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Abstract

Rationale—The amphetamine derivative 3,4-methylenedioxymethamphetamine(MDMA;
ecstasy) is a widely abused drug, particularly in adolescent and young-adult populations. Although
it was shown that MDMA-associated cues reinstate extinguished MDMA seeking in an animal
relapse model, there is little information regarding the neural mechanisms underlying this
behavior.

Objectives—Because the medial prefrontal cortex (mPFC) plays an important role in relapse to
cocaine and methamphetamine seeking, we tested the effects of lidocaine inactivation of
prelimbic(PL) and infralimbic (IL)subregions of mPFC on cue-induced relapse to MDMA
seeking.

Methods—Rats were trained to respond for MDMA infusions (0.50 mg/kg/infusion, i.v.) paired
with a discrete cue in daily 2-hr sessions. Responding was reinforced contingent on a modified
fixed-ratio 5 schedule of reinforcement. Cue-induced reinstatement tests were conducted after
responding was extinguished in the absence of MDMA and the conditioned cues. Prior to
reinstatement tests, rats received bilateral microinjections of either lidocaine (100 pg/0.5 pl/side)
or physiological saline (0.5 pl/side) delivered to either PL or IL mPFC.

Results—Muicroinjections of lidocaine into PL completely blocked reinstatement of MDMA.-
seeking behavior compared with saline microinjections into the same region. Lidocaine
microinjections did not, however, have an effect on food-maintained responding, ruling out a
nonspecific disruption of motor performance. Conversely, lidocaine inactivation of IL had no
effect on reinstatement of MDMA seeking or food-maintained responding.

Conclusions—Our results provide direct support for PL activation in reinstatement of MDMA-
seeking behavior. Moreover, akin to cocaine seeking, there appears to be differential involvement
of PL and IL subregions in this behavior.
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INTRODUCTION

Addiction to psychomotor stimulants is a chronic relapsing disorder. Relapse prevention,
therefore, is a primary goal in the treatment of addiction (Mendelson and Mello 1996;
O'Brien and McLellan 1996). Successful treatment is difficult, however, because addicts are
hypersensitive to the incentive motivational properties of stimuli associated previously with
drug taking, such as persons, places, or paraphernalia (Robinson and Berridge 1993; Stewart
et al. 1984). Exposure to these stimuli, therefore, often precipitates craving and subsequent
relapse (Carter and Tiffany 1999; O'Brien et al. 1992). This so-called cue-induced relapse
has been studied in animals through the use of the reinstatement model (Stewart and de Wit
1987). In this model, drug-associated cues or other stimuli are used to reinstate extinguished
drug-seeking responses in animals with a history of drug self-administration (Lé and
Shaham 2002; Shalev et al. 2002). Much information regarding the neural circuitry of
relapse has been gleaned through the use of this model. For example, cue-induced
reinstatement of cocaine seeking is attenuated by inactivation of any one of several
interconnected structures of the so-called ‘motive circuit,” including prefrontal cortex, dorsal
striatum, nucleus accumbens, amygdala, and hippocampus (Fuchs et al. 2006; Fuchs et al.
2005; Fuchs et al. 2004a; b; McLaughlin and See 2003; Sun and Rebec 2003).

