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ARTICLE INFO ABSTRACT
Keywords: Ethnopharmacology relevance: Wuzi Yanzong Pill (WYP), a well-known prescription for invigorating the kidney and
Wuzi S'(anzong P.ﬂl essence, which is widely used to treat infertility such as oligoasthenospermia. Studies have shown that WYP can
Neuroinflammation be used to treat neurological diseases, but its therapeutic effects and mechanisms for multiple sclerosis (MS)
Nutritional factors . 1
Oligodendrocyte remain unclear.

L Aim of the study: Based on the establishment of Cuprizone (CPZ)-induced demyelination model, this study
Remyelination

determined the effect of WYP on remyelination by detecting changes in the microenvironment of the central
nervous system.

Materials and methods: C57BL/6 mice were divided into three groups. The CPZ group and CPZ + WYP group were
fed with 0.2% CPZ feed, and the control group was fed normal feed, for 6 weeks. At the end of the second week,
the CPZ + WYP group was gavaged with WYP solution (16 g/kg/d), and the other two groups were gavaged with
normal saline twice a day with an interval of 12 h each time, for 4 weeks. Forced swimming and elevated plus
maze were used to detect changes in anxiety and depression before and after treatment. Luxol fast blue staining
and the expression of MBP were used to evaluate the demyelination of the brain. Western blot was used to detect
the expression of microglia and their subtype markers Iba-1, Arg-1, iNOS, the expression of neurotrophic factors
BDNF, GDNF, CNTF, and the expression of oligodendrocyte precursor cells NG2. ELISA detected the content of IL-
6, IL-1p, IL-10, TGF-B, BDNF, GDNF, CNTF in the brain. The distribution of Iba-1 in the corpus callosum was
observed by immunofluorescence.

Results: The results showed that on the basis of improving mood abnormalities and demyelination, WYP reduced
the protein content of Iba-1 and iNOS, increased the protein content of Arg-1, and reduce accumulation of
microglia in the corpus callosum. In addition, WYP reduced the secretion of IL-6 and IL-1f while promoting
the secretion of IL-10 and TGF-p. After WYP intervention treatment, the levels of neurotrophic factors BDNF,
GDNF, CNTF increased. Due to the improvement of inflammatory and nutritional environment in the CNS,
promoting the proliferation of NG2 oligodendrocyte, increased the expression of MBP, and repairing myelin
sheath.

Conclusion: Our results indicated that WYP promoted the proliferation and development of oligodendrocytes by
improving the CNS microenvironment, effectively alleviating demyelination.
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1. Introduction

MS is an autoimmune disease, characterized by neuroinflammation,
demyelination and neurogliosis (Robinson et al., 2019). The pathogen-
esis is not completely elucidated, but it may be related to heredity,
environment and individual status based on the literature reports (Dob-
son and Giovannoni, 2019). These factors may trigger the activation of T
cells and B cells in the peripheral immune system (Baecher-Allan et al.,
2018), and enter the CNS through the BBB, which leads to the activation
of glial cells and the formation of neuroinflammation, eventually causing
oligodendrocyte loss and axonal degeneration (Macchi et al., 2015). As
myelin debris increase in the CNS, they induce the activation of microglia
and astrocytes (Sen et al., 2019). At present, the therapeutic drugs of MS
mainly act on autoimmune response including FTY720, Teriflunomide
and Glatiramer acetate (Martin et al., 2016). There are no drugs targeting
myelin protection or myelin regeneration in clinical use.

