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This paper aims to study the potential biological mechanism of Ustikuddus Sherbiti (US) in the treatment of ischemic cere-
brovascular diseases (ICVD) by the network pharmacology method. Traditional Chinese Medicine Systems Pharmacology
(TCMSP) database was used to obtain effective constituents of US by screening eligible oral utilization, drug similarity, and blood-
brain barrier permeability threshold. By drug target prediction and stroke treatment target mining, 2 target data sets were analyzed
to find intersection targets and the corresponding constituents were used as active constituents. An active constituent target
network and an effective constituent target network were constructed by using Cytoscape 3.7.2 software. Degree parameters of the
effective constituent target network were analyzed to find important effective constituents and targets. Through protein-protein
interaction (PPI) analysis/Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis, potential signaling pathways
of US in ischemic stroke were found out. AutoDock was used for molecular docking verification. A total of 90 active constituents
of US were screened out. There were 10 active constituents against ICVD, including quercetin, luteolin, kaempferol, and
naringenin, and 10 important targets for anticerebral ischemia, namely, PIK3CA, APP, PIK3R1, MAPK1, MAPK3, AKTI,
PRKCD, Fyn, RAC1, and NF-«B1. Based on the protein interaction network, the important targets of US were significantly
enriched in PI3K-Akt signaling pathway, neuroactive ligand-receptor interaction pathway, Ras signaling pathway, etc. US in
ICVD has characteristics like multiple targets, multiple approaches, and multiple pathways. Results of molecular docking showed
that the active components in ICVD had a good binding ability with the key targets. Its main biological mechanism may be related
to the PI3K-Akt and Ras-MAPK centered signaling pathway. Our study demonstrated that US exerted the effect of treating ICVD
by regulating multiple targets and multiple channels with multiple components through the method of network pharmacology
and molecular docking.

Between 1985 and 2013, in the northern, central, and
southern rural areas, the prevalence of stroke increased by
2.0 times, 1.5 times, and 1.2 times respectively. Overall, the

1. Introduction

Cerebral ischemia is one of the main causes of adult death

and disability. Due to its high incidence, high disability, and
high fatality rate, it has become one of the common
problems faced by various countries in the field of public
health [1, 2]. According to data released by the Chinese
Center for Control and Prevention in 2017, the age-stan-
dardized prevalence of stroke was 873.4 per 100,000 people.

prevalence of stroke is higher in rural areas than in urban
areas. Although the mortality rate has shown a downward
trend in recent years, there is still a large gap compared with
developed countries. In China, this number is still increasing
[3-5]. ICVD accounts for 60%-80% of strokes, including
ischemic stroke and transient ischemic attack (TIA) [6].
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According to the Organizational Standards for the Treat-
ment of Acute Stroke 10172 (TOAST), ischemic stroke can
be divided into large atherosclerosis, cardiac embolism,
small artery occlusion, strokes of other definite etiology, and
strokes of unknown etiology [7].

Thrombolysis and thrombectomy are conventional and
effective treatments for ICVD. The treatment time window is
short and is accompanied by reperfusion injury. Evidence-
based medicine shows that intravenous thrombolysis and
mechanical thrombolysis are aimed at the early pathological
characteristics of ischemic stroke and are safe and effective
treatment methods [8]. However, due to the short treatment
time window (4.5 hours for intravenous thrombolysis and
16-24 hours for intravascular recanalization) and practical
limitations of medical treatment, very few patients can be
admitted to the hospital and receive treatment in the early stage
of ischemia [9]. In some developed countries such as Europe
and the United States, only 8%-10% of ischemic stroke patients
have the opportunity to receive intravenous thrombolysis and
mechanical thrombectomy [10], while in our country this
figure is only 1.6% [2]. The complications of thrombolysis and
ischemia-reperfusion injury cannot be ignored. Basic research
shows that this injury may cause damage to the blood-brain
barrier, excitatory amino acid toxicity, intracellular calcium
overload, oxidative stress, cell apoptosis, and inflammation,
etc.; destroy the homeostasis of the brain environment on the
infarcted side; and aggravate the pathological damage of the
brain tissue [11, 12].US is composed of 12 kinds of single herbs,
including the main herbs Lavandula angustifolia Mill., [13]
Adiantum flabellulatum L., [14, 15] Paeonia lactiflora Pall,
[16, 17] and Anchusa Italica Retz., [18-20] which play the role
of unblocking a blocked blood vessel, relieving pain, and
improving sleep. Complementary herbs include Liquiritiae
radix [21, 22], Cordia dichotoma seeds [23, 24], rose petals
[25, 26], and raisins [27], to enhance the main herbs role. As the
regulating herbs, Althaea Rosea L. [28] and Viola tianschanica
Maxim. [29] adjust the properties and taste of the above herbs.
As corrective medicine, celery seeds [30] and Foeniculum
vulgare Mill. [31] correct the adverse effect of the above herbs
on the stomach, as carminatives, digestives, galactogogues, and
diuretics, and are used in treating gastrointestinal disorders. It
is mainly used for the treatment of insomnia, depression,
migraine, neurasthenia, and other diseases and auxiliary
treatment of ischemic cardiovascular and cerebrovascular
diseases [32]. In recent years, studies have found that US single-
medicine ingredients have strong anti-injury activity to the
nervous system [18, 33, 34]. Modern studies have shown that
US’s single-medicine ingredients are effective in treating many
major diseases such as cardiovascular and cerebrovascular
diseases, Alzheimer’s, diabetes, and tumors and have neuro-
protective effects on ICVD [32, 35], but its resistance to de-
ficiency, the underlying mechanism of ICVD is still unclear. In
recent years, some scholars have proposed to study the
principles of prescriptions from the perspective of biological
network regulation and understand the interaction between the
complex chemical system of traditional medicine prescriptions
and the complex biological systems of the body from the
perspective of the network [36, 37].
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With the help of the network pharmacology platform,
this research explores the potential biology of US in the
treatment of ICVD from the perspective of systems biology
by mining and analyzing the effective components and
related targets of US against the ICVD mechanism.

2. Materials and Methods

2.1. Screening of the Active Compounds in US and Con-
struction of the Compound-Target Network. The Traditional
Chinese Medicine Systems Pharmacology (TCMSP) data-
base and analysis platform is a network pharmacology da-
tabase that integrates the information of traditional Chinese
medicine ingredients and corresponding target information.
The database contains key parameters for the absorption,
distribution, metabolism, and excretion of traditional Chi-
nese medicine components, including oral bioavailability
(OB), drug-likeness (DL), blood-brain barrier permeability
(BBB). In this study, we used the TCMSP platform and
searched the PubChem database to collect all the compo-
nents of US and obtained the OB, DL, and BBB values of
each component, with OB >30%, DL >0.18, and BBB>-0.3
as candidate active ingredients basis.

2.2. Main Software and Database

(i) DrugBank database: https://www.drugbank.ca/

(ii) Online Mendelian Inheritance in Man (OMIM)
database: https://www.omim.org/

(iii) Genetic Association Database (GAD): https://
geneticassociationdb.nih.gov/

(iv) Therapeutic Target Database (TTD): https://
database.idrb.cqu.edu.cn/TTD/

(v) STITCH database: https://stitch.embl.de/

(vi) SwissTargetPrediction
swisstargetprediction.ch/

(vii) DisGeNET database: https://www.disgenet.org/
home/

database:  https://www.

