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(2) 265–270, 1998.—A two-lever, food-motivated, operant technique was employed to train the purportedly sero-
tonergically dysfunctional Fawn–Hooded (FH) rat to discriminate 1.5 mg/kg MDMA. Once all 10 male subjects learned the
MDMA-vehicle discrimination at criterion performance level, doses different than the training dose were used to generate a
dose–response discrimination gradient. The ED

 

50 

 

value of MDMA was shown to be 0.136 mg/kg, not significantly different
from that of previously trained Sprague–Dawley male rats. Thus, the Fawn–Hooded rat appears to not differ in its sensitivity
to lower doses of MDMA. Testing for MDMA-like stimulus generalizations with other drugs indicated that the MDMA de-
rivative MDE produced generalization at a dose of 2.25 mg/kg and allowed for an ED

 

50

 

 value of 0.496 mg/kg. Like MDE, the
testing of 

 

a

 

-ethyltryptamine was shown to produce MDMA-like responding. Lastly, a dose of 0.12 mg/kg LSD produced 90%
MDMA-lever selection. In contrast to MDMA generalizations to these three drugs, testing of cocaine at doses of 2.5–10 mg/
kg and mescaline at 8–14 mg/kg did not produce MDMA-like discriminative effects. The results of this testing in the presum-
ably serotonergically dysfunctional Fawn–Hooded rat would indicate that this line not only can discriminate MDMA as well
as heterogenous-bred lines, but also shows the same discriminative generalizations and nongeneralizations from MDMA to
serotonergic and dopaminergic agents. © 1998 Elsevier Science Inc.

Drug discrimination MDMA Generalization MDE Cocaine

 

a

 

-Ethyltryptamine LSD 

 

Mescaline Fawn–Hooded rat

 

IN a recent monograph on the subject of drug discrimination,
a premier investigator in this area of behavioral psychophar-
macology suggested that this paradigm is “a simply and easy-
to-understand theory (presence vs. absence), which (allows
for) the results of the paradigm (to) appear simple, plausible,
and interpretable” (30). This statement is evidenced by more
than 1,200 publications to date that attest to the fact that this
paradigm has been well demonstrated in its utility to study
psychoactive drugs (37) since the first drug, alcohol, was
shown in 1951 to produce this effect (8). Between the years of
1986 and 1989, three laboratories were involved in using the
discriminative stimulus properties of MDMA (3,4-methylene-
dioxymethamphetamine; “ecstasy”; “XTC”) to produce dif-
ferential responding in rats (14,15,28,33). The chemical struc-
ture of MDMA resembles both the psychostimulant
methamphetamine and the hallucinogen mescaline. It is, thus,
not surprising that behavioral (34), as well as more recent in

vivo microdialysis studies (19), indicate that MDMA may act
upon both serotonin and dopamine neural systems. It is likely
that these dual mechanisms have allowed at least one investi-
gator’s laboratory to posit MDMA as a new class of psychoac-
tive agent that was labelled an “entactogen” (26–28) produc-
ing a “generalized feeling that all is right and good with the
world” (39), whereas others have used the term “empatho-
gen,” allowing “a feeling of emotional closeness to others
(and to one’s self) coupled with a breakdown of personal
communication barriers” (39).

Although discrimination of MDMA has been trained in
commercially available, heterogenous rat lines (14,15,28,33),
the Fawn–Hooded (FH) rat has never been used for this pur-
pose. This strain of inbred rat has a serotonergic storage de-
fect (21) that allows for alterations in its CNS serotonergic
system that may be considered dysfunctional when compared
to this neurotransmitter activity in the brain of other rat
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strains (2,3,18,40). When FH rats are given a choice between
tap water and 10% ethanol, they will drink excessive amounts
of ethanol (29,32). Thus, the FH rat may represent a model
for the study of serotonergic mediation of alcoholism as this
increased drinking behavior can be reduced by (the 5-HT re-
leasing drug) MDMA (31). Although more recent experi-
ments designed to determine whether the FH is an acceptable
model of volitional ethanol intake have been more negative
(25), the rat line’s brain alteration in serotonergic function has
never been disputed. In drug discrimination experiments, FH
rats have been trained to discriminate fenfluramine and they
were shown not to differ in their ability to discriminate this se-
rotonin-releasing drug when compared to other rat lines (35).

