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Abstract

Background: HuangQi (HQ, Astragalus) and HongHua (HH, Safflower), two Chinese herbal remedies, are widely used to treat coronary
heart disease (CHD). However, the underlying mechanisms of this herb pair remain unclear. The aim of this study was to determine the
potential synergistic effects and mechanisms of Astragalus-Safflower in the treatment of CHD.Methods: Network pharamcology was
performed to identify the core components, targets, and key genes of Astragalus-Safflower herbal pair (ASHP) for the treatment of
CHD. Enrichment analysis was performed to identify overlapping genes. Ultrahigh-performance liquid chromatography coupled with
Q-Exactive MS/MS (UHPLC-QE-MS) was used to detect the blood component of rat ASHP drug-containing serum, which is also
considered to be the core components of the ASHP. Molecular docking of ASHP core compounds with core proteins of the pyroptosis
pathway mediated by the NLR family pyrin domain containing 3 (NLRP3) inflammasomes. In vivo experiments were conducted to
verify the effect and mechanism of ASHP in the CHD mice model. Results: 54 active compounds and 404 target genes were identified
from ASHP, and 1576 targets for CHD with 90 overlapping genes for both. IL6, AKT1, IL1B, TP53, VEGFA, PTGS2, MMP9, CCL2,
CXCL8 and EGF were the key hub target genes. Enrichment analysis of Kyoto Encyclopedia of Gene and Genome (KEGG) revealed
that the NLRP3 inflammasome-mediated signaling pathway was one of the more critical signaling pathways. The UHPLC-QE-MS
was used to identify the rat ASHP containing serum enrollment compound as calycosin and isorhamnetin. Molecular docking showed
that quercetin, kaempferol, apigenin, calycosin and isorhamnetin possessed good binding sites with NLRP3 and Caspase-1. Animal
experiments showed that the expression of NLRP3, Caspase-1, GSDMD, IL-1β mRNA and protein levels were elevated in mouse
models of CHD, and decreased after intervention with ASHP. Conclusions: ASHP can effectively treat CHD, and the mechanism may
be related to the inhibition of the NLRP3 inflammasome-mediated pathway.
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1. Introduction

Cardiovascular disease (CVD) accounts for about one-
third of all deaths worldwide each year. The number of
CVD cases worldwide reached 523million in 2019 and 18.6
million CVD deaths by 2019 [1]. According to a recent re-
port released by the National Center for CVD, the number
of people with CVD in China is about 330 million, includ-
ing 11 million with coronary heart disease (CHD) [2]. My-
ocardial ischemia, hypoxia, or necrosis is caused by steno-
sis of the coronary arteries or obstruction by atherosclerosis
(AS), resulting in CHD. Drug therapy is one of the most ba-
sic treatments for CHD, and commonly used drugs include
anti-thrombotic drugs, lipid-lowering drugs, β-blockers,
calcium channel blockers, and renin-angiotensin system in-
hibitors, but most drugs act on a single target and long-term
use of these drugs is often associated with adverse effects

such as liver function impairment, bradycardia and hemor-
rhage [3–5]. Therefore, there is an urgent need to develop
drugs with multiple active ingredients and multiple thera-
peutic targets.

Traditional Chinese medicine (TCM) has long been
used in China for the treatment of CHD due to multi-target
and multi-component advantages [6]. According to the
TCM theory, the primary cause of CHD is qi deficiency
and blood stasis, and therefore reviving qi and fostering
blood circulation are the primary principles in the treatment
of CHD [7]. Astragalus and Safflower are representative
herbal medicines for reviving qi and fostering blood circu-
lation [8]. Astragalus is the root of the leguminous plant
Astragalus membranaceus, family legume, which has the
effects of invigorating qi, eliminating toxins, draining di-
uresis, regenerating muscles, and strengthening body re-
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sistance. Astragalus has been shown to play a protective
role in ischemic stroke, improvement of myocardial fibro-
sis and myocardial remodeling, lung injury and other dis-
eases [9]. The primary active ingredient of the plant Astra-
galus membranaceus is Astragaloside IV (AGIV). A study
reported that astragaloside IV enhanced the vasodilatation
function in rat aorta endothelial cells (ECs) by controlling
the PI3K/Akt/eNOS signaling pathway [10]. Formononetin
is an isoflavone extracted from Astragalus membranaceus.
It can substantially attenuate the development of atheroscle-
rosis by regulating the interplay between krüppel-like fac-
tor 4(KLF4) and Scavenger receptor A (SRA), suggesting
that formononetinmight be a novel therapeutic approach for
inhibiting atherosclerosis [11]. By triggering ROS/NLRP3-
mediated suppression of the inflammatory response, AS-IV
prevented pyroptosis in human umbilical vein endothelial
cells (HUVECs) that had been triggered by lipopolysaccha-
ride (LPS) [12]. Safflower is the flower of the Carthamus
tinctorius L., family Asteraceae, which has the properties
of activating blood circulation, dispersing blood stasis, and
relieving pain. Our previous study showed that Safflower
could exert anti-apoptotic effects by regulating the expres-
sion of proteins related to Bax, Bcl-2 and SIRT1/FoxO1 sig-
naling pathways for the treatment of CAD [13]. Hydroxy
saffron yellow A (HSYA) is one of the main components
of Safflower. A study by Qiang Xu et al. [14] showed
that through inflammation, Bcl-2/Bax and the PPAR sig-
naling pathway, HSYA could attenuate the symptoms of
CAD. In recent years, more and more studies have shown
that Safflower has shown effective protective effects in
diseases such as atherosclerosis and myocardial ischemia-
reperfusion(I/R) injury [13,15]. The main active compo-
nents of Safflower has been shown to suppress foam cell
formation, vascular smooth muscle cell proliferation and
migration, and platelet activation [16]. In summary, As-
tragalus and Safflower can promote blood flow, prevent
thrombosis, and removing congestion. The use of ASHP
has been studied in ischemic stroke and cerebral I/R injury
[8,17]. Chen et al. [18] have demonstrated the preventive
benefits of combination use of their two active ingredients
calycosin and hydroxysafflor yellow A against cerebral I/R
injury in a rat model. However, the effects and mechanisms
of ASHP in the prevention and treatment of CHD are un-
clear.

Network pharmacology can rigorously assess the re-
lationships between illnesses and medications and pinpoint
the precise processes bywhich each drug acts on the genes it
is designed to target [19]. This study was intended to clarify
the specific components and targets of the action of ASHP,
explore its underlying mechanism in CHD through network
pharmacology and molecular docking, envisage the clinical
application of ASHP in CHD. The general flowchart of the
study is shown in Fig. 1.

2. Materials and Methods
2.1 Network Pharmacology
2.1.1 Active Ingredients and Target Prediction of ASHP

The traditional chinese medicine systems pharmacol-
ogy database and analysis platform (TCMSP) database
(https://old.tcmsp-e.com/tcmsp.php) was searched using
the keywords “Astragalus and Safflower”, and the ac-
tive compounds were screened based on the oral bioavail-
ability (OB) ≥30% and drug-likeness (DL) ≥0.18 of the
monomers [19]. Screening of the potent compounds
and their relative targets was performed by the STRING
database (http://www.string-db.org) by setting the screen-
ing species category and transferring the target protein
name to “gene symbol” [20].