Although a large body of work has accumulated regarding the mechanisms underlying
reinstatement of psychostimulant seeking, relatively few studies have investigated
reinstatement following administration of the stimulant 3,4-
methylenedioxymethamphetamine (MDMA; ecstasy). MDMA is a widely abused
amphetamine derivative, particularly in adolescent and young-adult populations (Pope et al.
2001; Strote et al. 2002; Winstock et al. 2001). Similar to other amphetamine-like drugs,
MDMA causes increases in extracellular catecholamine levels (Green et al. 1995), but
MDMA is unique in that it potently increases serotonin (5-HT) levels as well (Gough et al.
1991; Kankaanpaa et al. 1998). Accordingly, both dopamine and 5-HT receptor mechanisms
are involved in the acute neurobehavioral effects of MDMA (Ball et al. 2003; Ball and
Rebec 2005; Bankson and Cunningham 2001; Bubar et al. 2004). Although it has been
shown that MDMA-associated cues reinstate extinguished MDMA seeking in rats (Ball et
al. 2007) and mice (Orejarena et al. 2010), there is very little information regarding the
neural mechanisms underlying this behavior. Given recent evidence of maladaptive use of
MDMA in a proportion of users (Cottler et al. 2001; Gouzoulis-Mayfrank et al. 2005;
McCann et al. 2005; Parrott 2005; Topp et al. 1999) along with increasing preclinical
evidence of the drug’s abuse potential and long-lasting neurobehavioral effects (Ball et al.
2006; Ball et al. 2011b; Ball et al. 2009; Ball et al. 2010; Schenk 2011), it is important to
investigate the neural substrates underlying relapse to MDMA seeking and their overlap
with the circuits driving relapse to other drugs of abuse. To begin this investigation, we
focused on medial prefrontal cortex (mPFC), a region that appears to be a common
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anatomical substrate within the motive circuit through which a variety of stimuli converge to
drive drug-seeking behaviors (Kalivas and Nakamura 1999). Because MDMA induces
subregion specific structural adaptations in mPFC (Ball et al. 2009), and because dorsal and
ventral subregions of mPFC play differential roles in some drug-seeking behaviors (Lasseter
et al. 2010; Peters et al. 2009; Van den Oever et al. 2010) we assessed the roles of dorsal and
ventral mPFC separately. Specifically, we focused on prelimbic (PL) and infralimbic (IL)
subregions because these regions were targeted previously in studies of mPFC involvement
in cue-induced reinstatement of other drug seeking (McLaughlin and See 2003; Rocha and
Kalivas 2010; Rogers et al. 2008).

Adult male, Sprague-Dawley rats weighing 350-400 g at the commencement of experiments
were obtained from Harlan Sprague-Dawley (Indianapolis, IN). Rats were housed
individually in hanging wire cages under standard laboratory conditions (12-hr light cycle
from 7:00AM to 7:00 PM) with ad libitum access to water. Approximately 2 weeks prior to
the commencement of experiments all rats were injected with MDMA (5.0 mg/kg; i.p.) once
daily for 5 days in order to collect pilot behavioral data for a separate study. Starting 1 week
before operant training rats were placed on a restricted diet and maintained at ~85% of free-
feeding body weight throughout experiments to aid in the acquisition of self-administration
and to facilitate greater responding during reinstatement tests (Comer et al. 1995) with the
exception of a period before and after surgery during which animals were given free access
to food. All procedures were conducted between 9:00 AM and 5:00 PM, were in compliance
with the Guidelines for the Care and Use of Mammals in Neuroscience and Behavioral
Research (Committee on Guidelines for the Use of Animals in Neuroscience and Behavioral
Research 2003), and were approved by the Bloomsburg University Institutional Animal
Care and Use Committee.

(x)-MDMA was provided by the National Institute on Drug Abuse (Research Triangle Park,
NC) and lidocaine hydrochloride was purchased from Sigma (St. Louis, MO). Both drugs
were dissolved in 0.9% sterile saline. The self-administration dose of MDMA was chosen
based on published work demonstrating that similar doses support the highest levels of
operant responding (Cornish et al. 2003; Ratzenboeck et al. 2001; Schenk et al. 2003) and
also because this dose supported self-administration in our previous study (Ball et al. 2007).
The dose of lidocaine was chosen because it was shown to decrease cue-induced
reinstatement of cocaine seeking when microinjected into amygdala or ventral subiculum
(Kantak et al. 2002; Sun and Rebec 2003). All doses refer to weight of salt.

