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A B S T R A C T   

Patients with lung adenocarcinoma (LUAD) are vulnerable to COVID-19. However, there is currently a lack of 
available treatments for LUAD patients infected with COVID-19. Jaranol is a naturally derived flavonoid that 
exhibits promising properties as an antiviral and antitumor agent. Therefore, this research intends to investigate 
the molecular targets and underlying mechanisms of jaranol for the treatment of COVID-19/LUAD. Through 
network pharmacology, 47 intersection target genes were identified for jaranol against COVID-19/LUAD, and an 
eight-gene risk score model with strong predictive accuracy for LUAD patients was constructed. Functional 
enrichment analysis demonstrated that the main mechanism of jaranol in combating COVID-19/LUAD involved 
the regulation of response to hormone, positive regulation of phosphorylation, and PI3K-Akt signaling pathway. 
Furthermore, the results of molecular docking analysis indicated that jaranol exhibited a significant affinity with 
eight hub targets (AKT1, SRC, EGFR, HSP90AA1, ESR1, PTGS2, PPARG, and MMP9) as well as three core COVID- 
19-related targets (ACE2, 3CLpro, and PLpro). The direct binding between jaranol and MMP9 was then validated 
in A549 lung cancer cells using cellular thermal shift assay (CETSA). These findings suggest that jaranol has a 
promising therapeutic effect against COVID-19/LUAD, providing a theoretical foundation and novel perspectives 
for future development as a potential pharmaceutical candidate.   

1. Introduction 

The global spread of the coronavirus disease 2019 (COVID-19), 
caused by the severe acute respiratory syndrome coronavirus 2 (SARS- 
CoV-2), has been swift and extensive since its occurrence in 2019, 
leading to significant rates of illness and death and becoming a critical 
global public health emergency. As of October 4, 2023, the World Health 
Organization (WHO) has received reports of over 770 million confirmed 
cases of COVID-19, with a staggering death toll exceeding 6.9 million 
(World Health Organization, 2023). Available data confirmed that pa-
tients with cancer, especially lung cancer (Luo et al., 2020), may be 
more susceptible to SARS-CoV-2 infection and that COVID-19 patients 
with underlying malignancies had a greater fatality rate than those 
without cancer (Lee et al., 2020). Lung cancer is the primary cause of 
cancer mortality, accounting for approximately 2.2 million newly 
diagnosed cases and 1.8 million fatalities in 2020 (Sung et al., 2021). 
Among the various subtypes of lung cancer, lung adenocarcinoma 
(LUAD) is the prevailing form. The current treatment for COVID-19 

primarily consists of antiviral drugs, immunomodulator agents, 
neutralizing antibodies and convalescent plasma, and antithrombotic 
therapy (Andrews et al., 2024). These therapies have halted the pro-
gression of the disease and reduced the severity of symptoms and side 
effects; however, they have not yet achieved a complete cure. Several 
research studies have investigated the potential therapeutic benefits of 
natural compounds in the treatment of COVID-19 or lung cancer (Khan 
and Lee, 2023; Elkhalifa et al., 2023), but it is critical to recognize that 
there are currently no effective pharmaceutical interventions that 
simultaneously target both COVID-19 and LUAD. 

Jaranol, also referred to as kumatakenin, is a naturally occurring 
flavonoid found in various herbs such as cloves, licorice (Glycyrrhiza 
spp.), and Astragalus membranaceus (Woo et al., 2017; Chen et al., 2021; 
Zhang and Huang, 2021). Previous studies have indicated that jaranol 
exhibits potential inhibitory activity against liver cancer, endometrial 
cancer, and ovarian cancer (Mo et al., 2023; Zhang and Huang, 2021; 
Woo et al., 2017). Additionally, jaranol has been found to effectively 
inhibit the release and transmission of the influenza virus by targeting 
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neuraminidase (Ling et al., 2023). Furthermore, jaranol has demon-
strated anti-SARS-CoV-2 effects in human lung adenocarcinoma cells 
(Leal et al., 2021). Nevertheless, there is still a deficiency of studies 
examining the underlying mechanism of jaranol in treating COVID-19 
patients with lung cancer. Therefore, the present study aims to utilize 
network pharmacology and various computational biological ap-
proaches to conduct a comprehensive analysis of the potential targets 
and mechanisms of jaranol against COVID-19/LUAD. These findings will 
be further validated through molecular docking and CESTA experi-
ments. The detailed strategy is illustrated in Fig. 1. 

