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Repeated-acquisition procedures that include performance controls for effects not specific to acquisition permit
the assessment of drug effects on learning on a within-subject, within-session basis. Despite the advantages of
this methodology, few studies have examined effects of psychomotor stimulants on repeated acquisition in
rodents. The purpose of the present study was to investigate the effects of methylenedioxymethamphetamine
(MDMA, 0.3–10mg/kg), methamphetamine (MA, 0.1–3 mg/kg) andmethylphenidate (MPD,1–17 mg/kg) using
repeated-acquisition procedures with performance controls in rats using a touch-screen apparatus. Rats were
presented a 2×3 array of stimuli using a computer touch-screen and nose-pokes to target locations within the
arraywere reinforced. In the acquisition component, the correct locationchangedacross sessions,whereasduring
the performance component, the correct location was constant across sessions. All three drugs reduced accuracy
of responding to target locations in a dose-dependent fashion. None of the compounds enhanced learning at any
dose. MPD and MA produced significant disruptions of acquisition accuracy only at doses that also disrupted
performance, but the 3 mg/kg dose of MDMA impaired acquisition of target responding without affecting
performance. The selective impairment of acquisition found in the present study adds to the evidence of learning
andmemory disruption produced by acuteMDMA administration and raise questions about themechanisms for
these actions.
+1 910 962 7010.
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1. Introduction

High rates of abuse of stimulant drugs such as methylenedioxy-
methamphetamine (MDMA), methamphetamine (MA) and methyl-
phenidate (MPD) emphasize the importance of determining the acute
and long-term effects of these and other drugs of abuse on user′s
health and psychological functioning. One concern is the possibility of
adverse effects on cognitive processes such as learning and memory.
There have been numerous clinical reports of learning, memory and
other cognitive deficits in stimulant drug abusers (e.g., Homer et al.,
2008; McCann et al., 2008; Morton, 2005). On the other hand, some
of these same drugs (e.g., some amphetamines and MPD) are used
clinically to enhance cognitive abilities in ADHD patients, and there is
evidence that healthy human participants may also show enhanced
cognitive function following acute administration of these compounds
(Barch and Carter, 2005; Hart et al., 2008).

Ethical and practical difficulties in determining the effects of
potentially hazardous drugs in humans point to the importance of
developing animal models that assess their effects on learning and
memory. A number of studies have investigated the effects of
psychomotor stimulants on learning, but the results have been mixed.
For example, some studies have found only disruption of learning by
amphetamines or MPD (Braida et al., 2002; Chuhan and Taukulis,
2006;Mayorga et al., 2000; Nagai, et al., 2007), while others have found
enhancement of learning at some doses of amphetamines or MPD
(Calhounand Jones, 1974;Handley andCalhoun, 1978; Zhuet al., 2007).

A number of methodological differences among the above studies
(including dosage, method of administration, species, and type of
learning task, to name a few) complicate their interpretation. However,
one critical problem involves the difficulty of distinguishing between
drug effects on learning processes from influences on other aspects of
performance (e.g., sensorimotor effects, motivation, etc.). One proce-
dure that has been effective in assessing both learning and performance
within the same session is a multiple schedule of repeated acquisition
and performance (Thompson and Moerschbaecher, 1979a). Two
components alternate within the session; both require a particular
sequence of responses for reinforcement, but in one component the
sequence changes each session (acquisition), whereas in the other
component the sequence remains the same throughout the experiment
(performance). The repeated acquisition/performance procedure (RAP)
thus provides a stringent control for drug effects on processes unrelated
to learning (see Cohn and Paule, 1995).

Relatively few studies have evaluated the effects of MA, MDMA,
MPDor similar compoundswithRAPprocedures. Early studies showed
that d-amphetamine produced selective impairments of learning

mailto:galizio@uncw.edu
http://dx.doi.org/10.1016/j.pbb.2009.09.010
http://www.sciencedirect.com/science/journal/00913057


