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Background: Dysmyelination is hypothesized to be one of the causes of schizophrenic symptoms. Supporting
this hypothesis, demyelination induced by cuprizone was recently shown to cause schizophrenia-like
symptoms in adult rodents {Xiao L, Xu H, Zhang Y, Wei Z, He |}, Jiang W, et al. Quetiapine facilitates
oligodendrocyte development and prevents mice from myelin breakdown and behavioral changes. Mol
Psychiatry 2008;13:697-708). The present study asked if the timing of demyelination (i.e., juvenile period or
adulthood) influenced abnormal behavior.

Methods: B57BL/6G mice were fed with 0.2% cuprizone either from postnatal day 29 (P29) to P56 (early
demyelination group) or from P57 to P84 (late demyelination group), and then returned to normal mouse
chow until P126, when the behavioral analysis was initiated.

Results: In both groups, the intake of cuprizone for 28 days produced massive demyelination in the corpus
callosum by the end of the treatment period, and subsequent normal feeding restored myelination by P126,
In a Y-maze test, the spatial working memory was impaired in both groups right after the cuprizone feeding
ceased, consistent with previous studies, whereas only the early demyelination group exhibited impairec
working memory after remyelination took place. In an apen field test, social interactions were decreased in
the early demyelination group, but not in che late group. Novel cognition and anxiety-related behaviors were
comparable between the two groups.

Conclusions: Our findings suggest that the timing of demyelination has substantial impacts on behaviors of
adult mice,
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1. Introduction demyelination by cuprizone could be involved in some psychiatric

symptoms of mice.

Xiao et al. (2008) reported that demyelination in the brains of mice
which had been administered a copper chelator, cuprizone, led to
abnormal behaviors such as spatial working memory impairment and
hyperlocomotion (Xiaa et al., 2008). Because the former is regarded as
an endophenotype of schizophrenia, they proposed that cuprizone-fed
mice may represent an animal model of schizophrenia. This study and
their following study (Zhang et al., 2008) also revealed that quetiapine
ameliorated both the demyelination and the abnormal behaviors,
underscoring the causal relationship of the demyelination with
schizophrenic symptoms. In addition, high anxiety by cuprizone was
also shown in another report (Torkildsen et al., 2009). Therefore,

Abbreviations: ED, early demyelination; LD, late demyelination: P, postnatal day:
PBS, phosphate buffered saline; BSA, bovine serum albumin: NORT, novel abject
recognition test; EPMT, elevated plus-maze test.
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in general, the prognosis of schizophrenia is related to the age at
which a patient first develops symptoms: the earlier the onset of
schizophrenia, the more severe and prolonged the disturbance due to
negative symptoms is likely to be {Alptekin et al,, 2005). Several lines of
evidence have implicated abnormal myelin and broken white matter in
schizophrenia (Hof et al., 2002; Tkachev et al., 2003; Byne et al., 2006)
and negative symptoms and cognitive impairment of schizophrenia are
thought to be associated with white matter abnormalities (Hof et al,,
2003; Wexler et al., 2009). Taking altogether, we hypothesized that the
timing of demyelination may influence severity of abnormal behaviors in
animal modlels. To test the hypothesis, we took advantage of the above-
mentioned cuprizone-fed mice, because we can easily change the timing
ol demyelination by aitering cuprizone-feeding periods. We produced
demyeliration by administering cuprizone to mice for 4 weeks, in either
the juvenile (early-onset) period or the adult (late-onset) period, and
analyzed their behavior just after the cuprizone feeding ended and at the
later period when remyelination took place. We found that spatial
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working memory and social activities were persistently affected in the
early-onset demyelination group even at the later period, while late-
onset demyelination group showed significant recovery in those
functions, suggesting that the timing of demyelination has strong
influence on the outcomes of psychosocial behavioral abnormalities.

2. Materials and methods
2.1. Animals and treatments

Five female C57BL/6 mice per cage were housed in a temperature~
and humidity-controlled animal facility under a reversed light-dark

