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Background: Epimedii Herba is a traditional Chinese herbal medicine used to treat central nervous system diseases such as
Alzheimer’s disease in China. However, the pharmacological mechanism is unclear. To investigate the mech-
anisms of Epimedii Herba in the treatment of Alzheimer’s disease, we assessed effective compounds, corre-
sponding targets, and related pathways of Epimedii Herba in the treatment of Alzheimer’s disease based on
network pharmacology.

Material/Methods: The active components and targets of Epimedii Herba were obtained through the TCMSP database and the
DrugBank database. The DisGeNET database and GeneCards database were used to search for Alzheimer’s dis-
ease targets. The common targets of components and disease were obtained by Wayne diagram. Gene ontolo-
gy (GO) analysis and enrichment analysis of the Kyoto Encyclopedia of Genes and Genomes (KEGG) were per-
formed using the DAVID database. The component-target-pathway interaction network model was constructed
using Cytoscape software. Auto Duck Vina software was used for molecular docking to analyze the affinity of
the key ingredients and the main targets.

Results: We screened 17 active ingredients and 27 key targets of Epimedii Herba in the treatment of Alzheimer’s dis-
ease, which were related to the HIF-1 signaling pathway, TNF signaling pathway, PI3K-Akt signaling pathway,
NF-xB signaling pathway, VEGF signaling pathway, and sphingolipid signaling pathway.

Conclusions: Based on network pharmacology, the multi-component, multi-target, and multi-pathway characteristics of
Epimedii Herba in the treatment of Alzheimer’s disease were explored. Our results provide new ideas for fu-
ture pharmacological and experimental research on Epimedii Herba in the treatment of Alzheimer’s disease.
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Material and Methods

Epimedii Herba is a traditional Chinese herbal medicine de-
rived from the genus Epimedium of the Berberidaceae fami-
ly, and its main chemical component is flavonoids [1]. It has
been reported in the literature that it has a wide range of ac-
tivities, such as improving cerebral blood flow to treat central
nervous system diseases, promoting blood circulation, reduc-
ing depression symptoms, improving memory ability, and pre-
venting brain damage caused by inflammation of nerve cells.
It has important clinical medicinal value [2-4].

Alzheimer’s disease (AD) is a degenerative disease of the ner-
vous system. Because progressive cognitive function declines
and cognitive behavior changes often occur in clinical devel-
opment [5], it imposes a huge burden on the family and soci-
ety [6]. The cause of the disease is still unclear [7]. Age is the
biggest risk factor for AD, and the likelihood of suffering from
Alzheimer’s disease increases with age [6]. The main patho-
logical feature is the aggregation of B-amyloid protein (Ap)
and abnormal phosphorylation of tau protein [5]. Traditional
Chinese medicine often describes its symptoms as “demen-
tia” and “forgetfulness” [8]. In the theory of traditional Chinese
medicine, the elderly often have physiological characteristics
of kidney and spleen insufficiency, which are the pathological
basis of AD [9,10]. The book “Shen Nong Bencao Jing” empha-
sizes that brain-nourishing medicine is mainly based on kid-
ney-nourishing Chinese medicine [11]. Therefore, tonifying the
kidneys and strengthening the spleen are common methods of
traditional Chinese medicine used to treat AD. Epimedii Herba is
classified as a kidney tonic in China. It is the most well-known
plant with aphrodisiac effects used in Asian countries [12]. It
is used to nourish the kidney and improve AD. Epimedii Herba
can improve AD and has antidepressant and neuroprotective
effects [13]. Epimedii Herba thus plays an important role in the
treatment of Alzheimer’s disease.

Network pharmacology is the integration of various informat-
ics approaches, including bioinformatics, systems biology, and
pharmacology. It can analyze the interaction from multiple per-
spectives of drug-component-target-disease. Network pharma-
cology can explore the mechanism of action of drugs on dis-
eases systematically and holistically, which is consistent with
the holistic and systematic approach of traditional Chinese
medicine to disease treatment [14]. To explore the beneficial
effect of Epimedii Herba on Alzheimer’s disease, the present
study used a network pharmacology approach to comprehen-
sively study the active ingredients of Epimedii Herba and the
potential mechanism of action in treatment of Alzheimer’s dis-
ease. To provide a theoretical basis for the clinical application
of Epimedii Herba in the treatment of Alzheimer’s disease, we
further explored the synergistic relationship between the com-
ponents, targets, and pathways of Epimedii Herba.