2.1.2 Screening of CHD-Related Targets
Using the keyword “coronary heart disease” as a

search term, we used the disease database (DisGeNET,
http://www.disgenet.org) to find disease targets [21].

2.1.3 Prediction of Potential Targets of ASHP Against
CHD

The main pharmacological targets of ASHP and the
corresponding target genes of CHD were introduced into
the online website bioinformatics (http://www.bioinforma
tics.com.cn) [22]. The overlap targets were the potential
therapeutic target genes of ASHP for CHD.

2.1.4 Protein-Protein Interaction (PPI) Network
Construction and Analysis

The obtained overlapping genes were imported into
the STRING database, and the species “homo sapiens” was
selected with the lowest interaction score of 0.40 at the
highest confidence level to obtain the PPI network map
of overlapping genes, which was then imported into Cy-
toscape (Version 3.8.0, Oracle, Austin, TX, USA) to obtain
the most significant top 10 hub genes using the degree al-
gorithm in the cytoHubba plug-in.

2.1.5 Construction of the “Compound-Target-Disease”
Network

The active compounds of ASHP, CHD-related tar-
gets and overlapping genes were imported into Cytoscape
to construct a network diagram to understand the correla-
tion of the three more visually. The “Compound-Target-
Disease” network was created using Cytoscape [23].

2.1.6 Gene Ontology (GO) Enrichment and Kyoto
Encyclopedia of Gene and Genome (KEGG) Pathway
Analysis

GO and KEGG enrichment analysis were performed
on the key target genes screened by the Metascape database
(https://metascape/org/gp) [24]. The search species was
limited to homo sapiens, minimum overlap was set to 3,
p-value cutoff was set to 0.01, and minimum enrichment

2

https://old.tcmsp-e.com/tcmsp.php
http://www.string-db.org
http://www.disgenet.org
http://www.bioinformatics.com.cn
http://www.bioinformatics.com.cn
https://metascape/org/gp
https://www.imrpress.com


Fig. 1. The overall process of the study.
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was set to 0.01. The GO and KEGG signaling pathways
involved in the therapeutic effect of ASHP were obtained.
Sankey dot plots were plotted by the online platform bioin-
formatics (https://www.bioinformatics.com.cn).

2.1.7 Molecular Docking
The pubchem database (https://pubchem.ncbi.nlm.n

ih.gov/) was searched for InChIKey numbers of drug
small molecules and download 3D structures of drug small
molecules [25]. The crystal structure of the core target pro-
tein was downloaded using the RCSB PDB database (http:
//www.rcsb.org/), and the water molecules and ligand small
molecules were removed with PyMol software (Version
2.5, Schrodinger Inc., New York, NY, USA) to obtain the
3D structure of the receptor protein. MOE software (Ver-
sion 2019.0102, Chemical Computing Group Inc., Mon-
treal, Canada) was used to perform the fractionation of lig-
and small molecules and protein receptors. The docking
of ligand small molecules and protein receptors was per-
formed using MOE software. It is generally believed that
either the conformation with a lower binding energy be-
tween molecules or the conformation with the lowest en-
ergy is more stable. In this study, the optimal conformation
with the lowest energy was selected and the docking results
were visualized by PyMol software.

2.2 Ultrahigh-Performance Liquid Chromatography
Coupled with Q-Exactive MS/MS (UPLC-QE-MS/MS)
2.2.1 Preparation of Drug-Containing Serum

Ten SPF grade healthy male Sprague-Dawley (SD)
rats (180 ± 20 g) were provided by Changsha Tianqin
Biotechnology Co. Ltd. (License number: SCXK (xiang)
2019-0014, Changsha, China). All SD rats were provided
food and drink freely, and kept at a temperature of 20–24 °C
and the relative humidity of 50–70%. The Institutional Ani-
mal Care and Use Committee of HainanMedical University
approved all animal experimentation techniques (Number:
HYLL-2021-140). The animal experiment followedGuide-
lines for Ethical Review of the Welfare of Laboratory Ani-
mals in the People’s Republic of China [GB/T 35892-2018].
The rats were divided into two groups, the blank serum
group (n = 5) and the Astragalus-Safflower drug-containing
serum group (n = 5). ASHP granules were purchased from
Guangdong YI Fang Chinese Medicine Granules Co. (Fos-
han, China). Astragalus-Safflower granules (Astragalus 3
g/kg, Safflower 1 g/kg) were given, and gastric gavage was
continuously administered 7 times, and blood was taken
from the abdominal aorta 1h after the last dose. Rats in the
blank serum group were given an equal volume of normal
saline for gavage. The supernatant was extracted, filtered,
and inactivated in a water bath at 56 °C for 30 min, and the
sera from the same group was mixed and stored at –20 °C
[13].

2.2.2 Processing of Serum Samples
400 µL of plasma sample was combined with 40 µL

of hydrochloric acid, which was then vortexed for 1 minute
before being incubated at 4 °C for 15 minutes. then 1.6
mL of acetonitrile was added, vortex the mixture for 5 min-
utes, and then centrifuge the samples at 12000 rpm for 5
minutes at 4 °C. A new tube was filled with 1800 µL of
supernatant, and it was nitrogen dried. The dried samples
were reconstituted by vortexing for five minutes in 150 µL
of 80% methyl alcohol containing 1 g/mL of internal stan-
dard. Then, the mixture was centrifuged at 12000 rpm for 5
minutes at 4 °C , and 120 µL of the supernatant was trans-
ferred to a new glass vial for liquid chromatography mass
spectrometry(LC/MS) analysis.

2.2.3 Detection Conditions of UPLC-QE-MS/MS
Using a Waters UPLC BEH C18 column (1.7

µm*2.1*100 mm) and an Agilent ultra-high performance
liquid chromatography 1290 UPLC system, LC-MS/MS
analysis was carried out. The sample injection volume was
set at 5 µL and the flow rate was set at 0.4 mL/min. 0.1%
formic acid in water (A) and 0.1% formic acid in acetoni-
trile made up the mobile phase (B). The following was the
multi-step linear elution gradient program: 0–3.5 min, 95–
85% A; 3.5–6 min, 85–70% A; 6–6.5 min, 70–70% A; 6.5–
12 min, 70–30% A; 12–12.5 min, 30–30% A; 12.5–18 min,
30–0% A; 18–25 min, 0-0 % A; 25–26 min, 0–95% A; 26–
30 min, 95–95% A.

2.2.4 Data Processing and Chromatogram Acquisition
Raw mass spectrometry data were imported using

XCMS software (Version 1.41.0, La Jolla, CA, USA). Re-
tention time correction, peak identification, peak extraction,
peak integration, peak alignment, etc., and the self-built
secondary mass spectrometry database and the correspond-
ing cleavage law matching method were used to identify
the peaks containing MSMS data. Positive and negative
ion modes were used to collect data on samples such as
Astragalus-Safflower granules, rat drug-containing serum
and rat blank serum, and the total ion chromatogram (TIC)
was created.

