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Objective. Lung cancer represents the leading cause of cancer death on a global scale. Gynostemma pentaphyllum
(G. pentaphyllum), a traditional medicinal material with a high medicinal and health value, has recently been reported for its
anticancer activity. However, the pharmacological mechanism of G. pentaphyllum in non-small-cell lung cancer (NSCLC)
remains to be elucidated. Methods. The active ingredients of G. pentaphyllum were obtained from the TCMSP database and known
therapeutic targets of NSCLC from the GeneCards and OMIM databases. Disease-drug common targets are subjected to protein-
protein interaction (PPI), GO enrichment analysis, and KEGG pathway enrichment analysis. A molecular docking strategy was
performed to verify the interaction between molecules. Results. We found a total of 24 compounds of G. pentaphyllum fulfilling
OB > 30% concomitant with DL > 0.18 and corresponding 81 target genes in the TCMSP database, with 5062 NSCLC-related genes
collected in the GeneCards and OMIM databases. The network consisting of the disease-target compound was obtained, including
8 active ingredients and 69 common targets. The PPI network with 65 nodes and 645 edges was visualized. After functional
enrichment analysis, it was revealed that the therapeutic effects of G. pentaphyllum on NSCLC were achieved through response to
ketone, gland development, and cellular response to xenobiotic stimulus. After molecular docking analysis, it was revealed that the
two active ingredients of G. pentaphyllum, quercetin and rhamnazin, bound well and stably to their targets (MYC, ESR1, and
HIF1A). Conclusion. Our study, based on network pharmacology, identifies active ingredients, targets, and pathways model
mechanism of G. pentaphyllum when it is used to treat NSCLC.

1. Introduction

In spite of remarkable progress in understanding of path-
ogenesis, application of predictive biomarkers, immunologic
control, and therapeutic strategies for lung cancer in the past
two decades, lung cancer still contributes to a heavy global
burden of cancer mortality and morbidity, with an estimated
2 million new diagnoses and 1.76 million deaths each year
[1]. Although the male-to-female ratio differs across regions,
higher incidence and death rates of lung cancer (roughly 2
times) have been estimated in men than in women on the
whole [2]. Lung cancer is a heterogeneous disease that

consists of various histological and molecular types with
clinical relevance, and the vast majority of patients (ac-
counting for roughly 85%) are afflicted by non-small-cell
lung cancer (NSCLC). Surgical care for early-stage NSCLC
has been developed with new procedures, techniques, and
care pathways [3]. When patients are diagnosed with
NSCLGC, locally advanced but surgically resectable, the op-
timal treatment includes at least radiochemotherapy. With
regard to those with unresectable or inoperable locally ad-
vanced disease, radiochemotherapy followed by immuno-
therapy consolidation has evolved as a new standard of care
[4]. Over the past two decades, a proportion of NSCLC
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patients have experienced long-term clinical benefits from
molecular targeted therapies and immunotherapies, but
acquired resistance to current treatments during treatment
or after treatment is still a clinical challenge [5, 6].

Emerging studies with experimental models have proved
therapeutic effects of herbal medicines on several common
human cancers including NSCLC [7, 8]. Gynostemma
pentaphyllum (G. pentaphyllum) is a creeping perennial herb
that is sourced from the family Cucurbitaceae, which is
widely used as a herbal medicine and distributed in Asian
regions, especially in China [9]. G. pentaphyllum was first
recorded as Traditional Chinese Medicine (TMC) in Jiu-
huang Bencao, written by Zhu Su, who was a Chinese
botanist in AD 1406 [10]. The anticancer activity [11], an-
tiobesity effect [12], antioxidant and anti-inflammatory ef-
fects [13], and antifibrotic effect [14] of the main active
ingredients of G. pentaphyllum have been widely reported.