(viii) Venny 2.1 software: https://bioinfogp.cnb.csic.es/
tools/venny/

(ix) TCMIP database: https://www.tcmip.cn/TCMIP/
index.php/Home/Index/index.html

(x) Google Scholar database: https://scholar.google.
com.hk/¢hl=zh-CN/

(xi) UniProt database: https://www.uniprot.org
(xii) DAVID database: https://david.ncifcrf.gov/

(xiii) AlzData database: https://www.alzdata.org/index.
html

(xiv) OmicShare online data analysis platform: https://
www.omicshare.com/tools/

(xv) Cytoscape software: https://cytoscape.org/
(xvi) FunRich software: https://www.funrich.org/

(xvii) Metascape online data analysis platform: https://
metascape.org/gp/index.html
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2.3. Prediction of Target Points of Active Ingredients in US.
We use the TCMSP database to obtain the potential target
information corresponding to each active ingredient
screened in the US, and search the targets from different
sources in the UniProt database to obtain all target gene
names, used for subsequent network pharmacology analysis.

2.4. Discovery of Targets for ICVD. We use the keywords
“cerebral ischemia,” “ischemic stroke,” and “brain oxidative
stress” to search DrugBank, OMIM, GAD, STITCH, and
DisGeNET databases to obtain information on cerebral is-

chemia targets.

2.5. Core Target Screening. We enter the obtained targets of
ICVD and the targets of US components into the UniProt
database to search for and obtain the gene symbols of all
targets for subsequent analysis. In addition, we use Venny
2.1 online tool to draw the Venn diagram of the active
ingredient targets of US and the related targets of ICVD, and
get the intersection target.

2.6. Construction and Topology Analysis of Component-Target
Network. Cytoscape 3.7.2 software was used to construct a
compound-target interaction network and an anticerebral
ischemia drug effect component target interaction network.
Traditional medicine components or targets are expressed as
nodes in the network, and their connections are expressed as
edges. Network analyzer in Cytoscape 3.7.2 software is used
to calculate the degree of nodes (degree) parameters to
evaluate the importance of medicinal ingredients and
targets.

2.7. US and the Distribution of Targets Related to ICVD in
Brain Cells. The above-obtained intersection targets were
input into the AlzData database [38] to analyze the anti-
ICVD targets of US in human brain neurons, endothelial
cells, astrocytes, microglia, oligoprotruding cells, and oli-
godendrocytes. The expression of plasmonic precursor cells
can be used to obtain the cell types in which these targets are
highly expressed. Then Cytoscape software was used to
construct a component-target-cell type network.

2.8. Construction of PPI Network and Screening of Topological
Parameters. To understand the interaction of target proteins
at the system level, we use the Metascape database to analyze
and obtain a protein interaction network diagram.

2.9. Target Tissue Distribution and GO and KEGG Enrichment
Analysis. We used the Database for Annotation, Visuali-
zation, and Integrated Discovery (DAVID) to perform Gene
Ontology (GO) enrichment analysis and Kyoto Encyclo-
pedia of Genes and Genomes (enrichment analysis of
KEGG) signaling pathways to gain insight into the biological
processes (BP), molecular functions (MF), and KEGG sig-
naling pathways involved [39]. FunRich software was also
used to perform tissue enrichment analysis on the target

[40]. P<0.01 was considered significant. We drew bubble
charts by OmicShare tool, a free online platform for data
analysis [41]. Moreover, DAVID was employed to analyze
the pathway, and the R language ggplot2 package was used to
draw the pathway enrichment analysis bubble chart. [42].

2.10. UHPLC-QE-MS Nontarget Metabolomics Analysis.
The samples of US were analyzed by an Agilent 1290 ul-
trahigh performance liquid chromatography (UHPLC)
system with a Waters UPLC BEH C18 column (1.7 ym 2.1 *
100 mm). The column temperature was set at 55°C, and the
sample injection volume was set at 5 yL. The flow rate was set
at 0.5 mL/min. The mobile phase consisted of 0.1% formic
acid in water (A) and 0.1% formic acid in acetonitrile (B).
The multistep linear elution gradient program was as fol-
lows: 0-11 min, 85-25% A; 11-12 min, 25-2% A; 12-14 min,
2-2% A; 14-14.1 min, 2-85% A; 14.1-15min, 85-85% A;
15-16 min, 85-85% A. A Q Exactive Focus mass spec-
trometer coupled with Xcalibur software was employed to
obtain the MS and MS/MS data based on the IDA acqui-
sition mode. During each acquisition cycle, the mass range
was from 100 to 1500, the top three of every cycle were
screened, and the corresponding MS/MS data were further
acquired. Sheath gas flow rate was 45 arb, aux gas flow rate
15 arb, capillary temperature 400°C, full MS resolution
70000, MS/MS resolution 17500, collision energy 15/30/45
in NCE mode, and spray voltage 4.0 kV (positive) or =3.6 kV
(negative).

2.11. Molecular Docking Verification. To validate the com-
pound-target associations, the AutoDock software (version
4.2) was used to perform the molecular docking program
[43]. RCSB PDB (https://www.rcsb.org/) was used to retrieve
and download the 3D structure files of key target proteins.
3D structure files of compounds were downloaded from
PubChem (https://pubchem.ncbi.nlm.nih.gov/) [44]. Fi-
nally, the AutoDock platform was used for molecular
docking verification. The binding energy was calculated to
evaluate binding interactions between the compounds and
their targets. Binding energy less than “~5” indicates a good
binding interaction between the compound and target [45].
Ligand docking and binding site were visualized and ana-
lyzed with PyMOL and AutoDock Vina [46].

3. Results

3.1. Active Compounds in US. We screened out 90 active
ingredients based on OB >30%, DL >0.18, and BBB>-0.3,
including quercetin, luteolin, kaempferol, and naringenin.
According to the OB value, Table 1 shows the top 10 OB
active ingredients, including glycerol, isoliquiritigenin,
shinpterocarpin, phaseol, ZINC519174, and formononetin.

3.2. Target Prediction of Active Ingredients of US and Target
Mining of ICVD. A total of 443 targets for the active in-
gredients of US were obtained by searching the TCMSP
database. Through keyword search of 5 online databases,
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TasLE 1: Top 10 OB active ingredients of US.

Chemical name OB (%) BBB DL
1 Glycerol 90.78 -0.2 0.7
2 Shinpterocarpin 80.3 0.68 0.7
3 Phaseol 78.77 -0.1 0.6
4 Glyasperin F 75.84 -0.2 0.5
5 Inermine 75.18 0.4 0.5
6 Vestitol 74.66 0.3 0.2
7 Glyasperin M 72.67 0 0.6
8 ZINC519174 71.12 -0.3 0.2
9 Linalyl acetate 70.54 1.56 0.4
10 1-methoxyphaseollidin 69.98 0.48 0.6

Note. OB: oral bioavailability; DL: drug-likeness; BBB: blood-brain barrier permeability.

US compound Cerebral Ischemia

283 1903
(72.4%)

(10.8%)

FIGUre 1: Venn plot of drug targets and ischemic stroke targets.

DrugBank, OMIM, GAD, TTD, and DisGeNET, 1,903 re-
lated targets of ICVD were obtained. The 283 intersection
targets obtained from the intersection of the above two data
sets are used for subsequent network pharmacology analysis,
as shown in Figure 1.

3.3. Construction and Analysis of the Active Ingredient-Target
Interaction Network. Using Cytoscape 3.7.2 software to
construct the active ingredient-target interaction network, a
network with 343 points and 1994 edges was obtained.
Among them, the top 10 targets ranked by degree are
quercetin, luteolin, naringenin, jaranol, ZINC519174 (2R-7-
Hydroxy-2-(4-hydroxyphenyl)-2,3-dihydrochromen-4-
one), catechin, isoformononetin, kaempfride, isobavachin,
and kaempferol as shown in Table 2.

