evidenced to be dopaminergic- 
ally-mediated (41,43). Likewise,  l-cathinone is discriminable 
and its stimulus properties are also mediated by dopaminer- 
gic mechanisms (37). In the present study, neither drug, 
when tested 20 min postadministration, was capable of 
producing an MDMA-appropriate  response with the 
maximum effect of each being 62.5% quantal MDMA-Iike 
responding. In previous studies, MDMA had been shown to 
generalize in l-cathinone- (38) and d-amphetamine-trained 
(18) rats. This type of asymmetrical ,  or one-way, generaliza- 
tion has been shown to occur in other studies [e.g., (40)] and 
it has been suggested (54) that rats trained to a drug state 
attend to only the major component of the compound dis- 
criminative stimuli produced by the training drug. Rats 
trained to another, more selective component of this com- 
plex cue may generalize only partially to the minor compo- 
nent inherent in the multi-component pathway mediating the 
larger cue. In this case, the cathinone- and/or amphetamine- 
induced discriminative stimulus may be, in large part, do- 
paminergically-mediated, whereas the dopaminergic compo- 
nent of  the MDMA discriminative properties would be 
weaker. Therefore, when MDMA-trained rats are tested 
with the more dopaminergically-mediated drugs only a par- 
tial interoceptive cue is available to allow for differential 
responding, i.e., discrimination. Furthermore,  the direct- 
acting dopaminergic agent apomorphine did not generalize to 
MDMA at any dose tested. Previously, MDMA had been 
shown to be incapable of transfer when tested in 
apomorphine-trained rats (38). 

Generalization testing with serotonergically-mediated 
drugs produced more positive results. Norefenfluramine, the 
first active metabolite of the anorexiant fenfluramine, 
produced generalization and, with administration of  decreas- 
ing doses,  this effect was shown to be dose-responsive. Re- 
cently, norfenfluramine was reported to be discriminable at 
1.4 mg/kg (7) and its mechanism of  action appears to be 
similar to that proposed for fenfluramine, i.e., it releases 
presynaptic serotonin (11). This released serotonin would, in 
turn, be available to any and all putative serotonin receptors. 

Serotonergic (5HT) receptors in mammalian brain have 
been differentiated on the basis of  their affinities for 
spiperone and tritiated 5HT (34). These heterogenous recep- 
tor " sub types"  have been labeled as 5HT, and 5HT2 and are 

hypothesized to be differentially located in the brain (27). In 
addition, the 5HT, receptor has been further subdivided into 
5HT,A and 5HT~B (32,47) and more recently 5HT,c, 5HT,I~ 
(31) and 5HT:~ sites have been disclosed (16). Indeed, specific 
ligands for these putative receptor sites have been dis- 
covered, e.g., 8-OHDPAT acting at 5HT,A sites (28), 
TFMPP acting at 5HT~j~ sites (26) and DOI being 5HT~- 
specific (46). In a series of ingenious experiments,  Glennon 
has successfully trained rats to discriminate each of these 
agents (14, 15, 17) and evidenced the specificity of each by 
the lack of generalization to any of the other receptor  (sub- 
type) agonists. 

Each of these specific receptor agonists was administered 
to the MDMA-trained rats and, although 8-OHDPAT and 
DOI produced intermediate results, only TFMPP produced a 
generalization from MDMA. This may be suggestive evi- 
dence that the 5HTI~ receptor is somehow involved in the 
stimulus recognition of MDMA. However,  it must be kept in 
mind that TFMPP is as potent a 5HT-releaser as fen- 
fluramine (35). In regards to the 5HT~ specific agent DO1, 
Glennon et al. (19) had reported that it will substitute for the 
hallucinogen DOM in DOM-trained rats in contrast to 
MDMA which produced no generalization. Although there 
are two reports that indicate that MDMA is a potent releaser 
of  5HT (30,45), only one laboratory has reported differential 
affinity for MDMA at the receptor  level (24) and MDMA has 
slightly greater affinity for 5HT, than for 5HT2 receptors. 
The 5HT2 receptor has recently been evidenced to be exten- 
sively involved in the discrimination of  the hallucinogen 
LSD (8) and coupled with the lack of DOM or DOI effects 
(cited above) the apparent lack of hallucinatory activity in 
humans of MDMA can be explained. Furthermore,  a recent 
report (29) indicates that MDMA does not generalize from 
LSD in rats trained to discriminate 0.08 mg/kg LSD tartrate. 
The administration of quipazine (0.5-1.5 mg/kg) in the pres- 
ent study produced only intermediate results (71.3% at best) 
on the MDMA-appropriate  lever. Previous work (52,53) 
indicated that LSD and quipazine share a common dis- 
criminative stimulus, one that is mediated by an action at 
central 5HT2 sites (12). Other work indicated a dopaminer- 
gic, as well as a serotonergic component,  to the behavioral 
effects of quipazine (42), as has been found to occur with 
mescaline (51). 

An explanation for the results of  the present experi- 
mentation in which at least two of serotonergically-mediated 
agents, but not the dopaminergically-mediated drugs, 
produced MDMA-appropriate responding when tested at 20 
min postadministration may reside in the possibility that the 
effects of MDMA are temporally biphasic. That would 
suggest that the first temporal effect, occurring within the 
first 30 min after MDMA administration, does not involve 
dopaminergic systems. Preliminary data from this labora- 
tory, using in vivo voltammetry, indicates that the maximum 
release of  5HT occurs before 30 min, whereas dopamine 
release peaks at 90 min in the nucleus accumbens after IP 
administration of 5 mg/kg (±) -MDMA to freely-moving rats 
(Yamamato, personal communication). In addition, in an in- 
vestigation of  the time-course of (±)-MDMA in rats trained 
to discriminate between norfenfluramine and d- 
amphetamine, the rats were observed to select the norfen- 
fluramine-appropriate lever to a greater extent at 15-30 min 
postadministration and the d-amphetamine lever more at 
90-120 min after the injection of 1.5 mg/kg MDMA (Boja, 
personal communication). Lastly,  human abusers report  a 
"weird period" within 30 min of MDMA ingestion and a 
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euphoriant phase at times later than 30 min (10). To further 
investigate this hypothesis, rats were trained to discriminate 
2.5 mg/kg MDMA at 105 min postadministration; at a time of 
presumed heightened dopaminergic effect (Experiment 3). 
The results represented in Table 3 indicate that, although the 
specific serotonergic antagonist pirenperone was equally ef- 
fective in reducing the MDMA-induced discriminative 
stimulus cue at both 20 and 105 min postinjection, the 
dopamine lowering (CGS 10746B) or blocking (haloperidol) 
agents were slightly more effective at 105 rain postinjection. 
It must, however, be kept in mind that pirenperone may 
possess dopamine antagonist properties as evidenced by 
both behavioral (9) and in vitro receptor ligand binding 
studies (20), as well as the absence of evidence regarding any 
possible serotonergic activity of CGS 10746B. 

In conclusion, recent studies regarding the biochemical 
actions of MDMA have indicated that it is a potent releaser 
of both central 5HT (30,49) and dopamine (49). The present 

behavioral evidence would indicate that at 20 min postinjec- 
tion MDMA produces a nonselective serotonergic stimulus 
effect without a dopaminergic component. A later (105 min 
postadministration) aspect of  MDMA's  action indicates a 
greater dopamine component to its behavioral effect. This 
biphasic serotonergic-dopaminergic activity may account 
for the recent controversial evidence that reports that 
MDMA actions are either solely serotonergic (4) or solely 
dopaminergic (5). 
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