Fig. 1. Schematic representation of the apparatus. Stimuli were presented on the
computer monitor (a); nose-poke responses to stimuli were recorded by an IR touch-
screen (b); response locations were constrained by a 2×3 array of openings on one end
of the chamber (c); and correct responses were reinforced be delivery of food pellets in
a cup (not shown) at the back of the chamber (d).
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response chains inmonkeys (Thompson andMoerschbaecher, 1979b)
and pigeons (Moerschbaecher et al., 1979). That is, responding in
the acquisition component was generally disrupted at lower doses of
d-amphetamine than those that affected responding in the perfor-
mance component. Thompson (1976) found similar selective impair-
ment of learning produced by MPD in pigeons. The effects of MDMA
have been assessed using the RAP procedure in monkeys (Thompson
et al., 1987) and rats (Winsauer et al., 2004) learning response chains.
MDMA did not produce selective effects in monkeys as there were
no effects on accuracy in either the acquisition or performance com-
ponents until doses were reached that produced marked decreases in
overall responding. Effects were also non-selective in rats, although
only one dose of MDMA (10 mg/kg) was used. There are studies of d-
amphetamine and MPD in rats that have studied repeated acquisition
of response sequences without a performance control. Paule and
McMillan (1984) found that low doses of d-amphetamine improved
accuracy and increased response rate, and that high doses decreased
both accuracy and rate. An intermediate dose (1.0 mg/kg) decreased
accuracy without affecting response rate, suggesting a selective
effect. However, Mayorga et al. (2000) using a similar procedure
found fairly close correspondence between impairment of accuracy
and rate-decreasing effects of d-amphetamine and MPD.

Winsauer et al. (2004) provided the only experiment to evaluate
MDMA in rats using the RAP procedure but studied only a single dose,
and no published reports of the effects of MA and MPD in rodents
using the full RAP procedure appear to be available. Thus, the present
study was conducted to provide the first determination of dose-effect
functions with MDMA, MA and MPD in rats using a RAP procedure.
The specific procedures differed somewhat from more traditional
RAP studies in that rats were trained using a computer touch-screen
apparatus in which nose-pokes to target locations within a 2×3
stimulus display could be reinforced. In the presence of one stimulus
array, the target location changed across sessions (the acquisition
component), whereas in the presence of a different array, the target
location remained the same across sessions (the performance
component). Previous research suggests that this type of apparatus
can be useful for investigating behavioral processes in rats. For
example, Keller et al. (2000) has shown excellent visual discrimina-
tion in rats using a similar apparatus to the one used here. More
importantly for the present study, Pitts et al. (2006) found selective
effects of certain drugs (e.g., chlordiazepoxide) in a RAP procedure
identical to the one used here. In the present study, the effects of MA,
MPD and MDMA were determined.

2. Materials and methods

2.1. Subjects

Subjects were six male Holtzman Sprague–Dawley rats (Harlan
Laboratories, Indianapolis, IN) between 90–120 days old at the start of
the study and from 264–410 days old by the study′s completion. Rats
were housed individually in a colony room maintained under a
reversed 12:12 h light-dark cycle (lights off from 0600–1800). Access
to food (Purina® Lab Diet) was limited to 1 h beginning 15-min after
each session.

2.2. Apparatus

A 25 cm×20 cm×18 cm operant-conditioning chamber was used.
The chamber was modified by cutting six 4.5 cm×4.5 cm squares,
arranged in a 2-row by 3-column matrix and spaced 1-cm apart, into
the metal front wall of the chamber (see Fig. 1). The squares provided
access to a transparent touch-screen that was mounted on a 38 cm
color computer monitor. Two stimulus sets, each consisting of six
identical filled geometric shapes (either 3.0 cm white squares or
3.0 cm diameter green circles), could be displayed on the computer
screen such that each shape was centered within one of the squares in
the chamber wall. Responses consisted of nose-pokes that interrupted
photobeams on the touch-screen corresponding to the locations of the
geometric shapes.

A food cup, into which 45 mg sucrose pellets were dispensed as
reinforcement, was located on the rear wall of the chamber. A 28-V DC
light was located 10 cm directly above the cup. The two sidewalls of
the chamber were made of clear Plexiglas and the floor consisted of
stainless steel rods. The chamber was enclosed within a sound-
attenuating box, along with a speaker that provided white noise
(70 dB). Events were controlled and data collected using custom
software on a computer located in an adjacent room.