3.4. Construction and Analysis of the Pharmacodynamic In-
gredient-Target Interaction Network. The obtained inter-
section target was taken as the pharmacodynamic target, and
Cytoscape 3.7.2 was used to construct the pharmacodynamic
ingredient-target interaction network (see Figure 2). The top
10 targets with degree values are shown in Table 2. The 10
important anti-ICVD targets are PIK3CA, APP, PIK3R1,
MAPKI1, MAPK3, AKT1, PRKCD, Fyn, RACI, and NF-«B1.

3.5. Analysis of Protein Interaction Relationship. We import
US and anti-ischemic stroke-related targets into the Meta-
scape database for analysis and obtain a protein interaction

network diagram (see Figures 2-4). The results show that the
interaction between these proteins is mainly manifested in
the form of physical correlation, protein coexpression,
pathways, and colocalization.

3.6. Organization of US Target and GO Enrichment Analysis.
We used FunRich software to analyze the tissue distribution
of US targets (Figure 5). The results show that the targets of
90 active ingredients are significantly enriched in blood
vessels (plasma) and human umbilical veins. Endothelial
cells, cerebral cortex, cerebellum, nervous system, and other
tissues and cells. We used DAVID to perform GO enrich-
ment analysis for the US target based on CC, BP, and MF
terms. A total of 91 cell components, 780 biological pro-
cesses, and 183 molecular functions were identified, as
shown in Figure 6. It consists of 51 cell components, 387
biological processes, and 78 molecular functions with sta-
tistical significance (thresholds: count: 2, ease: 0.01). Sorted
by P value, the smallest 15 cell components (Figure 7) were
selected, and the biological processes (Figure 6) and mo-
lecular functions were displayed (Figure 8). We have noticed
that some biological processes and molecular functions may
be related to ICVD, such as response to hypoxia, inflam-
matory response, negative regulation of cell death, and
calcium channel activity, indicating that the US is effective
for ischemic stroke and has potential therapeutic effects.

3.7. Analysis of Brain Cell Distribution of US against ICVD
Targets. The Venn diagram of the component targets of US
and the disease targets of ICVD was drawn, and 283
overlapping targets were obtained. The 283 targets were
entered into the AlzData database, and the expression of
these targets in different cells was analyzed. Cytoscape 3.7.2
software was used to construct a component-anti-ICVD
target-cell interaction network. The experimental results
show (Figures 9 and 10) that the cell types are sorted by the
number of targets, namely, neurons (112), endothelial cells
(107), astrocytes (98), and microglia (72).

3.8. Analysis of KEGG Pathway, the Anti-ICVD Target.
We use DAVID to perform KEGG enrichment analysis on
the core PPI network. Sorted by P value, the top 15 signaling
pathways related to ICVD are visualized (Figure 11),
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TasLE 2: Top 10 US anti-ischemic stroke active ingredients and targets with degree.
Compound name Probability Degree Component target Degree
Quercetin 83 44 PIK3CA 108
Luteolin 53 46 APP 106
Naringenin 19 43 PIK3RI 106
Kaempfride 17 46 MAPK1 102
ZINC519174 17 45 MAPK3 86
Jaranol 13 46 AKT1 78
Catechin 13 43 PRKCD 68
Isoformononetin 13 39 Fyn 68
Isobavachin 11 44 RACI1 66
Kaempferol 11 13 NEF-«xB1 64

= MCODE1 = MCODE4
= MCODE2 = MCODE5
= MCODE3 MCODE6
= MCODE7

FIGURE 2: Protein-protein interaction network and MCODE
components identified in the gene lists. MCODE_1: PI3K-Akt
signaling pathway. MCODE_2: neuroactive ligand-receptor in-
teraction. MCODE_3: pathways in cancer. MCODE_4: Rapl sig-
naling pathway. MCODE_5: functionalization of compounds,
biological oxidation. MCODE_6: GO: regulation of transmem-
brane transporter activity. MCODE_7: dissolution of fibrin clot.
PID UPA: UPAR pathway.

including pathways (Figures 2-4). The results show that the
anti-ICVD effect of US mainly involves PI3K-Akt signaling
pathway, neuroactive ligand-receptor interaction, Ras sig-
naling pathway, Rapl signaling pathway, MAPK signaling
pathway, and HIF-1 signaling pathway.

3.9. Components Analysis of US. To identify the, US samples
were analyzed by UHPLC-MS/MS. The total positive and
some main major chemical components (Figure 12(a)), total
and some main major chemical components negative
(Figure 12(b)) ion chromatograms of US demonstrated, in

the chemical composition of all compounds. Several main
components were demonstrated in US, as shown in
Figure 12(a) and 12(b), and 5 compounds were distin-
guished: (1) quercetin, (2) luteolin, (3) naringenin, (4)
kaempfride, and (5) kaempferol.

3.10. Molecular Docking Verification. Compound-target
interactions with binding energy less than —5.0 kcal/mol are
shown in Table 3 and Figure 13, including PIK3CA with
kaempferol, PIK3RI with quercetin, AKTI with luteolin,
AKT1 inhibitor with quercetin, MAPK1 with luteolin,
mTOR with kaempferol, MEK1 with quercetin, MEK2 with
kaempferol, NF-xB1 with quercetin, and IKKf with
quercetin.

3.11. Target Path Analysis. The pathway map of US in
treating ICVD was obtained from KEGG PATHWAY Da-
tabase, as shown in Figure 14. The related pathways were
marked in red, and the targets of US in treating ICVD were
marked in rose. The results showed that the main pathways
of US in treating ICVD included TNF signaling pathway,
MAPK signaling pathway, NF-«B signaling pathway, and
PI3K/AKT signaling pathway.

4. Discussion

More and more evidence shows that the pathophysiological
mechanism of ICVD is very complicated, and a variety of
biological processes and multiple signal pathways are in-
volved in the process of ischemia-reperfusion injury. Tra-
ditional herb medicine is believed to be able to target energy
metabolism and oxidation, multiple targets, multiple links,
and multiple pathways such as stress, inflammation, en-
doplasmic reticulum stress, and apoptosis play a therapeutic
role, which has obvious characteristics compared with tra-
ditional single compounds [47]. In addition, multitarget
drugs avoid overregulation, with theoretically fewer side
effects. Network pharmacology is from systems biology and
biological networks. A research method to clarify the oc-
currence and development of diseases from two perspec-
tives. Through the collection of traditional herbal medicine
components and target points, an interaction network is
constructed to further investigate the regulatory effect of
traditional herbal medicine on different signals, thereby
revealing the mechanism of traditional herbal medicine. This
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study explores the mechanism of US in the treatment of
ICVD is also based on the nonlinear interaction between
their multiple components and the multiple targets of the

body disease. It is mainly used to treat insomnia, depression,
migraine, and neurasthenia. Numerous studies have re-
ported the good curative effect of each herb of US in the
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treatment of ICVD, with others being antioxidant, anti-
inflammatory, and cardiovascular protection activities
[13, 16, 18, 48-50].

To systematically explore the anti-ischemic brain of US,
the pharmacodynamic material basis and potential biolog-
ical mechanism of vascular diseases, we use network
pharmacology platform technology, through active ingre-
dient screening, pharmacodynamic target prediction and

analysis, protein interaction analysis, and gene annotation
enrichment analysis, we have obtained 10 important ef-
fective ingredients, namely, quercetin, luteolin, naringenin,
jaranol, ZINC519174, catechin, isoformononetin, kaempfr-
ide, isobavachin, and kaempferol. 10 important signaling
pathways, namely, PI3K-Akt signaling pathway, neuroactive
ligand-receptor interaction, Ras signaling pathway, cAMP
signaling pathway, Rap1 signaling pathway, MAPK signaling
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TaBLE 3: Docking score of the selected molecules for docking in the binding site of PIK3CA, PIK3RI, AKT1, MAPK1, MAPK3, MEKI,
MEK2, NF-«B1A, IKKf, and mTOR proteins.

