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Network pharmacology and molecular Gisiia

docking analysis on Shenfu Qiangxin indicate
mTOR is a potential target to treat heart failure
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Dewei Peng* and Cuntai Zhang"

Abstract

Background Heart failure (HF) is one of the major causes of mortality worldwide with high recurrence rate and poor
prognosis. Our study aimed to investigate potential mechanisms and drug targets of Shenfu Qiangxin (SFQX),
a cardiotonic-diuretic traditional Chinese medicine, in treating HF.

Methods An HF-related and SFQX-targeted gene set was established using disease-gene databases and the Tradi-
tional Chinese Medicine Systems Pharmacology database. We performed gene function and pathway enrichment
analysis and constructed protein—protein interaction (PPI) network to investigate the potential mechanisms. We
also performed molecular docking to analyze the interaction patterns between the active compounds and targeted
protein.

Results A gene set with 217 genes was identified. The gene function enrichment indicated that SFQX can regulate
apoptotic process, inflammatory response, response to oxidative stress and cellular response to hypoxia. The pathway
enrichment indicated that most genes were involved in PI3K-Akt pathway. Eighteen hub target genes were identified
in PPl network and subnetworks. mTOR was the key gene among hub genes, which are involved in PI3K-Akt pathway.
The molecular docking analysis indicated that 6 active compounds of SFQX can bind to the kinase domain of mTOR,
which exerted potential therapeutic mechanisms of SFOX in treating HF.

Conclusions The results of network pharmacology analysis highlight the intervention on PI3K-Akt pathway of SFQX
in the treatment of HE. mTOR is a key drug target to help protect myocardium.
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Background

Heart failure (HF) is a series of chronic syndromes in
which the heart muscle doesn’t pump enough blood
because of decreased function and (or) abnormal heart
structure [1]. The main symptoms include fatigue, fluid
retention and dyspnea. It is a serious condition, which
needs active and effective intervention to prevent fatal
complications [2]. For decades, many drugs have been
used in treating chronic HF (CHF). Although some
drugs are effective to improve the symptoms, the com-
pliance is still poor due to long-term use and adverse
effects [3]. Unfortunately, the incidence of CHF keeps
increasing with the aging global population [4]. There-
fore, finding a pharmacotherapy or nonpharmacologi-
cal treatment with satisfactory safety and efficacy for
treating CHF is a hot topic, which receives wide atten-
tion worldwide.

Traditional Chinese medicine (TCM) has been used
in HF treatment for ages [5]. It is an idea HF treatment,
because it is multilevel multitargeted with few side effects
[6]. Shenfu Qiangxin (SFQX) capsule is a cardiotonic-
diuretic medicine approved by the China Food and Drug
Administration and recommended by expert consensus
for the treatment of HF [7]. SFQX is composed of six
Chinese herbal extracts: Ginseng (Renshen, RS), Aconiti
Lateralis Radix Praeparata (Fuzi, FZ), Mori Cortex (Sang-
baipi, SBP), Polyporus Umbellatus (Zhuling, ZL), Descu-
rainiae Semen (Tinglizi, TLZ) and Radix Rhei Et Rhizome
(Dahuang, DH). It is reported that SFQX may alleviate
oxidative stress-induced myocardial injury by regulating
SIRT4/FOXO3a signaling in animal and cell studies [8].
However, the detail mechanisms of SFQX in treating HF
remain unclear.

Network pharmacology can construct and visualize
‘multi-gene-target-pathway’ interaction network to assess
the molecular mechanism of agents by integrating medi-
cine and computer science [9], especially for the assess-
ment of TCM with complicated matrix nature [10, 11].
In this study, a comprehensive network pharmacology-
based analysis was used to demonstrate the mechanisms
of SFQX in treating HF. We also identified the active
components and the key targets of SFQX in treating HF.

Mechanistic Target of Rapamycin (mTOR) is involved
in the regulation of cell growth, cell metabolism and
nutrient sensing. Many age-related pathologies are partly
caused by dysregulation of mTOR signaling, such as car-
diac dysfunction and HF [12]. Molecular docking is the
process that a small ligand spatially docks into a macro-
molecular, such as protein. It can be used for structure-
based drug design scoring the complementary values of
binding sites [13]. In the current study, we also investi-
gated the potential mechanisms of SFQX in HF using
molecular docking. mTOR was found to be the hub gene
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in SFQX-target genes, which suggested a new target for
HF treatment by SFQX.

Materials and methods

Obtaining the SFQX target and HF-related gene set

The main ingredients of SFQX were obtained from the
Traditional Chinese Medicine Systems Pharmacology
(TCMSP) database (https://www.tcmsp-e.com/) [14]
by searching the “Herb name” Active compounds were
then filtered by setting the oral bioavailability (OB) >40%
and the drug-like (DL) index>0.30. The three-dimen-
sional structure of each active compound was obtained
from PubChem [15]. The compounds without available
three-dimensional molecular structures were excluded.
SwissTargetPrediction was then used to predict poten-
tial targets according to the three-dimensional structure
of each compound [16]. Target genes with probability
greater than 0.10 were considered as potential target
genes of each compound. The compounds without such
target genes were also excluded.

