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Differential diagnosis of bipolar and monopolar depression
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Abstract

In aged rats. although learning and memory impairment is prominent, both the number of granular cells and the degree of neuronal progenitor
proliferation in the hippocampus are known to be preserved. We examined the association between the survival of newly generated neurons in
the hippocampus and the learning ability in aged rats. By using BrdU, a cell proliferation marker to determine neurogenesis and contextual fear
conditioning to determine learning ability, we found that in aged rats, along with memory impairment, the survival of both the proliferated cells at
baseline and those enhanced by contextual fear conditioning decreased remarkably. These results suggest that the integration of newly generated
neurons into hippocampal circuitry is decreased with aging, this phenomenon may, in part, explain the decline in learning and memory in aged

rats.
© 2006 Elsevier Ireland Ltd. All rights reserved.
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Adult neurogenesis in mammals has been widely studied in rats,
mice, three shrews, rhesus monkeys [1,7,10] and humans [4].
These studies revealed that hippocampal granular cells are con-
tinuously produced throughout life. Neuronal progenitor cells
in the subgranular zone (SGZ) of dentate gyrus (DG) continue
to proliferate, migrate to granular layer and become differenti-
ated into granular cells [13] and thereafter become integrated
into the hippocampal circuitry [17]. Then after about 1-2 weeks
the new cells will become functionally involved in the learn-
ing process [21]. The survival of generated neurons is known to
increase by spatial learning tasks [6] or environmental enrich-
ment [13], while hippocampal injury [8] increases proliferation,
and physical activity increases survival, proliferation, and dif-
ferentiation [17]. On the other hand, acute social stress [7],
the stimulation of NMDA receptors, or high adrenal steroid
level [13] decreases neuronal progenitor proliferation in adult
animals.

There is a vast amount of evidence on learning and mem-
ory impairment in aged rats [3.4,11,14,19,20,23], nevertheless

* Corresponding author. Tel.; +81 92 642 5620; fax: +81 92 642 5644,
E-mail address: skanba@npsych.med.kyushu-u.ac.jp (S. Kanba).

0304-3940/$ — see front matter © 2006 Elsevier Ireland Ltd. All rights reserved.
doi: 10.1016/j.neulet.2006.01.056

the roles of neurogenesis in the age-related decline in memory
remains to be elucidated. In aged rats, the proliferation is sig-
nificantly decreased to about 10-17% below adult level [10].
although the overall granular cell number is preserved [18]. In
addition, the decrease in neuronal progenitor proliferation in
aged rats is not reported to be related to the spatial learning
ability [11]. Therefore, it remains to be determined whether the
survival of newly proliferated neurons decreases in the aging
process, and if so, whether or not such a decrease in survival is
related with a decline in memory.

BrdU, a thymidin analog that incorporate in cell’s DNA in the
S phase of cell cycle is considered to be suitable for the detec-
tion of proliferation, migration and neuron age in the central
nervous system, due to its characteristics such as it is: perma-
nently retained in the cell, it is non toxic to individual cells
and it has no effect on cell differentiation and migration [12].
In our study, BrdU was administered one week before contex-
tual fear conditioning (CFC)., which is one of hippocampus-
dependent tasks [2,9]. This gives a sufficient period for the
newborn cells to be incorporated into the learning process
[21].

Therefore, to investigate the effect of aging on learning ability
and cell survival in the hippocampus, we immunohistochem-
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ically quantified the baseline number of BrdU positive cells
and the CFC-associated increase of neuron proliferation in hip-
pocampal subregions of young and old rats.

