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Purpose: Acute myocardial infarction (AMI) is a cardiovascular disease with a high fatality
rate. In this study, we combined network pharmacology and experimental pharmacology and
discovered the potential mechanism of action and the active ingredients of the lily, Tricyrtis
maculata was discovered. The monomer compound with stronger activity was discovered
through in vitro cell experiments.

Methods: Forty known compounds were isolated from 7. maculata. Using TCMSP, Swiss
Target Prediction, metaTarFisher, GeneCards and OMIM databases, targets of drug composi-
tions and AMI-related genes were obtained, and the differential expression genes between
AMI and normal tissues were extracted through the GEO database. Then, through an online
mapping tool, the intersection genes were obtained to predict the possible effective compo-
nents of 7. maculata that can be used to treat AMI. The top five targets were selected for
molecular docking via the protein—protein interaction (PPI) network to verify the binding
activity between key compounds and target proteins. GO and KEGG enrichment analyses of
the intersection genes were carried out with the program R to further screen key genes and
effective compositions. On this basis, the compound with more optimal activity was screened
and validated in vitro.

Results: In this study, 40 known monomer components were selected, and 1112 predicted
genes, 1655 disease genes, 1425 differentially expressed genes, 1206 GO functions and 127
KEGG pathways were obtained. The results of molecular docking showed that the binding of
MMP9 with drug components is stable. Through the comprehensive research of network
pharmacology and experimental pharmacology, it was shown that 7 maculata intervenes in
the process of AMI through multicomponent, multitarget, and multichannel synergistic
effects. It is speculated that the anti-AMI effect may be related to the regulation of the
Akt/FoxO/BCl signaling pathway. Cellular experiments showed that nicotiflorin has satisfac-
tory anti-inflammatory activity and endothelial protection and can reduce the release of nitric
oxide (NO), an inflammatory medium after endothelial cell damage.

Conclusion: This study reveals the therapeutic effect and relative mechanism of extract of
T maculata extract on AMI. Analysis revealed that nicotiflorin from 7" maculata is a compound
with satisfactory anti-inflammatory activity and endothelial protection, which provides a new
direction and treatment basis for further experimental exploration and clinical treatment.
Keywords: Tricyrtis maculata, nicotiflorin, network pharmacology, experimental

pharmacology, GEO data mining
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Introduction

Acute myocardial infarction (AMI) is a common cardio-
vascular disease. This occurs when circulation to a region
of the heart is obstructed and myocardial tissue necrosis
occurs, and is usually due to thrombosis of an athero-
sclerotic coronary artery. With risk factors, such as hyper-
tension, abnormal blood lipid, diabetes and smoking
continuously increasing in prevalence, the incidence of
AMI has also been increasing year by year, posing
a severe threat to the health and quality life of patients.

AMI is currently treated by ischemic myocardium
reperfusion to save dying heart muscle, drugs used to
treat AMI include thrombolytic and antiplatelet agents,
anticoagulants, nitrates and calcium ion receptor blockers.
However, their efficacy requires further improvement as
they are associated with side effects such as headaches,
decreased blood pressure, gastrointestinal diseases,
impaired liver and kidney function and electrolyte distur-
bances. Despite great progress in modern medical diag-
nostic and treatment techniques and in the research and
development of drugs for AMI, it remains an incurable
disease due to its complex pathogenesis and lack of safe
and effective drugs.

Restoration of ischemic myocardium blood perfusion is
the main principle of AMI therapy at present. Currently,
we mainly rescue the dying myocardium by reperfusion
therapy and drug therapy, but these treatments have certain
restenosis rate and often have side effects. Protection of
myocardial ischemic injury by traditional Chinese medi-
cine (TCM) is a hot research topic at present." Combined
with western medicine, the method of replenishing qi and
invigorating blood circulation can significantly reduce the
incidence of cardiovascular events in patients.

There has been a great deal of research on using TCM
to protect against myocardial ischemic injury. Combined
with western medicine, the method of replenishing qi and
invigorating blood circulation can significantly reduce the
incidence of cardiovascular events in patients. TCM has
recently been more closely examined to gain a greater
understanding of its complex systems of multi-
component, multiaction targets, and multipathway regula-
tion and how they systematically govern the effects of
drugs on the body”? and play an important role in the
treatment of many types of diseases. At the same time,
TCM has become one of the new sources of drugs that can

be used for many cardiovascular diseases including AMI

because of their low side effects and satisfactory pharma-
codynamic activity.

