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Background: Dunyeguanxinning (DYGXN) has been shown to have therapeutic effects in preventing and treating atherosclerosis. 
However, the active components and anti- atherosclerosis (AS) mechanisms of DYGXN remain to be elucidated.
Purpose: This study aims to explore the functional mechanisms of Dunyeguanxinning (DYGXN) in the prevention and treatment of 
atherosclerosis (AS).
Methods: The components of DYGXN were identified using UPLC-Q-Orbitrap HRMS technology. Network pharmacology and 
molecular docking were utilized to explore the functional mechanisms and core targets of DYGXN. An AS mouse model was 
established to verify the results obtained from network pharmacology.
Results: A total of 20 compounds were identified or tentatively characterized in the DYGXN solution. In total, 149 potential targets of 
DYGXN and 4,071 AS-related targets were obtained, with 92 overlapping targets between DYGXN and AS. The protein–protein 
interaction (PPI) network analysis identified 10 key targets, including SRC and STAT3, along with four core subnetworks. Gene 
ontology (GO) and Kyoto encyclopedia of genes and genomes (KEGG) enrichment analysis indicated that these targets were primarily 
involved in processes such as phosphorylation, positive regulation of cell migration, inflammatory response and pathways such as lipid 
and atherosclerosis. Molecular docking demonstrated strong binding affinities between DYGXN compounds and core targets. In vivo 
experiments showed that DYGXN improved blood lipid levels, reduced pro-inflammatory cytokines, downregulated phosphorylation 
of Src and STAT3, alleviated hepatic lipid accumulation, and inhibited plaque formation in AS model mice.
Conclusion: DYGXN contains multiple saponins that exert anti-AS effects through the regulation of multiple targets and pathways.
Keywords: Dunyeguanxinning, network pharmacology, atherosclerosis, UPLC-Q-orbitrap HRMS, molecular docking

Introduction
Cardiovascular disease is the leading cause of death and disability worldwide. Over the past 30 years, the number of 
cardiovascular disease cases has nearly doubled, reaching 523 million, with deaths rising from 12.1 million in 1990 to 
19.9 million in 2020 and showing a steady upward trend.1,2 This number is projected to approach 23.3 million by 2030.3 

Atherosclerosis (AS) is the primary pathological basis and cause of cardiovascular diseases such as stroke, ischemic heart 
disease, and peripheral vascular disease. Therefore, slowing the progression of AS, stabilizing AS plaques, and reversing 
the formation of unstable plaques are essential for preventing cardiovascular and cerebrovascular events.4 Currently, 
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statins are widely used for primary and secondary prevention of atherosclerotic vascular disease due to their cholesterol- 
lowering effects. However, they can also cause adverse reactions,5 such as severe myotoxicity, elevated transaminase 
levels, and intolerance in some patients.6 Similarly, the antiplatelet agent aspirin is associated with side effects such as 
gastrointestinal ulcers, increased bleeding risk, and drug resistance.7,8 Therefore, it is necessary to develop more safe and 
effective anti-AS drugs to broaden clinical treatment options.

In recent years, patients’ preference for “natural” therapies has driven the popularity and development of plant- 
derived preparations. The genus Dioscorea (family Dioscoreaceae), a group of medicinal and edible homologous plants, 
have demonstrated significant cardiovascular protective effects. Previous studies have shown that yam (Dioscorea 
pseudojaponica) and its extracts can inhibit inflammation, reduce serum cholesterol, prevent monocyte and smooth 
muscle cell migration, and decrease AS plaque area.9,10 Dioscorea zingiberensis C. H. Wright is rich in steroidal 
saponins, which have been shown to possess a wide range of biological activities, including lipid-lowering, anti- 
myocardial ischemic, anti-inflammatory, and antithrombotic effects, making them highly promising for AS prevention 
and treatment.11,12 In China, because of the low cost and significant efficacy of the genus Dioscorea, Dioscorea species 
extracts have been developed into various cardiovascular pharmaceutical preparations, such as Di’ao Xinxuekang, 
Dioscornin Tablets, and Dunyeguanxinning (DYGXN). Among these, DYGXN tablets are made from the rhizome of 
Dioscorea zingiberensis and contain water-soluble steroidal saponins as a full-extract tablet. Clinically, DYGXN is 
primarily used for the treatment of coronary heart disease, angina, hyperlipidemia, and related conditions. Previous 
studies have shown that the aqueous extract of Dioscorea zingiberensis can reduce low-density lipoprotein cholesterol 
(LDL-C), total cholesterol (TC), triglycerides (TG), and MDA levels in rabbit serum, increase high-density lipoprotein 
cholesterol (HDL-C) levels, enhance superoxide dismutase (SOD) activity, and decrease plaque area. These findings 
suggest that the anti-AS effects of water-soluble saponins from Dioscorea zingiberensis may be related to lipid 
regulation, inhibition of oxidative stress, and free radical scavenging.13 Clinical studies have also confirmed that 
DYGXN can reduce TC and LDL-C levels, improving AS.14 DYGXN has been used in China for over 20 years, 
showing significant efficacy in the treatment of coronary heart disease, angina, hyperlipidemia and AS.15 However, its 
specific therapeutic mechanisms remain unclear, especially regarding AS, with limited clinical and basic research 
available. Further studies are needed to clarify its active components and the underlying mechanisms of anti-AS effects.

Network pharmacology is a novel drug research paradigm developed from bioinformatics, systems biology, pharma
cology, and network analysis techniques.16,17 It enables a comprehensive, integrative, and systematic exploration of the 
complex biological networks among drugs, targets, and diseases, making it an effective tool for investigating the 
unknown pharmacological effects of natural products, such as TCM.18,19 At present, the screening of active components 
in network pharmacology is often based on databases such as TCMSP, which often lacks accuracy and comprehensive
ness. Ultra-high performance liquid chromatography quadrupole orbitrap high resolution mass spectrometry (UPLC- 
Q-Orbitrap HRMS) provides advantages like high sensitivity, excellent mass accuracy, and good reproducibility, enabling 
precise qualitative analysis of TCM components and addressing the limitations of TCM chemical databases.20

Currently, no studies have applied network pharmacology to investigate the anti-AS effects of DYGXN. Therefore, 
this study aims to identify the components of DYGXN using UPLC-Q-Orbitrap HRMS to further clarify its active 
pharmacological basis. Network pharmacology and molecular docking techniques will be used to predict correlations 
between DYGXN and potential targets, followed by animal experiments to validate relevant targets and pathways. This 
approach seeks to provide new insights into the anti-AS mechanisms of DYGXN and offer scientific support for its 
clinical application. The research workflow is presented in Figure 1.