HE-related genes were searched in five databases:
Genecards database (https://www.genecards.org/) [17],
OMIM database (https://omim.org/) [18], TTD data-
base (http://db.idrblab.net/ttd/) [19], DrugBank database
(https://www.drugbank.ca/) [20], and DisGeNet data-
base (https://www.disgenet.org/home/) [21]. Genes with
Gifts>40 and Relevance score>10 were filtered from
Genecards database. The HF-related gene set was estab-
lished by combining all the search results.

The HF-related and SFQX-target gene set was gen-
erated by intersecting the HF-related gene set and the
SFQX-target gene set.

Compound-target pharmacology network and enrichment
analysis

Using Cytoscape version 3.8.0, a target-compound net-
work was constructed based on the SFQX-HF target gene
set and the SFQX compound set [22]. Gene ontology
(GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment analysis were performed
using KOBAS 3.0 (https://kobas.cbi.pku.edu.cn) to inves-
tigate the potential mechanisms and key signaling path-
ways [23]. The genes in mostly enriched pathway, which
was also believed to be involved in HF, were further
analyzed.

Protein—protein interaction (PPI) network and core
subnetwork

The PPI network was constructed using STRING data-
base [24]. The parameter was set as moderate confidence
(0.400). The PPI network was downloaded from STRING
database and subsequently imported into Cytoscape to
identify the core subnetwork using CytoNca plugin [25]
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and CytoHubba plugin [26]. In detail, according to the
score file calculated by CytoNca plugin, genes with each
score of Betweenness, Closeness, Degree, Eigenvector,
LAC, network scores higher than the median value were
filtered for the construction of subnetwork. This subnet-
work was then calculated by using CytoHubba plugin to
further rank the key gene. Combining the analysis results
by CytoNca plugin and CytoHubba plugin, a key target
gene was identified.

Molecular docking

The most core gene from the above analysis was then
selected for molecular docking. The crystal structure of
the receptor protein that is coded by this gene was down-
loaded at Protein Data Bank (https://www.rcsb.org/). The
structure of molecule ligands was obtained from Sci-
finder Scholar. Discovery Studio 2016 was used to carry
out hydrogenation of protein. And AutoDockTools-1.5.6
was used to charge calculation and determine parameters
of the protein docking area. Then, the minimizing energy
of molecule ligands was calculated and exported by
ChemBio3D 19.0 and AutoDockTools. Finally, Molecular
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docking of ligands and receptor protein were performed
by Autodock Vina [27]. And the docking results were
shown in Discovery Studio.

Results

Screening of active compounds and target genes

By using the TCMSP database and SwissTargetPredic-
tion, 39 compounds with 539 target genes were iden-
tified (Additional file 1: Fig. S1). Besides, 1445, 178,
5, 13 and 199 HF-related genes were obtained from
Genecards, OMIM, TTD, DrugBank and DisGeNet
database, respectively. After we removed duplication
and combined the search results, a gene set with 1659
HF-related genes was constructed (Fig. 1A). And we
finally acquired the SFQX target and HF-related gene
set with 217 genes included by taking an intersec-
tion of the SFQX-target genes and HF-related genes
(Fig. 1B). The 217 intersection genes were target genes
of 37 compounds (Additional file 1: Table S1). The tar-
get-compound network with 254 nodes and 822 edges
is visualized in Fig. 1C. One gene was targeted by sev-
eral active compounds while one compound could

B Disease Drug

Fig. 1 Identification of the drug-target interaction. A Identification of the HF-related genes by taking a union of all the results from 5
databases; B identification of the drug-target disease-related genes by taking an intersection of SFQX target genes and HF-related genes; C
the compound-targets interaction pharmacology network of SFQX and interaction genes. Circle represents the molecule active compounds
in SFQX. Each yellow rectangle represents a traditional Chinese medicine compound. Each blue rectangle represents a HF-related target gene.
Edges represent the interaction between the molecule compounds and the target genes. HF heart failure, SFOX Shenfu Qiangxin
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also target multiple gene. Among 217 genes, CYP19A1
and ESR1 were the most targeted gene by SFQX com-
pounds. Both of them were targeted by 21 compounds.
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Enrichment analysis

The underlying gene ontology of the 217 target genes was
discovered by GO enrichment analysis. 1546 significant
GO terms with corrected P-value<0.05 were identified.
The terms with enrichment gene count>30 are shown
in Fig. 2A. The GO terms indicated that these target