The lily, Tricyrtis maculata (D.Don) Machride, mainly
distributed in northwest China, is from the Liliaceae
family, and the entire plant has been used as an important
folk medicine for the treatment of bruises, cough, tubercu-
losis, and ischemic cerebrovascular disease. In a previous
study, we found that the extract of 7. maculata can sig-
nificantly improve microcirculation, inhibit thrombosis,
and remove blood stasis.> Few studies have reported its
chemical composition and biological activity, and thus, the
specific pharmacological mechanism of action is still
unclear.

Network pharmacology is a new discipline that reveals
the effect of TCM on the organism regulation network at
the systematic level. Its systematic and holistic research
concept is consistent with pluralistic, multieffect, and
synergistic of TCM.* Traditional network pharmacology,
however, tends to focus on a single Chinese medicinal
material or compound, neglecting the extraction of func-
tional components with active roles. Therefore, basic
research on effective substances is insufficient, and func-
tional components of TCM require further elucidation.

To obtain additional data, we used a comprehensive
research method that combines network pharmacology and
experimental pharmacology to reveal the role and mole-
cular mechanism of the functional components of
T maculata in the treatment of AMI. The basis of the
active substance was determined, and the activity of active
ingredients was verified (Figure 1), which provided theo-
retical support for the future research and development of
new drugs.

Network Pharmacology Research

Databases
The China National Knowledge Infrastructure (CNKI)
(https://www.cnki.net/),

Traditional Chinese Medicine

Systems Pharmacology Database and Analysis Platform
(TCMSP) (http://tcmspw.com/tcmsp.php), metaTarFisher
(https://metatarget.scbdd.com/home/index/),
PubChem database (https://pubchem.ncbi.nlm.nih.gov),

database

Chemical Source Network (https://www.chemsrc.com/),
UniProt
3.7.2
(http://www.cytoscape.org/), Genecards database (https://

SwissTargetPrediction  database, database

(https://www.uniprot.org/), Cytoscape software

www.genecards.org), OMIM database (https://omim.org/),

GEO database (https://www.ncbi.nlm.nih.gov/geo/), String
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database (https://string-db.org/), R

language
(ClusterProfiler package), Protein Data Bank (PDB) data-

base (http://wwwl.rcsb.org/), and DrugBank database

(https://go.drugbank.com/) were used.

Collection of Drug Ingredients and
Prediction of Targets of T. maculata

Using data from our previous experiment, combined with
literature reviewed through the China National Knowledge
Infrastructure (CNKI), a total of 40 chemical constituents
were obtained from 7. maculata.”° The corresponding CAS
numbers for all chemical constituents were obtained through
the chemical source network, and then, the corresponding 2D
structures and Simplified Molecular Input Line Entry System
(SMILES) were obtained through the PubChem database.
The chemical structures of all compounds were imported
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into the SwissTargetPrediction and metaTarFisher database
to predict their potential targets.'”

Mining and Screening of AMI Disease
Targets

The GeneCards and OMIM database'"'* were used to screen
disease targets. After entering “acute myocardial infarction”
as the disease name in the search field, the targets related to
AMI were collected and integrated. The results were output
as an Excel spreadsheet. Through the intermediate value
method, the correlation score method was proposed as
a number of screening indexes, and the disease targets were
obtained by deintegration method. Targets of differentially
expressed genes from GEO database were obtained. The data
from GSE60993 were downloaded and processed using the
online analysis tool GEO2R. The criteria for gene screening
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were P < 0.05 and | logFC | > 0.5 to obtain the differentially
expressed genes between AMI and normal tissues. The Heat
Map package in R language was used to draw the heat map."?
Volcanic maps of differentially expressed genes were drawn
based on multiple changes in gene expression in different
experimental groups, such as abscissa, and the statistical
significance of genome sequences.

Cross Analysis of Wayne Drug and

Disease Targets
By using an online mapping tool (http://bioinformatics.

psb.ugent.be/beg), the intersection of drug targets, disease
targets and differential genes can be obtained.

