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Shi-Zhen-An-Shen decoction (SZASD), a Chinese herbal medicine that is a liquor extracted from plants by boiling, has been reported
to be effective in treating schizophrenia. However, the mechanism is unclear. Abnormal demyelination has been implicated in
schizophrenia. The aim of this study was to investigate the effect of SZASD on myelin in demyelinated mice exhibiting
schizophrenia-like behaviors. Sixty male C57BL/6 mice were randomly divided into six groups (n = 10 per group): (1) control
group, (2) cuprizone (CPZ, a copper chelator that induced demyelination, 0.2% w/w)+saline, (3) CPZ+low-dose SZASD (8.65 g·kg-
1·d-1), (4) CPZ+medium-dose SZASD (17.29 g·kg-1·d-1), (5) CPZ+high-dose SZASD (25.94 g·kg-1·d-1), and (6) CPZ+quetiapine
(QTP, an atypical antipsychotic that served as a positive treatment control, 10mg·kg-1·d-1). Mice in groups 2-6 were treated with
CPZ added to rodent chow for six weeks to induce demyelination. During the last two weeks, these mice were given an oral gavage
of sterile saline, SZASD, or quetiapine. Behavioral tests and brain analyses were conducted after the last treatment. The brain
expression of myelin basic protein (MBP) and neuregulin-1 (NRG-1) was assessed using immunohistochemistry and Western
blots. CPZ induced significant schizophrenia-like behaviors in the mice, including reduced nest-building activity and sensory
gating deficits. Hyperlocomotor activity was accompanied by significant reductions in MBP expression in the corpus callosum,
hippocampus, and cerebral cortex. However, both QTP and SZASD significantly reversed the schizophrenia-like behaviors and
demyelination in CPZ-fed mice. The QTP and medium-dose SZASD resulted in better therapeutic effects compared to the low and
high SZASD doses. Reduced NRG-1 expression was observed in CPZ-fed mice compared with controls, but neither QTP nor
SZASD showed significant influence on NRG-1 expression in the hippocampus. Together, SZASD showed a therapeutic effect on
demyelinated mice, and the improvement of demyelination might not be through the NRG-1 pathway.

1. Introduction

Schizophrenia is a severe, debilitating neuropsychiatric disor-
der affecting about 1% of the population worldwide [1]. The

lifetime prevalence of schizophrenia is approximately 0.6% in
China [2]. Schizophrenia is associated with long-term dis-
abilities, considerable economic burden, and challenging
social responsibility. Clinical symptoms of schizophrenia

Hindawi
Neural Plasticity
Volume 2021, Article ID 8812362, 12 pages
https://doi.org/10.1155/2021/8812362

https://orcid.org/0000-0003-3930-9358
https://orcid.org/0000-0003-4461-3020
https://orcid.org/0000-0002-0775-8696
https://orcid.org/0000-0002-0924-3530
https://orcid.org/0000-0002-8400-082X
https://orcid.org/0000-0002-6396-1031
https://orcid.org/0000-0002-6442-5871
https://orcid.org/0000-0002-6439-522X
https://orcid.org/0000-0002-4706-3063
https://orcid.org/0000-0003-1062-2009
https://orcid.org/0000-0002-4924-1388
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/8812362


are classified as positive (e.g., hallucinations and delusions),
negative (e.g., emotional blunting and social withdrawal),
and cognitive deficits (problems with attention, processing
speed, and working memory) [3].

Antipsychotic therapy is the primary clinical treatment for
schizophrenia. Although classical and atypical antipsychotics
can be able to reduce delusions and hallucinations, they have
little effect on negative symptoms and cognitive impairment
exhibited by schizophrenia patients [4]. Therefore, alternative
treatments for schizophrenia are needed. We have prescribed
Shi-Zhen-An-Shen decoction (SZASD), an empirical Chinese
herb prescription for individuals at extreme risk for psychosis
at Beijing Anding Hospital, and reported significantly relieved
psychiatric symptoms and improved cognitive function in
schizophrenia patients [5]. Also, numerous reports have
described divergent therapeutic effects for the active compo-
nents of SZASD, including cornel iridoid glycoside(CIG) [6]
and tetrahydroxystilbene glucoside(TSG) [7], on neurological
defects and cognitive impairment. Although increasing evi-
dence supports the neuroprotective effects of SZASD on neu-
rological disorders, its mechanisms of action remain unclear.

Although the interaction of genetics and environmental
factors is thought to be involved in the development of schizo-
phrenia, the specific pathophysiological processes involved in
the disease development and progression are largely
unknown. Many studies have focused on the role of changes
in gray matter in the pathogenesis of schizophrenia. Other
studies, including magnetic resonance imaging (MRI) [8]
and genetic analysis [9], suggest that abnormalities in white
matter (WM) and myelin sheaths are involved in the etio-
pathology of schizophrenia. The myelin sheaths in the central
nervous system (CNS) are primarily composed of oligoden-
drocytes and function to preserve axonal integrity for rapid
and efficient conduction of the electrical impulses along axons
[10]. The loss of myelinmay result in axonal degeneration and
neuronal dysfunction, which leads to cognitive deficits [11].

Cuprizone (CPZ) is a neurotoxic agent that acts as a cop-
per chelator [12], causing damage to the oligodendrocytes
[13]. Studies that fed mice with 0.2% (w/w) CPZ for several
weeks induced chronic demyelination. Recent imaging stud-
ies showed that there was significant demyelination in the
corpus callosum of mice fed with 0.2% CPZ for six weeks
[14]. Mice also exhibited abnormal behaviors, including
impaired sensory gating [15] and impaired memory [16]
when exposed to CPZ for three or four weeks. Quetiapine
(QTP) (an atypical antipsychotic) significantly improved
the schizophrenia-like behaviors and reduced myelin loss in
CPZ-fed mice [17, 18]. Previous studies revealed that QTP
at the dose of 10mg/kg could attenuate some of the changes
observed in CPZ-fed rats [19, 20].

The mechanisms of myelin development, degeneration,
and regeneration are complex. Considerable evidence shows
that neuregulin- (NRG-) 1 plays an important role in regulat-
ing the myelination process [21]. Furthermore, clinical [22]
and animal studies [23] indicate a critical role of NRG-1 in
the development of schizophrenia. Thus, we speculated that
NRG-1 was a potential target for the therapeutic effect of
SZASD on schizophrenia. This study examined the effects
of SZASD on schizophrenia-like behaviors in mice in which

demyelination was induced by exposure to CPZ. We hypoth-
esized that SZASD would exert its antipsychotic effects by
protecting the myelin sheath through the NRG-1 signaling
pathway.

2. Materials and Methods

2.1. Animals. Sixty six-week-old male C57BL/6 mice weigh-
ing 20 ± 2 g were used. Mice were obtained from the labora-
tory animal center at Capital Medical University. They were
housed in SPF environment with a 12h light/dark cycle and
a temperature- and humidity-controlled facility (22 ± 1°C
and relative humidity of 55% to 60%), with free access to food
and water. All animal experiments were approved by the
Institutional Animal Care and Use Committee of Capital
Medical University (AEEI-2018-047).

