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Background: Abdominal aortic aneurysm (AAA) is a degenerative disease that causes health problems in humans. However, there are no effective drugs for the treatment of AAA. Artemisia annua L. (A. annua) is a traditional herbal that has been widely used in cardiovascular disease. Based on network pharmacology and molecular docking technology, this study predicted the practical components and potential mechanisms of A. annua inhibiting the occurrence and development of AAA.
Methods: The main active ingredients and targets of A. annua were screened through the TCMSP database; the GeneCards, OMIM, PharmGkb, and TTD databases were used to search for the targeted genes of AAA and map them to the targets of the active ingredients to obtain the active ingredient therapy of A. annua. The targets of AAA were to construct a protein interaction network through the STRING platform. R software was used to carry out the enrichment analysis of GO and KEGG for relevant targets, and Cytoscape was used to construct the active ingredient-target network prediction model of A. annua. Finally, AutoDock Vina was used to verify the results of the active ingredients and critical targets.
Results: The main active ingredients obtained from A. annua for the treatment of AAA include quercetin, luteolin, kaempferol, isorhamnetin, and artemetin, as well as 117 effective targets, including RELA, MAPK14, CCND1, MAPK1, AKT1, MYC, MAPK8, TP53, ESR1, FOS, and JUN. The 11 targeted genes might play a key role in disease treatment. Enriched in 2115 GO biological processes, 159 molecular functions, 56 cellular components, and 156 KEGG pathways, inferred that its mechanism of action might be related to PI3K-Akt signaling pathway, fluid shear stress, atherosclerosis, and AGE-RAGE signaling pathway. Molecular docking results showed that the top five active components of A. annua had a good affinity for core disease targets and played a central role in treating AAA. The low binding energy molecular docking results provided valuable information for the development of drugs to treat AAA.
Conclusion: Therefore, A. annua may have multiple components, multiple targets, and multiple signaling pathways to play a role in treating AAA. A. annua may have the potential to treat AAA.
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INTRODUCTION
Abdominal aortic aneurysm (AAA) is mainly characterized by local progressive dilation of the abdominal aorta, the most high-risk vascular degenerative disease in vascular surgery (Kugo et al., 2019). Once AAA ruptures, the mortality rate can reach 80%. After surgical resuscitation, mortality remains high at around 42% (Karthikesalingam et al., 2014). AAA is usually diagnosed when the diameter of the upper abdominal aorta is greater than 30 mm (Moll et al., 2011). Currently, AAA with greater than 55 mm in diameter is mainly treated by surgical intervention, and these surgical interventions are effective ways to prevent abdominal aortic rupture (Powell, 1998; Lavin et al., 2019). In addition to surgical treatment, there is currently a lack of effective drug interventions, especially in the early treatment of AAA (Baxter et al., 2008; Golledge et al., 2017). Therefore, it is vital to explore potential effective drugs.
Chinese traditional medicine is a substantial medical resource. Artemisia annua L. (A. annua) is a kind of traditional Chinese medicine. With the award of the 2015 Nobel Prize in Physiology or Medicine to a Chinese scientist, Artemisia has attracted global attention (Abba et al., 2018). Artemisia and its derivatives are extensively used to treat oncology and cardiovascular diseases (Bora and Sharma, 2011; von Hagens et al., 2017; Abba et al., 2018; Saeed et al., 2019; Aktaş et al., 2020). Several studies have shown that A. annua and its derivatives have a particular therapeutic effect on inhibiting atherosclerosis and inflammation (Cao et al., 2020; He et al., 2020; Jiang et al., 2020). Although A. annua contains a variety of active ingredients, its therapeutic target and mechanism for AAA treatment are not fully understood.
Network pharmacology, based on bioinformatics and computer technology, integrates a large amount of biological information and data to study the mechanism of action of multi-target drugs from molecules to cells to the body (Hopkins, 2008; Berger and Iyengar, 2009). The strength of network pharmacology lies in analyzing the “drug-component-target-disease” interaction network, systematically discovering drug-disease associations, and revealing the synergistic effects between multi-molecular drugs (Li et al., 2014). Furthermore, molecular docking is a statistical simulation method that focuses on the interaction between molecules and predicts their binding mode and affinity (Wang and Zhu, 2016). The main function of the method is to identify the binding pocket and binding affinity of the drug to the target protein. Therefore, with the help of network pharmacology and molecular docking methods, this study analyzed the role and mechanism of A. annua in the treatment of AAA, aiming to provide new ideas for drug treatment of AAA and to facilitate new drug development in the future. The flowchart for this study was shown in Figure 1.
[image: Figure 1]FIGURE 1 | The flowchart of this study.
MATERIALS AND METHODS
Database and software
①Drug component target database: Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform (TCMSP, http://tcmspw.com/tcmsp.php). ②Disease Target Database: GeneCards (https://www.genecards.org/); Online Mendelian Inheritance in Man (OMIM, https://omim.org), Pharmacogenomics Knowledgebase (PharmGKB, https://www.pharmgkb.org/); Therapeutic Target Database (TTD, http://db.idrblab.net/ttd/); ③Protein database, UniProt (https://www.uniprot.org); Protein Data Bank (PDB, http://www.rcsb.org/); ④Protein interaction analysis platform, String (https://String-db.org/); ⑤Network analysis and mapping software: Cytoscape 3.8.0;R (R4.0.3 for Windows); ⑥Biological information analysis packet: VennDiagram packet; Bioconductor(https://Bioconduct.org/biolite.r) and its: org.hs.eg.DB, ⑦Molecular Docking Software: AutoDock Vina 4.1, PyMOL 2.4.