Construction of a Protein—Protein
Interaction (PPl) Network

The intersection gene was imported into the String data-
base, the species was set up as a human, the protein
interaction map was obtained, and the results were output
in TSV format. Cytoscape software was used to study the
topology of the protein interoperation network, and the
protein targets in the top five were obtained.'*

Enrichment Analysis of Interselection

Targets

GO biological function enrichment analysis and KEGG
pathway enrichment analysis were carried out on the 58
intersection targets obtained by R language, in which the
GO biological function enrichment analysis included three
parts, namely, GO biological processes (BPs), GO cellular
components (CCs), and GO molecular functions (MFs) to
find its possible pathway."”

Construction of the “Key Components-

Core Targets” Network

Select the top 20 targets with the median value of the PPI
network as the core targets, and the corresponding chemi-
cal components as the key components to construct “key
components-core targets” network through Cytoscape
(3.7.2) software, in which “node” represents the composi-
tion or target, and “edge” represents the interaction
between nodes. The topological analysis of the target net-
work was conducted using the “Analysis network” tool, in
which the greater the degree value, the greater its role in
the network.'®

Molecular Docking Verification

Molecular docking was conducted between the active com-
ponents of 7. maculata and the core target to verify the
interaction between them. First, the positive control drug of
the corresponding target was found in the DrugBank data-
base, and then, the 3D structure of the core protein, its
corresponding ligand, and the 2D structure of the positive
drug were downloaded from the PDB database as the control.
The protein was dewatered by Discovery Studio 4.0 soft-
ware, the binding site was found, the molecular docking was
performed and scored in LibDock mode, and the matching
score between the active component were compared and the
positive control drugs.'”

Experimental Pharmacology
Research

Experimental Material

Human umbilical vein endothelial cell (HUVEC) lines were
purchased from the China Center For Type Culture
Collection, Dulbecco’s modified Eagle’s medium/Nutrient
Mixture F-12 (DMEM/F-12) medium, penicillin, streptomy-
cin, and fetal bovine serum (FBS) were purchased from
Shanghai Beinuo Biotechnology Co., Ltd., and 0.25% tryp-
sin digestion solution was purchased from Sigma Company.

Cell Culture Scheme and Grouping
HUVECSs were grown at 37°C in a 5% CO, incubator in
a complete medium containing 20% FBS, 1% double anti-
body, and 80% Dulbecco’s modified DMEM/F-12. The
liquid was changed every two days and passaged at 1:3.
Three groups were involved in this experiment: (i) control
group, (ii) tumor necrosis factor (TNF)-a group, and (iii)
TNF-a plus medicine group. The control group was cul-
tured in HUVEC medium only, and the TNF-a group was
cultured with 50 ng'-mL ™" TNF-a solution on the basis of
the HUVEC culture. The TNF-a group was pretreated for
2 hours, and a compound solution was added at concentra-
tion of 1, 0.1, and 0.01 mg-mL .

Cell Counting Kit (CCK)-8 Assay for Cell

Proliferation

The HUVEC suspension (I x10 ¢ mL™") was inoculated
into a 96-well plate. After adherent growth, the super-
natant was absorbed, and the cells were treated with 10
pL of different concentrations of compound solutions (20,
10, 5, and 1 mg-mL"). There were 6 wells for each group,
and after incubation at 37°C for 4 hours, 10 pL CCK-8
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reagent'® was added to each well. After 1 hour of culture,
the absorbance at 450 nm was measured, to determine the
cell proliferation rate.

Protective Effect of Functional
Components of T. maculata on
Endothelial Cell Injury

Griess reagents were prepared according to a previously
published method. A series of sodium nitrite solutions (5,
10, 20, 40, 60, 100 mmoL-mLfl) were transferred to 96-well
plates, with 50 pL. added to each well, and 50 uL of reagents
A and B were then added in turn. After adding the reagents,
the 96-well plates were gently shaken for 10 min in an
incubator at 37°C. After the reaction was sufficient, the OD
values of the samples in the 96-well plates were determined
at 540 nm. The standard curve for the determination of the
nitric oxide (NO) content was obtained as follows: Y =0.06X
+0.0737, r = 0.9957.