2.2. Drugs. CPZ (Sigma-Aldrich, St. Louis, MO, USA) was
added to the rodent chow with a final concentration of
0.2% (w/w). As a positive control, additional mice were
treated with quetiapine (AstraZeneca, Wilmington, DE,
USA, 10mg·kg-1·d-1, QTP), a widely used antipsychotic
[18]. SZASD is a traditional Chinese herb formula, which is
composed of Chrysanthemum (菊花), Rehmannia glutinosa
(干地黄), and Polygoni Multiflori Radix (何首乌) and other
components [5]. All herbs were purchased from Beijing Tong
Ren Tang (Group, Co., Ltd., Beijing, China). The mixed herbs
were boiled at 100°C in an appropriate volume for 1h, and
the extraction procedure was repeated twice. The aqueous
extracts were filtered, combined, and further concentrated
using rotary evaporation under vacuum in a 60°C water bath.
The concentrated extract was lyophilized to create a SZASD
powder (yield: 32.0%) and stored under desiccation at room
temperature.

2.3. Drug Preparation and Administration. The dose of
SZASD administered to the mice was increased 9.1-fold com-
pared to the typical human dose, based on the formula for the
body surface area. For an average adult human weighing
70 kg, the typical dose is 1.9 g herbs·kg-1·d-1. The low (L),
medium (M), and high (H) doses for mice were calculated
as 8.65, 17.29, and 25.94 g ·kg-1·d-1, respectively. The powder
was dissolved in sterile saline (NS) before administration via
gavage. The final volume used for gavage feeding was
0.06mL/10 g. The control and QTP-treated groups were
gavaged daily with an equal volume of sterile saline.

2.4. Experimental Design. Sixty mice were randomly divided
into six groups (n = 10 per group). Mice in group 1, the
control group (control), received regular rodent chow and
tap water. Group 2 mice (CPZ+NS) were fed a rodent chow
containing CPZ from weeks zero to six (10mg·kg-·d-1) to
induce chronic demyelination. The CPZ was administrated
with NS intragastrically via gavage during the last two weeks
of treatment. Group 3 mice (CPZ+L(SZASD)) that received a
low dose of SZASD (8.65 g·kg-1·d-1), group 4 mice (CPZ
+M(SZASD)) that received a medium dose of SZASD
(17.29 g·kg-1·d-1), group 5 mice (CPZ+H(SZASD)) that
received a high dose of SZASD (25.94 g·kg-1·d-1), and group
6 mice (CPZ+QTP) that received QTP (10mg·kg-1·d-1) were
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treated with rodent chow containing 0.2% CPZ (w/w) during
weeks zero through six [24]. SZASD and QTP were adminis-
tered using oral gavage once daily for two weeks (Figure 1).
The mice were weighed weekly.

2.5. Behavioral Tests. The behavioral tests were conducted 24
hours after the completion of the two-week drug exposure.

2.5.1. Nest-Building Activity. As previously described, each
mouse was individually housed in a new cage overnight with
access to food and water ad libitum. One unit of pressed
cotton batting (5 cm × 5 cm) was placed in a corner of the
cage [25]. Normal mice perform typical nest-building activi-
ties in the “home” cage. A five-point criteria system was used
to evaluate the nest-building activity of mice the following
morning [26]. The criteria included the following: 1=pressed
cotton batting was scattered throughout the cage, not bitten;
2=pieces of pressed cotton batting were applied to a side of
the cage, but relatively loose and not forming a nest, and with
no obvious tearing or folding; 3=pieces of pressed cotton
batting were folded together to form a nest, but the nest was
relatively flat and did not exhibit any visible tearing; 4=pieces
of the pressed cotton batting were folded together to form a
ball-shaped nest that covered the mouse, and the batting was
bitten into small pieces; and 5=pieces of the pressed cotton
batting were folded together to form a ball-shaped nest that
covered the mouse, and the nest walls were higher than the
height of the mouse’s body. The nest-building scores were
obtained blindly by the same observer [27].

2.5.2. Open-Field Test. The open-field test was used to mea-
sure the locomotor activity, exploratory behavior, and
anxiety-related behavior of the mice. Tests were performed
in a quiet house with low light levels. The day before the
experiment, the mice were moved to this room to allow them
to adapt to the environment. The open-field test was
performed in a square box (40 × 40 × 25 cm) painted gray.
A video camera was placed 1.5 meters above the box. The
camera was connected to a computer equipped with the
Supermaze System (Shanghai Xinruan Information Technol-
ogy, Co. Ltd., Shanghai, China) to evaluate locomotor
activity. Each mouse was placed in the center of the box
and tested individually in the open field for 30min, and the
behaviors were recorded. After each test, the equipment
was cleaned with 70% alcohol. The total distance traveled
and time spent at the perimeter were analyzed.

2.5.3. Prepulse Inhibition (PPI). PPI was performed according
to published methods with slight modifications [28]. The
mice were exposed to a series of startle pulses with or without
a short acoustic prepulse. Auditory startle reflex and sensory
gating were evaluated using commercial startle chambers
(MED-ASR-PRO1, MED Associates Inc., USA). White noise
(60 dB) was provided as the background noise, and the exper-
iment was divided into three stages, including an adjustment
period, block I, and block II. After an adjustment period of
five minutes, block I was set to 20 trials at 20 s intervals. Each
trial included a single 20ms 110 dB startle pulse stimulus
with no acoustic prepulse. Block II included 60 trials at 20 s
intervals with an acoustic prepulse and co5vered six types

of stimuli, including a 2ms duration prepulse at 75dB or
85dB, followed by no-startle stimulus or a 20ms 110dB
startle stimulus with a 30ms or 100ms delay. Each trial type
was randomly repeated ten times. The PPI score was calcu-
lated using the block II data and the following formula: PPI
= ð1 − prepulse plus startle amplitude/startle only amplitudeÞ
× 100. PPI sessions were performed between 08:00 and
12:00 a.m.

2.6. Biochemical Analyses

2.6.1. Tissue Preparation. After the behavioral tests were
completed, five mice from each group were used for immu-
nohistochemical staining, and the other five mice were used
for Western blot analysis. The mice used for immunohisto-
chemical staining were deeply anesthetized using pentobarbi-
tal sodium (250mg/kg, intraperitoneal injection (i.p.)) and
then transcardially perfused with saline, followed by 4%
paraformaldehyde in PBS (0.1M, pH=7.4) [29]. The brains
were removed and immersed in the same fixative overnight
at 4°C, followed by cryoprotection in 20% sucrose for 24h
and 30% sucrose for 48 h, both at 4°C. The brains were cut
into serial coronal sections (30μm) using a sliding micro-
tome, and the sections were collected into 16-well plates for
cryopreservation. The mice used for Western blots were
euthanized using cervical dislocation. The hippocampus
and cerebral cortex were removed from the brains and
quickly stored at -80°C for Western blot analysis.