2. Materials and methods 

2.1. Identification of jaranol-related genes 

We used the TCMSP database (https://old.tcmsp-e.com/tcmsp.php) 
(Ru et al., 2014), HERB database (https://herb.ac.cn/) (Fang et al., 
2021), SwissTargetPrediction database (www.swisstarget prediction. 
ch/) (Daina et al., 2019), Similarity ensemble approach (SEA, http 
s://sea.bkslab.org/) (Keiser et al., 2007), ETCM database (htt 
ps://www.tcmip.cn/ETCM/index.php/Home/) (Xu et al., 2019), 
PharmMapper database (https://www.lilab-ecust.cn/pharmmapper/) 
(Wang et al., 2017), and SymMap database (https://www.symmap. 
org/) (Wu et al., 2019) to identify potential therapeutic targets of jar-
anol, and to ensure the precision of following analysis, genes appearing 
at least twice in seven databases were considered to be jaranol-related 
targets. The jaranol targets were displayed using the Evenn website at 
https://www.ehbio.com/test/venn/. 

2.2. Identification of COVID-19/LUAD-related genes 

We used the R software ’DESeq2′ package to evaluate the differen-
tially expressed genes (DEGs) from the transcriptome sequencing data of 
TCGA-LUAD (https://portal.gdc.cancer.gov/) and GEO136043 dataset 

(https://www.ncbi.nlm.nih.gov/geo/). The screening parameters were 
P < 0.01 and |log2(fold change) | ≥ 2. Furthermore, we also conducted a 
search in various databases including Comparative Toxicogenomics 
Database (CTD, https://ctdbase.org/), DisGeNET (https://www.disg 
enet.org/), GeneCards (https://www.genecards.org), Malacards 
(https://www.malacards.org/), PubChem (https://pubchem.ncbi.nlm. 
nih.gov/), and OMIM (https://omim.org/), using the keyword “lung 
adenocarcinoma” to identify potential target genes. COVID-19-related 
genes were obtained from seven databases, namely CTD, DisGeNET, 
GeneCards, Malacards, PubChem, OMIM, and KEGG (https://www.kegg 
.jp/kegg/disease/). In all databases, genes that appeared at least twice 
were deemed to be associated with LUAD or COVID-19. 

2.3. Acquisition and clinical prognostic analysis of intersection genes for 
jaranol and COVID-19/LUAD 

We utilized the Evenn website to determine the intersection genes 
that are associated with jaranol, and COVID-19/LUAD. Using the 
“glmnet” package, we performed multivariate Lasso Cox regression on 
intersecting genes based on ten-fold cross-validation to obtain 
regression-significant genes. A risk score model was constructed, and 
patients were classified into high- and low-risk subgroups according to 
the median risk score to determine the prognosis of the signature. Then 
the overall survival (OS) time was compared between two subgroups 
with the use of the R package “survival”, and the risk score curve was 
visualized with the “ggplot2” package. To assess predictive value, 
receiver operating characteristic (ROC) curves (containing 1-year, 3- 
year, and 5-year survival) were created using the “timeROC” package. 

2.4. Functional enrichment analysis of common target genes 

We used the Metascape database (https://metascape.org/) (Zhou 
et al., 2019) to perform Gene Ontology (GO) and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) pathway enrichment analysis (Kanehisa 

Fig. 1. The graphical abstract of this study. The figure shows the process of deciphering the molecular mechanism of jaranol against COVID-19/LUAD using network 
pharmacology, bioinformatics analysis, and CETSA. 
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et al., 2017), with the P value set to 0.01. The GO enrichment analysis 
includes cellular composition (CC), molecular function (MF), and bio-
logical processes (BP). The results were visualized on an online platform 
(https://www.bioinformatics.com.cn). 

2.5. Protein-protein interaction (PPI) network construction and analysis 

For generating the PPI network, the intersection targets were im-
ported into the STRING database (https://string-db.org) with a minimal 
interaction threshold (medium confidence) set at 0.4000, and the spe-
cies was defined as “Homo sapiens” (Szklarczyk et al., 2021). Cytoscape 
3.9.1 software (https://cytoscape.org/) was applied to illustrate the PPI 
network. 