HUVEC suspensions (1 x10 ® mL™") were inoculated into
a 96-well plate, and the supernatant was carefully absorbed
after 24 hours of adherent growth, with 100 puL serum-free
medium in the control group and 90 pL. medium in the TNF-
o group. The TNF-a group was supplemented with a solution
consisting of 80 pL medium and 10 pL compound (10, 5, 1,
or 0.5 mg-mL™"). Six wells were used for each concentration.
After 2 hours of culture, 10 pL TNF-o. (50 ng'mL™") was
added to the TNF-a group and the TNF-a plus drug group.
After 16-18 hours of culture, 50 pL of supernatant was
absorbed and moved to a new 96-well plate, and the amount

of NO in the supernatant was calculated.

Results
Acquisition Results of Drug Targets and

Disease Targets

The isolated chemical composition information from
T maculata is shown in Table 1. A total of 1116 predicted
targets was obtained after de-reintegration of the data. Using
the GenenCards and OMIM databases, 1655 disease targets
were searched, and using the GEO database, 1425 differen-
tially expressed genes were obtained between normal and
AMI patients, including 682 upregulated genes and 743
downregulated genes. As can be seen from the volcano
map (Figure 2A) and heat map (Figure 2B), there is a clear
genetic difference between normal body tissues and those of
sick patients. Combining the drug targets with the disecase

targets, 58 core targets were obtained by drawing Wayne
diagrams online (Figure 3A).

Results of Network Construction

In the PPI network diagram, it can be seen that the 58
intersection targets have a relatively close interaction rela-
tionship (Figure 3B). The results of topological analysis
directly reflect the size of the role of 58 intersection targets
in network diagrams (Figure 3C). It can be seen from the
“key components-core targets” network that 7. maculata can
play the role of anti-AMI effect through the overall synergis-
tic action of multi-components and multi-targets (Figure 3D).

Results of Biological Function and

Pathway Enrichment Analysis of Targets
GO biological function enrichment analysis of intersection
targets was conducted using R language, and a total of 1206
GO items were identified, of which there were 1112 entries in
biological process (Figure 4A). This mainly involves aging,
response to lipopolysaccharide, response to molecule of bac-
terial origin, positive regulation of reactive oxygen species
metabolic process, neutrophil degranulation, and regulation
of reactive oxygen species metabolic process. There were 36
entries for the cellular component, including ficolin-1-rich
granule, ficolin-1-rich granule lumen, cytoplasmic vesicle
lumen, vesicle lumen, and external side of plasma membrane
(Figure 4B), and there were 58 entries for molecular func-
tional, including phosphatase binding, cytokine receptor
binding, peptide binding, protein phosphatase binding, and
adenylate cyclase binding (Figure 4C).

Based on the KEGG pathway enrichment analysis of
the intersection targets, 127 items were identified (Figure
4D), namely, PD-L1 expression and PD-1 checkpoint
pathway in cancer, Hepatitis B, Prolactin signaling path-
way, Tuberculosis, Coronavirus disease - COVID-19.

Results of Molecular Docking

Five target proteins with the highest PPI value were
selected as receptors, and corresponding chemical compo-
nents were used as ligands for molecular docking to verify
the binding activity between the active components of
T. maculata and its potential targets against AMI.

The scores of corresponding compounds and positive
control drugs in Table 2 were compared. MAPK3 and
YD13, STAT3 and YD6, TLR4 and YD20, MAPK1 and
YD20, MMP9 and YD21 exhibited satisfactory binding

Drug Design, Development and Therapy 2021:15
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Table | 40 Known Chemical Compositions of T. maculata