TMC has several characteristics, such as multicompo-
nent and multitarget synergistic effects, while it is difficult to
systematically and comprehensively detect the exact
mechanism of TMC through traditional methods. Network
pharmacology is a novel approach that was proposed by
Hopkins in 2008 to study the molecular mechanisms of drug
action, for example, natural herbs and TCM, by establishing
computer-aided networks on the basis of “multigene,”
“multitarget,” and “multichannel” linking with multiple
compounds [15]. In addition, molecular docking verification
is performed to estimate the binding energy between TCM
components and disease targets and to explain how ligands
act on complex molecular networks. In this work, we aim to
elucidate the therapeutic mechanism of G. pentaphyllum for
NSCLC based on network pharmacology followed by mo-
lecular docking analysis.

2. Methods

2.1. Active Ingredients and Putative Target Genes of
G. pentaphyllum. To obtain the active ingredients of
G. pentaphyllum, we performed a computer-based retrieval in
the Traditional Chinese Medicine Systems Pharmacology
Database and Analysis Platform (TCMSP, https://Isp.nwu.
edu.cn/tcmsp.php), which is a popular pharmacology data-
base where there are almost 500 formulae of TCM con-
comitant with 30,069 compounds. Two pharmacokinetic
parameters related to ADME (absorption, distribution,
metabolism, and excretion), oral bioavailability (OB), and
drug-likeness (DL), were evaluated to retain the active in-
gredients of G. pentaphyllum for further investigation. In this
study, the active ingredients of G. pentaphyllum must fulfill
OB>30% and DL>0.18. The protein targets of the active
ingredients were also predicted in the TCMSP database, with
the gene names obtained from the UniProt Knowledgebase
(UniProtKB), which collects functional information on
proteins covering accurate, consistent, and rich annotation.

2.2. Common Target Genes of NSCLC and G. pentaphyllum.
The known therapeutic targets of NSCLC were dug up in the
GeneCards combined database with the Online Mendelian
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Inheritance in Man database (OMIM, https://omim.org/).
The proteins (only “Homo sapiens”) associated with NSCLC
were chosen. Using the Venn functional intersection in the R
software, overlapping targets of G. pentaphyllum and
NSCLC were obtained.

2.3. Protein-Protein Interaction (PPI) Network Construction.
The common targets of G. pentaphyllum and NSCLC were
entered into the STRING database (https://www.string-db.
org/) to estimate their PPIs. The species should be “Homo
sapiens” and the confidence score should be no less than 0.4.
The PPI network was visualized by importing the TSV-based
file to Cytoscape software (3.8.1). According to the degree
value obtained using the cytoHubba plug-in of Cytoscape,
the key genes were extracted.

2.4. Functional Enrichment Analysis. The disease-drug
overlapping targets of G. pentaphyllum and NSCLC were
subject to Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) enrichment analyses using the
“clusterProfiler” package in R/Bioconductor. We mapped
them into the DAVID Bioinformatics Resources 6.7 (https://
david-d.ncifcrf.gov/), with the species set as “Homo sapiens”
and P value<0.05 set as a cutoff value. Results of GO
analysis were visualized using the OmicShare platform
(https://www.omicshare.com/), focusing on three levels:
biological process (BP) analysis, cellular component (CC)
analysis, and molecular function (MF) analysis.

2.5. Molecular Docking Verification. The protein ligand
complexes of targets with high-ranking degree values in the
PPI network were obtained using the RCSB database
(https://www.rcsb.org/). The molecular docking verification
was performed on the Systems Dock Website (https://
systemsdock.unit.oist.jp/iddp/home/index) to evaluate the
binding strength and activity between those protein ligand
complexes and the active ingredients of G. pentaphyllum,
with core chemical compounds sorted out.

3. Results

3.1. The Active Ingredients of G. pentaphyllum. When
searching the active ingredients of G. pentaphyllum and set
OB >30% concomitant with DL>0.18 in the TCMSP da-
tabase, we found a total of 24 compounds of G. pentaphyllum
(Table 1), including 3’-methyleriodictyol, rhamnazin, si-
tosterol, ruvoside_qt, spinasterol, campesterol, isofucosterol,
ginsenoside 2, CLR, quercetin, (24S)-Ethylcholesta-5,22,25-
trans-3beta-ol, 4a,14a-dimethyl-5a-ergosta-7,9(11),24(28)-
trien-3f-ol, cucurbita-5,24-dienol, cyclobuxine, and 10 from
gypenoside.