The present work, therefore, intended to employ the sero-
tonergically dysfunctional FH rat to discriminate the intero-
ceptive cueing effects of MDMA based solely upon the pres-
ence or absence of MDMA. Once this was accomplished,
other putative serotonergically mediated hallucinogens, such
as the MDMA analog MDE (“Eve”), LSD and 

 

a

 

-ethyl-
tryptamine, were to be tested to see if generalization from the
MDMA-elicited stimulus cue to other drugs occurs in this rat
strain. Likewise, because of the purported dopaminergic ac-
tivity of MDMA, cocaine and mescaline were also to be tested
in the MDMA-trained FH rats.

 

METHOD

 

Subjects

 

The subjects used for this study were 10 male FH rats born
in our Vivarium facility. The parentage of these rats origi-
nated from the University of East Carolina School of Medi-
cine (males), whereas the females originally came from the
National Cancer Institute. The male progeny used herein
were experimentally naive and approximately 250–270 days
old at the beginning of experimentation. They were individu-
ally housed in galvanized hanging cages with free access to tap
water except during experimental sessions. The ambient tem-
perature was 20–22

 

8

 

C and the animals were maintained on a
12 L:12 D cycle with lights on at 0600 h. The animals weight
was adjusted by daily rationing of approximately 16 g/day of
commercial rat chow so as to maintain them at 85–90% of
their free-feeding weights to facilitate motivation of operant
performance for food reward. Behavioral measurements were
conducted in a room separate from the animal colony.

 

Apparatus

 

The experimental equipment consisted of 12 identical stan-
dard rodent operant chambers (Lafayette Instrument Corp.,
Lafayette, IN) each equipped with two operant levers located
7 cm apart and 7 cm above a grid floor. A food-pellet recepta-
cle was located 2 cm above the floor equidistant between the
two levers and was capable of receiving a single 45 mg food
pellet (Noyes Co., Lancaster, NH). The test chamber was
housed in a sound-attenuating cubicle equipped with an ex-
haust fan and a 9-W houselight. Solid-state programming
equipment (Med Associates, St. Albans, VT) was used to con-
trol and record the session and was located in an adjacent
room to preclude any possible external cueing (noise) effects.

 

Drug Discrimination Training

 

The drug discrimination procedure consisted of training
rats to press one of two available levers in the operant cham-
ber while under the influence of the MDMA drug state and to
press the second equivalent lever in the nondrug state, i.e., af-

ter saline vehicle injection. Thus, each of the two stimuli was
associated with responding on a particular lever while training
consisted of two phases. In the first phase, lever pressing be-
havior was shaped by placing the food-deprived rat into the
operant chamber and delivering a food pellet whenever the
exploratory nature of the rat bordered in the close proximity
of the assigned training lever. The rats were soon trained, by
the technique of successive approximations, to press one lever
for reinforcement on a graduated (1 to 10) fixed-ratio (FR)
schedule. Rats were initially administered an intraperitoneal
(IP) injection of vehicle (1 ml/kg, 0.9% sodium chloride in dis-
tilled water) and, 20 min later, were placed into the operant
chamber and, upon pressing the designated “saline-correct le-
ver,” they received food reinforcement on an FR 1 schedule,
i.e., each press resulted in delivery of one food pellet. The
food reinforcement schedule was gradually increased, over 8
days, until the rats were pressing the vehicle-appropriate lever
on an FR 10 schedule, thus delivering one reinforcement pel-
let per 10 lever presses.

After FR 10 responding on the first lever was established,
the rats were administered an equal volume of the training
dose, i.e., 1 ml/kg (bodyweight) of 1.5 mg/ml MDMA IP.
Twenty minutes after injection, they were required to press
the lever, opposite to the one that they learned to press after
vehicle, on an FR 1 schedule to receive reinforcement. The
training continued in daily 15-min sessions proceeding from
FR 1 through FR 10 until the MDMA-appropriate lever was
pressed on an FR 10; this required 6 days of training. To mini-
mize effects due to any possible position preference, the rats
were divided into two subgroups. For one subgroup, respond-
ing on the lever to the left of the food pellet receptacle follow-
ing MDMA injection was reinforced, whereas the other half
of the animals were reinforced with food after responding on
the lever to the right of the food receptacle. Responses on the
opposite lever, in each case, were reinforced with food pellets
after vehicle injection.

After the rats were pressing both levers on an FR 10 sched-
ule, the second phase of training, i.e., discrimination training,
began and utilized a sequence of MDMA (M) and vehicle (V)
administrations in the following order: M-V-V-M-M; V-M-M-
V-V. Thus, in each 2-week period, the rats received five
MDMA and five vehicle administration/training sessions. The
number of responses on each lever before obtaining the first
food pellet was recorded and the first lever pressed 10 times
was designated as the “selected” lever. The rats were then al-
lowed to continue lever-pressing until 400 responses on the
correct lever were made and, thus, 40 food reinforcements (on
the FR 10 schedule) were obtained. The rats remained on this
training schedule until each animal was able to attain criterion
performance. This occurred when the rats correctly “selected”
the appropriate lever according to the drug or nondrug state
imposed on that day in 8 of 10 consecutive sessions.