Legend receptor docking score (AG, kcal/mol)
Legend receptor PIK3CA PIK3RI ~AKTl AKTII MAPKlI MAPK3 mTOR MEKI MEK2  NF-xBIA  IKKp

PDB ID 60AC 5UBT 30CB 3MVH 4CFE 4QTB 4DRI 3WIG 1591 1SVC 4KIK

Baicalein —-8.169 -7.94 -6.977 -5591  -7.003 -6.274  -7.923  -9.682 —-6.57 -3.33 -9.09

Kaempferide —-6.965 -8.251 -6.612 -7.074 -6.979 -6.127  -7.584  -8.611 —-6.124 -10.012
Kaempferol -11.174 -10.334 -6.179 -7.138 —6.995 -6.201  -8.101 -10.606 -10.038 -3.788 —10.044
Luteolin -9.923  -11.827 8272 -6.495 -7.161 -6.323  -7.918 -11.405 -7.747 -5.29 -11.335
Naringenin —-8.491 -9.383 -6.571 -6.342 -7.316 -6.516  —8.047 -10.492 —~7.82 —-8.047
Quercetin -10.365  -12.24 -7.74 -7986  —6.849 -6.525  -7.237 -11.572 7.384 —5.684 —11.547

F1GURre 13: The conformations of some important compounds and key targets. Compound-target interactions with binding energy less than
—5.0kcal/mol are shown: (a) PIK3CA with kaempferol, (b) PIK3RI with quercetin, (c) AKTI with luteolin, (d) AKT1I with quercetin, (e)
MAPKI1 with luteolin, (f) mTOR with kaempferol, (g) MEK1 with quercetin, (h) MEK2 with kaempferol, (i) NF-xB1 with quercetin, and (j)
IKKp with quercetin.
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pathway.

pathway, sphingolipid signaling pathway, HIF-1 signaling
pathway, and TNF signaling pathway.

We used FunRich software to perform tissue distribution
enrichment analysis on all predicted targets of US and found
that these targets were widely enriched in the nervous system
and circulatory system. The results of GO enrichment
analysis showed that the target was significantly enriched in
the items of biological processes or analytical functions
related to cerebral ischemia, such as response to hypoxia,
inflammatory response, calcium channel activity, negative
regulation of the apoptotic process, and positive regulation
of ERK1 and ERK2 cascade. The 283 targets obtained by the
intersection of the Venn diagrams are not only the targets of
the 90 components of US but also the therapeutic targets of
ICVD. Using AlzData, a database related to single-cell se-
quencing, we analyzed the high-expressing cell types of these
283 targets and found that the distribution of these targets in
nerve cells is quite different. There are 112 targets highly
expressed in neurons, 107 targets highly expressed in en-
dothelial cells, 98 cells highly expressed in astrocytes, and 72
targets highly expressed in microglia. The above analysis
shows that US can act not only on neurons, but also on
endothelial cells, astrocytes, and glial cells to resist ICVD.
Because the brain is a steady-state organ integrating blood
vessels, nerves, and immunity, and the nervous system is

extremely sensitive to changes in cerebral blood flow, the
pathophysiology of ICVD is extremely complicated. In the
past two centuries, a large number of studies showed that the
complexity of the interaction between the brain and its
vascular system is unmatched by other organs [51]. In this
context, the National Institute of Neurological Disorders
and Stroke of the National Institutes of Health first proposed
the concept of “neurovascular unit (NVU)” which aims to
emphasize the unique relationship between brain cells and
cerebral blood vessels [51]. This conceptual model has
brought new opportunities for the development of thera-
peutic drugs for cerebral ischemia. In the past, the research
and development of anticerebral ischemia drugs focused
more on neuroprotective effects and rarely involved glial and
vascular aspects. With the attention paid to the various cells
that make up the neurovascular unit, the interaction between
these cells has been emphasized; multitarget, multilink drugs
have been developed, and a new era of comprehensive brain
protection drug research and development has been opened.
To understand the different effects of US in different cells, we
selected four types of cells, neurons, endothelial cells, as-
trocytes, and microglia, that constitute neurovascular units,
and enriched for various types of cells with high expression.
The biological process of the target. We found that US plays
different roles in different cells to fight cerebral ischemia. In
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neuronal cells, it mainly participates in antioxidative stress,
antiapoptosis, antiexcitatory amino acid toxicity, anti-
calcium ion overload, etc; promotes angiogenesis in en-
dothelial cells; and inhibits inflammatory response,
chemokine production, and other immune processes. As-
trocytes regulate the hypoxic response of cells, resist oxi-
dative stress, promote angiogenesis, regulate chemokines,
resist excitatory amino acid toxicity, inhibit apoptosis, etc.,
participate in chemokines and cells in microglia, the signal
pathways of factor production, nitric oxide synthase bio-
synthesis, anti-inflammatory response, and immune re-
sponse may be related to NF-«xB and MAPK signal pathways.

The pharmacological effects of US may not only involve
predicted targets and ischemic targets in the database. To
expand the target network and to explore and screen im-
portant target networks, we used the PPI theory to construct
the PPI network of the US target and the PPI network of
ICVD. Convergence of complex networks, based on the
theory of molecular interaction, combined with the view of
complex systems, the status of nodes in biological networks
is closely related to their biological importance. Interven-
tions on key parts of the biological network can change the
entire system and are a manifestation of network vulnera-
bility [52]. We screened the topological parameters of the
PPI network containing 1994 nodes (number of nodes: 343,
number of edges: 1994) obtained from the intersection to
find the more important node network from a system
perspective, and analyzed the involvement of node proteins
in the network-related signal pathways to explore the
pharmacological mechanism of US. This method has also
been successfully applied to network pharmacology studies
of other multitarget herbal medicines [53]. With the help of
parameters including betweenness centrality (BC), degree
centrality (DC), eigenvector centrality (EC), closeness
centrality (CC), network centrality (NC), and local average
connectivity (LAC), we got a 343-node, 1994-PPI network
(string, number of nodes: 343, number of edges: 1994),
which is defined as the core PPI network of US against
ICVD. The enrichment analysis of the KEGG signal pathway
of the PPI network node obtained 15 important signal
pathways related to cerebral ischemia. We focused on the
PI3K/Akt signaling pathway, Ras signaling pathway, Rapl
signaling pathway, and MAPK signaling pathway, which are
ranked high in the P value.

With research support, PI3K/Akt signaling pathway is
one of the important therapeutic targets for ischemia-
reperfusion injury. Upregulation of this signaling pathway
helps to restore neurological function after ICVD, has
antiapoptotic effects, inhibits autophagy and antioxidative
stress, and promotes angiogenesis [3, 54-56]. Therefore, the
PI3K/Akt signaling pathway may be one of the important
signaling pathways for US to treat cerebral ischemia and
ICVD.

With research support, the Ras signaling pathway is one
of the important therapeutic targets for ischemia-reperfu-
sion injury [57]. Blocking the angiotensin IT ATI receptor in
the cerebral microvasculature can prevent cerebral ischemia
and inflammation, the presence and regulation of the local
renin-angiotensin  system (RAS) in the cerebral
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microvasculature of hypertension [57]. Plasma levels of
AnxA1l are reduced in stroke, and AnxAl can act on human
platelets, thereby inhibiting the classic thrombin-induced
internal-outside signaling events; for example, Akt activa-
tion, intracellular calcium release, and Ras-related protein 1
(Rap1) expression reduce af activation without changing its
surface expression [58]. The MAPK signaling pathway is also
one of the important therapeutic targets for ischemia-
reperfusion injury [59]. Mitogen-activated protein kinase/
extracellular signal-regulated kinase (MAPK/ERK), the
pathway is inhibited in wild-type glial cells after brain IR
injury but is reactivated in glial cells where the Mst1 gene is
knocked out. Therefore, blocking the MAPK/ERK pathway
can induce mitochondrial damage eliminates the beneficial
effects of macrophage stimulator 1 (MST1) loss during brain
IR injury [59]. HIF-1 and erythropoietin can be regulated by
PI3K/Akt in brain tissue and affect brain deficiency, anti-
inflammatory effect after blood reperfusion [60].