Materials and Methods
Screening the Chemical Components of DYGXN by UPLC-Q-Orbitrap HR-MS
Preparation of the DYGXN Test Solution
Precisely weigh 0.5 g of DYGXN (cat# 14002175065, Jiangsu Huanghe Pharmaceutical Co., Ltd., Jiangsu, China) 
powder into a 50 mL volumetric flask, add 45 mL of methanol, and ultrasonicate for 75 minutes at room temperature. 
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Figure 1 The research workflow of this study.
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After bringing the solution to volume with methanol, mix thoroughly, then centrifuge at 12,000 rpm for 5 minutes. The 
supernatant is then diluted 10-fold with 20% methanol to obtain the test solution.

Preparation of the Reference Solution
All reference standards were purchased from Shanghai Tauto Biotech Co., Ltd. Accurately weigh appropriate amounts of 
the reference standards (≥98% purity)—diosgenin (E-0117), dioscin (E-0098), gracillin (E-0580), protodioscin (E-0163), 
methyl protodioscin (E-0601), pseudoprotodioscin (E-0897)—into separate 5 mL volumetric flasks, and prepare 0.5 mg/ 
mL methanol solutions of each. Then, transfer suitable volumes of each reference solution and dilute to volume with 20% 
methanol to obtain a mixed reference solution with a final concentration of approximately 1 μg/mL.

Instrumentation and Conditions
The chemical components of DYGXN were analyzed using the Dionex Ultimate 3000 ultra-high-performance liquid 
chromatography (UHPLC) system (Thermo Scientific, Waltham, MA, USA) coupled with a Q-Exactive quadrupole- 
orbitrap high-resolution mass spectrometry (HRMS) (Thermo Fisher Scientific, Waltham, MA, USA). The chromato
graphic separation was performed using an ACQUITY UPLC® BEH C18 column (2.0 × 100 mm, 1.7 μm, Waters, USA). 
The mobile phase consisted of methanol (A) and 0.1% formic acid aqueous solution (B), with the following gradient 
elution program: 0–1 min, 60% A; 1–2 min, 60%–65% A; 2–10 min, 65% A; 10–24 min, 65%–75% A; 
24–25 min, 75%–95% A; 25–28 min, 95% A; 28–30 min, 60% A. The flow rate was 0.3 mL/min, the column 
temperature was 40°C, and the injection volume was 5 μL. The ion source used was an electrospray ionization (ESI) 
source. Both sheath gas and auxiliary gas were nitrogen, with the auxiliary gas pressure set to 13 arb and the auxiliary 
heater temperature at 350°C. The ion transfer tube temperature was 320°C, with an automatic gain control (AGC) of 
1×106 and an S-lens RF level of 50. The sheath gas pressure for both positive and negative ion modes was set to 35 arb, 
and the spray voltages were 3.5 kV for positive ion mode and 2.5 kV for negative ion mode. The scanning mode was full 
scan for both positive and negative ions, with a scan range of m/z 100–1500, including one full scan at a resolution of 
70,000 FWHM in the first stage and one full scan at a resolution of 17,500 FWHM in the second stage. The collision 
energy gradients were set to 10V, 20V, and 40V.

Compound Identification
The study identified compounds by consulting relevant literature and utilizing the PubChem compound database and 
Thermo Xcalibur software (version 2.2, Thermo Fisher Scientific, USA). Compound names, molecular formulas, exact 
relative masses, and accurate mass-to-charge ratios (m/z) were compiled for four ionization modes: [M+H]+, [M-H]−, 
[M-HCOO]−, and [M+Na]+, building a custom compound database. Data analysis was conducted by referencing the peak 
time of the reference compounds along with existing literature reports.

Network Pharmacology Study
Prediction and Screening of Anti-AS Targets of DYGXN
The identified chemical constituents were used to obtain their 3D structures from the PubChem database, and their potential 
targets were assessed and predicted using the SwissTargetPrediction database21 (http://www.swisstargetprediction.ch/). Using 
“atherosclerosis” as a keyword, anti-AS targets were identified by querying GeneCards22 (https://www.genecards.org/), 
OMIM23 (https://omim.org/), TTD24 (https://db.idrblab.net/ttd/), DrugBank25 (https://go.drugbank.com/), and DisGeNET26 

(https://disgenet.com/) database with “homo sapiens” as the species filter. All disease targets and the predicted targets of drug 
component were standardized to gene symbols.

Construction of the “Component-Target” Network for DYGXN
The drug and disease targets obtained were used to generate a Venn diagram on the jvenn website (https://jvenn.toulouse. 
inrae.fr/app/example.html) to identify common targets between DYGXN and AS. The active components and common 
targets were then imported along with their network and type text files into Cytoscape 3.7.2 software to construct the 
“component-target” network.
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Construction of the Protein–Protein Interaction (PPI) Network and the Screening of Core Targets
The identified common targets were input into the STRING database27 (https://string-db.org/) to construct the PPI 
network, with the protein species set to “homo sapiens” and confidence level adjusted to the highest (score > 0.9), while 
hiding unconnected nodes within the network. The resulting PPI network was visualized using Cytoscape 3.7.2. 
Clustering and topological analyses were performed using the CytoHubba and MCODE plugins within the software, 
enabling the identification of core targets and potential protein functional modules related to DYGXN’s anti- AS effects.

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) Enrichment Analysis
The DAVID database28 (https://david.ncifcrf.gov/) was used to conduct KEGG pathway analysis and GO enrichment analysis for 
core targets. The bioinformatics platforms ChiPlot (https://www.chiplot.online/) and Bioinformatics29 (http://www.bioinfor 
matics.com.cn/) were utilized to create bubble plots and enrichment classification diagrams.

