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Background: Acori Tatarinowii Rhizoma (ATR), a traditional Chinese herbal medicine, is used to treat Alzheimer’s disease (AD),
which is a worldwide degenerative brain disease. The aim of this study was to identify the potential mecha-
nism and molecular targets of ATR in AD by using network pharmacology.

Material/Methods: The potential targets of the active ingredients of ATR were predicted by PharmMapper, and the targets of
Alzheimer’s disease were searched by DisGeNET. All screened genes were intersected to obtain potential tar-
gets for the active ingredients of ATR. The protein—protein interaction network of possible targets was estab-
lished by STRING, GO Enrichment, and KEGG pathway enrichment analyses using the Annotation of DAVID
database. Next, Cytoscape was used to build the “components-targets—pathways” networks. Additionally,
a “disease-component—gene-pathways” network was constructed and verified by molecular docking meth-
ods. In addition, the active constituents B-asarone and B-caryophyllene were used to detect AR, , -mediated
SH-SY5Y cells, and mRNA expression levels of APP, Tau, and core target genes were estimated by qRT-PCR.

Results: The results showed that the active components of ATR participate in related biological processes such as can-
cer, inflammation, cellular metabolism, and metabolic pathways and are closely related to the 13 predictive tar-
gets: ESR1, PPARG, AR, CASP3, JAK2, MAPK14, MAP2K1, ABL1, PTPN1, NR3C1, MET, INSR, and PRKACA. The ATR
active components of B-caryophyllene significantly reduced the mRNA expression levels of APP, TAU, ESR1,
PTPN1, and JAK2.

Conclusions: The targets and mechanism corresponding to the active ingredients of ATR were investigated systematically,
and novel ideas and directions were provided to further study the mechanism of ATR in AD.
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Background

Research shows that more than 24 million people world-
wide have dementia, most of whom are considered to have
Alzheimer’s disease [1]. Alzheimer’s disease (AD) is a degener-
ative brain disease. The main clinical manifestations are mem-
ory loss, cognitive dysfunction, and lack of ability to perform
activities of daily life. AD involves mental symptoms that can
lead to death and greatly reduce quality of life of patients.
Moreover, the care and companionship of AD patients plac-
es a heavy burden on their families [2]. Thus, there is an ur-
gent need to explore the pathology and pharmacology of AD.
Currently, the study of AD pathology mainly focuses on amyloid
deposition, tau hyperphosphorylation, and oxidative stress [3].
In recent years, research on AD pathology and pharmacology
has continued, but, unfortunately, most of these studies do
not benefit clinical treatment. Clinically, treatment of AD still
mainly depends on the use of drugs that enhance cholinergic
activity of the central nervous system. Drugs used to slow the
development of AD symptoms do not suppress the underlying
pathology [4]. Currently, no specific anti-AD drugs are avail-
able, and safer and more effective drugs are needed for clin-
ical treatment.

In traditional Chinese medicine, AD is defined as brain-spinal-
cord nourishment loss and phlegm-blood stasis blocking due
to internal damage, and 7 emotions, long-term disease loss,
and deficiency of both gi and blood are caused by old age and
phlegm and blood stasis in the interior. It belongs to the catego-
ries of “dementia”, “literary idiot”, and “amnesia” with the clin-
ical manifestation of deficiency origin and excess in the super-
ficiality and treatment of eliminating phlegm for resuscitation,
benefiting gi for promoting blood circulation and invigorating
the heart and kidney. Acori Tatarinowii Rhizoma (ATR), the dry
rhizome of an Araceae family perennial herb, was recorded as
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one of the top-grade medicines in “Shennong’s Herbal Classic”.
It has the function of dispelling dampness and appetite, elimi-
nating phlegm for resuscitation, and waking the mind for im-
proving wisdom, and it is used to cure wind-cold-damp ar-
thralgia and cough with dyspnea and complements 5 viscera,
opens 9 orifices, improves visual and auditory acuity, and im-
proves pronunciation. Taking it for a long period of time is ben-
eficial to refresh one’s mind, relieve forgetfulness, and main-
tain longevity. Researchers also found that active compounds
of ATR can improve the viability of neural progenitor cells [5].

Network pharmacology has an outstanding performance in
systems biology and is increasingly used in the field of phar-
maceutical research. It is possible to study the potential ac-
tive components and targets of traditional Chinese medicines
at the system level, and to facilitate the interpretation of the
network-related relationship between Chinese medicine ingre-
dients and multiple targets with the help of network pharma-
cology methods [6]. Many scholars have used PharmMapper
to obtain the potential targets of drugs [7,8], and this meth-
od combines the drug-target network with the biological sys-
tem network to provide new ideas for drug research and de-
velopment [9,10].