Numbering Name CAS Number Reference
YDI 12a-hydroxyprogesterone 19897-02-0 [6]
YD2 3-O-Methylquercetin 1486-70-0 [5]
YD3 N-benzoyl-L-phenylalaninol 4503-96-2 [71
YD4 Sitostenone. 1058-61-3 [6]
YD5 B-Carotene 7235-40-7 [6]
YDé6 Puerarin 3681-99-0 [9]
YD7 Catechol 120-80-9 [6]
YD8 4-Methoxycinnamic acid 830-09-1 [71
YD9 B-Sitosterol 83-46-5 [5]
YDIO Afzelin 482-39-3 [6]
YDII Ferulic acid 1135-24-6 [5]
YDI2 Methyl ferulate 22329-76-6 [7]
YDI3 Stigmasterol 83-48-7 [6]
YDI4 4-Hydroxybenzoic acid 99-96-7 [5]
YDIS Quercetin 117-39-5 [5]
YDIé6 Sinapaldehyde 20649-43-8 [7]
YDI7 Rutin 153-18-4 [9]
YDIS8 Kaempferol 520-18-3 [5]
YDI9 Coniferyl aldehyde 20649-42-7 [7]
YD20 Pinoresinol 487-36-5 [7]
YD2I Nicotiflorin 17650-84-9 [6]
YD22 Indole-3-carboxaldehyde 487-89-8 [7]
YD23 Protocatechuic acid 99-50-3 [6]
YD24 Pregnenolone 145-13-1 [6]
YD25 Palmitic acid 57-10-3 [5]
YD26 R-(-)-3-Hydroxy-B-ionone 15401-34-0 [8]
YD27 Methylparaben 99-76-3 [8]
YD28 (S)-5—nhydroxy-3,4-dimethyl 6067-11-4 [8]
-5-pentylfuran-2(5H)-one
YD29 Neoechinulin A 51551-29-2 [8]
YD30 5,7,2',6'-tetrahydroxy dihydro flavonoids — [6]
YD3I So-stigmastane-3f, 6B-diol — [6]
YD32 Triculata A — [71
YD33 Trimethy-3,4-dehydrochebulate — [71
YD34 Kaempferol-3-O-B-D-gluco — [6]
side-7-O-a-L-rhamnoside
YD35 Balanophonin B — [8]
YD36 Ash resin alcohol — [8]
YD37 Syringaresinol — [8]
YD38 Lichenene — [8]
YD39 4'-(1"-propenoic methylester) phenoxyl caffeate — [6]
YD40 Trimacoside A — [8]

Notes: The abbreviation of the Latin name of Tricyrtis maculata is as follows: T. maculata.
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Figure 2 Results of GEO data mining. (A) Heat map of differential gene expression; (B) volcano map of differential gene expression.

activity, suggesting that these may be the core targets of
anti-AMI action (Figure 5).

Protective Effect of Nicotiflorin on
HUVEC Damage

Effects of Different Concentrations of Nicotiflorin on
HUVECs

The effects of different concentrations of nicotiflorin on
the growth and proliferation of HUVECs are shown in the
Figure 6A. The results of the CCK-8 assay showed that
nicotiflorin caused no significant toxic side effects on cells
at a concentration of 0.05 mg'mL ', but cell activity
decreased by 28% when the concentration reached
2 mg-mL™". Therefore, 0.05 —1 mg-mL™" was selected as
the optimal concentration in subsequent studies (P <0.05).

Inhibitory Effect of Different Concentrations of
Nicotiflorin on HUVEC Toxicity Induced by TNF-a
The effect of different concentrations of nicotiflorin on the
proliferation of HUVECs is shown in Figure 6B. The
results showed that the 24 h growth inhibition rate of
HUVECs in response to 50 ng-mL™' TNF-a was 40%,
while the growth inhibition rates of HUVECs pretreated
with 1, 0.5, 0.1 and 0.05 mg~mL71 nicotiflorin were
21.84%, 34.78%, 36.61%, and 39.77%, respectively
(P <0.05).

The effect of different concentrations of nicotiflorin on
the NO production of HUVECs is shown in Figure 6C.
The results show that the concentration of NO was 4.43
+0.54 ng-mL™" after treating HUVECs for 24 h with 50
ng-mL ' TNF-a, and the NO concentrations of HUVECs
after treatment with 1, 0.5, 0.1, and 0.05 mg-mLf1 nicoti-
florin were 3.29+0.47, 4.00+0.60, 4.12+0.23, 4.30+0.16
ng-mL"", respectively. These research results show that
nicotiflorin inhibits TNF-a-induced NO production in
a dose-dependent manner (P <0.05).