2.3 Experimental Evidence
2.3.1 Experimental Animals

After one-week acclimatization, healthy male
ApoE−/− mice weighing 18–20 g (Jiangsu Jizui Pharma-
chem Biotechnology Co., Nanjing, China; Animal license:
SCXK [Jiangsu] 2018-0008) were kept in carefully reg-
ulated conditions, including a 12-h light/dark cycle, a
temperature of 24 ℃ and 60% humidity with free access
to food and drink. The Institutional Animal Care and
Use Committee of Hainan Medical University approved
all animal experimentation techniques (Number: HYLL-
2021-140). The animal experiment followed Guidelines
for Ethical Review of the Welfare of Laboratory Animals
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Table 1. Primer sequences used for RT-qPCR analysis.
Gene Name Forward Reverse

β-actin 5′-CGTGACATTAAGGAGAAGCTG-3′ 5′-CTAGAAGCATTTGCGGTGAC-3′
NLRP3 5′-ACAGCCACCTCACTTCCAG-3′ 5′-CCAACCACAATCTCCGAATG-3′
Caspase-1 5′-AGAGGATTTCTTAAGGATGCA-3′ 5′-TCACAAGACCAGGCATATTCTT-3′
GSDMD 5′-GGCCCTACTGCCTTCTG-3′ 5′-AAAACACTCCGGTTCTGGT-3′
IL-1β 5′-AGTTGACGGACCCCAAA-3′ 5′-TCTTGTTGATGTGCTGCTG-3′

in the People’s Republic of China [GB/T 35892-2018].

2.3.2 Experimental Groups and Drug Treatment

Thirty mice were equally randomized into three
groups: control group, model group, and ASHP (Huangqi-
Honghua, HQ-HH) group. Animals in the control group
were given normal chow, and those in model and ASHP
groups were given high-fat chow for 12 weeks [26]. The
high-fat feed was purchased from Changzhou Rat One
Rat Two Biotechnology Co., Ltd., Changzhou, China; No.
D12108C). Astragalus-Safflower was converted into a gav-
age dose for mice according to the dose commonly used in
humans. A combination dose of Astragalus and Safflower
was given at 4.5 g/kg/day and 1.5 g/kg/day. Mice were gav-
aged 0.2 mL each time, once a day for four weeks, and the
experimental protocol was reviewed and approved by the
ethics committee of HainanMedical University. Animals in
the control group received an equal amount of distilled wa-
ter through intragastric administration. Under pentobarbi-
tal anesthesia, blood was taken through the abdominal aorta
after the experiment. For biochemical analysis, serum was
centrifuged at 4 °C and 3000 rpm for 15 min and then kept
at –20 °C. For use in later investigations, the heart tissue
was extracted during an autopsy and either promptly frozen
in liquid nitrogen or preserved in 10% paraformaldehyde.

2.3.3 Heart Histopathology and Immunofluorescence

The heart tissue was dried, embedded in paraffin,
fixed in 4% recent paraformaldehyde solution overnight,
hematoxylin/eosin (H&E) stained, and sliced into (4 µm
sections to observe the morphological structure of each
specimen using an optical microscope (Eclipse Ci; Nikon,
Tokyo, Japan) according to the manufacturer’s instructions.
For immunofluorescence staining, the frozen section of the
mouse heart was fixed with 4% paraformaldehyde for 15
min, permeabilized with 0.1% Triton X-100 in phosphate-
buffered saline (PBS), rinsed, and then incubated in 0.5%
bovine serum albumin (BSA) in PBS for 30 min. The heart
specimen was then incubated with a particular primary an-
tibody at 4 °C overnight in an incubation buffer containing
1% BSA. The primary antibodies used were anti-NLRP3
(abs151406, Absin Bioscience Inc., Shanghai, China) , anti-
Caspase-1 (abs155181, Absin Bioscience Inc., Shanghai,
China), anti-GSDMD (#39754, Cell Signaling Technology,
Danvers, MA, USA), anti-IL-1β (abs131179, Absin Bio-
science). The heart slices were incubated with secondary

antibodies for 1 h at room temperature after three washes
with PBS and photographed with Nikon fluorescence mi-
croscope. Quantification analysis were performed by Im-
ageJ software (Version 1.53, Bethesda, MD, USA).

2.3.4 Real-Time Quantitative Polymerase Chain Reaction
(RT-qPCR)

Mouse heart tissue RNA was extracted using the
Eastep super total RNA extraction kit (Promega, Shang-
hai, China) according to the manufacturer’s instructions.
A total of 2 µg RNA was reverse transcribed into cDNA
(YEASEN Biotechnology, Shanghai, China). The qPCR
system (Quantagene q225-0304, Kubo Tech Co, Zurich,
Switzerland) was then used to amplify the target genes ac-
cording to the Reverse Transcription Kit to develop the
following cycling conditions: predenaturation at 95 °C
for 5 min; denaturation at 95 °C 10 s, annealing to 60
°C for the 30 s, and 40 cycles. Relative mRNA expres-
sion was analyzed by the 2−∆∆Ct method to analyze the
data. Primers were designed on PubMed and synthesized
by Beijing Prime Biotechnology Co. (Beijing, China). The
primers used are listed in Table 1.

2.3.5 Western Blot Analysis
The mouse heart tissue was cut into small pieces,

and the myocardial tissue was lysed by adding RIPA ly-
sis solution to extract the total protein. The protein con-
centration was determined according to the instructions of
the BCA Protein Assay Kit. An equal amount of pro-
tein (20 µg) was separated using sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) before
being transferred to a polyvinylidene fluoride (PVDF)
membrane. After blocking with 5% milk, the membrane
was cut according to molecular weight and then incubated
overnight at 4 °C with rabbit anti-NLRP3 (1:1000, Ab-
sin Biotechnology, Shanghai, China), rabbit anti-Caspase-
1 (1:1000, Absin Biotechnology,Shanghai, China), rabbit
anti-GSDMD (1:1000, Cell Signaling Technology, Dan-
vers, MA, USA), and rabbit anti-IL-1β (1:1000, Absin
Biotechnology,Shanghai, China). The secondary antibody
was incubated for 1 h at room temperature. The ECL kit was
utilized to find the signal (310208, ZETA, Menlo Park, CA,
USA). Western blotting results were analyzed using ImageJ
software and displayed using GraphPad Prism (Version 8.0,
San Diego, CA, USA).
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2.4 Data Analysis
Data are presented as the mean ± standard deviation

(SD) and were analyzed by GraphPad Prism 8.0. Statisti-
cal comparisons of multiple groups were performed using
one-way ANOVA. The results were considered statistically
significant when the p value was less than 0.05.

3. Results
3.1 Screening for Active Compounds and Targets of ASHP

The chemical composition of ASHP was searched
through the TCMSP database. The major components of
ASHP were screened by OB ≥30% and DL ≥0.18, and
finally 20 major components of Astragalus and 34 major
components of Safflower were obtained (Supplementary
Table 1). After removing the duplicates, there were 188
targets corresponding to Astragalus and 216 targets corre-
sponding to Safflower.

3.2 CHD-Related Targets and Common Targets between
Astragalus-Safflower and CHD

Altogether 1576 CHD-related targets were discovered
by searching the databases of DisGeNET. Some of the
CHD-related targets and the predictive targets of ASHP
are overlapping. After removing any duplicate targets, 90
potential ASHP targets for CHD were identified (Fig. 2),
which are detailed in Supplementary Table 2.