Details on operant conditioning chambers are described elsewhere (Ball et al. 2011a).
Briefly, operant conditioning chambers (Coulbourn Instruments, Whitehall, PA) were
housed in sound-attenuating, ventilated cubicles and connected to a PC with the Graphic
State software interface system (Coulbourn Instruments). Each chamber was equipped with
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an active and an inactive response lever. Each chamber was outfitted with a fluid swivel and
spring leash assembly connected to a counterbalanced arm assembly. Chambers also
included a house light, a row of multicolored LED cue lamps, and a tone generator. A
motor-driven syringe pump (Coulbourn Instruments) for drug delivery was located outside
of each cubicle.

Rats first experienced 2 days of shaping sessions during which responses on the active lever
were reinforced with 45-mg grain-based food pellets (Bio Serv, Frenchtown, NJ)contingent
upon a fixed ratio (FR)-1 schedule of reinforcement. During shaping sessions, if 15 min
elapsed without an active lever response a reinforcer was delivered non-contingently.
Shaping sessions ended after 80 reinforcers were earned. Over the course of the next 7-8
days the reinforcement schedule was gradually increased to FR-5 in daily 30-min sessions.
Training on the FR-5 schedule continued for 2 more days or until at least 60 reinforcers
were obtained within a session.

Following an injection of atropine sulfate (0.05 mg/kg; s.c.), animals were anesthetized with
ketamine HCI (90 mg/kg; i.m.) and xylazine HCI (10 mg/kg; i.m.), with supplemental
injections as needed. A catheter constructed from polyethylene tubing (PE10 and PE5O0;
Fisher Scientific, Pittsburgh, PA) and a 22 gauge cannula-guide connector assembly
(Plastics One, Roanoke, VA) was inserted into the right jugular vein. The catheter was
routed subcutaneously and exited at the scapula of the skull. Following catheterization, rats
were fixed in a stereotaxic apparatus and two guide cannulas (22 gauge; Plastics One) were
bilaterally implanted 1.0 mm above either the PL mPFC (coordinates: AP:+3.2, ML: £1.3,
and DV -3.0 relative to bregma, midline, and skull surface, respectively, with a 10° angle
away from midline) or IL mPFC (coordinates: AP:+3.2, ML: 1.5, and DV —4.0 relative to
bregma, midline, and skull surface, respectively, with a 10° angle away from midline). Four
stainless steel screws were implanted in the skull for support, and the cannulas and screws
were held in place with dental cement. A dummy cannula was inserted into each guide
cannula to prevent blockage. During ~1 week of recovery catheters were flushed with
heparinized physiological saline (50 U/ml heparin) twice daily, and 0.1 ml (10 mg/ml; i.v.)
of gentamycin (Lonza, Walkersville, MD) was administered once daily. During the period of
MDMA self-administration, catheter patency was evaluated by injecting 0.1 ml Brevital
(1%) as necessary. Loss of muscle tone within 5 s after injection indicates a patent catheter.
Two animals that began self-administration training were subsequently removed from the
experiment due to catheter-related problems.

MDMA self-administration training

Rats were trained to press the lever for MDMA in daily 2-hr sessions. During these sessions
rats responded on a modified FR5 schedule under which the first response on the active
lever resulted in an intravenous infusion of 0.50 mg/kg of MDMA accompanied by
conditioned stimuli (CS), which consisted of a tone+ flashing cue light compound stimulus
presented for 5 s. Drug concentration (5.0 mg/ml) and pump delivery rate (10 pl/s) were kept
constant, and dose of drug (0.50 mg/kg/infusion) was controlled by varying the duration of
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pump action (i.e., volume of injected solution) based on body weight. Delivery of the drug
and CS was followed by a 15 s time-out period signaled by illumination of the house light.
During MDMA infusions and time-outs responses were recorded but had no programmed
consequences. After the first infusion, MDMA infusions and presentations of the CS were
contingent upon an FR5 schedule. Rats self-administered MDMA for 14 sessions if the
number of MDMA infusions varied by < 20% on at least two of the last three sessions;
otherwise, sessions continued until this criterion was met.