2.6.2. Immunohistochemical Staining. Free-floating sections
were placed in PBS and washed three times at room tempera-
ture (RT) and then permeabilized with 0.3% Triton for
30min at RT. Then, the sections were washed three times in
PBS and incubated in PBS with 10% hydrogen peroxide for
30min at RT. After washing three times with PBS, the sections
were incubated with goat serum for 30min at RT to block non-
specific antigens. Subsequently, the sections were incubated in
a solution containing an MBP (myelin basic protein) rabbit
polyclonal primary antibody (1 : 200 dilution, Sigma-Aldrich,
St. Louis, MO, USA) overnight at 4°C. After rinsing in PBS,
the sections were incubated with a secondary antibody conju-
gated with HRP (Zhongshan Golden Bridge Biology Company,
Beijing, China) for 20min at RT. The antigen-antibody com-
plexes were visualized using 0.025% diaminobenzidine (DAB;
Zhongshan Golden Bridge Biology Company, Beijing, China)
as the chromogen. All sections were washed in PBS and
mounted on amino propyltriethoxysilane-coated slides. The
mounted sections were dehydrated using a graded series of eth-
anol, cleared in xylene, and coverslipped with immunohisto-
chemical sealed with water-soluble tablets. Images were
obtained using a Nikon BX-51 light microscope and analyzed
using Image-Pro Plus 6 (Media Cybernetics, Inc., Bethesda,
MD, USA).

2.6.3. Western Blot Analysis. The proteins were extracted
with Tris-EDTA lysis buffer (1mM EDTA, 20mM Tris,
pH7.5, 1% Triton X-100, and 10% glycerol) containing a
protease inhibitor cocktail (Sigma-Aldrich, St. Louis, MO,
USA). After the content was determined, the proteins were
separated by sodium dodecyl sulfate-polyacrylamide gel
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electrophoresis and transferred onto Immobilon-FL NC
membranes (Millipore UK Ltd., Watford, UK). Membranes
were blocked with Tris-buffered saline containing 0.1%
Tween-20 and 5% nonfat milk (PBST/5% milk) and then
probed with specific antibodies at 4°C overnight. Membranes
were then washed with PBST and incubated for 1 or 2h in
PBST/5% milk containing horseradish peroxidase- (HRP-)
conjugated secondary antibodies (1 : 2000, Zhongshan Golden
Bridge Biology Company, Beijing, China); then, the target
band was focused through enhanced chemiluminescence
(ECL System, Bio-Rad, Hercules, CA, USA). Images were cap-
tured by the V3Workflow (Bio-Rad, Hercules, CA, USA), and
the bands visualized in the gels were analyzed using the Image
Lab Software (Media Cybernetics, Inc., Bethesda, MD, USA).
The following primary antibodies were used in this study: rab-
bit monoclonal anti-MBP (1 : 1000, Abcam, Cambridge, UK),
rabbit polyclonal anti-NRG1 (1 : 1000, Abcam, Cambridge,
UK), and mouse monoclonal anti-β-actin antibody (1 : 1000;
Santa Cruz, Dallas, Texas, USA).

2.7. Statistical Analysis. SPSS software version 20 was used
for data analysis, and GraphPad software (Prism version 6)
was used for charting. The data in the statistical chart were
expressed as the means ± SEM (Standard Error of Mean).
The difference of PPI and nest-building ability among groups
was analyzed by the Wilcoxon rank-sum test. Repeated mea-
sures ANOVA with Bonferroni adjustment was used to com-
pare the weight of mice among groups. The other data were
analyzed using one-way analysis of variance (ANOVA),
and Dunnett’s post hoc test was used for multiple compari-
sons. The p value of less than 0.05 was considered significant.

3. Results

3.1. Body Weight Changes. All mice exhibited shiny, smooth
fur, as well as normal activity levels and feeding behavior.
No mice died during the experiment. Repeated measures
ANOVA for body weight showed that there was a significant
main effect for time (Ftime = 675:87, ptime < 0:001), group
assignment (Fgroup = 31:19, pgroup < 0:001), and interaction
(Fgroup = 28:43, pinteraction < 0:001), meaning a significant
difference in body weight from baseline to the end of 6 weeks
among groups (Table 1). The control group showed
sustained body weight gain during the experimental period.

The CPZ-treated mice exhibited lower body weight gain than
the control mice, starting in the second week of the experi-
ment. As shown in Table 1, both medium-dose SZASD and
QTP remarkably increased the body weight of CPZ-treated
mice from the 4th week to the 6th week.

3.2. Schizophrenia-Like Behaviors. The CPZ-treated mice
presented schizophrenia-like behaviors, including abnormal
nesting activity, locomotor activity, and PPI.

A significant decrease in nest-building scores was
observed in the CPZ+NS group compared to the naive con-
trols (p < 0:01, Figure 2). CPZ-fed mice treated with three
different doses of SZASD did not show significant changes
in nest-building scores compared with the CPZ+NS group
(all p > 0:05), although QTP significantly increased the
nest-building ability in CPZ-fed mice (p < 0:05).

The open-field test evaluated the locomotor activity of
the mice. The CPZ+NS group traveled a relatively greater
total distance than the control group (p > 0:05) and a signif-
icantly greater total distance than the CPZ+M-SZASD and
CPZ+H-SZASD groups (p < 0:05, each) (Figure 3). No
significant difference was observed in the time spent in the
center of the open-field chamber (a marker of anxiety)
among the six groups, although the CPZ+NS group showed
a trend towards increased time compared to other groups.

PPI evaluates the sensory gating function, which is
impaired in schizophrenia. The CPZ+NS group showed
significantly lower PPIs than other groups at both the pre-
pulse intensity of 75 dB with a 30ms delay (p < 0:05, for all
groups except the CPZ+H-SZASD group) and at 75 dB with
a 100ms delay (p < 0:01, all groups) (Figure 3(c)).

3.3. Myelin Sheath. MBP is the main component of myelin
and is essential to maintain the structural stability and func-
tion of the myelin sheath. Immunohistochemistry analysis
(Figure 4) revealed that the expression of MBP was signifi-
cantly downregulated in the corpus callosum (Figure 4(a), p
< 0:01), hippocampus (Figure 4(b), p < 0:01), and cerebral
cortex (Figure 4(c), p < 0:05) after CPZ exposure, and this
was reversed in mice treated with the three doses of SZASD
and QTP, except for the hippocampus where the L-SZASD
and H-SZASD treatments did not reverse the CPZ-induced
MBP downregulation (p > 0:05). Western blot analysis also
showed significantly decreased MBP expression in the

–1week 0week 1week 2weeks 3weeks 4weeks 5weeks 6weeks

CPZ (0.2%)

Tissue collect

Treatment (SZAS decoction & QTP) behavioral tests

Figure 1: Study design. Mice in the control group were fed with regular rodent chow, while the cuprizone exposure groups were fed a diet
containing 0.2% cuprizone. Behavioral assessments were conducted by one or two trained observers on the indicated day throughout the
entire study. All mice were euthanized when behavioral tests were completed.
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hippocampus after CPZ exposure (p < 0:01) (Figures 5(a)
and 5(b)) that was reversed after M-SZASD, H-SZASD, and
QTP treatment, but not after L-SZASD treatment (p < 0:05).

