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Abstract
explore its potential molecular mechanism in preventing and treating chronic heart failure (CHF). [ Methods] The candidate active constitu-

[ Objectives | To screen the active components and core targets of Gastrodia elata Bl. based on network pharmacology, and further

ents of G. elata Bl. were screened by HERB, ETCM ( Encyclopedia of Traditional Chinese Medicine) database, and bioinformatics analysis
tool BATMAN-TCM platform, Swiss Target Prediction platform was used to predict compound targets, and CHF disease targets were searched in
GeneCards and OMIM databases ; the intersection targets were taken, and the String database and Cytoscape 3. 10. 0 software were used for pro-
tein-protein interaction (PPl) and topological analysis to obtain key active constituents and core target genes; the online tool bioinformatics
platform was used for gene ontology (GO) function and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis of
common targets. Using the active constituent of G. elata Bl. as ligand and its core target as receptor, molecular docking visualization was car-
ried out. [ Results] 136 common targets of active constituents of G. elata Bl. and CHF were screened out, which mainly involved AGE-RAGE
signaling pathway, lipid and atherosclerosis, interleukin-17 signaling pathway, non-alcoholic fatty liver, diabetic cardiomyopathy, cancer and
other signaling pathways. The core target proteins mainly included albumin, catalytic subunit « activated by protein kinase CAMP, insulin
gene, interleukin-1@, tumor necrosis factor, estrogen receptor 1, interferon v, etc. The results of molecular docking showed that the ligand of
the compound had good affinity with the target receptor. [ Conclusions] G. elata Bl. prevents and treats CHF through multiple components,
multiple targets, and multiple pathways. The potential mechanism of G. elata Bl. in treating CHF was preliminarily explored, providing a cer-

tain theoretical basis for subsequent research on its pharmacological material basis in treating CHF.
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1 Introduction

Chronic heart failure (CHF) is a cardiovascular clinical syndrome
with structural destruction or abnormal function of the heart caused
by various reasons. It can lead to impaired systolic or diastolic
function of the heart, and decreased blood output of the heart. It
is mainly manifested by congestion in the pulmonary circulation
and (or) systemic circulation, and obvious insufficient blood re-

flux and perfusion of organs in the tissue''.

It is the terminal
stage of many cardiovascular diseases, and its prevalence, recur-
rence rate and mortality rate are increasing year by year'” . West-
ern medicine has certain limitations in the treatment of heart fail-
ure, and traditional Chinese medicine has become a hot spot in the
treatment of diseases because of its advantages of multi-compo-
nents, multi-targets and multi-pathways. Gastrodia elata Bl. is a
perennial herb of Orchidaceae, which was first recorded in Shen
Nong’s Materia Medica"' . Tis long medicinal history and remarka-
ble clinical efficacy have attracted many scholars to explore. It is
a traditional precious Chinese medicine, widely distributed in
southwest, east, central, northeast and other regions of China™’.
It is sweet in taste, neutral in nature, and attributive to the liver
meridian. It has the effects of lowering blood pressure, lowering
lipids, protecting blood vessels, and improving blood perfusion.
The chemical components in G. elata Bl. are mainly gastrodin,
vanillin, palmitic acid, p-hydroxybenzyl alcohol, p-hydroxybenz-

aldehyde, etc. ', which are usually considered to be the main
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components of G. elata Bl. to exert pharmacological effects, and
their strong antioxidant properties have attracted much attention in
the treatment of vascular diseases. Network pharmacology has es-
tablished a new model of complex network relationships between
multiple targets and diseases, which provides a reference for dis-
ease pathogenesis and its therapeutic targets, and plays a guiding
role in discovering molecular mechanisms of drug efficacy and de-
veloping new drugs'®’. In this study, the active constituents and
potential mechanism of G. elata Bl. in the treatment of CHF were
explored at molecular level by using network pharmacology meth-
od, so as to provide a theoretical basis for G. elata Bl. in the
treatment of CHF.

2 Materials and methods

2.1 Screening of effective active constituents and targets of
Gastrodia elata Bl.  Using "G. elata Bl." as the key word, the
effective active constituents of G. elata Bl. were searched in
HERB (http://herb. ac. cn/) , the encyclopedia database of tra-
ditional Chinese medicine ETCM ( http://www. tcmip. cn/
ETCM/), and the bioinformatics analysis tool BATMAN-TCM
(http://bionet. ncpsb. org/batman-tcm/ ). Score cutoff = 10 was
set in the BATMAN-TCM database, the corrected P value was
0.05, the reliability score of the target in ETCM=0. 8. The Swiss
Target Prediction platform (https://www. SwissTargetPrediction.
cn/) was further utilized to obtain the targets of the active constit-
uents of G. elata Bl. After sorting and deleting the duplicate tar-
gets, the gene names of the targets were normalized using the Uni-

prot database (https://www. uniprot. org/).
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2.2 Screening of disease targets for chronic heart failure In
human gene database ( GeneCards, https://www. genecards. org)
and online human Mendelian genetic database ( OMIM, http://
omim. org/ ) , "chronic heart failure" was entered into each data-
base as a search term, and disease targets in each database were
obtained, and the obtained targets were merged to delete duplicate
values.