Construction of the “Target–Pathway” Network
The identified anti-AS targets and the top 20 KEGG pathway enrichment results were imported into Cytoscape 3.7.2 
software to construct a “target–pathway” network. Node color and size were adjusted based on degree values.

Molecular Docking Verification
Molecular docking was performed between 10 selected core targets and 20 identified compounds. The 3D structure (SDF 
format) of the 20 compounds was downloaded from the PubChem database. For compounds without an SDF file, SMILE 
structures were collected, and 3D structures were predicted using RDKit. SDF files were then converted to PDB format in 
OpenBabel, and each compound was processed with the prepare_ligand command to add hydrogen and charges, resulting in 
PDBQT files. The 10 target proteins served as receptors. PDB files for each protein were retrieved from the UniProt database, 
and water molecules and sulfate ions were removed using PyMOL. Receptor preparation involved adding hydrogen and 
charges with the prepare_receptor4 command, followed by exporting to PDBQT format. Protein pocket parameters containing 
protein residues were acquired in AutoDock Tools, and each set of protein pocket parameters, along with three AutoDock Vina 
parameters (energy_range = 5, exhaustiveness = 8, num_modes = 8), were saved as a “config.txt” file. Autodock Vina was run 
by Lamarckian genetic algorithm in the cmd command mode of the system to dock compound ligands with the protein 
pockets, and docking scores were recorded. PyMOL 3.0.0 was used to analyze the results and generate visual representations.

Animal Experiments
Animals
Ten six-week-old SPF-grade C57BL/6J male mice and thirty male Apolipoprotein E knocked out (ApoE−/−) mice (C57BL/6J 
background), weighing approximately 18–24g, were purchased from Beijing Weitonglihua Experimental Animal Technology 
Co., Ltd. (Beijing, China).The mice were housed for one week of acclimation at the Experimental Animal Center of Shanghai 
University of Traditional Chinese Medicine under a controlled temperature of 26°C and a 12-hour light/dark cycle, with free 
access to food and water. All animal experiments were conducted in accordance with the Laboratory Animal-Guideline for 
Ethical Review of Animal Welfare (GB/T 35892–2018) and were approved by the Ethics Committee of Shanghai University 
of Traditional Chinese Medicine (ethics approval number: PZSHUTCM220627030).

Grouping, Modeling, and Administration
Ten C57BL/6J mice were designated as the control group. The ApoE−/− mice were randomly divided into three groups: 
model group, DYGXN group, and rosuvastatin group, with ten mice in each group, housed separately. After a one-week 
acclimation period, all groups except the control group were fed a high-fat diet (composition: 78.8% breeding feed, 1% 
cholesterol, 0.2% bile salts, 10% lard, and 10% egg yolk powder). In addition to the high-fat diet, the DYGXN group 
received DYGXN (cat# 14002175065, Jiangsu Huanghe Pharmaceutical Co., Ltd., Jiangsu, China) at a dose of 146 mg/ 
kg/day via gavage. The rosuvastatin group received rosuvastatin (cat# 132756, AstraZeneca Pharmaceuticals (China) 
Co., Ltd) at an equivalent dose of 2.08 mg/kg/day via gavage (The drug dosage is calculated based on the equivalent dose 
between human and mice), while the control and model groups were given an equal volume of purified water daily. Mice 
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were weighed weekly at the same time, and after 12 weeks of feeding, blood was collected from the eyes, and samples of 
the heart, liver, and aorta were obtained for analysis.

Histopathological Staining of the Aortic Roots and Liver Tissue in Mice
The mouse heart and liver were fixed in 4% paraformaldehyde, embedded in OTC, and sectioned into frozen slices with 
a thickness of 6 µm, ensuring that all three aortic root valves appeared in a single section. According to the 
manufacturer’s instructions, the Hematoxylin and eosin (HE) staining was performed to assess plaque area and liver 
damage, Oil Red O staining was used to evaluate plaque and hepatic lipid accumulation, and Masson staining was used to 
assess plaque stability. Image-Pro Plus 6.0 (Media Cybernetics, USA) was utilized for analysis.

Biochemical Analysis of Mouse Plasma and Liver
After anesthetizing the mice, blood samples were collected from the orbital venous plexus. The blood was allowed to 
stand for 2 hours, then centrifuged at 4°C and 4000 rpm for 15 minutes. Serum was collected and stored at −80°C. 
According to the kit instructions, serum levels of HDL-C (cat# A112-1-1), LDL-C (cat# A113-1-1), TC (cat# A111-1-1), 
and TG (cat# A110-1-1) were measured, along with hepatic cholesterol and triglyceride levels. All assay kits were 
purchased from the Nanjing Jiancheng Bioengineering Institute (Nanjing, China).

Enzyme-Linked Immunosorbent Assay (ELISA) for Inflammatory Cytokines
Serum levels of nuclear factor kappa B (NF-κB) (cat# H202-1-2), interleukin 6 (IL-6) (cat# H007-1-2), tumor necrosis 
factor alpha (TNF-α) (cat# H052-1-2), vascular cellular adhesion molecule-1(VCAM-1) (cat# H066-1-2), intercellular 
adhesion molecule-1 (ICAM-1) (cat# H065-1-2), and interleukin 1 beta (IL-1β) (cat# H002-1-1) were measured 
according to the manufacturer’s instructions for each ELISA kit. All kits were purchased from the Nanjing Jiancheng 
Bioengineering Institute (Nanjing, China).

Western Blot Analysis
Aorta proteins were extracted using RIPA with PMSF, and protein concentration was measured using a BCA protein 
assay kit. Protein samples were separated by 10% sodium dodecyl sulfate–polyacrylamide gel electrophoresis and 
transferred onto PVDF membranes. The membranes were blocked with blocking solution at 37°C for 2 hours, then 
incubated overnight at 4°C with primary antibodies: Src (cat# 2109, 1:1000, Cell Signaling Technology), p-Src (cat# 
6943, 1:1000, Cell Signaling Technology), STAT3 (cat# A19566, 1:1000, ABclonal Technology), p-STAT3 (cat# 9145, 
1:2000, Cell Signaling Technology), and GAPDH (cat# 2118, 1:5000, Cell Signaling Technology). After three washes in 
TBST (5 min each), membranes were incubated for 1 hour at room temperature with HRP-conjugated goat anti-rabbit 
/mouse IgG (1:5000). Following three more washes in TBST, bands were visualized using chemiluminescent reagents, 
and band intensity was quantitatively analyzed using ChemiScope Capture image analysis software (Shanghai Qinxiang 
Scientific Instruments Co., Ltd., China).