It is worth noting that among the top 10 important
medicinal ingredients of US against ICVD, quercetin [61],
luteolin [62], naringenin [63], jaranol [64], catechin [65],
isoformononetin [66], kaempfride [67], isobavachin [68],
and kaempferol [69] have been proven to have neuro-
protective effects, with the exception of ZINC519174.
Quercetin can improve cell membrane integrity via de-
creasing lipid peroxidation. Apoptotic cell death is inhibited
by quercetin via downregulation of Bax and caspases and
upregulation of Bcl-2 [70]. Quercetin can modulate auto-
phagy (inhibition/induction) in decreasing cerebral ische-
mia/reperfusion (I/R) injury [71]. Nanoparticles have been
applied for the delivery of quercetin, enhancing its bio-
availability and efficacy in the alleviation of I/R injury.
Noteworthy, clinical trials have also confirmed the capability
of quercetin in reducing I/R injury [72]. The neuroprotective
effect of kaempferol has been confirmed in the ICVD
[69, 73]. Kaempferol was responsible for significantly re-
ducing the phosphorylation of NF-kB p65 in addition to
inhibiting its translocation to the nucleus [69]. Luteolin
protects against ICVD, potentially via regulation of the
PI3K-Akt signaling, SIRT3, AMPK, and mTOR signaling
pathway [62, 74]. The neuroprotective effect of naringenin is
mediated through suppression of NF-«B signaling pathway,
preventing ischemic stroke damage via antiapoptotic and
antioxidant effects [75, 76]. Kaempfride has neuroprotective
effects through alleviating oxidative stress and enhancing the
BDNEF/TrkB/CREB pathway [77]. These findings suggested
that quercetin, luteolin, naringenin, kaempfride, and
kaempferol might be a promising choice for the intervention
of ICVD.

PPI analysis showed that PIK3CA, APP, PIK3RI,
MAPKI1, MAPK3, AKT1, PRKCD, Fyn, RAC1, and NF-xB1
were the top ten targets with high degrees. Followed by
cluster of the PPI network, the network could be divided into
four modules, which were mainly related to angiogenesis,
inflammation, coagulation, and blood-brain barrier [78].
Accumulating evidence has confirmed that, under the in-
juries of stroke, cerebral ischemia, and I/R and activation of
PI3K/Akt or PI3K/Akt/mTOR signaling pathway, PIK3CA,
PIK3R1, AKT1, MAPK1, MAPK3 are main genes that play
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important roles in promoting cell survival and reducing
cellular apoptosis [79, 80]. Strokes can trigger accelerated
B-amyloid deposition, most likely through interference with
amyloid clearance pathways [81]. PRKCD mediates cerebral
reperfusion injury [82], and Fyn mediates PSD-95Y523
phosphorylation, which may be responsible for the excito-
toxic signal cascades and neuronal apoptosis in the brain
ischemia and Af neurotoxicity [83]. RACI regulation of
Notch2 in mediating ICVD-induced production of injurious
ROS and cell death in vitro and in vivo in the short term [84].

In our research, US samples were examined by UHPLC-
MS/MS. The main chemical components of US, quercetin,
luteolin, naringenin, kaempfride, and kaempferol, were
examined. Compound-target interactions verified molecular
docking, [85]; these results also suggest the anti-ICVD ac-
tivity of US, through multiple targets and multiple pathways,
and its main biological mechanism may be related to the
PI3K-Akt signaling pathway as the central signaling
pathway.

PI3K-Akt signaling pathway, distributed in neuronal
cells, endothelial cells, glial cells, immune cells, etc., can
interact with a variety of ligands. The complex biological
activity of this pathway is also reflected in its ability to bind
ligands, the different activation of different signal trans-
duction pathways in the cell, and triggering different
downstream effects [54, 86]. The effect of US on ICVD may
be exerted through neurons, endothelial cells, glial cells,
immune cells, etc.

5. Conclusions

In summary, the anti-ICVD effect of US has the charac-
teristics of multiple targets and multiple pathways, and its
main biological mechanism may be related to the PI3K-Akt
signaling pathway as the central signaling pathway. There are
still some limitations in this study, such as the need to
further optimize the methods for finding and confirming
relevant targets of active ingredients, interaction of US and
neuroactive ligand-receptor, MAPK signaling, apoptosis,
autophagy, and Rap1 signaling, and the relationship between
these pathways requires experimental evidence. The ratio-
nality of the PI3K-Akt signaling pathway as the underlying
biological basis for the treatment of different diseases in US
requires further biological evidence.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare no conflicts of interest.

Authors’ Contributions

AG, MA, ZM, and NM prepared the bioinformatics analysis
and wrote the manuscript. TT, RA, and AR revised the
manuscript. AG and NM revised the manuscript in detail.
All authors read and approved the final manuscript.

13

Acknowledgments

The authors very much appreciate valuable discussions with
Dr. Turghun Tursun and Dr. Kurban Eli and are very
grateful to Mr. Abbas Eset of Urumgqi Pioneers Education
English School for correcting grammatical mistakes. This
study was supported by Grant 2017D01C209 from the
Natural Science Foundation of Xinjiang Uygur Autonomous
Region of China.

References

[1] X. Ren, H. Hu, L. Farooqi, and J. W. Simpkins, “Blood sub-
stitution therapy rescues the brain of mice from ischemic
damage,” Nature Communications, vol. 11, no. 1, p. 4078,
2020.

[2] Y. Zhu, X. Zhang, S. You et al., “Factors associated with pre-

hospital delay and intravenous thrombolysis in China,”

Journal of Stroke and Cerebrovascular Diseases, vol. 29, no. 8,

Article ID 104897, 2020.

H. Meng, W. Jin, L. Yu, S. Xu, H. Wan, and Y. He, “Protective

effects of polysaccharides on cerebral ischemia: a mini-review

of the mechanisms,” International Journal of Biological

Macromolecules, vol. 169, pp. 463-472, 2021.

S. Yang, H. Wang, Y. Yang et al., “Baicalein administered in

the subacute phase ameliorates ischemia-reperfusion-induced

brain injury by reducing neuroinflammation and neuronal
damage,” Biomedicine & Pharmacotherapy, vol. 117, Article

ID 109102, 2019.

L. Liu, W. Chen, H. Zhou et al., “Chinese Stroke Association

guidelines for clinical management of cerebrovascular dis-

orders: executive summary and 2019 update of clinical
management of ischaemic cerebrovascular diseases,” Stroke

and Vascular Neurology, vol. 5, no. 2, pp. 159-176, 2020.

W. Wang, B. Jiang, H. Sun et al., “Prevalence, incidence, and

mortality of stroke in China: results from a nationwide

population-based survey of 480 687 adults,” Circulation,

vol. 135, no. 8, pp. 759-771, 2017.

[7] E. M. Arsava, J. Helenius, R. Avery et al., “Assessment of the
predictive validity of etiologic stroke classification,” JAMA
Neurology, vol. 74, no. 4, pp. 419-426, 2017.

[8] Y. Fukuoka, N. Hosomi, T. Hyakuta et al., “Effects of a disease
management program for preventing recurrent ischemic
stroke,” Stroke, vol. 50, no. 3, pp. 705-712, 2019.