A Protein binding - . B Pa!hwa_ys in cancer ‘
A" Py PIBK-Akt signaling pathway [ ]
Metabolic pathways [ )
Cytosol 4 o Proteoglycans in cancer [ )
Cytoplasm 4 [ ] MAPK signaling pathway [ ]
Nucleus A ) Kaposi sarcoma-associated herpesviru:einsi(;itiso; :
Identical protein binding 4 [ ] Jog10 () Rap1 signaling gamway °®
ATP binding{ @ Human cytomegalovirus infection o -log10 ()
Nucleoplasm{ @ 50 Ras signaling pathway ®
Integral component of plasma membrane { @ 40 & Amf;;’i’;‘ﬁ;g:;’x:; : 50
Membrane 1 @ 30 AGE-RAGE signaling pathway in diabetic complications [ ] 40
Extracellular region{ @ 20 Human T-cell leukemia virus 1 infection ° 30
Signal transduction{ @ Human papillomavirus infection [ ]
Extraceliular exosome H—-e 10 Neuroactive ligand-receptor interaction ° 20
Positive regulation of transcription by RNA polymerase Il @ EGFRtyrosine kmas;r:ggncbrlitr:)é ::::::E: :
Extracellular space{ @ GeneRatio Focal adhesion (] GeneRatio
Integral component of membrane { @ _ Prostate cancer ° . 0.0
Protein phosphorylation { @ ® 02 Epstein-Barr virus infection °
. . . HIF-1 signaling pathway [ @ 0.15
Negative regulation of apoptotic process{ @ @ 04 Cellular Senpscence s
G protein-coupled receptor signaling pathway { @ . 0.6 Pancreatic cancer ° ® o020
Cytokine-mediated signaling pathway { @ @ os Neurotrophin signaling pathway | @ @ 025
Response to drug{ @ FoxO SIgrggztgrigi?rﬁzyr :
Positive regulation of cell population proliferation { @ Hepatitis C .
Metal ion bindingq e Relaxin signaling pathway .
Cell surface{ e Phospholipase D signaling pathway .
Positive regulation of gene expression{ e Viral carc';g‘;?]z;g !
Mitochondrion { e Human immunodeficiency virus 1 infection .
0 20 40 60 80

0 50 100150200
Count

Count

C

JAKSTAT
sigpalug pathuny

PIK-AKT SIGNALING PATHWAY #
yporia ——— mTOR sigraling.
G I,
iy i () L owin
w1 f_’;l [Rager] % fag =
l T SEKIRFTE s -/
PG )~ ke
________________ > Actnmorgasmaton
Trenkn sxalog. Suvial
oo o asention
EbB. Lo
iy
2 e SEm
Cor —>{x ! DS
Toll-hke rece;
Selng pitony G
Padiogen swacnted
lecular patterns—— |
e =N 2 A T Y VA |1 B > i

—=> Menbolm | o Shmebmel

e Cell el
Feogresenn

O e
(S {ocwm] -

Fi(4 5P PG99

04151 7721

Celleyeh
Feogon
/ ForOsgmlsg
J pathiny
——o—>
DA

o Cellce
= Fogsnin
X DNA Fal
I =
5 (220 > Callsurinl
- Apoposs.
C«E } el survival
w 3
() »o- S —
B - O
T S Y e

() Faneba Laboratories

Fig. 2 Enrichment analysis and pathway map. A GO enrichment analysis of the target genes. Gene ratio refers to the ratio of enriched genes to all
target genes, and counts refer to the number of the enriched genes; B KEGG enrichment analysis of the target genes. Gene ratio refers to the ratio
of enriched genes to all target genes. Counts refer to the number of the enriched genes; C pathway map of PI3K-Akt signaling pathway. GO gene

ontology, KEGG Kyoto Encyclopedia of Genes and Genomes
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genes were involved in protein binding and plasma mem-
brane construction. In addition, some GO terms, such
as negative regulation of apoptotic process, inflamma-
tory response, response to oxidative stress and cellular
response to hypoxia, were associated with the develop-
ment of HF, which indicated that these target genes may
be involved in the regulation of HF.

The pathways, which the 217 target genes were
enriched in, were discovered by KEGG enrichment anal-
ysis. 212 KEGG pathways with corrected P-value<0.05
were significantly enriched. Except for the pathways in
cancer, the most enriched pathway was PI3K—Akt signal-
ing pathway, which is reported to play an important role
in HF [28]. The 44 genes enriched in PI3K-Akt signal-
ing pathway are shown in Additional file 1: Table S2. The
bubble plot of the KEGG pathways with enrichment gene
count >20 is shown in Fig. 2B and the map of the PI3K-
Akt signaling pathway is shown in Fig. 2C.