 

Drug-Response Experiments to MDMA Doses

 

Once the training criterion was achieved by all the rats, they
were tested with doses of MDMA different from the 1.5 mg/kg
training dose. This allowed a dose–response relationship to be
observed as a performance gradient to discriminative respond-
ing. During this series of experiments, and in the following gen-
eralization tests (below), MDMA-vehicle discrimination test-
ing was maintained by administering either the training dose of
MDMA or its vehicle every second day. On interspersed days,
rats were placed into the experimental chamber 20 min follow-
ing novel doses of MDMA and were allowed to lever press un-
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til 10 presses were accumulated on either of the two levers. The
animals were then immediately removed from the experimen-
tal chamber to preclude reinforcement/training at an MDMA
dose other than that to which they were trained. The lever with
10 presses accumulated first was designated as the “selected”
lever. Each MDMA test dose was administered in random or-
der on two occasions with each test session preceded by one
vehicle and one MDMA maintenance session. In this way, the
animal’s experience on days preceding test days was counter-
balanced with respect to any possible aftereffects that may
have been produced by the training condition. The doses of
MDMA chosen for testing were 0.0315, 0.0625, 0.25, 0.75, plus
one dose higher than the training dose at 2.0 mg/kg.

 

Generalization of the MDMA Interoceptive Stimulus
to Other Drugs

 

Following the dose–response experiments using different
doses of MDMA, other drugs chosen for either their seroto-
nergic, albeit hallucinatory, activity or their dopaminergic ac-
tivity were tested in these MDMA-trained animals to indicate
the possibility of a MDMA-like discriminative effect. This
generalization, or transfer of discriminative stimuli, was said
to occur if 80% or greater MDMA lever selection was made
in testing, because this percentage was the 8/10 criterion origi-
nally employed in training the MDMA vs. vehicle performance
level in these rats. All drugs were tested on two occasions, each
with one session following an MDMA maintenance and one
session following a vehicle maintenance session. If, at any
time, an individual rat was seen to drop below the 8 of 10
state-appropriate lever selections during these maintenance
sessions, the animal’s lever selection during the interspersed
generalization experiment series was dropped from the data.
This occurred in one animal during mescaline testing, two ani-
mals during MDE, and cocaine trials and to a third animal
during 

 

a

 

-ethyltryptamine tests (below).

 

Measurements and Statistical Analysis

 

Data are presented as quantal measurements, i.e., the per-
centage of rats that made their first-choice selection on the
MDMA-correct lever during testing. The dose–response
quantal data were subjected to analysis by a computer-gener-
ated (38) program of the procedure of Litchfield and Wil-
coxon (23) that employs log-dose vs. probit measurements
and allows for ED

 

50

 

 values with 95% confidence limits to be
calculated. This methodology was employed for all drugs seen
to generalize from MDMA as defined as a novel drug that
produced 80% or greater selection on the MDMA lever.

 

Drugs

 

The drugs employed (abbreviation; dose-range tested; source)
were: 

 

d,l

 

 3,4-methylenedioxymethamphetamine (MDMA;
0.0315–2.0 mg/kg; National Institute on Drug Abuse or NIDA),

 

d

 

-lysergic acid diethylamide tartrate (LSD; 0.02–0.12 mg/kg;
NIDA), 3,4,5 trimethoxybenzeneethanamine sulfate (mesca-
line; 8–14 mg/kg; NIDA), 3,4-methylenedioxy-N-ethylamphet-
amine (MDE; 0.375–2.25 mg/kg; NIDA), 2

 

b

 

-carbomethoxy-3

 

b

 

-
benzoyloxytropane (

 

l

 

-cocaine; 2.5–10 mg/kg; NIDA), 

 

a

 

-ethyl-
1H-indole-3-ethanamide hydrochloride (

 

a

 

-ethyltryptamine or

 

a

 

-EtT; 1.25–5.0 mg/kg; Research Biochemicals International,
Natick, MA). All drugs were dissolved in 0.9% saline immedi-
ately before administration, with the dose calculated as the
salt, each administered at a constant IP volume of 1 ml/kg and
tested in extinction 20 min postadministration.