Summary
Based on the GEO data mining and molecular docking
verification, we isolated monomer compounds with satis-
factory anti-AMI activity. The molecular docking fraction
showed that there was satisfactory binding activity
between the functional components and the core target,
with binding activity greater than that of existing drugs.
Among them, nicotiflorin had a high binding score with
the core target MMP 9, which ranks five in value, and as
one of the relatively novel compounds in 7. maculata, the
content of total flavonoids in the effective part was as high
as 1.075%. It is speculated that nicotiflorin may be an
active substance for the treatment of AMI, and on this
basis, experiments were conducted in vitro.

HUVEC:s stimulated by TNF-o are mature inflamma-
tory injury models. In the current study, TNF-a was used
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Figure 3 Results of network construction. (A) Venn diagram of component-disease intersection targets; (B) PPl network; (C) topological analysis results of PPl network; (D)

results of “key components-core targets” network.

as an inducer'’

to stimulate HUVECs to produce an
inflammatory response. Herein, we explored how the dif-
ferent concentrations of nicotiflorin protect the endothe-
lium in response to cell injury induced by TNF-a, so as to
lay a foundation for revealing the anti-inflammatory and
anti-MI mechanisms of the functional components of

T maculata.

Discussion

The pathological basis of AMI is the rupture of atherosclero-
tic plaques in the coronary arteries, which leads to thrombo-
sis and acute coronary occlusion. Unstable rupture of

coronary plaque following atherosclerosis is caused by
a variety of factors, such as physiological and psychological
stress. If platelets accumulate on the surface of a ruptured
atherosclerotic mass, this will result in a lack of blood flow to
the heart, leading to continued severe myocardial ischemia
and hypoxic necrosis. In addition, the pathogenesis of AMI is
more complicated, involving oxidative stress, inflammatory
damage, genetics, the environment and other factors.
Among them, oxidative stress and inflammatory damage
are considered to be important links in the pathological
process of AMI. According to previous studies, the myocar-
dium of patients with AMI is in a state of excessive oxidative
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Figure 4 Results of GO and KEGG enrichment analysis. (A) GO BP enrichment analysis of interselection targets; (B) GO CC enrichment analysis of interselection targets; (C)
GO MF enrichment analysis of interselection targets; (D) KEGG enrichment analysis of interselection targets.

stress.”’ Excessive oxidative stress can damage vascular
endothelial cells, reduce the stability of atherosclerosis, and
accelerate thrombus formation.*' The inflammatory response
occurs during atherosclerotic plaque formation, rupture, and
myocardial ischemia-reperfusion injury after AMI. The cur-
rent study confirmed that the amount of typical inflammatory
factor TNF-a produced during myocardial reperfusion injury
was positively correlated with the level of the cardiac func-
tional index, that is, the level of inflammatory factors directly
reflects the degree of myocardium reperfusion injury.?* In
addition, TNF-a and IL-1f can also simultaneously inhibit
smooth muscle cell collagen secretion, accelerate the disso-
lution of fibrous cap collagen, cause the instability of athero-
sclerotic plaque, and accelerate the process of AML*
Nicotiflorin is a flavonoid glycoside extracted from
T maculata. Modern pharmacological studies show that
nicotiflorin has anti-inflammatory, antioxidant, antibacter-
ial, antiviral, analgesic, and neuroprotective effects.?* 2 In
our previous studies, it also exhibited a good blood-
activating effect. In the rat model of permanent focal

ischemia induced by Li et al, nicotiflorin decreased the

infarcted area and behavioral defects induced by perma-
nent focal cerebral ischemia (pMCAO).> At the cellular
level, nicotiflorin was able to upregulate the expression of
mRNA and protein by enhancing the catalytic activity of
endothelial nitric oxide synthase (eNOS) in endothelial
cells.?” In the rat model of renal ischemia reperfusion
C57BL, nicotiflorin decreased cell apoptosis in reperfusion
injury by stably combining with ATF3.?* In addition, it has
been shown that nicotiflorin reduces the volume of infarc-
tion caused by ischemic injury and reduces oxidative stress
and inflammatory response in rats with multiple
dementia.”® However, there has no research describing
the effect of nicotiflorin on cardiovascular ischemic injury.