Therefore, the present study used network pharmacology to
explore the role of the active constituents of ATR in determin-
ing the action gene of AD and the multidimensional regulation
mechanism from the perspective of bioinformatics as a whole.
It is of great significance to provide safe and effective support
for drug safety in clinical practice. In this study, we evaluated
the effect of active compounds from ATR on AD development
based on network pharmacology, and we also confirmed the
function of 2 active compounds extracted from ATR in vitro.
Our data provide ideas for further research on the mechanism
of ATR in AD treatment (Figure 1).
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Figure 1. Research Flowchart.
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Material and Methods

Data mining

Using the TCMSP (http://www.tcmspw.com/tcmsp.php), we
searched for the active ingredients of ATR with medicinal
(DL) 20.18 and oral bioavailability (OB) >30%. A search of the
TCMSP database identified 61 items. A literature search was
performed to determine whether these active ingredients can
pass the blood-brain barrier and if they have pharmacologi-
cal effects, such as sedation, anti-depression, anti-dementia,
protection of nerve cells, anti-oxidation, anti-bacterial, and
anti-inflammatory [11]. Nine components were identified as
research objects.

Prediction of potential targets of ATR

PharmMapper (http://lilab.ecust.edu.cn/pharmmapper/) was
used, 9 components of the ATR were imported into the data-
base, and small-molecule compounds were used as probes to
search for potential drug targets. The values are all default val-
ues, and information such as the target name (Target Name),
matching value (Fit Score), and function (Function) related to
the compound were obtained [12]. We predicted thousands
of potential genes through PharmMapper, in descending order
of appropriate scores. When one gene symbol for the compo-
nents of the different subunits was left, we selected the top 10
genes for each active ingredient. Due to the problem of nam-
ing irregularities in the searched drug targets, the UniProtKB
search function in the UniProt database (http://www.UniProt.
org/) was used to correct the human-related target codes to
their official names [13].

Identification of AD targets

The DisGeNET (http://www.disgenet.org/) integrates informa-
tion on human gene-disease associations (GDAs) and variant-
disease associations (VDAs) [14]. A search within DisGeNET for
Alzheimer’s Disease yielded 1981 potential genes.

PPI network construction and analysis

STRING (http://string-db.org/) it is a system that searches for
interactions between known proteins and predicts interacting
proteins [15]. This interaction involves both direct physical in-
teractions between proteins and the indirect functions of pro-
teins. The potential genes of the ATR effect components were
introduced into the STRING online analysis software to obtain
the PPI data of the gene-encoding proteins and online mapping,
protein interaction network mapping of the genes, and the PPI
data of the potential genes from the STRING database were
imported into the text format. In Cytoscape software, the pro-
tein interaction network was analyzed by NetworkAnalyzer and
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evaluated each node with degrees, which represents the num-
ber of edges associated with a node in a network.

Annotation analysis of potential target bioinformatics

The obtained gene protein information was subjected to GO en-
richment and KEGG analysis using DAVID (https://david.ncifcrf.
gov/) Bioinformatics Resources 6.8 System and STRING. DAVID
now provides a comprehensive set of functional annotation
tools for investigators to understand the biological significance
behind a large list of genes [16]. With a P value of <0.05, we
applied a hypergeometric test to identify enriched GO terms.

Pharmacology network of ATR

The potential genes of the 9 components were arranged into
component—gene points; the AD-predicted the genes were ar-
ranged into a disease-gene, and the gene pathway was made
into an Excel spreadsheet with 6 columns. In Cytoscape software,
this Excel spreadsheet was imported to construct a component-
gene—path network of the gene associated with an AD-related
gene. The network contains diseases, components, genes, and
action pathways, and 4 types of nodes (nodes); the relation-
ship is represented by edge associations. If the target of the
effect component is the same as the gene in the action path-
way, they would be connected by an edge to construct a net-
work to study the role of ATR characterized by the multicom-
ponent and multigene-multichannel function in AD treatment.

Docking

SwissDock (http://www.swissdock.ch/) is based on the dock-
ing software EADock DSS for predicting possible molecular
interactions between proteins and small molecules [17,18].
From the PDB database (http://www.rcsb.org/pdb), the PDB
file that describes the key protein crystal structure in the PPI
network was obtained, and the structure of the PDB file and
the ligand MOL2 file was imported into SwissDock software
for virtual molecular docking analysis of the target protein and
active components.

Verification of the molecular docking results
Reagents

Sterilely filtered dimethyl sulfoxide (DMSO) (Sigma-Aldrich)
was used to prepare 0.06 mol/L B-asarone (HPLC >98%, source
leaf) and 12 mmol/L B-caryophyllene (MACKIN) stock solutions.
MEM medium (Gibco), fetal bovine serum (FBS, Gibco), F12
(Gibco) medium, glutamine (Gibco), sodium pyruvate (Gibco),
and NEAA (Gibco) were used for cell culture. The amyloid beta
fragment 1-42 (AB,_,,, Gil biochemical) was dissolved in DMSO
to 10 mmol/L for use. AB._,, was diluted to 100 pmol/L and

1-42
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Table 1. Primer sequences.