CPZ is a chelator of copper ions that affects the activity of ion chan-
nels, suppresses the complex IV of mitochondrial respiratory chain and
then induces the death of oligodendrocytes, therefore establishing the
model of demyelination (Varhaug et al., 2020). Increasing studies have
shown that CPZ-induced mouse model is an ideal experimental model for
investigating myelin protection and myelin regeneration, because the
demyelinating model induced by CPZ lacks T cell-mediated immune
attack (Esser et al., 2018). Oligodendrocytes are myelin-forming cells,
and OPCs are widely distributed in the brain. At the stage of development
or injury in the brain, OPCs will develop, proliferate and migrate to
appropriate area, then differentiate into mature oligodendrocytes and
wrap myelin sheath around axons (Ceprian and Fulton, 2019), indicating
that the proliferation and development of OPCs play an important role in
the process of remyelination (Dulamea, 2017). In the process of myelin
regeneration, glial cells play an important role in the differentiation and
maturation of OPCs. Activated microglia show two subtypes, one is the
classical activation state (M1), which has special function of phagocy-
tizing foreign bodies such as myelin debris through secreting IL-6, TNF-«
and other pro-inflammatory cytokines. The other is the alternative acti-
vation state (M2), which can improve the inflammatory microenviron-
ment of CNS through secreting anti-inflammatory cytokines such as IL-10
and TGF-p (Chu et al., 2018). At the initial stage of inflammation in MS,
microglia tended to polarize to M1 phenotype (Rawji and Yong, 2013).
Astrocytes are abundant in the CNS, they are innate immune cells as same
as microglia. Under physiological circumstance, astrocytes maintain the
integrity of the BBB and nutritional support (Ludwin et al., 2016). Neu-
rotrophic factors secreted by astrocytes have neuroprotection function,
including BDNF, GDNF and CNTF (Liu and Chopp, 2016). A series of
evidence indicate that BDNF promoted OPCs proliferation and differen-
tiation to repair the myelin (Tsiperson et al., 2015). CNTF can upregulate
the expression of MOG (Salehi et al., 2013). Besides, the increase of BDNF
and CNTF can make up for the failure of myelin repair (Houshmand et al.,
2019).

WYP is herbal formula of traditional Chinese medicine known as
tonifying the kidney and replenishing essence. It consists of five Chinese
herbs, including Lycium barbarum L., Cuscuta chinensis Lam., Rubus chingii
Hu., Schisandra chinensis (Turcz.) Baill., and Plantago asiatica L, which is
often used for the treatment of infertility and the oligoasthenozoo-
spermia (Zhao et al., 2018). One study indicated that WYP can improve
apoptosis induced by microwave radiation through inhibiting the
expression of Tip60-p53 (Hu et al., 2019). Another research indicated a
modified WYP has potential function of neuroprotection through inhib-
iting the secretion of inflammatory cytokines including IL-1f, IL-6 and
TNF-a0 (Yu et al., 2017). Besides, the modified WYP can also
down-regulate LPS-induced increase of iNOS, NO and COX-2 in astro-
cytes through inhibiting the NF-xB and JNK/p38MAPK signaling (Zeng
et al., 2012). The previous investigations showed that WYP had potential
for treating neural tube defect by down-regulating the expression of
genes associated with cell apoptosis (Li et al., 2019). Because WYP is
shown to has an effect of improving neurological dysfunction in a model
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of EAE, mainly by inhibiting NF-kB inflammatory signaling and inflam-
matory cytokines such as IL-6, IL-17 (Zhang et al., 2018), this study
aimed to further explore the myelin repairing effect of WYP in a CPZ
model of MS and its potential mechanism in regulating neuro-
inflammation and nutritional environment.

2. Materials and methods
2.1. Animals

Male adult mice (8-10 weeks old, weighting 18-20 g) were purchased
from the Vital River Laboratory Animal Technology Co. Ltd. (Beijing,
China). All the animals were kept in the pathogen free animal room at
suitable temperature (20-24 °C) and humidity with a 12 h dark/12 h
light cycle for one week before the formal experiment. All animal pro-
cedures were approved by the Council for Laboratory and Ethics Com-
mittee of Shanxi University of Traditional Chinese Medicine, Taiyuan,
China (2021DW268), and performed according to the International
Council for Laboratory Animal Science guidelines.

2.2. CPZ-induced demyelination and administration of WYP

Twenty-four experimental mice were randomly divided into three
groups (n = 8/each group): control group (Control), CPZ diet group
(CPZ) and CPZ diet plus WYP intervention group (CPZ + WYP). Ac-
cording to the previous study (Vega-Riquer et al., 2019), the demyelin-
ating model was established by feeding a diet containing 0.2% CPZ for six
consecutive weeks. WYP was purchased from Tongrentang Pharmacy
(Taiyuan, China). The pills were ground to a fine powder and dissolved in
normal saline (NS) to prepare drug solution with concentration of 0.32
g/ml. After CPZ was fed for 2 weeks, the drugs should be fully mixed, and
then the same volume of normal saline and WYP (0.5 ml, twice a day)
were gavaged continuously for 4 weeks (Zhang et al., 2018). Mice fed
normal diet were set as control group. Mice were sacrificed at the end of
the 6th week.