Component collection and screening of Epimedii Herba

In the traditional Chinese medicine system pharmacology da-
tabase and analysis platform TCMSP (http://tcmspw.com/),
we used “Epimedii Herba” as a keyword to search for chemi-
cal components. According to ADME (absorption, distribution,
metabolism, and excretion) related to chemical properties, the
oral route is the most important and convenient way to trans-
port drugs through the systemic circulation, and oral bioavail-
ability (OB) is usually used to objectively evaluate whether a
drug molecule has good absorbability [15]. Drug-likeness (DL)
is a qualitative concept used in drug design [16]. According
to the drug screening standard recommended by TCMSP [17],
the active ingredient of Epimedii Herba was obtained by us-
ing the drug screening standard 20 with OB >30% and DL
>0.18 [18] (Table 1).

Collection of targets related to active ingredients

The TCMSP database was used to find corresponding relevant
targets of the active ingredients of Epimedii Herba. Then, targets
were selected from DrugBank (https://www.drugbank.ca/) [19].
Through the UniProt database (https://www.uniprot.org/) [20],
we collected the gene names of the corresponding species.

Collection of AD-related disease targets

The target genes related to AD were collected from 2 databas-
es: the DisGeNET database (http://www.disenet.org/) [21] and
the GeneCards database (https://www.genecards.org/) [22]. We
used “Alzheimer’s disease” as a search term and set the species
as Homo sapiens. We screened for disease targets based on
the score size and deleted the repeated options in the search
results to obtain the final AD target genes.

Network model construction

Network analysis provides a scientific explanation of the com-
plex relationships among traditional Chinese medicines, com-
pounds, genes, and diseases. In the present study, network con-
struction was carried out using Cytoscape 3.7.2 software [23]
with the following 3 approaches:

1) For the chemical components of Epimedii Herba and its re-
lated target genes, the active components and correspond-
ing targets of Epimedii Herba were summarized and then
introduced into the Cytoscape 3.7.2 software to construct
the network.

2) For the common targets of Epimedii Herba component tar-
gets and AD-related targets, to analyze the interaction be-
tween the Epimedii Herba-related targets and the disease-
related targets, we inputted the drug component targets and

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€926295-2




LiY.etal:
A network pharmacological approach to investigate...
© Med Sci Monit, 2020; 26: €926295

Table 1. Potential active components of Epimedii Herba.

DATABASE ANALYSIS

Molecule Name OB (%) DL
MOL000622 Magnograndiolide 63.71 0.19
 mowoo4ze7 oivil 6223 041
 wowoss  SPoNILIZdmettoyazdmeinytisdon2sastehdo gy 0s
 mowoas2 VinyanghuoA 5696 077
 MOL004396  L-bis(a-hydroxy-3-methosyphenyDpropan-13-diol 231 022
 mowoass VinyanghuoE 5163 055
 mowooasor 8 (-methylbut 2-eny)-2-phenyl-chromone agsa 025
 mowoooss quercetn 4643 028
 MOl004384  YiyanghwoC w67 os
 mowosrs Anhydroicaritn a1 044
~ molooless lnoleylacetate w1 02
 mowoo0422 kaempferol nes 024
 MOL004394  Anhydroicaritin-3-O-alpha-L-thamnoside anss 061
 molooa42s arin nsg 061
 MOL004380  CHomoerythrinan, 1,6-didehydro-3,15, 16 trimethoxy-, (3beta) 914 049
 molossa2 glsopentenylkaempferol 04 039
 MOL0ISI0  24epicampesterol 758 o
 molooossy stosterol 691 075
~ moworz1 poriferast-5-en-3betaol 691 075
~ molooooos wteoin %616 025
 mowososs Chyseriol 385 027
 mowow7e2 DV 76 018
 mowoss7 cariside A7 391 086

disease targets on the Bioinformatics website (http://bioin-
formatics.psb.ugent.be/webtools/Venn/) and drew a Venn di-
agram. We then obtained the intersection targets and used
the STRING11.0 database (http://string-db.org/) to analyze
the interaction between intersecting proteins (PPI) [24]. In
STRING, the co-target genes were introduced, the organ-
ism was set as “homo sapiens”, the confidence was set as
“medium confidence”, and the PPI results were derived as
table text output (.tsv). Finally, the TSV file was imported
into Cytoscape (version 3.7.2) for analysis. The function of
“Network Analysis” was used to calculate the Degree and
Betweenness of nodes in the Network. The larger the value
is, the more critical the node is in the Network. We select-
ed the target points whose parameters are greater than the
average value to focus on analysis.