2.3. Behavioral procedures

2.3.1. Initial training
Rats were first adapted to the chamber and the food delivery

mechanism. Once they began eating reliably from the food cup, the
geometric shapes were projected onto the screen and nose-pokes
were recorded; for three of the rats these were white squares and for
the other three rats they were green circles. During these sessions,
nose-pokes to any of the six locations were reinforced. After each nose
poke, the computer screen was darkened, the feeder light was
illuminated, and a pellet was delivered. After 1 s, the feeder light went
off and the touch-screenwas re-illuminated with the stimuli. Sessions
continued until 40 pellet deliveries had been made or 60 min passed,
whichever occurred first. When rats were nose poking reliably with
short latencies, acquisition training began.

2.3.2. Acquisition training
For each of these sessions one of the six locations was selected

randomly, without replacement, as correct (S+); only pokes to that
spot were reinforced. Once a cycle of all six locations had been
completed a new cycle was randomly generated with the constraint
that no location could be used on consecutive sessions. Pokes to the
other locations (errors) initiated a 1.5-s timeout, during which the
touch-screen darkened and pokes had no programmed consequences.
The geometric shapes, either white squares or green circles, illu-
minated all six locations on each trial and, for each rat, were the same
as those used in preliminary training. Training continued in this phase
until errors showed a decreasing trend within each session after a
minimum of 15 sessions.

2.3.3. Multiple-component RAP procedure
This procedure involved the addition of a performance component;

thus, in this phase, sessions consisted of alternating acquisition and



Table 1
For each rat, the stimulus set present in each component, the correct location in the
performance component, the number of sessions required to reach stability in the
multiple-component RAP procedure, and the drug(s) received (numbers indicated order
of drug experiments).

Rat ACQ
stimulus

PERF
stimulus

PERF
location

Sess to
stability

MDMA MA MPD

B1 GC WS 5 89 – 1 –

B2 GC WS 2 134 3 2 1
U6 WS GC 6 59 2 1 3
W7 WS GC 3 74 3 2 1
W11 WS GC 3 55 1 3 2
X36 GC WS 6 103 1 – 2

WS = white squares and GC = green circles. The number indicating location of
the performance component corresponds to the spot within a 2-row×3-columnmatrix
(1 = top left, 2 = top center, 3 = top right, and so on).
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performance components. Each component occurred in the presence
of one set of shapes (white squares or green circles); the stimulus set
used for the acquisition component remained the same as in the
previous phase and the other stimulus set was used for the
performance component. In this phase, one of the six locations was
randomly selected to be correct in the performance component
(performance S+) for each rat, and this location remained constant
across all sessions. The correct location for the acquisition component
(acquisition S+) was selected randomly, without replacement, before
each session from the remaining five locations (i.e., the performance
S+location was not used in the acquisition component). The
remaining characteristics of the procedure were as described
above. Table 1 indicates the component stimuli and the performance
S+location for each rat.

An error-correction procedure was used such that a given com-
ponent remained in effect until a correct response occurred and
components alternated after each correct response. Sessions were
conducted five days per week and lasted until 40 pellets in each
component (i.e., a total of 80 pellets) were earned, 160 total responses
occurred, or 1 h elapsed, whichever occurred first.

Once responding was stable under this multiple-component RAP
procedure, drug testing began. Stability criteria required that the
following conditions were met for 10 consecutive sessions: a) errors
per reinforcer in the performance component averaged less than 0.5,
b) errors per reinforcer following delivery of the first reinforcer in the
acquisition component averaged less than 2.0, and c) the number of
errors in the acquisition component decreased across the session
(Table 1 shows the number of sessions required to reach stability for
each rat under the multiple-component RAP procedure).
2.4. Drug administration

Individual dose-effect curves were obtained for methamphet-
amine hydrochloride (HCL) (0.03–3.0 mg/kg, Sigma), methylene-
dioxymethamphetamine HCL (0.3–17.0 mg/kg; gift from the National
Institute on Drug Abuse), and methylphenidate HCL (1.0–30.0 mg/kg,
Sigma). Doses are expressed as the total salt. The range of doses was
selected to include a) at least one dose that was not behaviorally
active, b) doses that were comparable to those used therapeutically
and recreationally by humans, and c) at least one dose that sup-
pressed overall responding. Drugs were dissolved in physiological
saline and injected ip 15 min prior to sessions conducted on Tuesdays
and Fridays. During the regimen for a particular drug, data from
sessions conducted on Thursdays served as the non-injection control.
The effects of each dose and saline were determined two to five
times in each subject. Doses were tested in ascending order during
the initial determination; doses in subsequent determinations were
tested in random order. Table 1 indicates the specific drug(s)
received by each rat.