Fifteen-week-old (240-250¢g) and 120-week-old
(600-900g) SD male rats (SLC; Shizuoka, Japan), were
maintained individually in a 12h light/dark, temperature-
controlled room with free access to chow and tap water. All
experimental procedures were conducted in accordance with
the guidelines of the Ethical Committee of Animal Experiments
of Yamanashi Medical University. All efforts were made to
minimize the number of animals used and their suffering.
BrdU (50 mg/kg) was administered every 6h, by intraperi-
toneal injection, for 7 days before CFC. CFC was conducted
according to the method of Silva et al. [22]. In brief, in a clear
Plexiglas conditioning chamber (28W x 21H x 22D cm), the
floor was lined with 18 stainless steel bars (4 mm diameter;
1.5cm spacing), as a footshock grid to deliver scrambled
shock from a stimulator. The aversive unconditioned stimulus
was 0.75mA footshock for 2s. The sound-attenuating box
(48W x 48H x 48D cm) accompanied with a 20W light and
a ventilation fan for background white noise (74dB). A
discrete tone conditioned stimulus (CS) (800 Hz, 20-s duration,
80dB) served as cue. Prior to the conditioning, all rats were
habituated by being placed in the conditioning chamber for 1
minute once a day for consecutive 3 days. On the conditioning
day, the rats were placed into the conditioning chamber and
allowed to explore for 3 minutes. A footshock was delivered
18 ¢ after the tone CS (a CFC group). In a control group, no
footshock was delivered. The rats were allowed to recover

for 30s in the conditioning chamber and then were returned-
to their home cages. Two hours later, the rats were again’

introduced into the conditioning chamber and were observed
for 5 min, without CS tone. The total time of freezing behavior
(cessation of all but respiratory movement) was evaluated and
expressed as the percentage of freezing time. Immediately
after the CFC tests, the rats were deeply anesthetized with
sodium pentobarbital and then were transcardially perfused
with 4% PFA in 0.1 M PB, and then the brains were quickly
removed. After being post-fixed, 12 coronal sections (40 um),
160 um interval throughout the hippocampal formation (2.9 mm
posterior to bregma suture) were cut by a cryostat according to
the Paxinos & Watson brain map {15] and then were collected
in PBS (0.1 M; pH 7.4) for staining. After DNA denaturizing
(formamide/SSC incubation in 65°C; SSC rinse; 2N HCI
incubation in 37°C; 0.1M Boric acid rinse), endogenous
peroxidase was blocked by 3% HyO,. After blocking by
10% normal goat serum (NGS), the sections were incubated
with anti-BrdU (1:1000 Haralan Sera Lab. OBT0030) for
24h at 4°C, followed by secondary antibody (biotinylated
goat, anti-rat 1gG, Vector BA9400), amplification with ABC,
before color development with DAB nickel. BrdU positive
cells were counted at x400 and x 1000 under light microscopy
(Olympus BX-60), by omitting the cells in the outermost
forcal plane. Quantification was done by a researcher who is
blind to the experimental conditions. A cell was considered
to be in the SGZ of DG if it was touching or in the SGZ,
or in the hilar if it was located more than two cells away
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Fig. 1. Freezing behavior in response to context. In a control group. both
young and aged rats exhibited little or no freezing behavior in response to
the context during testing. In the CFC group, no difference was seen in the
percentage of freezing time in the young and aged rats. But during the test-
ing period 2 h after footshock. young and aged rats differed significantly in
context-dependent freezing behavior (p<0.001); the young CFC rats {n=6,
mean + S.E.M. 65.722 & 10.234) exhibited a significantly longer percentage of
freezing time than the young control rats (n = 6, mean £ S.E.M. 3.667 £ 2.914).
The freezing in young CFC rats was also markedly superior to that in the
aged CFC rats (n=6, mean = S.E.M. 13.111 & 5.822) which was not signifi-
cantly different to the aged control rats (n1=35, mean:£S.EM. 3,133+ 3.015).
#p<0.0001.

from the SGZ. The average positive cell number per square
millimeter of the DG area was counted. All data were analyzed
by the Kruskal-Wallis and Mann-Whitney U-test based on
Bonfferoni’s correction. Differences of p <0.05 were accepted
as statistically significant.