3.4. NRG1 Expression. NRG-1 signaling is crucial for normal
oligodendrocyte development and CNS myelination. West-
ern blot analysis revealed that exposure to CPZ significantly
decreased NRG-1 expression in the mouse hippocampus
(Figures 5(c) and 5(d), p < 0:01), which was not significantly
reversed after SZASD and QTP treatments, all p > 0:05).

4. Discussion

We evaluated the remyelinating properties of SZASD in
CPZ-treated mice. SZASD improved schizophrenia-like
behaviors in CPZ-treated mice, including sensory gating
and locomotor activity. SZASD also prevented demyelination
and reversed MBP loss in the cerebral cortex, corpus callo-
sum, and hippocampus but not the loss of hippocampal
NRG-1 protein of CPZ-treated mice. These results suggested
that SZASD might ameliorate schizophrenia-like behavior
and demyelination in CPZ-treated mice independent of the
NRG-1 pathway.

Several kinds of animal models were commonly used in
schizophrenia, but the pathological mechanisms are differ-
ent. Common drugs used in pharmacological models are
amphetamine or methamphetamine (dopamine receptor
agonists), phencyclidine (PCP), and diphenhydramine
maleate (MK-801), which resulted in schizophrenia-like
symptoms in animals [30]. However, these animal models
only showed part of the phenotypes of schizophrenia. For
example, amphetamine only induces psychotic-like changes
but does not mimic the negative or cognitive symptoms seen
in schizophrenia [31]. MK-801 induces two main psychomo-
tor behaviors: positive symptoms (rapid movement [32, 33])
and negative symptoms (stereotyped behavior [34]), as well
as long-term impairment in associative memory and spatial
working memory [35]. Studies with neuroimaging [36], gene
[37, 38], and postmortem [39] showed that there was white
matter damage in schizophrenia patients and animal models.
Previous studies have shown that CPZ effectively induces
demyelination [40] and that the demyelination process can
lead to the development of schizophrenia-like behaviors
[28, 41]. CPZ-fed mice exhibited loss of body weight [42],
increased locomotor activity [41], impaired sensory gating
[15], and loss of MBP in the brain, which were in line with

our present result in this study. The hyperactivity of CPZ-
fed mice in the open-field test might reflect the abnormal
activity in the mesolimbic and nigrostriatal dopamine system
[43]. The decreased nest-building activity in demyelinated
mice might reflect self-neglect and social withdrawal [27],
whereas the decline in PPI reflected impaired sensory gating,
which was predominantly regulated by the cortico-striato-pal-
lido-pontine (CSPP) system [44]. Importantly, antipsychotics
such as quetiapine [18] and olanzapine [45] significantly
improved the abnormal behavior and myelin sheath loss in
CPZ-fed animals. Thus, exposure to CPZ offers a promising
model to study the effects ofWM impairment in schizophrenia.

In this study, the CPZ-fed mice exhibited significant loss
of myelin in the corpus callosum, hippocampus, and cerebral
cortex, which was similar to a previous study [46]. MBP is the
primary component of myelin, a critical component in main-
taining the integrity of the myelin sheath, and is a biomarker
for axon myelination sheaths. The myelin sheath is essential
for providing nutrition to the axon and maintaining the
proper conduction velocity of action potentials necessary
for physiological function [47]. The corpus callosum is the
largest connectivity component in the brain and transfers
information between the two cerebral hemispheres [48].
The corpus callosum is responsible for processing cognitive
information [43]. The hippocampus is responsible for learn-
ing and memory. Imaging studies have revealed impaired
WM in these brain regions of patients with schizophrenia
[49]. Reduced cellular density and morphological abnormal-
ities of oligodendrocytes have been reported in the brains of
schizophrenia patients, primarily in the corpus callosum
[50], anterior cingulate cortex, prefrontal cortex [51–53],
and hippocampus [54]. Therefore, demyelination in the
cerebral cortex, corpus callosum, and hippocampus in our
study might be related to the schizophrenia-like behaviors
observed in CPZ-treated mice.

To explore the antipsychotic effect of SZASD, we com-
pleted a two-arm clinical study that used the Global Assess-
ment of Functioning Scale, Positive and Negative Syndrome
Scale, and Structured Interview for Prodromal Syndromes
in 54 individuals with ultrahigh risk for psychosis [5]. This
study revealed that a twelve-week treatment using aripipra-
zole and SZASD cotherapy (vs. aripiprazole (5-10mg/day)
with a SZASD placebo) significantly improved the psychotic
symptoms and cognitive deficits of the patients in their
performance in the verbal learning, visual memory, continu-
ous performance, and stroop (color/word) tests (p < 0:05),

Table 1: Effects of SZASD and QTP on the body weight in CPZ-treated mice.

Group Week 0 Week 1 Week 2 Week 3 Week 4 Week 5 Week 6

Control 22:36 ± 0:93 24:75 ± 0:62 26:00 ± 0:60 27:05 ± 0:59 27:93 ± 0:61 28:81 ± 0:76 29:61 ± 0:75
CPZ+NS 22:83 ± 0:52 24:18 ± 0:55 23:61 ± 0:59∗∗∗ 22:83 ± 0:55∗∗∗ 23:65 ± 0:54∗∗∗ 24:60 ± 0:67∗∗∗ 26:00 ± 0:74∗∗∗

CPZ+L(SZASD) 22:88 ± 0:67 24:51 ± 0:69 23:68 ± 0:73∗∗∗ 23:03 ± 0:69∗∗∗ 24:14 ± 0:76∗∗∗ 25:48 ± 0:96∗∗∗ 26:65 ± 1:11∗∗∗

CPZ+M(SZASD) 22:85 ± 0:51 24:68 ± 0:86 24:11 ± 0:80∗∗ 23:40 ± 0:81∗∗∗ 24:58 ± 0:71∗∗∗ 25:96 ± 0:58∗∗∗## 27:12 ± 0:68∗∗∗#

CPZ+H(SZASD) 22:90 ± 0:69 24:53 ± 0:91 23:84 ± 0:85∗∗∗ 23:21 ± 0:84∗∗∗ 24:33 ± 0:81∗∗∗ 25:31 ± 0:96∗∗∗ 26:18 ± 0:73∗∗∗

CPZ+QTP 23:23 ± 0:17 25:21 ± 0:81 24:57 ± 0:90∗∗ 24:08 ± 0:71∗∗∗## 25:05 ± 0:72∗∗∗## 26:36 ± 0:84∗∗∗## 27:70 ± 0:85∗∗∗##

Data represent mean ± SD. n = 12 per group. ∗∗p < 0:01, ∗∗∗p < 0:001 compared with control group; #p < 0:05, ##p < 0:01 compared with CPZ+NS group.
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Figure 2: Nesting activity was altered by exposure to cuprizone and partially rescued by quetiapine and SZASD. (a) Representative images of
nesting activity of mice in the control, CPZ, CPZ+L(SZASD), CPZ+M(SZASD), CPZ+H(SZASD), and CPZ+QTP groups. (b) Histogram of
nesting scores in mice among the six different groups. Values are expressed as median (interquartile range) (n = 10, ∗∗p < 0:01, model group
vs. control group; #p < 0:01, ##p < 0:01, drug groups vs. model group). Legend: CPZ+L(SZASD): 8.65 g·kg-1·d-1; CPZ+M(SZASD): 17.29 g·kg-
1·d-1; CPZ+H(SZASD): 25.94 g·kg-1·d-1; CPZ+QTP: 10mg·kg-1·d-1.