2.5. Data analysis

Measures of accuracy and response speed were obtained for each
component. Accuracy was expressed as the percentage of the total
responses in a given component that were made to the S+location
(i.e., percent correct). Once stable performances had been reached,
responding in the acquisition component generally became accurate
by the tenth reinforcer presentation. In order to focus on this
transition, the number of errors per reinforcer and percent correct
were calculated for the first 10 reinforcer presentations in both
acquisition and performance components. Drug effects on overall
responding were assessed by response speed (reciprocal of the nose-
poke latency for both correct and incorrect responses). Data for each
rat in each component were averaged across the multiple determina-
tions for each dose and these means (one data point per component
and dose from each rat) were used for two-factor (component×dose),
repeated-measures analysis of variance (ANOVA) with baseline
(Thursday sessions conducted without injections) and saline condi-
tions serving as controls. For each drug, the ANOVAs included all
of the doses at which all rats obtained at least 10 reinforcers in each
component; several of the rats failed to complete 10 reinforcers
following the highest doses of each drug. Thus, this dose was
eliminated from the statistical analysis for each drug; in such cases,
however, a trial without a response was treated as an error with a
speed of zero in order to illustrate the debilitating effects of these
doses (see Fig. 2). Whenever a significant main effect of dose and/or a
significant interaction was obtained, effects of each dose were
compared against those of saline within each component using
repeated-measures LSD tests. The pattern of errors within sessions for
saline and key doses was characterized by plotting mean errors per
reinforcer as a function of ordinal position for the first 10 reinforcer
presentations in each component.

3. Results

Extensive training was required in the various phases of the
study before stability criteria were met on the multiple-component
procedure. Average number of sessions required for the six rats was
85.7 with a range of 55 to 134 sessions. However, by the end of the
training phases, stable and accurate responding was obtained for each
of the animals. As evident in Fig. 2 (upper panels), baseline levels of
accuracy in the performance component were consistently near 80%
correct, while in the acquisition component lower levels of accuracy
near 50% correct were maintained (note that randomly selecting one
of the locations had a 17% chance of being correct). While Fig. 2
presents the mean data for the first ten reinforcers, Fig. 3 shows a trial
by trial analysis, and illustrates that under control conditions errors
declined rapidly across the first three or four reinforcers before
accuracy reached asymptote (filled circles in the upper panels of
Fig. 3). In contrast, errors were few in the performance component
and were fairly evenly distributed across trials (filled circles in the
lower panels of Fig. 3).

Fig. 2 shows dose-effect functions for MDMA (left column), MA
(center column), and MPD (right column) on percent correct (upper
row) and response speed (lower row). Lower doses of MDMA had no
effect on either speed or accuracy of responding in either component.
At the 3.0 mg/kg dose, decreases in both speed and accuracy were
evident in the acquisition component, but responding in the perfor-
mance component was unaffected. At the highest dose (10.0 mg/kg),
speed and accuracy were substantially reduced in both components.
A component X dose (2×5) ANOVA on percent correct (omitting
the 10 mg/kg dose which frequently resulted in a complete sup-
pression of responding) revealed a significant main effect for