Collection of the active components and targets of A. annua
All active ingredients in A. annua were obtained from TCMSP (https://www.tcmspw.com/tcmsp.PHP). The classification standards were defined based on drug-likeness (DL) greater than or equal to 0.18 and oral bioavailability (OB) greater than or equal to 30% (Xu et al., 2020). Then, the targets of the selected compounds were obtained from the TCMSP database, and the targeted name was input into Uniprot (http://www.uniprot.org/) to obtain the standardized gene symbol.
Screening of genes related to the treatment of AAA with A. annua
In the Genecards, OMIM, PHARGKB, and TDD databases, “abdominal aortic aneurysm” was input as the keyword for retrieval to obtain related AAA targets. The Venn diagram packet was then run in R to obtain compositional targets of A. annua intersected with targets related to AAA to screen out the targets related to the treatment of AAA in A. annua.
GO and KEGG pathway enrichment analysis
The ClusterProfiler software package in R software (version 4.0.3) was used for Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis of the intersection genes (Kanehisa and Goto, 2000; Yu et al., 2012). When the q value ≤0.05, GO terms and KEGG pathways were considered to be statistically significant. Then, the top 10 GO terms and the top 30 KEGG pathways for molecular function (MF), cellular component (CC), and biological process (BP) were selected for further analysis.
Construction of the component-target network
The targets of A. annua for treating AAA were input into Cytoscape software to construct a “component-target” network (Shannon, 2003). The active components and targets of the drug were represented as “nodes”, and the interaction between nodes was defined as “edges".
PPI network construction and core target screening
The intersection gene data were imported into the String database (https://string-db.org/) to obtain the possible intersection points and establish the relationship between the targets (Szklarczyk et al., 2019). The generated files were then imported into Cytoscape software for protein-protein interaction (PPI) maps to describe the relationship between A. annua and the intersecting genes of AAA.
Molecular docking
Referring to the previous research literature (Powell, 1998; Hong et al., 2022; Xu et al., 2022), we selected the top 5 active ingredients in A. annua as ligands and hub genes from the PPI network as receptors for molecular docking validation. According to the molecular docking method, the 3D structure of the active component was downloaded from PubChem CID, the protein structure guide of the target was downloaded from the PDB database, and the hydrodewatering and hydrogenation of the protein were carried out by using PyMol software (Seeliger and de Groot, 2010; Lill and Danielson, 2011). The component and target protein formats were entered into PDBQT format by AutoDockTools1.5 (Morris et al., 2008). Molecular docking was performed using AutoDock Vina 4.1 software, and the results - were further analyzed by PyMol 2.4 (Trott and Olson, 2010).
RESULTS
Screening of active ingredients and targets of A. annua for the treatment of AAA
After the search, screening was carried out under the conditions of OB greater than or equal to 30% and DL greater than or equal to 0.18, and the nontarget components were removed. The 22 potential effective components were obtained (Table 1). Furthermore, we found that 510 potential targets corresponded to 22 potential effective ingredients (Supplementary Table S1).
TABLE 1 | The main active ingredients of A. annua.
[image: Table 1]Targets of A. annua for AAA
The related targets of AAA were collected from the GeneCards, OMIM, PharmGkb, and TTD databases. The data were sorted and merged to obtain a total of 2010 disease targets (Supplementary Table S2), as shown in Figure 2A. Then, we intersected the obtained A. annua targets with the genes associated with AAA and obtained a Venn diagram of the intersected gene symbols for a total of 117 targets (Supplementary Table S3), as shown in Figure 2B.
[image: Figure 2]FIGURE 2 | (A) The results of the Venn diagram of AAA-related targets in four databases. (B) The results of the Venn diagram of drug genes (green) and disease genes (pink).
GO enrichment analysis
GO enrichment analysis was performed to analyze 117 genes of drug-disease intersection by using the ClusterProfiler package in R software (version 4.0.3). They grouped the functions of the genes into three components: biological processes (BP), cellular component (CC), and molecular function (MF), and enriched 2115 GO BPs, 159 MFs, and 56 CCs (Supplementary Table S4). The top 10 significant items (p-value ≤ 0.05) for each module were shown in Figure 3. The horizontal coordinate indicated the proportion of GO entries, the vertical coordinate representing the name of the enriched entry, and the size of the scatter points represented the number of targets involved in each entry. The higher the significance of the entry, the redder it was. As shown in Figure 3, in biological processes, A. annua was mainly associated with oxidative stress, cellular response to chemical stress, and response to metal ion. Among the cellular components, A. annua was primarily associated with membrane raft, membrane microdomain, membrane region, and other cellular components. A. annua was mainly related to DNA-binding transcription factor binding, ubiquitin-like protein ligase binding, signaling receptor activator activity, and other molecular functions among the molecular functions.
[image: Figure 3]FIGURE 3 | GO enrichment analysis of A. annua compound and AAA “intersection target.”
KEGG enrichment analysis