2.6. Expression levels of hub genes in COVID-19 or LUAD patients 

The COVID-19db (https://hpcc.siat.ac.cn/covid19db/home) data-
base was used to examine the expression differences of hub genes in 
COVID-19 patients. The GSE152641 and GSE171110 datasets included 
RNA-seq data from 62 COVID-19 patients and 24 healthy controls, and 
44 COVID-19 patients and 10 healthy controls, respectively. To validate 
the mRNA expression of hub genes in LUAD patients, we employed data 
from TCGA-LUAD through the R software package “ggplot2″. Addi-
tionally, the immunohistochemistry images of hub proteins were 
sourced from the Human Protein Atlas (HPA) (Uhlen et al., 2017). 

2.7. Molecular docking analysis 

The molecular structures of jaranol, baritinib, and remdesivir (Sup-
plementary Fig. S1) were retrieved from the TCMSP database and saved 
in mol2 format. The 3D structures of target proteins were downloaded 
from the RCSB PDB Protein structure database (https://www.rcsb.org/). 
To prepare the structures for docking, all water molecules and original 
ligands were eliminated using PyMOL 2.4.0 software (https://pymol. 
org/2/). AutoDockTools 1.5.7 (https://autodock.scripps.edu/) was 
employed for hydrogenation and conversion of the structures to PDBQT 
format. Docking simulations were performed using the AutoDock Vina 
program. Subsequently, the model with the lowest binding energy was 
selected for visual analysis by by PyMOL 2.4.0 software (https://pymol. 
org/2/). 

2.8. Cellular thermal shift assay (CETSA) 

Human non-small cell lung cancer A549 cells were obtained from 
Beijing Institute of Basic Medical Sciences, and maintained in DMEM 
medium containing 10 % fetal bovine serum (FBS) (Gibco, Carlsbad, 
USA), at 37 ℃, 5 % CO2 incubator. A549 cells were seeded into a six-well 
plate at a density of 1 × 106 cells// well. After 24 h, the cells were 
washed twice with PBS and lysed with RIPA buffer containing a com-
plete protease inhibitor mixture (Beyotime, Shanghai, China) for 20 
min. Subsequently, the cell lysate was centrifuged at 12,000 g for 15 min 
at 4 ℃, the supernatants were collected and divided into two equal 
parts, and incubated with 100 μM jaranol (Chemfaces, Wuhan, China) or 
DMSO control for 1 h, respectively. Each lysate was further divided into 
eight equal parts (100 μL) and heated at different temperatures (45, 50, 
55, 60, 65, 70, 75, and 80 ◦C) for 5 min, followed by cooling at room 
temperature for 5 min. After centrifugation, the supernatant was 
collected for the analysis of MMP9 levels using Western blot. Primary 
antibodies against MMP9 (1:1000 dilution) and secondary antibodies 
(1:2000 dilution) were obtained from Proteintech (Wuhan, China). 

2.9. Statistical analysis 

The data were presented as the mean ± standard deviation (SD). A 
Student’s t-test was performed to assess the differences between the two 
groups using GraphPad Prism 9.0 software. The value of P < 0.05 was 

considered statistically significant. 

3. Results 

3.1. Determination of common targets for jaranol, COVID-19, and LUAD 

By searching multiple databases and using occurrences in at least two 
databases as screening criteria, we identified therapeutic genes associ-
ated with jaranol, COVID-19, and LUAD. Our search yielded a total of 
19, 77, 13, 100, 51, 23, and 284 jaranol-associated target genes from the 
HERB, TAE, TCMSP, SwissTargetPrediction, ECTM, SymMap, and 
PharmMapper databases, respectively (Fig. 2A). After applying our 
screening criteria, we identified a total of 87 therapeutic target genes for 
jaranol (Fig. 2A). Furthermore, we performed differential gene expres-
sion analysis on the TCGA-LUAD and GSE136043 datasets. In the 
GSE136043 dataset, 1328 up-regulated and 1185 down-regulated genes 
were identified (Fig. 2B), whereas 3128 up-regulated genes and 748 
down-regulated genes in the TCGA-LUAD database (Fig. 2C), resulting 
in the identification of 2513 and 3876 LUAD-associated genes, respec-
tively. Additionally, we retrieved 8750, 2438, 5627, 116, 7, and 200 
genes related to LUAD from the CTD, DisGeNET, GeneCards, Malacards, 
PubChem, and OMIM databases, respectively. Through this process, we 
screened out a total of 5161 therapeutic target genes for LUAD (Fig. 2D). 
Moreover, we retrieved 2309 COVID-19-related genes from the CTD, 
DisGeNET, GeneCards, KEGG, Malacards, OMIM, and PubChem data-
bases (Fig. 2E). Ultimately, we utilized the Evenn website to determine 
47 intersection genes that are associated with jaranol, COVID-19, and 
LUAD (Fig. 2F, Supplementary Table S1). 