cycle (lights on 8:00-20:00). Mice from different litters were assigned to
three groups: control, early demyelination {ED) and late demyelination
(LD} groups. Mice in the control group were fed with normal chow
throughout, while mice in the ED group were fed with chow containing
0.2% (W/W) cuprizone from postnatal day (P) 29-P56, and those in the
LD group were fed with the same chow from P57~P84. The mice in ED
and LD groups were returned to normal feeding after cuprizone
treatment. All animals were provided with food and water ad libitum
throughout the experiments. All these treatments induced no seizures.
Experimental protacols followed the guidelines of the Animal Care
Committee of Nara Medical University, in accordance with the policies
established in the NIH Guide for the Care and Use of Laboratory Animals.
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Fig. 1. The time course of this study is shown in (A). ED mice were fed chow containing cuprizone front P29-P56 and LD mice were fed the same chow from P57 to P84, Control mice
were fed chow lacking cuprizone threughout the experiments, The behaviors of mice were analyzed from P125 to P126. Panels B and C show the extent of demyelination in the carpus
caltosum at each period: Representative pictures of MBP immunohistachemistry for control mice ar PS6 (B), ED mice at P56 (B), contro] mice at P84 (8), and LD mice at P84 (B) are
shown. Control, ED, and LD mice at P126 are shown in panel C. The bar graphs on the right show the result of semi-quantitative analyses of myelination in each mouse, Panels D and E
show the extent of demyelination in the prefrontal cortex at each peried: Representative pictures of MBP iimmunohistochemistry for control mice at P56 {D), ED mice at P56 (D),
control mice at P84 (D}, and LD mice at P84 (D} are shown. Each semi-quantitative analysis of MBP immunorcactivity is shown on the right side. Control, ED, and LD mice at P126 are
shown in panet E. The results of semi-quantitative analyses are also shown. Note that ED mice and LD mice had significant demyelination at P56 and P84, respectively (asterisks in the
bar graphs), while at 126, there are no significant difference between three groups. CC: corpus callosum.
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Fig. 1 (continued).

2.2, Histology

At P56, P84 and P126, the mice were anesthetized with
pentobarbital and transcardially perfused with saline followed by 4%
paraformaldehyde. The brain was removed and postfixed in 4%
paraformaldehyde overnight at 4 °C, and then dehydrated in graded
alcohols (70%; 1 I, 80%; 2 h, 95%; 2 h, 100%; 2 hx4) and xylene
(1 hx2). Subsequently, brains were blocked and embedded in
Paraffin. Sagittal sections were cut at 8 pm thickness between 1.20
and 1.32 mm for the corpus callosum and 0.72 and 0.84 mm for the
prefrontal cortex relative to the bregma and mounted on APS coated
slides. Following overnight de-paraffinization in fresh xylene, sections
were rehydrated in graded alcohols to distilled water. After antigen-
activating with citric acid buffer and blocking in 5% BSA, sections were
first incubated overnight at 4 °C with anti-myelin basic protein
antibody (MBP) (rabbit polyclonal IgG, 1:200, SIGMA). Sections were
then washed and incubated with biotin-conjugated anti-rabbit 1gG
(1:200, Vector) for 1 b at 37 °C. After washing, the sections were
processed for 1 h using a standard Vectastain ABC kit (Vector).
Staining was visualized with diaminobenzidine (DAB, Vector) as a
chromatic agent. Control slices were incubated as described above,
without primary antibodies. No immunoreactivity was seen in
controls {data not shown). The gross MBP-immunareactive areas in
three continuous, non-overlapping images from arbitrary brain
hemispheres were measured with Image] software, in the corpus
callosum and the prefrontal cortex by placing fixed squares in the
respective region. Positive pixels of a region of interest were
distinguished from negative ones by the automatic threshold process
of the lmage] program. The sum of the positive pixels (ie.
immunoreactive area) was averaged per an animal.

2.3, Behavioral testing

Ali behavioral tests were conducted during the dark period (22:00-
6:00). Y-maze test immediately after cuprizone feeding was performed
at the age of P56 (ED group and control group) and P84 (LD group and
control group), and the other behavioral tests after remyelination were
done at the age of P125 or P126. The group order of animals subjected to
each test was random.

2.4. Y-maze test

This task is based on exploration of novelty and employed to measure
spatial memory. The maze consists of three arms (34 cm long, 6 cm wide
and 14.5 cm deep, labefed A, B, or C) diverging at a 120° angle from the
central point. The experiments were performed in a dimly illuminated
room, and the floor of the maze was cleaned with 70% ethanol-soaked
paper after each mouse was tested. Each mouse was placed at the end of
one arm and allowed to move freely in the maze during an 8-min session.
The sequence of arm entries was recorded manually. An actual alternation
was defined as entries into the three arms on consecutive occasions (e.g.
the sequence, ABCBCBCA is counted two with the first consecutive ABC
and the last consecutive BCA). Then, the maximum alteration was the
total number of arm entries minus two and the percentage of alternation
was calculated as (actual alternations/ maximum alternation} x 100. The
total number of arms entered during the sessions was also recorded.