Statistical Analysis
All data are presented as mean±SD. One-way analysis of variance (ANOVA) was employed for comparisons between 
multiple groups, with a significance level set at P < 0.05. GraphPad Prism 7.00 was used for data visualization.

Results
Identification of Original Chemical Components in DYGXN
The mixed reference solution and DYGXN test solution were analyzed by UPLC-Q-Orbitrap HRMS under the 
chromatographic conditions described in “2.1.3” and the mass spectrometry conditions in “2.1.4”. Total ion chromato
grams were obtained in both positive and negative ion modes, as shown in Figure 2. In total, 20 compounds were 
identified or tentatively characterized in the DYGXN solution, among which 6 compounds were confirmed by compar
ison with reference standards. This study provides a scientific basis for the quality control, clinical application, 
pharmacokinetics, and pharmacodynamic foundation of DYGXN. Identification results are summarized in Table 1.
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Network Pharmacology Analysis Results
DYGXN Components and Targets
A total of 149 target proteins were predicted for 20 DYGXN components by using SwissTargetPrediction. A component- 
target network of DYGXN was constructed using Cytoscape 3.7.2, where green circles represent DYGXN components 
and yellow circles represent target genes; the larger the node, the higher the number of targets. The top three components 

Figure 2 Identification of components in DYGXN. (A)Total ion chromatogram of DYGXN test solution in positive ion mode. (B) Total ion chromatogram of DYGXN test 
solution in negative ion mode.

Table 1 Chemical Components of DYGXN

No. Compounds Retention 
Time (min)

Ion Mode Theoretical 
Mass (m/z)

Measured 
Mass (m/z)

Error 
(ppm)

Molecular 
Formula

Peak 
Area 
(107)

1 Parvifloside 3.9 [M-HCO2]− 1271.5903 1271.5916 1.009 C57H94O28 4.75

2 Protogracillin 4.34 [M-HCO2]− 1109.5374 1109.5388 1.24 C51H84O23 10.17

3 Protodioscin* 4.34 [M-HCO2]− 1093.5425 1093.5396 −2.725 C51H84O22 2.90

4 Methyl protogracillin 4.34 [M-HCO2]− 1123.5531 1123.5543 1.091 C52H86O23 9.97

5 Methyl protodioscin* 4.49 [M-HCO2]− 1107.5582 1107.5635 4.786 C52H86O22 0.93

6 Huangjiangsu A 6.05 [M-HCO2]− 1091.5269 1091.5278 0.871 C51H82O22 51.62

7 Pseudoprotodioscin* 6.23 [M-HCO2]− 1075.5320 1075.5333 1.269 C51H82O21 6.14

8 Pseudoprotogracillin 6.81 [M-HCO2]− 1091.5269 1091.5286 1.54 C51H82O22 0.11

9 Tigogenin 18.47 [M+Na]+ 439.3183 439.3181 −0.333 C27H44O3 0.03

10 Sarsasapogenin 18.58 [M+Na]+ 439.3183 439.318 −0.561 C27H44O3 0.02

11 Polyphyllin V 24.06 [M-HCO2]− 767.4212 767.4224 1.547 C39H62O12 0.41

12 Zingiberensis newsaponin 24.32 [M-HCO2]− 1091.5269 1091.528 0.981 C51H82O22 52.51

13 Deltonin 24.53 [M-HCO2]− 929.4741 929.4739 −0.19 C45H72O17 0.04

(Continued)
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with the highest degree values were diosgenin, sarsasapogenin, and tigogenin, each interacting with 72, 75, and 75 
targets, respectively (Figure 3A; specific targets listed in Supplemental Table 1).

Screening of AS Targets
A total of 5,739 AS-related targets were obtained from GeneCards, with 2,889 potential targets selected based on 
a relevance score of ≥ 0.757847. Additionally, anti-AS targets were identified using OMIM, TTD, DrugBank, and 
DisGeNET databases, yielding 525, 36, 37, and 2,044 targets, respectively. After removing 1,460 duplicate targets, a total 
of 4,071 AS-related targets were obtained (Figure 3B; detailed targets are listed in Supplemental Table 2).

PPI Network Construction
A total of 92 intersecting targets between DYGXN and AS were obtained from the jvenn website and a Venn diagram 
was generated (Figure 4A, Supplemental Table 3). These 92 targets were imported into the String database, and the 
resulting PPI network was visualized in Cytoscape software, with the topological features of all nodes calculated. After 

Table 1 (Continued). 

No. Compounds Retention 
Time (min)

Ion Mode Theoretical 
Mass (m/z)

Measured 
Mass (m/z)

Error 
(ppm)

Molecular 
Formula

Peak 
Area 
(107)

14 Prosapogenin A of dioscin 25.83 [M-HCO2]− 767.4212 767.4244 4.101 C39H62O12 0.02

15 Dioscin* 25.94 [M-HCO2]− 913.4791 913.4812 2.253 C45H72O16 10.79

16 Gracillin* 26.13 [M-HCO2]− 929.4741 929.4774 3.554 C45H72O17 0.25

17 Progenin II 26.91 [M-HCO2]− 767.4212 767.4239 3.462 C39H62O12 0.14

18 Trillin 26.99 [M-HCO2]− 621.3633 621.3649 2.488 C33H52O8 0.67

19 Diosgenin* 28.07 [M+H]+ 415.3207 415.3204 −0.582 C27H42O3 3.11

20 Daucosterol 28.4 [M+Na]+ 599.4282 599.4276 −1.002 C35H60O6 0.38

Note: *Indicates the component was authenticated using reference standards.