3.2. Clinical prognostic analysis of COVID-19/LUAD-related genes 

We investigated the relationship between the 47 intersection genes 
mentioned above and the prognosis of COVID-19/LUAD patients. 
Through Lasso-Cox regression analysis, we identified 10 significant 
genes (Fig. 3A, B). Subsequently, a risk score model consisting of eight 
genes was established using multivariate Cox regression analysis, 
including CDK1, ABCC1, IL2, F2, HSP90AA1, KIT, PIK3CG, and PPARG 
(Fig. 3C). Based on their risk scores, patients were separated into high- 
and low-risk groups. The risk curve and Kaplan-Meier survival analysis 
demonstrated that high-risk patients had a significantly higher mortality 
rate and shorter overall survival (OS) compared to low-risk individuals 
(Fig. 3D, E). Additionally, we evaluated the accuracy and reliability of 
the risk score using ROC curve analysis, which determined that the AUCs 
for 1-, 3-, and 5-year OS were 0.697, 0.654, and 0.686, respectively 
(Fig. 3F), indicating the reliable diagnostic applicability of this gene 
signature. 

3.3. Functional enrichment analysis of common target genes 

Subsequently, we analyzed the functional enrichment of the common 
target genes using the Metascape database. The results obtained from 
the Gene Ontology (GO) analysis revealed several significant biological 
process (BP) terms, including response to hormone, positive regulation 
of phosphorylation, response to xenobiotic stimulus, tube morphogen-
esis, and regulation of inflammatory response (Fig. 4A). Additionally, 
the top cellular component (CC) terms identified were side of the 
membrane, receptor complex, membrane raft, apical part of cell, and 
vesicle lumen (Fig. 4A). Furthermore, the top molecular function (MF) 
terms were found to be protein kinase activity, protein homodimeriza-
tion activity, oxidoreductase activity, protein domain specific binding, 
and protein tyrosine kinase activity (Fig. 4A). Moreover, the KEGG 
enrichment analysis indicated that most genes were involved in essential 
biological pathways such as pathway in cancer, PI3K-Akt signaling 
pathway, proteoglycans in cancer, chemical carcinogenesis-receptor 
activation, prostate cancer, platelet activation, microRNAs in cancer, 
progesterone-mediated oocyte maturation, arachidonic acid 
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metabolism, Th17 cell differentiation, and small cell lung cancer 
(Fig. 4B). 

3.4. PPI network construction and analysis 

We generated a protein–protein interaction (PPI) network on the 
basis of the STRING database using 47 jaranol common target genes 
against COVID-19/LUAD (Fig. 5A) and then imported the network into 
Cytoscape for further analysis. Therefore, a PPI network was created 
with 47 nodes, 277 edges, and an average degree value of 11.8 for each 
protein (Fig. 5B). Finally, eight hub genes were identified according to 
topological parameters and degree value, namely AKT1, SRC, EGFR, 
HSP90AA1, ESR1, PTGS2, PPARG and MMP9 (Fig. 5C). 

3.5. Expression levels of hub genes in COVID-19-related datasets 

In order to investigate the mRNA expression differences of eight hub 
genes between individuals with COVID-19 and healthy control groups, 
we analyzed the GSE152641 and GSE171110 datasets. As presented in 
Figs. 6 and 7, in both datasets, the expression level of AKT1 was 
significantly higher in the healthy control group compared to the 
COVID-19 group. Conversely, MMP9 and PPARG exhibited significantly 
lower expression levels in the healthy control group, while no significant 
difference was observed in the expression of ESR1. In the GSE171110 
dataset, no significant difference in the expression of PTGS2 was 
observed, whereas in the GSE152641 dataset, a noticeable down-
regulation was found in the healthy control group. Additionally, in the 
GSE171110 dataset, the expression levels of SRC, HSP90AA1, and EGFR 
were markedly elevated in the healthy control group, while no signifi-
cant variation was observed in the GSE152641 dataset. 