2.5. Open field test

The open field consists of a square acrylic box (40x40 cm). To
monitor locomotor activity in a novel whole field (40x40 cm) and a
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novel central field (20x 20 co} (novel test}), mice were placed in a
novel open field for 20 min and the activity was analyzed using
TopScan Suite (Clever Sys) (n =10, control; n= 10, ED; n=10, LD}.

After a novel open field test, we analyzed social interaction in the
familiar open field. One group consisted of 10 mice from two cages, each
housing five mice. Social interaction was analyzed within each group. Two
mice from different cages of one group were placed at opposite corners in
the open feld and their social activities were monitored for 10 min using
TopScan Suite. Pairs of mice from the same group were analyzed
sequentially in the same way, and, after the fifth pair was analyzed, the
sacial activities of a pair consisting of one mouse from the first session and
one from the second session were studied. Round sessions (10 sessions,
collectively) were thus performed within one group.

We monitored social contact, social approach and secial sniffing as
aspects of social interaction. These activities were measured for two
parameters, namely the action and its duration. First, an action in social
contact is defined as an inter-body distance of <20 mm between the two
animals and its duration is defined as a continuous time for the action of
>05 5. Next, an action in social approach is defined as the moving
direction and moving criterion. The moving direction requires that the
approaching mouse moves towards the other mouse, and that the angle
between the moving direction and a straight line to the other mouse
should be less than the specified threshold of 30°; the moving criterion
requires that the approaching mouse should move faster than the
_specified threshold of 10 mm/s. The duration in social approach is defined
as the continuous time of the action (>2.0 s). Finally, an action in social
sniffing is defined as the distance between the nose of the sniffing mouse
and the body of the mouse being sniffed (<30 mm). The duration in social
sniffing is defined as the continuous time of the action (>0.27 s}.

2.6. Novel object recognition test

In a novel object recognition test {NORT) session, two objects,
which are different in shape and color but similar in size, were
placed diagonally, 18 cmy from the nearest corner, in a familiar box
(40 < 40 cm). Each mouse was allowed to explore in the box for 10 min.
After this training, the mouse was returned to its home cage, and the
box and objects were cleaned with ethanol to avoid any effects of
odors. The mouse was then allowed to explore for 5 min in the same
box, with one novel abject replacing one object used in the training
session, 24 h after the training session. A mouse was considered to be
exploring the object when its nose was within 2 cm of the object. The
time spent exploring each object was recorded using TopScan Suite,
and the ratio of time spent exploring the novel abject to the total time
spent exploring both objects was calculated as the index of meniory
function.

2.7. Elevated plus-maze test

The elevated plus-maze test (EPMT) was used to evaluate anxiety-
related bebaviors, The apparatus for EPM consists of two opposed
open arms (5= 30 cm) and two opposed closed arms of the same size,
at right angles to the open arms. The latter were enclosed with walls
15 cm high. The plus-maze was elevated 65 cm above the floor, Mice
were placed in the center of the maze and allowed to explore the maze
freely for a 5-min testing period. The time spent in open and closed
arms, the number of entries into each arm, and the distance traveled
during the session were recorded and analyzed using TopScan Suite.
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Fig. 2. Y-maze test, Spatial working memory was analyzed by Y-maze test immediately, 10 weeks (ED mice) and 6 weeks (LD mice) after cuprizanc feeding. The percentage of alternation
behaviors in Y-maze tests decreased immediately after cupcizone feeding in both ED mice and LD mice compared with control mice {A) (p<0.05). The number of arm entries in the Y-maze
test increased in both €D mice and LD mice compared with controf mice (B) {p<0.05). Although the percentage of alternation behaviars for LD mice in the Y-maze test reverted to the
Tevel of control mice, that for ED mice remained low 10 weeks after cuprizone feeding (C) ([D: p>0.05; ED: p<0.05). The number of arm entries was not different among the three groups
{0} (p>0.05). 1= 10 per group,
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2.8. Statistical analysis

All data in the present study showed normal distribution and no
different variant verified by Kolmogorov-Smirnov test and F-test,
respectively. The differences between groups weve determined with
one-way analysis of variance (ANOVA) followed by the Bonferroni/
Dunn test (p<0.05 defining significance) except for two-paired
histological data with Student's t-test {p<0.05 defining significance).

