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Figure Legends

Fig. 1 Glucose and insulin activate transcription factors and regulate de novo
lipogenesis in liver. Glucose activates ChREBP and insulin activates SREBP1c and
LXR. LXR, liver profein X receptor; SREBPIc, sterol regulatory element binding
protein 1c; ChREBP, carbohydrate response element binding protein, HMP, hexose

monophosphate; MP, malate—pyruvate shunt.

Fig. 2 ChREBP and SREBP-1c regulate diﬂémnt steps in glycolysis and
gluconeogenesis. ChREBP and SREBP share the regulation of lipogénesis and the
hexose monophosphate (HMP) and malate—pynivate (MP) shunts (black and yellow).
Glucose A(blue) and insulin (red) activate LPK and GK respectively. Glucose also
activates G6Pase but insulin inhibits it. G6P, glucose-6-phosphate; GK, glucokinase;
G6Pase,  glucose-6-phosphatase;  PEP, = phosphoenol = pyruvate;  Xu-5-P,
xylulose-5-phosphate; ChREBP, carbohydrate response element binding protein; LXR,
liver protém X receptor; SREBPIc, sterol regulatory element binding protein 1c; ME,
malic enzyme; G6PDH,  glucose-6-phosphate  dehydrogenase; ~ 6PGDH,
6-phosphogluconate  dehydrogenase; LPK, liver-type pyruvate kinase; OAA,

oxaloacetate; Tkt, transketolase; FAS, fatty acid synthase; ACCI, acetyl CoA

carboxylase.

Fig. 3 ChREBP regulation by nutritional state. (A) ChREBP protein structure.



Ser196; Ser568, and Thr666 are putative phosphorylation sites. MADRE, middle
activation domain as in RelB; bHLHZip, basic helix-loop-helix leucine zipper domain;
WMC, WBSCRI14-Mix C-tail homologous domai;l; GRACE, glucose response
activation conserved element; LID, low-glucose inhibitory domain; GSM, glucose
sensing module. (B) Nutritional conditions determine ChREBP transactivity. PKA,
protein kiﬁase A; AMPK, AMP-activated protein kinase; PP2A, protein phosphatase
2A; FFA, free fatty acid; Xu-5-P, xylulose-5-phosphate; HMP, hexose monophosphate;

ChREBP, carbohydrate response element binding protein.

Fig. 4 Deficiency of ChREBP induces glycogen accumulation and decreases
triglyceride synthesis in the liver. ChREBP fegulatcs target genes of glycolysis
(L-PK), gluconeogenesis (G6Pase) and lipogenesis (FAS, ACC). Excess glycogen
abcumulation is due to decreased G6Pase and L-PK enzyme activity. Liver triglyceride
content is increased by decreased L-PK and lipogenic enzyme activity. G6P,
glucose-6-phosphate; G6Pase, glucose-6-phosphatse; PEP, phosphoenol pyruvate;
ChREBP, carbohydrate responsé element binding protein; L-PK, liver type pyruvate

kinase; GK, glucokinase; OAA, oxaloacetate; Tkt, transketolase.

Fig. 5 Deletion of the ChREBP gene improves the metabolic syndrome in ob/ob
mice. In these mice, glycolysis and lipogenesis are increased. Paradoxically, G6Pase
activity and gluconeogenesis are increased. When the complete ChREBP gene is

deleted, glycolytic genes (LPK) and lipogenic genes (FAS and ACCI) are decreased.



Appetite also is decreased in ob/ob ChREBP™ mice. G6Pase, glucose 6 phosphatase;
ChREBP, carbohydrate response element binding protein; LPK, liver-type pyruvate

kinase; FAS, fatty acid synthase; ACCI1, acetyl CoA carboxylase.