3.6. The expression levels of hub genes in LUAD patients 

We utilized the TCGA database to examine the expression levels of 
eight hub genes in LUAD patients. The findings revealed that, in 

comparison to normal tissues, the mRNA expression levels of MMP9, 
SRC, and HSP90AA1 were markedly increased in LUAD, whereas AKT1, 
PTGS2, and PPARG were significantly reduced. No significant alter-
ations were observed for ESR1 and EGFR (Fig. 8A). The protein 
expression levels of AKT1, PPARG, and EGFR in the HPA database were 
consistent with the aforementioned mRNA expression levels (Fig. 8B). 
However, the protein levels of MMP9 were not detected in both LUAD 
and normal lung tissues. Similarly, the protein level of PTGS2 was not 
observed in LUAD tissues but at a low level in normal lung tissues. 
Conversely, the low protein levels of SRC, ESR1, and HSP90AA1 were 
observed in LUAD tissues, but with not detected in normal lung tissues 
(Fig. 8B). 

3.7. Molecular docking analysis 

Molecular docking was conducted using AutoDock Vina software to 
assess the binding affinity of jaranol with eight hub targets. The ob-
tained results are presented in Table 1 and Fig. 9. The calculated binding 
energies between jaranol and the eight hub proteins were all not more 
than − 7.5 kcal/mol, indicating a strong binding capacity of jaranol. 
Notably, the molecular docking analysis revealed that the interaction 
between jaranol and AKT1 exhibited the lowest binding energy (− 9.5 
kcal/mol), followed by MMP9 (− 9.3 kcal/mol), PTGS2 (− 8.4 kcal/mol), 
PPARG (− 8.2 kcal/mol), and SRC (− 8.2 kcal/mol). To further evaluate 
the potential mechanism of action of jaranol in the treatment of COVID- 
19, additional molecular docking experiments were performed. In this 
analysis, jaranol was subjected to dock with three COVID-19-related 
targets, namely ACE2, 3CLpro, and PLpro, while two FDA-approved 
medicines, baritinib, and remdesivir served as positive controls. The 
results, presented in Table S2 and Fig. S2, demonstrated that jaranol 
exhibited the lowest binding energy with PLpro (− 7.6 kcal/mol), fol-
lowed by ACE2 (− 7.5 kcal/mol), and 3CLpro (− 7 kcal/mol). Impor-
tantly, the binding energies of jaranol with PLpro and 3CLpro were 
lower than those of the control drugs baritinib and remdesivir. These 
findings implied that jaranol deserved further investigation as a 

Fig. 2. Potential target genes of jaranol for the therapy of COVID-19/LUAD complication. (A) Target genes correlated with jaranol in seven different databases. (B) 
Volcano plot of DEGs in LUAD from the GSE136043 dataset. (C) Volcano plot of DEGs in LUAD from the TCGA dataset. (D) LUAD-related genes. (E) COVID-19-related 
genes in seven databases. (F) Venn diagram of therapeutic target genes of jaranol, COVID-19/LUAD. 
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potential treatment for COVID-19. 

3.8. Jaranol directly binds to MMP9 in A549 cells 

Given the significant upregulation of MMP9 in patients with COVID- 
19 or LUAD, as well as its strong affinity for jaranol (with a binding 
energy of − 9.3 kcal/mol), we employed the cellular thermal shift assay 
(CETSA) to investigate the direct binding between jaranol and MMP9 in 
A549 cells. The results, depicted in Fig. 10, demonstrated a gradual 
reduction in the expression of MMP9 protein as the temperature 
increased from 45 to 80 ◦C. Notably, following incubation with 100 μM 
jaranol, the thermal stability of MMP9 protein in A549 cells was 

considerably higher than that of the control group treated with DMSO 
alone. These findings suggested that jaranol was capable of directly 
binding to MMP9. 

4. Discussion 

In this study, we investigated the possible molecular mechanism of 
jaranol in the treatment of COVID-19 and LUAD comorbidity. 47 com-
mon jaranol target genes were identified in the therapeutic approach for 
COVID-19/LUAD through network pharmacology, and a risk score 
model with good predictive performance was established. Functional 
enrichment analysis revealed that jaranol primarily exerted its effects 

Fig. 3. Prognostic model and survival analysis of patients with LUAD. (A) Coefficient curve determined by LASSO regression analysis for LUAD. (B) Plot of cross- 
validation error rate for LASSO regression analysis of LUAD. (C) Multivariate Cox analysis presented in a forest plot. (D) The median risk scores and survival status 
distributions. (E) Kaplan-Meier analysis for high- and low-risk groups. (F) ROC curves of the risk score. 
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Fig. 4. GO and KEGG enrichment analysis of potential therapeutic target genes of jaranol against COVID-19/LUAD. (A) GO enrichment analysis. (B) KEGG pathway 
enrichment analysis. 