KEGG enrichment analysis was performed using the ClusterProfiler package (version 4.0.3) in R software for 117 genes targeted at drug-disease crossover. The results of KEGG analysis showed that these genes mainly enriched in 156 KEGG pathways (Supplementary Table S5), and the top 30 items were presented in Figure 4. The results suggested that the active ingredients in A. annua might act together through multiple pathways, such as the PI3K-Akt signaling pathway, fluid shear stress, atherosclerosis, and AGE-RAGE signaling pathway in diabetic complications. The size and color of the nodes in the bubble map were determined by the number and p-value of the associated genes. The node size indicated how many target genes were associated, and the color from purple to yellow reflected the p-value from high to low.
[image: Figure 4]FIGURE 4 | KEGG enrichment analysis of A. annua compound and AAA “intersection target.”
Construction of the A. annua component-target network
A total of 117 targets of A. annua for treating AAA were input into Cytoscape software to construct a “component-target” network. The active ingredients and targets were represented as “nodes”, and the interaction between nodes was defined as “edges”. The details were presented in Supplementary Table S6. As shown in Figure 5, yellow represented the active components of A. annua in the treatment of AAA, and green represented the potential targets.
[image: Figure 5]FIGURE 5 | “Component-target” network diagram. Yellow represented the active components of A. annua in the treatment of AAA, and green represented the potential targets.
Construction of the protein-protein interaction network
The 117 targets of A. annua for the treatment of AAA were entered into the STRING platform; the parameter was set to Homo sapiens, with the highest confidence (0.900), and the rest of the parameters were set to default to build the target protein interaction network, as shown in Figure 6A. It was visualized and analysed by Cytoscape. A node in the PPI network represented each target, and the edges connecting the nodes represented the interaction between the targets. Topological analysis of 117 targets using the plug-in CytoNCA with two median filtering, the first filtering criterion was: betweenness: 31.368076265, closeness: 0.117252968, degree: 6, eigenvector: 0.0489839665, lac: 2.45, network: 3.3304473305. The second screening criterion was: betweenness: 8.080020796, closeness: 0.576923077, degree: 9. eigenvector: 0.145350322, lac: 4.5 network: 5.6, 11 hub genes were screened as shown in Figure 6B. RELA, APK14, CCND1, MAPK1, AKT1, MYC, MAPK8, TP53, ESR1, FOS, and JUN, with 11 nodes and 45 edges, scored as shown in Table 2. Therefore, we considered these 11 genes can serve as potential central genes of A. annua in the treatment of AAA.
[image: Figure 6]FIGURE 6 | (A) Construction of the PPI network. (B) Hub genes of (A) annua for the treatment of AAA.
TABLE 2 | Hub genes of degree value in the PPI network.
[image: Table 2]Molecular docking verification
According to the “component-target” network, quercetin, luteolin, kaempferol, isorhamnetin, and artemetin were the top five active ingredients of A. annua in the treatment of AAA, 11 centers for topological analysis of genetic screening for potential A. annua center for gene therapy AAA. Therefore, we docked the active ingredients to the hub target genes. We downloaded the 3D structures of the five active ingredients from PubChem and the protein structures of eleven hub genes from the PDB database. All active ingredients and hub genes were docked, with binding free energies calculated by running Vina, and the results were presented as a thermal diagram in Figure 7. The binding free energy of less than or equal to −5.0 kcal/mol was regarded as good binding activity between molecules, and the binding free energy of less than or equal to −7 kcal/mol represented a strong binding force between molecules (Morris et al., 2008). The docking results showed that all five active ingredients had good affinity with eleven core disease targets and played a central role in the action of A. annua in the treatment of AAA. We showed the top 10 molecular docking maps with low binding energies in Figure 8. The low binding energy molecular docking results provided valuable information for the development of drugs to treat AAA.
[image: Figure 7]FIGURE 7 | Thermal diagram of the molecular docking binding energy. The color from white to red indicated that the binding ability was weak to strong.
[image: Figure 8]FIGURE 8 | Molecular docking diagrams of the top 10 molecular docking maps with low binding energies. The protein active site, binding distance, and molecular docking model between the protein and the main active ingredient were shown in Figure 8. (A). MAPK8-Luteolin (−9.9 kcal/mol); (B). MAPK8-Quercetin (−9.7 kcal/mol); (C). MAPK8-Kaempferol (−9.2 kcal/mol); (D). RELA-Luteolin (−9.2 kcal/mol); (E). RELA-Quercetin (−9.2 kcal/mol); (F). AKT1-Isorhamnetin (−9.1 kcal/mol); (G). MAPK8-Isorhamnetin (−9.1 kcal/mol); (H). AKT1-Quercetin (−8.9 kcal/mol); (I). AKT1-Luteolin (−8.7 kcal/mol); (J). CCND1-Luteolin (−8.7 kcal/mol).
DISCUSSION
Since the 2015 Nobel Prize in Physiology or Medicine was awarded to Chinese scientists, Artemisia has gained global attention (Efferth et al., 2015). Artemisia and its derivatives are used to treat malaria and are widely used to treat various oncological and cardiovascular diseases (Ahmad et al., 2015; Efferth, 2017; Lang et al., 2019; Feng et al., 2020; Jiang et al., 2020; Yin et al., 2020; Meng et al., 2021). As the COVID-19 epidemic rages around the world, some studies have been conducted to fully elucidate the mechanisms behind A. annua's treatment of COVID-19 through network pharmacology and molecular docking techniques (Tang et al., 2022). More studies have been performed to explore the potential mechanisms of A. annua and the treatment of chronic hepatitis B and hepatocellular carcinoma (He et al., 2021; Zhang et al., 2021). With the development of network pharmacology, traditional medicine based on multi-component, multi-target, and multi-channel treatment of diseases have been paid more attention (Yuan et al., 2017).
