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Abstract
Progressive augmentation of behavioral response following repeated psychostimulant
administrations is known as behavioral sensitization, and is an indicator of a drug’s liability for
abuse. It is known that methylphenidate (MPD) (also known as Ritalin), a drug used to treat
Attention-Deficit Hyperactivity Disorder (ADHD), induces sensitization in animals following
repeated injections. It was recently reported that bilateral electric (non-specific) lesion of
prefrontal cortex (PFC) prevented MPD elicited behavioral sensitization. Since PFC sends
glutamatergic afferents to both ventral tegmental area (VTA) and nucleus accumbens (NAc), sites
that are involved in induction and expression of behavioral sensitization respectively and
glutamate from PFC is known to modulate dopamine cell activity in VTA and NAc, this study
investigated the role of descending glutamate from PFC in MPD elicited behavioral sensitization.
Locomotor activity of three groups of rats- control, sham operated and group with specific
chemical lesion of glutamate neurons of PFC- was recorded using an open-field assay. On
experimental day (ED) 1, the locomotor activity was recorded post a saline injection. The sham
and lesion groups underwent respective surgeries on ED 2, and were allowed to recover for five
days (from ED 3 to ED 7). The post-surgery baseline was recorded on ED 8 following a saline
injection. On ED’s 9 through 14, 2.5 mg/kg MPD was given, followed by a four day washout
period (ED 15 –18). All three groups received a rechallenge injection of 2.5 mg/kg on ED 19 and
their locomotor activity on various days was analyzed. It was found that ibotenic acid lesion
modulated the acute and chronic effects of MPD and hence suggests that PFC glutamatergic
afferents are involved in the acute effect of MPD as well as in its chronic effects such as
behavioral sensitization to MPD.
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1. Introduction
The prefrontal cortex (PFC) is a multi-modal association area involved in working memory,
directing actions towards goals, and personality expression (Goldman-Rakic, 1978). The
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function of PFC is compromised in Attention Deficit Hyperactivity Disorder (ADHD), a
neuropsychiatric behavioral disorder characterized by developmentally inappropriate
inattention, hyperactivity, and impulsivity (Beiderman et al., 2008; Faraone and Beiderman,
1998; Zuddas et. al., 2000). The neuropsychological deficits found in ADHD children
involve issues with executive operations and working memory, which are functions of PFC
(Faraone and Beiderman, 1998). Recently, Lee et. al. (2008) reported that the PFC is
involved in behavioral sensitization to methylphenidate (MPD), the drug of choice for
treating ADHD (Askenasy et. al., 2007; Swanson et. al., 1998, 1999). Behavioral
sensitization is the long-lasting pharmacologically elicited hypersensitivity following
repetitive psychostimulant administration (Dafny and Yang, 2006; Gaytan et. al., 1997;
Kalivas and Stewart, 1991; Lee et. al., 2008; Robinson, 1984; Robinson & Berridge, 1993;
Wolf, 1998; Yang et. al., 2003). It is considered to be an experimental model for compulsive
drug seeking behavior and an indication of the liability potential of the drug (Dafny & Yang,
2006; Robinson & Berridge, 1993; Wolf, 1998).

The PFC sends glutamatergic afferents to both ventral tegmental area (VTA) and nucleus
accumbens (NAc), sites that are involved in induction and expression of behavioral
sensitization to psychostimulants (Kalivas et. al., 2000) and is one of the major source of
excitatory amino acid (EAA) input to VTA and NAc (Sesack and Pickel, 1992). It was
reported that PFC glutamatergic afferents modulate the NAc and VTA dopaminergic
neurons (Imperato et. al., 1990; Kalivas and Stewart, 1991; Kalivas et. al., 1993). It is
suggested that glutamate from PFC enhances dopamine cell activity in the VTA, which in
turn synergizes with the psychostimulant-induced increase in DA transmission in NAc to
promote psychostimulant-induced behavior (Kalivas, 2000). Thus, we hypothesize that
eliminating glutamate from PFC might affect the acute and/or chronic effects of MPD.