PPI network and core subnetwork

PPI network from STRING database for proteins
encoded by 217 genes is shown in Additional file 1:
Fig. S2. PPI network for the proteins encoded by tar-
get genes enriched in PI3K-Akt signaling pathway had
complex interactions (Fig. 3A). This PPI network was
imported into Cytoscape for the identification of core
subnetwork. A core subnetwork composed of 18 genes
were identified using CytoNca (Fig. 3B, Additional file 1:
Table S3). These 18 target genes were further ranked by
CytoHubba (Fig. 3C, Additional file 1: Table S4). After
combining the analysis results by CytoNca plugin and
CytoHubba plugin, MTOR was identified as the key
target gene. It ranked first in CytoNca and second in
CytoHubba.

Molecular docking of active compounds and MTOR
encoding protein

The crystal structure of the mTOR was downloaded at
Protein Data Bank (4JSV). The original structure of 4JSV
is a homodimer, which contains two identical complexes
of atypical kinase mTOR and ligand mLST8 (Fig. 4A). We
removed one of the complexes and the ligand mLST8
to obtain the monomer structure as the receptor pro-
tein encoded by MTOR for further molecular docking
(Fig. 4B, C). In the compound-target interaction network,
six active compounds targeted mTOR protein, including
moracin D (from Sangbaipi), cerevisterol (from Zhuling),
(22e,24r)-ergosta-6-en-3beta,5alpha,6beta-triol (from
Zhuling), deoxyandrographolide (from Fuzi), moracin
O (from Sangbaipi) and polyporusterone E (from Zhul-
ing) (Additional file 1: Fig. S3). Using Autodock Vina,
several binding sites in mTOR for each compound were
predicted. The docking results indicated that all these
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6 compounds could easily bind to the protein kinase
domain of mTOR (Fig. 4D-I) through several bonds.
The molecular docking binding energy for these sites is
recorded in Table 1.

Discussion

HF is the end stage of cardiac diseases, such as cardio-
myopathy, high blood pressure, coronary heart disease,
and acute myocardial infraction [29]. A failing heart can’t
pump sufficiently and provide enough blood supply [30].
The conventional HF management agents are diuret-
ics, P-adrenergic blockers, and angiotensin-converting
enzyme inhibitors [31]. Unfortunately, severe side effects
may occur during the long-time use of these chemical
agents, such as hypotension, fluid depletion and electro-
lyte depletion [32]. Therefore, TCM can be used as alter-
native agents in treating HF with fewer side effects and
lower cost [33].

Several TCMs have been used in the management of
HF with satisfactory effect [5], for example, Zhenwu
tang, Shengmai san, Baoyuan tang, Xuefuzhuyu tang,
Tinglidazaoxiefei tang, Danshen yin, Taohongsiwu tang.
Meanwhile, several Chinese patent drugs have been
successfully produced by standardized procedures and
are widely used in health care industry, such as Qishe-
nyiqi dripping pill, Fufang danshen dripping pill, Danqi
pill, Qili giangxin capsule, Shengmai capsule [34, 35].
Although TCMs are commonly used as complementary
therapy to treat HF, there is currently evidence to sup-
port the use of TCM alone in treating HF. The LVEF of
HF patients treated with Xinmailong for 15 days was
increased from 36.9 to 46.4% [36], which indicated that
TCM can be used as an independent treatment for HFE.

In clinical study, SFQX combined with recombinant
human brain natriuretic peptide can improve the car-
diac function, and decrease myocardial enzyme indexes
and myocardial damage markers of HF patients [37].
Moreover, it is reported that SFQX can protect heart by
correcting electrolyte disturbances, reducing sodium
and water retention, and inhibiting apoptosis and
autophagy of myocardial cells in several animal experi-
ments [38]. In this study, an SFQX target HF-related
gene set with 217 target genes included was con-
structed by analyzing the active components of SFQX.
GO analysis revealed that SFQX can regulate the pro-
cess which are involved in the development of HF, such
as negative regulation of apoptotic process [39], inflam-
matory response [40], response to oxidative stress [41]
and cellular response to hypoxia [42]. KEGG analysis
identified several signal pathways associated with HF,
in which PI3K-Akt pathway is the pathway with the
largest number of genes enriched in. PPI network and
critical subnetwork analyses found 18 hub target genes
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Fig. 3 PPl network and identification of key subnetwork. A PPI network for the proteins encoded by target genes enriched in PI3K-Akt signaling
pathway exported from STRING database; B a subnetwork constructed by filtration via CytoNca. The yellow nodes were screened with a score
higher than the median. C Rank of genes by CytoHubba. The darker red colour refers to higher rank. PP/ protein—protein interaction
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Table 1 Molecular docking binding energy of each compound

with mTOR

Compound name Molecular
docking binding
energy

Moracin D -83

Cerevisterol -75

(22e,24r)-Ergosta-6-en-3beta,5alpha,6beta-triol -72

Deoxyandrographolide -70

Moracin O -75

Polyporusterone E -87

out of 44 genes, which were involved in PI3K-Akt path-
way. Among all the hub target genes, MTOR was the
most significant gene. And we performed molecular
docking to analysis the interaction between mTOR and
active compounds in SFQX. The results demonstrated
the potential roles of SFQX in treating HF by bioin-
formatics analysis, and provided an overview on the
mechanism of SFQX, which may help targeted drug
design and basic research of HF treatment.