2.3 Screening of common targets of Gastrodia elata Bl. and
chronic heart failure The online tool bioinformatics platform
(https ://www. bioinformatics. com. cn/) was used to obtain the
intersection of G. elata Bl. target genes and CHF target genes,
and a Wayne diagram was drawn for visual display.

2.4 Construction and analysis of protein interaction net-
work The construction of the PPI network can be used to predict
the core targets in the interaction network. The common targets of
G. elata Bl. for CHF treatment were uploaded to the STRING da-
tabase (https://string-db. org/), " Homo sapiens" was selected
as the species, the minimum required interaction score was set to
medium confidence (0.400), and independent nodes in the net-
work were hidden, to obtain PPI relationships, and export data
files. Then, Cytoscape 3. 10. O software was used to visualize the
PPI network and CytoNCA plug-in was used to screen the central
targets. According to the Degree value in the analysis results, the
top 10 core targets of G. elata Bl. in the treatment of CHF were
screened, and the molecular mechanism of G. elata Bl. in the
treatment of CHF was further explained from the perspective of
core targets.

2.5 GO function and KEGG pathway enrichment analysis
The intersection genes of G. elata Bl. and CHF were imported into
the David database'”’ (hitps://david. nciferf. gov/) , and " OFFI-
CIAL GENE SYMBOL" was used as the identifier and " Homo sa-
piens" was used as the species category to perform gene ontology
(GO) functional enrichment analysis ( biological process, cell
composition, molecular function) and Kyoto encyclopedia of genes
and genomes (KEGG) pathway enrichment analysis to reveal the
biological mechanism by which drugs regulate disease symptoms.
The online tool bioinformatics platform (https://www. bioinforma-
tics. com. cn/) was used for plot analysis, and the results were
presented as bubble chart.

2.6 Molecular docking validation method

2.6.1 Preparation of small molecule ligand and protein receptor
files. The 2D structure of the main active ingredient of the drug
was obtained through the PubChem database (https://pubchem.
ncbi. nlm. nih. gov/ ), and the minimum energy value was output
by Chem3D software and the format was converted to mol2. The
uniprot database (https://www. uniprot. org/) and the PDB data-
base (https://www. resb. org/) were used to obtain the PDB for-
mat file of the 3D structure of the core target, and the obtained
proteins and small molecules were imported into Auto Duck 1.5.7
software one by one, water molecules were removed, they were
hydrogenated, and finally saved as PDBQT format files.

2.6.2 Preparation of docking active pockets. The PDBQT file

obtained in the previous step was imported into Auto Dock 1.5.7
software , the molecular docking range was set to the maximum val-
ue of 1.000, and the central coordinate value (x/y/z) was input
into the vina script to further obtain the minimum binding energy.
2.6.3 Preparation of visual docking diagram. The minimum
binding energy ligand file and protein receptor file in pdbqt format
were selected and imported into PYMOL software together. 20 mo-
lecular docking maps can be obtained at one binding, and the

clearest one was selected as the final display map.

3 Results and analysis

3.1 Screening results of active constituents and drug targets
of Gastrodia elata Bl.
sponding drug target genes were found in the HERB database; 18

43 active constituents and 103 corre-

active constituents and 257 corresponding drug target genes were
found in Batmen-tcm database ; 21 active constituents and 245 cor-
responding drug target genes were found in ETCM database; after
removing duplicate and target-free components, 28 active constitu-
ents and corresponding 553 target genes were finally selected.
3.2 Screening of chronic heart failure disease targets 12 462
gene targets were screened in the Genecard database, and the me-
dian Score value was repeatedly taken. Finally, 1 561 gene targets
were obtained by setting Score=13. 8; 618 gene targets were ob-
tained by searching in OMIM database, and a total of 2 057 gene
targets were obtained after removing duplicate targets.

3.3 Screening of common targets of Gastrodia elata Bl. —
chronic heart failure Using online mapping tool bioinformatics,
553 G. elata Bl. drug targets and 2 057 chronic heart failure dis-
ease targets were imported, and Wayne diagram was drawn. After
taking the intersection of the two, 136 drug-disease common tar-
gets were obtained (Fig.1).