Studies with other psychostimulants like amphetamine and cocaine, which share chemical
and pharmacological properties with MPD (Askenasy et. al., 2007; Kollins et. al., 2001),
have demonstrated the role of glutamatergic afferents of PFC in behavioral sensitization (Li
et. al., 1999; Pierce et. al., 1998; Ramos et. al., 2005; Wolf et. al., 1995; Wolf, 1998).
Glutamate receptor blockade prevents the development of behavioral sensitization to
repetitive amphetamine and cocaine administration (Wolf, 1998). Glutamate antagonist
injections or destroying glutamate cells of PFC with the neurotoxin ibotenic acid have
prevented the expression of behavioral sensitization to methamphetamine, amphetamine and
cocaine treatments (Li et. al., 1999; Pierce et. al., 1998; Ramos et. al., 2005; Wolf et. al.,
1995). Additionally, alterations in glutamate transmission are associated with induction and
expression of behavioral sensitization to amphetamine and cocaine (White et. al., 1995).

Previous dose response studies (Gaytan et. al., 1996, 1997Gaytan et. al., 2000a, 2000b;
Yang et. al., 2006, 2007) using open field assay demonstrated that 2.5mg/kg MPD (i.p.)
elicits behavioral sensitization. Therefore, this dose was selected in this study. The objective
of the study was to examine the role of PFC glutamatergic afferents in acute and chronic
effects of MPD. Locomotor activity, measured with open field assay, of three male adult rat
groups: control, sham-operated and ibotenic acid injected into the PFC groups was used to
study the effects of bilateral selective glutamatergic neuronal lesions of PFC on MPD
induced locomotion and behavioral sensitization.

2. Results
Effect of surgery on baseline activity – Comparing ED 8 with ED 1

Two sham operations were performed. In sham group 1, the rats were anesthetized, the skin
and the scalp muscles were removed and the bregma was exposed, while for sham group 2,
in addition to the incision under general anesthesia, holes were drilled above the PFC and
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saline was injected into the PFC in the same volume and speed as the ibotenic acid injection.
It was observed that both the sham operations had no effect on baseline activity in all indices
analyzed i.e., horizontal activity (HA), total distance (TD) and number of stereotypy (NOS).
Since the two sham groups exhibited similar activity throughout the experiment, their data is
presented as one group. (Fig. 2). The ibotenic acid lesion in PFC group exhibited higher
locomotor activity in HA, TD and NOS, which however did not reach significance (Fig. 2).
Therefore, the locomotor activity after surgical manipulations (post-surgery baseline – ED
8) was used as control to study the drug effects.

Effect of acute MPD administration – Comparing ED 9 to ED 8
Figure 3 summarizes the initial (acute) effect of administrating 2.5 mg/kg of MPD to all
three groups. Comparing horizontal activity on ED 8 (post-surgery baseline; Table 1) to ED
9 (1st injection of MPD), indicated that 2.5 mg/kg MPD elicits a significant ( F = 4.632; p <
0.05) increase in locomotor activity in control and sham groups in all three locomotor
indices studied. However, MPD in the ibotenic acid lesion group did not alter the locomotor
activity (Fig. 3) of this group in any of the locomotor indices analyzed as compared to the
initial pre-drug treatment recording (ED 8).

Effect of MPD administration in the induction phase (comparing ED 14 to ED 9)
Figure 4 compares the locomotor activity of the three groups after six daily injections of 2.5
mg/kg MPD to that after the initial injection of MPD (ED 9) and shows that MPD
administration on ED14 elicits significant (F = 4.441; p < 0.05) increase on locomotion
(HA, TD and NOS) of the ibotenic acid lesion group compared to ED9. The control and
sham groups exhibited augmented activity that was significantly (F = 3.233; p < 0.05)
greater than their post-surgery baseline.