2.3. Behavioral tests

Behavioral tests were performed in one week before the end of
experiment. EPM was used to measure anxiety; a shorter time period
spent in the open arms indicates more severe anxiety. Each mouse was
put to the center area of an EPM toward to the open arms. The time and
distance in the open arms were recorded during a 6 min testing period.
FST was used to measure depression of animals. Before the test, a plastic
cylinder (height: 30 cm, diameter: 10 cm) was filled with water to 20 cm
at 25 £ 1 °C. Cumulative distance traveled and total resting time during 1
min were recorded. All data acquisition and analysis were performed
automatically using digital video and Image™ software.

2.4. Tissue preparation

Mice (n = 4/group) were anesthetized with pentobarbital sodium (50
mg/kg) and perfused with normal saline. After fixation with 4% para-
formaldehyde, the brain were taken out, fixed in 4% paraformaldehyde
for 2 h and dehydrated with 30% sucrose for 24 h at 4 °C before being
sliced 10 pm continuous coronal sections. The brain of other mice (n =4/
group) was moved directly after perfusion to obtain protein extract,
which was stored at —80 °C.

2.5. LFB staining

Frozen sections of the above brain tissues were placed in a solid blue
solution and soaked for 12-18 h at 60 °C. The sections were taken out and
washed in a 95% ethanol solution, and then repeatedly immersed in a
lithium carbonate solution and 75% ethanol solution for differentiation.
They were washed in distilled water to remove the dye, dehydrated in
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gradient ethanol solutions, and fixed with xylene solution. After natural
drying, the sections were sealed with neutral gums and observed under a
microscope. After Image-pro Plus 6.0 was used to calculate the average
integrated optical density of the corpus callosum, statistical analysis was
performed.

2.6. Immunohistochemistry staining

The sections of brain were immersed into the 1% BSA solution to
block 1 h at room temperature (RT). After washing with PBS, the slices
were incubated with the primary antibodies goat anti-Iba-1 (1:200,
Abcam) at 4 °C overnight. After washing off excess antibody, the sections
were incubated with the corresponding second antibody for 2 h at RT.
The images were observed under fluorescence microscope and analyzed
with Image-pro Plus 6.0.

2.7. WB analysis

The concentration of protein was determined by BCA method to
prepare protein loading samples. The brain protein extract (30 pg) was
separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and subsequently transferred to the PVDF membrane. The
membrane was blocked with 5% skim milk on a shaker for 1 h. After
washing with TBST, the membranes were incubated with the primary
antibodies rabbit anti-MBP (1:500, Abcam), goat anti-Iba-1 (1:500,
Abcam), rabbit anti-Arg-1 (1:800, Cell Signaling Technology), rabbit
anti-iNOS(1:500, Genetex), rabbit anti-BDNF (1:500, Abclonal), rabbit
anti-GDNF(1:500, Abcam), rabbit anti-CNTF (1:1000, Abcam), rabbit
anti-NG2 (1:1000, Abcam), rabbit anti-B-actin (1:1000, Abclonal) and
rabbit anti-Tubulin (1:1000, Abclonal) overnight at 4 °C. After washing
with TBST, the membranes were added with the HRP-conjugated goat
anti-rabbit (1:3000, Abclonal) and rabbit anti-goat (1:1000, Boster)
second antibodies for 2 h at RT. After washing with TBST, immunoblots
were developed with an enhanced chemiluminescence systemand
measured using Quantity Software (Bio-Rad, Hercules, CA, USA).

2.8. ELISA

The concentrations of IL-6, IL-10, TNF-f (Novus Biologicals), IL-1f
(Boster), BDNF, GDNF, and CNTF (Mlbio) in brain homogenate were
measured by sandwich ELISA kits, following the manufacturer’s in-
structions. The BCA method was used for protein quantification.

2.9. Statistical analysis

All statistical analysis were performed by one-way analysis of vari-
ance (ANOVA) followed by a Turkey’s multiple comparison test, using
GraphPad Prism 6.0 software (Cabit Information Technology Co., Ltd.
Shanghai, China). Results were expressed as the mean + SD. p < 0.05 was
considered statistically significant.