3.2. Identification of Disease-Drug Common Targets. After
removal of duplicate values and conversion of protein names
into gene symbols, we obtained 81 target genes of the active
ingredients of G. pentaphyllum in the TCMSP database.
Subsequently, we searched for known therapeutic targets of
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TaBLE 1: The active ingredients of G. pentaphyllum with OB >30% concomitant with DL >0.18 in the TCMSP database.
Molecule ID Molecule name OB (%) DL
MOL000338 3'-methyleriodictyol 51.61 0.27
MOL000351 Rhamnazin 47.14 0.34
MOLO000359 Sitosterol 36.91 0.75
MOL004350 Ruvoside_qt 36.12 0.76
MOL004355 Spinasterol 42.98 0.76
MOL005438 Campesterol 37.58 0.71
MOL005440 Isofucosterol 43.78 0.76
MOL007475 Ginsenoside {2 36.43 0.25
MOLO000953 CLR 37.87 0.68
MOL000098 Quercetin 46.43 0.28
MOL009855 (24S)-ethylcholesta-5,22,25-trans-3beta-ol 46.91 0.76
MOL009867 4a,14a-dimethyl-5a-ergosta-7,9(11),24(28)-trien-3-ol 46.29 0.76
MOL009877 Cucurbita-5,24-dienol 44.02 0.74
MOL009878 Cyclobuxine 84.48 0.70
MOL009888 Gypenoside XXXVI_qt 37.85 0.78
MOL009928 Gypenoside LXXIV 34.21 0.24
MOL009929 Gypenoside LXXIX 37.75 0.25
MOL009938 Gypenoside XII 36.43 0.25
MOL009943 Gypenoside XL 30.89 0.21
MOL009969 Gypenoside XXXV_qt 37.73 0.78
MOL009971 Gypenoside XXVII_qt 30.21 0.74
MOL009973 Gypenoside XXVIII_qt 32.08 0.74
MOL009976 Gypenoside XXXII 34.24 0.25
MOL009986 Gypentonoside A_qt 36.13 0.80

NSCLC in authoritative open databases and obtained 4861
and 201 targets in the GeneCards and OMIM databases,
respectively. After the removal of duplicate values, 4970
therapeutic targets of NSCLC were obtained. Venn inter-
section analysis by R software showed there were 69 over-
lapping target genes of NSCLC and G. pentaphyllum
(Figure 1). We then used Cytoscape software to visualize the
disease-target-compound network, which consisted of 8
active ingredients and 69 common targets (Figure 2). The 8
bioactive compounds included 3'-methyleriodictyol (1 node),
rhamnazin (9 nodes), sitosterol (2 nodes), spinasterol (16
nodes), campesterol (1 node), isofucosterol (16 nodes), CLR (2
nodes), and quercetin (107 nodes).

3.3. PPI Network Construction. We imported 69 common
targets between NSCLC and the active ingredients of
G. pentaphyllum into the STRING database. As shown by
Figure 3(a), there were 65 nodes with 645 edges of the PPI
network where higher degree values reflecting closer cor-
relation (Figure 3(b)), and PRSS1, EIF6, RUNXI1TI, and
NPEPPS were removed due to weak interaction.

3.4. Enrichment Analysis for Disease-Drug Common Targets.
Next, we conducted GO annotation and KEGG pathway
analyses of 69 disease-drug common targets. After GO
analysis, we found 1211 GO terms were significantly
enriched by these disease-drug common targets
(Figure 4(a), p<0.05). At the level of BP, the active in-
gredients of G. pentaphyllum were associated with 1106
terms. At the level of CC, the active ingredients of
G. pentaphyllum were associated with 11 terms. At the
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FIGURE 1: Venn intersection analysis by R software showed there
were 69 overlapping target genes of NSCLC and G. pentaphyllum.

level of MF, the active ingredients of G. pentaphyllum
were associated with 94 terms. After KEGG pathway
analysis, we found 11 KEGG pathways were significantly
enriched by these disease-drug common targets
(Figure 4(b), p<0.05).