6 Neural Plasticity



whereas aripiprazole monotherapy only increased the verbal
learning and the stroop word test scores (p < 0:05). Our pres-
ent study also indicated the antipsychotic effect of SZASD in
CPZ-fed mice. The medium dose of SZASD significantly
improved behavioral abnormalities and MBP expression,
and this was similar to the effect of QTP. The low dose of
SZASD only partially improved CPZ-induced neurobiologi-
cal and behavioral deficits and was less effective than the
medium dose of SZASD. The high dose of SZASD only mod-

erately improved the behavioral deficits, suggesting a sedative
or hypnotic effect of SZASD at the highest dose. Neverthe-
less, all SZASD doses used in this study appeared to be within
safe and effective ranges (Supplementary material Figure 1).

Previous studies have supported the possibility of neuro-
protective effects produced by the main components of
SZASD in neurological diseases. For example, intragastric
administration of CIG, the primary component extracted
from Rehmannia glutinosa, ameliorated the neurological
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Figure 3: Locomotor activity and PPI deficits due to exposure to cuprizone rescued by quetiapine and SZASD. (a) Representative movement
traces of mice in the control, CPZ+NS, CPZ+L(SZASD), CPZ+M(SZASD), CPZ+H(SZASD), and CPZ+QTP groups. (b) (i) Comparison of
total locomotor activity (total movement distance in 30min) of mice among groups. (ii) Comparison of center zone movement distance in
30min of mice among groups. (c) Comparison of (i) PPI at 75 dB with a 30ms interval and (ii) PPI at 75 dB with a 100ms interval among
groups. Values are expressed as mean ± SEM (Standard Error of Mean) (n = 10-14, ∗∗p < 0:01, model group vs. control group; #p < 0:01,
##p < 0:01, drug groups vs. model group). Legend: CPZ+L(SZASD): 8.65 g·kg-1·d-1; CPZ+M(SZASD): 17.29 g·kg-1·d-1; CPZ+H(SZASD):
25.94 g·kg-1·d-1; CPZ+QTP: 10mg·kg-1·d-1.
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Figure 4: Decrease inMBP expression as visualized using immunostaining inmice induced by exposure to cuprizone and rescued by quetiapine
and SZASD. (a) Corpus callosum (×40). (b) Hippocampus (×40). (c) Cerebral cortex (×100). Values are expressed as mean ± SEM (Standard
Error of Mean) (n = 3-4; ∗p < 0:05, ∗∗p < 0:01, model group vs. control group; #p < 0:01, ##p < 0:01, drug groups vs. model group).
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defects and cognitive impairment in rats after traumatic brain
injury or fimbria-fornix transection [55]. Moreover, TSG, the
main active component extracted from Polygoni Multiflori
Radix, showed neuroprotective effects and improved learning
and memory in both normal and neurotoxin-injured animals
[56]. Our present results confirmed that intragastric treatment
with SZASD for 14 consecutive days significantly improved
schizophrenia-like behavioral deficits in CPZ-treated mice,
including sensory gating and locomotor activity. Although
the exact mechanism of the neuroprotective effect of SZASD
is unknown, it might involve the inhibition of neuronal apo-
ptosis and the promotion of neuroregeneration mediated by
neurotrophic factors [6, 55]. Our study was the first to demon-
strate the protective effect of SZASD on myelin sheath in the
cerebral cortex, corpus callosum, and hippocampus and its
association with improved psychological behaviors and cogni-
tive deficits in CPZ-induced demyelinated mice.

Although NRG-1 protein has been implicated in neuro-
development, myelination, and schizophrenia [57, 58], a
definite role for NRG-1 in schizophrenia remains question-
able. Both overexpression [59] and knockout NRG-1 signal-
ing [60] have induced schizophrenia-like behaviors in
animals. Furthermore, both elevated [61] and reduced [62]
NRG1 levels were reported in patients with schizophrenia.
In this study, the CPZ induced a significant decrease in
NRG-1 protein in the hippocampus that was not reversed
with SZASD (p > 0:05). This result suggested that NGR-
1was not involved in the neuroprotective effect of SZASD-
mediated remyelination and behavioral improvement in
CPZ-treated mice.

Several limitations of this study should be noted. Firstly,
due to the complexity of the symptoms and etiology of schizo-
phrenia, it is difficult to replicate the full spectrum of
symptoms and etiology in animal models. CPZ-fed mice only
simulate symptoms related to myelin loss. Secondly, the path-
ophysiological process in this particular mouse model of
schizophrenia is unclear and may not be specific to schizo-
phrenia. Myelin impairment has been observed in other
disorders [63], including bipolar disorder (BD), major depres-
sive disorder (MDD), andmultiple sclerosis (MS). Thirdly, the
demyelination induced by CPZ may be transient. Withdrawal
of CPZ can spontaneously initiate myelin repair [64]. There-
fore, clinical studies and more appropriate animal models
are needed to fully understand the potential mechanism of
action of SZASD in schizophrenia.

5. Conclusions

In summary, this study demonstrated that SZASD improved
schizophrenia-like behaviors and demyelination impairment
in mice exposed to CPZ. However, further studies are needed
to determine the biological mechanisms that underlie the
therapeutic effect of SZASD.

Data Availability

The original data of this study are available from the corre-
sponding authors upon reasonable request.
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Figure 5: Effects of SZASD onMBP and NRG1 expression in CPZ-treated mice. (a, b) Western blot and quantitative analysis of expression of
MBP protein in the hippocampus. (c, d) Western blot and quantitative analysis of expression of NRG1 protein in the hippocampus. β-Actin
was used as an internal control. Values are expressed asmean ± SEM (Standard Error of Mean) (n = 4-6, ∗∗p < 0:01, model group vs. control
group; #p < 0:01, drug groups vs. model group).