3.4 Construction and analysis of protein interaction net-
work 136 intersection targets were imported into the STRING
database to obtain the PPI network relationship diagram, as shown
in Fig.2 and Fig.3). The diagram includes 134 nodes and 1 369
edges. The targets are represented by network nodes, network
nodes of different colors represent different interactions, and the
number of lines represents the intensity of interactions between tar-
gets. The greater the number, the stronger the effect and the grea-
ter the Degree.

The top 10 core target proteins in the figure are; ALB (albu-
min) , PRKACA ( protein kinase CAMP-activated catalytic sub-
unit ), INS (insulin gene), ILIB (interleukin-18), TNF
(tumor necrosis factor), ESR1 (estrogen receptor 1), PPARG
( peroxisome proliferator-activated receptor -y recombinant pro-
tein) , IFNG (interferon ), HIFIA (hypoxia-inducible factor 1
subunit ) , SRC (non-receptor tyrosine kinase) .

3.5 GO function and KEGG pathway enrichment analysis GO
enrichment analysis and KEGG pathway enrichment analysis were
performed on common targets using DAVID database. GO enrich-
ment analysis included biological process (BP), cellular compo-
nent (CC) and molecular function (MF). A total of 529 biologi-
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Fig. 1

Fig.2 PPI network diagram of Gastrodia elata Bl. in the treatment

Fig.3 Visual analysis of the protein interaction target of CHF trea-
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cal processes, 59 cellular components, 115 molecular functions
and 125 KEGG items were collected. Then, according to the P
value, the top 10 items of GO enrichment analysis and the top 20
items of KEGG pathway enrichment were listed and uploaded to
the bioinformatics platform for bubble chart visualization analysis
(Fig.4 and Fig.5). BP is mainly enriched in the response to ex-
ogenous stimuli, the positive regulation of ERK1 and ERK2 cas-
cade, the response to hypoxia, the positive regulation of gene ex-
pression, the membrane depolarization during the action potential
of cardiomyocytes, and the contraction of cardiomyocytes. CC is
mainly concentrated in extracellular space, extracellular domain,
cell surface, neuronal cell body, axon, synapse, sodium channel
complex, etc. ; MF is mainly enriched in exactly the same protein
binding, enzyme binding, signal receptor binding, nuclear recep-
tor activity, sodium channel activity, cytokine activity, etc.
KEGG pathway is mainly enriched in AGE-RAGE signaling path-
way in diabetic complications, lipid and atherosclerosis, interleu-
kin-17 (IL-17) signaling pathway, non-alcoholic fatty liver dis-

ease, diabetic cardiomyopathy, cancer pathway and other aspects.
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Fig.4 Bubble diagram of GO functional enrichment analysis
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Fig.5 Bubble diagram of KEGG pathway enrichment analysis

3.6 Molecular docking results
out using the drug-disease core targets ALB, PRKACA, INS, and

IL1B as receptors, and the key active components of G. elata Bl. ,

Molecular docking was carried

B-sitosterol, and vanillin as ligands. The results showed that the
binding energy of gastrodin, [-sitosterol, and vanillin with the
drug-disease core targets ALB, PRKACA, INS, and IL1B was
lower than —4.0 kcal/mol (see Table 1 for binding energy, and
see Table 2 for docking diagram). After visualization, it can com-
bine with the help of intermolecular forces to form a stable spatial

conformation.

Table 1 Molecular docking binding energy ( kcal/mol) required for
docking of 3 effective active constituents and 4 target proteins

of Gastrodia elata Bl.

ALB RKACA INS IL1B
Gastrodia elata Bl. -6.7 -5.9 -6.9 -5.6
B-sitosterol -5.2 -5.8 -5.6 -4.5
Vanillin -5.4 -5.8 -4.4 -4.0

Table 2 Molecular docking results of 3 effective active constituents and 4 target proteins of Gastrodia elata Bl.

ALB RKACA INS ILIB
Gastrodia elata Bl. . 4 ¢ '
s o o '{ \
B—sitosteml \\\‘ 3 r\' 7
sl ; 8- 4

Vanillin

4 Discussion
CHF is a chronic, refractory and spontaneously progressive disease
with complex etiology®’, and it is closely related to myocardial re-
modeling, inflammatory stimulation, oxidative stress and ion chan-
elata BL.