At the first exposure to context-tone paired with footshock,
the young and the aged rats showed no difference in freez-
ing behavior (data not shown). However. when exposed to the
context only 2 h after the footshock, the aged rats showed a sig-
nificant decrease in the percentage of freezing time compared
to their younger counterparts (Fig. 1). This implies that aging-
related impairment of CFC is not caused by sensory impairment.
A similar impairment in spatial-learning tasks has been previ-
ously reported in aged rats [3,5,11,14,19,20,23].

DG is the only site where adult-neurogenesis is observed in
the hippocampus [1,6,10,11,21]. When comparing the aged and
the young rats in the control groups, it was evident that neuroge-
nesis was remarkably impaired by aging (Fig. 2), as also reported
by other studies [10,11]. Several mechanisms are thought to be
responsible for the age-related reduction of neurogenesis: the
decrease in the neural precursor proliferation activity, the aber-
rant or inhibited migratory mechanism that displaces newborn
cells, or decreases in neuronal survival [10].
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Fig. 2. BrdU positive cells in response to the context. To investigate the sur-
vival of both the proliferated cells at baseline and of those stimulated by
CFC in young and aged rats, we performed a BrdU injection a week before
CFC training. BrdU positive cells were only found in DG in all four groups.
There was marked reduction of neurogenesis both in the aged CFC rats (n=6.
mean = S.EM. 3.302 4 1.206) as compared to the to young CFC rats (n=6,
mean =+ S.E.M. 63.660 £ 13.349) (p<0.0001) as well as in the aged control
rats (n=5, mean+S.EM. 5074 £2.463) as compared to the young control
rats (n =6, mean £ S.E.M. 47.077 £ 4.206) (p<0.0001). In the young rats. a
significant difference was observed between the CFC and the control groups
(<0.0001). In the aged rats, no significant increase was observed in the BrdU
positive cells by CFC. #p <0.0001.

With CFC, the young rats showed significant increase in BrdU
positive cells in DG. However, in the aged rats CFC did not
increase the number of BrdU positive cells. In adult rats, it is
known that either environmental enrichment or Morris water
maze increases the survival of newly generated neurons, but not
their proliferation [6,13,16]. A recent study using the Morris
water maze, demonstrated that aged rats had less proliferating
cells than young rats. However, in the aged rats, cell proliferation
did not correlate with the memory ability [11]. In their study,
BrdU was injected after training, thus it labeled the neurons
newly produced by the training. In addition, the ages of rats
were 21-24 months and the performances of some aged rats
were as good as those of young rats. After administering BrdU
for 7 days prior to CFC, we examined the influence of learning on
neuronal survival. In addition, we used much oider rats (28-30
months) and confirmed the performance of each aged rat to be
inferior to that of the young rats. Added together, we proposed
that in aging both the proliferation and the survival of neurons
are impaired. However, since in both young and aged rats, the
number of proliferating cells is not related to spatial memory
[11], the survival of proliferating cells may play more important
roles in memory formation in the aged rats.

In conclusion, the survival of the number of BrdU positive
cells at baseline as well as those induced by CFC decrease in the
aged rats; the phenomenon may therefore explain, in part, the
age-related decline in spatial learning.
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Letter to the Editor

Prescription pattern of
antipsychotic drugs for
schizophrenic inpatients in
Japan: Research on East Asia
Psychotropic Prescription
Pattern—Antipsychotics study

In the present study we investigated the prescription
pattern of antipsychotic drugs for inpatients with
schizophrenia in Japan.