Extinction sessions

On the day following the last self-administration session, daily 60-min extinction sessions
began. During extinction sessions responses were recorded but had no programmed
consequences. Extinction sessions continued for at least 5 days or until the total presses for a
session were < 20% of the mean number of total presses during the last three self-
administration sessions.

Experiment 1: effect of lidocaine inactivation of PL mPFC on CS-induced reinstatement of
MDMA-seeking behavior

Following extinction, animals underwent 1-hr CS-induced reinstatement sessions. Before
these sessions, two separate groups of rats (n = 5/group) received bilateral microinjections of
either lidocaine (100 ug/0.5 pl/side) or physiological saline (0.5 pl/side) delivered to PL
mPFC through 28 gauge internal cannulas that extended 1 mm below the guide cannula
(Plastics One). Microinjections were delivered by an infusion pump (Fisher Scientific,
Newark, DE) with 10 ul syringes (Hamilton Company, Reno, NV) over a 1 min period.
Syringes were connected to internal cannulas with polyethylene tubing. Internal cannulas
were left in place for 1 min after injections to allow for drug diffusion. Following
microinjections, rats were immediately placed into the chambers and the reinstatement
session began with a noncontingent presentation of the CS over a 5-s period followed by a
15-s time-out. Thereafter, responding was reinforced by the CS alone, contingent upon an
FR-5 schedule except that the first response was reinforced by the CS.

Experiment 2: effect of lidocaine inactivation of PL mPFC on food self-administration

behavior

After reinstatement testing, a subset of rats from Experiment 1 (n = 6; three from each
treatment group) resumed daily 30-min food self-administration sessions under an FR-5
schedule. When responding was stable (< 20% difference in response rate across 3 sessions)
rats received microinjections of either saline or lidocaine according to the procedure
described in Experiment 1 immediately before commencement of the next daily session.
Rats that received lidocaine in Experiment 1 received saline and rats that received saline in
Experiment 1 received lidocaine. Following a daily session in which no treatment was
administered, testing was repeated in a counterbalanced design in which rats treated 2 days
previously with saline microinjections received lidocaine, and vice versa, prior to the food
self-administration session.
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Experiment 3: effect of lidocaine inactivation of IL mPFC on CS-induced reinstatement of
MDMA-seeking behavior

Following extinction, two separate groups of rats (n = 8 and 5 for saline and lidocaine
groups, respectively) underwent the exact procedures described in Experiment 1, except that
microinjections targeted IL mPFC.

Experiment 4: effect of lidocaine inactivation of IL mPFC on food self-administration
behavior

After reinstatement testing, a subset of rats from Experiment 3 (n = 6; three from each
treatment group) underwent the exact procedures described in Experiment 2, except that
microinjections targeted IL mPFC.

Histology

Upon completion of experiments, rats were deeply anesthetized with pentobarbital (200
mg/kg, i.p.) and then perfused transcardially with 0.9% saline followed by 10% formaline.
Brains were removed and stored in formalin solution for at least 1 week. After storage in
formalin, brains were stored in a 30% sucrose/10% formalin solution for at least 1week, then
frozen, cut (60 pm sections), mounted on slides, and stained with cresylecht violet to verify
microinjection sites.

Data analysis

For Experiments 1 and 3, response rates were calculated as responses per hour and analyzed
by means of two-way, mixed ANOVASs with treatment (saline or lidocaine microinjections
before reinstatement test) as the between factor and session [self-adminstration (calculated
as mean number of presses per hour during the last three self-administration sessions), last
extinction session, and reinstatement session] as the within factor. Additionally, for time-
course analyses during reinstatement sessions, responses were calculated in 20-min blocks
and analyzed by means of two-way, mixed ANOVAs with treatment (saline or lidocaine
microinjections) as the between factor and time (in 20-min blocks) as the within factor. All
ANOVAs were followed by Bonferroni post-tests. For Experiments 2 and 4, response rates
during food self-administration following saline and lidocaine treatment were calculated as
responses per 30 min and analyzed by means of paired t-tests. In all cases, total responses
per session, including responses during time outs, were used for analyses.