Figure 3 (A) DYGXN compound-target network; (B) Venn diagram of AS-related targets from five databases.
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Figure 4 (A) The Venn diagram of DYGXN treatment targets for AS: A total of 92 intersecting targets between DYGXN and AS were obtained. (B) PPI network diagram: 
Darker colors and larger node sizes represent higher degree values. (C) Bar chart of the top 10 targets based on degree values. (D) Ten core target genes selected by the 
CytoHubba plugin. (E) Four sub-networks obtained from protein clustering of targets using the MCODE plugin.
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removing nodes that were disconnected and had fewer edges in the PPI network, a final network was presented with 92 
targets and 744 edges. Supplemental Table 4 shows the specific topology parameters. As shown in Figure 4B, nodes with 
darker colors and larger areas correspond to higher degree values, suggesting they may be key targets for DYGXN in 
treating AS. A bar chart was created for the top 10 targets based on degree values (Figure 4C). Using the CytoHubba 
plugin, 10 core target genes were identified: STAT3, SRC, MTOR, IGF1R, MET, CDK4, BCL2L1, JAK2, HSP90AA1, 
and CCND1 (Figure 4D). The MCODE plugin was then used for protein clustering, resulting in four sub-networks based 
on Degree Cutoff ≥ 2, Nude Score Cutoff ≥ 0.2, and K-Core ≥ 2 (Figure 4E). These four networks were further analyzed 
using biological process (BP) analysis. Cluster 1 was involved in 152 biological processes such as phosphorylation, 
positive regulation of vascular-associated smooth muscle cell proliferation, signal transduction, and response to xeno
biotic stimulus. Cluster 2 was involved in 80 processes like phosphorylation, cell surface receptor protein tyrosine kinase 
signaling pathway, peptidyl-tyrosine phosphorylation, positive regulation of kinase activity, and positive regulation of 
endothelial cell migration. Cluster 3 was involved in 21 biological processes, including cell surface receptor protein 
tyrosine kinase signaling pathway and positive regulation of cell population proliferation. Cluster 4 was associated with 
the long-chain fatty acid biosynthetic process (Supplementary Materials).

GO and KEGG Functional Enrichment Analysis
GO and KEGG functional enrichment analysis was performed on the 92 targets, yielding 83 molecular functions (MF), 
443 biological processes (BP), 57 cellular components (CC), and 141 signaling pathways. Figure 5A lists the top 20 BP, 
MF, and CC terms (P < 0.01). The findings indicate that the potential targets of DYGXN in AS treatment are associated 
with molecular functions such as transmembrane receptor protein tyrosine kinase activity, protein tyrosine kinase activity, 
ATP binding, enzyme binding, kinase activity, and protein binding. These targets are involved in biological processes 
including phosphorylation, cell surface receptor protein tyrosine kinase signaling pathway, positive regulation of kinase 
activity, multicellular organism development, negative regulation of apoptotic process, positive regulation of cell 
migration, angiogenesis, cell migration, and inflammatory response. Additionally, they are related to cellular components 
such as receptor complex, plasma membrane, membrane raft, axon, and cell surface. Figure 5B lists the top 20 KEGG 
signaling pathways. After removing irrelevant broad-spectrum pathways, KEGG enrichment analysis shows that 
DYGXN’s potential mechanisms in AS treatment primarily involve pathways such as Rap1 signaling pathway, focal 
adhesion, lipid and atherosclerosis, and the JAK-STAT signaling pathway. We hypothesize that DYGXN may improve 
AS by regulating phosphorylation, cell migration, inflammatory response, and lipid metabolism. Figure 5C and D 
illustrate the secondary classification of KEGG pathways, categorized into four main areas: environmental information 
processing (signal transduction, signal molecules, and interaction), cellular processes (cell motility, cellular community), 
organismal systems (immune, endocrine, and nervous systems), and human diseases (specific types of cancer, infectious 
diseases: viral, cancer overview, neurodegenerative diseases, drug resistance: antineoplastic, endocrine and metabolic 
diseases, cardiovascular diseases). Figure 6 displays the top 20 signaling pathways along with their corresponding target 
genes. Among these, the lipid and atherosclerosis pathway is particularly significant, comprising 14 target genes, 
including SRC and STAT3. Given that SRC and STAT3 have the highest degree values in the PPI network and 
demonstrate strong binding affinity with DYGXN active compounds, they likely serve as key targets in DYGXN’s anti- 
AS effects. Therefore, we selected the Src/STAT3 pathway for further experimental validation.

Molecular Docking Results
Molecular docking was used to validate the binding affinity between the screened compounds and core targets. A binding 
energy ≤ −5 kcal/mol indicates a good affinity with the key targets, and a score < −7 kcal/mol is considered to indicate 
a strong binding affinity.30 The binding affinity results heatmap are shown in Figure 7. SRC, STAT3, IGF1R, MTOR, 
JAK2, and MET exhibited low binding energies, suggesting strong docking activity and stability between these proteins 
and the active compounds. These proteins may represent potential targets through which DYGXN exerts its therapeutic 
effects. The interactions between the representative target proteins and active compounds are primarily driven by Van der 
Waals forces and hydrogen bonds. Figure 8 illustrates six representative “target proteins-active compounds” docking 
patterns.
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Effect of DYGXN on the Formation of AS
Effect of DYGXN on Aortic Root Plaque Formation in Mice
HE staining results showed that the aortic roots in the control group mice exhibited smooth intima and intact structure. In 
contrast, the model group mice developed large and prominent atherosclerotic plaques (P < 0.001). Plaques were 
protruding into the lumen, narrowing the vessel, with foam cell infiltration forming a lipid core. A significant amount 
of inflammatory cell infiltration was observed, with a thinning and uneven fibrous cap, and the media, composed of 
smooth muscle cells, was thinned. Cholesterol crystals and calcified foci were visible in some plaques. After treatment 
with DYGXN, the plaque area decreased (P < 0.05). Oil Red O staining showed that there were almost no red lipid 
deposits in aortic root of the control group, while large areas of red lipid deposits were visible in aortic roots of the model 
group (P < 0.0001). DYGXN treatment reduced the red lipid deposition (P < 0.01). Masson staining results showed that 
the intima of the aortic roots in the control group was smooth, flat, and continuous, with neatly arranged collagen fibers. 
In contrast, the model group exhibited disorganized collagen fibers with lighter-colored plaques, a thinner fibrous cap 
(P < 0.01), and increased instability of the plaque. After DYGXN treatment, collagen fibers were more organized, and the 

Figure 5 (A) Top 20 GO enrichment analysis results. Purple represents biological processes (BP), blue represents cellular components (CC), and green represents 
molecular functions (MF). (B) Top 20 enriched KEGG signaling pathways, with larger circles representing a greater number of enriched genes and deeper colors indicating 
smaller p-values. (C and D) display KEGG classification analysis for the top 50 pathways based on KEGG taxonomic analysis.
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blue-stained collagen fibers increased, indicating enhanced plaque stability, although no statistically significant differ
ences were observed between the DYGXN group and the Model group (Figure 9).