9Neural Plasticity



Ethical Approval

This study was conducted following the Animal Use and
Care Guidelines issued by the National Institutes of Health
and was approved by the Animal Use and Care Committee
at Capital Medical University, and all efforts were made to
minimize animal suffering.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Hongxiao Jia and Zuoli Sun designed the research and
obtained funding for this study. Chao Ma and Yan Wu per-
formed the experiments. Chao Ma, Yan Wu, Pei Chen, Yi
He, Jia Yuan, Dongping Yin, Yanzhe Ning, and Xinyao Liu
analyzed the data. Chao Ma and Yan Wu wrote the manu-
script. Guoqiang Xing modified the manuscript. All authors
took part in the design of the study. All authors reviewed
and approved the submitted version of the manuscript.

Acknowledgments

This project was funded by the National Natural Science Foun-
dation of China (81873398, 81801339), Capital’s Funds for
Health Improvement and Research (2018-1-2122, 2020-4-
2126), ChineseMedicine Science and TechnologyDevelopment
Fund of Beijing (2018-27), Beijing Hospitals Authority Clinical
Medicine Development of Special Funding (ZYLX202129), and
Beijing Hospital Authority’s Ascent Plan (DFL20191901).

Supplementary Materials

Supplementary Figure 1: safety effects (hematoxylin and
eosin (HE) staining) of SZASD with different extraction pro-
cesses on different organs in female rats (180-220 g) at high
doses (23.25 g·kg-1·d-1) for 26 weeks (HE, ×100). (A) Liver
in the control group. (B) Liver in the high-dose group. (C)
Lung in the control group. (D) Lung in the high-dose group.
(E) Heart in the control group. (F) Heart in the high-dose
group. (G) Kidney in the control group. (H) Kidney in the
high-dose group. (I) Spleen in the control group. (J) Spleen
in the high-dose group. (Supplementary Materials)

References

[1] M. Laruelle, “Schizophrenia: from dopaminergic to gluta-
matergic interventions,” Curr Opin Pharmacol, vol. 14,
pp. 97–102, 2014.

[2] Y. Y. Huang, H. Wang, H. Wang et al., “Prevalence of mental
disorders in China: a cross-sectional epidemiological study,”
Lancet Psychiatry, vol. 6, no. 3, pp. 211–224, 2019.

[3] L. Zhang, S. Xu, Q. Huang, and H. Xu, “N-Acetylcysteine
attenuates the cuprizone-induced behavioral changes and oli-
godendrocyte loss in male C57BL/7 mice via its anti-
inflammation actions,” Journal of neuroscience research,
vol. 96, no. 5, pp. 803–816, 2018.

[4] T. R. Insel, “Rethinking schizophrenia,” Nature, vol. 468,
no. 7321, pp. 187–193, 2010.

[5] H. X. Jia, H. Zhu, and S. Liu, “Yi Shen Pin Gan Fang -a Chinese
herb formula is effective in treating the ultra high risk for psy-
chosis population early intervention in psychiatry,” European
Journal of Pharmacology, vol. 10, p. 227, 2016.

[6] D. N. Ma, X. Wang, X. Fan et al., “Protective effects of cornel
iridoid glycoside in rats after traumatic brain injury,” Neuro-
chemical Research, vol. 43, no. 4, pp. 959–971, 2018.

[7] L. Y. Zhou, Q. Hou, Q. Yang et al., “Tetrahydroxystilbene glu-
coside improves the learning and memory of amyloid-β1–42-
injected rats and may be connected to synaptic changes in the
hippocampus,” Canadian Journal of Physiology and Pharma-
cology, vol. 90, no. 11, pp. 1446–1455, 2012.

[8] D. Alnæs, T. Kaufmann, D. van der Meer et al., “Brain hetero-
geneity in schizophrenia and its association with polygenic
risk,” JAMA Psychiatry, vol. 76, no. 7, pp. 739–748, 2019.

[9] B. Q. Xiang, W. Wang, W. Lei et al., “Genes in immune path-
ways associated with abnormal white matter integrity in first-
episode and treatment-naïve patients with schizophrenia,”
British Journal of Psychiatry, vol. 214, no. 5, pp. 281–287, 2019.

[10] Y. F. Yoshihiko and K. Hiroki, “Short- and long-term func-
tional plasticity of white matter induced by oligodendrocyte
depolarization in the hippocampus,” Glia, vol. 62, no. 8,
pp. 1299–1312, 2014.

[11] J. H. Sun, F. Zhou, F. Bai, Z. Zhang, and Q. Ren, “Remyelina-
tion: a potential therapeutic strategy for Alzheimer's disease?,”
Journal of Alzheimer's Disease, vol. 58, no. 3, pp. 597–612,
2017.

[12] J. C. Praet, Z. Guglielmetti, Z. Berneman, A. van der Linden,
and P. Ponsaerts, “Cellular and molecular neuropathology of
the cuprizone mouse model: clinical relevance for multiple
sclerosis,” Neuroscience & Biobehavioral Reviews, vol. 47,
pp. 485–505, 2014.

[13] N. R. C. Herring and C. Konradi, “Myelin, copper, and the
cuprizone model of schizophrenia,” Frontiers in Bioscience
(Scholar edition), vol. 3, pp. 23–40, 2011.

[14] B. M. Zinnhardt, I. B. Belloy, I. B. Fricke et al., “Molecular
imaging of immune cell dynamics during de- and remyelina-
tion in the cuprizone model of multiple sclerosis by
[18F]DPA-714 PET and MRI,” Theranostics, vol. 9, no. 6,
pp. 1523–1537, 2019.

[15] H. H. J. Xu and B. Yang, “Behavioral and neurobiological
changes in C57BL/6 mouse exposed to cuprizone: effects of
antipsychotics,” Front Behav Neurosci, vol. 4, 2010.

[16] Z. Xu, A. Adilijiang, W. Wang et al., “Arecoline attenuates
memory impairment and demyelination in a cuprizone-
induced mouse model of schizophrenia,” Neuroreport,
vol. 30, no. 2, pp. 134–138, 2019.

[17] Y. Xuan, G. Yan, R. Wu, Q. Huang, X. Li, and H. Xu, “The
cuprizone-induced changes in 1H-MRS metabolites and oxi-
dative parameters in C57BL/6 mouse brain: Effects of quetia-
pine,” Neurochemistry International, vol. 90, pp. 185–192,
2015.

[18] H. N. Wang, G. H. Liu, R. G. Zhang et al., “Quetiapine amelio-
rates schizophrenia-like behaviors and protects myelin integ-
rity in cuprizone intoxicated mice: the involvement of notch
signaling pathway,” International Journal of Neuropsycho-
pharmacology, vol. 19, no. 2, 2016.

[19] H. Xu, H. Qing,W. Lu et al., “Quetiapine attenuates the immo-
bilization stress-induced decrease of brain- derived

10 Neural Plasticity

http://downloads.hindawi.com/journals/np/2021/8812362.f1.docx


neurotrophic factor expression in rat hippocampus,”Neurosci-
ence Letters, vol. 321, no. 1-2, pp. 65–68, 2002.