3.5. Molecular Docking Verification. For the sake of esti-
mating the interaction between ligand and receptor and to
assess the binding mode and affinity according to their-
comprehensive characteristics, a molecular docking strategy
was performed by the AutoDockTools. Three candidate
targets, MYC, ESR1, and HIF1A, were selected for molecular
docking analysis according to higher degree values in the
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FIGURE 2: Disease-target-compound network based on 8 bioactive compounds and 69 common targets. A red node represents disease, green
nodes represent bioactive compounds of G pentaphyllum, and nodes in the outer ring represent common targets.

()

FIGURE 3: PPI network construction for disease-drug common targets (a) and their degree values (b) (here only listed targets with degree

value more than 20).

core PPI network. The binding energy less than 0 indicates
spontaneous binding of ligand and receptor, and smaller
values reflect higher binding activity. The affinity
energy < —5 kcal/mol is considered high affinity. It was found

that the binding energy of quercetin and MYC was
—8.50 kcal/mol, rhamnazin and ESR1 was —8.40 kcal/mol,
quercetin and HIF1A was —8.90 kcal/mol, suggesting that
the 2 potential active compounds of G. pentaphyllum,
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F1GURE 4: Top 10 GO terms significantly enriched by disease-drug common targets at the levels of BP, CC, and MF (a) and KEGG pathways
significantly enriched by disease-drug common targets (b). Larger circles reflect more enriched genes, and bluer indicates smaller p values.

quercetin and rhamnazin, have good binding ability with the
targets MYC, ESR1, and HIFIA (Figure 5).

4. Discussion

TCM theory believes that the basic pathogenesis of lung
cancer is attributed to the deficiency of the body’s Yuan Qi
with the excessiveness of pathological products (phlegm-
blood stasis syndrome) within the human body and that
“invigorating Qi for consolidation of the exterior” is an
effective way to treat lung cancer [16]. With the substantial
advancements in modern medicine, the mechanisms behind
the therapeutic implications of TCM in lung cancer are
involved in improving the body’s immune function, in-
ducing tumor cell apoptosis, and preventing tumor angio-
genesis [17]. The active ingredients of G. pentaphyllum have
been studied for their characteristics of clearing away heat
and toxic materials, replenishing Qi and invigorating the
spleen, and lung-moistening phlegm-transforming, which
can be used to fight the basic pathogenesis of lung cancer
[18-20]. Nevertheless, it is still a clinical challenge for the
clinical translation of G. pentaphyllum for NSCLC treatment
considering the complexity of the active ingredients and
multiple targets of G. pentaphyllum. In the beginning, we
searched the TCMSP database to collect putative molecules
of G. pentaphyllum compounds and then searched the
GeneCards and OMIM databases to collect therapeutic
targets of NSCLC. Disease and drug common targets were

acquired by Venn intersection and subjected to PPI analysis
by functional enrichment analysis. The best binding mode of
CS compounds and common target proteins was evaluated
by molecular docking and analysis in AutoDockTools. In
this work, the authors, with the help of a network phar-
macology approach followed by molecular docking verifi-
cation, attempt to elucidate the pharmacological mechanism
of G. pentaphyllum on NSCLC treatment.

In the system of TCM, compounds fail to be delivered to
the target organs to produce biological activities due to a lack
of proper pharmacokinetic properties [21]. The network
pharmacology approach integrates information from bio-
logical systems, drugs, and diseases, providing a systemic
analysis of the pharmacokinetic properties of TCM. Usually,
30% of OB concomitant with 0.18 of DL was the lowest level
to evaluate the pharmacokinetic actions of the compounds
of herbal medicines. In our disease-target-compound net-
work, 8 bioactive compounds in G. pentaphyllum stood out,
which may responsible for the leading therapeutic effects of
G. pentaphyllum on NSCLC, including 3'-methyleriodictyol,
rhamnazin, sitosterol, spinasterol, campesterol, isofucosterol,
CLR, and quercetin. Quercetin ranked the highest with 107
targets of NSCLC, followed by the other three bioactive
compounds, isofucosterol, spinasterol, and rhamnazin.
Quercetin has a variety of biological properties, such as
antioxidant, anti-inflammatory, and antiapoptosis [22-24],
which has been widely investigated in human cancers, in-
cluding lung cancer. It was reported that the antiproliferative
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FIGURE 5: Docking analysis of quercetin and MYC (a), rhamnazin and ESR1 (b), quercetin and HIF1A (c).