Fig. 5. PPI network of hub target genes for jaranol against COVID-19/LUAD. (A) PPI networks from the STRING database. (B) PPI networks were constructed using 
the node degree values. The degree of the node is proportional to the depth of the node color. (C) The top 20 core proteins were plotted according to the size of 
the node. 

Fig. 6. Expression levels of the hub genes in the GSE152641 dataset. (A) AKT1. (B) SRC. (C) EGFR. (D) HSP90AA1. (E) ESR1. (F) PTGS2. (G) PPARG. (H) MMP9. The 
expression value was presented as the mean ± standard deviation (SD). * P < 0.05, ** P < 0.01, *** P < 0.001. ns, no significance. 
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through the modulation of response to hormone, positive regulation of 
phosphorylation, and PI3K-Akt signaling pathway against COVID-19/ 
LUAD. Moreover, eight hub target genes were obtained according to 

PPI network analysis, including AKT1, SRC, EGFR, HSP90AA1, ESR1, 
PTGS2, PPARG, and MMP9. 

KEGG enrichment analysis showed that the 47 intersection genes 

Fig. 7. Expression levels of the hub genes in the GSE171110 dataset. (A) AKT1. (B) SRC. (C) EGFR. (D) HSP90AA1. (E) ESR1. (F) PTGS2. (G) PPARG. (H) MMP9. The 
expression value was presented as the mean ± standard deviation (SD). *** P < 0.001, **** P < 0.0001. ns, no significance. 

Fig. 8. Expression levels of hub genes in LUAD patients. (A) Differential mRNA expression of hub genes between LUAD tissues and adjacent non-tumor tissues based 
on TCGA dataset. (B) The protein expression of hub genes in LUAD tissues and normal lung tissues according to the HPA database. The expression levels were 
presented as the mean ± standard deviation (SD). * P < 0.05, ** P < 0.01, *** P < 0.001. 

Z. Kang et al.                                                                                                                                                                                                                                    



Arabian Journal of Chemistry 17 (2024) 105648

8

were mainly concentrated in the PI3K-Akt signaling pathway. It has 
been demonstrated that the PI3K-Akt signaling pathway regulates a 
clathrin-mediated mechanism that facilitates the endocytosis of SARS- 
CoV-2 (Basile et al., 2022). Conversely, the SARS-CoV-2 S protein was 
found to inhibit inflammatory reactions in alveolar epithelial type II 
cells during the initial phases of infection by activating the PI3K-Akt 
pathway (Al-Qahtani et al., 2022). In non-small cell lung cancer 
(NSCLC), the PI3K/Akt/mTOR pathway has been strongly associated 
with both tumorigenesis and the development of disease, being essential 
for controlling several cellular functions such as angiogenesis, metas-
tasis, proliferation, and migration (Sanaei et al., 2022). In fact, in-
hibitors targeting the PI3K-Akt pathway have demonstrated potential 

anti-SARS-CoV-2 effects. For instance, the PI3K inhibitor VPS34-IN1 
and its bioavailable analogue VVPS34-IN1 have exhibited strong 
inhibitory effects on SARS-CoV-2 infection in human lung tissue cultures 
(Yuen et al., 2021). Furthermore, a number of specific inhibitors tar-
geting PI3K and Akt are presently undergoing development and evalu-
ation in preclinical studies and early-stage clinical trials for NSCLC (Tan, 
2020). Consequently, it is postulated that jaranol may potentially play a 
role in the treatment of COVID-19 and LUAD by modulating the PI3K- 
Akt pathway. AKT1, also known as protein kinase B, is a serine/threo-
nine protein kinase that needs to be activated by the PI3K pathway 
(Franke et al., 1995). A recent study indicated a remarkable reduction in 
viral production when treating SARS-CoV-2-infected Huh7 cells with 
Akt inhibitors (Appelberg et al., 2020). Furthermore, Akt inhibition may 
boost regulatory T cells (Tregs) in the lungs of COVID-19 patients, 
thereby decreasing inflammation and facilitating damage resolution 
(Appelberg et al., 2020). In lung cancer, AKT contributes a crucial 
function in malignant development and metastasis. Both AKT and the 
activated form of Akt (phosphorylated Akt, p-Akt) were found to be 
overexpressed in NSCLC tumor tissues, which correlated with a poor 
prognosis (Tang et al., 2006; Yuan et al., 2015). The tyrosine-protein 
kinase SRC was determined to be associated with several COVID-19- 
related pathophysiological pathways (Tomazou et al., 2021), and a 
recent study demonstrated that Bafetinib (an SRC inhibitor) decreased 
SARS-CoV-2 titers in a dose-dependent way (Meyer et al., 2021). 
Abnormal expression and activity of SRC were reported in more than 50 
% of NSLC patients (Mazurenko et al., 1992). SRC can affect several 
downstream carcinogenic growth factor receptors, and inhibition of SRC 