Locomotor activity during the washout phase (comparing ED’s 15 and 18 with ED 8)
Figure 5 summarizes the locomotor activity of ED 8, 15 and 18 for two hours at the time of
previous injections i.e., 06:45 to 08:45. It was found that there was a significant (F = 10.562;
p< 0.05) increase in all three indices of locomotor activity on the first and last days of
washout in the control group. Sham and ibotenic acid lesion in PFC group did not display
any significant increase in locomotor activity on any washout days in any of the three
locomotor indices (Fig 5).

Effect of MPD rechallenge (comparing ED 19 to ED 9)
Figure 6 summarizes the observations noted on ED 19 (the last day of MPD injection; Table
1) compared to ED 9 and shows that MPD injection on ED 19 elicited significant (F =
5.823; p < 0.05) increases in horizontal activity and total distance in the control and sham
groups. In the lesion group, the rechallenge injection of MPD (on ED 19) elicited an
increase in horizontal activity and total distance travelled but was found to be statistically
not significant. Number of stereotypy exhibited non-significant increases in all three groups.
Figure 7a shows the individual animal responses of the control group to the acute (ED 9)
and rechallenge injection (ED 19) of MPD, as compared to the post surgery baseline (ED 8)
and indicates that the animals exhibited an increase in locomotion following the acute
injection of MPD (ED 9) and that the locomotor response to the rechallenge injection (ED
19) was even higher than that observed on ED 9 (i.e., the animals were sensitized), while
figure 7b indicates that the individual animal responses in the ibotenic acid lesion group 1)
did not exhibit the increase in activity expected after an acute injection of MPD (ED 9) and
2) exhibited almost similar activity on both the acute as well as rechallenge injection of
MPD (ED 19).
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3. Discussion
With the abuse of MPD on the rise, it is of much concern that not much is known about its
circuitry of its action and/or its chronic effects such as behavioral sensitization, which is
used as an experimental model for studying the liability of chronic use of a drug (Dafny and
Yang, 2006). Lee et. al. (2008) reported recently that electrolytic lesioning of the PFC
prevented behavioral sensitization to MPD. Since PFC is a significant source of excitatory
amino acid (EAA) afferents to both VTA and NAc (Kalivas et. al., 2000), and is known to
modulate the dopaminergic transmission at VTA and NAc (Imperato et. al., 1990; Kalivas
and Stewart, 1991; Kalivas et. al., 1993), the role of PFC glutamatergic afferents in acute
and chronic effects of MPD administration was studied via bilateral ibotenic acid infusions
into PFC that selectively destroys the local glutamatergic neurons without disturbing other
axon terminals (Arneri et. al., 1988). The main finding of this study was that PFC
glutamatergic afferents are essential for the acute and chronic effects of MPD as assessed by
the open field assay.

Locomotor activity measured after 5 days of bilateral ibotenic acid injections into PFC
(post-surgery baseline) was augmented than the pre-surgery baseline but this augmentation
was not statistically significant. Similar observations were reported by Jaskiw et. al. (1990)
and Braun et. al. (1993) who also noted hyperactivity post ibotenic acid lesions of PFC.
Thus, the ibotenic acid lesion group exhibited an accelerated post surgery baseline compared
to the other two groups. Therefore, each group was compared to its own baseline.

The acute effect of MPD, as assessed by open field assay, was a significant increase in
locomotion in the control and sham groups. However, this increase of activity in all the three
locomotor indices analyzed was prevented by ibotenic acid PFC lesions. This suggests that
the glutamatergic afferents of PFC or its connections downstream are crucial for the acute
effects of MPD. Similar observations using another psychostimulant, namely amphetamine,
were reported by Lipska et. al. (1998), while Volkow et. al. (1999) reported that ibotenic
acid lesions of PFC did not alter the acute amphetamine-induced locomotor activity. And yet
others found that ibotenic acid lesions of PFC caused an increased in acute response to
amphetamine administration (Cador et. al., 1999; Jaskiw et. al., 1990). Lacroix et. al. (2000)
found that the lighting of the room (that caused stress to the rats) determined the presence or
absence of amphetamine-induced hyperactivity. Lee et. al. (2008) noted that the size of the
lesions might have also contributed to the differences mentioned above.