Fig. 2. Dose-effect functions for MDMA (n=5; left panels), MA (n=5; middle panels), and MPD (n=5; right panels) on accuracy (upper row) and response speed (lower row),
measured as percent correct responses for first ten reinforcer presentations in rats responding under a multiple-component repeated acquisition and performance procedure (note
that responses prior to the first reinforcer are omitted from this analysis as acquisition cannot be said to begin until the first response is reinforced). Unfilled symbols show effects in
the acquisition component and filled symbols show effects in the performance component. Asterisks (⁎) indicate doses with effects that were significantly different from the effects of
saline (p<0.05). Number signs (#) indicate effects of doses that were omitted from statistical analyses of accuracy because of their effects on overall responding. Error bars show SEs.
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component [F(1,4)=26.49, p=.007], no significant effect of dose
[F(4,16)=1.005, p=.434] and a significant interaction [F(4,16)=
3.42, p=.033]. The response speed analysis also resulted in a sig-
nificant component X dose interaction [F(4,16)=5.53, p=.005],
but the main effect for the component failed to reach significance
[F(1,4)=4.32, p=.106], while the main effect of dose was signifi-
cant [F(4,16)=4.93, p=.009]. Post hoc tests for both accuracy and
speed revealed significant differences between the 3.0 mg/kg dose
and saline only in the acquisition component. In sum, MDMA
decreased accuracy and speed in a dose-dependent fashion, but the
effects were selective in that acquisition was impaired at a lower
dose than was required to decrease performance.
Fig. 3. Effects of saline (filled symbols) and selected doses (unfilled symbols) of MDMA (3
acquisition (top row) and performance (bottom row). Plotted are mean errors per reinforcer
component.
In contrast to MDMA, effects of MA and MPD were generally less
selective; doses that impaired acquisition were associated with
comparable effects on performance. MA (middle panels) produced
dose-dependent decreases in accuracy in both components. A
component X dose ANOVA (2×6) on percent correct revealed a
significant main effect for component [F(1,4)=72.41, p=.001], and a
significant main effect of dose [F(5,20)=4.85, p=.005] but no
interaction (F<1). Thus, the trend toward a selective effect on
accuracy that can be seen at the 0.56 mg/kg dose was not sufficient
to produce a significant interaction. Response speed was not affected
by MA at the doses included in the analysis (note that the 3.0 mg/kg
dose was excluded from the statistical analysis). There was a main
.0 mg/kg), MA (0.56 mg/kg), and MPD (3.0 mg/kg) on within-session error patterns in
(and SEs) as a function of ordinal reinforcer for the first 10 reinforcer deliveries in each
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effect of component [F(1,4)=18.11, p=.01] with respect to response
speed for MA with more rapid responding in the performance
component, but neither the main effect of dose [F(5,20)=1.61,
p=.20], nor the dose X component interaction (F<1) was significant
for speed. MA decreased accuracy in a non-selective fashion at doses
that did not affect overall response speed, at least until the 3.0 mg/kg
dose was reached when both accuracy and speed were substantially
reduced and several animals stopped responding.

Dose X component (2×5) analyses of MPD effects also showed sta-
tistically significant, dose-dependent decreases in accuracy [F(4,16)=
14.8, p<.001] , but there was no significant interaction (F<1). As was
the case in the other analyses, accuracy was higher in the performance
component [F(1,4)=110.91, p<.001]. Outcomes of the response speed
analyses showed only a significant main effect of dose [F(4,16)=14.35,
p<.001). Neither the main effect of component [F(1,4)=5.14, p=.09],
nor the interaction [F(4,16)=1.70, p=.20] reached significance. Thus,
MPD affected acquisition only at doses that also disrupted performance
accuracy.

Fig. 3 shows within-session error plots for acquisition (top panels)
and performance (bottom panels) under saline conditions (filled
symbols) and following administration of the highest dose of each
drug that did not significantly disrupt performance accuracy (unfilled
symbols). The 3.0 mg/kg dose of MDMA (left) increased acquisition
errors prior to the delivery of the first reinforcer. By comparison with
saline, more errors were also evident during the first few reinforcers
until, by about the fifth trial, accuracy reached saline levels. These
effects on acquisition at the 3.0 mg/kg MDMA dose occurred without
any discernible effect on the performance trials. Neither MA nor MPD
produced comparable increases in acquisition errors at the doses
shown (0.56 mg/kg for MA and 3.0 mg/kg for MPD). The MA data in
Fig. 3 are of interest given the non-significant trend toward a selective
effect that was noted above at this dose, but it is apparent that, in
contrast with theMDMA effects, errors after .56 MAwere only slightly
elevated and were fairly evenly distributed across trials. Although
higher doses of MA and MPD than those presented here did interfere
with acquisition accuracy, these were accompanied by disruptions of
performance accuracy as well. Only MDMA disrupted acquisition at a
dose that spared performance accuracy, and as Fig. 3 shows, this effect
was primarily confined to the first few trials of acquisition.