3. Results
3.1. WYP improved behavioral dysfunction in CPZ exposure model

It is known that CPZ feeding for 5-6 weeks can cause oligodendro-
cytes apoptosis and continuous demyelination in the CNS (Sen et al,,
2019). The experimental schedule is shown in Figure 1a. Mice of the CPZ
group experienced a significant loss of body weight, especially in the first
two weeks after CPZ administration. The loss of body weight of the CPZ +
WYP group was slightly less than the CPZ group, but it was not statisti-
cally significant (Figure 1b). CPZ administration also induced depression
and anxiety in the mice. In the FST, a shorter active time and a shorter
travel distance in water indicate more serious depression (Reyes-Mendez
et al., 2018). The CPZ + WYP group had a significant decrease in rest
time (p < 0.001) and increase in travel distance than the CPZ group
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(Figure 1c, p < 0.001), suggesting that WYP improved depression in CPZ
model. In the EPM, a shorter time and a short travel distance of the mice
in the open arms suggest more sever anxiety (He et al., 2019). The time
and travel distance in the open arm by the CPZ + WYP group were
slightly higher (p > 0.05), but the number of times entering the closed
arm was significantly lower than the CPZ group, (p < 0.001), indicating
that WYP treatment improved anxiety behavior (Figure 1d).

3.2. WYP attenuated the demyelination in the CNS

The results of LFB found that the CPZ model had a lighter blue
staining in the central part of the CC, EC and striatum regions. After WYP
treatment, the blue staining of the middle part of the CC and striatum
became darker. The mean density of the corpus callosum in the CPZ +
WYP group was higher than that in the CPZ group (Figure 2a, p <
0.0001). MBP is a major protein that composes myelin sheath, and its
content reflects the loss and regeneration of myelin sheath in the CNS.
The results from WB found that CPZ feeding resulted in the decrease of
MBP expression (p < 0.05), which can be increased by WYP intervention
(Figure 2b, p < 0.01).

3.3. WYP promoted phenotypic transformation of microglia and improved
inflammatory environment

By detecting the M1 and M2 phenotypes of molecules, microglia can
be divided into inflammatory M1 cells and anti-inflammatory/repair M2
cells in the brain. iNOS and Arg-1 are markers of M1 and M2 subtype
respectively, and their expression reflect the phenotypic transformation
of microglia. The results showed that compared with control group, the
expression of Iba-1 protein in CPZ group increased significantly (p <
0.05), which was significantly declined by WYP intervention (Figure 3a,
p < 0.001). Simultaneously, compared with Control group, the expres-
sion of iNOS protein in CPZ group increased (p < 0.001), while the
expression of Arg-1 protein decreased (Figure 3a, p < 0.01). Compared
with CPZ group, the expression of iNOS protein in CPZ + WYP group
decreased (p < 0.001), and the expression of Arg-1 protein increased
(Figure 3a, p < 0.05). ELISA results showed that after CPZ modeling, the
content of IL-6 and IL-1p increased (p < 0.05, p < 0.01), while the content
of IL-10 and TGF-p decreased (Figure 3b, p < 0.05, p > 0.05). After WYP
intervention, the content of IL-6 and IL-1p decreased (p < 0.01, p < 0.05),
and the content of IL-10 and TGF-p increased (Figure 3b, p < 0.0001).
The immunofluorescence results showed that the compared with Control
group, Iba-1" mean density in the CC area increased in CPZ group (p <
0.001), and the Iba-1" mean density in CPZ + WYP group decreased
compared with CPZ group (Figure 3c, p < 0.001).

3.4. WYP influenced the secretion of neurotrophic factors and promoted
the growth of OPCs

The presence of neurotrophic factors are beneficial to the regenera-
tion and repair of myelin sheath. WB results showed that the protein
content of BDNF, GDNF and CNTF decreased in CPZ group (p < 0.01,p <
0.001), while these factors increased in CPZ + WYP group (Figure 4a, p <
0.01). ELISA results also showed that the content of three nutritional
factors in CPZ group decreased (p < 0.01), while the content of nutri-
tional factors in CPZ + WYP group increased (Figure 4b, p < 0.01, p <
0.001). By detecting the protein content of the OPCs marker NG2, it was
found that the expression level of NG2 was higher in CPZ group than that
of Control group (p < 0.01), and the expression level of CPZ + WYP group
was increased further than that of CPZ group (Figure 4c, p < 0.05).