3.3 Construction of the PPI Network and Scanning of Hub
Genes

The PPI network of the herb compound-disease target
interactions for the 90 over-lapping targets was constructed
using the STRING database. From the analysis, we chose
a score greater than 0.7. The PPI network had 90 nodes
and 1379 edges, with a mean node degree of 30.6 and a lo-
cal clustering coefficient on the order of 0.699 (as shown
in Fig. 3A). After analysis using the cytohub plugin in Cy-
toscape software, the top 10 key genes were ranked accord-
ing to the degree of display integrity. The 10 hub genes
were IL6, AKT1, IL1B, TP53, VEGFA, PTGS2, MMP9,
CCL2, CXCL8 and EGF (Fig. 3B). Topologically, the most
important node in the network has betweenness centrality,
the highest degree, and closeness centrality. The quantity
of edges that are connected to a node determines its “de-
gree”. The quantity of shortest paths passing through a cer-
tain node is known as “betweenness” . The quantity of aver-
age diastance from a certain node is known as “closeness”.
The features of hub genes are displayed in Table 2 [27].

3.4 Construction of the Compound-Target-Disease
(C-T-D) Network

The disease, compounds and overlapping genes were
imported into Cytoscape software to map a “compound-
target-disease” network graph, which showed 121 nodes
and 508 edges, containing 1 disease name, 30 compounds,
and 90 targets (Fig. 4).

Fig. 2. Venn diagram of overlapping genes associated with
CHD in ASHP.

Table 2. The characteristics of top 10 hub genes.
Gene Degree Betweenness Closeness

IL6 71 409.44446 0.8240741
AKT1 71 522.7065 0.8317757
IL1B 65 220.52296 0.78070176
TP53 64 233.48093 0.78070176
VEGFA 64 181.15057 0.773913
PTGS2 60 245.07791 0.7542373
MMP9 55 85.41447 0.7177419
CCL2 55 96.76832 0.7177419
CXCL8 55 94.17428 0.7177419
EGF 55 156.39207 0.7177419

3.5 Results of GO Enrichment Analysis

The overlapping genes were analyzed by the Metas-
cape database for GO enrichment analysis, including the
biological process (BP), cell composition (CC), and molec-
ular function (MF) (Figs. 5 and 6). The top 20 BP are
presented, mainly including the following: positive regu-
lation of cell motility, response to an inorganic substance,
and response to the hormone (Table 3). The top 20 MF are
presented, mainly including RNA polymerase II-specific
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Fig. 3. The main targets and network of ASHP in the treatment of CHD. (A) Protein-protein interaction network of ASHP in the
treatment of CHD. (B) The top 10 hub gene of ASHP in the treatment of CHD.

Fig. 4. C-T-D Network Construction of ASHP in the treatment of CHD.

DNA-binding transcription factor binding and cytokine ac-
tivity (Table 4); The top 20 CC are presented, mainly in-
cluding the membrane raft, extracellular matrix, vesicle lu-
men and heme binding (Table 5).

3.6 Results of KEGG Enrichment Analysis
Enrichment analysis of the overlapping genes for

the KEGG signaling pathway was performed through the
Metascape database. The top 20 ranked KEGG path-
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Fig. 5. Go functional enrichment analysis of the top 20 results from enrichment analysis of overlapping genes. GO analysis of
terms for (A) BP, (B) MF, and (C) CC. Each cluster ID is indicated with a specific color. Each term is represented by a circular node,
whose size corresponds to the term’s number of input genes, and whose color indicates membership in the same cluster.

Fig. 6. Go enrichment analysis of overlapping genes Bar graph showing the top 20 results of targets for Astragalus-Safflower drug
pairs against CHD. (A) BP terms (B) MF terms and (C) CC terms. The x-axis values correspond to –log10(p) values. The biological
processes are more significant the higher the value.
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Table 3. GO analysis of overlapping genes (BP terms).
GO Description Count % Log10(p) Log10(q)

GO:2000147 positive regulation of cell motility 34 37.78 –34.26 –30.18
GO:0010035 response to inorganic substance 30 33.33 –29.84 –26.35
GO:0009725 response to hormone 32 35.56 –27.80 –24.39
GO:0071396 cellular response to lipid 28 31.11 –27.35 –24.00
GO:0009991 response to extracellular stimulus 27 30.00 –26.47 –23.28
GO:1901652 response to peptide 25 27.78 –24.50 –21.46
GO:0009410 response to xenobiotic stimulus 24 26.67 –24.05 –21.04
GO:0070482 response to oxygen levels 22 24.44 –23.44 –20.48
GO:0030155 regulation of cell adhesion 28 31.11 –22.04 –19.17
GO:2001233 regulation of apoptotic signaling pathway 22 24.44 –21.93 –19.09
GO:0009636 response to toxic substance 19 21.11 –21.66 –18.85
GO:0009611 response to wounding 22 24.44 –20.41 –17.67
GO:0010942 positive regulation of cell death 24 26.67 –19.85 –17.16
GO:0048732 gland development 21 23.33 –19.75 –17.08
GO:0009314 response to radiation 21 23.33 –19.05 –16.43
GO:0050727 regulation of inflammatory response 20 22.22 –18.42 –15.84
GO:0003013 circulatory system process 21 23.33 –17.86 –15.33
GO:0050678 regulation of epithelial cell proliferation 19 21.11 –17.45 –14.96
GO:0071363 cellular response to growth factor stimulus 20 22.22 –17.10 –14.62
GO:0071345 cellular response to cytokine stimulus 23 25.56 –17.06 –14.60

Table 4. GO analysis of overlapping genes (MF terms).
GO Description Count % Log10(p) Log10(q)

GO:0061629 RNA polymerase II-specific DNA-binding transcription factor binding 16 17.78 –14.17 –10.58
GO:0005125 cytokine activity 14 15.56 –13.97 –10.58
GO:0020037 heme binding 11 12.22 –12.40 –9.56
GO:0042803 protein homodimerization activity 17 18.89 –10.73 –8.22
GO:0016209 antioxidant activity 8 8.89 –9.74 –7.31
GO:0019904 protein domain specific binding 16 17.78 –9.71 –7.30
GO:0017171 serine hydrolase activity 10 11.11 –9.42 –7.03
GO:0008289 lipid binding 16 17.78 –8.78 –6.42
GO:0002020 protease binding 7 7.78 –6.75 –4.57
GO:0005178 integrin binding 7 7.78 –6.35 –4.20
GO:0042277 peptide binding 9 10.00 –6.27 –4.15
GO:0019207 kinase regulator activity 8 8.89 –6.20 –4.10
GO:0030235 nitric-oxide synthase regulator activity 3 3.33 –6.05 –4.01
GO:0019902 phosphatase binding 7 7.78 –5.73 –3.71
GO:0019838 growth factor binding 6 6.67 –5.54 –3.53
GO:0016709 oxidoreductase activity, acting on paired donors, with incorporation or

reduction of molecular oxygen, NAD(P)H as one donor, and incorporation
of one atom of oxygen