According to a standardized protocol of the
Research on East Asia Psychotropic Prescription
Pattern-Antipsychotics first-time study,' patients diag-
nosed with schizophrenia who were inpatients between
1 July and 31 July 2004 was examined at seven hospitals
from four regions in Japan (one hospital in Hokkaido,
two hospitals in Iwate prefecture, one hospital in
Tokyo, and three hospitals in Fukuoka prefecture).
Patients selected for inclusion fulfilled the diagnostic
criteria for schizophrenia of the International Classifi-
cation of Disease, 10th revision (ICD-10) or the fourth
edition of the Diagnostic and Statistical Manual of
Mental Disorders (DSM-1V). The design was a cross-
sectional survey. Data collected included personal and
clinical characteristics, physical condition, durations of
illness and significant symptoms for the past month,
prescription of all medications and their doses, and
adverse effects. The data were collected by the attend-
ing psychiatrist at the time of study in compliance
with the protocol set forth. Antipsychotic drugs were
divided into first- and second-generation antipsychotic
drugs, the former included chlorpromazine and all
other conventional drugs while the latter consisted of
the atypical agents such as risperidone, olanzapine,
quetiapine, and perospirone. All antipsychotic drugs
were converted into chlorpromazine equivalents
(CPZeq) according to the suggestions by Inagaki
et al.** and Bezchlibnyk-Butler and Jeffries.*

A total of 323 patients were surveyed. There were
more male (57.3%) than female (42.7%) patients. The
age distribution was wide (17-86 years), with a mean
age of 50.1 £16.5 years. Most patients had a long
duration of illness: 77.4% had an illness duration of
210 years. In other words, most patients in the present
study were considered to be chronic cases. The most
frequent psychiatric symptoms in the whole sample for
the previous 1 month were delusions (70.3%), social

doi:10.1111/1.1440-1819.2006.01601 x

dysfunction (68.7%), negative symptoms (64.7%), hal-
lucinations (56.3%), disorganized speech (39.3%),
disorganized/catatonic behavior (13.9%), aggression/
verbal (12.4%), aggression/physical (6.5%), and other
symptoms (1.5%).

The number of psychotropic drugs and antipsychotic
drugs prescribed were 4.06+2.48 and 1.76+0.86,
respectively. Sedative/hypnotic drugs (61.3%) and
antiparkinsonian drugs (60.7%) were prescribed in
most cases. In contrast, mood stabilizers were pre-
scribed in only under one-third of cases. Of all antip-
sychotic drugs, risperidone (47.4%) was the most
frequently prescribed drug, followed by olanzapine
(220%), haloperidol  (21.7%)  chlorpromazine
(21.4%), zotepine (12.4%), quetiapine (11.8%), per-
ospirone (6.8%), and sulpiride (5.9%). The mean dose
for the whole sample was 798.3 £ 653.6 mg CPZeq.

The major finding was that prescribing of second-
generation antipsychotic drugs is becoming popular in
Japan, but prescription rates for first-generation anti-
psychotic drugs is still high, which is compatible with
the fact that many clinicians in Japan administer oral
and i.m. preparations of first-generation antipsychotic
drugs such as haloperidol, chlorpromazine, or levo-
mepromazine to patients in the acute phase of schizo-
phrenia for the purpose of relieving excitement or
hallucinatory behaviors. Recently, Currier and Simp-
son compared the short-term effects of a combination
of oral risperidone liquid and oral lorazepam with a
combination of i.m. haloperidol and i.m. lorazepam for
psychotic agitation, and they found that both treatment
groups showed similar improvements on different
measures of agitation.” We also demonstrated that ris-
peridone liquid is effective and well tolerated for the
treatment of acute-phase schizophrenia, and that effi-
cacy is related to its effects on dopaminergic activity,
but not noradrenergic activity.® Another choice for
ameliorating excitement and impulsiveness in schizo-
phrenia patients is adjunctive mood stabilizers such as
valproic acid and lithium.” Expert consensus guidelines
suggest the use of adjunctive valproate for patients
with schizophrenia who exhibit agitation, excitement,
aggression, or violence.®* Taken together, atypical antip-
sychotic drugs and mood stabilizers may be a useful
alternative for the treatment of psychotic agitation in
schizophrenia patients. In the present study, we also
found that polypharmacy still goes on in Japan. Polyp-
harmacy of antipsychotic drugs, even atypical ones,
increases the total dose of antipsychotic drugs and
adverse side-effects, and causes drug interactions.’