effects on lung cancer cells by caspase-dependent DNA
damage signaling [25]. More profoundly, Li et al. designed
targeted delivery of quercetin by biotinylated mixed micelles
and demonstrated a high accumulation of quercetin-loaded
mixed micelles at the tumor site and showed good anticancer
activity in the mouse model of NSCLC [26]. The antitumor
functions of the other three bioactive compounds are also
found in documented reports of lung cancer or other
cancers. Yao et al. demonstrated that rhamnazin may exert a
therapeutic effect on pulmonary fibrosis by alleviating in-
flammation, oxidation, and collagen deposition via the TGF-
p/Smad axis [27]. The antitumor effects of rhamnazin were
also proved in hepatocellular carcinoma [28]. Wahyuni et al.
thought spinasterol might have activity against cancer cells in
triple-negative breast cancer [29]. Ravikumar et al. reported
the antiproliferative and proapoptotic activities of spinas-
terol [30]. However, at present, isofucosterol is still rarely
reported for its anti-obesity effect rather than its antitumor
effect [31].

Three candidate targets with higher degree values in the
core PPI network, MYC, ESR1, and HIF1A, were subjected
to further molecular docking and analysis, and it was
revealed that the three core targets had good affinity with the
active compounds of G. pentaphyllum, referring to quercetin
and MYC, rhamnazin and ESR1, and quercetin and HIF1A.
c-Myc regulates multiple genes, which are associated with
cell proliferation in many cancers, including NSCLC [32].
Guo et al. demonstrated quercetin notably repressed cancer
cell proliferation by downregulating c-Myc expression in
pancreatic ductal adenocarcinoma [33]. Chen et al. dem-
onstrated quercetin could block the Akt/mTOR/c-Myc axis
to inhibit the epithelial-mesenchymal transition of cancer
cells [34]. Quercetin induces mesenchymal-to-epithelial
transition by changing the nuclear localization of f8-catenin

and regulating f-catenin target genes, including c-Myc in
triple-negative breast cancer [35]. In addition to MYC, we
also found a stable binding with quercetin and HIF1A. The
overexpression of HIF1A was found to predict poor survival
in lung cancer [36]. Hassan et al. found that quercetin could
enhance the cytotoxic activity of gemcitabine or doxorubicin
on cancer cells by inhibiting HIF1A expression [37]. Tumova
et al. treated human umbilical vein endothelial cells with
quercetin to modulate glucose uptake/metabolism by af-
fecting the stability of HIFla [38]. Fulvestrant, as an es-
trogen receptor antagonist, was demonstrated to repress the
epithelial-mesenchymal transition process of lung cancer
cells, reducing tumor resistance to the cytotoxic effect of
antigen-specific T cells and natural killer effector cells [39],
suggesting that the contribution of ESR1 expression on lung
cancer progression. The mechanism of rhamnazin and ESR1
interaction in experimental models of lung cancer cells is not
investigated in reported studies, which may be required for
further profound functional validation. The importance of
network pharmacology has been emphasized in medical
research [40].

When interpreting our results, several limitations
should be noted. First, the molecular mechanism by which
G. pentaphyllum treats NSCLC is not completely char-
acterized as the public databases we used in the study have
been updated continuously. Second, only three key genes
received molecular docking and a lack of functional
studies may weaken the reliability of the clinical trans-
lation. Third, experimental validation in vivo and in vitro
focusing on the suppressive effects of two potential active
compounds of G. pentaphyllum, quercetin and rhamna-
zin, on NSCLC cells as well as the expressions of MYC,
ESR1, and HIF1A is warranted to improve the preliminary
nature of the study.
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5. Conclusions

In conclusion, our study demonstrates that G. pentaphyllum,
especially its main active compounds, quercetin and
rhamnazin, may exert therapeutic effects on NSCLC through
the modulation of multiple targets, such as MYC, ESR1, and
HIF1A. The present work also supports that the network
pharmacology prediction method with molecular docking
verification may provide a preliminary but systemic ex-
ploration focusing on the pharmacokinetic properties and
mechanism of TCM in human diseases, offering opportu-
nities to develop micelles for targeted delivery of TCM to
tumor sites.