Our research screened 22 potentially active ingredients of A. annua, including quercetin, luteolin, kaempferol, isorhamnetin, artemetin, and artemisinin. Some ingredients had been proven to affect vascular diseases, such as AAA. Quercetin, a flavonoid with anti-inflammatory activity, was the most abundant ingredients that could act on AAA and inhibited the development of AAA in mice (Wang et al., 2012). Additionally, quercetin attenuated neovascularization during AAA growth (Wang et al., 2020) and decreased oxidative stress in AAA mouse models (WANG et al., 2014). Luteolin inhibited vascular smooth muscle cells proliferation and migration (Xu et al., 2015; Wu et al., 2018). Kaempferol inhibited diabetic cardiomyopathy in rats through a hypoglycemic effect and upregulation of SIRT1 (Alshehri et al., 2021). Kaempferol attenuated atherosclerosis via the PI3K/AKT/Nrf2 pathway (Feng et al., 2021). In addition, some epidemiological studies had found a positive correlation between the consumption of foods containing kaempferol and a reduced risk of many diseases, such as cancer and cardiovascular disease (Calderón-Montaño et al., 2011). Isorhamnetin inhibited oxidative stress (Skalski et al., 2019), and prevented doxorubicin-induced cardiotoxicity (Sun et al., 2013), and isorhamnetin attenuated atherosclerosis through PI3K/AKT activation and HO-1-induced inhibition of macrophage apoptosis (Luo et al., 2015). Artemetin had a certain inhibitory effect on atherosclerosis (Kim and Shim, 2019) and also could reduce hypertension proliferation, migration, and inflammation of VSMCs (de Souza et al., 2011; Cao et al., 2015). Therefore, the above results also showed that the effective chemical components in A. annua had a certain therapeutic effect on treating AAA.
After our filtering, there are 22 active ingredients in Artemisia annua. The top compound is quercetin with a degree-value of 89, and the last compound with a degree-value of 1. The difference between the two values is too large. We predicted the compounds and targets that play a major role in A. annua, and the compounds with high degree-value have higher representativeness while referring to previous studies(Feng et al., 2022; Hong et al., 2022; Xu et al., 2022), we selected the top five compounds for subsequent validation and molecular docking. By screening a total of 117 intersections of a drug-disease gene, the topological analysis of 11 hub genes RELA, APK14, CCND1, MAPK1, AKT1, MYC, MAPK8, TP53, ESR1, FOS, and JUN were finally performed. The molecular docking technique predicted the binding strength between herbal components and targets (Zeng et al., 2019). The results showed that the top 5 active ingredients had a good affinity with 11 core disease targets, and the docking results were less than −5.0 kcal/mol, which further demonstrated that active ingredients and hub genes were critical targets of A. annua in the treating of AAA. Among these, MAPK8-Luteolin (−9.9 kcal/mol) had the best binding ability and could be used as a potential drug therapeutic target in the future. More literature had reported that these selected genes were closely related to AAA (DiMusto et al., 2012; Leeper et al., 2013; Ijaz et al., 2017; Hao et al., 2018; Zhang et al., 2018; Zhao et al., 2019; Moran et al., 2020). These genes and their associated pathways might become potential therapeutic targets for AAA treatment. Because there is no reliable high-level clinical evidence of drugs for the treatment of abdominal aortic aneurysms (Golledge, 2019), we do not have a positive control set in our molecular docking. As a result, based on the advantages of A. annua in multigene targeting, it is more promising to bring good news to AAA patients.
In addition, KEGG enrichment analysis showed that several pathways, such as the PI3K-Akt signaling pathway, fluid shear stress, atherosclerosis, and the AGE-RAGE signaling pathway, were closely associated with the treatment of AAA by A. annua.
The relationship between the above pathways and AAA had been extensively studied. Inhibition of Notch1-mediated inflammation prevented AAA via the PI3K/Akt signaling pathway (Ni et al., 2021), and AGE-RAGE stress was associated with the pathogenesis of aortic aneurysms (Prasad, 2019). Daidzein attenuated AAA through the NF-κB, p38-MAPK, and TGF-β1 pathways (Liu et al., 2016). The MAPK (mitogen-activated protein kinase)/ERK pathway was an essential regulator of AAA formation during matrix metalloproteinase (MMP) (Ghosh et al., 2012). Lithium chloride could inhibit AAA by modulating the NF-κB signaling pathway (Xu et al., 2021). Therefore, it was speculated that A. annua might inhibit AAA by acting on related signaling pathways or targets.
In summary, the study used network pharmacology and molecular docking technology strategies to predict the significant active compounds and critical targets of A. annua in the treatment of AAA and speculated the potential mechanisms from multiple approaches and perspectives. Therefore, A. annua might have multiple components, multiple targets, and multiple signaling pathways to play a role in treating AAA. Among them, quercetin corresponds to the most targets and has the strongest activity, and it will be one of the possible potential drugs in the future drug treatment of abdominal aortic aneurysm.
CONCLUSION
Based on network pharmacology combined with molecular docking technology, this study systematically summarized the molecular targets of A. annua in the treatment of AAA, aiming to promote more comprehensive development and research of A. annua. The potential molecular mechanism of the active ingredients of A. annua in the treatment of AAA could support its subsequent clinical research and be vital for exploring the pharmacological treatment of AAA. At the same time, the current work also has some shortcomings. This study lacks corresponding experimental verification, which will be further verified in future research. In addition, the loss and incompleteness of some database information will also have a particular impact on the prediction results.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.