4 4.44 –5.08 –3.13

GO:1901681 sulfur compound binding 7 7.78 –4.79 –2.89
GO:0031072 heat shock protein binding 5 5.56 –4.46 –2.60
GO:0016702 oxidoreductase activity, acting on single donors with incorporation of

molecular oxygen, incorporation of two atoms of oxygen
3 3.33 –4.31 –2.47

GO:0070412 R-SMAD binding 3 3.33 –4.31 –2.47

ways are presented, mainly including fluid shear stress,
atherosclerosis, cancer-related pathways, activation of
chemical carcinogenesis-receptors, interleukin (IL)-17 sig-
naling pathway, malaria, and relaxin signaling pathway
(Fig. 7A,B; Table 6). We selected 10 pathways with high

relevance to CHD for KEGG signaling pathway using
Sankey bubble plots. The left side of this figure is a Sankey
diagram, representing the genes contained in each path-
way, and the right side is a regular bubble diagram, with
the bubble size indicating the number of genes belonging
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Table 5. GO analysis of overlapping genes (CC terms).
GO Description Count % Log10(p) Log10(q)

GO:0045121 membrane raft 13 14.44 –10.78 –7.77
GO:0031012 extracellular matrix 14 15.56 –8.81 –6.16
GO:0031983 vesicle lumen 10 11.11 –7.29 –4.90
GO:1905286 serine-type peptidase complex 4 4.44 –7.29 –4.90
GO:0005667 transcription regulator complex 11 12.22 –6.57 –4.28
GO:0097180 serine protease inhibitor complex 3 3.33 –6.29 –4.07
GO:0005788 endoplasmic reticulum lumen 8 8.89 –5.37 –3.31
GO:0009897 external side of plasma membrane 9 10.00 –5.01 –3.00
GO:0030139 endocytic vesicle 7 7.78 –4.12 –2.18
GO:0005635 nuclear envelope 8 8.89 –3.99 –2.06
GO:0043235 receptor complex 8 8.89 –3.65 –1.74
GO:0101002 ficolin-1-rich granule 5 5.56 –3.63 –1.74
GO:0005925 focal adhesion 7 7.78 –3.57 –1.70
GO:0045177 apical part of cell 7 7.78 –3.53 –1.70
GO:1904115 axon cytoplasm 3 3.33 –3.07 –1.30
GO:0098797 plasma membrane protein complex 8 8.89 –2.89 –1.14
GO:0000323 lytic vacuole 8 8.89 –2.78 –1.07
GO:0030017 sarcomere 4 4.44 –2.44 –0.78
GO:0045121 membrane raft 13 14.44 –10.78 –7.77
GO:0031012 extracellular matrix 14 15.56 –8.81 –6.16

Table 6. KEGG analysis of overlapping genes.
GO Description Count % Log10(p) Log10(q)

hsa05418 Fluid shear stress and atherosclerosis 27 30 –41.53 –38.99
hsa05200 Pathways in cancer 37 41.11 –40.45 –38.21
hsa05207 Chemical carcinogenesis- receptor activation 20 22.22 –23.95 –22.11
hsa04657 IL-17 signaling pathway 15 16.67 –21.53 –19.84
hsa05144 Malaria 12 13.33 –19.60 –18.06
hsa04926 Relaxin signaling pathway 15 16.67 –19.36 –17.86
hsa04066 HIF-1 signaling pathway 14 15.56 –18.71 –17.25
hsa05215 Prostate cancer 13 14.44 –17.65 –16.22
hsa04932 Non-alcoholic fatty liver disease 14 15.56 –16.50 –15.14
hsa05205 Proteoglycans in cancer 14 15.56 –14.79 –13.59
hsa05225 Hepatocellular carcinoma 13 14.44 –14.46 –13.28
hsa04064 NF-kappa B signaling pathway 11 12.22 –13.81 –12.7
hsa01522 Endocrine resistance 10 11.11 –12.43 –11.46
hsa05219 Bladder cancer 8 8.89 –12.40 –11.44
hsa04672 Intestinal immune network for IgA production 6 6.67 –8.13 –7.44
hsa04923 Regulation of lipolysis in adipocytes 6 6.67 –7.77 –7.09
hsa04371 Apelin signaling pathway 7 7.78 –6.69 –6.10
hsa04610 Complement and coagulation cascades 6 6.67 –6.67 –6.08
hsa04913 Ovarian steroidogenesis 5 5.56 –6.35 –5.79
hsa04217 Necroptosis 7 7.78 –6.29 –5.74

to the pathway and the bubble color indicating the p-value
(Fig. 7C). Using the KEGG mapping color, we selected the
Nod-like receptor signaling pathway for display (Fig. 8).
The NLRP3-mediated proptosis pathway was seen in this
pathway, which was confirmed by subsequent molecular
docking and experimental verification.

3.7 Serum Drug Chemistry Analysis Results
The data were collected in positive and negative

ion mode for Astragalus-Safflower granule, Astragalus-
Safflower drug-containing serum and blank serum. The
total ion flow chromatograms (TIC) are shown in Sup-
plementary Figs. 1 and 2. A total of 489 positive ion
serum drug compounds and 379 negative ion serum drug
compounds were identified, and after comparison with the
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Fig. 7. Functional enrichment analysis of overlapping genes. (A) The network of enriched terms of overlapping genes; colors represent
the same cluster ID. (B) Bar graph of KEGG analysis of overlapping genes. p value is shown in color. (C) Sankey plots show 10 pathways
involved in KEGG enrichment pathways associated with CHD. The Sankey diagram on the left represents the genes contained in each
pathway, and the regular bubble diagram on the right, with bubble size indicating the number of genes belonging to the pathway and
bubble color indicating the p-value.

database, 2 negative ion mode blood compounds were fi-
nally obtained, which were calycosin and isorhamnetin
(marked with 1.2 in Supplementary Fig. 2, Supplemen-
tary Table 3). Two serum compounds were compared with
the Astragalus-Safflower that we retrieved in the TCMSP
database, the results show that calycosin and isorham-
netin were in the core compound table obtained from this
database.

3.8 Molecular Docking of Core Active Compounds and
Proteins

The core targets of the NLRP3-mediated proptosis
pathway, NLRP3 (PDB: 7ALV) [28], Caspase-1 (PDB:
5FNA) [29], and Astragalus-Safflower were selected for
molecular docking analysis of the screened active ingre-
dient quercetin, kaempferol and apigenin. Meanwhile,
Molecular docking of the two entry compounds calycosin
and isorhamnetin identified from Astragalus-Safflower rat
serum with NLRP3 and Caspase-1 proteins. The docking
results are shown in Table 7 and Fig. 9. It was found that the
molecular docking binding energy was ≤–5.0 kJ/mol, and
hydrogen bonds could be formed, indicating that the ligand
and receptor could bind well and had stable structure after
binding.

Table 7. The active compounds of ASHP docking with the
potential targets.