3. Results

3.1. Cuprizone intake produces demyelination and its cessation induces
remyelination

The corpus callosum is a representative white matter in mice and
humans which could be involved in the pathophysiology of schizo-
phrenja (Gasparotti et al, 2009) and the prefrontal cortex is a
responsible region for spatial working memory and social behaviors
which are pivotal behaviors for schizophrenia (Brunet-Gouet and
Decety, 2006; Enomone and Floresco, 2009). We therefore focused on
the extent of demyelination and remyelination in these regions after the
cessation of cuprizone treatment. The intake of 0.2% cuprizone for
4 weeks resulted in distinct demyelination either in the ED group at P56
or in the LD group at P84, whereas no demyelination was observed in

A

control

LD

control mice either in the corpus callosum or in the prefrontal cortex
(Fig. 1B. corpus callosum: ED, p=0.0008, LD, p=0.001; Fig. 1D,
prefrontal cortex: ED, p=0.002, LD, p=0.0008). Myelination in the
cuprizone-treatec groups had been restored at P126, when behavioral
analyses were performed (Fig. 1C, corpus callosum: F=0.77, p =0.926:;
Fig. 1E, prefrontal cortex: F= 0,989, p=0.409).

3.2. Spatial working memory deficit is restored with concomitant
remyelination in LD but not in ED mice

First, we analyzed spatial working memory by Y-maze test. The
alternation behavior in this test decreased in both the €D and LD
groups immediately after the termination of cuprizone feeding, which
is consistent with a previous report (Xiao et al, 2008), while the
control mice showed no decrement (Fig. 2A: F=5.367, p=0.011;
control vs ED, p=0.004, control vs LD, p=0.012). The number of
entries to each arm was higher in the ED and LD mice than in the
control mice (Fig. 2B: F=5.825, p=0.008; control vs ED, p=0.016,
control vs LD, p=0.024). After remyelination had occurred, the
alternation behavior decreaset only in the ED mice, and not in the LD
mice (Fig. 2C: F=6.793, p=0.004; control vs ED, p=0.006, contral
vs LD, p>0.05, ED vs LD, p =0.02), and the number of entries to each
arm was not different among the three groups (Fig. 2D: F=0.039,
p>0.05).
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Fig. 3. Open ficld test. The locomotor activity and the social activity were analyzed 10 weeks (ED miice) and 6 weeks (LD mice) after cuprizone feeding. The locomotive distance of
mice in a novel open field was not different among control mice, ED mice and LD mice (A, B, C, D; p>0.05): however, the locomotive distance in a central area of the open field was
lower in ED mice than in control mice and LD mice {A, B, C, E; p<0.05). Social activities were measured in three ways: social contact, social approach, and social sniffing, The duration
of sacial contact was nat dilferent among the three groups (F; p>0.05), but the duration of social approach and social sniffing in ED mice was lower than in controf and LD mice (G, H;

p<0.05). n=10 per group.
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Fig. 4. NORT and EPMT. There were no differences in cognitive functions in NORT between control mice, ED mice and LD mice. The leagth of time spent exploring the two objects did
not differ among the three groups in the training session (A). Inthe retention session, also, the time spent exploring the navel object was not significantly different in the three groups
{B). EPMT revealed that anxiety level did not differ significantly between control mice, ED mice and LD mice. The time spent by all three groups in eitlier the open arms or the clased
arms was comparable (C, D) {(p>0.05), as was the exploring distance in the three groups (E) {p>0.05). n== 10 per group.

3.3. ED mice have high thigmotaxis and low social interaction
after remyelination

The locomative distance in a novel open field was not different in
control, ED and LD mice (Fig. 3A, B, C, D: F=0.629, p>0.05). However,
the moving distance in a novel central field was lower in the ED mice
than in the control and LD mice (Fig. 3A, B, C, E: F=6.344, p =0.006;
control vs ED, p=0.02, control vs LD, p>0.05, ED vs LD, p=0.01}.
While the duration in social contact was not different in the three
groups {Fig. 3F: F=2.190, p=0.12), the duration in social approach
and sniffing was shorter in ED mice (Fig. 3G, social approach:
F=6.700, p=10.004; control vs ED, p=0.01, control vs LD, p>0.05,
ED vs LD, p=0.013; Fig. 3H, sniffing: F==7.998, p=0.002; control vs
ED, p=0.005, contyol vs ED, p>0.05, ED vs LD, p = 0.008). These data
suggest that ED mice show higher thigmotaxis and lower social
interactions than the LD and control mice.