Gene Primer sequence (5’ 3’)
ESR1-F ATGGTCAGTGCCTTGTTGGATGC
- ERIR GTCTGCCAGGTTGGTCAGTAAGC
 PPKACAF GCTACAACAAGGCCGTGGACTG
 PPKACAR AGGAGGTTCCGCAGCAGGTC
""""" METF  TCAGAACGGTTCATGCCGACAAG
""""" METR  CTACATGCTGCACTGCCTGGAC
©ONR3CLF CTGCCTGGTGTGCTCTGATGAAG
© ONRICIR AATTGTGCTGTCCTTCCACTGCTC
 PTRNLF GCTGATACCTGCCTCTTGCTGATG
~ PTPNIR AGCTGGTCGGCTGTCTGGATC
""""" ABLIF  AGCAACTACATCACGCCAGTCAAC
""""" ABLIR  CTCACTCTCACGCACCAAGAAGC
""""" MAP2KI-F  GCGGTGTGGTGTTCAAGGTCTC
""""" MAP2KI-R CTGATCTCGCCATCGCTGTAGAAC
""""" MAPKI4-F  GGCTCCTGAGATCATGCTGAACTG
""""" MAPK14-R  AGTCAACAGCTCGGCCATTATGC

ZhangY.etal.:
Anti-Alzheimer’s disease molecular mechanism...
© Med Sci Monit Basic Res, 2020; 26: €924203

Gene Primer sequence (5’ 3’)

JAK2-F GTGTGGAGATGTGCCGGTATGAC
""""" JAKZR  GATTACGCCGACCAGCACTGTAG
""""" CASP3-F  AGTGGAGGCCGACTTCTTGT
""""" CASP3R  GGCACAAAGCGACTGGATGA
 PPAGRF TCCTCGGTGACTTATCCTGTGGTC
 PPAGRR GCGTGGACTCCGTAATGATAGCC
~ PDE4DF CTCTCGCCTTCAGACAGTTGGAAC
~ PDE4DR AGCAATCAGCGGCAGAATCTTCAG
O NSRF ATCCGCCGATCCTACGCTCTG
~ INSRR GCTGCCTTAGGTTCTGGTTGTCC
""""" APP-F  AGGACTGACCACTCGACCAG
""""" APPR  CGGGGGTCTAGTTCTGCAT
""""" TawF  TGAACCAGGATGGCTGAG
""""" TawR  TIGICATCGCTTCCAGTCC
""""" GAPDH-F  CAGGAGGCATTGCTGATGAT
""""" GAPDHR GAAGGCTGGGGCTCATTT

incubated at 37°C for 24 h until it formed aggregated diffus-
ible oligomers for the preparation of the AD damage model.

Cell culture and CCK-8 for screening concentration

The human neuroblastoma cell line SH-SY5Y (purchased from
the Chinese Academy of Sciences cell bank) was selected and
cultured in MEM and F12 complete medium, placed in 5%
CO,, cultured at 37°C in a humid environment, and used for
experiments when the cells were 85% confluent. The AD cell
injury model was constructed by incubating SH-SY5Y cells in
logarithmic growth phase with AR, . diluted to 100 umol/L in
serum-free medium for 48 h. Cell viability was measured using
CCK-8 (Cell Counting Kit-8, MedChem Express) and a BioTek
Synergy H1 multiplate reader to screen for appropriate con-
centrations of AR ..

Quantitative real-time PCR to detect gene expression

After 24-h treatment with B-Asarone or -caryophyllene, RNA
exaction from SH-SY5Y cells incubated with AR, was per-
formed using an extraction kit (TakaRa). Quantitative real-time
PCR (qRT-PCR) was performed with the Bio-Rad CFX96 Real-
Time System. A volume of 10 pL containing 0.4 pL of primer
(designed by the manufacturer), 1 pL of cDNA, and 5 pL of SYBR
Green PCR Master Mix (TakaRa) was used for qRT-PCR. mRNA
levels were normalized to GAPDH mRNA levels, and statisti-
cal analysis was performed using the 24t method. The prim-
er sequences were used for qRT-PCR (Table 1).
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Statistics and analysis

In vitro experimental data were statistically analyzed using the IBM
SPSS 20.0 software package. One-way ANOVA or nonparametric
test was used for comparison between groups. P<0.05 was set as
a statistically significant difference. The normal group, the mod-
el group, and the drug-administered group were compared to
determine whether the differences were statistically significant.

Results

ATR active ingredient information

As show in Table 2, 9 active components were determined
to be the most valuable: a-asarone, B-asarone, borneol (-),
borneol (+), cis-methyl isoeugenol, trans-methyl isoeugenol,
B-caryophyllene (<), B-caryophyllene (+), and o-terpineol.