We identified several active compounds of SFQX
from TCMSP database. Renshen and Fuzi are impor-
tant ingredients in SFQX. The major active components
in ginseng are ginsenosides, which have been shown to
inhibit HF in several experimental models of both left
and right ventricular hypertrophy or failure [43]. For
NYHA Class II to IV HF patients, the administration
of a water extract of P ginseng combined with stand-
ard HF therapy for 14 days results in the improvement
in several parameters, including quality of life scores,
which is determined by a questionnaire, and left ven-
tricular function. It can also reduce plasma cytokine
levels, and indices of hepatic injury [44]. A systematic
review and meta-analysis on the efficacy and safety of
Fuzi Formulae, a prescription containing Fuzi as major
ingredient, in treating HF analyzes 12 high-quality
randomized clinical trials with 1490 participants, in
which the control group received standardized treat-
ment with or without placebo, while the intervention
group received standardized treatment with Fuzi For-
mulae. The results indicate statistical benefits from Fuzi
Formulae in reducing plasma NT-proBNP level and
improving the efficacy on NYHAfc and LVEF. Moreo-
ver, the patients’ prognosis and life quality are also
improved and patients’ risks in readmission and death
for HF are reduced [45].

In current study, mTOR was identified as the key
SFQX target and HF-related protein, which involves
in PI3BK-Akt signaling pathway. Accumulated studies
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have proven that phosphoinositol-3 kinase (PI3K)/Akt
signaling pathway is involved in regulating the occur-
rence, progression and pathological formation of car-
diac fibrosis via regulating cell survival, apoptosis,
growth, cardiac contractility and even the transcription
of related genes through a series of molecules includ-
ing mammalian target of rapamycin (mTOR), glycogen
synthase kinase 3 (GSK-3), forkhead box proteins O1/3
(FoxO1/3), and nitric oxide synthase (NOS) [28]. Six
compounds from SFQX could easily bind to the protein
kinase domain of mTOR. The mTOR mainly belongs to
PI3K-related kinases with conserved domain [46]. The
mTOR protein consists of several domains including
HEAT repeats, a FAT domain, a protein kinase domain,
an FRB domain and a FATC domain [47, 48]. The kinase
domain is essential for mTOR function [49]. In normal
cells, mTOR is stimulated by amino acids, stress, redox
sensors, oxygen, growth factors, or energy. The active
mTOR can promote cellular anabolism to synthetize
several macromolecules, including lipids, proteins
and nucleic acids in response to those environmental
stimuli. The mTOR can regulate metabolic pathways
by integrating these anabolic processes in cell metab-
olism, growth, proliferation, and autophagy [50]. The
mTOR signaling plays an important role in aging. The
dysregulation of mTOR is associated with many age-
related diseases, such as cardiac dysfunction and HF
[12]. MTOR is reported to regulate the upstream sig-
nals of autophagy, significantly improved the cardiac
function with HF by inhibiting apoptosis and activat-
ing autophagy [51]. mTOR complex 1 (mTORC1) is
involved in the functional and structural deterioration
of heart [52, 53]. The inhibition of mTORCI-related
pathway by rapamycin [50, 54] or caloric restriction
[55] can rejuvenate the senescent heart or amelio-
rate cardiovascular function and inhibit cardiac aging
pathologies, such as cardiac fibrosis and inflammation.
Our current study demonstrated that some compounds
from SFQX can bind to the protein kinase domain of
mTOR, which indicated that SFQX may help the inter-
vention of cardiac aging and heart failure. In clinical
settings, SFQX (5.4 g) was given twice or three times
a day, combined with standardized chemical medicine
treatment, in treating HF patients [56].

In this study, we analyzed the potential therapeutic
mechanisms of the SFQX in treating HF. The results
emphasize the intervention on PI3K-Akt pathway by
SFQX in the treatment of HF. However, there was a lack
of experimental validation of our results, which was
the main limitation of our study. Future clinical study
should assess the efficacy and safety of SFQX in treating
HE, either used alone or combined with standard medi-
cal treatment. Moreover, the detailed mechanism of the
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compounds in SFQX still needs further investigation,
which could help the design of anti-HF drugs.

Conclusions

We investigated the potential mechanisms of SFQX
by performing pharmacology network and molecular
docking analyses. PI3K—Akt pathway, especially mTOR-
related signaling pathway, is involved in the mechanism
of SFQX in treating HF.
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mTORC1 ~ MTOR complex 1

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/540001-024-01732-8.