Fig. 6 ChREBP and SREBPIlc are potential targets for the treatment of the
metabolic syndrome. PKA, protein kinase A; AMPK, AMP-activated protein kinase;
PP2A, protein phosphatase 2A; FFA, free fatty acid; Xu-5-P, xylulose-5-phosphate;
HMP, hexose monophosphate; ChREBP, carbohydrate response element binding

protein; PUFA, polyunsaturated fatty acids.
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Abstract

Repeated administrations of psychostimulants into rodents produce behavioral sensitization. We examined whether a dopamine D, agonist can
reverse behavioral sensitization once established by repeated amphetamine (AMP) administrations and determined the mRNA expression levels of
the D; and D, receptors, metabotropic glutamate receptor 1 (mGluR1), and activity-regulated cytoskeleton-associated protein (arc) in rats. Rats
were pretreated with six intermittent AMP injections. Following a 14-day withdrawal period, the rats were divided into six groups and treated with
either SKF-38393 (SKF; dopamine D, agonist), SCH-23390 (SCH; sclective D, antagonist), YM-09151-2 (YM,; selective D, antagonist), SKF+
SCH, SKF +YM or physiological saline once daily for 5 days. Three days or 4 weeks after the reversal treatments, all the rats were rechallenged
with AMP. D; and D, antagonist treatments produced no significant decreases in locomotor activity or stereotyped behavior rate, respectively. In
the SKF treatment group, stereotyped behavior rate decreased markedly after the three-day and four-week withdrawal periods. SKF+SCH
treatment inhibited the effect of SKF treatment. The rats in the other groups that received AMP with or without SKF were decapitated 1 h after
treatment, and the mRNA levels of the D, and D, receptors, mGluR1, and arc were measured by TagMan real-time reverse transcriptase-
polymerase chain reaction (RT-PCR). AMP administration significantly increased arc level. SKF also increased arc level significantly after the first
single injection and after repeated injections of AMP during the pretreatment. There was no significant difference in arc expression level between
the saline and SKF treatment groups after the AMP challenge, suggesting that arc expression level is not involved in the reversal effects of SKF in
AMP sensitization.
© 2007 Elsevier Inc. All rights reserved.

Keywords: Amphetamine; Dopamine D, agonist; Psychostimulants; Behavioral sensitization; Neuroplasticity; TagMan RT-PCR; arc

1. Introduction

In Japan, amphetamine (AMP) and methamphetamine
(MAP) are two of the most popular drugs that are abused.
Drug addiction is a major social problem. Eighty-five percent of
the people who have abused these drugs for over 5 years, have
psychological problems (Wada, 1990). In the USA, Rawson
suggested that significant MAP problems may persist or even
expand (Rawson et al, 2002). MAP users are at much higher
risk of infection with HIV than opiate users. Partly because

* Corresponding author. Tel./fax: +81 27 220 8187.
E-mail address: moropsy@384.jp (H. Moro).

0091-3057/% - see front matter © 2007 Elsevier Inc. All rights reserved.
doi: 10.1016/j.pbb.2007.03.020

MAP enhances libido, users of the drug typically also have
many more sexual partners (Gibson et al., 2002).

Repeated intermittent administrations of psychostimulants,
such as AMP, MAP and cocaine, produce behavioral sensiti-
zation characterized by either a progressive enhancement in the
behavioral activity induced by these drugs or an enduring
behavioral hypersensitivity to these drugs after treatment in
animals (Utena, 1966; Robinson and Becker, 1986; Tadokoro
and Kuribara, 1986). Behavioral sensitization persists for
months and is thought to represent a permanent change in the
neurobiology of an organism (Kalivas and Stewart, 1991). This
phenomenon can be used in developing an animal model for
drug-induced psychosis and drug craving in humans (Robinson
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and Becker, 1986; Robinson and Berridge, 1993; Lieberman
et al., 1997; Laruelle, 2000 ).