AUTHOR CONTRIBUTIONS
LJ designed the study and wrote the research. DW, SC, and CF analyzed the results. XC, CY, and YJ designed the letters and figures. BJ and SX reviewed and edited the paper. All authors have read and approved the manuscript writing..
FUNDING
This study is financially supported by the Natural Science Foundation of China (Grant Number 81974049).
ACKNOWLEDGMENTS
Special thanks are due to Qihao Xu for his support and encouragement.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphys.2022.1034014/full#supplementary-material
ABBREVIATIONS
AAA, abdominal aortic aneurysm; A. annua, Artemisia annua L; BP, biological process; CC, cellular component; DL, drug-likeness; GO, gene Ontology; KEGG, Kyoto encyclopedia of genes and Genomes; MF, molecular function; MMP, matrix metalloproteinase; OB, oral bioavailability; OMIM, online Mendelian inheritance in man; PDB, protein data bank; Pharm GKB, pharmacogenomics knowledgebase; PPI, protein-protein interaction; TCMSP, traditional Chinese medicines for systems pharmacology database and analysis platform; TTD, therapeutic target database.
REFERENCES
 Abba M. L., Patil N., Leupold J. H., Saeed M. E. M., Efferth T., Allgayer H. (2018). Prevention of carcinogenesis and metastasis by Artemisinin-type drugs. Cancer Lett. 429, 11–18. doi:10.1016/j.canlet.2018.05.008
 Ahmad L., Semotiuk A., Zafar M., Ahmad M., Sultana S. Liu Q.-R., et al. (2015). Ethnopharmacological documentation of medicinal plants used for hypertension among the local communities of DIR Lower, Pakistan. J. Ethnopharmacol. 175, 138–146. doi:10.1016/j.jep.2015.09.014
 Aktaş İ., Özmen Ö., Tutun H., Yalçın A., Türk A. Yalcin A., et al. (2020). Artemisinin attenuates doxorubicin induced cardiotoxicity and hepatotoxicity in rats. Biotech. Histochem. 95, 121–128. doi:10.1080/10520295.2019.1647457
 Alshehri A. S., El-Kott A. F., Eleawa S. M., El-Gerbed M. S. A., Khalifa H. S. El-Kenawy A. E., et al. (2021). Kaempferol protects against streptozotocin-induced diabetic cardiomyopathy in rats by a hypoglycemic effect and upregulating SIRT1. J. Physiol. Pharmacol. 72 , 339–355. doi:10.26402/jpp.2021.3.04
 Baxter B. T., Terrin M. C., Dalman R. L. (2008). Medical management of small abdominal aortic aneurysms. Circulation 117, 1883–1889. doi:10.1161/CIRCULATIONAHA.107.735274
 Berger S. I., Iyengar R. (2009). Network analyses in systems pharmacology. Bioinformatics 25, 2466–2472. doi:10.1093/bioinformatics/btp465
 Bora K. S., Sharma A. (2011). The genus Artemisia: A comprehensive review. Pharm. Biol. 49, 101–109. doi:10.3109/13880209.2010.497815
 Calderón-Montaño J. M., Burgos-Morón E., Pérez-Guerrero C., López-Lázaro M. (2011). A review on the dietary flavonoid kaempferol. Mini Rev. Med. Chem. 11, 298–344. doi:10.2174/138955711795305335
 Cao Q., Du H., Fu X., Duan N., Liu C., Li X. (2020). Artemisinin attenuated atherosclerosis in high-fat diet–fed ApoE−/− mice by promoting macrophage autophagy through the AMPK/mTOR/ULK1 pathway. J. Cardiovasc. Pharmacol. 75, 321–332. doi:10.1097/FJC.0000000000000794
 Cao Q., Jiang Y., Shi J., Xu C., Liu X. Yang T., et al. (2015). Artemisinin inhibits the proliferation, migration, and inflammatory reaction induced by tumor necrosis factor-α in vascular smooth muscle cells through nuclear factor kappa B pathway. J. Surg. Res. 194, 667–678. doi:10.1016/j.jss.2014.12.013
 de Souza P., Gasparotto A., Crestani S., Stefanello M. É. A., Marques M. C. A. da Silva-Santos J. E., et al. (2011). Hypotensive mechanism of the extracts and artemetin isolated from Achillea millefolium L. (Asteraceae) in rats. Phytomedicine 18, 819–825. doi:10.1016/j.phymed.2011.02.005
 DiMusto P. D., Lu G., Ghosh A., Roelofs K. J., Sadiq O. McEvoy B., et al. (2012). Increased JNK in males compared with females in a rodent model of abdominal aortic aneurysm. J. Surg. Res. 176, 687–695. doi:10.1016/j.jss.2011.11.1024
 Efferth T. (2017). From ancient herb to modern drug: Artemisia annua and artemisinin for cancer therapy. Semin. Cancer Biol. 46, 65–83. doi:10.1016/j.semcancer.2017.02.009
 Efferth T., Zacchino S., Georgiev M. I., Liu L., Wagner H., Panossian A. (2015). Nobel Prize for artemisinin brings phytotherapy into the spotlight. Phytomedicine 22, A1–A3. doi:10.1016/j.phymed.2015.10.003
 Feng S., Wang T., Fan L., An X., Ding X. Wang M., et al. (2022). Exploring the potential therapeutic effect of Eucommia ulmoides–Dipsaci Radix herbal pair on osteoporosis based on network pharmacology and molecular docking technology. RSC Adv. 12, 2181–2195. doi:10.1039/D1RA05799E
 Feng X., Cao S., Qiu F., Zhang B. (2020). Traditional application and modern pharmacological research of Artemisia annua L. Pharmacol. Ther. 216, 107650. doi:10.1016/j.pharmthera.2020.107650
 Feng Z., Wang C., Yue J., Sun H., Meng Q., Wu J. (2021). Kaempferol-induced GPER upregulation attenuates atherosclerosis via the PI3K/AKT/Nrf2 pathway. Pharm. Biol. 59, 1106–1116. doi:10.1080/13880209.2021.1961823
 Ghosh A., DiMusto P. D., Ehrlichman L. K., Sadiq O., McEvoy B. Futchko J. S., et al. (2012). The role of extracellular signal-related kinase during abdominal aortic aneurysm formation. J. Am. Coll. Surg. 215, 668–680. doi:10.1016/j.jamcollsurg.2012.06.414
 Golledge J. (2019). Abdominal aortic aneurysm: Update on pathogenesis and medical treatments. Nat. Rev. Cardiol. 16, 225–242. doi:10.1038/s41569-018-0114-9
 Golledge J., Norman P. E., Murphy M. P., Dalman R. L. (2017). Challenges and opportunities in limiting abdominal aortic aneurysm growth. J. Vasc. Surg. 65, 225–233. doi:10.1016/j.jvs.2016.08.003
 Hao Q., Dong X., Chen X., Yan F., Wang X. Shi H., et al. (2018). Angiotensin-converting enzyme 2 inhibits angiotensin II–induced abdominal aortic aneurysms in mice. Hum. Gene Ther. 29, 1387–1395. doi:10.1089/hum.2016.144