3) For the active components of Epimedii Herba AD-related
genes and pathways, the pathway enrichment of the com-
mon target proteins was carried out using the KEGG data-
base to obtain the relevant signal pathways. The effective
components, target proteins, and pathway information of
Epimedii Herba were imported into Cytoscape 3.7.2 to con-
struct the “component-target-pathway” network model.

Enrichment analysis

Go enrichment analysis and KEGG path enrichment analy-
sis of key target genes were carried out through the DAVID
online database (https://david.ncifcrf.gov/) [25]. Then,
we used OmicShare’s online data analysis platform tool
(http://www.omicshare.com/tools) to draw a bubble chart.
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Figure 1. The active component-target network of Epimedii Herba. Yellow nodes represent active components, green nodes represent

targets.

Molecular docking

We performed molecular docking of key components of Epimedii
Herba in the network model with the targets and then obtained
the protein crystal complexes of the main targets in the PDB
database [26]. PyMOL software separated the original ligand
from the target protein and removed the water molecule, phos-
phate, and other inactive related ligands of the target pro-
tein [27]. We imported the 2D structure of key small molecule
compounds into ChemBio3D software and exported the for-
mat of mol2 to save its 3D structure (ChemBioOffice 2014).
In Auto Dock vina software, we imported the 3D structures of
small molecules and target proteins and exported the format

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

of pdbgt. Then, we docked the molecules between target pro-
teins to observe their affinity. Auto Dock vina is free software.
Compared with the earlier product, Auto Dock, it has higher
precision and faster calculation speed, and it can improve the
speed and accuracy of docking [28].

Results

Screening of active ingredients of Epimedium

TCMSP, a database of systems pharmacology for drug discovery
from herbal medicines, includes 499 Chinese herbal medicines

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
€926295-4 [ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]



LiY.etal:
A network pharmacological approach to investigate...
© Med Sci Monit, 2020; 26: €926295

AD target
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Figure 2. Common Gene Targets of Epimedii Herba and AD.

and 29 384 ingredients, and provides drug targets and diseases
of each active compound, with unique ability to identify drug
target networks and drug disease networks [19]. Searching for
the chemical compositions of Epimedii Herba from the TCMSP
database, we obtained 130 chemical ingredients. The screening
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conditions OB >30%, DL >0.18 were set and 23 active ingredi-
ents of Epimedii Herba were finally collected (Table 1).

Collection and screening of target information

Target proteins corresponding to 23 active components of
Epimedii Herba were collected from the TCMSP database. We
selected them from DrugBank and obtained 129 target proteins.
The corresponding gene names were transformed through the
UniProt database and the results were imported into Cytoscape
3.7.2 software to construct an active ingredient-target network
of Epimedii Herba (Figure 1). In Figure 1, there are 153 nodes
and 381 edges. The active ingredients of Epimedii Herba in
the inner circle are represented by yellow arrow nodes and
the gene targets in the outer circle are represented by green
circular nodes. Compounds with larger degree values includ-
ing: MOL000098 (quercetin) degree value=74, MOL000422
(kaempferol) degree value=42, MOL004380 (C-Homoerythrinan,
1,6-didehydro-3,15,16-trimethoxy-, (3.beta.)-) degree value=37,
MOL004373 (Anhydroicaritin) degree value=35, MOL004391
(8-(3-methylbut-2-enyl)-2-phenyl-chromone) degree value=30,
MOLO00006 (luteolin) degree value=29, MOL003044 (Chryseriol)

A

Number of nodes

Degree

Betweenness centrality
o
N
3
o

0.125 : !

00123 4567 891112131415716
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Figure 3. Analysis of key target genes of Epimedii Herba against AD. (A) PPl network diagram of Key Targets. (B) Interaction network of
targets for Epimedii Herba against AD. (C) Distribution of degree. (D) Betweenness centrality. The size and color of the nodes

are proportional to degree centrality by topology analysis.
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Figure 4. GO analysis for the key targets of Epimedii Herba against AD.

degree value=17, may be the main material basis of Epimedii
Herba in the treatment of AD.