4. Discussion
The CPZ-induced demyelination model will cause the activation of

microglia and subsequent neuroinflammation will further aggravate
myelin damage (Zinnhardt et al., 2019). In this environment, there will
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be obvious changes in depression and anxiety (Zhang et al., 2019). treatment. The mechanism may be related to remyelination and
Modern pharmacological studies have found that WYP has the effect of improvement of neuroinflammation.
improving neurological diseases. In our study, CPZ mice showed obvious In our research, WYP mainly promotes the polarization of M2
depressive behaviors, and their depression improved after WYP microglia, coordinates the secretion of anti-inflammatory cytokines, and
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Figure 2. WYP reduces the demyelination in CNS. (a) LFB staining method was used to observe the demyelination of the corpus callosum and its tail. (b) WB was used
to detect the content of MBP, and reflect the loss of myelin sheath from the protein level. The results represent the mean + SD. Compared with Control group, *p <
0.05, ****p < 0.0001. Compared with CPZ group, 2%8p < 0.01, 2AA8p < 0.0001.

improves the inflammatory environment in the CNS. Studies have found
that culturing BV2 cells with the serum of MS patients will lead to acti-
vation and proliferation, and conversion to M1 type, increasing the
secretion of pro-inflammatory factors IL-1p, TNF-a and chemokines
CCL2, CCL3, CXCL10, resulting in oligodendrocytes injury and apoptosis
(Wu et al., 2018). The CPZ model mimics this pathological change and
targets the myelin sheath, causing apoptosis and exfoliation of the myelin
sheath, and triggering the activation of M1 microglia in the CNS. Under
the electron microscope, it was found that the lost myelin fibers in the
CPZ model increased and there were gaps between the myelin layers
(Barati et al., 2019a). LFB staining shows demyelinating in the CC and
striatum. Iba-1 fluorescence staining shows that microglia mainly ag-
gregates in the CC. It may be due to the presence of myelin fragments that
microglia migrate to the myelin injury sites. However, the inflammatory
environment caused by excessive activation of microglia is not conducive
to the proliferation and maturation of OPCs, and hinders myelin regen-
eration and repair (Zhao et al., 2020). Modificate the two phenotypes of

microglia can improve the loss of myelin sheath in the brain (Barati et al.,
2019b). Consistent with the above experimental results, our results
demonstrated that, treatment with WYP increased the expression of
Arg-1 while decreases the expression of iNOS promotes the trans-
formation of microglia to M2 type. Simultaneously, reducing the secre-
tion of pro-inflammatory factors IL-6 and IL-1f, and promoting the
release of anti-inflammatory factors IL-10 and TGF-f, which can improve
the inflammatory infiltration of the CC and other injury parts. In order to
create favorable conditions for myelin repair.

The presence of neurotrophic factors provides nutrients for cell pro-
liferation and maturation. Overexpression of BDNF can inhibit the acti-
vation of microglia, reduce the rise of TNF-a and IL-6, and alleviate the
inflammatory infiltration in the hippocampus of mice (Han et al., 2019).
The increase of CNTF and BDNF can provide nutritional support for
myelin  regeneration, combined with  anti-apoptotic = and
anti-inflammatory effects, and jointly improve pathological tissue
changes and reduce the clinical score of the EAE model (El-Deeb et al.,
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Figure 3. WYP promoted the polarization of M2 microglia and promoted the secretion of anti-inflammatory factors. (a) WB detected the protein content of Iba-1, Arg-
1 and iNOS in the brain. (b) ELISA was used to detect the content of IL-6, IL-1p, IL-10 and TGF-f in the brain. (c) Observed the expression of Iba-1 in the middle of the

with CPZ group, &p < 0.05, 28p < 0.01, 2848p < 0.001, LAALL) < 0.0001.



Y.-R. Li et al. Heliyon 8 (2022) e12277
a <] Il Control
Sy 2
® PZ+AWYP
& 1% 1% 1.5-
< & &
w £ X LA xxx NS
BDNF 4D s e E§ -
GDNF «amms cams e o4
W
CNTF i e = E 05
m
B-actin  GEEED S G- =
0.0-
b 2000- 2000- 100+
AAA FAYAN i
— e 80+
g 1500+ :Eqsoo- :g
— — ~ 604
o)) [=2) [=))
£ 1000+ £-1000- = .
L ns e - [TH
a r a .
m  500- O 500- o
20- -
0- 0- 04
& & & & & 8 & & &
(_’OQ (‘)l C’OQ (j‘ (_’OQ' ()Q
¢ 1.5—
&3 L
& (‘);ﬂ £ 1.0
& & & g =
(<2}
NG2 . ' - g
0.5—
p-actin =
0.0
> 4n R
& &L
@ Cf{‘)

Figure 4. WYP promoted the secretion of neurotrophic factors and the growth of OPCs. (a) WB detected the protein content of BDNF, GDNF and CNTF in the brain. (b)
ELISA detected the content of BDNF, GDNF and CNTF in the brain. (¢) WB detected the protein expression of NG2. The results represent the mean + SD. Compared

AAN

with Control group, *p < 0.05, **p < 0.01, ***p < 0.001. Compared with CPZ group, Ap < 0.05, AAp < 0.01, 'p < 0.001.