[9] W.]J. Powers, A. A. Rabinstein, T. Ackerson et al., “Guidelines
for the early management of patients with acute ischemic
stroke: 2019 update to the 2018 guidelines for the early
management of acute ischemic stroke: a guideline for
healthcare professionals from the American heart association/
American stroke association,” Stroke, vol. 50, no. 12,
pp. €344-e418, 2019.

[10] M. M. H. Lahr, D.-]. van der Zee, G.-J. Luijckx, and
E. Buskens, “Optimising acute stroke care organisation: a
simulation study to assess the potential to increase intrave-
nous thrombolysis rates and patient gains,” BMJ Open, vol. 10,
no. 1, Article ID e032780, 2020.

[11] M. Gauberti, B. Lapergue, S. Martinez de Lizarrondo et al.,
“Ischemia-reperfusion injury after endovascular thrombec-
tomy for ischemic stroke,” Stroke, vol. 49, no. 12,
pp. 3071-3074, 2018.

[12] M. S. Sun, H. Jin, X. Sun et al., “Free radical damage in is-
chemia-reperfusion injury: an obstacle in acute ischemic
stroke after revascularization therapy,” Oxidative Medicine

[3

[4

[5

[6



14

(13]

(14]

(15]

(16]

(17]

(18]

(19]

[20]

(21]

(22]

(23]

(24]

(25]

(26]

and Cellular Longevity, vol. 2018, Article ID 3804979,
17 pages, 2018.

D. Wang, X. Yuan, T. Liu et al., “Neuroprotective activity of
lavender oil on transient focal cerebral ischemia in mice,”
Molecules, vol. 17, no. 8, pp. 9803-9817, 2012.

S. Dehdari and H. Hajimehdipoor, “Adiantum capillus-
venerisMedicinal properties of linn. In traditional medicine
and modern phytotherapy: a review article,” Iranian Journal
of Public Health, vol. 47, no. 2, pp. 188-197, 2018.

S. Haider, S. Nazreen, M. M. Alam, A. Gupta, H. Hamid, and
M. S. Alam, “Anti-inflammatory and anti-nociceptive activ-
ities of ethanolic extract and its various fractions from
Adiantum capillus veneris Linn,” Journal of Ethno-
pharmacology, vol. 138, no. 3, pp. 741-747, 2011.

J. Gu, L. Feng, J. Song et al., “The effect and mechanism of
combination of total paeony glycosides and total ligustici
phenolic acids against focal cerebral ischemia,” Scientific
Reports, vol. 10, no. 1, p. 3689, 2020.

W.Y. Liao, T. H. Tsai, T. Y. Ho, Y. W. Lin, C. Y. Cheng, and
C. L. Hsieh, “Neuroprotective effect of paeonol mediates anti-
inflammation via suppressing toll-like receptor 2 and toll-like
receptor 4 signaling pathways in cerebral ischemia-reperfusion
injured rats,” Evidence-based Complementary and Alternative
Medicine, vol. 2016, Article ID 3704647, 12 pages, 2016.

S. Wang, Y. Zhao, J. Song et al, “Total flavonoids from
Anchusa italica Retz. Improve cardiac function and attenuate
cardiac remodeling post myocardial infarction in mice,”
Journal of Ethnopharmacology, vol. 257, Article ID 112887,
2020.

S. Asgharzade, R. D. E. Sewell, Z. Rabiei, F. Forouzanfar,
S. Kazemi Sheikhshabani, and M. Rafieian-Kopaei, “Hydro-
alcoholic extract of Anchusa italica protects global cerebral
ischemia-reperfusion injury via a nitrergic mechanism,” Basic
and Clinical Neuroscience Journal, vol. 11, no. 3, pp. 323-332,
2020.

M. Anushiravani, A. A. Manteghi, A. Taghipur, and
M. Eslami, “Comparing effectiveness of a combined herbal
drug based on Echium amoenum with citalopram in the
treatment of major depressive disorder,” Current Drug Dis-
covery Technologies, vol. 16, no. 2, pp. 232-238, 2019.

G. Pastorino, L. Cornara, S. Soares, F. Rodrigues, and
M. B. P. P. Oliveira, “Liquorice (Glycyrrhiza glabra): a phy-
tochemical and pharmacological review,” Phytotherapy Re-
search, vol. 32, no. 12, pp. 2323-2339, 2018.

C. Lim, S. Lim, B. Lee, B. Kim, and S. Cho, “Licorice pre-
treatment protects against brain damage induced by middle
cerebral artery occlusion in mice,” Journal of Medicinal Food,
vol. 21, no. 5, pp. 474-480, 2018.

R. Gupta and J. Kaur, “Evaluation of analgesic, antipyretic and
anti-inflammatory activity on Cordia dichotoma G. Forst.
Leaf,” Pharmacognosy Research, vol. 7, no. 1, pp. 126-130,
2015.

P. G. Jamkhande, S. R. Barde, S. L. Patwekar, and P. S. Tidke,
“Plant profile, phytochemistry and pharmacology of Cordia
dichotoma (Indian cherry): a review,” Asian Pacific Journal of
Tropical Biomedicine, vol. 3, no. 12, pp. 1009-1012, 2013.

G. Yang, D. Park, S. H. Lee et al., “Neuroprotective effects of a
butanol fraction of rosa hybrida petals in a middle cerebral
artery occlusion model,” Biomolecules and Therapeutics,
vol. 21, no. 6, pp. 454-461, 2013.

J. M. Yon, Y. B. Kim, and D. Park, “The ethanol fraction of
white rose petal extract abrogates excitotoxicity-induced
neuronal damage in vivo and in vitro through inhibition of

Evidence-Based Complementary and Alternative Medicine

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

oxidative stress and proinflammation,” Nutrients, vol. 10,
no. 10, 2018.

S. Kadri, M. El Ayed, F. Limam, E. Aouani, and M. Mokni,
“Preventive and curative effects of grape seed powder on
stroke using in vitro and in vivo models of cerebral ischemia/
reperfusion,” Biomedicine ¢ Pharmacotherapy, vol. 125, Ar-
ticle ID 109990, 2020.

T. Mubhetaer, Y. Resalat, G. Chu, X. Yin, and A. Munira,
“Determination of rutin, quercetin and kaempferol in Althaea
rosea (L) Gavan for Uyghur medicine by high performance
liquid chromatography,” Se pu = Chinese journal of chroma-
tography/Zhongguo hua xue hui, vol. 33, no. 12, pp. 1269-
1273, 2015.

Y. Qin, Q. Wen, J. Cao, C. Yin, D. Chen, and Z. Cheng,
“Flavonol glycosides and other phenolic compounds from
Viola tianshanica and their anti-complement activities,”
Pharmaceutical Biology, vol. 54, no. 7, pp. 1140-1147, 2016.
T. Al-Howiriny, A. Alsheikh, S. Alqasoumi, M. Al-Yahya,
K. ElTahir, and S. Rafatullah, “Gastric antiulcer, antisecretory
and cytoprotective properties of celery (Apium graveolens) in
rats,” Pharmaceutical Biology, vol. 48, no. 7, pp. 786-793,
2010.

M. A. Rather, B. A. Dar, S. N. Sofi, B. A. Bhat, and
M. A. Qurishi, “Foeniculum vulgare: a comprehensive review
of its traditional use, phytochemistry, pharmacology, and
safety,” Arabian Journal of Chemistry, vol. 9, pp. S1574-S1583,
2016.

A. Gul, N. Memtily, P. Mijit et al., “The Ustikuddus sherbiti in
the treatment of abnormal cold and dry-type depression
patients with comorbid anxiety: a randomized and controlled
clinical trial,” Traditional Medicine and Modern Medicine,
vol. 02, no. 03, pp. 127-133, 2019.

N. Moore, N. Hamza, B. Berke, and A. Umar, “News from
Tartary: an ethnopharmacological approach to drug and
therapeutic discovery,” British Journal of Clinical Pharma-
cology, vol. 83, no. 1, pp. 33-37, 2017.