Guizhou and other places. Because of humid climate, fertile soil

nels. G. is widely planted in Guangxi, Yunnan,
and abundant land resources, it is very suitable for the growth of
G. elata Bl. 1t has been used as a prescription for the treatment of
cardiovascular diseases and food resource for thousands of years'” .
Relevant studies have shown that the active constituents and targets
of G. elata Bl. have certain effects on the treatment of CHF.
Gastrodin has been shown to regulate multiple intracellular
signaling pathways and reduce the inflammatory stimulation effects
on functional cells such as cardiomyocytes and endothelial
cells" ™" In rat ischemia-reperfusion experiments, the level of
anti-inflammatory factor IL-10 was increased in gastrodin-treated
rats, while the levels of pro-inflammatory factors 1L-6, IL-1 and
tumor necrosis factor (TNF) - were all decreased, suggesting that
gastrodin can alleviate the inflammatory response and exert cardio-

[12]

protective effects Differential gene aggregation analysis was

performed on pharmacological target of gastrodin’s cardioprotective
effects. The results showed that it was interrelated with multiple
signaling pathways such as glucose stabilization, insulin response,

03-147 " The results of

metabolomics, RNA sequencing and transcriptome gene sequen-

and regulation of glycolipid metabolism

cing experiments show that gastrodin is closely related to cell cy-
cle, DNA replication ability, DNA damage and repair, and gene
regulation'” ™'’ . B-sitosterol can act on epidermal cells in inflam-
masomes and macrophages, and protect cardiomyocytes and vascu-
lar endothelial cells by inhibiting the activation of MAPK signaling
pathway and reducing the production of TNF-a and IL-6 in

" According to in vitro experiments'®’ | lipopolysaccharide

cells
(LPS) leads to increased expression of inflammatory cytokines
such as tumor necrosis factor-a ( TNF-a ), cyclooxygenase-2
(Cox-2), and interleukin-6 (IL-6) in blood vessels, and B-sitos-
terol inhibits LPS induction through MAPK and NF-kB signaling
pathways, which can reduce the expression and secretion of these
cytokines, helping to improve atherosclerosis. It also inhibits an-
giotensin IT ( Ang IT) -induced cell proliferation by preventing aor-

tic smooth muscle cell cycle progression, promoting apoptosis, in-
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hibiting autophagy, and inhibiting contractile-synthetic phenotype
switching effects, and it can be used as a therapeutic strategy to

[19]

prevent cardiovascular diseases In addition, combined with

Western blotting and quantitative PCR at protein and gene level

. [20]
experiments

, it was observed that B-sitosterol activated peroxi-
some proliferator-activated receptor y ( PPARG) and adenosine
5 ’-monophosphate-activated protein kinase ( AMPK), and nega-
tively regulated the expression of mammalian target of rapamycin
(mTOR) , which contributed to the inhibition of Ang II-induced
vascular smooth muscle cell migration and reduced intracellular ox-
idative stress and inflammatory response. Vanillin has antioxidant,
antiproliferative, antidepressant and antiglycation properties. Va-
nillin can reduce the levels of oxidative stress markers malondial-
dehyde, inflammatory cytokines TNF-a, IL-6 and IL-13, and pro-
apoptotic proteins Bax and caspase-3 in rat cardiomyocytes, en-
hance cardiac angiogenesis and regulate oxidative stress, inflam-
mation and apoptosis through Akt/HIF-1a/VEGF signaling path-
way, and effectively improve cardiomyocyte necrosis™. In doxo-
rubicin ( doxo ) -induced H9¢2 cell experimentsm] , vanillin can
inhibit the accumulation of reactive oxygen species ( ROS) in-
duced by doxorubicin oxidative stress and hinder ERK phosphoryl-
ation, and restore cardiomyocyte viability, with a potential protec-
tive effect on cardiotoxicity. Through network pharmacology and
molecular docking technology, it was found that gastrodin, (-sitos-
terol, vanillin, etc. were the main active compounds of G. elata
BlL. to exert therapeutic effects; ALB, PRKACA, INS, IL1B, etc.
were the key targets of G. elata Bl. , and may mainly exert thera-
peutic effects through signaling pathways such as HIF-1a, Akt,
AMPK, and MAPK; G. elata Bl. may be the key mechanism in
the treatment of heart failure by inhibiting oxidative stress, inflam-
matory response in vivo and anti-apoptosis.

To sum up, this study used network pharmacology and molec-
ular docking technology to preliminarily explore the complex mech-
anism of multi-component, multi-target, and multi-pathway syner-
gistic interaction in prevention and treatment of CHF by G. elata
Bl., providing a reference for the related research in the future.
However, there are certain limitations in predicting the mechanism
of action of drugs and diseases based on public databases and
bioinformatics analysis, and it is necessary to verify it from more
molecular, cellular, animal and clinical experimental studies to
provide a more credible scientific basis for Gastrodia elata Bl. to

treat CHF.
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