Table 1 
Docking analysis of eight hub proteins of COVID-19/LUAD with jaranol.  

Protein 
target 

Uniprot 
ID 

PDB 
ID 

Affinity 
(kcal/mol) 

Interacting residues 

AKT1 P31749 7NH5  − 9.5 TYR-272, SER-205, ASN- 
204 

MMP9 P14780 4HMA  − 9.3 ARG-249, GLU-241, HIS- 
257 

PTGS2 P35354 5IKT  − 8.4 TYR-130 
PPARG P37231 6MS7  − 8.2 GLU-295 
SRC P12931 7NG7  − 8.2 LYS-298, THR-341 
ESR1 P03372 1XPC  − 7.5 VAL-534, ASN-532, TYR- 

526, LEU-536, 
HSP90AA1 P07900 5XRD  − 7.5 LEU-107, ASN-51 
EGFR P00533 5UG9  − 7.5 MET-793  

Fig. 9. Molecular docking diagram of jaranol against the hub targets of COVID-19/LUAD. (A) AKT1. (B) MMP9. (C) PTGS2. (D) PPARG. (E) SRC. (F) ESR1. (G) 
HSP90AA1. (H) EGFR. The colors represent the amino acid residues of proteins that are bound to small molecule ligands, while white and gray indicate the small 
molecule ligands. In addition, yellow dashed lines denote the presence of hydrogen bonds. 
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is a viable treatment for advanced NSCLC (Giaccone and Zucali, 2008). 
EGFR, the tyrosine kinase receptor required for inflammatory cell acti-
vation and proliferation, would be elevated in the SARS-CoV-2-infected 
lung after acute lung damage (Matsuyama et al., 2020). In the devel-
opment of NSCLC, EGFR, recognized as a cancer driver gene, exhibits 
various carcinogenic effects such as cell cycle, cell proliferation, cell 
metastasis, and invasion (Liu et al., 2017). The blockade of EGFR could 
be recommended as an appealing and potential target for both NSCLC 
and COVID-19 patients (Londres et al., 2022, Herrera-Juárez et al., 
2023). A recent study has shown that inhibition of HSP90AA1 activity 
directly suppressed virus production and attenuated inflammatory 
damage by preventing SARS-CoV-2-induced pyroptosis (Zhao et al., 
2023). The AKT1/ERK pathway was similarly suppressed by HSP90AA1 
knockdown, which reduced lung cancer cell growth and triggered 
apoptosis in mouse and human lung cancer cell lines (Niu et al., 2021). 
ESR1 is an important sex factor that protects COVID-19 patients by 
decreasing the immunological and inflammatory responses caused by 
SARS-CoV-2 infection (Li et al., 2022). The expression of ESR1 in lung 
cancer was linked to the decrease of epithelial-mesenchymal transition 
(EMT) markers, and also an independent prognostic factor for the 
prognosis of surgically resected patients with non-small cell lung cancer 
(Brueckl et al., 2013, Atmaca et al., 2015). PTGS2, also known as 
cyclooxygenase 2 (COX2), is an inducible proinflammatory molecule. 
Patients with the most severe types of COVID-19 exhibit extreme over-
expression of COX2 as a result of SARS-CoV-2 infection (Perico et al., 
2023). Additionally, an increased expression of COX2 could make 
COVID-19 patients more susceptible to morbidity and mortality (Passos 
et al., 2022). Recent studies have demonstrated COX-2 as an effective 
therapeutic target considering it is up-regulated and can contribute to 
the progression, angiogenesis, and metastasis of lung cancer. According 
to preclinical evidence, targeted COX-2 inhibition improves tumor 
response and survival, lowers cancer cell proliferation, and triggers 
cancer cell death. (Liu et al., 2015). PPARG, a ligand-activated tran-
scription factor, has been proven to have promising anti-inflammatory 
effects by suppressing crucial inflammatory factors (particularly NF-B 