Effects of DYGXN on Liver Histomorphology and Lipid Accumulation
HE staining showed that liver cells in the control group had intact structure, clear borders, and visible nuclei, with well- 
preserved liver lobule structure. In contrast, the model group exhibited abnormal liver lobule structure, with blurred 
borders, loose arrangement of hepatocytes, and numerous fat vacuoles of varying sizes within the cells. The structures of 
hepatic sinusoids and hepatic cords were unclear. In the DYGXN and rosuvastatin groups, fewer fat vacuoles were 
observed. Oil Red O staining revealed that the control group had minimal red lipid droplet deposition, whereas the model 
group showed large and deep red lipid droplet areas in the liver. In contrast, DYGXN and rosuvastatin groups exhibited 
less lipid accumulation in the liver. Compared to the control group, the model group showed significantly elevated liver 
TG and TC levels (P < 0.001), as shown in Figure 10A, while DYGXN treatment alleviated the accumulation of liver TC 
and TG (P < 0.05, P < 0.01) (Figure 10B).

Figure 6 Correspondence between the top 20 signaling pathways and target genes: purple arrows represent pathways, and yellow circles represent genes within those 
pathways.
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Effect of DYGXN on Lipid Metabolism in Mice
The serum lipid profile results showed that, compared to the control group, the model group had significantly higher 
levels of LDL-C, TC, non-HDL-C and TG (P < 0.001, P < 0.001, P < 0.001, P < 0.001), while HDL-C levels were 
significantly lower (P < 0.01). Compared to the model group, both DYGXN and rosuvastatin significantly reduced serum 
LDL-C levels (P < 0.05) and increased HDL-C levels (P < 0.01). Rosuvastatin significantly reduced non-HDL-C and TC 
levels (P < 0.05, P < 0.05). DYGXN exhibited a trend towards lowering TC, non-HDL-C and TG levels, but the 
difference was not statistically significant (Figure 11).

Effect of DYGXN on Serum Inflammatory Cytokines
The results of serum inflammatory cytokine measurements indicated that, compared with the control group, the model 
group showed a significant increase in serum levels of NF-κB, IL-6, ICAM-1, and IL-1β (P < 0.05, P < 0.001, P < 0.05, 
P < 0.001). TNF-α and ICAM-1 showed an upward trend, but the differences were not statistically significant. Compared 
with the model group, the DYGXN and rosuvastatin groups exhibited significant reductions in NF-κB, IL-6, and IL-1β 
levels, with statistically significant differences (P < 0.01, P < 0.001, P < 0.001). However, there were no statistically 
significant differences in the levels of TNF-α, ICAM-1, and VCAM-1 (Figure 12).

Effect of DYGXN on the Expression of p-Src/Src, p-STAT3/STAT3
Western blot results showed that compared to the control group, high-fat diet feeding of ApoE−/− mice promoted the 
expression of p-Src and p-STAT3 proteins in the aorta (P < 0.001). After intervention with DYGXN, the expression of 
p-Src and p-STAT3 proteins was significantly reduced (P < 0.05, P < 0.001) (Figure 13).

Figure 7 Heatmap of molecular docking binding energies. The vertical axis represents the 20 chemical compounds, while the horizontal axis represents the 10 core targets. 
Darker colors indicate higher absolute values of binding energies.
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Discussion
AS is a chronic inflammatory disease of the vascular wall driven by lipid accumulation, primarily occurring in the 
subendothelial space of medium- to large-sized arteries, particularly at sites of disturbed blood flow or branching 
points.31 Major risk factors for AS include high-fat diets, hypertension, hyperglycemia, and smoking. This disease 
progresses through several stages. In the early stage, lipid deposits accumulate beneath the intima, leading to the 
formation of fatty streaks. As lipid deposition increases, these streaks soften and evolve into yellow plaques. In the 
later stages, the plaques become raised and their color changes to white or gray, with the accumulation of cholesterol 
crystals within the plaques. In the final stages, calcification occurs, leading to plaque rupture, the formation of 
atherosclerotic ulcers, and potentially thrombus formation, which can occlude blood vessels and trigger a series of 
cardiovascular events.32,33 The genus Dioscorea have a long history of use in China. DYGXN is a water-soluble steroidal 
saponin extract from Dioscorea zingiberensis. Previous studies have shown that DYGXN effectively treats coronary 
heart disease and improves hyperlipidemia, demonstrating positive effects on AS. However, there is currently limited 
research on the specific mechanisms through which DYGXN exerts its anti- AS effects.

Active Component Analysis of DYGXN
Compared to traditional network pharmacology, which analyzes drug components and predicts targets through databases, 
network pharmacology based on the chemical composition analysis and identification of drug components is more 
scientific and reliable. In this study, UPLC-Q-Orbitrap HR-MS technology was used for qualitative analysis of the 
chemical components of DYGXN. A total of 20 compounds were identified or predicted, including 3 saponins: 
diosgenin, sarsasapogenin, and tigogenin. Diosgenin may be the primary active component responsible for the anti-AS 
effects of DYDXN. Several studies have confirmed that diosgenin is the main metabolic component of steroidal saponins 

Figure 8 Representative docking models. From top to bottom: the molecular docking results of sarsasapogenin with MET, progenin II with STAT3, diosgenin with SRC, 
gracillin with IGF1R, parvifloside with IGF1R, and polyphyllin V with SRC. Yellow represents hydrogen bonds, and gray indicates van der Waals forces.
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from Dioscorea species. For example, Feng JF et al showed that Dioscorea nipponica can be metabolized into diosgenin 
under the influence of gut microbiota.34 After administering total saponins from Dioscorea zingiberensis to rats via 
gavage, Qin Y used ESI-QTOF-MS technology to analyze rat plasma and found that only diosgenin was detected.35 