Screening for the potential genes of ATR to improve AD
According to the structural formulas, 35 related genes were
screened by PharmMapper and DisGeNET, which may be po-
tential genes for the treatment of AD using ATR (Table 3).

Pathway enrichment analysis for candidate ATR targets

GO enrichment was divided into 3 parts: biological processes,
molecular functions, and cellular components. The 35 genes
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Table 2. Chemical information for the constituents of ATR.

Compounds Mw Structure Composition CAS No.

a-Asarone 208.254 C,H,0, 2883-98-9
O .

(-)-Borneol 154.249 C,oH.0 464-45-9
— Sy e

Cis-methyl isoeugenol 178.228 C,H,.,0, 6380-24-1

Trans-methyl isoeugenol 178.228 C,H,.0, 6379-72-2

(-)-B-Caryophyllene 204.351 C.H,, 87-44-5
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Table 2 continued. Chemical information for the constituents of ATR.

Compounds Mw Structure Composition CAS No.
(+)-B-Caryophyllene 204.351 CH,, 87-44-5
H H H
H y H
a-Terpineol 154.249 H— CH,O0 98-55-5

predicted by ATR in AD were enriched by GO enrichment us-
ing the DAVID bioinformatics resources. Figure 2 shows the GO
analysis results of the potential genes from the ATR calamus
effect component. The functional distribution of the potential
genes was preliminarily analyzed by GO analysis. In biological
processes, we found that biological regulation, organic sub-
stance metabolic processes, cellular processes, primary met-
abolic processes, regulation of biological processes, cellular
metabolic processes, and regulation of cellular processes ac-
counted for a large proportion of hits. In molecular function,
we found that binding, ion binding, and catalytic activity were
closely related. The intracellular, intracellular part and cyto-
plasm of the cellular components were ranked first and had
the largest proportion of hits.

KEGG pathway annotation analysis of STRING showed that the
pathway distribution of 35 potential genes, including patho-
genesis-related pathways, were mainly involved in pathways
in cancer, proteoglycans in cancer, MAPK signaling pathway,
metabolic pathways, Ras signaling pathway, and PI3K-Akt sig-
naling pathway. We discovered 103 pathways, including pro-
lactin signaling pathway, bile secretion, and endocrine resis-
tance. Figure 3 shows the top 20 related pathways.

Identification of potential candidate ATR targets

After deleting the isolated pairs of linked nodes, we built a
PPl network by Cytoscape, showing 35 proteins evaluated af-
ter interaction based on the STRING (version 10.0) database
(Figure 4). Finally, a pharmacological network was composed
of 35 nodes and 85 edges; the maximum degree of the nodes
was 28 and the minimum degree was 1. The connectivity
means the higher the node connectivity, the more stable the
network is. The average of the nodes in the network was 4.86
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and the standard deviation was 0.551. Candidate genes were
selected based on the connectivity of each node (set as > the
mean value+standard deviation). ESR1 (15), PPARG (14), AR
(13), CASP3 (12), JAK2 (9), MAPK14 (9), MAP2K1 (9), ABL1 (9),
PTPN1 (8), NR3C1 (8), MET (7), INSR (6), and PRKACA (6) were
key nodes in maintaining the stability of this pharmacological
network and show the potential correlation of AD.

All analytical data were integrated to construct the
pharmacology network of ATR

We combined previous data to find the relationships among
ATR compositions, potential genes, and selected 20 pathways
(P<0.05) by use of a pharmacological network (Figure 5). This
network diagram provides basic data for further exploration
of mechanism research. Using this network provided a prelim-
inary understanding of the mechanism of ATR in AD. Potential
genes of active ingredients interact in various pathways, there-
by affecting the occurrence and development of AD.

Docking verification of network pharmacology results

Using the SwissDock software, these 13 core target proteins
and corresponding active components were molecularly docked
and verified by default parameters to obtain the estimated AG
values of the docking model. The larger the negative value, the
more stable it is. The docking results are shown in Table 4, in
which B-caryophyllene (+) has good docking activity with the
core target protein.

Cell experiments verify molecular docking results

According to the results of docking, the most popular active in-
gredients of ATR was B-asarone, and B-caryophyllene had the
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Table 3. Potential target information of ATR against AD.