3.4. ED mice are normal in the novel object recognition test and do not
show anxiety-related behaviors

The length of time spent exploring two objects in the field was not
different in the three (control, ED and LD) groups in the NORT training
session {Fig. 4A: F=0.628, p>0.05). In the retention session, the three
groups of mice spent comparable periods exploring the novel object
{Fig. 4B: F=0.692, p>0.05). In the EPMT, the duration spent in the open
arms and closed arms was not different in any group of mice (Fig. 4C, D:
F=0.516. p>0.05, F=0.243, p>0.05, vespectively), and the locomotive
distance during the session was also not different among the three
groups (Fig. 4E: F=0.825, p>0.05).

4. Discussion

Increasing data have shown that schizophrenia is a neurodevelop-
mental disorder which s attributed to genetic and environmental

factors (Weinberger, 1987, 1995; Murray et al., 1992; Pearce, 2001;
Meyer et al., 2005). Imaging studies revealed not only atrophic gray
matter, but also white matter deficits in frontal and temporal lobe
(Janssen et al., 2008; Lui et al., 2009; Schneiderman et al,, 2009) and
postmortem histological examination has shown dysmyelination or
oligodendracytic apoptosis in schizophrenic patients {Uranova et al.,
2001; Flynn et al,, 2003; Stewart and Davis, 2004; Aberg et al., 2006)
although the causality remains unclear. These data mean that
myelination in tracts could have deficits in schizophrenic patients.
Additionally, neuregulin1 and sphingomyelin could be involved in the
pathophysiology of schizophrenia, which suggests that myelination
could be affected in the brains of schizophrenic patients because
either neuregulinl or sphingomyelin is critical for myelination
{Schmitt et al., 2004; Corfas et al., 2004; Roy et al., 2007).

Therefore, in the present study, we focused on the relationships
between the onset of disease and the cognitive deficits of schizophrenia.
To this goal, we sought to mimic early- and late-onset schizophrenia
using a cuprizone-induced demyelination model (Xiao et al., 2008). This
model has an important advantage that we could easily set “onset time”
by starting and ending cuprizone treatment arbitrarily. However, it
should be noted that cuprizone causes widespread demyelination in the
brain and used to produce model mice of multiple sclerosis {Koutsou-
daki et al, 2009), which is not generally observed in the brains of
schizophrenic patients (Mitterauer et al, 2007). Therefore, the
cuprizone-fed mouse never fully reflects the actual situation of human
schizophrenia, but rather be a model for studying an aspect of the
pathophysiology of schizophrenia. in this context, the present findings
must be corroborated with different models, such as amphetamine-
induced model and phencyclidine-induced model of schizophrenia
(Featherslone et al,, 2007; Enomono et al., 2007).

Generally, the peak of myelination is around P14 in the brains of mice
and around P1-2 in the brains of humans, but that still continue until
adulthood (Matthieu et al., 1973; Lauriat et al,, 2008), On the other hand,
behavioral alterations like schizophrenia are not obvious in mice until P35

:Please cite this article as:: Makinodan M, et al, Demyelination in:the juvenile period, but not in‘adulthood, leads to long-lasting cognitive .
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{Howland et al., 2004; Ozawa et al,, 2006), Therefore, we administrated
cuprizone for ED from P29 to P36, when myelination continues slowly in
brains and abnormal behaviors like schizophrenia could become
manifest in mice. This means that the period of ED corresponds to
puberty or adelescence in humans when myelination continues slowly at
least in the prefrontal cortex and the early onset of schizophrenia is. On
the contrary, LD is fronm P57 to P84 when myelination might continue, but
abnormal behaviors like schizophrenia could be recognized in most cases
in mice. Then, we could compare the behavioys of ED and LD mice as
early-onset schizophrenia and late-anset schizophrenia, respectively.

We analyzed spatial working memory in each mouse by a Y-maze
test. The early and late demyelination (ED and LD) treatment groups
approximately correspond to the periods typical for an early
manifestation of psychosis from puberty to late adolescence (dis-
organized schizophrenia) and a late manifestation of psychosis in
adulthood), respectively. Both treatments led to the impairment of
spatial working memory, consistent with previous data (Xiao et al.,
2008). However, when remyelination was achieved, spatial working
memory was kept impaired only in the ED mice, but not in the LD
mice. These findings revealed that the impairment of spatial working
memory in the ED mice was irreversible or very long-lasting by
unknown mechanisms as compared to the LD mice. In addition, the ED
mice, but not the LD mice, showed high thigmotaxis and low social
interaction with the same level of locomotion as control mice after
remyelination in an open field test. These results suggest that early
demyelination, but not late demyelination, in mice results in long-
lasting abnormal behaviors which may be reminiscent of the adverse
prognosis in early-onset schizophrenia.