M. Yizibula, Z. Wusiman, N. Abudouhalike, and
B. Maimaitiming, “Cognitive enhancement and neuro-
protective effects of a traditional Chinese herbal compound
medicine on AB1-42 induced Alzheimer’s disease in rats,”
Folia Neuropathologica, vol. 58, no. 4, pp. 365-376, 2020.

P. Xu, K. Wang, C. Lu et al., “Protective effect of lavender oil
on scopolamine induced cognitive deficits in mice and H202
induced cytotoxicity in PCI12 cells,” Journal of Ethno-
pharmacology, vol. 193, pp. 408-415, 2016.

Y. Shen, B. Zhang, X. Pang et al., “Network pharmacology-
based analysis of xiao-xu-ming decoction on the treatment of
Alzheimer’s disease,” Frontiers in Pharmacology, vol. 11,
Article ID 595254, 2020.

X. Wang, M. Wu, X. Lai et al., “Network pharmacology to
uncover the biological basis of spleen Qi deficiency syndrome
and herbal treatment,” Oxidative Medicine and Cellular
Longevity, vol. 2020, Article ID 2974268, 2020.

M. Xu, D. F. Zhang, R. Luo et al.,, “A systematic integrated
analysis of brain expression profiles reveals YAP1 and other
prioritized hub genes as important upstream regulators in
Alzheimer’s disease,” Alzheimer’s and Dementia, vol. 14, no. 2,
pp. 215-229, 2018.

J. Wu, B. Wang, M. Li, Y.-H. Shi, C. Wang, and Y.-G. Kang,
“Network pharmacology identification of mechanisms of
cerebral ischemia injury amelioration by Baicalin and Gen-
iposide,” European Journal of Pharmacology, vol. 859, Article
ID 172484, 2019.



Evidence-Based Complementary and Alternative Medicine

[40] A. Benito-Martin and H. Peinado, “FunRich proteomics
software analysis, let the fun begin!” Proteomics, vol. 15,
no. 15, pp. 2555-2556, 2015.

S. Wang, W. Su, C. Zhong et al., “An eight-CircRNA as-

sessment model for predicting biochemical recurrence in

prostate cancer,” Frontiers in Cell and Developmental Biology,

vol. 8, Article ID 599494, 2019.

[42] W. Sun, Y. Chen, H. Li et al., “Material basis and molecular
mechanisms of Dachenggi decoction in the treatment of acute
pancreatitis based on network pharmacology,” Biomedicine &
Pharmacotherapy, vol. 121, Article ID 109656, 2020.

[43] J. Dickerhoft, K. Warnecke, K. Wang, N. Deng, and D. Yang,

“Evaluating molecular docking software for small molecule

binding to G-Quadruplex DNA,” International Journal of

Molecular Sciences, vol. 22, no. 19, 2021.

D. Ramirez and J. Caballero, “Is it reliable to use common

molecular docking methods for comparing the binding af-

finities of enantiomer pairs for their protein target?” Inter-

national Journal of Molecular Sciences, vol. 17, no. 4, 2016.

[45] T. Gaillard, “Evaluation of AutoDock and AutoDock vina on
the CASF-2013 benchmark,” Journal of Chemical Information
and Modeling, vol. 58, no. 8, pp. 1697-1706, 2018.

[46] D. Seeliger and B. L. de Groot, “Ligand docking and binding
site analysis with PyMOL and Autodock/Vina,” Journal of
Computer-Aided Molecular Design, vol. 24, no. 5, pp. 417-422,
2010.

[47] J. Chen, D. Teng, Z. Wu et al.,, “Insights into the molecular
mechanisms of liuwei dihuang decoction via network phar-
macology,” Chemical Research in Toxicology, vol. 34, no. 1,
pp. 91-102, 2021.

[48] A. Vakili, S. Sharifat, M. Akhavan, and A. Bandegi, “Effect of
lavender oil (Lavandula angustifolia) on cerebral edema and
its possible mechanisms in an experimental model of stroke,”
Brain Research, vol. 1548, pp. 56-62, 2013.

[49] X. Yu, C. Xue, Z. Zhou et al., “In vitro and in vivo neuro-
protective effect and mechanisms of glabridin, a major active
isoflavan from Glycyrrhiza glabra (licorice),” Life Sciences,
vol. 82, pp. 68-78, 2007.

[50] J. Marco-Contelles and Y. Zhang, “From seeds of Apium

graveolens linn. To a cerebral ischemia medicine: the long

journey of 3-n-Butylphthalide,” Journal of Medicinal Chem-

istry, vol. 63, no. 21, pp. 12485-12510, 2020.

C. Iadecola, “The neurovascular unit coming of age: a journey

through neurovascular coupling in health and disease,”

Neuron, vol. 96, no. 1, pp. 17-42, 2017.

[52] Z. Ghalmane, C. Cherifi, H. Cherifi, and M. El Hassouni,

“Extracting backbones in weighted modular complex net-

works,” Scientific Reports, vol. 10, no. 1, p. 15539, 2020.

K. Yang, L. Zeng, A. Ge et al., “Hedysarum multijugum

MaximThe effect of.- compound on ischemic stroke: a re-

search based on network and experimental pharmacology,”

Oxidative Medicine and Cellular Longevity, vol. 2020, Article

1D 6072380, 2020.

U. Kilic, A. B. Caglayan, M. C. Beker et al., “Particular

phosphorylation of PI3K/Akt on Thr308 via PDK-1 and

PTEN mediates melatonin’s neuroprotective activity after

focal cerebral ischemia in mice,” Redox Biology, vol. 12,

pp. 657-665, 2017.

D. Zhang, L. Mei, R. Long et al., “RiPerC attenuates cerebral

ischemia injury through regulation of miR-98/PIK3IP1/PI3K/

AKT signaling pathway,” Oxidative Medicine and Cellular

Longevity, vol. 2020, Article ID 6454281, 12 pages, 2020.

L. Chen, L. Sun, Z. Liu, H. Wang, and C. Xu, “Protection

afforded by quercetin against H202-induced apoptosis on

[41]

(44]

[51

[53

[54

(55

(56]

(57]

(58]

(59]

(60]

(61]

(62]

(63]

(64]

[65

(66]

[67]

(68]

[69]

15

PC12 cells via activating PI3K/Akt signal pathway,” Journal of
Receptors and Signal Transduction Research, vol. 36, no. 1,
pp. 98-102, 2016.

L. Liu, H. Yuan, Y. Yi et al., “Ras-related C3 botulinum toxin
substrate 1 promotes axonal regeneration after stroke in
mice,” Translational Stroke Research, vol. 9, no. 5,
pp. 506-514, 2018.

E. Y. Senchenkova, J. Ansari, F. Becker et al., “Novel role for
the AnxAl-fpr2/ALX signaling Axis as a key regulator of
platelet function to promote resolution of inflammation,”
Circulation, vol. 140, no. 4, pp. 319-335, 2019.

D. Zhou, M. Zhang, L. Min, K. Jiang, and Y. Jiang, “Cerebral
ischemia-reperfusion is modulated by macrophage-stimu-
lating 1 through the MAPK-ERK signaling pathway,” Journal
of Cellular Physiology, vol. 235, no. 10, pp. 7067-7080, 2020.
Y. Wei, H. Hong, X. Zhang et al., “Salidroside inhibits in-
flammation through PI3K/Akt/HIF signaling after focal ce-
rebral ischemia in rats,” Inflammation, vol. 40, no. 4,
pp. 1297-1309, 2017.