Compounds Targets PDB ID Score, kJ/mol

quercetin NLRP3 7ALV –6.2744
kaempferol NLRP3 7ALV –6.1576
apigenin NLRP3 7ALV –5.8945
calycosin NLRP3 7ALV –6.1122
isorhamnetin NLRP3 7ALV –6.1980
quercetin Caspase-1 5FNA –6.0698
kaempferol Caspase-1 5FNA –6.1021
apigenin Caspase-1 5FNA –6.0009
calycosin Caspase-1 5FNA –6.3561
isorhamnetin Caspase-1 5FNA –6.4310

3.9 Construction of the “Core Active Compound-Target”
Network

According to the aforementioned study, the core ac-
tive compounds of ASHP were quercetin, kaempferol, api-
genin, calycosin and isorhamnetin. The core active com-
pounds and targets were imported into Cytoscape software
to map a “core active compound-target-disease” network
graph, which showed 198 nodes and 328 edges, contain-
ing 1herb pair, 5 core active compounds, and 192 targets
(Fig. 10).
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Fig. 8. Nod-like receptor signaling pathway. Overlapping genes in green, hub genes in red, and NLRP3 inflammasome-mediated
pyroptosis pathway are shown in purple.

3.10 Comparison of Myocardial Pathomorphology in Mice

In the normal group, the myocardium was evenly
stained; the cell shape was intact and closely arranged; the
nucleus was centered with no break or defect; and no in-
flammatory cell infiltration was seen. In the CHD model
group, myocardial cells were changed in shape and disor-
dered in arrangement with widened myocardial gaps; the
nuclei were fixed, some of which were edematous and de-
formed; and a small amount of inflammatory cell infiltra-
tion was seen. In ASHP group (HQ-HH), the cell shape
and arrangement of the myocardial tissue improved signif-
icantly; the myocardial gap was narrowed; and the inflam-
matory cell infiltration and nuclear consolidation were sig-
nificantly reduced (Fig. 11).

3.11 ASHP Inhibits the Expression of Key Pyroptosis
Proteins in Mice with CHD Model

To confirm the findings from the KEGG pathway, we
selected the four highly linked targets (NLRP3, Caspase-
1, GSDMD, IL-1β) for experimental verification based on
the network pharmacology analysis. Immunofluorescence
double-staining detected the protein expression of NLRP3
and Caspase-1 in the mouse heart tissue, and an increas-

ing trend in the model group compared with the control
group (p < 0.01), while the protein expression level of
NLRP3 and Caspase-1 was decreased after ASHP interven-
tion (p < 0.05) (Fig. 12A). Similarly, GSDMD and IL-1β
immunofluorescence double staining of myocardial tissue
of mice was also observed in CHD model mice, and the
expression of GSDMD and IL-1β decreased with the in-
tervention of Astragalus-Safflower drugs (Fig. 12B). RT-
qPCR analysis was used to measure the mRNA expression
of NLRP3 and Caspase-1 mRNA expression levels in the
mouse heart tissue. As shown in Fig. 13, the mRNA ex-
pression levels of NLRP3, Caspase-1, GSDMD, and IL-1β
in the model group were significantly higher than those in
the control group (p< 0.01). In contrast to themodel group,
HQ-HH group displayed a drop in NLRP3 and caspase-
1 transcriptional levels (p < 0.01). Next, we examined
the protein expression of NLRP3, Caspase-1, GSDMD, IL-
1β by Western blotting. As shown in Fig. 14, the ex-
pression of NLRP3, Caspase-1, GSDMD, and IL-1β were
markedly increased in the CHD model, whereas treating
with Astragalus-Safflower significantly inhibited expres-
sion.
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Fig. 9. The network of molecular docking results. (A) quercetin interacting with NLRP3. (B) kaempferol interacting with NLRP3.
(C) apigenin interacting with NLRP3. (D) quercetin interacting with Caspase-1. (E) kaempferol interacting with Caspase-1. (F) apigenin
interacting with Caspase-1. (G) calycosin interacting with NLRP3. (H) isorhamnetin interacting with NLRP3. (I) calycosin interacting
with Caspase-1. (J) isorhamnetin interacting with Caspase-1.

4. Discussion
CVD is a common disease in people over 50 years

of age. About 330 million people are affected by various
cardiovascular diseases in China, of which CHD is one of
the main causes of morbidity [2]. CHD is a multifactorial
and complex disease. Secondary prevention of CHD is still
the basic principle of western medicine for the treatment
of coronary artery disease (CAD). Antiplatelet and statin
drugs are the cornerstone of CAD treatment, but their ad-
verse effects include gastrointestinal adverse effects, bleed-
ing events, antiplatelet drug resistance, and liver function
impairment and rhabdomyolysis. Most of these drugs are
single-targeting, and most of these studies have focused on
the single pathway related to the disease.

TCM have the advantages of multi-targets and multi-
pathways. According to the TCM theory, the most com-
mon type of CHD is qi stagnation and blood deficiency, and
Astragalus and Safflower are the representative drugs of
relieving qi stagnation and blood deficiency, respectively.

In addition, Astragalus is used to tonify qi and promote
the operation of qi, while Safflower is representative of
invigorating blood circulation and removing blood stasis.
When these two herbal drugs are combined, one plays an
eliminating role and the other plays a tonifying role; one
treats deficiency and the other treats actual symptoms to
achieve the ultimate therapeutic effect of tonifying qi and
removing blood stasis. The studies have shown that the
primary ingredients of Huangqi-Honghua combination and
their antioxidant function alleviate cerebral infarction with
qi deficit and blood stasis syndrome. The primary active
components of Astragalus-Safflower are AS-IV and HSYA.
When these two substances were combined, they signif-
icantly reduced the infarct volume in rats 24 hours after
reperfusion by increasing the expression of nuclear factor
erythroid-associated factor 2 (Nrf2) and the antioxidant ac-
tivity, which reduced levels of malondialdehyde (MDA)
and reactive oxygen species (ROS) [8]. However, the ap-
plication and mechanism of action of ASHP in CHD have
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Fig. 10. Core Active Compound-Target Network Construction of ASHP.

Fig. 11. HE staining of myocardial pathology in groups of mice (×20).

not been reported.
In this study, we used network pharmacology and

molecular docking to analyze ASHP and explore the phar-
macodynamic mechanism of the herb pair in the treatment
of CHD. The mechanism of illness and therapeutic activity
is explained by network pharmacology from the broad per-
spective of biological networks. It is a new field created to
see how medications interact with illness based on system
pharmacology and bioinformatics. In this study, we finally
obtained 20 major compounds of Astragalus and 188 cor-

responding targets, and 34 major components of Safflower
and 216 corresponding targets through screening. We con-
struct a sub-network of the main core compounds and tar-
gets, the results showed that a single chemical component
could have multiple corresponding targets, and at the same
time, different chemical components could intersect on the
same target, which reflects the characteristics of ASHPwith
multiple targets and rich effects [30–32]. The main com-
ponents of ASHP are quercetin (PubChem CID: 5280343),
kaempferol (PubChem CID: 5280863) and apigenin (Pub-

14

https://www.imrpress.com


Fig. 12. Immunofluorescence double-staining of myocardial pathology in groups of mice (×20). (A) Expression of NLRP3 and
Caspse-1 in mouse myocardial tissue by gimmunofluorescence, (B) Expression of GSDMD and IL-1β in mouse myocardial tissue by
gimmunofluorescence, (C)–(F) Statistical values of immunofluorescence intensity of NLRP3, Caspse-1, GSDMD and IL-1β protein in
each group. The data are shown as the mean ± SD. ## p < 0.01 versus the control group; ** p < 0.01 versus the model group.
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Fig. 13. Effects of Astragalus-Safflower drug pair on themRNA expression of NLRP3, Caspase-1, GSDMDand IL-1β in different
groups. NLRP3 (A) , Caspase-1 (B) , GSDMD (C) and IL-1β (D) mRNAs were measured by RT-qPCR, and the expression levels were
normalized to β-actin. All data are presented as the mean ± SD. ## p < 0.01 versus the control group; ** p < 0.01 versus the the model
group.