 He A., Wang W., Xia Y., Niu X. (2021). A network pharmacology approach to explore the mechanisms of artemisiae scopariae herba for the treatment of chronic hepatitis B. Evid. Based. Complement. Altern. Med. 2021, 6614039. doi:10.1155/2021/6614039
 He L.-H., Gao J.-H., Yu X.-H., Wen F.-J., Luo J.-J. Qin Y.-S., et al. (2020). Artesunate inhibits atherosclerosis by upregulating vascular smooth muscle cells-derived LPL expression via the KLF2/NRF2/TCF7L2 pathway. Eur. J. Pharmacol. 884, 173408. doi:10.1016/j.ejphar.2020.173408
 Hong J., Ding J., Hong H., Xu X., Pan B. Ruan Y., et al. (2022). Identifying the Mechanism of Polygoni Cuspidati Rhizoma et Radix in Treating Acute Liver Failure Based on Network Pharmacology and Molecular Docking. Gastroenterol. Res. Pract. 2022, e2021066. doi:10.1155/2022/2021066
 Hopkins A. L. (2008). Network pharmacology: The next paradigm in drug discovery. Nat. Chem. Biol. 4, 682–690. doi:10.1038/nchembio.118
 Ijaz T., Sun H., Pinchuk I. V., Milewicz D. M., Tilton R. G., Brasier A. R. (2017). Deletion of NF-κB/RelA in angiotensin II-sensitive mesenchymal cells blocks aortic vascular inflammation and abdominal aortic aneurysm formation.Arterioscler. Thromb. Vasc. Biol. 37, 1881–1890. doi:10.1161/ATVBAHA.117.309863
 Jiang Y., Du H., Liu X., Fu X., Li X., Cao Q. (2020). Artemisinin alleviates atherosclerotic lesion by reducing macrophage inflammation via regulation of AMPK/NF-κB/NLRP3 inflammasomes pathway. J. Drug Target. 28, 70–79. doi:10.1080/1061186X.2019.1616296
 Kanehisa M., Goto S. (2000). KEGG: Kyoto Encyclopedia of genes and Genomes. Nucleic Acids Res. 28, 27–30. doi:10.1093/nar/28.1.27
 Karthikesalingam A., Holt P. J., Vidal-Diez A., Ozdemir B. A., Poloniecki J. D. Hinchliffe R. J., et al. (2014). Mortality from ruptured abdominal aortic aneurysms: Clinical lessons from a comparison of outcomes in england and the USA. Lancet 383, 963–969. doi:10.1016/S0140-6736(14)60109-4
 Kim J.-Y., Shim S. H. (2019). Anti-Atherosclerotic effects of fruits of vitex rotundifolia and their isolated compounds via inhibition of human LDL and HDL oxidation. Biomolecules 9, E727. doi:10.3390/biom9110727
 Kugo H., Moriyama T., Zaima N. (2019). The role of perivascular adipose tissue in the appearance of ectopic adipocytes in the abdominal aortic aneurysmal wall. Adipocyte 8, 229–239. doi:10.1080/21623945.2019.1636625
 Lang S. J., Schmiech M., Hafner S., Paetz C., Steinborn C. Huber R., et al. (2019). Antitumor activity of an Artemisia annua herbal preparation and identification of active ingredients. Phytomedicine 62, 152962. doi:10.1016/j.phymed.2019.152962
 Lavin B., Lacerda S., Andia M. E., Lorrio S., Bakewell R. Smith A., et al. (2019). Tropoelastin: An in vivo imaging marker of dysfunctional matrix turnover during abdominal aortic dilation. Cardiovasc. Res. 116, 995–1005. doi:10.1093/cvr/cvz178
 Leeper N. J., Raiesdana A., Kojima Y., Kundu R. K., Cheng H. Maegdefessel L., et al. (2013). Loss of CDKN2B promotes p53-dependent smooth muscle cell apoptosis and aneurysm formation. Arterioscler. Thromb. Vasc. Biol. 33, e1–e10. doi:10.1161/ATVBAHA.112.300399
 Li S., Fan T.-P., Jia W., Lu A., Zhang W. (2014). Network pharmacology in traditional Chinese medicine. Evid. Based. Complement. Altern. Med. 2014, 138460. doi:10.1155/2014/138460
 Lill M. A., Danielson M. L. (2011). Computer-aided drug design platform using PyMOL. J. Comput. Aided. Mol. Des. 25, 13–19. doi:10.1007/s10822-010-9395-8
 Liu Y.-F., Bai Y.-Q., Qi M. (2016). Daidzein attenuates abdominal aortic aneurysm through NF-κB, p38MAPK and TGF-β1 pathways. Mol. Med. Rep. 14, 955–962. doi:10.3892/mmr.2016.5304
 Luo Y., Sun G., Dong X., Wang M., Qin M. Yu Y., et al. (2015). Isorhamnetin attenuates atherosclerosis by inhibiting macrophage apoptosis via PI3K/AKT activation and HO-1 induction. PLoS One 10, e0120259. doi:10.1371/journal.pone.0120259
 Meng Y., Ma N., Lyu H., Wong Y. K., Zhang X. Zhu Y., et al. (2021). Recent pharmacological advances in the repurposing of artemisinin drugs. Med. Res. Rev. 41, 3156–3181. doi:10.1002/med.21837
 Moll F. L., Powell J. T., Fraedrich G., Verzini F., Haulon S. Waltham M., et al. (2011). Management of abdominal aortic aneurysms clinical practice guidelines of the European society for vascular surgery. Eur. J. Vasc. Endovasc. Surg. 41, S1–S58. doi:10.1016/j.ejvs.2010.09.011
 Moran C. S., Seto S.-W., Biros E., Krishna S. M., Morton S. K. Kleinschnitz C., et al. (2020). Factor XII blockade inhibits aortic dilatation in angiotensin II-infused apolipoprotein E-deficient mice. Clin. Sci. 134, 1049–1061. doi:10.1042/CS20191020
 Morris G. M., Huey R., Olson A. J. (2008). Using AutoDock for ligand‐receptor docking. Curr. Protoc. Bioinforma. 24, Unit 8.14. doi:10.1002/0471250953.bi0814s24
 Ni X.-Q., Zhang Y.-R., Jia L.-X., Lu W.-W., Zhu Q. Ren J.-L., et al. (2021). Inhibition of Notch1-mediated inflammation by intermedin protects against abdominal aortic aneurysm via PI3K/Akt signaling pathway. Aging (Albany NY) 13, 5164–5184. doi:10.18632/aging.202436
 Powell J. T. (1998). Mortality results for randomised controlled trial of early elective surgery or ultrasonographic surveillance for small abdominal aortic aneurysms. The UK Small Aneurysm Trial Participants.Lancet 352, 1649–1655. doi:10.1016/S0140-6736(98)10137-X
 Prasad K. (2019). AGE-RAGE stress play a role in aortic aneurysm: A comprehensive review and novel potential therapeutic target. Rev. Cardiovasc. Med. 20, 201–208. doi:10.31083/j.rcm.2019.04.57
 Saeed M. E. M., Breuer E., Hegazy M.-E. F., Efferth T. (2019). Retrospective study of small pet tumors treated with Artemisia annua and iron. Int. J. Oncol. 56, 123–138. doi:10.3892/ijo.2019.4921
 Seeliger D., de Groot B. L. (2010). Ligand docking and binding site analysis with PyMOL and Autodock/Vina. J. Comput. Aided. Mol. Des. 24, 417–422. doi:10.1007/s10822-010-9352-6