S. Ghosh, S. Sarkar, S. T. Choudhury, T. Ghosh, and N. Das,
“Triphenyl phosphonium coated nano-quercetin for oral
delivery: neuroprotective effects in attenuating age related
global moderate cerebral ischemia reperfusion injury in rats,”
Nanomedicine: Nanotechnology, Biology and Medicine, vol. 13,
no. 8, pp. 2439-2450, 2017.

S. Luo, H. Li, Z. Mo et al., “Connectivity map identifies
luteolin as a treatment option of ischemic stroke by inhibiting
MMP9 and activation of the PI3K/Akt signaling pathway,”
Experimental & Molecular Medicine, vol. 51, no. 3, pp. 1-11,
2019.

X. Niu, H. Sang, and J. Wang, “Naringenin attenuates ex-
perimental autoimmune encephalomyelitis by protecting the
intact of blood-brain barrier and controlling inflammatory
cell migration,” The Journal of Nutritional Biochemistry,
vol. 89, p. 108560, 2021.

Z. Boghrati, M. Naseri, M. Rezaie et al., “Teucrium polium-
Tyrosinase inhibitory properties of phenylpropanoid glyco-
sides and flavonoids from L. var,” Iranian Journal of Basic
Medical Sciences, vol. 19, no. 8, pp. 804-811, 2016.

Z. Jiang, J. Zhang, Y. Cai, J. Huang, and L. You, “Catechin
attenuates traumatic brain injury-induced blood-brain barrier
damage and improves longer-term neurological outcomes in
rats,” Experimental Physiology, vol. 102, no. 10, pp. 1269-1277,
2017.

S. Chaturvedi, V. Tiwari, N. M. Gangadhar et al., “Iso-
formononetin, a dietary isoflavone protects against strepto-
zotocin induced rat model of neuroinflammation through
inhibition of NLRP3/ASC/IL-1 axis activation,” Life Sciences,
vol. 286, Article ID 119989, 2021.

D. Wang, X. Zhang, D. Li et al., “Kaempferide protects against
myocardial ischemia/reperfusion injury through activation of
the PI3K/Akt/GSK-3f pathway,” Mediators of Inflammation,
vol. 2017, Article ID 5278218, 11 pages, 2017.

D.-y. Wang, Y.-z. Hu, S.-s. Kong, Y.-p. Yu, D.-y. Zhu, and
Y.-j. Lou, “Promoting effects of isobavachin on neurogenesis
of mouse embryonic stem cells were associated with protein
prenylation,” Acta Pharmacologica Sinica, vol. 32, no. 4,
pp. 425-432, 2011.

W.-H. Li, X. Cheng, Y.-L. Yang et al.,, “Kaempferol at-
tenuates neuroinflammation and blood brain barrier dys-
function to improve neurological deficits in cerebral
ischemia/reperfusion rats,” Brain Research, vol. 1722, Ar-
ticle ID 146361, 2019.



16

[70] M. Wu, F. Liu, and Q. Guo, “Quercetin attenuates hypoxia-
ischemia induced brain injury in neonatal rats by inhibiting
TLR4/NF-«B signaling pathway,” International Immuno-
pharmacology, vol. 74, Article ID 105704, 2019.

[71] Y.-Y. Wang, C.-Y. Chang, S.-Y. Lin et al., “Quercetin protects
against cerebral ischemia/reperfusion and oxygen glucose
deprivation/reoxygenation neurotoxicity,” The Journal of
Nutritional Biochemistry, vol. 83, Article ID 108436, 2020.

[72] M. Ashrafizadeh, S. Samarghandian, K. Hushmandi et al,
“Quercetin in attenuation of ischemic/reperfusion injury: a
review,” Current Molecular Pharmacology, vol. 14, no. 4,
pp. 537-558, 2021.

[73] J. Wang, J. Mao, R. Wang, S. Li, B. Wu, and Y. Yuan,
“Kaempferol protects against cerebral ischemia reperfusion
injury through intervening oxidative and inflammatory stress
induced apoptosis,” Frontiers in Pharmacology, vol. 11, p. 424,
2020.

[74] S. Liu, Y. Su, B. Sun et al., “Luteolin protects against CIRI,
potentially via regulation of the SIRT3/AMPK/mTOR sig-
naling pathway,” Neurochemical Research, vol. 45, no. 10,
pp. 2499-2515, 2020.

[75] S. S. Raza, M. M. Khan, A. Ahmad et al., “Neuroprotective
effect of naringenin is mediated through suppression of NF-
«B signaling pathway in experimental stroke,” Neuroscience,
vol. 230, pp. 157-171, 2013.

[76] K. Wang, Z. Chen, J. Huang et al., “Naringenin prevents
ischaemic stroke damage via anti-apoptotic and anti-oxidant
effects,” Clinical and Experimental Pharmacology and Phys-
iology, vol. 44, no. 8, pp. 862-871, 2017.

[77] T. Yan, B. He, M. Xu et al., “Kaempferide prevents cognitive
decline via attenuation of oxidative stress and enhancement of
brain-derived neurotrophic factor/tropomyosin receptor ki-
nase B/cAMP response element-binding signaling pathway,”
Phytotherapy Research, vol. 33, no. 4, pp. 1065-1073, 2019.

[78] D. Colin-Castelan and S. Zaina, “Associations between ath-
erosclerosis and neurological diseases, beyond ischemia-in-
duced cerebral damage,” Reviews in Endocrine & Metabolic
Disorders, vol. 20, no. 1, pp. 15-25, 2019.

[79] J. Wang, A. Wang, H. He et al., “Trametenolic acid B protects
against cerebral ischemia and reperfusion injury through
modulation of microRNA-10a and PI3K/Akt/mTOR signal-
ing pathways,” Biomedicine & Pharmacotherapy, vol. 112,
Article ID 108692, 2019.

[80] C. Fernandez-Hernando, L. Jozsef, D. Jenkins, A. D. Lorenzo,
and W. C. Sessa, “Absence of Aktl reduces vascular smooth
muscle cell migration and survival and induces features of
plaque vulnerability and cardiac dysfunction during athero-
sclerosis,” Arteriosclerosis, Thrombosis, and Vascular Biology,
vol. 29, no. 12, pp. 2033-2040, 2009.

[81] M. Garcia-Alloza, J. Gregory, K. V. Kuchibhotla et al., “Ce-
rebrovascular lesions induce transient -amyloid deposition,”
Brain, vol. 134, no. 12, pp. 3697-3707, 2011.

[82] R. Bright, A. Raval, J. Dembner et al, “Protein kinase C
mediates cerebral reperfusion injury in vivo,” Journal of
Neuroscience, vol. 24, no. 31, pp. 6880-6888, 2004.

[83] C.-P. Du, R. Tan, and X.-Y. Hou, “Fyn kinases play a critical
role in neuronal apoptosis induced by oxygen and glucose
deprivation or amyloid-f peptide treatment,” CNS Neuro-
science and Therapeutics, vol. 18, no. 9, pp. 754-761, 2012.

Evidence-Based Complementary and Alternative Medicine

[84] S. Meng, Z. Su, Z. Liu, N. Wang, and Z. Wang, “Racl con-
tributes to cerebral ischemia reperfusion-induced injury in
mice by regulation of Notch2,” Neuroscience, vol. 306,
pp. 100-114, 2015.

[85] Q. Gao, D. Tian, Z. Han et al., “Network pharmacology and
molecular docking analysis on molecular targets and mech-
anisms of buyang huanwu decoction in the treatment of is-
chemic stroke,” Evidence-based ~Complementary —and
Alternative Medicine, vol. 2021, Article ID 8815447, 15 pages,
2021.

[86] G.Hoxhajand B. D. Manning, “The PI3K-AKT network at the
interface of oncogenic signalling and cancer metabolism,”
Nature Reviews Cancer, vol. 20, no. 2, pp. 74-88, 2020.