Specie Protein Composition

P05413 FABP3 Homo sapiens  Fatty acid binding protein 3 (+)-B-caryophyllene

o2 BRI Homosapiens Estogenteceptorl  (9pcaryophylene
P31 PPARG  Homosapiens Peroxisome prolferator activated receptor gamma  (+)-p-caryophyllene
Q14994 NRI3  Homosapiens Nuclear receptor subfamily 1group I member3  (+)}P-caryophyllene
pasels eA Homo sapiens alpha tocopherol transfer protein ~ ()-P-caryophyllene
Cpasess eA Homosapiens alpha tocopherol transfer protein ~ (1-pcaryophyllene
Cpoo211 GSTPI  Homosapiens Glutathione Stransferasepil ~ (9-Bomeol
CPlo2rs R Homosapiens Androgenreceptor  (Bomeol
CPlo2rs R Homosapiens Androgenreceptor  ()Pcaryophyllene
CPlo2rs R Homosapiens Androgenreceptor  (dpcaryophylene
Q02750 MAPIKI  Homosapiens Mitogen-activated protein kinase kinase 1 (+)Boneol
Q02750 MAPIKL  Homosapiens Mitogen-activated protein kinase kinase 1 (-p-caryophyllene
Q02750 MAPIKL  Homosapiens  Mitogen-activated protein kinase kinase 1 (+)-B-caryophyllene
Cpazagr DPPE Homosapiens Dipeptidyl peptidase4 ~ ()}Bomeol
Cpazagr DPPE Homosapiens Dipeptidyl peptidase4  ()-Bomeol
Cpoasr DPP4  Homosapiens Dipeptidylpeptidase4  ()Pcaryophyllene
CPlo7e3 RXRA  Homosapiens Retinoid Xreceptoralpha  (O-Bomeol
CPlo7e3 RXRA  Homosapiens Retinoid Xreceptoralpha ~ (O-fcaryophylene
CPlo7es RXRA  Homosapiens Retinoid Xreceptoralpha ~ ()Pcaryophyllene
Cpazs7a CASP3  Homosapiens Caspase3  ()Bomeol
CPoosty T Homosapiens ABLproto-oncogenel  ()Bomeol
poos1o mBLL Homosapiens ABLproto-oncogene1  ()-Bomeol
CPlacel HSDI7B1  Homosapiens Hydroxysteroid 17-beta dehydrogenase 1~ ()-Bormeol
CPlacel HSDI7B1  Homosapiens Hydroxysteroid 17-beta dehydrogenase 1~ (+)}Bomeol
CPlacel HSDI7B1  Homosapiens Hydroxysteroid 17-beta dehydrogenase 1~ (-p-caryophyllene
CPlacel HSDI7B1  Homosapiens Hydroxysteroid 17-beta dehydrogenase 1~ (+)-P-caryophyllene
CPiazs VR Homosapiens VitaminDreceptor  ()Bomeol
CPiazs VR Homosapiens VitaminDreceptor  (9Bomeol
Cpuaz VR Homosapiens Vitamin Dreceptor  (-pcaryophylene
Cpoarrs SHBG  Homosapiens Sexhormone bindingglobuin  ()}Bomeol
Cpoazis SHBG  Homosapiens Sexhormone bindingglobuin  (y-Bomeol
poazzs SHBG ~ Homosapiens Sexhormone bindingglobulin  ()P-caryophyllene
Cposssl wer Homosapiens METproto-oncogene oTerpineol
o067 A2 Homosapiens Januskinase2 oTerpinel
Q6539 MAPKI4  Homosapiens Mitogen-activated protein kinase 14 oTerpinel
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Table 3 continued. Potential target information of ATR against AD.

Uniprot ID Gene Specie Protein Composition
P04035 HMGCR Homo sapiens  3-hydroxy-3-methylglutaryl-CoA reductase Trans-methyl isoeugenol
Cpo2zss RBP4 Homosapiens Retinolbindingprotend Trans-methyl isoeugenol
Cpozrss RBP4 Homosapiens Retinolbindingprotein4  ()pcayophylene
Cpssas HSDI1BI  Homosapiens Hydroxysteroid 11betadehydrogenase1 Trans-methyl isoeugenol
Cpssas HSD11B1  Homosapiens Hydrowysteroid 11-beta dehydrogenase 1 oTerpineol
Cpsses HSDI1BL  Homosapiens Hydroxysteroid 11-betadehydrogenase 1~ ()-Bomeol
Cpssas HSDI1BI  Homosapiens Hydroxysteroid 11betadehydrogenase1 ~ (+}Bomeol
poa1so NR3CI  Homosapiens Nuclear receptor subfamily 3 group C member 1 Trans-methyl isoeugenol
Cpoa1so NRSCI  Homosapiens Nuclear receptor subfamily 3 group C member1 oTerpineol
Uniprot ID Gene Specie Protein Composition
P04150 NR3C1 Homo sapiens  Nuclear receptor subfamily 3 group C member 1 (-)-Borneol