Data Availability

The data used to support the findings of this study are in-
cluded within the article.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

The work was supported by the Natural Science Foundation
of Hunan Province, China(Grant no. 2021JJ30950).

References

[1] A. A. Thai, B. J. Solomon, L. V. Sequist, J. F. Gainor, and
R. S. Heist, “Lung cancer,” The Lancet, vol. 398, no. 10299,
pp. 535-554, 2021.

[2] H. Sung, J. Ferlay, R. L. Siegel et al., “Global cancer statistics
2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries,” CA: A Cancer
Journal for Clinicians, vol. 71, no. 3, pp. 209-249, 2021.

[3] J. Donington, L. Schumacher, and J. Yanagawa, “Surgical
issues for operable early-stage non-small-cell lung cancer,”
Journal of Clinical Oncology, vol. 40, no. 6, pp. 530-538, 2022.

[4] M. Miller and N. Hanna, “Advances in systemic therapy for
non-small cell lung cancer,” BMJ, vol. 375, p. n2363, 2021.

[5] M. Wang, R. S. Herbst, and C. Boshoft, “Toward personalized
treatment approaches for non-small-cell lung cancer,” Nature
Medicine, vol. 27, no. 8, pp. 1345-1356, 2021.

[6] A. Passaro, J. Brahmer, S. Antonia, T. Mok, and S. Peters,
“Managing resistance to immune checkpoint inhibitors in
lung cancer: treatment and novel strategies,” Journal of
Clinical Oncology, vol. 40, no. 6, pp. 598-610, 2022.

[7] J. Park, D. Jeong, M. Song, and B. Kim, “Recent advances in
anti-metastatic approaches of herbal medicines in 5 major
cancers: from traditional medicine to modern drug discov-
ery,” Antioxidants, vol. 10, no. 4, p. 527, 2021.

[8] N. H. Nguyen, Q. T. H. Ta, Q. T. Pham et al., “Anticancer
activity of novel plant extracts and compounds from ade-
nosma bracteosum (bonati) in human lung and liver cancer
cells,” Molecules, vol. 25, no. 12, p. 2912, 2020.

[9] C. Su, N. Li, R. Ren et al.,, “Progress in the medicinal value,
bioactive compounds, and pharmacological activities of
gynostemma pentaphyllum,” Molecules, vol. 26, no. 20,
p. 6249, 2021.

[10] D. Huang, R. Ming, S. Xu et al., “Chromosome-level genome
assembly of Gynostemma pentaphyllum provides insights

into gypenoside biosynthesis,” DNA Research: An Interna-
tional Journal for Rapid Publication of Reports on Genes and
Genomes, vol. 28, no. 5, p. dsab018, 2021.

[11] H.Liu, X. Li, Y. Duan, J. B. Xie, and X. L. Piao, “Mechanism of
gypenosides of Gynostemma pentaphyllum inducing apo-
ptosis of renal cell carcinoma by PI3K/AKT/mTOR pathway,”
Journal of Ethnopharmacology, vol. 271, Article ID 113907,
2021.

[12] S. H. Park, T. L. Huh, S. Y. Kim et al., “Antiobesity effect of
Gynostemma pentaphyllum extract (actiponin): a random-
ized, double-blind, placebo-controlled trial,” Obesity, vol. 22,
no. 1, pp. 63-71, 2014.

[13] A. Mastinu, S. A. Bonini, M. Premoli et al., “Protective effects
of gynostemma pentaphyllum (var. Ginpent) against lipo-
polysaccharide-induced inflammation and motor alteration
in mice,” Molecules, vol. 26, no. 3, p. 570, 2021.