In conclusion, although prescribing of the second-
generation antipsychotic drugs is becoming popular,
the prescription rate in first-generation antipsychotic
drugs and anticholinergic agents still remains high, and

© 2006 The Authors
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clinicians also prescribe two or more antipsychotic
drugs for treating schizophrenia inpatients.
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The dopamine D, receptor agonist, but not the D, receptor
agonist, induces gene expression of Homer 1a in rat striatum
and nucleus accumbens
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ARTICLEINFO ABSTRACT
Article history: Stimulation of dopamine receptors may induce striatal Homer 1a, an immediate-early gene
Accepted S November 2006 (IEG) that is involved in the molecular mechanism for the signaling pathway of the group I
Available online 13 December 2006 metabotropic glutamate receptors. This study examined the effects of the agonists for
dopamine D;-like and D,-like receptors on gene expression of Homer 1a, in comparison with
Keywords: the IEG c-fos expression, in the discrete brain regions of rats. The D;-like agonist SKF38393
Homer (20 mg/kg, s.c.) significantly increased the mRNA levels of Homer 1a in the striatum and
c-fos nucleus accumbens, but not in the medial prefrontal cortex or hippocampus, 2 h after
Gene expression injection, whereas the D,-like agonist quinpirole (1 mg/kg, s.c.) had no significant effect on
Dopamine D; receptor Homer 1a mRNA levels in any brain region examined. Co-administration of SKF38393 and
Dopamine D, receptor quinpirole significantly increased Homer la mRNA levels in the striatum, nucleus
Basal ganglia accumbens and hippocampus, while this effect was not significantly greater than that of

SKF38393 alone. Any treatment did not affect the mRNA levels of other splicing variants,
Homer 1b or 1lc. In contrast, combination of both dopamine agonists produced a greater
increase than SKF38393 did in the mRNA levels of ¢c-fos in the nucleus accumbens, striatum
and substantia nigra. These results suggest that stimulation of D,-like receptors, but not D,-
like receptors, may induce gene expression of Homer 1a in the striatum and nucleus
accumbens. However, in contrast to c-fos expression, it is unlikely that co-activation of both
D;-like and D,-like receptors exerts a synergic action on Homer 1a expression in these
regions.

©® 2006 Elsevier B.V. All rights reserved.

1. Introduction implications for the pathophysiology of many neurcpsychia-

The interactions between dopamine and glutamate within the tric disorders such as schizophrenia, substance abuse and
brain regions including the basal ganglia have significant Parkinson's disease (Carlsson and Carlsson, 1990; Pulvirenti
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Higashiku, Fukuoka 812-8582, Japan. Fax: +81 92 642 5644.
E-mail address: toshik@npsych.med.kyushu-u.ac.jp (T. Kuroki).
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doi:10.1016/j.brainres.2006.11.011
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and Diana, 2001). Many lines of evidence suggest the glutama-
tergic control of dopamine transmission and vice versa in the
striatum, nucleus accumbens and prefrontal cortex (Morari et
al.,, 1998; Vanderschuren and Kalivas, 2000). The dopamine D;-
like receptor agonist SKF38393 increased striatal Fos induction
in 6-hydroxydopamine-lesioned rats following intranigral
injection with AMPA/kainite receptor antagonist DNQX
(McPherson and Marshall, 2000). In contrast, the D,-like
receptor agonist quinpirole decreased striatal Fos but
increased the pallidal Fos induced by intranigral injection
with the NMDA receptor antagonist AP5. SKF38393, but not
quinpirole, significantly increased amplitude of excitatory
postsynaptic current in the prefrontal cortex (Gonzalez-Islas
and Hablitz, 2003). Glutamate levels during food consumption
are controlled by the dopaminergic system in the nucleus
accumbens via not D, receptor- but D, receptor-mediated
mechanism (Mikhailova, 2003). These findings suggest that
dopamine receptor subtypes may differentially regulate glu-
tamatergic transmission in a region-specific manner.