Cpo41s0 NR3CL  Homosapiens Nuclear receptor subfamily 3 group Cmember 1 (+}Bomeol
Cpoatso NR3C1  Homosapiens Nuclear receptor subfamily 3 group C member 1 (-P-caryophyllene
Cpoatso NR3C1  Homosapiens Nuclear receptor subfamily 3 group C member 1 (+)-p-caryophyllene
pooo1s o Homosapiens ~Carbonicanhydrase2 Trans-methyl isoeugenol
pooo1s o Homosapiens ~Carbonicanhydrase2 oTerpinel
pooo1s a Homosapiens Carbonicanhydrase2  (Opcaryophyllene
Cpoos17 PRKACA  Homosapiens  Protein kinase cAMP-activated catalytic subunit alpha  Trans-methyl isoeugenol
Cpo2zes ™ Homosapiens Transthyretn Cis-methyl isoeugenol
Cpo2zes ™ Homosapiens Transthyetn  (Bomeol
Cpo2zes ™o Homosapiens Transthyetn  ()Bomeol
po2zes ™ Homosapiens Transthyretn  (Opcayophyllene
Cpo2zes ™o Homosapiens Transthyretn  ()Pcaryophylene
Cposasa MMP3  Homosapiens Matrix metalopeptidase 3 Cis-methyl isoeugenol
Cposasa MMP3  Homosapiens Matrix metalopeptidase 3 Trans-methyl isoeugenol
Cpsages AKRIC2  Homosapiens  Aldo-keto reductase family 1 member 2 Cis-methyl isoeugenol
Cpsages AKRIC2  Homosapiens ~ Aldo-keto reductase family 1 member 2 Trans-methyl isoeugenol
psos79 METAP2  Homosapiens Methionyl aminopeptidase 2 Cis-methyl isoeugenol
psos79 METAP2  Homosapiens Methionyl aminopeptidase 2 Trans-methyl isoeugenol
Cpsos79 METAP2  Homosapiens Methionyl aminopeptidase2 oAsarone
Cpos7ad Gl Homosapiens Glucose-6-phosphate isomerase  pAsaone
Cpos7ad Gl Homosapiens  Glucose-6-phosphate isomerase oAsarone
Cpos213 NSR Homosapiens Insulinreceptor  pAsarone
Cpos213 NSR Homosapiens nsulinreceptor Cis-methyl isoeugenol

€924203-8

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

Indexed in: [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]




Zhang V. et al.:
Anti-Alzheimer’s disease molecular mechanism...
© Med Sci Monit Basic Res, 2020; 26: €924203

LABORATORY RESEARCH

Table 3 continued. Potential target information of ATR against AD.

Protein

Composition

P06213 INSR Homo sapiens  Insulin receptor a-Terpineol

pos213 NSR Homosapiens Insulinreceptor oAsarone
Cpses17 BACEL  Homosapiens betasecretasel  pAsrone
Cpsesi7 BACEL  Homosapiens betasecretasel Trans-methyl isoeugenol
Cpses17 BACEL  Homosapiens betasecretasel oTerpineol
Cpses17 BACEL  Homosapiens betasecretasel oAsarone
Cp1go3l PTPNI  Homosapiens Protein tyrosine phosphatase non-receptor type 1 p-Asarone
Cpigo:n PTPNI  Homosapiens  Protein tyrosine phosphatase non-receptor type 1 Cis-methylisoeugenol
Cpigol PTPNI  Homosapiens  Protein tyrosine phosphatase non-receptor type 1 Trans-methyl isoeugenol
Cpigo:n PTPNI  Homosapiens Protein tyrosine phosphatase non-receptor type 1 ovTerpineol
CPigol PTPNI  Homosapiens Protein tyrosine phosphatase non-receptortype 1 ov-Asarone
Cpaza FPS Homosapiens ~Famesyl diphosphate synthase ~ p-Asaone
Pz FPS Homosapiens Famesyl diphosphate synthase ooAsarone
P73 MAOB  Homosapiens Monoamine oxidaseB  PAsaone
P73 MAOB  Homosapiens Monoamine oxidaseB Cis-methyl isoeugenol
P73 MAOB  Homosapiens Monoamine oxidaseB Trans-methyl isoeugenol
P73 MAOB  Homosapiens Monoamine oxidaseB oAsarone
Cpogazs mME Homosapiens ~Membrane metaloendopeptidase ~ pAsaone
posazs wvE Homosapiens ~Membrane metalloendopeptidase Cis-methyl isoeugenol
Cposars MME Homosapiens ~Membrane metalloendopeptidase oAsarone

best docking stability; therefore, these active ingredients were
selected for further efficacy verification. As shown in Table 5,
there were no significant differences between the DMSO group
and the normal group; the cell viability of AR, ,, (50 pmol/L
and 100 pmol/L) cells was significantly lower than the normal
and the DMSO groups. The expression levels of the AD marker
genes APP and TAU were detected by qRT-PCR (Figure 6A, 6B).
They were significantly upregulated after the modeling, and
the mRNA expression level was significantly decreased after
incubating with the active ingredient.