[14] H. Huang, K. Wang, Q. Liu et al., “The active constituent from
gynostemma pentaphyllum prevents liver fibrosis through
regulation of the TGF-$1/NDRG2/MAPK Axis,” Frontiers in
Genetics, vol. 11, Article ID 594824, 2020.

[15] A.L.Hopkins, “Network pharmacology: the next paradigm in
drug discovery,” Nature Chemical Biology, vol. 4, no. 11,
pp. 682-690, 2008.

[16] J. Chen, S. Wang, J. Shen et al., “Analysis of gut microbiota
composition in lung adenocarcinoma patients with TCM gi-
yin deficiency,” The American Journal of Chinese Medicine,
vol. 49, no. 07, pp. 1667-1682, 2021.

[17] R. Y. Jiang, T. Wang, Q. Y. Lan et al, “BuFeiXiaoJiYin

ameliorates the NLRP3 inflammation response and gut

microbiota in mice with lung cancer companied with Qi-yin

deficiency,” Cancer Cell International, vol. 22, no. 1, p. 121,

2022.

S. F. Xing, L. H. Liu, M. L. Zu et al., “The inhibitory effect of

gypenoside stereoisomers, gypenoside L and gypenoside LI,

isolated from Gynostemma pentaphyllum on the growth of

human lung cancer A549 cells,” Journal of Ethno-

pharmacology, vol. 219, pp. 161-172, 2018.

[19] S. F. Xing, L. H. Liu, M. L. Zu, M. Lin, X. F. Zhai, and
X. L. Piao, “Inhibitory effect of damulin B from gynostemma
pentaphyllum on human lung cancer cells,” Planta Medica,
vol. 85, no. 05, pp. 394-405, 2019.

[20] S. F. Xing, M. Jang, Y. R. Wang, and X. L. Piao, “A new

dammarane-type saponin from Gynostemma pentaphyllum

induces apoptosis in A549 human lung carcinoma cells,”

Bioorganic & Medicinal Chemistry Letters, vol. 26, no. 7,

pp. 1754-1759, 2016.

Y. Zeng, J. Song, M. Zhang, H. Wang, Y. Zhang, and H. Suo,

“Comparison of in vitro and in vivo antioxidant activities of

six flavonoids with similar structures,” Antioxidants, vol. 9,

no. 8, p. 732, 2020.

[22] D. Xu, M. J. Hu, Y. Q. Wang, and Y. L. Cui, “Antioxidant
activities of quercetin and its complexes for medicinal ap-
plication,” Molecules, vol. 24, no. 6, p. 1123, 2019.

[23] Y. B. Chen, Y. B. Zhang, Y. L. Wang et al., “A novel inhalable
quercetin-alginate nanogel as a promising therapy for acute
lung injury,” Journal of Nanobiotechnology, vol. 20, no. 1,
p. 272, 2022.

[24] M. Wang, X. Chen, F. Yu, L. Zhang, Y. Zhang, and W. Chang,

“The targeting of noncoding RNAs by quercetin in cancer

prevention and therapy,” Oxidative Medicine and Cellular

Longevity, vol. 2022, pp. 4330681-15, 2022.

P. Yang, X. Li, Q. Wen, and X. Zhao, “Quercetin attenuates

the proliferation of arsenic-related lung cancer cells via a

[18

[21

[25



(26]

[27

[28

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

caspase-dependent DNA damage signaling,” Molecular Car-
cinogenesis, vol. 61, no. 7, pp. 655-663, 2022.

K. Li, X. Zang, X. Meng, Y. Li, Y. Xie, and X. Chen, “Targeted
delivery of quercetin by biotinylated mixed micelles for non-
small cell lung cancer treatment,” Drug Delivery, vol. 29, no. 1,
pp. 970-985, 2022.

Y. Yao, Y. Yuan, Z. Lu et al.,, “Effects of nervilia fordii extract
on pulmonary fibrosis through TGF-f/smad signaling
pathway,” Frontiers in Pharmacology, vol. 12, Article ID
659627, 2021.