A comparative study on the metabolism of total saponins from three species of the genus Dioscorea (Dioscorea 
panthaica Prain et Burkill, Dioscorea zingiberensis C. H. Wrigh, and Dioscorea nipponica Makino) and four specific 
saponins (diosgenin, protodioscin, pseudoprotodioscin and dioscin) in rat plasma was conducted. The study detected 
a total of 10 saponin components in rat plasma and urine, and 18 saponin components in the feces. Additionally, they 
observed that the conversion rate of diosgenin increased over time, indicating that the deglycosylation to diosgenin is the 
main metabolic pathway of steroidal saponins.36 Among the compounds of DYGXN, various steroidal saponins with 
diosgenin as the core structure were identified, such as dioscin, protodioscin, pseudoprotodioscin, Methyl protodioscin. 
Based on these findings, we speculate that the multiple steroidal saponins in DYGXN may be converted into diosgenin 
through deglycosylation and other metabolic processes in the intestine or plasma, and diosgenin is likely to be the active 
component responsible for the anti- AS effects of DYGXN.

Figure 9 Anti-AS effects of DYGXN. (A) Representative images of HE staining, Oil Red O staining, and Masson staining of aortic root sections. (B) Quantification of aortic 
root plaque area, lipid droplet content, and collagen fiber area. Compared to the control group, **P < 0.01; ***P < 0.001; ****P < 0.0001; compared to the model group, 
#P < 0.05, ##P < 0.01. n = 6, scale bar: 200 μm.
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Several studies have demonstrated the positive anti-AS effects of diosgenin. For example, Lv YC et al found that 
diosgenin promotes ATP-binding cassette transporter A1 (ABCA1) protein expression through multiple pathways, 
enhancing cholesterol efflux and alleviating AS.37 Jung DH et al reported that diosgenin inhibits the activation of NF- 
κB, activating protein-1 (AP-1), casein kinase 2 (CK2), and c-Jun N-terminal kinase (JNK), thereby reducing the 
production of pro-inflammatory cytokines.38 Diosgenin also promotes the polarization of ox-LDL-treated monocytes 
into M2-type macrophages, exerting anti-inflammatory effects.39 In addition to diosgenin, several other components in 
DYGXN have been shown to possess anti-AS effects. For example, dioscin can regulate gastrointestinal function, 
promote the transformation of beneficial gut microbiota, and improve hyperlipidemia.40 It also enhances antioxidant 
enzyme expression and reduces oxidative stress,41 and inhibits the NF-κB signaling pathway, reducing TNF-α expression 
and suppressing atherosclerotic inflammation.42 Sarsasapogenin has been shown to possess significant anti-inflammatory 
effects.43 It inhibits the expression of matrix metalloproteinase-2 (MMP2) and MMP9 in vascular smooth muscle cells 
(VSMCs), and simultaneously suppresses the expression of stromal interaction molecule 1 (STIM1) and Orai, reducing 
ox-LDL-induced proliferation, migration, and invasion of VSMCs, thus exerting anti-AS effects.44 Methyl protodioscin 
and Pseudoprotodioscin can lower LDL-C and triglyceride levels, promote HDL-C levels, and increase ABCA1 and 
Apolipoprotein A-1(ApoA-1) expression by inhibiting sterol regulatory element-binding protein (SREBP), microRNA 
33a/b, and protein convertase subtilisin/kexin type 9 (PCSK9), thereby promoting cholesterol efflux and improving 
AS.45,46 Pseudoprotodioscin reduces inflammation in perivascular adipose tissue, promotes estrogen receptor expression, 
exerts anti-inflammatory and estrogenic effects, and decreases plaque area in ovariectomized ApoE−/− mice.47 Trillin 
reduces total cholesterol and triglyceride levels in the blood, alleviates lipid peroxidation, improves hyperlipidemia in 
rats, and exhibits biological activity similar to that of lovastatin.48

Figure 10 Effects of DYGXN on liver tissue morphology and lipid accumulation. (A) Representative images of HE staining and Oil Red O staining of liver sections. (B) 
Quantification of liver TC and TG levels. Compared to the control group, ***P < 0.001. Compared to the model group, #P < 0.05, ##P < 0.01. n = 6. scale bar: 50 μm.
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Figure 11 Serum lipid levels of mice after 12 weeks of treatment. DYGXN reduces LDL-C and promotes HDL-C, with little effect on TC, non-HDL-C and TG. (A) The 
serum TC level of mice. (B) The serum TG level of mice. (C) The serum HDL-C level of mice. (D) The serum non-HDL-C level of mice. (E) The serum LDL-C level of mice. 
Compared to the control group, **P < 0.01, ***P < 0.001; compared to the model group, #P < 0.05, ##P < 0.01, n = 4.

Figure 12 Serum inflammatory cytokine levels after 12 weeks of treatment in different groups of mice. DYGXN decreased the levels of NF-κB, IL-6 and IL-1β, with little 
effect on TNF-α, ICAM-1 and VCAM-1. (A) The serum NF-κB level of mice. (B) The serum IL-6 level of mice. (C) The serum TNF-α level of mice. (D) The serum VCAM-1 
level of mice. (E) The serum ICAM-1 level of mice. (F) The serum IL-1β level of mice. Compared to the control group, *P < 0.05; ***P < 0.001; compared to the model 
group, ##P < 0.01, ###P < 0.001, n = 6.
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Key Target Analysis
After identifying the components of DYGXN, our study explores the anti-AS mechanism of DYGXN through network 
pharmacology, molecular docking, and animal experiments. First, common targets of DYGXN components and AS were 
predicted using multiple databases, and a PPI network was constructed to screen and identify 10 core target genes. 
Among them, signal transducer and activator of transcription 3 (STAT3) and proto-oncogene tyrosine-protein kinase SRC 
(SRC) showed the highest degree values and were located in the lipid and atherosclerosis pathway identified by KEGG 
enrichment. Therefore, STAT3 and SRC are likely to be the primary targets through which DYGXN exerts its anti- AS 
effects. Previous studies have shown that STAT3 is an important protein in cell signaling and transcription, and is highly 
expressed in human atherosclerotic macrophages. It can promote AS by inducing macrophage pyroptosis, enhancing 
endothelial cell dysfunction, macrophage polarization, inflammation, and immune response.49,50 Additionally, Shen 
W et al found that the inclusion of diosgenin in the diet can target and inhibit the transcriptional activity of STAT3, 
leading to a reduction in Niemann-Pick C1-like 1(NPC1L1) expression and inhibiting intestinal cholesterol absorption.51 