RESULTS
Histology

Fig. 1 shows the positions of all microinjection sites in PL and IL mPFC. Proper cannula
placement was verified in all 23 animals that completed the experiments.

Experiment 1: effect of lidocaine inactivation of PL mPFC on CS-induced reinstatement of
MDMA-seeking behavior

On the day following the last extinction session, CS-induced reinstatement tests were
conducted in rats pretreated with either saline or lidocaine microinjections delivered to PL
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mPFC. Mean response rates for individual animals over the last 3 days of MDMA self-
administration ranged from 59.33 to 110.33 and 35.17 to 144.00 responses/hr for the saline
and lidocaine groups, respectively. As shown in Figs. 2a and 2b, mean response rates during
self-administration and on the last day of extinction training for the saline and lidocaine
groups were similar. During CS-induced reinstatement sessions, however, responding was
significantly lower following pretreatment with lidocaine compared to saline [F(2, 16) =
23.70, p<.001 and F(1, 8) = 5.41, p < .05 for main effect of session and main effect of
treatment, respectively]. Note that in lidocaine-treated rats responding during reinstatement
was reduced to levels comparable to extinction. The time-course data in Fig. 2¢ show that
responding was higher in the saline group compared with the lidocaine group across the
entire reinstatement session [main effect of treatment, F(1, 8) = 10.97, p < .05]

Experiment 2: effect of lidocaine inactivation of PL mPFC on food self-administration

behavior

After reinstatement testing, a subset of rats from Experiment 1 was used to assess the effects
of PL mPFC microinjections of saline and lidocaine on food-reinforced operant responding.
As shown in Fig. 2d, lidocaine treatment had no significant effect on responding when
compared with saline treatment.

Experiment 3: effect of lidocaine inactivation of IL mMPFC on CS-induced reinstatement of
MDMA-seeking behavior

Using the same procedures as in Experiment 1, separate groups of rats with IL mPFC
cannula placements underwent CS-induced reinstatement testing. Mean response rates for
individual animals over the last 3 days of MDMA self-administration ranged from 20.34 to
115.00 and 17.50 to 145.34 responses/hr for the saline and lidocaine groups, respectively.
As shown in Figs. 3a and 3b, mean response rates during self-administration, extinction, and
CS-induced reinstatement sessions for the saline and lidocaine groups were similar.
Although there was greater within-group variability in responding for both saline and
lidocaine groups during reinstatement tests compared with Experiment 1, the mean (£SEM)
reinstatement response rates [45.75 (£19.91) and 40.00 (x20.97)responses per hour for
saline and lidocaine groups, respectively] were similar to that of saline-treated rats in
Experiment 1 [45.00 (£11.64) responses per hour]. As Fig. 3c shows, reinstatement
responding was similar in the saline and lidocaine groups across the entire session.

Experiment 4: effect of lidocaine inactivation of IL mPFC on food self-administration

behavior
Using the same procedures as in Experiment 2, a subset of rats from Experiment 3 was used
to assess the effects of IL mPFC microinjections of saline and lidocaine on food-reinforced
operant responding. As shown in Fig. 3d, lidocaine treatment had no significant effect on
responding when compared with saline treatment.

DISCUSSION

We used the reinstatement model of drug seeking to investigate the neural substrates of cue-
induced relapse to MDMA-seeking behavior. Given the involvement of mPFC in cue-
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induced reinstatement of cocaine and methamphetamine seeking (McLaughlin and See
2003; Rocha and Kalivas 2010), we assessed the effects of temporary lidocaine inactivation
of dorsal (PL) and ventral (IL) mPFC on the resumption of lever pressing that was
previously reinforced by i.v. MDMA. We found that inactivation of PL, but not IL, mPFC
blocked discrete cue-induced reinstatement of MDMA seeking. Moreover, the reduction in
reinstatement responding following PL inactivation could not be attributed to a nonspecific
disruption of motor performance because inactivation of this region did not reduce high rates
of responding for food on an FR-5 schedule. These results not only support our previous
study showing that discrete MDMA-paired cues can reinstate extinguished MDMA-seeking
behavior in rats (Ball et al. 2007), but also provide direct support for PL mPFC activation in
this behavior.