Additional file 1: Figure S1. The compound-targets interaction phar-
macology network of Shenfu Qiangxin. Circle represents the molecule
active compounds in Shenfu Qiangxin. Each yellow rectangle represents a
traditional Chinese medicine compound. Each blue rectangle represents
a target gene. Figure S2. Protein-protein interaction network derived
from STRING database for proteins encoded by 217 intersection genes.
Figure S3. Two-dimensional structure of compounds used for molecular
docking with mTOR. A. moracin D; B. cerevisterol; C. (22e,24r)-ergosta-6-
en-3beta,5alpha,6beta-triol; D. deoxyandrographolide; E. moracin O; F.
polyporusterone E. Table S1. Chemical information for Shenfu Qiangxin
compounds related to heart failure. Table S2. Target genes enriched in
PI3K-Akt signaling pathway. Table S3. The core-subnetwork analysis of
genes enriched in PI3K-Akt signaling pathway by CytoNca. Table S4.
Ranking results of 18 target genes by CytoHubba.

Acknowledgements
We thank the authors for the establishment of the relevant database and
software.

Author contributions

All authors agree to be accountable for all aspects of the work. Involved in
the conception and design: LL, CZ; analysis and interpretation of the data: PZ,
JL,YZ, DP, ZQ, HN, NY; drafting of the paper: PZ, JL, YZ, DP; revising it critically
for intellectual content: LZ; final approval of the version to be published: all
authors.

Funding
This work was supported by the Key Research and Development Program of
Hubei Province (2022BCAQ01; principal investigator: CZ).

Availability of data and materials
All research data are included in the paper, with the absence of shared data.

Page 9 of 10

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
All authors agree to submit this manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 8 January 2024 Accepted: 15 February 2024
Published online: 13 March 2024

References

1.

McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, Bohm M,
etal. 2021 ESC guidelines for the diagnosis and treatment of acute and
chronic heart failure. Eur Heart J. 2021;36(42):3599-726.

Ziaeian B, Fonarow GC. Epidemiology and aetiology of heart failure. Nat
Rev Cardiol. 2016;6(13):368-78.

Fu 'S, Zhang J, Gao X, Xia Y, Ferrelli R, Fauci A, et al. Clinical practice of
traditional Chinese medicines for chronic heart failure. Heart Asia.
2010;1(2):24-7.

Mudd JO, Kass DA. Tackling heart failure in the twenty-first century.
Nature. 2008;7181(451):919-28.

Wang Y, Wang Q, Li C, Lu L, Zhang Q, Zhu R, et al. A review of Chinese
herbal medicine for the treatment of chronic heart failure. Curr Pharm
Des. 2017;34(23):5115-24.

Zheng H, Chen'Y, Chen J, Kwong J, Xiong W. Shengmai (a traditional
Chinese herbal medicine) for heart failure. Cochrane Database Syst Rev.
2011,2:CD005052.

Chen K, Wu Z, Zhu M. Expert consensus on diagnosis and treatment of
chronic heart failure with integrated traditional Chinese and western
medicine. Chin J Integr Tradit Chin Western Med. 2016;36:133-41.
Zhang S, Zhang Y, Wang X, Wu L, Shen J, Gu M, et al. Effects of Shenfu
Qiangxin drink on H,0,-induced oxidative stress, inflammation and
apoptosis in neonatal rat cardiomyocytes and possible underlying
mechanisms. Exp Ther Med. 2021;6(21):553.

Yuan H, Ma Q, Cui H, Liu G, Zhao X, Li W, et al. How can synergism of
traditional medicines benefit from network pharmacology? Molecules.
2017,;7(22):1135.

Boezio B, Audouze K, Ducrot P, Taboureau O. Network-based approaches
in pharmacology. Mol Inform. 2017;10(36):1700048.

. XiaQD, Xun, Lu JL, Lu YC, Yang YY, Zhou P, et al. Network pharmacology

and molecular docking analyses on Lianhua Qingwen capsule indicate
Akt1 is a potential target to treat and prevent COVID-19. Cell Prolif.
2020;12(53): €12949.

Daneshgar N, Rabinovitch PS, Dai DF. TOR signaling pathway in cardiac
aging and heart failure. Biomolecules. 2021;2(11):168.

Saikia S, Bordoloi M. Molecular docking: challenges, advances and its use
in drug discovery perspective. Curr Drug Targets. 2019;5(20):501-21.

Ru J, Li BWang J, Zhou W, Li B, Huang C, et al. TCMSP: a database of
systems pharmacology for drug discovery from herbal medicines. J
Cheminform. 2014;6:13.

Kim S, Thiessen PA, Bolton EE, Chen J, Fu G, Gindulyte A, et al.

PubChem substance and compound databases. Nucleic Acids Res.
2016,D1(44):D1202-13.

Gfeller D, Grosdidier A, Wirth M, Daina A, Michielin O, Zoete V. Swis-
sTargetPrediction: a web server for target prediction of bioactive small
molecules. Nucleic Acids Res. 2014:42(Web Server issue):W32-8.