 Shannon P., Markiel A., Ozier O., Baliga N. S., Wang J. T. Ramage D., et al. (2003). Cytoscape: A software environment for integrated models of biomolecular interaction networks. Genome Res. 13, 2498–2504. doi:10.1101/gr.1239303
 Skalski B., Lis B., Pecio Ł., Kontek B., Olas B. Żuchowski J., et al. (2019). Isorhamnetin and its new derivatives isolated from sea buckthorn berries prevent H2O2/Fe - induced oxidative stress and changes in hemostasis. Food Chem. Toxicol. 125, 614–620. doi:10.1016/j.fct.2019.02.014
 Sun J., Sun G., Meng X., Wang H., Luo Y. Qin M., et al. (2013). Isorhamnetin protects against doxorubicin-induced cardiotoxicity in vivo and in vitro. PLoS One 8, e64526. doi:10.1371/journal.pone.0064526
 Szklarczyk D., Gable A. L., Lyon D., Junge A., Wyder S. Huerta-Cepas J., et al. (2019). STRING v11: Protein–protein association networks with increased coverage, supporting functional discovery in genome-wide experimental datasets. Nucleic Acids Res. 47, D607–D613. doi:10.1093/nar/gky1131
 Tang Y., Li X., Yuan Y., Zhang H., Zou Y. Xu Z., et al. (2022). Network pharmacology-based predictions of active components and pharmacological mechanisms of Artemisia annua L. for the treatment of the novel Corona virus disease 2019 (COVID-19). BMC Complement. Med. Ther. 22, 56. doi:10.1186/s12906-022-03523-2
 Trott O., Olson A. J. (2010). AutoDock Vina: Improving the speed and accuracy of docking with a new scoring function, efficient optimization and multithreading. J. Comput. Chem. 31, 455–461. doi:10.1002/jcc.21334
 von Hagens C., Walter-Sack I., Goeckenjan M., Osburg J., Storch-Hagenlocher B. Sertel S., et al. (2017). Prospective open uncontrolled phase I study to define a well-tolerated dose of oral artesunate as add-on therapy in patients with metastatic breast cancer (ARTIC M33/2). Breast Cancer Res. Treat. 164, 359–369. doi:10.1007/s10549-017-4261-1
 Wang G., Zhu W. (2016). Molecular docking for drug discovery and development: A widely used approach but far from perfect. Future Med. Chem. 8, 1707–1710. doi:10.4155/fmc-2016-0143
 Wang L., Cheng X., Li H., Qiu F., Yang N. Wang B., et al. (2014). Quercetin reduces oxidative stress and inhibits activation of c-Jun N-terminal kinase/activator protein-1 signaling in an experimental mouse model of abdominal aortic aneurysm. Mol. Med. Rep. 9, 435–442. doi:10.3892/mmr.2013.1846
 Wang L., Wang B., Li H., Lu H., Qiu F. Xiong L., et al. (2012). Quercetin, a flavonoid with anti-inflammatory activity, suppresses the development of abdominal aortic aneurysms in mice. Eur. J. Pharmacol. 690, 133–141. doi:10.1016/j.ejphar.2012.06.018
 Wang L., Wu H., Xiong L., Liu X., Yang N. Luo L., et al. (2020). Quercetin downregulates cyclooxygenase-2 expression and HIF-1α/VEGF signaling-related angiogenesis in a mouse model of abdominal aortic aneurysm. Biomed. Res. Int. 2020, 9485398. doi:10.1155/2020/9485398
 Wu Y.-T., Chen L., Tan Z.-B., Fan H.-J., Xie L.-P. Zhang W.-T., et al. (2018). Luteolin inhibits vascular smooth muscle cell proliferation and migration by inhibiting TGFBR1 signaling. Front. Pharmacol. 9, 1059. doi:10.3389/fphar.2018.01059
 Xu B., Dan W., Zhang X., Wang H., Cao L. Li S., et al. (2022). Gene differential expression and interaction networks illustrate the biomarkers and molecular biological mechanisms of unsaponifiable matter in kanglaite injection for pancreatic ductal adenocarcinoma. Biomed. Res. Int. 2022, e6229462. doi:10.1155/2022/6229462
 Xu J., Wang F., Guo J., Xu C., Cao Y. Fang Z., et al. (2020). Pharmacological mechanisms underlying the neuroprotective effects of alpinia oxyphylla miq. On alzheimer’s disease. Int. J. Mol. Sci. 21, 2071. doi:10.3390/ijms21062071
 Xu T., Wang S., Li X., Li X., Qu K. Tong H., et al. (2021). Lithium chloride represses abdominal aortic aneurysm via regulating GSK3β/SIRT1/NF-κB signaling pathway. Free Radic. Biol. Med. 166, 1–10. doi:10.1016/j.freeradbiomed.2021.02.007
 Xu T., Zhu H., Li D., Lang Y., Cao L. Liu Y., et al. (2015). Luteolin inhibits angiotensin II-stimulated VSMC proliferation and migration through downregulation of akt phosphorylation. Evid. Based. Complement. Altern. Med. 2015, 931782. doi:10.1155/2015/931782
 Yin X., Liu Y., Qin J., Wu Y., Huang J. Zhao Q., et al. (2020). Artesunate suppresses the proliferation and development of estrogen receptor-α-positive endometrial cancer in HAND2-dependent pathway. Front. Cell Dev. Biol. 8, 606969. doi:10.3389/fcell.2020.606969
 Yu G., Wang L.-G., Han Y., He Q.-Y. (2012). clusterProfiler: an R Package for comparing biological themes among gene clusters. OMICS 16, 284–287. doi:10.1089/omi.2011.0118
 Yuan H., Ma Q., Cui H., Liu G., Zhao X. Li W., et al. (2017). How can synergism of traditional medicines benefit from network pharmacology?Molecules 22, E1135. doi:10.3390/molecules22071135
 Zeng Q., Li L., Jin Y., Chen Z., Duan L. Cao M., et al. (2019). A network pharmacology approach to reveal the underlying mechanisms of paeonia lactiflora pall. On the treatment of alzheimer’s disease. Evid. Based. Complement. Altern. Med. 2019, 8706589. doi:10.1155/2019/8706589
 Zhang S., Kan X., Li Y., Li P., Zhang C. Li G., et al. (2018). Deficiency of γδT cells protects against abdominal aortic aneurysms by regulating phosphoinositide 3-kinase/AKT signaling. J. Vasc. Surg. 67, 899–908. e1. doi:10.1016/j.jvs.2016.03.474
 Zhang S., Mo Z., Zhang S., Li X. (2021). A network pharmacology approach to reveal the underlying mechanisms of Artemisia annua on the treatment of hepatocellular carcinoma. Evid. Based. Complement. Altern. Med. 2021, 8947304. doi:10.1155/2021/8947304
 Zhao L., Ouyang Y., Bai Y., Gong J., Liao H. (2019). miR-155-5p inhibits the viability of vascular smooth muscle cell via targeting FOS and ZIC3 to promote aneurysm formation. Eur. J. Pharmacol. 853, 145–152. doi:10.1016/j.ejphar.2019.03.030
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Jia, Jing, Wang, Cheng, Fu, Chu, Yang, Jiang and Xin. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphys-13-1034014-g005.gif
"hhbehhonte
iresnree