The lack of MPD-induced hyperactivity in the PFC ibotenic acid lesion group may be
attributed to the destruction of glutamatergic innervation of NAc by PFC since it has been
reported that the cortico-limbic glutamate afferents to the NAc are important for rat
exploratory behavior (Koob and Swerdlow, 1988; Maldonado-Irizarry and Kelley, 1994),
which translates to increased locomotion. Therefore, the data may be interpreted that the
hyper-locomotor activity induced by MPD in control and sham groups might be due to the
activation of the same cortico-limbic glutamate afferents to NAc, and the destruction of
glutamatergic afferents to NAc from PFC is what contributes to the failure of MPD -
induced hyperlocomotion. However, there have been different reports about the
glutamatergic innervations of NAc by PFC: while many refer to these innervations (Christie
et. al., 1985; Kalivas, 2000; Sesack and Pickel, 1992; Imperato et. al., 1990; Kalivas and
Stewart, 1991; Kalivas et. al., 1993; Lacroix et. al., 2000; Pierce et. al., 1998 ), few have
reported that NAc-projecting DA neurons are not directly innervated by PFC glutamate
terminals (Carr and Sesack, 2000; Gao et. al., 2007; Sesack et al., 2003). Either way, if not
directly, there are reports of indirect glutamatergic innervations of NAc through VTA
neurons. Thus, the ibotenic acid lesion of PFC might be contributing to the MPD-induced
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hypoactivity due to glutamate-DA interactions in the VTA than a simple excitation of DA
neurons of NAc (Lacroix et. al., 2000).

It was reported by Gao et. al. (2007) that 1) stimulation of PFC activates DA neurons in
VTA, whereas PFC inactivation produces the opposite effect (Gariano and Groves, 1988;
Murase et al., 1993; Overton et al., 1996; Svensson and Tung, 1989; Tong et al., 1995). 2)
Stimulating the PFC is also known to cause an increase extracellular DA levels in the NAc
(Karreman and Moghaddam, 1996; Murase et al., 1993; Taber and Fibiger, 1995; Taber et
al., 1995; You et al., 1998) and 3) this increase of extracellular DA levels in NAc is
mitigated by glutamate antagonists administered into the VTA, but not into the NAc (Gao et.
al., 2007). Thus, activation of DA neurons projecting to the NAc seems to be under the
control of glutamate release in the VTA. Based on these findings, the current observations
may be interpreted as Glutamate from PFC excites VTA dopaminergic neurons, which
causes an increase in the DA release in NAc. The DA released in NAc inhibits the NAc
outcome, which is to inhibit locomotion (Kafetzopoulos, 1986; Kelly & Roberts, 1983;
Kelsey and Wilmore, 2006). Thus, inhibition of inhibitory outcome of NAc via excitatory
afferents from PFC might be how MPD induces hyperactivity. Therefore, the elimination of
the MPD-induced hyperactivity in the ibotenic acid group can then be understood as the loss
of disinhibition of NAc which is an indirect result of the loss of excitatory output of PFC.

These results are, however, slightly perplexing since Lee et. al. (2008) reported that non-
selective electrolytic lesioning of PFC did not alter the acute effect of MPD, while selective
destruction of glutamatergic afferents of PFC eliminated this effect of MPD. But as noted by
Lee et. al. (2008), it is possible that the electrolytic lesions may have a different effect on
locomotion than that caused by selective chemical lesion because electrolytic lesions
eliminate numerous efferent and afferent neuronal pathways. Thus, it seems that destruction
of both glutamatergic and dopaminergic afferents from PFC does not change the acute effect
of MPD (Lee et. al., 2008). However, elimination of only glutamatergic afferents of PFC
eliminates the hyperactivity induced by the 1st injection of MPD. This might be conjectured
to be due to changes in neurotransmitter balances caused by electrolytic lesion that somehow
counter affects the loss of glutamatergic afferents of PFC.