[20] F. I. Tarazi, K. Zhang, and R. J. Baldessarini, “Long-term effects
of olanzapine, risperidone, and quetiapine on dopamine recep-
tor types in regions of rat brain: implications for antipsychotic
drug treatment,” Journal of Pharmacology and Experimental
Therapeutics, vol. 297, no. 2, pp. 711–717, 2001.

[21] O. Dammann, W. Bueter, A. Leviton, P. Gressens, and C. E.
Dammann, “Neuregulin-1: a potential endogenous protector
in perinatal brain white matter damage,” Neonatology,
vol. 93, no. 3, pp. 182–187, 2008.

[22] V. Peitl, A. Silić, I. Orlović, B. Vidrih, D. Crnković, and
D. Karlović, “Vitamin D and neurotrophin levels and their
impact on the symptoms of schizophrenia,” Neuropsychobiol-
ogy, vol. 79, no. 3, pp. 179–185, 2020.

[23] B. Elfving, H. K. Müller, I. Oliveras et al., “Differential expres-
sion of synaptic markers regulated during neurodevelopment
in a rat model of schizophrenia-like behavior,” Progress in
Neuro-Psychopharmacology & Biological Psychiatry, vol. 95,
article 109669, 2019.

[24] G. Yan, Y. Xuan, Z. Dai et al., “Brain metabolite changes in
subcortical regions after exposure to cuprizone for 6 weeks:
potential implications for schizophrenia,” Neurochemical
Research, vol. 40, no. 1, pp. 49–58, 2015.

[25] X. D. Xiong, W. D. Xiong, S. S. Xiong, and G. H. Chen, “Age-
and gender-based differences in nest-building behavior and
learning and memory performance measured using a radial
six-armed water maze in C57BL/6 mice,” Behavioural Neurol-
ogy, vol. 2018, Article ID 8728415, 7 pages, 2018.

[26] R. M. Deacon, “Assessing nest building in mice,” Nature Pro-
tocols, vol. 1, no. 3, pp. 1117–1119, 2006.

[27] C. S. D. B. Pedersen, D. B. Sørensen, A. I. Parachikova, and
N. Plath, “PCP-induced deficits in murine nest building activ-
ity: Employment of an ethological rodent behavior to mimic
negative-like symptoms of schizophrenia,” Behavioural Brain
Research, vol. 273, pp. 63–72, 2014.

[28] Z. Sun, T. Jiang, Y. Wu, C. Ma, Y. He, and J. Yang, “Low field
magnetic stimulation ameliorates schizophrenia-like behavior
and up-regulates neuregulin-1 expression in a mouse model
of cuprizone-induced demyelination,” Frontiers in Psychiatry,
vol. 9, p. 675, 2018.

[29] J. W. Dutton, J. E. Artwohl, X. Huang, and J. D. Fortman,
“Assessment of pain associated with the injection of sodium
pentobarbital in laboratory mice (Mus musculus),” Journal of
the American Association for Laboratory Animal Science,
vol. 58, no. 3, pp. 373–379, 2019.

[30] D. Cadinu, B. Grayson, G. Podda, M. K. Harte, N. Doostdar,
and J. C. Neill, “NMDA receptor antagonist rodent models
for cognition in schizophrenia and identification of novel drug
treatments, an update,” Neuropharmacology, vol. 142, pp. 41–
62, 2018.

[31] C. A. Jones, D. J. Watson, and K. C. Fone, “Animal models of
schizophrenia,” British Journal of Pharmacology, vol. 164,
no. 4, pp. 1162–1194, 2011.

[32] J. C. Neill, M. K. Harte, P. M. Haddad, E. S. Lydall, and D. M.
Dwyer, “Acute and chronic effects of NMDA receptor antago-
nists in rodents, relevance to negative symptoms of schizo-
phrenia: a translational link to humans,” European
Neuropsychopharmacology, vol. 24, no. 5, pp. 822–835, 2014.

[33] M. Matos, H. Y. Shen, E. Augusto et al., “Deletion of adenosine
A2A receptors from astrocytes disrupts glutamate homeostasis

leading to psychomotor and cognitive impairment: relevance
to schizophrenia,” Biological Psychiatry, vol. 78, no. 11,
pp. 763–774, 2015.

[34] A. M. Bygrave, S. Masiulis, E. Nicholson et al., “Knockout of
NMDA-receptors from parvalbumin interneurons sensitizes
to schizophrenia-related deficits induced by MK-801,” Trans-
lational Psychiatry, vol. 6, no. 4, p. e778, 2016.

[35] J.-T. Li, Y.-A. Su, C.-M. Guo et al., “Persisting cognitive deficits
induced by low-dose, subchronic treatment with MK-801 in
adolescent rats,” European Journal of Pharmacology, vol. 652,
no. 1-3, pp. 65–72, 2011.

[36] M. S. Keshavan, G. Collin, S. Guimond, S. Kelly, K. M. Prasad,
and P. Lizano, “Neuroimaging in schizophrenia,” Neuroimag-
ing in Schizophrenia, vol. 30, no. 1, pp. 73–83, 2020.

[37] V. Haroutunian, P. Katsel, S. Dracheva, D. G. Stewart, and
K. L. Davis, “Variations in oligodendrocyte-related gene
expression across multiple cortical regions: implications for
the pathophysiology of schizophrenia,” International Journal
of Neuropsychopharmacology, vol. 10, no. 4, pp. 565–573, 2007.

[38] B. J. Jungerius, M. L. Hoogendoorn, S. C. Bakker et al., “An
association screen of myelin-related genes implicates the chro-
mosome 22q11 _PIK4CA_ gene in schizophrenia,” Molecular
Psychiatry, vol. 13, no. 11, pp. 1060–1068, 2008.

[39] K. Esaki, S. Balan, Y. Iwayama et al., “Evidence for altered
metabolism of sphingosine-1-phosphate in the corpus callo-
sum of patients with schizophrenia,” Schizophrenia Bulletin,
vol. 46, no. 5, pp. 1172–1181, 2020.

[40] F. Honarvar, V. Hojati, N. Bakhtiari, G. Vaezi, and M. Javan,
“Myelin protection by ursolic acid in cuprizone-induced
demyelination in mice,” Iranian Journal of Pharmaceutical
Research, vol. 18, no. 4, pp. 1978–1988, 2019.

[41] H. Chang, Y. Wei, Y. Chen et al., “The antipsychotic-like
effects of clozapine in C57BL/6 mice exposed to cuprizone:
decreased glial activation,” Behavioural Brain Research,
vol. 364, pp. 157–161, 2019.

[42] H. Chang, J. Liu, Y. Zhang et al., “Increased central dopami-
nergic activity might be involved in the behavioral abnormality
of cuprizone exposure mice,” Behavioural Brain Research,
vol. 331, pp. 143–150, 2017.

[43] L. D. Vanes, E. Mouchlianitis, T. C. Wood, and S. S. Shergill,
“White matter changes in treatment refractory schizophrenia:
does cognitive control and myelination matter?,” NeuroImage:
Clinical, vol. 18, pp. 186–191, 2018.