4. Discussion

Consistent with the findings of Pitts et al. (2006), rats in the
present study learned to respond to the reinforced target location
with fairly high levels of accuracy by the tenth reinforcer within each
session in the acquisition componentwhilemaintaining high accuracy
levels in the performance component. Although relatively extensive
training was required to reach stable performances (mean=85.7
sessions), it should be noted that training durationwas comparable to,
and perhaps slightly more rapid than, that required in studies using
multiple-component, RAP chain schedules with rats (Cohn and
MacPhail, 1997; Winsauer et al., 1999). Thus, the touch-screen RAP
procedure used here provides an automated and relatively efficient
method for assessing drug effects on learning in rats.

MDMA, MA and MPD all impaired accuracy and speed in a dose-
dependent fashion. However, the three drugs differed in the degree to
which these impairments were selective to the acquisition compo-
nent. MA and MPD were generally less selective than MDMA. That is,
for MA andMPD, acquisition accuracy was impaired at doses that also
impaired accuracy in the performance component. It should be noted
that there was some tendency for MA effects to be selective at the
0.56 mg/kg dose, but these were not sufficiently robust to reach
statistical significance. MPD also differed from MA in that decreases
in accuracy produced by MPD only occurred at doses that also
significantly decreased response speed. In contrast, MA impairment
was not associated with decreased response speed (at least, until
the highest 3.0 mg/kg dose). Thus, although MA impairments
occurred in both performance and acquisition components, they
were not simply due to impaired capacity to respond, but rather
appeared to involve some generalized loss of stimulus control—both
that associated with the well learned performance target location as
well as that required for learning a new target location response in the
acquisition component. This breakdown could involve some failure
of control by the specific target stimuli, or the component stimuli, or
both. It also should be noted that disruption of simple discriminative
ability has been previously reportedwith high doses of amphetamines
(Mayorga et al., 2000).

The non-selective effects of MA and MPD observed in the present
study were somewhat surprising given previous findings showing
that d-amphetamine and MPD disrupted acquisition of response
chains or conditional discriminations at doses that failed to affect
performance in pigeons and monkeys (Moerschbaecher et al., 1979;
Thompson, 1976; Thompson and Moerschbaecher, 1979a,b). Of
course, doses intermediate to those chosen here might produce
more selective effects, and more detailed exploration of the dose-
effect functions would seem worthwhile. Alternatively, it is possible
that rats are simply less sensitive to learning impairments produced
by stimulant drugs than are pigeons or monkeys. Interestingly,
Mayorga et al. (2000) found that both d-amphetamine and MPD
interfered with acquisition of a response chain only at doses that also
decreased overall responding in rats (i.e., they reported non-selective
effects). Although they used an incremental repeated-acquisition
procedure that did not include a performance control condition, our
results were consistent with theirs. However, Paule and McMillan
(1984) found that d-amphetamine interfered with acquisition at
doses that did not affect response rates using a similar incremental
repeated-acquisition procedure, suggesting that an account in terms
of species differences may be too simplistic. Rather, differences in
procedures may be more likely to explain the differences between
the present findings and the outcomes from previous RAP studies.
The present study required learning a single nose-poke response to a
new target location whereas the studies with pigeons and monkeys
used more complex response chains or chains of conditional dis-
criminations (Moerschbaecher et al., 1979; Thompson, 1976; Thomp-
son andMoerschbaecher). Thus, the increased difficulty or complexity
required by the task of learning a chain of responses, as opposed to
learning a new target for a single response, may modulate the sensi-
tivity of a RAP procedure to selective drug effects.

Consistent with previous RAP studies with MPD and ampheta-
mines, no significant improvement of accuracy was observed at any
dose of either MPD or MA in the present study. Because the baseline
levels of accuracy and speed in the acquisition component were
generally well below those in the performance component, it would
appear that the failure to detect improved accuracy cannot simply be
attributed to a low ceiling. Those studies that have detected learning
enhancement by stimulants generally have used either a spatial
learning task (Zhu, et al., 2007) or a discrimination-reversal procedure
(Calhoun and Jones, 1974; Handley and Calhoun, 1978), although it
should be noted that Paule & McMillan (1984) found enhancement
at low d-amphetamine doses with the incremental repeated acqui-
sition task. None of these studies used a RAP procedure, but RAP
adaptations of spatial navigation tasks and reversal learning tasks are
available (Galizio et al., 2006; Keith and Galizio, 1997) and it would be
interesting to examine the effects of MA and MPD using these
procedures.