For control and sham groups, there was increased activity on ED 14 as compared to ED 9
even though it did not reach significance. Although a sensitized response to MPD has been
reported in the past (Dafny and Yang, 2006; Gaytan et. al., 1997; Yang et. al., 2007), it is
known that repeated administrations of psychostimulants though typically produce
sensitized behavioral responses, this response is not always present (Martin-Iverson et. al.,
1988, Todtenkopf and Carlezon, 2006). However, the increase in locomotor activity on ED
14 was significantly higher than baseline (ED 8), and hence this increase might suggest
sensitization. The lack of hyperactivity following the initial (acute) injection of MPD,
however, did not prevent the increase in locomotor activity (Fig. 3) following the 6th daily
MPD injection (chronic treatment of MPD, Yang et. al., 2007). This result can be interpreted
in several ways: 1) the pathway mediating the acute effect is different from the one
mediating the chronic effects, which implies that the neural circuitry of acute action of MPD
is different than the neural circuitry that underlies behavioral sensitization and dependence
or 2) as suggested by Jaskiw et al. (1990) the loss of glutamatergic innervations of NAc
from PFC may have been perhaps compensated for by excitatory input from other structures
(Christie et. al., 1986; Robinson and Beart, 1988; Walaas, 1981). The latter explanation of
the observation is contingent on the thought that the two phenomena observed (lack and
presence of MPD-induced hyperactivity on experimental days 9 and 14 respectively) are due
to loss and compensation of glutamatergic innervation to NAc. Interestingly, the increase in
locomotor activity after the 6th daily MPD injection suggested that the lack of hyperactivity
in the lesion group following the 1st injection was not due to some sort of a ‘ceiling effect’
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i.e., the possibility of an increase in locomotor activity was present but did not occur on ED
9. Moreover, the significant increase in activity following the 6th injection of MPD seen in
the lesion group may be attributed to the fact that there was no increase in activity following
the 1st injection in the ibotenic lesion group, while the control and sham groups had
significantly higher locomotor activity post 1st injection of MPD too.

During the washout period, increased locomotor activity was observed on both the first and
last washout day in the intact control group. This was interpreted as anticipation of getting
the drug and/or withdrawal effect (Algahim et al, 2009; Yang et al, 2007). The sham and the
lesion group didn’t display any change in baseline locomotor activity on neither the first nor
the last day of washout. Since stress is known to affect memory (Chen et. al., 2008), the lack
of withdrawal or drug anticipation might be attributed to the stress induced by the anesthesia
and surgery that sham and lesion groups underwent.

Upon administration of the MPD rechallenge injection (ED 19), it was found that horizontal
activity and total distance was significantly (p < 0.05) augmented compared to ED 9 in
control and sham groups, i.e., behavioral sensitization was expressed on ED 19. For the
lesion group, non-significant increases in HA and TD were observed. However, the
individual responses indicated that majority of the animals exhibited similar locomotor
activity on ED 8 (post surgery baseline), ED 9 (1st injection of MPD), and ED 19
(rechallenge injection of MPD) (Figure 7). These results, taken in conjecture with Gaytan et.
al.’s (2000b) observations using MK-801 (a NMDA antagonist), suggest that glutamatergic
afferents of PFC might be involved in the expression of behavioral sensitization to MPD. It
would be interesting to see if MK-801 administered directly into VTA or NAc brings about
similar results. For number of stereotypy, sensitization was not observed in any of the three
groups. This is in accordance with previous reports using similar dose that indicate that this
dosage of MPD does not cause sensitization of number of stereotypy (Gaytan et. al., 1997).