According to Figure 6C-6N, compared with the normal group,
the mRNA levels of CASP3, ESR1, MET, JAK2, and PTPN1 in the
AB,_,, module were significantly increased, and the mRNA levels
of PRKACA, ABL1, and INSR genes were significantly reduced.
Compared with the AB,_,, model, after administration of B-asa-
rone, PPAGR, PRKACA, MET, ABL1, and MAP2K1 mRNA expres-
sion levels were significantly upregulated, and ESR1, NR3C1,
JAK2, and PTPN1 mRNA expression levels were significantly
reduced. Comparison of the B-caryophyllene administration
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group with AB, . alone showed that the mRNA expression lev-
els of ESR1, JAK2, and PTPN1 were significantly lower, and the
mRNAs of PRKACA, ABL1 and MAP2K1 were significantly higher.

Discussion

In this study, using the TCMSP system and a literature re-
search, 9 active ingredients of ATR were screened. As a re-
search object, the possible targets and pathways of the com-
ponents were analyzed by means of network pharmacology.
Along with the outstanding performance of the network phar-
macology in systems biology, the network pharmacology-
based PharmMapper is increasingly popular in the field of
drug research. Saleem et al. found putative targets that po-
tentially interact with 2 new maleates (F9 and CB18) of Pteris
cretica L. through reverse docking by using the in-silico tools
PharmMapper and ReverseScreen3D [19]. Zhang discovered the
potential molecular targets of SQW treatment for KYDS through
PharmMapper [20]. Therefore, we selected PharmMapper as a
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Figure 2. GO enrichment analysis of the potential genes predicted in the PharmMapper database. (A) Biological Process; (B) Cellular
Component; (C) Molecular Function.
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Figure 3. KEGG enrichment pathways of the top 20 potential genes in ATR.
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Table 4. Molecular docking results of core targets and active components of ATR.

Estimated AG

Gene Composition Specie Protein PDB ID (keal/mol)
AR (+)-B-caryophyllene Homo sapiens Androgen receptor 1GS4 —-7.96
ESR1 (+)-B-caryophyllene Homo sapiens Estrogen receptor 1 ISJO -7.78
AR (-)-B-caryophyllene Homo sapiens Androgen receptor 1GS4 —-7.69
PPARG (+)-p-caryophyllene Homo sapiens Peroxisome proliferator 1KNU -7.37

activated receptor gamma
AR (+)-Borneol Homo sapiens Androgen receptor 1GS4 -7.04
INSR o-Asarone Homo sapiens Insulin receptor 3EKK -7.01
INSR B-Asarone Homo sapiens Insulin receptor 3EKK -7.01
NR3C1 Trans-methyl Homo sapiens Nuclear receptor subfamily 3 3E7C —6.95
isoeugenol group C member 1
NR3C1 o-Terpineol Homo sapiens Nuclear receptor subfamily 3 3E7C —6.87
group C member 1
NR3C1 (-)-B-caryophyllene Homo sapiens Nuclear receptor subfamily 3 3E7C -6.87
group C member 1
NR3C1 (+)-B-caryophyllene Homo sapiens Nuclear receptor subfamily 3 3E7C —6.84
group C member 1
INSR o-Terpineol Homo sapiens Insulin receptor 3EKK —6.81
JAK2 o-Terpineol Homo sapiens Janus kinase 2 3E64 —6.81
PTPN1 Cis-methyl isoeugenol Homo sapiens Protein tyrosine phosphatase 10NY —6.72
non-receptor type 1
PRKACA Trans-methyl Homo sapiens Protein kinase cAMP-activated 1Q8T —-6.64
isoeugenol catalytic subunit alpha
INSR Cis-methyl isoeugenol Homo sapiens Insulin receptor 3EKK —6.64
PTPN1 o-Asarone Homo sapiens Protein tyrosine phosphatase 10NY —6.62
non-receptor type 1
PTPN1 Trans-methyl Homo sapiens Protein tyrosine phosphatase 10NY —6.55
isoeugenol non-receptor type 1
PTPN1 B-Asarone Homo sapiens Protein tyrosine phosphatase 10NY —6.55
non-receptor type 1
MET o-Terpineol Homo sapiens MET proto-oncogene 141L -6.53
MAPK14 o-Terpineol Homo sapiens Mitogen-activated protein 1R3C —6.53
kinase 14
NR3C1 (-)-Borneol Homo sapiens Nuclear receptor subfamily 3 3E7C —-6.48
group C member 1
NR3C1 (+)-Borneol Homo sapiens Nuclear receptor subfamily 3 3E7C —6.48
group C member 1
ABL1 (-)-Borneol Homo sapiens ABL proto-oncogene 1 2F4) —-6.45
ABL1 (+)-Borneol Homo sapiens ABL proto-oncogene 1 2F4) —6.45
MAP2K1 (-)-B-caryophyllene Homo sapiens Mitogen-activated protein 3EQC -6.40

kinase kinase 1
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Table 4 continued. Molecular docking results of core targets and active components of ATR.