Behavioral sensitization is closely associated with dopami-
nergic and glutamatergic systems in the brain (Steketee, 2003;
Vanderschuren and Kalivas, 2000) (for review: Steketee, 2003;
Vanderschuren and Kalivas, 2000). The mesocorticolimbic
dopamine system, which arises from the ventral tegmental area
and innervates the nucleus accumbens among other regions, has
been implicated in processes associated with drug addiction,
including behavioral sensitization. Another important region is
the frontal cortex, including the medial prefrontal cortex
(mPFC). mPFC, defined as the cortical region that has
reciprocal innervation with the mediodorsal nucleus of the
thalamus, is also a terminal region of the mesocorticolimbic
dopamine system. mPFC contains pyramidal glutamatergic
neurons that serve as the primary output of this region. These
pyramidal neurons are modulated by numerous neurotransmit-
ter systems, including gamma aminobutyric acidergic inter-
neurons and dopaminergic, noradrenergic, serotonergic,
glutamatergic, cholinergic and peptidergic afferents. Indeed,
ibotenic acid lesions in mPFC inhibit the induction of
behavioral sensitization to cocaine (Li et al., 1999a,b). Damage
to the dorsal prefrontal cortex caused by ibotenic acid prevents
behavioral sensitization to cocaine (Pierce et al., 2000). These
findings provide a rationale for examining the role of PFC in
behavioral sensitization, because the changes in the interactions
between the aforementioned neurotransmitter systems in this
region may lead to alterations in behavioral responses. In PFC,
Lu et al. (1999) have reported that metabotropic glutamate
receptor 1 (mGluR1) mRNA level increased 3 days after
withdrawal from five daily injections of amphetamine (5 mg/kg/
day) (Lu and Wolf, 1999). Moreover, repeated exposures to
cocaine (20 mg/kg) for 10 days, followed by a 14-h withdrawal
period, induced marked effects on D, and D, dopamine receptor
mRNA expression levels in PFCz (Schmidt-Mutter etal., 1999).

Li et al. (2000) reported that cocaine-induced behavioral
sensitization (locomotor activity) can be reversed by a
dopamine receptor agonist (Li et al., 2000) without the need
for continuous medication. Additionally, there have been a
number of reports on the reversal effects of D, agonists on other
psychostimulant-related behaviors and mental activities in
animals and humans. D, receptor agonists effectively suppress
self-administration and seeking behaviors for cocaine. Self-
administration and seeking behaviors are suppressed in rats
(Barrett et al., 2004; Alleweireldt, et al., 2003; Haile and
Kosten, 2001; Caine et al., 1999), monkeys (Mutschler and
Bergman, 2002) and humans (Haney et al.,, 1999) by the
administration of D, receptor agonists after subchronic
treatment of cocaine abuse. Haney et al. (1999) reported that
ABT-431, a selective D, dopamine receptor agonist, produces
significant dose-dependent decreases in the subjective effects of
cocaine, including ratings of “high” and “stimulated”, and
suppresses cocaine craving. However, pergolide, a D,/D,
dopamine receptor agonist, increased the ratings of “I want
cocaine” (Haney et al., 1998). These results suggest that D,
agonists have potential utility for the treatment of cocaine
abuse. To our knowledge, however, no report on the effect of D,

receptor agonists on AMP-induced behavioral sensitization has
been published yet.

The long-lasting behavioral effects of psychostimulants are
presumably caused by neuroplastic changes at the circuit,
cellular, and molecular levels, mainly in the dopaminergic and
glutamatergic systems (Nestler, 2005) (for review: Nestler,
2005). It is therefore reasonable to analyze the expression
patterns of neuroplasticity-related genes to gain insight into the
molecular mechanism of behavioral sensitization. The activity-

" regulated cytoskeleton-associated protein (arc) is suitable for

this analysis, first because arc has been implicated in neuronal
plasticities, such as LTP (Guzowski et al., 2000) and neuritic
elongation (Ujike et al., 2002), and second because arc is up-
regulated in the prefrontal cortex by the administration of
psychostimulant drugs, including amphetamine (Klebaur et al.,
2002), methamphetamine (Kodama et al., 1998) and cocaine
(Freeman et al., 2002). The strong association of arc with '
neuronal plasticity is also supported by the fact that newly
synthesized arc mRNA is not only transported into dendrites but
also accumulates specifically at synaptic sites that have
experienced strong activity (Steward et al., 1998).