The Homer family of proteins has been found to bind
selectively to group 1 metabotropic glutamate receptors
(mGluRs) and play an important role in the molecular mechan-
ism for the signaling pathway of these receptors (Brakeman et
al,, 1997; Kato et al., 1997, 1998). The Homer family consists of
three independent genes, Homer 1, 2 and 3. Homer 1 comprises
three splicing variants: Homer 1a, 1b and 1c (Xiao et al., 1998).
The long form of Homer, Homer 1b/c, is constitutively expressed
as a multidimer linking group I mGluRs to calcium-selective
endoplasmic inositol triphosphate (IP3) receptors via the coiled-
coil (CC) domain of carboxyl-terminal. In contrast, Homer 1a, a
short isoform lacking the CC domain, is an immediate-early
gene (IEG) product that is rapidly introduced by neuronal
activation (Brakeman et al,, 1997; Kato et al,, 1997; Berke et al,,
1998: Morioka et al., 2001; Bottai et al.,, 2002; Nielsen et al., 2002).
Recently, dopaminergic modulation has been demonstrated to
affect gene expression of Homer la. Cocaine, a dopamine
transporter inhibitor (Brakeman et al., 1997; Swanson et al,
2001), SKF38393, a D;-like receptor agonist (Berke et al., 1998),
and haloperidol, a D,-like receptor antagonist (de Bartolomeis et
al,, 2002; Polese et al, 2002), induced the Homer la gene
expression in the striatum. In contrast, SCH23390, a D;-like
receptor antagonist, attenuated methylphenidate-induced
expression of striatal Homer 1a (Yano et al., 2006). Moreover,
Homer 1b and 1c-knockout mice displayed enhanced metham-
phetamine-induced motor behavior (Szumlinski et al., 2005),
while behavioral response to amphetamine increased in
transgenic mice overexpressing Homer 1a in striatal medium
spiny neurons localized predominantly in the striosome (patch)
(Tappe and Kuner, 2006). These findings suggest that Homer 1a
could play akeyrole on dopamine-glutamate interactionsin the
striatum. In line with this assumption, we previously reported
that a high dose (40 mg/kg, i.p.) of methamphetamine increased
Homer 1a mRNA levels in the striatum and nucleus accumbens,
but not in the medial prefrontal cortex or the substantia nigra
(Hashimoto et al., 2004). Neither Homer 1b nor 1¢ mRNAs were
affected in any brain regions examined. Striatal Homer 1a was
induced to the maximal level 2 h after administration of
methamphetamine, which time-dependent profile was similar
to that of Homer la expression induced by the D;-like receptor
agonist SKF38393 (Berke et al., 1998). Glutamate is reported to

induce Homer 1a much slower (the maximal level at 4 h after
application) in cerebellar granule cell culture (Sato et al,, 2001).
Taken into account that dopamine receptor subtypes are
thought to play distinct roles in the regulation of glutamatergic
transmission, methamphetamine-induced stimulation of D;-
like receptors, but not D,-like receptors, may increase Homer 1a
mRNAs in the striatum. However, it remains to be known
whether Dy and D, receptors differently regulate Homer la
expression in other regions than the striatum.

In this study, we investigated the effects of the D;-like and
D,-like agonists on gene expression of Homer 1a as well as its
splicing variants (Homer 1b and 1c) in the discrete brain
regions of rats. Moreover, the effect of combination of both
agonists was also examined to elucidate a synergistic action of
co-stimulation of both receptor subtypes, which effect has
been observed in expression of the IEG c-fos (Gerfen et al., 1995).