Glutamate has been implicated in behavioral sensitization to other psychostimulants (Clark
and Overton, 1998; Kalivas, 2000; Li et. al., 1999; Pierce et. al., 1998; Ramos et. al., 2005;
Wolf et. al., 1995; Wolf, 1998). However, different roles for glutamate have been proposed
in behavioral sensitization to psychostimulants: while Clark and Overton (1998) suggest that
behavioral sensitization is due to the potentiation of excitatory amino acid (EAA) afferents
on DA neurons (of VTA) i.e., psychostimulant induce an increase in activity in prefrontal
cells which ultimately impact DA neurons in VTA, Kalivas (2000) believes it is the
increased release of EAA to NAc that underlies the expression of behavioral sensitization to
psychostimulants. Since our data exhibited increased locomotor activity in the ibotenic acid
treated group in the induction phase (ED 14), but this increase was lost after the rechallenge
injection with MPD on ED 19, this suggests that glutamate of PFC participates atleast in part
in the expression phase and not in the induction phase. Therefore, the theory of Kalivas
(2000) of increased EAA to NAc seems more applicable to our data.

Statistical analysis of data using two way ANOVA with Bonferroni post hoc contrasts was
performed to check for interaction effect between experimental days and experimental
groups. It indicated that there was no significant interaction between experimental days and
experimental groups and that the activity of the lesion group was significantly different than
control and sham groups, and that there was no significant difference between the activities
of control and sham groups. In conclusion, this study demonstrated that the acute effect of
methylphenidate as well as chronic effects of the drug such as behavioral sensitization may
be dependent upon PFC glutamatergic afferents.
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4. Experimental procedure
Animals

Thirty adult male Sprague-Dawley rats (Harlan, Madison, WI, USA) were housed, two per
cage (home cage), with free access to food and water. The room was maintained at 21± 2
°C, and relative humidity of 50 ± 5%. The animals were kept on 12:12 light/dark cycle; light
period from 6:00 am to 6:00pm. The animals weighed in between 180 to 200g at the
beginning of the experiment. On experimental days, the rats were transferred to the
recording chamber (test cage; 1 rat per cage) and allowed to acclimatize to the test cage for
15–20 minutes. Four groups of animals were used – intact control (n = 8), sham1 (n = 6),
sham2 (n = 8) and ibotenic injected group (n = 8).

Procedure
On experimental day (ED) 1, all animals were injected 0.8ml of saline between 06:30 and
07:00 and their locomotor activity was recorded for two hours. The next day (ED 2), the
animals were divided into four groups: control (n = 8), sham1 (n = 8), sham2 (n = 6), and
lesion group (n = 8). The lesion and sham groups underwent surgery on ED 2, followed by
five days of recovery (ED 3 – 7). On ED 8, the locomotor activity of the animals was
recorded 2 hours post saline injection to obtain the post surgery baseline. The next six days
(ED 9 – 14) the animals were given single daily injections of 2.5mg/kg MPD
intraperitoneally (i.p.) and locomotor activity was recorded immediately after injections on
ED 9 and ED 14. No injections were given on EDs 15–18 (Washout period) and locomotor
activity was recorded on first (ED 15) and last washout day (ED 18). The animals were
rechallenged with 2.5mg/kg MPD dose on ED 19 (Table 1) and recordings were resumed for
2 hours post injection.

Surgeries
The rats were divided into three groups: sham 1, sham 2 (where saline was injected into
PFC), and the bilateral ibotenic acid injected group. Two sham groups were used to see if
injecting saline into the PFC caused any alterations on MPD effects or response.

For sham 1 group, under general anesthesia, an incision was made and the skull muscles
removed to expose the bregma and the wound was stapled, without drilling the holes in the
skull or inserting the needle into the PFC. For sham 2, an incision was made in the scalp and
two holes (1 mm in diameter) were drilled above the PFC at 3.2 mm anterior to the bregma,
0.6mm lateral to each side of the midline. The co-ordinates were derived from the atlas of
Paxinos and Watson (1986). 2.5μg of 0.9% isotonic saline was injected at a depth of 3 and 4
mm using a 27G needle. At each depth, the needle was kept for six minutes to allow the
saline to diffuse.