[44] B. B. Quednow, K. Ejebe, M. Wagner et al., “Meta-analysis on
the association between genetic polymorphisms and prepulse
inhibition of the acoustic startle response,” Schizophrenia
Research, vol. 198, pp. 52–59, 2018.

[45] H. Zhang, Y. Zhang, H. Xu et al., “Olanzapine ameliorates neu-
ropathological changes and increases IGF-1 expression in
frontal cortex of C57BL/6 mice exposed to cuprizone,” Psychi-
atry Research, vol. 216, no. 3, pp. 438–445, 2014.

[46] Y. Zhang, L. Cai, K. Fan et al., “The spatial and temporal char-
acters of demyelination and remyelination in the cuprizone
animal model,” Anatomical Record (Hoboken), vol. 302,
no. 11, pp. 2020–2029, 2019.

[47] K. A. Nave, “Myelination and the trophic support of long
axons,” Nature Reviews Neuroscience, vol. 11, no. 4, pp. 275–
283, 2010.

[48] J. Tomasch, “Size, distribution, and number of fibres in the
human corpus callosum,” Anatomical Record, vol. 119, no. 1,
pp. 119–135, 1954.

11Neural Plasticity



[49] S. Goswami, R. P. Beniwal, M. Kumar et al., “A preliminary
study to investigate resting state fMRI as a potential group dif-
ferentiator for schizophrenia,” Asian Journal of Psychiatry,
vol. 52, article 102095, 2020.

[50] X. Zhang, M. Yang, X. Du et al., “Glucose disturbances, cogni-
tive deficits and white matter abnormalities in first-episode
drug-naive schizophrenia,” Molecular Psychiatry, vol. 25,
no. 12, pp. 3220–3230, 2020.

[51] N. Uranova, D. Orlovskaya, O. Vikhreva et al., “Electron
microscopy of oligodendroglia in severe mental illness,” Brain
Research Bulletin, vol. 55, no. 5, pp. 597–610, 2001.

[52] V. M. Vostrikov, N. A. Uranova, V. I. Rakhmanova, and D. D.
Orlovskaia, “Lowered oligodendroglial cell density in the pre-
frontal cortex in schizophrenia,” Zh Nevrol Psikhiatr Im S S
Korsakova, vol. 104, no. 1, pp. 47–51, 2004.

[53] N. A. Uranova, V. M. Vostrikov, D. D. Orlovskaya, and V. I.
Rachmanova, “Oligodendroglial density in the prefrontal cor-
tex in schizophrenia and mood disorders: a study from the
Stanley Neuropathology Consortium,” Schizophrenia
Research, vol. 67, no. 2-3, pp. 269–275, 2004.

[54] S. Papiol, D. Keeser, A. Hasan et al., “Polygenic burden associ-
ated to oligodendrocyte precursor cells and radial glia influ-
ences the hippocampal volume changes induced by aerobic
exercise in schizophrenia patients,” Translational Psychiatry,
vol. 9, no. 1, p. 284, 2019.

[55] L. H. Zhao, Y. X. Ding, L. Zhang, and L. Li, “Cornel iridoid gly-
coside improves memory ability and promotes neuronal sur-
vival in fimbria-fornix transected rats,” European Journal of
Pharmacology, vol. 647, no. 1-3, pp. 68–74, 2010.

[56] T. Chen, Y.-J. Yang, Y.-K. Li et al., “Chronic administration
tetrahydroxystilbene glucoside promotes hippocampal mem-
ory and synaptic plasticity and activates ERKs, CaMKII and
SIRT1/miR-134 _in vivo_,” Journal of Ethnopharmacology,
vol. 190, pp. 74–82, 2016.

[57] Z. Zhang, J. Huang, Y. Shen, and R. Li, “BACE1-dependent
neuregulin-1 signaling: an implication for schizophrenia,”
Frontiers in Molecular Neuroscience, vol. 10, p. 302, 2017.

[58] Z. Zhang, J. Cui, F. Gao et al., “Elevated cleavage of neuregulin-
1 by beta-secretase 1 in plasma of schizophrenia patients,”
Progress in Neuro-Psychopharmacology & Biological Psychia-
try, vol. 90, pp. 161–168, 2019.

[59] Y. Feng, X.-D. Wang, C.-M. Guo et al., “Expressions of neure-
gulin 1beta and Erb B4 in prefrontal cortex and hippocampus
of a rat schizophrenia model induced by chronic MK-801
administration,” Journal of Biomedicine and Biotechnology,
vol. 2010, Article ID 859516, 7 pages, 2010.

[60] Q. Zhang, D. Esrafilzadeh, J. M. Crook et al., “Electrical stim-
ulation using conductive polymer polypyrrole counters
reduced neurite outgrowth of primary prefrontal cortical neu-
rons from NRG1-KO and DISC1-LI mice,” Scientific Reports,
vol. 7, no. 1, article 42525, 2017.

[61] V. Z. Chong, M. Thompson, S. Beltaifa, M. J. Webster, A. J.
Law, and C. S. Weickert, “Elevated neuregulin-1 and ErbB4
protein in the prefrontal cortex of schizophrenic patients,”
Schizophrenia Research, vol. 100, no. 1-3, pp. 270–280, 2008.

[62] Z. Zhang, Y. Li, F. He, Y. Cui, Y. Zheng, and R. Li, “Sex differ-
ences in circulating neuregulin1-β1 and β-secretase 1 expres-
sion in childhood-onset schizophrenia,” Comprehensive
Psychiatry, vol. 100, article 152176, 2020.

[63] Y. Feng, “Convergence and divergence in the etiology of mye-
lin impairment in psychiatric disorders and drug addiction,”
Neurochemical Research, vol. 33, no. 10, pp. 1940–1949, 2008.

[64] M. Kipp, T. Clarner, J. Dang, S. Copray, and C. Beyer, “The
cuprizone animal model: new insights into an old story,” Acta
Neuropathologica, vol. 118, no. 6, pp. 723–736, 2009.

12 Neural Plasticity


	Shi-Zhen-An-Shen Decoction, a Herbal Medicine That Reverses Cuprizone-Induced Demyelination and Behavioral Deficits in Mice Independent of the Neuregulin-1 Pathway
	1. Introduction
	2. Materials and Methods
	2.1. Animals
	2.2. Drugs
	2.3. Drug Preparation and Administration
	2.4. Experimental Design
	2.5. Behavioral Tests
	2.5.1. Nest-Building Activity
	2.5.2. Open-Field Test
	2.5.3. Prepulse Inhibition (PPI)

	2.6. Biochemical Analyses
	2.6.1. Tissue Preparation
	2.6.2. Immunohistochemical Staining
	2.6.3. Western Blot Analysis

	2.7. Statistical Analysis

	3. Results
	3.1. Body Weight Changes
	3.2. Schizophrenia-Like Behaviors
	3.3. Myelin Sheath
	3.4. NRG1 Expression

	4. Discussion
	5. Conclusions
	Data Availability
	Ethical Approval
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments
	Supplementary Materials