GeneCards is a comprehensive, authoritative compendium
of annotative information on human genes, and DisGeNET is
one of the largest available collections of genes and variants
involved in human diseases. They can provide a variety of in-
formation such as genes and the relationship between genes
and diseases. The GeneCards database was searched for genes
related to Alzheimer’s disease, and a total of 81 targets with
scores >50 were screened. We retrieved 122 targets from the
DisGeNET database and 167 disease targets were obtained af-
ter deleting the duplicate targets. A total of 129 drug targets
were retrieved from the TCMSP database. We took the inter-
section of drug targets and disease targets. Then, we drew a
Venn diagram to obtain 27 key target genes for Epimedii Herba
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in the treatment of Alzheimer’s disease (Figure 2). The 27 tar-
gets were imported into the STRING 11.0 database to analyze
protein-protein interactions (PPI) (Figure 3A). After that, the
PPI results were exported as simple tabular text output (.tsv),
and the TSV file was imported into Cytoscape (version 3.7.2) to
draw the network diagram of target interaction. The size and
color of the nodes are proportional to the degree. The larger
the node and the darker the color, the more critical it is in the
network. The results are shown in Figure 3B-3D. The average
degree value of the PPl network is 6.30 and the average me-
dium is 0.05. There are 5 targets whose degree value and me-
dium were greater than the average. They are: APP (amyloid
precursor protein, degree value=11; medium=0.4036), IL6 (in-
terleukin 6, degree value=16; medium=0.181), VEGFA (vascular
endothelial growth factor, degree value=12; medium=0.135),
MAPK1 (mitogen-activated protein kinase 1, degree value=12;
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Figure 5. KEGG pathway enrichment of Epimedii Herba against AD. Top 20 pathways enriched based on target genes (the abscissa
is the rich factor, the ordinate is pathway name, the size of the dot indicates the number of target genes, and the color
represents the P-value).

medium=0.101), and TNF (tumor necrosis factor, degree val- DAVID database. The goals were: HMOX1 NOS2 TNF INSR

ue=12; medium=0.06). SLC6A4 DRD2 MPO MAOB MAPK1 F2 PTGS2 IL1B SOD1 ESR1
PON1 PTGS1 BCL2 CTSD TF VEGFA PPARG GSK3B CCL2 NOS3 IL6
Enrichment analysis of biological functions and pathways APP SLC6A3. Official gene symbols were selected in the Select

identifier, gene List was selected in the List type item, homo
To further explore the mechanism of Epimedii Herba on sapiens was limited to species selection, homo sapiens was se-
Alzheimer’s disease, the 27 targets were imported into the lected in the background, and the threshold value P<0.05 was
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Table 2. KEGG signal pathway information.

Term Count Percentage (%) P value Genes

-1 signaing pathway o oSS e B e
INFsignaling pathway 6 22 344x10°  MAPKL, IL6, TNF, CCL2, PTGS2, IL1B

Serotonergic synapse 6 22.22 4.11x10°° mﬁ(P)KBL APP, PTGS2, SLC6A4, PTGS1,
_ NOD-like receptor signaling pathway 5 1852 439x10°  MAPKLIL6, TNF,CCL2,IL1B
Prion diseases s 481 23610 MAPKLIL6IL1B,SODI
Rheumatoid arthritis 5 1852 258104 IL6, TN, CCL2, VEGFA, ILIB
CinfluenzaA 6 22 344x104  MAPKL, IL6, TNF, CCL2, GSK3B, IL1B

Pathways in cancer 8 29.63 3.69x10™* \’\/AI?GPFT,,F!:;GA'RZT?\IS;,SZGS“B, BCL2,
insulin resistance 5 1852 564x10%  IL6 TN, GSK3B,NOS3, INSR
malaia s 481 69910  Il6 TNF CCL2,LIB
Sphingolipid signaling pathway 5 1852 839+104  MAPKL TNF, BCL2, CTSD,NOS3