On the basis of these findings, we evaluated the effects of a
D, agonist on AMP-induced behavioral sensitization (locomo-
tor and stereotyped activities) and the mRNA expression levels
of the D, and D, receptors, mGluR1 and arc in the prefrontal
cortex of rats.

2. Materials and methods
2.1. Behavioral experiments

2.1.1. Animals

Male Sprague—Dawley rats, initially weighing 280 to 300 g
(Charles River Laboratories, Japan), were housed individually
with free access to food and water under a 12-h light/12-h dark
cycle (lights on at 6:00 a.m.) and handled for 1 week before
treatment was started.

2.1.2. Drugs

p-Amphetamine sulfate (AMP), SKF-38393 (SKF; Sigma)
and SCH-23390 (SCH; Sigma) were dissolved in 0.9%
physiological saline. YM-09151-2 (YM) was dissolved in
0.1 N HC! and neutralized with NaOH. All doses were

" calculated for the salt form of the drugs. Each drug was injected

in a volume of 1.0 mlkg body weight. AMP was administered
intraperitoneally (i.p.). SKF, SCH and YM were administered
subcutaneously (s.c.). The control rats were injected with saline
(1.0 ml/kg body weight).

2.1.3. Pretreatment regimen

The AMP pretreatment regimen carried out in a 13-day
period. All the animals received six intermittent AMP injections
(1.0 mg/kg i.p.) once a day to produce behavioral sensitization.
Pretreatment AMP was administered on Tuesday, Thursday and
Saturday. The pretreatment regimen was always started on
Thursday. This intermittent regimen has been shown in our
laboratory to result in robust behavioral sensitization (Utena
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1966; Tadokoro et al., 1986; Hirabayashi et al., 1993; Kuribara,
1995a,b; Ida et al. 1995). The rats were acclimated to the test
room in the cages for locomotor activity measurement for
30 min before the injections. The control rats were injected with
saline (1.0 ml/kg body weight, i.p.). All the animals were treated
exactly the same.

2.1.3.1. Experiment 1. The rats were randomly divided into
six groups. Each group received six intermittent i.p. injections
of 1.0 mg/kg AMP once a day for the pretreatment. Each group
received a five-day reversal treatment from day 27 1o day 31 (all
the subjects were given a 14-day withdrawal period from the
end of the 13-day pretreatment period) in their home cages. For
the saline treatment group, the rats were subcutaneously
injected once daily with physiological saline (1.0 ml/kg) for
5 days. For the SKF treatment group, the rats were
subcutaneously injected once daily with SKF (3.0 mg/kg) for
5 days. For the SKF+SCH treatment group, the rats were
subcutaneously injected once daily with SCH (1.0 mg/kg) after
SKF (3.0 mg/kg, s.c.) injection for 5 days. For the SCH
treatment group, the rats were subcutaneously injected once
daily with SCH (1.0 mg/kg) for 5 days. For the SKF+YM
treatment group, the rats were subcutaneously injected once
daily with YM (1.0 mg/kg) after SKF (3.0 mg/kg, s.c.) injection
for 5 days. For the YM treatment group, the rats were
subcutaneously injected once daily with YM (1.0 mg/kg) for
5 days. Double injections during the reversal treatment were
given 30 min apart. These injections were given in the animals’
home cages. On day 34 (3 days after the end of the reversal
treatment) all the subjects were again intraperitoneally chal-
lenged with 1.0 mg/kg AMP in their cages for locomotor
activity measurement.