Given the present results, an obvious question is rising: why were the
abnormal behaviors of the ED mice long-lasting and irreversible in spite
of the remyelination? The discrepancy between the ED and LD mice may
be attributed to the plasticity of developing neural circuits. Myelin is
indispensable for the formation of neural circuitry in the visual cortex
during a critical period in which neural plasticity continues (McGee
etal., 2005), and myelination in the prefrontal cortex accurs Jater than in
other brain areas (Lalonde and Badescu, 1995). We speculate that
myelination during the early periad (P29 to P56) in the present study
could be critical for the formation of neural circuits in certain brain areas,
such as the prefrontal cortex. In the ED case, the abnormal behaviors are
initially caused by demyelination, but they persist for longer, primarily
because of secondary defects in neural circuits. In contrast, demyelina-
tion in the LD mice produces abnormal behaviors similar to those
observed in the ED mice, but remyelination can restore the normal
functions of neural circuits. Consistent with this hypothesis, the levels of
novel abject recognition and anxiety in the ED mice were comparable to
those in the contro! and LD mice. Novel object recognition and anxiety
are predominantly subject to the perirhinal cortex (Barker et al,, 2007)
and amygdala (Hannesson et al,, 2008) respectively, both of which are
myelinated early in the postnatal period. We speculate that the capacity
for novel object recognition and anxiety may already have been deter-
minect before the ED period.

Our data reveal that early but not late demyelination induces long-
lasting disturbances in cognitive function and social activity, and
support a previous suggestion that pro-myelinating interventions are
potential approaches to treat schizophrenic patients (Xiao et al,
2008), especially in the case of early-onset schizophyenia. However,
we should be cautious enough to apply this model to schizophrenia
because demyelination is one of the many pathological facets of
schizophrenia, All together, these findings are highly suggestive for
onset-dependent differential symptoms of schizophrenia.
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ORIGINAL RESEARCH

Yi-Gan San Restores Behavioral Alterations and a Decrease
of Brain Glutathione Level in a Mouse Model of Schizophrenia

Manabu Makinodan’, Takahira Yamauchi', Kouko Tatsumi?, Hiroaki Okuda?,
Yoshinobu Noriyama', Miyuki Sadamatsu’, Toshifumi Kishimoto' and Akio Wanaka?

'Department of Psychiatry. and 2Department of Anatomy and Neuroscience, Nara Medical University
Faculty of Medicine.

Abstract: The traditional Chinese herbal medicine yi-gan san has been used to cure neuropsychological disorders.
Schizophrenia can be one of the target discases of vi-gan san. We aimed at evaluating the possible use of yi-gan san in
improving the schizophrenic symptoms of an animal model. Yi-gan san or distilled water was administered to mice born
from pregnant mnice injected with polyinosinic-polycytidilic acid or phosphate buffered saline. The former is a model of
schizophrenia based on the epidemiological data that maternal infection leads to psychotic disorders including schizophrenia
in the offspring. Prepulsc inhibition and sensitivity 1o methamphetamine in open feld tests were analyzed and the total
glutathione content of whole brains was measured. Yi-gan san reversed the decrease in prepulse inhibition, hypersensitivity
to methamphetamineg and cognitive deficits found in the model mice to the level of control mice. Total ghutathione content
in whole brains was reduced in the model mice but was restored to normal levels by yi-gan san treatment. These results
suggest that yi-gan san may have ameliorating cffects on the pathological symptoms of schizophrenia.

Keywords: Yi-gan san (yokukansan). schizophrenia, open field test, prepulse inhibition. cognitive deficits. glutathione

Introduction

Yi-gan san (YGS, yokukan-san in Japanese) has been administered to children for the treatment of restlessness
and agitation. Recent studies revealed that YGS is also useful in tneatmg neuxopsycholoclcal disorders such
as behdvnoxal and psychological symptoms of dementia (BPSD) in the elderly,"* a number of symptoms
of borderline personality disorder,’ tardive dyskinesia and psychotic symptoms of schizophrenia.®’