The current study used network pharmacology to predict
the possible mechanism of effective components in the treat-
ment of AMI, and proves that nicotiflorin binds to the core
target by molecular docking. The results of subsequent in vitro
experiments show that it can significantly decrease the release
of NO in a TNF-a-induced HUVEC model and reduce the
inflammatory response after cell injury, which initially proves

that the endothelial protective effect is satisfactory.
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Table 2 Docking Scores of Target Protein and Its Corresponding Compound
Target Compound Score Positive Drug Score
MAPK3 YDI3 135.833 Sulindac 142.302
STAT3 YDé 102.054 | 6-tetraene-3-carboxamide 89.0439
TLR4 YD20 94.7019 Mifamurtide sodium hydrate 21.6182
MAPKI YD20 133.44 Isoproterenol 102.414
MMP9 YD2I 135.835 Minocycline 122.449

Abbreviations: AMI, acute myocardial infarction; TCMSP, Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform; OMIM, Online Mendelian
Inheritance in Man; PPI, protein—protein interaction; GO, Gene Ontology; BP, biological process; CC, cellular component; MF, molecular function; KEGG, Kyoto
Encyclopedia of Genes and Genomes; NO, nitric oxide; AKT, protein kinase B; FoxO, forkhead box O; Bcl, B-cell lymphoma; TCM, Traditional Chinese Medicine; PDB,
Protein Data Bank; CAS, Chemical Abstracts Service; HUVEC, human umbilical vein endothelial cell; FBS, fetal bovine serum; DMEM/F-12, Dulbecco’s modified Eagle’s
medium/nutrient mixture F-12; CCK, cell counting kit; OD, optical density; MAPK, mitogen-activated protein kinase; pMCAOQ, permanent focal cerebral ischemia; eNOS,
endothelial nitric oxide synthase; STAT, signal transducer and activator of transcription; TLR, toll-like receptors; MMP, matrix metalloproteinase; TNF-0, tumor necrosis

factor alpha; SOD, superoxide dismutase; ROS, reactive oxygen species.

According to the literature, many components such as
quercetin, kaempferol, and p-sitosterol exhibit anti-
inflammatory and antioxidant activities, inhibit platelet
aggregation, protect cardio-cerebral vessels, and reduce
apoptosis and other pharmacological activities.”” > The
PPl network showed that MAPK3, STAT3, TLR4,
MAPKI1 and MMP9 possess large degrees of freedom,
suggesting that they may be key targets of anti-AMI activ-
ity. MAPK1 and MAPK3 are mitogen activated protein
kinases 1,3, which are involved in regulating stress,
inflammation, cell cycle and other physiological activities.
It was found that activation of p38 MAPK signaling path-
way could reduce myocardial ischemia reperfusion injury
in rats with heart failure.>® STAT3 is signal transduction
and transcription activator 3, which participates in cell
growth and apoptosis, inhibits autophagy and regulates
insulin secretion in macrophages. There is evidence that
STAT3 activation protects the heart muscle from ischemia-
reperfusion injury,>* After STAT3 knockout, the cardiac
development and function of mice were affected, and the
cardiac injury was aggravated under
Toll-like receptor 4 (TLR4)

expressed in cardiomyocytes, which can mediate inflam-

pathological
condition.* is highly
matory response through many pathways, induce the
release of a large number of inflammatory factors such
as TNF- a, IL-1 B and IL-6, and aggravate cardiomyocyte
injury.*®* MMP-9 belongs to proteolytic enzyme, is an
important part of extracellular matrix metalloproteinases
family, is an important cause of atherosclerosis, plays
a role in triggering thrombus, not only can degrade extra-
cellular lipids, but also plays an important role in the
migration and proliferation of vascular smooth muscle. It
is a hot target of cardiovascular disease research in recent
years. It was found that MMP9 could decrease the stability

of plaque, increase the expression of MMP9 in patients
with atherosclerosis.?’