Rebhan M, Chalifa-Caspi V, Prilusky J, Lancet D. GeneCards: integrat-

ing information about genes, proteins and diseases. Trends Genet.
1997;4(13):163.

Amberger JS, Bocchini CA, Schiettecatte F, Scott AF, Hamosh A. OMIM.
org: online Mendelian inheritance in man (OMIM(R)), an online catalog of
human genes and genetic disorders. Nucleic Acids Res. 2015;43(Database
Issue):D789-98.


https://doi.org/10.1186/s40001-024-01732-8
https://doi.org/10.1186/s40001-024-01732-8

Zou et al. European Journal of Medical Research

20.

21

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33

34.

35.

36.

37.

38.

39.

(2024) 29:173

Chen X, Ji ZL, Chen YZ.TTD: therapeutic target database. Nucleic Acids
Res. 2002;1(30):412-5.

Wishart DS, Feunang YD, Guo AC, Lo EJ, Marcu A, Grant JR, et al. DrugBank
5.0: a major update to the DrugBank database for 2018. Nucleic Acids Res.
2018;46(D1):D1074-82.

Pinero J, Bravo A, Queralt-Rosinach N, Gutierrez-Sacristan A, Deu-Pons J,
Centeno E, et al. DisGeNET: a comprehensive platform integrating infor-
mation on human disease-associated genes and variants. Nucleic Acids
Res. 2017,D1(45):D833-9.

Shannon P, Markiel A, Ozier O, Baliga NS, Wang JT, Ramage D, et al.
Cytoscape: a software environment for integrated models of biomolecu-
lar interaction networks. Genome Res. 2003;11(13):2498-504.

Xie C, Mao X, Huang J, Ding Y, Wu J, Dong S, et al. KOBAS 2.0: a web server
for annotation and identification of enriched pathways and diseases.
Nucleic Acids Res. 2011;39(Web Server issue):W316-22.

Szklarczyk D, Gable AL, Lyon D, Junge A, Wyder S, Huerta-Cepas J, et al.
STRING v11: protein—protein association networks with increased cover-
age, supporting functional discovery in genome-wide experimental
datasets. Nucleic Acids Res. 2019;D1(47):D607-13.

Tang Y, Li M, Wang J, Pan Y, Wu FX. CytoNCA: a cytoscape plugin for cen-
trality analysis and evaluation of protein interaction networks. Biosystems.
2015;127:67-72.

Chin CH, Chen SH, Wu HH, Ho CW, Ko MT, Lin CY. cytoHubba: identifying
hub objects and sub-networks from complex interactome. Bmc Syst Biol.
2014;8(Suppl 4):S11.

Trott O, Olson AJ. AutoDock Vina: improving the speed and accuracy of
docking with a new scoring function, efficient optimization, and multi-
threading. J Comput Chem. 2010;2(31):455-61.

Qin' W, Cao L, Massey IY. Role of PI3K/Akt signaling pathway in cardiac
fibrosis. Mol Cell Biochem. 2021;11(476):4045-59.

Mann DL, Felker GM. Mechanisms and models in heart failure: a transla-
tional approach. Circ Res. 2021;10(128):1435-50.

Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland J, Coats A, et al. 2016
ESC guidelines for the diagnosis and treatment of acute and chronic
heart failure: the Task Force for the diagnosis and treatment of acute and
chronic heart failure of the European Society of Cardiology (ESC) devel-
oped with the special contribution of the Heart Failure Association (HFA)
of the ESC. Eur Heart J. 2016;27(37):2129-200.

Al-Mohammad A, Mant J. The diagnosis and management of chronic
heart failure: review following the publication of the NICE guidelines.
Heart. 2011;5(97):411-6.

Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DJ, Colvin MM, et al. 2017
ACC/AHA/HFSA focused update of the 2013 ACCF/AHA guideline for
the management of heart failure: a report of the American College of
Cardiology/American Heart Association Task Force on Clinical Prac-

tice Guidelines and the Heart Failure Society of America. Circulation.
2017,6(136):137-61.

XuL, Chen L, Gu G, Wang Y, XuY, Zhong Y. Natural products from tradi-
tional Chinese medicine for the prevention and treatment of heart failure:
progress and perspectives. Rev Cardiovasc Med. 2022;2(23):60.

Chen CX, Gao JP, Wu Q, Guo J, Gu WL. Progress in treatment of chronic
heart failure in Western medicine and treatment strategies in traditional
Chinese medicine. Zhong Xi Yi Jie He Xue Bao. 2010;1(8):7-14.

Jian M. Clinical observation of congestive heart failure treated by inte-
grated traditional Chinese and Western medicine. Zhongguo Zhong Xi Vi
Jie He Za Zhi. 2002;7(22):542, 544.

Ma Q, LuoY, Guo P, Gao G, Yang M, Sablok G, et al. Clinical effects of
Xinmailong therapy in patients with chronic heart failure. Int J Med Sci.
2013;5(10):624-33.