2.1.3.2. Experiment 2. The rats were divided into two groups:
the saline and SKF treatment groups. In these groups, the AMP
pretreatment regimen and reversal treatment were the same as
those in Experiment 1 except for the withdrawal time. These
two groups were exposed to a 4-week withdrawal period from
the end of the reversal treatment and challenged with 1.0 mg/kg
AMP on day 60.

2.1.4. Behavioral sensitization measurement

During the AMP pretreatment regimen and challenge test,
the animals received AMP injections in Plexiglas test cages
(area: 40 x 40 cm; height: 20 cm) and monitored with an infrared
activity sensor (O’HARA & Co., Ltd., Tokyo, Japan) equipped
with infrared beams (400 photocell beams projected on the floor
like a cone) positioned 50 cm above the center of the floor for
180 min. The test cages were linked to a computer that recorded
photocell beam breaks. Locomotion activity was estimated by
determining the number of crossovers. The number of cross-
overs was continuously recorded and accumulated at 10 min
intervals. Moreover, on the first, sixth and challenge injections
of AMP, we recorded the behavior on a videotape to assess
stereotyped behavior rate for 120 min. Eight minutes after the
injection, the animals were rated for 2 min and successively at
10 min intervals for up to 120 min.

An investigator blind to the drug treatments measured how
long the animals engaged in focused stereotyped activity (i.e.,
repetitive head movements, rearing, sniffing, biting and licking).
The chronometer was started after the subjects exhibited a
stereotyped behavior for 2 to 3 s in the absence of locomotor
activity. Data are presented as the percentage of time the subjects
displayed a specific stereotyped response during the observation
period. Our measurement of stereotyped behavior rate was in
accordance with the method of Panayi et al. (2002).

In this study, locomotor activity was measured for 3 h and
stereotypy was measured for 2 h. This is because there is almost
no stereotypy 2 h after AMP injection (7% or less in first AMP
injection) and because AMP is still active on locomotor activity
after this time in our studies (Fig. 2).

2.2. Gene expression in prefrontal cortex

2.2.1. Animal preparation

The rats were handled and treated using the same protocol as
that of Experiment 1. On days 13 (after six AMP injections), 31
(after SKF or saline treatment) and 34 (after AMP challenge), each
rat was decapitated | h after injection and the cortex was dissected
on an ice-cold plate. Rats of the same age that were drug-free were
also decapitated and designated as “naive”. Moreover, twelve rats
were decapitated 1 h after a single injection of AMP, SKF or
saline. All the brain samples were stored at —80 °C until use.

2.2.2. RNA extraction, quantitation, quality check, and cDNA
synthesis

Brain tissues were homogenized and total RNA was
extracted using the RNeasy lipid minikit in accordance with
the manufacturer’s instructions with an additional on-column
DNase treatment step (Qiagen, Valencia, CA), and quantifica-
tion was carried out by absorption at 260 nm. RNA integrity
was checked by assessing the sharpness of the 18S and 28S
units of ribosomal RNA bands by agarose gel electrophoresis.

Approximately 50 ng of each total RNA sample was reverse-
transcribed using a SuperScript II RT kit (Qiagen) in a total
reaction volume of 21 pl, containing 50 ng of random hexamer,
10 mM dNTP mix and 50 units of SuperScript II RT. The reaction
mixture was incubated at 42 °C for 50 min and terminated by
heating to 70 °C for 15 min. Negative controls, including those
without RNA and reverse transcriptase, were used to confirm the
absence of genomic DNA contamination. We detected no
genomic DNA contamination in any of the controls.

2.2.3. TagMan probes and primers

TagMan primers and probes for the rat D; receptor (P/N
4324034), D, receptor (assay ID — Rn00561126_m1), mGluR1
(assay ID — Rn00566625_m1) and arc (assay ID —
Rn00571208_gl) were synthesized by Applied Biosystems
and optimized according to the manufacturer’s protocol.