Y. H. Habiba, G. A. Omran, M. W. Helmy, and M. E. Houssen,
“Antitumor effects of rhamnazinon sorafenib-treated human
hepatocellular carcinoma cell lines via modulation of VEGF
signaling and PI3K/NF-«B p38/caspase-3 axes cross talk,” Life
Sciences, vol. 297, Article ID 120443, 2022.

W. Wahyuni, A. Diantini, M. Ghozali et al., “Cytotoxic and
antimigration activity of etlingera alba (A.D.) poulsen rhi-
zome,” Advances in Pharmacological and Pharmaceutical
Sciences, vol. 2021, pp. 1-10, 2021.

Y. S. Ravikumar, K. M. Mahadevan, H. Manjunatha, and
N. D. Satyanarayana, “Antiproliferative, apoptotic and anti-
mutagenic activity of isolated compounds from Polyalthia
cerasoides seeds,” Phytomedicine, vol. 17, no. 7, pp. 513-518,
2010.

K. B. W. R. Kim, M. J. Kim, and D. H. Ahn, “Lipase inhibitory
activity of chlorophyll a, isofucosterol and saringosterol
isolated from chloroform fraction of Sargassum thunbergii,”
Natural Product Research, vol. 28, no. 16, pp. 1310-1312, 2014.
F. I. Thege, D. N. Rupani, B. Brahmendra Barathi et al., “A
programmable in vivo crispr activation model elucidates the
oncogenic and immunosuppressive functions of myc in lung
adenocarcinoma,” Cancer Research, vol. 82, 2022.

Y. Guo, Y. Tong, H. Zhu et al,, “Quercetin suppresses pan-
creatic ductal adenocarcinoma progression via inhibition of
SHH and TGF-f/Smad signaling pathways,” Cell Biology and
Toxicology, vol. 37, no. 3, pp. 479-496, 2021.

K. C. Chen, W. H. Hsu, J. Y. Ho et al., “Flavonoids Luteolin
and Quercetin Inhibit RPS19 and contributes to metastasis of
cancer cells through c-Myc reduction,” Journal of Food and
Drug Analysis, vol. 26, no. 3, pp. 1180-1191, 2018.

A. Srinivasan, C. Thangavel, Y. Liu et al., “Quercetin regulates
beta-catenin signaling and reduces the migration of triple
negative breast cancer,” Molecular Carcinogenesis, vol. 55,
no. 5, pp. 743-756, 2016.

K. Li, H. Niu, Y. Wang et al,, “LncRNA TUGL contributes to
the tumorigenesis of lung adenocarcinoma by regulating miR-
138-5p-HIF1A axis,” International Journal of Immunopa-
thology & Pharmacology, vol. 35, Article ID 205873842110482,
2021.

S. Hassan, J. Peluso, S. Chalhoub et al., “Quercetin potenti-
alizes the respective cytotoxic activity of gemcitabine or
doxorubicin on 3D culture of AsPC-1 or HepG2 cells, through
the inhibition of HIF-1a and MDR1,” PLoS Omne, vol. 15,
no. 10, Article ID 0240676, 2020.

S. Tumova, A. Kerimi, and G. Williamson, “Long term
treatment with quercetin in contrast to the sulfate and glu-
curonide conjugates affects HIF1« stability and Nrf2 signaling
in endothelial cells and leads to changes in glucose meta-
bolism,” Free Radical Biology and Medicine, vol. 137,
pp. 158-168, 2019.

D. H. Hamilton, L. M. Griner, J. M. Keller et al., “Targeting
estrogen receptor signaling with fulvestrant enhances im-
mune and chemotherapy-mediated cytotoxicity of human

Evidence-Based Complementary and Alternative Medicine

lung cancer,” Clinical Cancer Research, vol. 22, no. 24,
pp. 6204-6216, 2016.

[40] P. Bing, W. Zhou, and S. Tan, “Study on the mechanism of

Astragalus polysaccharide in treating pulmonary fibrosis
based on “Drug-Target-Pathway” network,” Frontiers in
Pharmacology, vol. 13, Article ID 865065, 2022.