Estimated AG

Gene Composition Specie Protein PDB ID (keal/mol)
MAP2K1 (+)-B-caryophyllene Homo sapiens Mitogen-activated protein 3EQC —6.36
kinase kinase 1
CASP3 (-)-Borneol Homo sapiens Caspase 3 20X -6.34
PTPN1 o-Terpineol Homo sapiens Protein tyrosine phosphatase 10NY —6.32
non-receptor type 1
MAP2K1 (+)-Borneol Homo sapiens Mitogen-activated protein 3EQC -6.21

kinase kinase 1

Table 5. Cell viability after 24-h incubation with various
concentrations of AR, ..

Neuronal survival

Treatment (% CCK-8 reduction)
Control 100+4
Omsoalone 0%
CospmolLAp(42) 0as6®
CsopmolLAB(-42) 9wt
l00pmolLAB(1-42)  7exm#

ns — means no significant difference vs. control; ® P<0.01,
2 P<0.05 vs. control; # P<0.01, #* P<0.05 vs. DMSO alone.

database for component-related gene exploration and screened
a total of 90 genes. Then, combined with AD-related genes
screened by DisGeNET, 35 genes related to components and
diseases were found, and the data were more accurate and
reliable using these 2 databases. The network pharmacology
approach is used to discover new therapeutic directions for
drugs in natural products from the perspective of molecular
biology networks. It provides a systematic means for pharma-
ceutically acceptable compounds in traditional Chinese med-
icines used in various complex diseases.

We successfully predicted the predictive targets of ATR, and the
results of the PPl network suggested 13 hub genes. Among them,
ESR1, PPARG, AR, CASP3, JAK2, MAPK14, MAP2K1, ABL1, PTPN1,
NR3C1, MET, INSR, and PRKACA appear to play roles in treat-
ment of AD by regulating various signaling pathways, including
cancer pathways, MAPK signaling pathways, metabolic path-
way, Ras signaling pathway, and PI3K-Akt signaling pathway.

Among the active components of ATR, B-asarone is one of the
most popular research components. It has been found that it
can improve the survival of neurons in APP/PS1 mice by re-
ducing AR deposition in the brain and downregulating AB

1-42

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

€924203-14

levels [21]. Cheng et al. found that oral B-caryophyllene can re-
duce the AP load in the hippocampus and cerebral cortex and
can prevent cognitive dysfunction in APP/PS1 mice [22]. Our
docking results showed that B-caryophyllene has high dock-
ing stability with the target proteins. Therefore, we selected
[-asarone and B-caryophyllene for gRT-PCR, showing that they
can inhibit APP and Tau and regulate the mRNA levels of genes
such as ABL1, ESR1, and JAK2. B-caryophyllene is an impor-
tant component of ATR that can inhibit neuro-inflammation
caused by AB, ,, in BV-2 microglia [23]. Regarding the active
ingredient gene of ATR, we explored the characteristics of its
volatile oil components, which can improve AD by regulating
hormone receptors such as ESR1, AR, NR3C1, and INSR. It af-
fects the overexpression and degradation of AB (e.g., PPARG
and CASP3) and hyperphosphorylation of tau protein (e.g.,
MAPK14 and MAP2K1). It can also promote the growth and
differentiation of nerve cells in the brain and inhibit apoptosis,
thus promoting the growth of synapses. Differentiation (e.g.,
ABL1, MET, and PRKACA) reduces the intracerebral inflamma-
tory response (e.g., JAK2 and PTPN1) to treat AD.

According to qPCR results, JAK2 and PTPN1 were significantly
lower after being treated with the active ingredients. JAK2 and
PTPN1 are associated with inflammatory responses. JAK2 par-
ticipates in the non-receptor JAK2/STAT3 signaling pathway and
is an important part of the neuroimmune response [23]. In ad-
dition, studies have found that downregulation of the PTPN1
gene can reproduce the AD-like phenotype in mice [24], and
increasing the expression of PTPN1 can reduce the inflamma-
tory response of microglia activated by STAT3 phosphoryla-
tion [25]. The related inflammation signaling pathway needs
further research.

In summary, the anti-AD mechanism of ATR may be related to
13 genes, including ESR1, PPARG, AR, CASP3, and JAK2. This
study preliminarily established a network model of the “dis-
ease-ingredient-target-pathway” of ATR in the occurrence of
AD, and initially revealed the mechanism of the effect of the
traditional Chinese medicine ATR.
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Figure 6. Cell experiments verified the docking results. (A, B) Relative expression level of APP and Tau mRNA; (C-N) Relative expression
level of candidate gene mRNA. **4P<0.01; * P<0.05 vs. control; # P<0.01; * P<0.05 vs. A, _,. alone.

Conclusions

These findings suggest that ATR ameliorates neuronal damage
caused by AB, .. ESR1, PRKACA, JAK2, PTPN1, and INSR were iden-
tified as therapeutic targets for further study of ATR to treat AD.
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