2, Results
2.1.  Analysis of IEG mRNAs

Ethidium bromide staining of a polyacrylamide gel revealed a
single band at the expected size of amplification product for
each of 3-actin, Homer 1a, 1b and 1c ¢DNAs (Fig. 1). Since no
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Fig. 1 - Ethidium bromide-stained polyacrylamide gel
showing PCR products amplified from rat brain RNA. Total
RNA extracted from the medial prefrontal cortex (mPFC),
nucleus accumbens (NAc), striatum (STR), hippocampus (Hip)
and substantia nigra (SN) was incubated in the absence (left
lanes) or in the presence (right lanes) of reverse transcriptase.
The reverse transcription products were coamplified with
Homer 1a and B-actin primers (A): Homer 1b, Homer 1c and
B-actin primers (B), respectively. Homer 1b and Homer 1c
mRNAs were also amplified extensively for 32 cycles (C). A
DNA standard lane is shown at the left of the gel with bands
labeled in bp.
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amplified products were observed when the reverse tran-
scriptase step was omitted, the contamination by genomic
DNA did not interfere with the signals of PCR products of
Homer 1a, 1b or 1c cDNAs. Genomic DNA of Homer 1a was not
contaminated to interfere with the signals of PCR products of
p-actin, Homer 1b or Homer 1c because these cDNAs were
amplified using the pair of primers derived from different
exons of the genes.

Homer 1b and 1c mRNAs were amplified with an identical
pair of primers and differed by 36 nucleotides. The levels of
Homer 1b mRNA in the substantia nigra were significantly
higher than those in the other brain regions (Fs32=254,
P<0.001). The ratios of Homer 1b mRNA levels to Homer 1c

mRNA levels were as follows: the medial prefrontal cortex, .

0.019+0.003; nucleus accumbens, 0.018+0.003; striatum,
0.020£0.003; and substantia nigra, 0.395+0.023, respectively
(Fig. 1C). The Homer 1b mRNA could be quantified only in the
substantia nigra.

To determine the optimal amplifications, PCR was per-
formed using different amounts of reverse-transcribed total
RNA and different numbers of cycles. These results indicated
that amplification was exponential between 18 and 24 cycles
for p-actin mRNA. Amplification was also exponential

(A) mPFC

(B) NAC

between 26 and 34 cycles for Homer 1a and 1c mRNAs. The
PCR products were proportional to RNA input over a range of 5
to 50 ng total RNA for p-actin and Homer mRNAs. Thirty
nanograms of reverse-transcribed RNA were amplified for 28
cycles for the quantitation of relative amount of the Homer
mRNAs in the rat brain.

2.2. Effects of SKF38393 and quinpirole on Homer la
mMRNA levels in the discrete brain regions of rats

The D;-like receptor agonist SKF38393 (20 mg/kg) significantly
increases Homer la mRNA levels in the striatum (+97% of
saline control levels, Fs 33=8.294, P<0.001), nucleus accumbens
(+61%, F311=3.03, P<0.05), but not in the medial prefrontal
cortex, hippocampus or substantia nigra as compared to
saline controls 2 h after injection (Figs. 2 and 4). In contrast,
the Dj-like receptor agonist quinpirole (1 mg/kg) had no
significant effect on the gene expression of Homer la in any
brain regions examined. Co-administration of SKF38393
(20 mg/kg) and quinpirole (1 mg/kg) produced a significant
increase in the striatum (+83%, F3.33=8.294, P<0.001), nucleus
accumbens (+59%, Fz3,=3.03, P<0.05) and hippocampus
(+24%, F336=3.42, P<0.05), but not in the medial prefrontal
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Homeria mRNA relative to B-actin mRNA 2 h after drug injection
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Fig. 2 ~ Effects of SKF38393 and quinpirole on regional Homer 1a mRNA levels. Homer 1a and P-actin ¢cDNA were coamplified
using 30 ng of total RNA for 32 and 20 cycles, respectively, in the five regions; (A) medial prefrontal cortex (mPFC); (B) nucleus
accumbens (NAc); (C) striatum (STR); (D) hippocampus (Hip); (E) substantia nigra (SN). Rats were sacrificed 2 h after s.c. injection
with SKF38393 (SKF; 20 mg/kg), quinpirole (Quin; 1 mg/kg), combination of SKF38393 and quinpirole (SKF +Quin; 20 mg/kg
and 1 mg/kg, respectively) or saline. The values represent Homer 1a mRNA levels relative to B-actin mRNA levels (mean + SEM of
9-10 animals). *P<0.05 and **P<0.01 were considered significant in this study using ANOVA followed by the Fisher’s PLSD.
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cortex or substantia nigra, compared to saline controls. This
effect was not significantly greater than that of SKF38393
alone, while combination of both dopamine agonists, but not
single treatment with either drug, significantly increased
Homer 1a levels in the hippocampus.