Chen F. Clinical study on Shenfu Qiangxin Pills combined with recombi-
nant human brain natriuretic peptide in treatment of congestive heart
failure. Drugs Clin. 2020;35:1860-4.

Wang Lei, Wang Zi, Yuan Ling, Hao Di, Lv Nan, Li Xu. Shenfu Qiangxin pill
inhibits heart and kidney cells apoptosis by regulating rennin receptor-
mediated MAPK signal pathway. Chin J Exp Tradit Med Formulae.
2016;3(22):121-6

Gao G, Chen W, Yan M, Liu J, Luo H, Wang C, et al. Rapamycin regu-

lates the balance between cardiomyocyte apoptosis and autophagy

in chronic heart failure by inhibiting mTOR signaling. Int J Mol Med.
2020;1(45):195-209.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

Page 10 of 10

Michels DSD, Langer H, Graf T. Inflammatory and molecular pathways in
heart failure-ischemia, HFpEF and transthyretin cardiac amyloidosis. Int J
Mol Sci. 2019;9(20):2322.

van der Pol A, van Gilst WH, Voors AA, van der Meer P. Treating oxida-

tive stress in heart failure: past, present and future. Eur J Heart Fail.
2019/4(21):425-35.

Abe H, Semba H, Takeda N. The roles of hypoxia signaling in the
pathogenesis of cardiovascular diseases. J Atheroscler Thromb.
2017;9(24):884-94.

Karmazyn M, Gan XT. Treatment of the cardiac hypertrophic response
and heart failure with ginseng, ginsenosides, and ginseng-related prod-
ucts. Can J Physiol Pharmacol. 2017;10(95):1170-6.

Wei H, Wu H, YuW, Yan X, Zhang X. Shenfu decoction as adjuvant therapy
for improving quality of life and hepatic dysfunction in patients with
symptomatic chronic heart failure. J Ethnopharmacol. 2015;169:347-55.
Yang MQ, Song YM, Gao HY, Xue YT. Efficacy and safety of fuzi formulae
on the treatment of heart failure as complementary therapy: a systematic
review and meta-analysis of high-quality randomized controlled trials.
Evid Based Complement Alternat Med. 2019,2019:9728957.

Baretic D, Williams RL. PIKKs—the solenoid nest where partners and
kinases meet. Curr Opin Struct Biol. 2014;29:134-42.

Murugan AK. mTOR: role in cancer, metastasis and drug resistance. Semin
Cancer Biol. 2019;59:92-111.

Switon K, Kotulska K, Janusz-Kaminska A, Zmorzynska J, Jaworski J.
Molecular neurobiology of mTOR. Neuroscience. 2017;341:112-53.
Baretic D, Williams RL. The structural basis for mTOR function. Semin Cell
Dev Biol. 2014,36:91-101.

Saxton RA, Sabatini DM. mTOR signaling in growth, metabolism, and
disease. Cell. 2017,2(169):361-71.

Zhang X, Wang Q, Wang X, Chen X, Shao M, Zhang Q, et al. Tanshinone
IIA protects against heart failure post-myocardial infarction via AMPKs/
mTOR-dependent autophagy pathway. Biomed Pharmacother. 2019;112:
108599.

Finkel T. The metabolic regulation of aging. Nat Med.
2015;12(21):1416-23.

North BJ, Sinclair DA. The intersection between aging and cardiovascular
disease. Circ Res. 2012;8(110):1097-108.

Dai DF, Karunadharma PP, Chiao YA, Basisty N, Crispin D, Hsieh EJ, et al.
Altered proteome turnover and remodeling by short-term caloric
restriction or rapamycin rejuvenate the aging heart. Aging Cell.
2014;3(13):529-39.

Flynn JM, O'Leary MN, Zambataro CA, Academia EC, Presley MP, Garrett
BJ, et al. Late-life rapamycin treatment reverses age-related heart dys-
function. Aging Cell. 2013;5(12):851-62.

Guo L, Yuan H, Zhang D, Zhang J, Hua Q, Ma X, et al. A multi-center, ran-
domized, double-blind, placebo-parallel controlled trial for the efficacy
and safety of shenfugiangxin pills in the treatment of chronic heart failure
(heart-kidney yang deficiency syndrome). Medicine. 2020;21(99): e20271.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Network pharmacology and molecular docking analysis on Shenfu Qiangxin indicate mTOR is a potential target to treat heart failure
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Materials and methods
	Obtaining the SFQX target and HF-related gene set
	Compound-target pharmacology network and enrichment analysis
	Protein–protein interaction (PPI) network and core subnetwork
	Molecular docking

	Results
	Screening of active compounds and target genes
	Enrichment analysis
	PPI network and core subnetwork
	Molecular docking of active compounds and MTOR encoding protein

	Discussion
	Conclusions
	Acknowledgements
	References