Ibotenic acid injection (lesion)—Similar procedure as the one described for sham2 was
performed. A 27G needle was inserted into the holes and lowered to depths of 4mm
(Paxinos and Watson, 1986) and 2.5μg/μl of ibotenic acid solution was injected. The needle
was kept for additional six minutes to allow the drug at the tip of the needle to diffuse
(Braun et. al., 1993; Jaskiw et. al., 1990; Li and Wolf, 1997; Li. et. al., 1999) before lifting it
up by 1mm (i.e., at a depth of 3 mm from the skull) and following the same ibotenic acid
administration and the wait period. Identical procedure was repeated on the other side. A
total of 5μg/5μl of ibotenic acid per hemisphere was injected (Braun et. al., 1993; Jaskiw et.
al., 1990; Li and Wolf, 1997; Li et. al., 1999). After ibotenic acid injection, the muscle and
skull skin were closed using wound closing staples. The rats were then allowed to recover
for five days.
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Drugs
Methylphenidate hydrochloride (MPD) was dissolved in 0.9% isotonic saline solution to
make 2.5mg/mL MPD solution. The animals were injected with 2.5 mg/kg of MPD doses
(See Table 1). Isotonic saline (0.9%) was added to equalize the volume of the injections to
0.8mL so that the volume of the injections was consistent between days and animals. The
injections were given intraperitoneally (i.p.) between 6:30 and 7:00am. The dosage was
chosen based on previous dose-response experiments to elicit behavioral sensitization
(Amini et. al., 2004; Gaytan et. al., 1996, 1997; Lee et. al., 2008; Yang et. al., 2006). The
time of administration was so decided because it was observed that behavioral sensitization
following repetitive MPD administrations is best elicited if the drug is administered at the
beginning of the light cycle (Dafny and Yang, 2006; Gaytan et. al., 2000).

Open field Apparatus
Open field cages (40.5cm × 40.5cm × 31.5cm) were used to record the animals’ locomotor
activity (Algahim et. al., 2009; Gaytan et. al., 1996, 1997, 2000a, 2000b; Lee et. al., 2008;
Yang et. al., 2003, 2006, 2007). Computerized animal activity monitoring (CAAM;
AccuScan Instruments, Inc., Columbus, OH) system, having two levels of 16 infrared beams
and sensors, monitored the animals’ activities by noting the number and sequence of beams
interrupted. AccuScan Analyzer counted the number of beams interrupted every ten minutes
and downloaded the data into OASIS program. The OASIS program further sorted the data
into different locomotor indices.

Histology
Upon finishing the experiment, the animals were injected with excessive sodium barbital
and perfused with 10% formaldehyde. The brains were removed and allowed to soak in 10%
formaldehyde for at least 48 hours. Brain sections were cut at 40 μm using a Microm HM
505E cryostat (Microm GmbH, Germany) and allowed to dry for at least 24 hours, and then
stained with Cresyl Violet. The accuracy and size of lesions was determined using the atlas
of Paxinos and Watson (1986).

Data Analysis
The locomotor activity, recorded in 10 minute activity bins, was analyzed by comparing
histograms (sum of all activity in 2 hours) of each of the different indices between the
experimental days. The interaction effect for experimental groups and experimental days
was analyzed for significance using a two way ANOVA followed by Bonferroni post hoc
contrasts. Significance of differences between experimental days within a group was judged
using ANOVA and Post hoc analysis with LSD test (Gaytan et. al., 1996, 2000 (a); Lee et.
al., 2008; Yang et. al., 2003, 2007). Significance was set at p < 0.05. The following
comparisons were analyzed: a) ED 8 was compared with ED 1 to see if surgery had an effect
on the animal’s behavior. b) ED 9 was compared to ED 8 to study the acute effects of MPD.
c) ED 9 was compared to ED 14 to check for induction of sensitization. d) ED 8 was
compared with ED’s 15 and 18 to study the activity in the washout period. Finally, e) ED 19
was compared to ED 9 to see if sensitization was expressed after the washout period that
followed chronic treatment (Table 1).