In the enrichment results of KEGG channels, after
eliminating the first few channels that are not directly
related to AMI, we focused on the FoxO signal paths,
which rank eighth. FoxO transcription factors belong to
the forkhead family of transcriptional regulation. It has
been previously reported that the FoxO family participates
in regulating many physiological activities, including
inflammation, oxidative stress, apoptosis, glucose and
lipid metabolism disorders, cyclic control, mitochondrial
dysfunction and life span.**** The FoxO family is essen-
tial for maintaining heart homeostasis and regulating the
size of cardiac myocytes, in addition to delaying the devel-
opment of cardiovascular disease by increasing the anti-
oxidant capacity of the cells.*

As two ubiquitous subtypes of cardiac myocytes in
the family of FoxO transcription factors, FoxOl and
FoxO3 have been shown to be involved in regulating
myocardial antioxidant stress and antiapoptosis.*’ The
up-regulated expression of both can inhibit the produc-
tion of ROS, regulate the antioxidant gene SOD2 and the
peroxidase Cat, enhance the anti-oxidative stress ability,
inhibit cardiac myocyte apoptosis, and thus exert myo-
cardial protective function. Cardiac myocyte-specific
FoxO deficiency mice showed increased oxidative stress,
apoptosis, and decreased cardiac function. Conversely, in
cardiac myocytes with enhanced FoxO function, ROS
production decreased, the expression of antioxidants
and anti-apoptotic proteins increased, and apoptosis was
inhibited.*® In addition, AKT, as the upstream target of
FoxO, plays an important role in regulating apoptosis.**
Activation of AKT can promote FoxO phosphorylation
and cytoplasmic degradation, reduce the expression of
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Figure 6 Results of the protective effect of nicotiflorin on TNF-a-induced HUVEC damage. (A) Inhibition rate of HUVEC growth by different concentrations of nicotiflorin; (B)
effect of different concentrations of nicotiflorin on the growth inhibition rate of HUVEC cells induced by TNF-o; (C) comparison of NO level produced by nicotiflorin on TNF-o-

induced HUVEC cells supernatant (*P <0.05) (n = 5).

non-phosphated FoxO1 and FoxO3 in the cell nucleus,
and improve the activity of anti-apoptotic protein BCI,
which can alleviate cardiac myocyte apoptosis.*?

The network pharmacology and GEO data mining con-
ducted in this study indicate that T. maculata may play
a therapeutic effect on AMI by improving the transduction
of AKT/FoxO/BCI signaling pathway. During the research
process we conducted, nicotiflorin, a monomeric pyroside
with satisfactory activity, was unexpectedly discovered. To
verify the accuracy of the network pharmacological

results, an experimental pharmacological study of pyroside
was conducted by constructing a TNF-a-induced HUVEC
endothelial injury model to verify whether it has a pre-
protective effect on endothelial cell injury.

In vitro cell experiments showed that nicotiflorin inhib-
ited the release of inflammatory mediator NO after
endothelial cell injury and protected against endothelial

cell injury. From the point of view of network pharmacol-
ogy and molecular docking, it is speculated that the anti-
AMI mechanism may be related to the regulation of the
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Akt/FoxO/BCI signaling pathway. Akt activates the phos-
phorylation of lower transcription factor FoxO1, weakens
its transcriptional function, decreases the activity of apop-
totic protein bax in myocardium, reduces apoptosis, and
enhances the tolerance of cardiomyocytes to acute
ischemic injury. At the same time, FoxO is involved in
the anti-oxidative stress process after myocardial ischemia.
By reducing the production of free radicals, it can reduce
the oxidation damage, improve the survival rate of cardiac
myocytes and maintain the normal physiological function
of myocardium.

Conclusion
This study elaborated the role of 7 maculata in AMI and
its potential molecular mechanisms. Using network phar-
macology and GEO data mining, the potential protein
targets and mechanisms of the components in
T. maculata in the treatment of AMI were preliminarily
predicted. In addition, molecular docking technology was
used to verify the binding activity between the functional
components and the core target. The results of network
pharmacology indicated that 7. maculata had an effect on
AMI by modulating the Akt/FoxO/BCl signaling pathway.
It is speculated that the anti-AMI effect of T. maculata
may be related to cyclic regulation, reduce inflammatory
response, myocardial cell apoptosis inhibition, and energy
metabolism regulation. Through the extraction and experi-
mental verification of active components from medicinal
plants, the monomer named nicotiflorin was obtained, and
it demonstrated satisfactory activity. By establishing
a TNF-HUVEC damage model, the anti-inflammatory
effect and endothelial protection of nicotiflorin was ver-
ified in vitro. Nicotiflorin may be a compound that can
potentially be used as a new anti-AMI drug with excellent
Our

a theoretical foundation for further research and develop-

prospects for clinical application. study lays

ment of new drugs.
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