Fig. 14. Expression of NLRP3, Caspase-1, GSDMD and IL-1β protein in myocardial tissue of mice in each group. Protein
expression of NLRP3, Caspase-1, GSDMD and IL-1β was analyzed by Western blotting (A). (B)–(E) The greyscale values of the bands
were quantified by Image J software. The data are shown as the mean ± SD. ## p < 0.01 versus the control group; ** p < 0.01 versus
the model group.

Chem CID: 5280443) as shown by network pharmacology.
The study showed that by controlling the SIRT3/PARP-
1 pathway, quercetin preserved the mitochondrial activity
and helped prevent heart hypertrophy [33]. Quercetin has
been shown to decrease the effects of oxidative stress, vas-

cular rarefaction, cardiomyocyte hypertrophy, cardiac fi-
brosis and cardiac fat storage brought on by High-fat diet
(HFD) [34]. Studies have shown that quercetin can pro-
mote the conversion of cholesterol to bile acids and choles-
terol efflux, reduce aortic plaque area, oxidized low density
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lipoprotein (ox-LDL) accumulation and foam cell forma-
tion, thus achieving the anti-atherosclerotic effect [35,36].
According to the research, kaempferol medication pre-
vents ventricular hypertrophy, and this cardio-protection
may be partly attributed to kaempferol’s suppression of the
ASK1/MAPK signaling pathway and its control of oxida-
tive stress [37]. A large number of studies have shown
that apigenin can play an anti-atherosclerotic effect by re-
ducing blood lipids [38], regulating cholesterol metabolism
[39], anti-inflammatory [40], improving endothelial cell
dysfunction [41] .

Serum medicinal chemistry has become one of the
main methods for studying the basis of pharmacodynamic
substances of traditional Chinese medicine (TCM), and the
identification of blood components through serum medic-
inal chemistry can be regarded as the main material ba-
sis for the effect of traditional Chinese medicine [42]. We
used UHPLC-QE-MS to analyze the blood components
of ASHP on rat drug-containing serum, and after com-
paring the obtained blood compounds with the database,
two compounds were analyzed, namely, calycosin (Pub-
Chem CID: 5280448) and isorhamnetin (PubChem CID:
5281654). These two compounds, both of which belong
to the flavonoid family, may be the most important key
components of ASHP for the treatment of CHD. Flavonoids
have been shown to reduce CVD mortality risk [43]. Caly-
cosin are flavonoids derived from astragalus that have been
shown to have antioxidant and anti-inflammatory activi-
ties. The study shows that calycosin promoted autophagy
to prevent AS and improve plaque stability. By promot-
ing autophagy, calycosin reduced inflammation, apoptosis,
and foam cell formation. A previous study showed that
calycosin’s inhibitory effects on AS were mechanistically
achieved by improving autophagy through modification of
the KLF2-MLKL signaling pathway [44]. Isorhamnetin, a
3’-methoxyflavonol, has been reported in existing studies
for its anti-atherosclerotic effects. Isorhamnetin prevented
the growth of AS plaque in ApoE−/− mice by activating
PI3K/AKT and inducing HO-1 [45]. The findings showed
that salidroside, isorhamnetin, and both of them together
suppressed the RhoA/ROCK II pathway. As a result, the
inflammatory response under UII-induced circumstances
was decreased, which attenuated the atherosclerotic pro-
cess and provided cardioprotection [46]. Lysosomal dys-
function in macrophages has been linked to atherosclerosis
development, isorhamnetin enhances lysosomal proteolysis
in murine macrophages [47].

The most significant top 10 hub genes were obtained
using the degree algorithm in the cytoHubba plugin, respec-
tively IL6, AKT1, IL1B, TP53, VEGFA, PTGS2, MMP9,
CCL2, CXCL8, andEGF. In the cardiovascular system, sev-
eral cell types respond to inflammation, angiotensin II, ox-
idative stress, and vascular injury by producing IL-6. It has
long been demonstrated that high levels of hsCRP and IL-6
indicate poor prognosis in both acute coronary ischemia and

chronic secondary prevention [48]. Studies have confirmed
that tocilizumab (an antibody to IL-6R) achieves an anti-
atherosclerotic effect through endothelial dysfunction [49].
AKT1 plays a crucial role in the progression and develop-
ment of AS as a crucial node in the PI3K/Akt/mTOR signal-
ing pathway. The survival, proliferation, and migration of
macrophages are all influenced by the PI3K/Akt pathway,
which may have an effect on atherosclerosis progression
[50]. MiR-155-5p performs a variety of biological cellu-
lar tasks in a wide range of pathologies, such as cardiovas-
cular disease. By controlling AKT1, miR-155-5p inhibits
the growth, movement, and invasion of VSMCs and HU-
VECs [51]. IL-1β and other members of the IL-1 family
of cytokines are significant vascular and systemic inflam-
matory mediators that aid in the development of AS [52].
Clinical studies of CANTOS have confirmed that the reduc-
tion of inflammation in IL-1β inhibitor canakinumab signif-
icantly reduces the risk of previous myocardial infarction
(MI) and residual inflammation [53]. Macrophages play
an important role in the development of AS plaques. In
early lipid infiltration, macrophages can form macrophage
foam cells by ingesting oxidized LDL, one of the most fun-
damental features of early AS. The chemokine CCL2 ex-
pressed by macrophages promotes macrophage prolifera-
tion and migration through interaction with monocytes re-
ceptors, and participates in the occurrence and progression
of AS plaques [54].

The metascape database was used to enrich GO and
KEGG pathways for the common targets of ASHP and
CHD. The results showed that the main signaling path-
ways included fluid shear stress and atherosclerosis, IL-17
signaling pathway, HIF-1 signaling pathway, NF-kappa B
signaling pathway, and necroptosis. At the branches and
curves of the arterial tree, where the blood flow pattern is
disrupted, atherosclerosis develops preferentially. Studies
have shown that shear stress in atherosclerosis regulates en-
dothelial cell function through the SR-B1-eNOS signaling
pathway [55]. By causing endothelial cell mechanotrans-
duction and by regulating the near-wall transport pathways
involved in atherosclerosis, wall shear stress (WSS) has
an impact on coronary artery atherosclerosis [56]. IL-
17/IL-17R signaling modality plays an important role in
the pathogenesis of CAD. Li et al. [57] reported that
hyperglycemia may aggravate coronary atherosclerosis by
triggering TBK1-HIF-1-mediated IL-17/IL-10 signaling.
Proinflammatory cytokines, chemokines, and matrix met-
alloproteinases produced by the IL-17 cytokine family play
crucial roles in the development of inflammation. Kido
et al. [58] reported that HIF-1α was involved in myocar-
dial remodeling and peri-infarct vascularization. The serum
hypoxia-inducible factor (HIF)-1α level was increased in
the micro vessels after ischemia in all acute myocardial
infarction (AMI) groups, while inhibition of HIF-1α de-
creased the angiogenic response in vitro, indicating that
HIF-1α promoted inflammation and nuclear-factor kappa-

17

https://www.imrpress.com


beta (NF-κB) played a key role in the development of
atherosclerosis and CAD [59]. TLR4/MyD88/NF-κB sig-
naling plays an important role in the development of coro-
nary micro-embolism and myocardial inflammation. After
coronarymicroembolization, TLR4/MyD88/NF-κB signal-
ing contributes to the inflammatory response of the my-
ocardium by activating the NLRP3 inflammasome, trig-
gering the inflammatory cascade, and exacerbating my-
ocardial damage [60]. One of the initial steps in the
onset of atherosclerosis is the activation of ECs by pro-
inflammatory chemicals and pathways. ECs’ inflamma-
tory response was suppressed by KLF14, suggesting that
the protective effect was caused via transcriptional suppres-
sion of the NF-κB signaling pathway [61].