Homer 1b mRNA levels could not be detected in the
substantia nigra or other regions examined under the
standard experimental condition (Figs. 1B and C). Homer 1c
mRNAs were detected with homogeneous distribution in all
the brain regions examined, while these were not affected by
any drug treatment (Figs. 1B and C).

2.3. Effects of SKF38393 and quinpirole on c-fos mRNA
levels in the discrete brain regions of rats

SKF38393 (20 mg/kg) significantly increased the level of c-fos
mRNA in the striatum (+55%, F336=34.156, P<0.0001), nucleus
accumbens (+50%, F33s=16.127, P<0.0001), medial prefrontal
cortex {+34%, Fa36=11.221, P<0.0001), hippocampus (+55%,
F336=30.076, P<0.0001) and substantia nigra (+44%,
F335=19.256, P<0.0001) 1 h after injection, compared with
saline controls (Figs. 3 and 4). Quinpirole (1 mg/kg) also
significantly increased the level of c-fos mRNA in the nucleus

(A) mPFC

(B) NAC

accurnbens (+38%, F335=16.127, P<0.0001), medial prefrontal
cortex (+43%, Faze=11.221, P<0.0001), hippocampus (+21%,
F335=30.076, P<0.0001) and substantia nigra (+59%,
F336=19.256, P<0.0001), compared to saline controls. When
administered alone, quinpirole (1 mg/kg) had no significant
effect on c-fos mRNA levels in the striatum. However,
combination of SKF38393 and quinpirole produced a greater
increase in striatal c-fos mRNA levels (+88%, Fs;35=34.156,
P<0.0001) than SKF38393 alone did 1 h after injection. Such a
synergic effect of combination of both dopamine agonists on
c-fos mRNA levels was also found in the nucleus accumbens
(+78%, Fa36=16.127, P<0.0001 versus SKF38393 treatment
group) and substantia nigra (+107%, F333=19.256, P<0.0001
versus SKF38393 or quinpirole treatment group) (Fig. 3). This
synergism still remained in the striatum and substantia nigra
2 h after injection (Fig. 4).

3. Discussion
The major finding of this study is that the dopamine D;-like

receptor agonist SKF38393, but not the D,-like receptor agonist
quinpirole, increased Homer 1a mRNAs in the striatum and

*% (C) STR %

0.5

c-fos mRNA relative to B-actin mRNA 1 h after drug injection

SKF  Quin SKF+Quin

saline

SKF

0 caine  SKF  Quin SKF+Quin saine  SKF  Quin S
(E) SN sk
aex
)%k
1.57 [ ]
EX 3

SKF+Quin

Quin

Fig. 3 - Effects of SKF38393 and quinpirole on regional c-fos mRNA levels. The IEG c-fos and B-actin cDNA were coamplified
using 30 ng of total RNA for 30 and 20 cycles, respectively, in five regions; (A) medial prefrontal cortex (mPFC); (B) nucleus
accumbens (NAC); (C) striatum (STR); (D) hippocampus (Hip); (E) substantia nigra (SN). Rats were sacrificed 1 h after s.c. injection
with SKF38393 (SKF; 20 mg/kg), quinpirole (Quin; 1 mg/kg), combination of SKF38393 and quinpirole (SKF +Quin; 20 mg/kg
and 1 mg/kg, respectively) or saline. The values represent c-fos mRNA levels relative to 3-actin mRNA levels (mean+SEM of
9-10 animals). “P<0.05 and **P<0.01 were considered significant in this study using ANOVA followed by the Fisher’s PLSD.