PI3K-Akt signaling pathway 7 25.93 1.2x10° ’ILAQ;K, ll’l\:;z' GSK3B, BCL2, VEGFA,
| VEGF signaling pathway s 481 133x10°  MAPKI, PTGS2, VEGFA, NOS3
 Non-alcoholic fatty liver disease (NAFLD) 5 1852 19710 IL6, TNF, GSK3B, IL1B,INSR
| Azheimersdisease 5 1852 291x10°  MAPKL, APP, TNF, GSK3B, IL1B
salmonellainfecton s 481 322¢10°  MAPKL IL6 LB, NOS2
| NFkappa Bsignaling pathway s 481 368x10°  TNFPTGS2,BCL2,IL1B
Graftversus-host disease 3 o 625¢10°  Il6 TN ILIB
 Tollike receptor signaling pathway s 1481 639x10°  MAPKL IL6, TNF,ILIB
Amoebiass s 481 639«10°  IL6 TNFILIB,NOS2

set. GO enrichment (Figure 4) and biological pathway analysis
of KEGG (Figure 5) were carried out on the targets of Epimedii
Herba in the treatment of AD. Figure 4 shows that in the mo-
lecular function of GO enrichment analysis, Epimedii Herba
has a greater influence on protein homodimerization activi-
ty, heme binding, identical protein binding, peroxidase activi-
ty, and cytokine activity. In the cellular components, Epimedii
Herba has effects on extracellular space, caveola, axon, and lys-
osome. In the biological processes, Epimedii Herba has a great
impact on drug response, positive regulation of peptidyl-serine
phosphorylation, regulation of blood pressure, response to hy-
poxia and toxic substance, and LPS-mediated signaling path-
ways. Figure 5 shows that the top 20 pathways involved in the
treatment of Alzheimer’s disease by Epimedii Herba are HIF-1
signaling pathway, TNF signaling pathway, PI3K-Akt signaling
pathway, NF-kB signaling pathway, VEGF signaling pathway,
and sphingolipid signaling pathway. Specific parameters are

shown in Table 2. The HIF-1 signaling pathway with the low-
est FDR value and the lowest P-value was taken as an exam-
ple to study the enrichment of the anti-AD targets of Epimedii
Herba. The results are shown in Figure 6.

Component-target-pathway network model of Epimedii
Herba

We used 27 target genes and their corresponding effective com-
ponents and signaling pathways of Epimedii Herba to construct
the “component-target-pathway” network model of Epimedii
Herba (Figure 7). In Figure 7, there are a total of 59 nodes and
165 edges. Yellow, blue, and green represent the active compo-
nents, targets, and regulatory pathways, respectively, of Epimedii
Herba. Edges represent the interaction between these 3. The
size of the node is proportional to the degree. The larger the
node, the greater the effect in Alzheimer’s disease. The results
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Figure 6. The analysis of HIF-1 signaling pathway. Red color represents targets of Epimedii Herba of enrichment in the HIF-1 pathway.

Figure 7. The active component-target-pathway network of Epimedii Herba against AD. Yellow nodes represent active ingredients; blue
nodes represent key targets; green arrows represent pathways; edges represent interactions among them.

showed that prostaglandin-peroxide synthase 2 (PTGS2), mi-
togen-activated protein kinase 1 (MAPK1), prostaglandin-per-
oxide synthase 1 (PTGS1), tumor necrosis factor (TNF), estro-
gen receptor Body alpha (ESR1), and interleukin 6 (IL-6) are key
nodes in the network, indicating that they are likely to be the
core targets of Epimedii Herba treatment for Alzheimer’s dis-
ease. The “component-target-pathway” network shows that
multiple components, multiple targets, and multiple pathways
of Epimedium cooperate with each other in Alzheimer’s disease.

Docking of key molecules with the major target proteins

Quercetin with the largest degree of compound value was
docked with the key target proteins prostaglandin-peroxide
synthase 2 (PTGS2) in the network and the binding energy
was -9.6 kcal/mol. Quercetin was docked with mitogen-acti-
vated protein kinase 1 (MAPK1) and the binding energy was
-8 kcal/mol. The docking model is shown in Figure 8A, 8B. The
docking binding energy of luteolin and tumor necrosis factor
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Figure 8. Docking of key molecules with the major target proteins. (A) Molecular docking model of the Quercetin and Prostaglandin-
endoperoxide synthase 2. (B) Molecular docking model of the Quercetin and Mitogen-activated protein kinase 1.
(€) Molecular docking model of the Luteolin and Tumor necrosis factor alpha. The black dotted line and purple arrow in the
figure represent hydrogen bonds and the blue dotted line and green arrow represent pi-pi stacking.

Table 3. Docking of molecules with major target proteins.