Animals with IL cannula placements displayed greater within-group variability in
responding during reinstatement tests (Experiment 3) compared to animals with PL
placements (Experiment 1). Given our data from Experiment 1 showing that PL activation is
necessary for reinstatement, it is possible that the variability was due to damage to PL as a
result of IL cannula placements. Thus, although cannulas were lowered at an angle to reduce
damage to overlying cortical areas, cannulas targeting IL nonetheless passed through the
lateral portions of PL. Consistent with this reasoning, the relatively large within-group
variability observed during reinstatement tests in Experiment 3 was not observed in the
subset of rats tested for food-reinforced operant responding (Experiment 4), a behavior that
is not affected by PL inactivation (see results of Experiment 2). It is not likely that the cause
of variability was diffusion of injections from IL to PL regions because similar amounts of
variability were observed in both the saline and the lidocaine groups. In fact, approximately
the same proportions of animals in the saline and lidocaine groups showed robust
reinstatement responding [3 of 8 (38%) and 2 of 5 (40%), respectively; mean increase in
responding compared to prior extinction session for those animals was 358% and 314%,
respectively]. Conversely, every subject with PL cannula placements and prior lidocaine
injections displayed reinstatement responding similar to extinction, indicating a specific role
for this region indiscrete cue-induced MDMA seeking.

Our findings are in agreement with the cocaine literature, pointing to a dorsal/ventral
dichotomy with regard to the role of MPFC in relapse to drug seeking [for reviews
see(Lasseter et al. 2010; Peters et al. 2009; Van den Oever et al. 2010)]. Regarding discrete
cue-induced reinstatement specifically, our results indicating PL, but not IL, involvement
are consistent with findings in animals extinguished from cocaine self-
administration(McLaughlin and See 2003), but in contrast to findings with other drugs.
Thus, inactivation of either PL or IL attenuated cue-induced reinstatement of
methamphetamine and heroin seeking (Rocha and Kalivas 2010; Rogers et al. 2008). It is
noteworthy that in contrast to methamphetamine and heroin, both MDMA and cocaine
induce relatively large increases in extracellular levels of 5-HT (Bradberry et al. 1993;
Gough et al. 1991; Kankaanpaa et al. 1998; Teneud et al. 1996). Whether serotonergic
mechanisms might account for the differential findings regarding IL involvement in cue-
induced reinstatement of methamphetamine and heroin vs. cocaine and MDMA seeking is a
question worthy of further investigation.
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Exposure to the psychomotor stimulants amphetamine, cocaine, and nicotine is associated
with enduring morphological adaptations in mPFC, including increases in spine density and
dendritic branching [for review see (Robinson and Kolb 2004)]. Moreover, we recently
reported that repeated exposure to MDMA results in long-lasting and subregion-specific
structural alterations in mPFC (Ball et al. 2009). For example, the PL, but not anterior
cingulate, subregion showed increased spine density on distal dendrites of layer V pyramidal
neurons. The anterior cingulate, on the other hand, displayed decreased spine density on
proximal dendrites. Thus, the regional differences in function related to MDMA seeking in
the present study may be the result of regional differences in MDMA-associated structural
adaptations. Although we did not assess MDMA-induced structural changes in IL in our
previous morphological study (Ball et al. 2009), anatomical and functional connections
between mPFC and other components of the motive circuit support this hypothesis. Thus,
compared with other subregions of mPFC, PL projects preferentially to the core subregion
of nucleus accumbens (Berendse et al. 1992; Sesack et al. 1989) and also sends
approximately three times as many efferents to the ventral tegmental area (Geisler et al.
2007). Importantly, glutamate transmission in both nucleus accumbens core and ventral
tegmental area is critical to reinstatement of cocaine-seeking behavior (McFarland et al.
2003; Park et al. 2002; Sun et al. 2005). It is noteworthy, however, that several studies
support the involvement of IL mPFC and nucleus accumbens shell in certain types of
psychostimulant reinstatement (e.g., (Famous et al. 2008; Rocha and Kalivas 2010; Vassoler
et al. 2008)), and also that psychostimulants, including MDMA, induce structural
adaptations in multiple cortico-striato-limbic regions, including nucleus accumbens shell
and dorsal striatum (Ball et al. 2009; Ball et al. 2010; Robinson and Kolb 2004). Taken
together, these data suggest that while engagement of PL mPFC is a common feature of
psychostimulant relapse induced by a variety of stimuli, the degree of involvement of other
motive circuit structures is dependent on the specific circumstances of relapse, as well as the
particular drug in question.