2.2.4. Real-time quantitative PCR

Transcripts were measured by TagMan real-time quantitative
reverse transcriptase-polymerase chain reaction (RT-PCR)
using the TagMan Universal PCR Master Mix kit (Applied
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Fig. 1. Changes in mean 3 h overall locomotion activity counts after six
intermittent administrations of saline or AMP (1.0 mg/kg) (left side). Values are
expressed as means+S.E.M. The asterisks (***) represent significant
differences from the activity count at the lst administration within group
(p<0.001). N=24-122 in each group. Changes in mean 2 h overall rates of
stereotypy after six intermittent administrations of saline or AMP (1.0 mg/kg)
(right side). Values are expressed as means+S.E.M. The asterisks (***)
represent significant differences from the rate of stereotypy at the Ist
administration within group (p<0.001). N=12-122 in each group.

Biosystems, Foster City, CA) and ABI Prism 7900 Sequence
Detection System (Applied Biosystems). The conditions for the
PCR were 50 °C for 2 min and 95 °C for 10 min, followed by 40
cycles of 95 °C for 15 s, and 60 °C for 1 min.

As for the control, we employed a probe specific for the
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) gene,
which was used previously as a successful endogenous control
(Greisbach et al., 2002; Molteni et al., 2002), and the R-actin
gene. Because there was no remarkable difference in the results
between both genes, we present this data corrected for GAPDH
in this study. Unknown samples were run in triplicate.

2.3. Data analysis

The mean overall locomotion activity count for 180'min after
the drug administration was calculated for individual groups of
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rats. These data were first analyzed by one-way or two-way
analysis of variance (ANOVA) followed by Tukey’s test.
Statistical differences in the quantitative analysis of gene
expression were estimated by one-way ANOVA followed by
Bonferroni’s post-hoc test.

+

3. Results
3.1. Behavioral experiments
3.1.1. Experiment ]

3.1.1.1. Establishment of behavioral sensitization by six
intermittent AMP injections. As shown in Fig. 1, repeated
administrations of AMP-induced sensitization to locomotor
activity [F(drug x administration)=25.393, p<0.001] and ste-
reotyped activity [F(drugxadministration)=7.717, p<0.01].
The activity counts and the rates of stereotypy at the sixth
administration of AMP were significantly higher than those at
the first administration. On the other hand, the repeated
administrations of saline elicited no significant change in
locomotor [F(drug x administration)=0.224, NS] or stereotyped
[F(drug x administration)=0.891, NS] activity.

3.1.1.2. Effects of reversal treatment with SKF-38393. As
shown in Fig. 2, the SKF treatment group showed no significant
change in locomotor activity compared with the saline-treated
control group. On the other hand, the rates of stereotyped be-
havior of the SKF treatment group at the challenge administra-
tion were significantly lower than those of the saline-treated
control group.

As shown in Fig. 3, the SKF treatment group showed no
significant change in locomotor activity compared with the saline-
treated control group at any of the ten-min-interval time points [F
(drug x time)=0.466, NS]. The rates of stereotyped behavior of
the SKF treatment group at the challenge administration were
lower than those of the saline-treated control group at any of the
ten-min-interval time points [F(drug x time)=2.180, p<0.05 ].
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Fig. 2. Overall locomotion activity counts for 3 h after challenge AMP (1.0 mg/kg) administration for rats that were received six AMP (1.0 mg/kg) administrations and five
daily reversal treatments (left side). The challenge administration was conducted 3 days after the reversal treatment. Values are expressed as mears +S.E.M. N=10-14 in each
group. Overall rates of stereotypy for 2 h after challenge administration of AMP (1.0 mg/kg) for rats that were received six AMP (1.0 mg/kg) administrations and five daily
reversal treatments (right side). The challenge adminisiration was conducted 3 days after the reversal treatment. Values are expressed as means+SE M. The asterisks (* and
#hx) represent significant differences from the rates of stereotypy for the saline treatment group (p<0.05 and p<0.001, respectively). N=10-14 in each group.
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Fig. 3. Time course data of locomotor counts and rates of stereotypy every 10 min
for 2 h after first, sixth and challenge administrations of AMP (AMP 1.0 mg/kg). The
challenge administration was conducted 3 days after the reversal treatment with
saline or SKF. Values are expressed as means +S.E.M. N=8-20 in each group.