 

RESULTS

 

After all the rats attained criterion performance, they were
tested with one higher and four lower doses of MDMA and
showed a typical dose–response relationship (inverted closed
triangles, Fig. 1). The ED

 

50

 

 value (95% confidence limits) was
calculated (38) to be 0.136 (0.098–0.188) mg/kg. The adminis-
tration of LSD at doses of 0.02 to 0.12 mg/kg was observed to
generally produce a dose-responsive effect on the MDMA le-
ver with the highest dose producing greater than 80%
MDMA-appropriate responding and the analysis indicating
an ED

 

50

 

 value of LSD equal to 0.039 (0.0231–0.0687) mg/kg.
The last representation (closed squares) in Fig. 1 is that of
mescaline in which 1 of the 10 animals did not maintain main-
tenance days criterion levels and the data reflects an 

 

n

 

 

 

5

 

 9.
Results indicate that, at doses of 8, 10, 12, and 14 mg/kg, the
largest percent MDMA-lever selection (55.5%) occurred at
12 mg/kg and no dose produced complete MDMA-like re-
sponding. Higher doses were precluded from testing because
of behavioral disruption seen with one trial of 16 mg/kg mes-
caline.

The dose–response results after MDMA are represented
once again (as inverted closed triangles) in Fig. 2 which also
indicates that MDE, in the eight rats that maintained criterion
performance, tested at doses of 0.375, 0.75, 1.5, and 2.25 mg/
kg produced a dose-responsive effect upon the MDMA lever
with the highest dose producing 81.3% MDMA-lever selec-
tions; an ED

 

50

 

 value of 0.496 (0.376–0.654) mg/kg was calcu-
lated (38). This same number of rats was tested with three

FIG. 1. Generalization from 1.5 mg/kg MDMA/saline trained male
Fawn–Hooded rats to MDMA, LSD, and mescaline. Abscissa: doses
(mg/kg) of drugs tested on two occasions each, once following an 1.5
mg/kg MDMA and once following a vehicle maintenance day session;
Ordinate: percent of rats (n 5 10,9) accumulating 10 responses first
on the designated MDMA appropriate lever during test sessions.
Dotted line at 80% indicates level to adjudge generalization from
MDMA responding.
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doses of cocaine and the MDMA selections never exceeded
40% and actually decreased at the highest dose. Lastly, 

 

a

 

-eth-
yltryptamine (

 

a

 

-EtT) was tested in seven rats and produced a
dose–response relationship where the highest dose (5 mg/kg)
elicited 100% of MDMA-like responding. The ED

 

50

 

 value for

 

a

 

-EtT was 1.822 (1.630–2.038) mg/kg.

 

DISCUSSION

 

The Fawn–Hooded (FH) strain of rats was originally de-
rived from the Wistar rat line and it possesses a complete
absence (11) or a greatly diminished (1) ability to bind 

 

3

 

H-
imipramine in both platelets and in brain tissue. These factors
serve as indirect markers of serotonergic function and indi-
cate that the FH rat has a genetic 5-HT storage abnormality.
This diminished 5-HT function may suggest why research has
shown these animals resemble the alcohol-preferring strain of
rats in that they consume large amounts of ethanol when
given free access to food, water, and ethanol. It has, therefore,
been suggested that they “seem to be a good model for the
study of relationships between the serotonergic system and al-
cohol behavior” (10). The present study intended to use these
serotonergically dysfunctional rats to test if they are capable
of learning to discriminate the purportedly serotonergically
mediated drug MDMA. Previous work from this laboratory
indicated that the FH rat shows a diminished ability to recog-
nize the interoceptive stimuli produced by ethanol (36), but
not those produced by another serotonergically active drug
fenfluramine (5). The first time a group of Sprague–Dawley
rats was trained in this laboratory with MDMA as a drug ca-
pable of controlling differential responding in a drug discrimi-
nation paradigm was over a decade ago (33); discriminative
training was at the same training dose, with the same appara-
tus, and by the same personnel. The ED

 

50

 

 value in the male
Sprague–Dawley rat was shown to be 0.27 (0.16–0.47) mg/kg.

Analysis (38) indicates that when this ED

 

50

 

 value is compared
with the FH rat (present study) results are not statistically dif-
ferent. Thus, the FH male rat appears to have a slightly
greater, but not statistically different, sensitivity to lower
doses of MDMA.