In the case of schizophrenia, many effective antipsychotics have been developed and widely used, but
some of them induce drowsiness and extrapyramidal symptoms (EPS). YGS has only mild sedative effects
and induces no EPS, making ita pxomisiw7 candidate as an antipsychotic for schizophrenia. In the present
study, we examined the efﬁcqcy of YGS in treating a mouse model of scluzoplnema wlnch is based on
the epidemiological data that maternal mfect;on leads to schizophrenia in offspring.® Polyinosinic-
polycytidilic acid (poly 1:C) is commonly used to induce an immune response similar to that induced by
viral infection.” When early pregnant mice receive intraperitoneal poly I:C injection, the behavior of their
pups (poly I: C—lmce) becomes schizophrenic. The prepulse inhibition is decreased, the sensitivity to
dopamine release is increased, and the cognitive function is impaired in poly I:C-mice. 10-13 Several reports
have shown that the abnormal behaviors were improved by antipsychotic treatments. In this model, we
investigated whether YGS could restore impaired PPI, methamphetamine hypersensitivity in an open
field test and cognitive deficits in a novel object recognition test (NORT). In addition, we measured total
glutathione content (both reduced and oxidized Spemes) in whole brain after oral admmlsn ation of YGS
to poly I:C-mice, since the cellular glutathione level is linked to the pathogenesis of sclnzophrema and
the brain and cerebrospinal fluid Ulutalhlone contents were decreased in schizophrenic patients.'

Material and Methods

Animals, prenatal treatment and YGS administration
C57BL/6 mice were mated at about 3 months of age and the first day after copulation was defined as
embryonic day 0 (E0). Pregnant mice received either a single i.p. injection of poly 1:C (20 mg/kg,'®)
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dissolved in phosphate buffered saline (PBS) or an
equivalent volume of PBS at embryonic day 12.5
(E12.5). Pups born from poly 1:C-treated mice and
PBS-treated mice are hereafter referred to as poly
I:C-mice and PBS-mice, respectively. Pups were
weaned and housed 4 to a cage according to sex
and litter at postnatal day 21 (P21), and housed in
a temperature- and humidity-controlled animal
facility under a reversed light-dark cycle (lights on
8:00~20:00). Poly I:C-mice and PBS-mice were
each divided into two groups containing twelve
pups from three different litters. The three
groups of pups were designated as PBS-control,
poly 1:C-control, and poly I:C-YGS groups. YGS
suspended in distilled water (DW) (1 g/kg,
0.5 ml/day x 21 days; from P56 to P76) was admin-
istrated using a syringe with a metal feeding tube
to poly [:C-YGS groups and the same amount of
DW was given to control pups on the same sched-
ule. Locomotor activity in an open field test and
PPl were measured at P77. For the biochemical
analysis of total glutathione content (see below),
three other groups of pups (four pups in each group)
were treated as above (YGS group and control
group) and whole brains were removed at P77. All
animals were male and maintained with food and
water ad lib through the duration of experiments.
Experimental protocols were according to the
guidelines of the Animal Care Committee of Nara
Medical University and were in accordance with
the policies established in the NIH Guide for the
Care and Use of Laboratory Animals.

Prepulse inhibition test

The mouse was placed in a translucent acrylic
cage (7cm x 7em X 16.5 cm). Movements of
animals were detected by a piezoelectric acceler-
ometer (GH313A, GA24580: Keyence, Kyoto,
Japan) attached to the bottom of the cage. White
noise at 115 dB for duration of 50 msec was used
as the acoustic startle stimulus (pulse). A noise
prepulse of 85 dB was presented for 30 msec.
Background noise was kept at a relatively con-
stant level, 70-73 dB. The test session consisted
of a total of 19 trials: 10 startle trials without a
prepulse (habituation), followed by 9 trials of
prepulse test session. The mean inter-trial interval
was 25 sec (range, 15-45 sec). In the prepulse
trials, prepulse with a lead time of 50 msec was
followed by the pulse. Four pulse-alone trials and
five prepulse trials were presented in random

order. Relative startle response (RSR) was
calculated using the formula RSR = (1-PP/N) % 100,
where PP was designated as the mean response
with prepulse and N was designated as the mean
response without a prepulse. (n = 12, PBS-mice-
control; n = 12, poly 1:C-mice-control; n = 12,
poly I:C-mice-YGS).

Open field test

The open field consists of a square acrylic box
(40 x 40 cm) and a video camera for recording
locomotion of mice. For monitoring of locomotor
activity in a novel environment (novel test), mice
were placed in a novel open field for 10 min, and
the successive activity in the same field during the
following 10 min was measured as basic locomotor
activity. Next, the locomotor activity was moni-
tored for 10 min in the same open field starting
30 min after the injection of methamphetamine
(1 mg/kg). We then analyzed the video-recorded
locomotion using tracking software, TopScan
Suite (Clever Sys Inc.) (n = 12, PBS-mice-control;
n = 12, poly I:C-mice-control; n = 12, poly
[:C-mice-YGS).