In summary, we showed that functional inactivation of the PL, but not IL, region of mPFC
completely blocked CS-induced reinstatement of MDMA-seeking behavior without
affecting food-reinforced operant responding. The differential involvement of PL and IL in
MDMA seeking is consistent with the cocaine literature, but in contrast to findings with
methamphetamine and heroin. Collectively, these findings underscore the importance of
comparative studies, and highlight that, even within the same class of drugs, there may be
differences in the circuitry underlying relapse that could have important implications for
addiction treatment. Finally, given the popularity of MDMA and our results showing
overlap in the neural circuits underlying relapse to MDMA seeking and the circuits driving
relapse to other highly addictive drugs, further research on the mechanisms of MDMA
seeking is warranted.
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Fig. 1.

Sc%ematic illustration [modified from Paxinos and Watson (2005)] of coronal sections from
the rat brain showing approximate injection sites in mPFC. Open and filled circles represent
the PL injection sites in saline and lidocaine groups, respectively, and open and filled
diamonds represent the IL injection sites in saline and lidocaine groups, respectively. Inset:
Photomicrographs of coronal sections illustrating cannula tracts from animals with PL (top)
and IL (bottom) placements. Notches indicate right hemisphere
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Fig. 2.
(@) Acquisition of MDMA self-administrationin rats assigned to receive intra-PL lidocaine

or saline during subsequent reinstatement tests (number of 0.50 mg/kg infusions per 2-hr
session).(b) Effect of bilateral microinjections of lidocaine (100 pg/0.5 pl/side) or saline (0.5
pl/side) into PL mPFC on CS-induced reinstatement of MDMA seeking. Open and closed
bars indicate data obtained from rats assigned to receive saline and lidocaine injections,
respectively, before the reinstatement test. SA indicates the mean number of presses per
hour during the last three self-administration sessions. EXT indicates the extinction session
before reinstatement. Reinstate indicates the reinstatement session, which was preceded by a
saline or lidocaine microinjection into PL mPFC. * Indicates Bonferroni post-test, p < .05.
(c) Time course of the effect of intra-PL lidocaine or saline on reinstatement responding. *
Indicates difference from lidocaine group, Bonferroni post-test, p < .05. (d) Effect of intra-
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PL lidocaine or saline on food-reinforced operant responding. All data in figure are
represented as mean + SEM
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Fig. 3.
(a) Acquisition of MDMA self-administration in rats assigned to receive intra-1L lidocaine

or saline during subsequent reinstatement tests.(b) Effect of bilateral microinjections of
lidocaine (100 pug/0.5 ul/side) or saline (0.5 pl/side) into IL mPFC on CS-induced
reinstatement of MDMA seeking. (c) Time course of the effect of intra-IL lidocaine or saline
on reinstatement responding. (d) Effect of intra-IL lidocaine or saline on food-reinforced
operant responding. See Fig. 2 for other details
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