Three indices of locomotor activity were analyzed, namely total distance (TD), which
records forward ambulation in centimeters, number of stereotypic movements (NOS) which
summarizes the number of repetitive episodes, and horizontal activity (HA), which is the
overall locomotor activity (Askenasy et. al., 2007; Gaytan et. al., 1996, 1997, 2000a, 2000b;
Lee et. al., 2008; Yang et. al., 2003, 2006, 2007).
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Figure 1.
shows a histological reconstruction map of the location and size of the lesion of the ibotenic
acid in PFC group (n = 8).
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Figure 2.
summarizes the baseline locomotor activity for experimental day (ED) 1 (pre-surgery
baseline) and ED 8 (post-surgery baseline, see Table 1) for control, sham and lesion groups.
The surgery caused non-significant fluctuations in all three indices for the sham group,
whereas the ibotenic acid lesions of PFC caused augmented activity in horizontal activity
(HA), total distance (TD), and number of stereotypy (NOS) for the lesion group.
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Figure 3.
displays the effect of acute injection of MPD on all three rat groups. It was observed that a
single dose of 2.5mg/kg MPD elicits a significant increase in activity in all three locomotor
indices (HA, TD, and NOS) in control and sham groups. This increase in activity following
the MPD injection was not observed in the ibotenic acid in PFC (lesion) group. # indicates
significance (p < 0.05) compared to ED 8.
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Figure 4.
compares the locomotor activity after the 6th consecutive injection of MPD (ED 14) to the
locomotor activity after the acute (1st) injection of MPD (ED 9) and post-surgery baseline
(ED 8). The control and sham groups exhibited significantly higher activity following the 1st

injection of MPD and this increase was maintained following the 6th injection of MPD in all
three indices. The lesion group, however, did not exhibit increased activity following the 1st

injection, but had significantly elevated activity following the 6th injection of MPD in HA,
TD and NOS. # indicates significance (p < 0.05) compared to ED 8; * - indicates
significance (p < 0.05) compared to ED 9.
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Figure 5.
summarizes the locomotor activity during the washout period. The control group had
significantly (p < 0.05) elevated activity on both the first and last day of washout. The sham
and lesion groups exhibited activity similar to the post-surgery baseline activity throughout
the washout days. # indicates significance (p < 0.05) compared to ED 8.
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Figure 6.
summarizes the locomotor activity of the rechallenge injection of MPD (ED 19) compared
to the initial effect of MPD on ED 9 of the three rat groups and shows that the control and
sham group had significantly (p < 0.05) elevated activity post rechallenge injection in HA
and TD. The lesion group exhibited non-significant increase in activity. NOS was not
sensitized for any of the groups. * - indicates significance compared to ED 9.
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Figure 7.
Figure 7a) summarizes and displays the trends of each animal in the control group (n = 8) to
acute (ED 9) and rechallenge injection of MPD (ED 19) compared to post surgery baseline
(ED 8). A significant increase in activity was observed after the acute injection of MPD (ED
9), and even further increase in activity (sensitization) was noted after the rechallenge
injection of MPD (ED 19) in the control group.
Figure 7b shows similar summary of the individual responses of the rats in the ibotenic acid
lesion group (n = 8) to the acute injection of MPD (ED9) and the MPD rechallenge injection
(ED 19) compared to their response to their post surgery baseline (ED 8). It was observed
that majority of the animals showed an attenuated locomotor response to the acute injection
of MPD (ED 9) and the locomotor response to the rechallenge injections of MPD (ED 19)
was similar to the post surgery baseline (ED 8). (Most animals did not express sensitization.)
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