Cell death plays an irreplaceable role in the growth
and development of the organism and other physiologi-
cal functions. Programmed cell death includes apoptosis,
necroptosis, proptosis, ferroptosis, and autophagy. Non-
programmed death mainly includes necrosis. Proptosis is
a recently identified caspase-dependent programmed cell
death, which occurs in response to inflammation. The clas-
sical proptosis pathway is a Caspase-1-dependent pathway.
A recent study found that apoptosis, necroptosis, and scorch
death were closely associated with each other and cross-
regulated by each other [62].

Necrotrophic signals can lead to IL-1β maturation
and release via activation of the RIPK3-MLKL-NLRP3-
Caspase-1 axis. In addition, MLKL-induced membrane
damage leads to potassium efflux that activates the NLRP3
inflammasome, resulting in IL-1β driven inflammation
[63]. As we have demonstrated using KEGG mapping
color, MLKL activation of the NLRP3 inflammasome path-
way can be seen in the pathway of necroptosis. Through the
enormous production of pro-inflammatory cytokines like
IL-1βand IL-18 and the death of several cell types, such
as ECs, macrophages, and smooth muscle cells (SMCs),
proptosis exacerbates plaque instability, leading to plaque
rupture and thrombosis, ultimately leading to acute cardio-
vascular events. It is thought that systemic and local in-
flammation plays a key role in the transition from stable
CAD to plaque instability and rupture. Some studies [64]
found that aortic NLRP3 expression was highly correlated
with the severity of coronary atherosclerosis. The study
sought to ascertain the expression ofNLRP3 inflammasome
in peripheral blood monocytes (PBMCs) of patients with
acute myocardial infarction and stable angina pectoris. It
was found [65] that when NLRP3 inflammasome was ex-
pressed in peripheral blood monocytes (PBMCs), the level
of IL-1 and IL-18 was elevated in both stable angina pec-
toris (SAP) and AMI groups as compared with that in the
control group. Endothelial dysfunction is a marker and pre-
dictor of cardiovascular disease or adverse cardiovascular
events such as CHD, diabetes and hypertension. Activation
of NLRP3 inflammasome was found to be involved in en-
dothelial inflammation, endothelial cell barrier dysfunction,

and aging [66]. According to the mechanism of NLRP3
activation, blocking NLRP3 inflammasome activation may
help minimize CHD damage caused by the sterile inflam-
matory response. By stifling early inflammatory responses
after myocardial infarction, MCC950, a selective NLRP3
inhibitor, reduced fibrosis and enhanced the heart function
in a mouse mode [67]. Multiple clinical research trials have
also shown that drugs targeting NLRP3 inflammasome and
molecules downstream of the pathway attenuate cardiovas-
cular diseases such as CHD. Clinical trials such as LoDoCo,
CANTOS and COLCOT showed that targeting inflamma-
tory pathways connected to the NLRP3 inflammasome in
patients with existing CAD helped prevent the occurrence
of further cardiovascular events. Canakinumab is a hu-
man monoclonal antibody that targets IL-1β. CANTOS
clinical trial [53] showed that recurrence of cardiovascular
events was reduced considerably without affecting the LDL
level after administration of 150mg canakinumab as com-
pared with the placebo group. Astragalus and Astragalus
IV, which is the main component of Astragalus , work by
antagonizing the NLRP3 inflammasome-mediated apopto-
sis pathway, and have been reported in cerebral IR injury
[68], lung injury [69], myocardial fibrosis and myocardial
remodeling [70]. The action of Safflower on the NLRP3
inflammasome pathway has been studied in diseases such
as atherosclerosis [16], myocardial IR [71], and depres-
sion [71], however, the application of ASHP in CHD and
whether it plays a role in the apoptosis pathway mediated
by NLRP3 inflammasomes are currently less studied.

We selected the core components in the ASHP and
the key molecules of the signaling pathway mediated
by NLRP3 inflammasomes, and the results showed that
quercetin, kaempferol and apigenin can have good docking
thermal energy with NLRP3 and caspase-1. We then val-
idated it using vivo experiments. The results of the study
showed that in the myocardial tissue of mice with CHD,
inflammatory cells infiltrate, nuclear contraction, and the
above situation was significantly improved after the inter-
vention of ASHP. It was found in our study that the expres-
sion levels of NLRP3, caspase-1, GSDMD and IL-1β were
significantly increased in the myocardial tissue of CHD
mice as compared with those in the normal mice, suggest-
ing that NLRP3 inflammasome-mediated apoptosis were
involved in the progression of CHD (Fig. 15). The mecha-
nism of ASHP acting on CHD shown in Fig. 15 may be that
ASHP acts on the NLRP3 inflammasome-mediated signal-
ing pathway, ultimately inhibiting the release of pyroptosis
and inflammatory mediators, thereby treating CHD.

Based on the multiple network components between
ASHP and CHD, we identified the main potential active
components and action targets of ASHP and the related
pathways, which may provide new ideas for further in-
depth exploration of its action mechanism, though further
experimental verification is required in the later stage.

However, the study still has some limitations. First, in
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Fig. 15. ASHP treats CHD by inhibiting the NLRP3 inflammasome-mediated pyroptosis pathway.

the database search of drug ingredients and disease targets,
only one was selected. In future research, it can be con-
sidered to search multiple drug ingredient target databases
and disease target databases to make the study more com-
prehensive. Secondly, only the conventional dose of ASHP
was selected in this study, and we all know that TCM has
a positive dose-effect relationship, so it is necessary to in-
crease the number of different doses to compare. At the
same time, the ASHP should be compared with Astragalus
and Safflower. Finally, in terms of experimental verifica-
tion, only some indicators of in vivo experiments were se-
lected for verification, and cell experiments needed to be
added to further explore the mechanism.

5. Conclusions
A network pharmacology approach and molecular

docking were used to investigate the effective components
and key targets of ASHP in treating CHD. Multiple tar-
get genes and pathways were involved in the action of
ASHP against CHD. Quercetin, kaempferol, apigenin, ca-
lycosin and isorhamnetin were shown to be the main effec-
tive compounds for the treatment of CHD, possibly exerting
anti-CHD effects by inhibiting the NLRP3 inflammasome-
mediated pyroptosis pathway. This study provides a more
comprehensive understanding of the active components and
targets of action of ASHP, which is beneficial for further
optimization of CHD medication in the future.
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