Targeting STAT3 may represent a potential therapeutic strategy for the treatment of AS.52 Src, a non-receptor tyrosine 
kinase associated with cell migration, plays various roles in macrophage-mediated inflammatory responses and innate 
immunity.53 Studies have shown that Src is involved in regulating inflammation pathways mediated by all members of 
the toll-like receptors (TLR) family, and it can also promote lipid accumulation in macrophages54 and induce endothelial 
barrier dysfunction.55 Inhibition of the Src-Yap signaling pathway has been shown to reduce endothelial cell inflamma
tion and improve AS.56 Src has been identified as an atypical kinase of STAT3,57 and recently, the Src/STAT3 pathway 
has been found to promote tumor angiogenesis,58 as well as cancer cell proliferation and invasion.59 Given the critical 
roles of Src and STAT3 in inflammation, we hypothesize that the Src/STAT3 pathway may contribute to the development 
of AS, and that DYGXN may exert its anti-AS effects by modulating this pathway.

Biological Enrichment Analysis
GO functional analysis indicates that DYGXN exerts its anti-AS effects by modulating biological processes such as 
phosphorylation, positive regulation of kinase activity, negative regulation of the apoptotic process, angiogenesis, cell 
migration, and inflammatory response. KEGG enrichment analysis revealed that the target proteins are enriched in 
several cancer-related signaling pathways, such as Pathways in Cancer, Kaposi Sarcoma-associated Herpesvirus 
Infection, and MicroRNAs in Cancer. This suggests that multiple targets (eg, SRC, STAT3, etc). are involved in both 
cancer and AS-related signaling pathways, exhibiting some mechanistic similarities, such as the inhibition of angiogen
esis, suppression of cell proliferation and migration, and the reduction of inflammation. After excluding these cancer- 
related pathways, we found that the anti-AS mechanisms of DYGXN are primarily associated with the Rap1 signaling 
pathway, MAPK signaling pathway, lipid and atherosclerosis, and the JAK-STAT signaling pathway and so on. Among 

Figure 13 Effect of DYGXN on the expression of p-Src, Src, p-STAT3, and STAT3 proteins in the aorta of mice. (A) Representative Western blot images of p-Src, Src, p-STAT3, 
and STAT3. (B) Relative protein expression levels. Compared to the control group, ***P < 0.001; compared to the model group, #P < 0.05, ##P < 0.01, ###P < 0.001, n=3.
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these, the MAPK signaling pathway can induce AS through various mechanisms, including the regulation of macrophage 
polarization,60 promotion of inflammation and apoptosis,61 and the stimulation of smooth muscle cell proliferation and 
migration.62 The Rap1 signaling pathway is involved in the regulation of cell adhesion and cell-cell junctions. Studies 
have shown that ras-associated protein 1 (Rap1) accumulates in plaques, where it promotes the proliferation and 
migration of VSMCs, exacerbates endothelial inflammation, and accelerates AS.63,64 The JAK-STAT signaling pathway 
inhibits cholesterol efflux by downregulating ABCA1,65 and also exacerbates AS by promoting inflammation.66 

Currently, controlling cholesterol and LDL-C levels remains the primary strategy for preventing and treating AS, 
which aligns with DYGXN’s ability to regulate lipid and atherosclerosis pathway.

Experimental Results Analysis
Animal experiments showed that DYGXN significantly reduced serum LDL-C levels and increased HDL-C levels, 
suggesting that DYGXN may prevent the progression of AS in mice by improving hyperlipidemia. Histopathological 
staining confirmed that DYGXN intervention significantly reduced the area of AS plaques, decreased lipid deposition in 
plaques, and delayed AS progression. Liver histopathological staining indicated that DYGXN reduced hepatic patholo
gical damage and hepatic lipid accumulation, lowering liver cholesterol and triglyceride levels. Additionally, DYGXN 
significantly decreased serum NF-κB, IL-6, and IL-1β levels, and reduced inflammatory cell infiltration in aortic roots, 
suggesting that DYGXN may prevent AS progression by inhibiting NF-κB signaling pathway and suppressing the 
expression of inflammatory cytokines. Furthermore, Western blot analysis showed that DYGXN inhibited the phosphor
ylation of Src and STAT3 proteins in the aorta, indicating that DYGXN may exert its anti-AS effect by inhibiting the Src/ 
STAT3 signaling pathway, improving inflammation and lipid metabolism. However, further studies are needed to confirm 
this conclusion.

However, this study also has some limitations. For example, due to insufficient reference standards, highly similar 
isomer fragmentation pathways, or unclear ion abundance, it was challenging to distinguish some isomers using mass 
spectrometry. Moreover, this study did not conduct quantitative detection of DYGXN components nor analyze the 
components that entered the bloodstream. Additionally, animal experiments did not include low, medium, and high-dose 
groups to further explore the optimal dosing regimen of DYGXN in mice and comprehensively assess the dose - response 
relationship, and the mechanisms were not deeply validated, which are areas for further improvement in future research.

Conclusion
In conclusion, this study is the first to reveal the compounds of DYGXN and provides a preliminary exploration of its 
pharmacological basis, laying an important foundation for the screening of quality markers. By combining network 
pharmacology, we identified the active components and core targets of DYGXN in the treatment of AS, further 
elucidating the correlation between DYGXN and its clinical efficacy in AS. Moreover, molecular docking techniques 
were used to validate the predicted results, offering a preliminary exploration of the material basis and molecular 
mechanisms underlying DYGXN’s anti-AS effects. Animal experiments were conducted to verify its anti-AS effects and 
potential mechanisms, which provided a theoretical foundation for further investigation into the mechanism of the anti- 
AS effects of DYGXN. In conclusion, the results of this study demonstrate that DYGXN contains multiple active 
components that exert anti-AS effects by regulating various targets and pathways.
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