Target PDB ID Ligand  Three dimensional coordinates of the active site  Molecule Affinity (kcal/mol)
PTGS2 5KIR NAG x=23.59; y=2.418; z=34.258 Quercetin -9.6
"""" MAPKI  4QP4 360 x32637;y=46133,2=423 Quercetn -8
"""" TNF 600V  ATM  x=-11496;y=1548;2=-18373  luteoln  -106

was —10.6 kcal/mol. The docking model is shown in Figure 8C.
The black dotted line and purple arrow in the figure repre-
sent hydrogen bonds and the blue dotted line and green ar-
row represent pi-pi stacking. The results show that the above
key molecules are well docked with important target proteins
and have a good affinity, suggesting that Epimedii Herba has
high accuracy in the treatment of Alzheimer’s disease (Table 3).

Discussion

In this study, 23 active components of Epimedii Herba were
screened from the TCMSP database, among which 17 active
components were associated with Alzheimer’s disease. A va-
riety of compounds have been reported in the literature. The
main components of Epimedii Herba are flavonoids, and icar-
iin is considered to be one of the main pharmacologically ac-
tive components. Icariin can inhibit B-secretase activity, reduce
the content of B-amyloid protein in the hippocampus and the
mRNA level of B-secretase [29], improve cognitive function by
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inhibiting the loss of neurons and the formation of A [30],
inhibit nerve inflammation [31], inhibit atrophy of axons and
dendrites [32], increase the content of neurotrophic factors,
and promote the proliferation and differentiation of neural
stem cells [33]. The cholinergic hypothesis is considered an
important hypothesis in the process of AD. Epimedii Herba
has been proved to inhibit AChE [34]. Studies have shown that
long-term use of icariin can effectively improve cognitive dys-
function [30], indicating that icariin is important for the treat-
ment of AD. The present study explored the potential mecha-
nism of active ingredients in Epimedium for the treatment of
AD, and provides a theoretical basis for the development of
effective drugs in treatment of AD. Oxidative stress, inflamma-
tory response, accumulation of B-amyloid protein, and hyper-
phosphorylation of tau protein play a crucial role in the pro-
gression of AD, leading to neurodegenerative changes [35-37].

Quercetin, one of the active ingredients in Epimedii Herba, can
significantly reduce the expression of COX-2, iNOS, IL-1f, IL-
6, and TNF-a, reduce inflammation [36], and can inhibit am-
yloid plaques and neurofibrillary tangles [38,39]. These data
suggest that Epimedii Herba can effectively prevent and treat
Alzheimer’s disease. Quercetin can improve the learning and
memory levels in dementia rats and significantly reduce the
level of hippocampal cell apoptosis [40]. Icariin can reduce AB
accumulation, reduce the expression of related inflammatory
mediators, improve learning and memory abilities, and main-
tain the ultrastructure hippocampal neurons [41]. Some active
ingredients, such as kaempferol, chlorophenol, 8-(3-methylbu-
tan-2-alkenyl)-2-phenylchromone, and linoleic acetate, have
not been reported or are rarely reported in the literature, and
they may become potential directions for future research on
Epimedii Herba in the treatment of Alzheimer’s disease. It has
been reported that kaempferol reduces glutamine-induced
oxidative stress in mouse hippocampal neuron HT22 cells by
regulating B cell lymphoma 2 (Bcl-2), apoptosis-inducing fac-
tor (AIF), and mitogen-activated protein kinase (MAPK) [42].
Kaempferol can protect PC12 and T47D cells from B-amyloid-
induced toxic effects [43], and protects PC12 cells from oxi-
dative stress-induced cytotoxicity [44].