3.1.1.3. Effects of reversal treatments with dopamine D, and
D; antagonists. As shown in Fig. 2, D; and D, antagonist
treatments induced no significant changes in either locomotor
activity or the rate of stereotyped behavior compared with saline
treatment. Moreover, the SKF+SCH treatment group at the
challenge administration showed no significant changes in
either the locomotor activity or the rate of stereotyped behavior
compared with the saline-treated control group. The SKF+YM
treatment group showed a significant decrease in the rate of
stereotyped behavior, but no significant change in locomotor
activity compared with the saline-treated control group.

3.1.2. Experiment 2

As shown in Experiment 1, the SKF treatment group showed no
significant change in locomotor activity compared with the saline-
treated control group (Fig. 4). On the other hand, the SKF treatment
group at the challenge administration had significantly lower rates
of stereotyped behavior than the saline-treated control group at the
challenge administration (two-tailed Student’s ¢-test, p<0.001).

3.2. Gene expression

Fig. 5 shows the gene expression levels of the D; and D,
receptors, mGluR1 and arc after the single injections,
pretreatment, reversal treatment and AMP challenge.

3.2.1. After single injections

There were significant group differences in the arc mRNA
expression level [F(2,15)=10.979, p<0.001]. There was a
significant increase in the arc mRNA expression level above the
saline control level in both the AMP and SKF injection groups.

There were no significant differences in the D, receptor [F(2,9)=
0.720, NS}, D, receptor [F(2,9)=0.672, NS] and mGluR 1 [F(2,9)=
0.164, NS] mRNA expression levels afier the single injections.

3.2.2. After pretreatment

There were significant group differences in the arc mRNA
expression level [F(2,15)=4.690, p<0.05]. There was a
significant increase in the arc mRNA expression level above
the control level in the AMP pretreatment groups. There were no
significant differences in the D, receptor [F(2,9)=0.235, NS],
D, receptor [F(2,9)=0.615, NS] and mGIuR1 [F(2,9)=0.609,
NS] mRNA expression levels after the pretreatment.

3.2.3. After reversal treatment

There were significant group differences in the arc mRNA
expression level [F(2,15)=5.534, p<0.05]. There was a
significant increase in the arc mRNA expression level above
the naive control level in the SKF treatment group. In the saline
treatment group, the arc mRNA expression level was about two
and a half times as high as that of the naive control, but there
was no statistically significant difference (p=0.097). There
were no significant differences in the D, receptor [F(2,9)=
0.035, NS], D, receptor [F(2,9)=0.888, NS] and mGluR1 [F
(2,9)=1.971, NS] mRNA expression levels after the reversal
treatment.

3.2.4. After AMP challenge

There were significant group differences in the arc mRNA
expression level [F(2,15)=38.962, p<0.001]. There was a
significant increase in the arc mRNA expression level above the
naive control level in both the AMP and SKF treatment groups.
There were no significant differences in the D, receptor [F(2,9)=
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Fig. 4. Overall locomotion activity counts for 3 h after challenge AMP (1.0 mg/
kg) administration for rats that were received six AMP (1.0 mg/kg)
administrations and five daily reversal treatments (left side). The challenge
administration was conducted 4 weeks after the reversal treatment. Values are
expressed as means+S.E.M. N=25 in each group. Overall rates of stereotypy for
2 h after challenge administration of AMP (1.0 mg/kg) for rats that were received
six AMP (1.0 mg/kg) administrations and five daily reversal treatments (right
side). The challenge administration was conducted 4 weeks after the reversal
treatment. Values are expressed as means+S.E.M. The asterisks (***) represent
significant differences from the rates of stereotypy of the saline treatment group
(p<0.001). N=25 in each group.