2019; Shu et al., 2018). The expression of Stat3 in oligodendrocytes can
promote the mature differentiation of oligodendrocyte precursor cells.
CNTF can activate Stat3, promote the survival and differentiation of ol-
igodendrocytes, and accelerate the remyelination process (Steelman
et al., 2016). During the acute onset of MS, the level of TNF-a in the
peripheral blood was significantly increased, and the content of CNTF
increased after corticosteroid treatment, which could offset the toxicity
of TNF-a to oligodendrocytes (Lindquist et al., 2011). Our results show
that, after WYP treatment, the protein content of BDNF, GDNF and CNTF
increase in the brain, indicating that WYP promoted the secretion of
neurotrophic factors. Our research indicates that, WYP promotes the

increase of neurotrophic factors, creating conducive conditions for the
proliferation of oligodendrocytes.

Oligodendrocytes are the main cells that make up the myelin sheath.
MBP is a marker of mature oligodendrocytes, its maturity determines
the integrity of the myelin sheath. In MS, whether oligodendrocyte
precursor cells can mature into oligodendrocytes is the key for myelin
repair and regeneration. Both neuroinflammation and primary oligo-
dendrocyte disease can lead to oligodendrocytes apoptosis and subse-
quent demyelination (Mallucci et al., 2015). After CPZ feeding for 3
weeks, most of the mature oligodendrocytes apoptosis in the CNS, fol-
lowed by obvious demyelination (Doan et al., 2013). The amount of
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Wwyp

Figure 5. Schematic diagram of the protective mechanism of WYP on the myelin sheath of CPZ-induced demyelinating mice. Oligodendrocytes wrap around axons to
form part of the myelin sheath. CPZ leads to oligodendrocyte apoptosis and myelin sheath exfoliation. The shed myelin fragments activate microglia and polarize to
M1 type, secreting inflammation factors. After WYP treatment, microglia are induced to polarize to M2 type and secrete anti-inflammatory factors. At the same time,
WYP can induce the secretion of nutritional factors and improve the nutritional environment in the brain. The improvement of the inflammatory environment and
nutritional environment promote the increase of oligodendrocyte precursor cells, induces differentiation into mature oligodendrocytes, and repairs the lack of myelin.

NG2 oligodendrocyte in the prefrontal cortex increased, and the growth
rate of mature oligodendrocytes and OPCs was unbalanced, inhibiting
the transformation of cultured oligodendrocyte precursor cells into
mature oligodendrocyte, the expression of MBP reduced (Morita et al.,
2014; Xu et al., 2014), and the gene expression of MBP is also
down-regulated (Han et al., 2020). After CPZ treating, the existence of
inflammatory environment affects the proliferation and maturation
speed of OPCs, resulting in the loss of myelin sheath, oligodendrocytes
cannot mature into myelin as soon as possible, and myelin repair occurs
slower than demyelination. Up-regulating the expression of Ki67 and
Olig2 can promote the proliferation, migration and differentiation of
oligodendrocyte precursor cells and enhance myelin regeneration
(Wang et al.,, 2020). WYP promotes the development of OPCs by
changing the microenvironment of the CNS. WYP promotes the increase
of NG2 and MBP protein expression, suggesting that it can promote the
remyelination process and speed up myelin repair. It shows that the
improvement of the microenvironment provides conditions for the
growth and maturation of oligodendrocytes, and promotes myelin
repair and regeneration (Figure 5).

5. Conclusion
WYP reverses the expression of activated microglia subtypes, pro-

motes the secretion of anti-inflammatory factors, promotes the secretion
of neurotrophic factors, and relieves the neuroinflammatory response in

the CNS. As a result, WYP counteract the demyelination sheath caused by
CPZ, through creating a good environment for the proliferation and
maturation of OPCs, reducing the degree of myelin sheath loss, and then
promotes the repair and regeneration of myelin sheath. However, there is
still a lack of research on the source of neurotrophic factors in this study,
and it is not clear whether more neurotrophic factors secreted by WYP is
related to the phenotypic transformation of astrocytes. This is the defi-
ciency in the experiment, and we will continue to improve it in the
follow-up study.
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