This study predicted 27 key targets for treating Alzheimer’s
disease with PTGS2, 1L1B, MAPK1, GSK3B, TNF, PPARG, and
VEGF. Among them, PTGS2 has been shown to play an impor-
tant role in the progression of AD [45]. PTGS2 mediates the sig-
nal transduction pathway between glial cells and neuronal cells
that regulates the interaction between IL-1p and A, thereby
inducing the aggravation of AD [46]. In contrast, PTGS2 inhibi-
tors can reverse cognitive decline in AD by inducing neurogen-
esis and reducing apoptosis in transgenic mice [47]. IL1B can
stimulate the synthesis of PTGS2. The metabolites of PTGS2
accelerate the phosphorylation of tau protein and the tan-
gled deposition of nerve fibers, which can accelerate the AD
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process [48]. MAPK is a mitogen-activated protein kinase that
can regulate cell functions, including cell proliferation, differ-
entiation, survival, and apoptosis [49]. In late AD, MAPK1 is
elevated. Hyperphosphorylation of tau in the progression of
AD disease is a key factor in the generation of neurofibrillary
tangles (NFT). Mitogen-activated protein kinase 1 (MAPK1) is
thought to play a role in hyperphosphorylation [50]. Glycogen
synthase kinase 3 (GSK3B) is involved in energy metabolism
and neuronal cell development. The present study found that
activation of GSK3B can lead to abnormal tau regulation and
abnormal protein phosphorylation [51]. Tumor necrosis factor
(TNF) is a pro-inflammatory factor that plays an important role
in rheumatoid arthritis (RA) and many inflammatory diseases
(such as Parkinson’s disease and AD) [52]. Inhibition of TNFR1
can reduce brain inflammation, so TNFR1 is a promising ther-
apeutic target for AD [53]. Peroxisome proliferator-activated
receptor y (PPARG) is a functional effector that regulates me-
tabolism and is related to the pathology of neurodegenerative
diseases. Early PPARG targeted therapy in AD can suppress dis-
ease progression [54]. Pathological angiogenesis is considered
to be a key factor in the development of AD. There is increas-
ing evidence that neurodegenerative diseases are related to
insufficiency of the brain [55-57], which can cause hypoxia in
the brain and damage the parenchymal cells and the blood-
brain barrier (BBB) [58]. VEGF is a key factor in angiogenesis,
which can affect AD disease progression [59,60].

The quercetin with the highest degree was molecularly docked
with the key target proteins, such as prostaglandin-peroxide
synthase 2 (PTGS2) and mitogen-activated protein kinase 1
(MAPK1). The results showed that there was a strong affinity.
Studies have shown that quercetin inhibits OA-induced hyper-
phosphorylation of tau protein and oxidative stress in HT22
hippocampal neurons through MAPK and PI3K/Akt/GSK3p
signaling pathways, and has the potential to treat AD [61].
Quercetin also inhibits lipopolysaccharide-induced nitric ox-
ide synthase (iINOS) and COX-2 gene expression, blocks the
activation of nuclear factor k3 [62], and plays a role in various
inflammatory responses [63]. Quercetin has enhanced HO-1
protein expression, increased HO-1 mRNA expression, and re-
duced TNF-o levels. It can reduce inflammation [64]. Luteolin,
one of the ingredients of Epimedium, can reduce cyclooxygen-
ase 2 (COX-2), tumor necrosis factor alpha (TNF-o), interleu-
kin 1 beta (IL-1 beta), interleukin 6 (IL-6) interleukin 8 (IL-8),
and other inflammatory mediators, and increase the expres-
sion of cellular antioxidants Nrf2 and HO-1 [65]. Studies have
found that luteolin can downregulate the phosphorylation of
p38 MAPK [66]. Drug inhibitors of both P38 MAPK and ERk1/2
reduce the transcriptional activity of NF-kB and eliminate the
subsequent COX-2 expression induced by AB [67]. In vitro stud-
ies also demonstrated that luteolin can inhibit B-secretase and
reduce hyperphosphorylation of tau protein [68].
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Key targets were enriched by KEGG to obtain pathways closely
related to Alzheimer’s disease, such as the PI3K-Akt signaling
pathway, HIF-1 signaling pathway, TNF signaling pathway, NF-kB
signaling pathway, Toll-like receptor signaling pathway, and VEGF
signaling pathway. This study shows the characteristics of mul-
tiple active ingredients, multi-targets, and multiple pathways of
Epimedii Herba in the treatment of Alzheimer’s disease, which
provides a theory for the clinical application of and further re-
search on Epimedii Herba in the treatment of Alzheimer’s disease.

Conclusions

In summary, the potential targets and molecular mechanisms
of Epimedii Herba in the treatment of Alzheimer’s disease were
investigated through the network pharmacology system. Nine
of the 27 key targets of Epimedii Herba against AD act on the
HIF-1 signaling pathway. The HIF-1 signaling pathway is the
key pathway of Epimedii Herba against Alzheimer’s disease.
Studies have shown that M30, a new multifunctional iron
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Neurotropin® shows an effective neuroprotective effect by in-
hibiting AB-induced oxidative damage and reducing Af de-
position in the hippocampus by regulating the HIF-1a/MAPK
signaling pathway [70]. In conclusion, the present results may
inspire and guide the next step in pharmacological and ex-
perimental research on Epimedii Herba in the treatment of
Alzheimer’s disease.
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