OPS/images/fphys-13-1034014-g006.gif





OPS/images/fphys-13-1034014-g003.gif





OPS/images/fphys-13-1034014-g004.gif





OPS/images/fphys-13-1034014-t001.jpg
MOL002235
MOL000354
MOL000359
MOLO004083
MOLO004112
MOL000422
MOL000449
MOLO004609
MOL005229
MOL000006
MOL007274
MOL007389
MOL007400
MOL007401
MOL007404
MOL007412
MOL007415
MOL007423
MOL007424
MOL007425
MOL007426
MOL000098

Molecule name

Eupatin
Isorhamnetin
Sitosterol
Tamarixetin
Patuletin
Kaempferol
Stigmasterol
Areapillin
Artemetin

Luteolin

Skrofulein
Artemisitene
Vicenin-2_qt
Cirsiliol

Vitexin_qt

DMQT
[(25)-2-{(28)-2-(benzoylamino)-3-phenylpropanoylJamino]-3-phenylpropyl] acetate
6,8-di-c-glucosylapigenin_qt
Artemisinin
Dihydroartemisinin
Deoxyartemisinin

Quercetin

50.8

496

3691
32.86
53.11
4188
4383
48.96
49.55
36.16
30.35
54.36
4584
43.46
52.18
426

58.02
59.85
49.88
50.75
5447
4643

041
031
0.75
031
034
0.24
0.76
041
0.48
025
03

031
021
034
021
037
052
021
031
03

0.26
0.28





OPS/images/fphys-13-1034014-g007.gif
T T





OPS/images/fphys-13-1034014-g008.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		Through network pharmacology and molecular docking to explore the underlying mechanism of Artemisia annua L. treating in abdominal aortic aneurysm		Introduction

		Materials and methods		Database and software

		Collection of the active components and targets of A. annua

		Screening of genes related to the treatment of AAA with A. annua

		GO and KEGG pathway enrichment analysis

		Construction of the component-target network

		PPI network construction and core target screening

		Molecular docking





		Results		Screening of active ingredients and targets of A. annua for the treatment of AAA

		Targets of A. annua for AAA

		GO enrichment analysis

		KEGG enrichment analysis

		Construction of the A. annua component-target network

		Construction of the protein-protein interaction network

		Molecular docking verification





		Discussion

		Conclusion

		Data availability statement

		Author contributions

		Funding

		Acknowledgments

		Publisher’s note

		Supplementary material

		Abbreviations

		References









OPS/images/cover.jpg
, frontiers ‘ Frontiers in Physiology

Through network
pharmacology and molecular
docking to explore the
underlying mechanism of
Artemisia annua L. treating in
abdominal aortic aneurysm





OPS/images/fphys-13-1034014-g001.gif





OPS/images/fphys-13-1034014-g002.gif





OPS/images/fphys-13-1034014-t002.jpg
name

RELA
MYC
MAPKS
FOS
TP53
JUN
MAPK14
CCND1
ESR1
MAPKI
AKT1

Betweenness

1.507,142,857
2.078,571,429
0.821,428,571
2.078,571,429
2.192,857,143
3.164,285,714
1.942,857,143
1.257,142,857
2.192,857,143
1.942,857,143
0.821,428,571

Closeness

0.769,230,769
0.909,090,909
0.769,230,769
0.909,090,909
0.909,090,909
1

0.833,333,333
0.769,230,769
0.909,090,909
0.833,333,333
0.769,230,769

Degree

© v N oo

N e e u oo

Eigenvector

025,598,225

0.326,317,787
0.263,347,566
0326,427,132
0.326,792,687
0.354,707,539
0.295,108,497
0.263,187,557
0326,792,687
0.295,108,497
026,312,241

LAC

4.571,428,571
644,444,444
5.142,857,143
6.444,444,444
644,444,444
7

55
4.857,142,857
644,444,444
55
5.142,857,143

Network

5.333,333,333
8.172,619,048
6
8.172,619,048
8.130,952,381
10
6.595,238,095
5.666,666,667
8.130,952,381
6.595,238,095
6









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
,frontiers ‘ Frontiers in Physiology