The administration of MDE, the n-ethyl derivative of
MDMA, was seen to produce a generalization at a dose of
2.25 mg/kg (Fig. 2) and allowed for an ED

 

50

 

 value of 0.496
(0.376–0.654) mg/kg. Previously, MDMA was shown to gener-
alize to MDE with an ED

 

50

 

 value for the former of 0.76 mg/kg
and for the latter of 0.73 mg/kg (14). Thus, it appears that in
rats trained to MDMA, MDE generalizes substitutes for it and
this generalization appears symmetrical as work previously
done in this laboratory (5) using rats trained to discriminate
2.0 mg/kg MDE indicated an ED

 

50

 

 value of 0.75 mg/kg and a
generalization to MDMA with an ED

 

50

 

 value of 0.62 mg/kg.
Like MDE, the testing of the compound 

 

a

 

-ethyltryptamine
(

 

a

 

-Et) was shown to produce MDMA-like responding. This
Schedule I drug has been reported to be capable of producing
MDMA-like effects both in rats (22) and human (12) subjects.
Drug discrimination studies using the same training dose of
MDMA have also shown that 

 

a

 

-EtT produces MDMA-like
effects in a dose–response manner with an ED

 

50

 

 value for
MDMA equal to 0.76 mg/kg and for 

 

a

 

-EtT equal to 3.5 mg/kg
(13). This generalization is of interest in light of the fact that

 

a

 

-EtT is a tryptamine derivative like LSD and, thus, is more
closely related to serotonin, whereas MDMA structurally re-
sembles phenethylamines.

LSD produced MDMA-like discrimination in (generally) a
dose-responsive manner with the dose of 0.12 mg/kg produc-
ing 90% MDMA lever selection. A previous study using a
training dose of 1.25 mg/kg MDMA, and then increasing it to
1.75 mg/kg after a 5-week period, allowed for a maximum of
78% of the animals selecting the MDMA lever at a dose of
0.16 mg/kg LSD (28). In addition, when the MDMA analog,
MDA, was used in a dose of 1.5 mg/kg in Sprague–Dawley an-
imal discrimination training, the administration of LSD pro-
duced generalization with 0.075 mg/kg producing 86% of re-
sponses on the MDA-appropriate lever and generated an
ED

 

50

 

 value of 0.058 mg/kg (16). LSD has also been shown to
generalize to the 

 

a

 

2

 

-adrenergic agent yohimbine (7,24) and to
the nonhallucinogenic compound quipazine (9), as well as to
the dopaminergic ergot derivative lisuride (20). These results
make the nature of the discriminative stimulus cueing proper-
ties of LSD a very complex and hard-to-pinpoint entity (24).
Even though MDMA generalized to LSD, this was not the
case when four doses of the hallucinogen mescaline were
tested. This is especially interesting because rats trained to
discriminate mescaline generalized to both isomers of
MDMA (6). The other drug tested was cocaine and, much like
amphetamine (14), it did not produce MDMA-like responses
at the doses tested. A higher dose tested in a single trial pro-
duced behavioral disruption in that more than half the rats did
not respond. This observation, therefore, precluded the dose
from being retested.

The results of these tests in serotonergically dysfunctional
FH rats would indicate that they not only discriminate
MDMA as well as heterogenous-bred rats, but also show the
same generalizations and nongeneralizations to other sero-
tonergic and dopaminergic agents. Regarding the results of
these generalization studies, the most probable explanation
for the ability of MDMA to generalize to LSD and 

 

a

 

-ethyl-
tryptamine resides in the reports that have MDMA stimulat-
ing the release of 5-HT from rat brain and supports the hy-
pothesis that it acts as an indirect serotonin agonist (27). This

FIG. 2. Generalization from MDMA discriminative performance
(as in Fig. 1) after various doses of MDE, a-ethyltryptamine and
cocaine with 80% MDMA lever selection indicating generalization.
Abscissa and ordinate as in Fig. 1.



 

MDMA STIMULUS GENERALIZATION IN FAWN–HOODED RATS 269

pronounced increase in synaptic 5-HT by MDMA has re-
cently been reviewed and shown to be the result of an interac-
tion both upon release and on the 5-HT transporter (19).
Thus, MDMA-induced release of serotonin may, indeed, be
mediated through an interaction with the 5-HT uptake site lo-
cated in the axonal terminal. The inability of both cocaine and
mescaline to produce MDMA-like responding in the FH rat
replicates results in other studies (4) and continues to suggest
that the major role of discriminative stimulus control by
MDMA is not produced by dopaminergic neurons.

This work continues to add to the growing number of stud-
ies regarding the behavioral effects of MDMA, which was
first synthesized over 80 years ago and has only recently re-

ceived prominence as an illegal recreation drug of abuse with
neurotoxic capabilities after chronic administration in hu-
mans. Continued investigation as to its exact CNS mechanism
of action will allow pharmacotherapy for the increasing num-
ber of reported hyperthermic, “serotonergic syndrome” and
sudden deaths that have been occurring in abusers (17).
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