Novel object recognition test (NORT)
In a session, two objects, which are different in their
shape and color, but similar in size, were placed
diametrically opposite each other apart from the
corner (18 cm) in a familiar box (40 x40 x40 cm).
Before the session, mice were habituated in the box
for 3 days. Each mouse was allowed to explore in
the box for 10 min. The mice were considered to
be exploring the object when the nose, not the body,
was within 2 em from the edge of the object. The
time spent exploring each object was recorded
using TopScan Suite (Clever Sys Inc.,). After the
training, the mice were returned to their home
cages, and the box and objects were cleaned with
ethanol to avoid any effects of odors. The mice
were allowed to explore for 5 min in the same box
with one novel object instead of one object used in
the training session 24 h after the termination of
the training session. The time spent exploring each
object was recorded as described above. The ratio
of time spent exploring any one of the two objects
(training session) or the novel object (retention
session) to the total time spent exploring both
objects was employed for the measure of memory
function. (n = 11, PBS-mice-control; n = 10, poly
[:C-mice-control; n = 9, poly [:C-mice-YGS).
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Total glutathione assay

The whole brains of PBS-mice with DW. poly
[:C-mice with DW and poly 1:C-mice with YGS
were removed. Brains were homogenized in 5%
sulphosalicylic acid (0.5 mg/ml) and centrifuged
at 8000 x g for 10 min. The supernatant was
assayed using a total glutathione quantification kit
(Dojin Molecular Technologies Inc., Japan)
according to instructions provided by the manu-
facturer. Briefly, the total glutathione content was
detected by measuring the optic density of samples
and glutathione standard solutions. (n = 4, PBS-
mice-control; n =4, poly I:C-mice-control; n = 4,
poly [:C-mice-YGS). Reduced glutathione and
2-nitrobenzoic acid in the kit react to generate
2-nitro-5-thiobenzoic acid and glutathione disulfide.
Since 2-nitro-5-thiobenzoic acid is a yellow colored
product, glutathione concentration in a sample
solution can be determined by the measurement at
412 nm absorbance., Reduced glutathione is
generated from 2-nitro-5-thiobenzoic acid by
glutathione reductase, and reacts with 2-nitrobenzoic
acid again to produce 2-nitro-5-thiobenzoic acid.
Therefore, this recycling reaction improves the
sensitivity to total glutathione detection.

Statistical analysis

Bonferroni’s test was used to determine the
significant differences. Values of p < 0.05 were
considered to be statistically significant.

Results

YGS restored a decrease in prepulse
inhibition of poly :C-mice

PPI was decreased in the offspring born from poly
I:C-injected mice (poly I:C-control group) compared
with control mice (PBS-control group)(Fig. 1,
p < 0.05). YGS administration (poly I:C-YGS group)
significantly reversed the reduction in PPI in poly
I:.C-control mice (Fig. 1, p < 0.05) to a similar level
as in PBS-control mice (Fig. 1, p > 0.05).

YGS had no effect on hasal activity,
but prevented hyperlocomotion
after methamphetamine injection

in an open field test
In the novel open field, locomotor activity in PBS-
control, poly [:C-control and poly I:C-YGS mice

Prepulse inhibition test
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Figure 1. Prepulse inhibition test, Prepulse inhibition was decreased
in poly 1:C-controf mice cormpared to PBS-control mice {*; p < 0.05).
YGS reversed the disruplion of prepulse inhibition in poly I:C-control
mice to the level of PBS-control mice (*; p < 0.05).

was not different (Fig. 2A, p > 0.05). Basal
locomotor activity in the familiar open field was
also not different in the three groups (Fig. 2B,
p > 0.05). The activity of poly I:C-control mice
was significantly higher than that of PBS-control
mice after the injection of methamphetamine
(Fig. 2C, p < 0.05). YGS administration signifi-
cantly reversed the increased activity of poly L
C-control mice (Fig, 2C, p < 0.05) to asimilar level
to that of PBS-control mice (Fig. 2C, p > 0.05).

YGS improved cognitive deficits

of poly |:.C-mice

Poly [:C-mice showed cognitive deficits in NORT as
reported previously.™ The rate of time spent exploring
the two objects was not different in PBS-control, poly
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Figure 2. Open field test. Locomotor activity in the novel environment
for the first 10 min was not different in PBS-control mice, poly
l:C-control mice and poly :C-YGS mice (A). in the next 10 min, the
locomotor activity in the same field was also not different in the three
groups (B). YGS altenuated the hyperactivity of poly L C-control mice
to the level of PBS-control mice in the same field for 10 min, 30 min
after the injection of methamphetamine (C,*; p < 0.08).

Journal of Brain Disease 2009:1

- 343 -