Importantly, MDMA did produce reliably selective effects in the
present study. That is, 3.0 mg/kg of MDMA impaired accuracy in the
acquisition component while sparing the performance component.
However, the selective effects of MDMA were complicated by the
selective reductions in response speed that also occurred at this dose.
Because no loss of response speed occurred in the performance
component at the 3.0 mg/kg dose, the effect is clearly not a loss of
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response capacity or sensorimotor deficit. A possible account for this
interesting effect may derive from consideration of the within-session
analysis of Fig. 3. While MDMA increased errors in the acquisition
component over the first few reinforcers of the session, the most
striking feature was the very large number of errors that were emitted
prior to the presentation of the first reinforcer. Thus, under MDMA,
the acquisition component began with a series of unreinforced
responses and these may be related to the reduced rate of responding.
In any case, this observation suggests that MDMAmay have produced
perseverative behavior that interfered with the “win-stay/lose-shift”
pattern that was associated with rapid acquisition under baseline
conditions. Of more than passing interest, Harper and his colleagues
(Harper et al., 2005, 2006) found that MDMA impaired delayed
matching to sample performance in rats due to a proactive inter-
ference effect. They found that MDMA produced a perseverative
tendency to respond to the lever chosen in the immediately preceding
trial, an outcome consistent with the effects obtained in the present
study. Harper et al. (2006) were able to attenuate these MDMA effects
by lengthening the inter-trial interval (presumably reducing proac-
tive interference) and it would be interesting to determine whether a
similar outcome could be obtained with the RAP procedures studied
here.

At first glance, the selective impairment of acquisition produced by
MDMA in the present study may appear contrary to the results of
Winsauer et al. (2004), who found only non-selective effects in rats.
Closer analysis, however, suggests otherwise. Winsauer et al. studied
only a single 10 mg/kg dose and this same dose produced non-
selective impairments of both performance and acquisition in the
present study as well. Only at the lower 3.0 mg/kg dose were selective
effects apparent in the present study. The earlier finding of Thompson
et al. (1987) of non-selective effects in monkeys appears more
problematic. In that study, no increases in errors on a response chain
in either the acquisition or performance component were observed at
any dose that permitted responding. Again, although these different
outcomes may involve species differences, another account would
emphasize that the type of learning task is a critical determinant of
drug effects in RAP procedures. Thompson et al. used the chain
schedule that is most typical of repeated acquisitions designs,
while only single response was required in the present study (and
also in Harper et al., 2005, 2006). Another possible explanation of the
differences between the present outcomes and those of more
traditional RAP studies would emphasize the potential of pharmaco-
logical differences between spatial and non-spatial learning tasks. For
example, a study from our laboratory found that morphine selectively
affected acquisition in a spatial navigation task (Galizio et al., 2003),
but morphine and other opiates have generally been associated with
non-selective effects in RAP procedures involving response chains or
other non-spatial learning tasks (c.f., Galizio et al., 2006). Although
the procedures used in the present study do not involve spatial
navigation, learning the target location on the two-dimensional
screen certainly required spatial discrimination and perhaps can be
viewed as presenting different requirements than more traditional
RAP tasks.

Finally, the differences between the selective effects of MDMA and
the relatively less selective effects of MA and MPD noted in the
present study are of potential importance. Physiological, subjective,
and behavioral effects of MDMA, amphetamines andmethylphenidate
are often quite similar (c.f., Harper et al., 2005; Hegadoren et al.,
1999; Liechti et al., 2001), so the differences in the present assay are
somewhat surprising. Common effects of these drugs are thought to
be due to their common actions as dopamine agonists (Green et al.,
2003; Perlow et al., 1980). The increase in 5-HT release produced
by MDMA is an important neuropharmacological effect that differs
from MA and MPD (Green et al., 2003), and thus, the more selective
effects of MDMA on acquisition in the present study may implicate
a serotonergic mechanism. Serotonin depletion is seen after chronic
MDMA use, as is cognitive impairment (Morton, 2005). Previous
studies have shown that selective 5-HT1A and 5-HT1B agonists can
disrupt repeated acquisition (Winsauer et al., 1999; Winsauer and
Moerschbaecher, 2000). Thus, further exploration of the serotonergic
basis of the selective effects of MDMA on learning noted in the present
study may be of value.
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