and AP-1), hence modulating inflammation in response to SARS-CoV-2 
infection (Hasankhani et al., 2023). The activation of PPARG prevents 
primary tumor growth and metastases in lung cancer by altering cancer 
cell differentiation, proliferation, apoptosis, and motility, as well as 
making the tumor microenvironment less favorable to tumor growth and 
metastasis (Reddy et al., 2016, Shi et al., 2020). MMP9, a member of the 
matrix metalloproteinase (MMP) family, is intimately connected with 
angiogenesis, metastasis, and tumor growth for its ability to degrade 
extracellular matrix (ECM) proteins (Mondal et al., 2020). The presence 
of significantly higher MMP9 levels was found in the serum and lung 
tissue of severe COVID-19 patients (Hazra et al., 2020, Savic et al., 
2022). MMP9 was also involved in inflammation, modulating the syn-
thesis and release of cytokines and chemokines, implying a connection 
with COVID-19(Mondal et al., 2020). Moreover, MMP9 levels were 
dramatically increased and closely linked with metastasis in NSCLC 
patients, suggesting that it could be used as a possible biomarker for 
NSCLC to differentiate between normal and malignant conditions 
(Kowalczyk et al., 2023). These findings indicated that the therapeutic 
benefits of jaranol in treating COVID-19/LUAD may be attributed to its 
ability to hinder viral replication and infection, regulate inflammation 
and immune response, inhibit tumor progression, and modify the im-
mune microenvironment of tumor cells by targeting these hub genes. 

Furthermore, based on the molecular docking analysis, the binding 
energies between jaranol and the targets were all not more than − 7.5 
kcal/mol, indicating that jaranol exhibited high binding ability with 
eight hub targets. Meanwhile, we also observed that jaranol exerted 
good binding capacity with three COVID-19-related targets, namely 
ACE2, 3CLpro, and PLpro, and the binding energies were all not greater 
than − 7.0 kcal/mol. ACE2 has been recognized as an entry receptor for 
SARS-CoV-2 (Wang et al., 2020). 3CLpro and PLpro, two viral proteases 
encoded by the SARS-CoV-2 genome, play a vital role in cleaving viral 
polyproteins and facilitating viral replication (Moustaqil et al., 2021). 
These proteases, along with ACE2, are widely acknowledged as crucial 
targets for COVID-19 therapy (Wu et al., 2020). Additionally, based on 
the upregulation of expression levels in both COVID-19 and LUAD, we 

Fig. 10. CETSA analysis of the binding interaction between jaranol and MMP9. A549 cells were treated with jaranol at a concentration of 100 μM, while DMSO was 
used as a control. The effect of Jaranol on the stability of MMP9 protein was assessed through Western blotting. 
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selected MMP9 to validate the binding capacity with jaranol by CETSA. 
As the temperature was elevated from 45 ◦C to 80 ◦C, the expression of 
MMP9 in the jaranol group exhibited a statistically significant increase 
when compared to that in the control group, suggesting that jaranol 
could bind directly to MMP9 (Fig. 10). MMP-9 has been identified as a 
potential early predictor of respiratory failure in COVID-19 patients 
(Ueland et al., 2020). In severe cases of COVID-19, the dysregulation of 
endocrine signaling pathways, including IGF1 and HGF, as well as 
aberrant activation of neutrophils, have been associated with the 
increased expression of MMP9. Furthermore, MMP9 has been implicated 
in the modulation of mitochondria-related processes and the advance-
ment of COVID-19 disease (Wang et al., 2023). The significant upregu-
lation of MMP9 also plays a crucial role in facilitating the migration and 
invasion of non-small cell lung cancer cells (Ge et al., 2023). Hence, the 
potential impact of jaranol in the binding and regulation of MMP9 could 
be highly significant in the therapeutic management of COVID-19 and 
LUAD. Taken together, jaranol has the potential to effectively treat 
COVID-19/LUAD by simultaneously targeting multiple genes. 

This study provides some new insights as well as potential effective 
targets of jaranol in the treatment of COVID-19/LUAD for the first time. 
However, there are still some limitations that need to be addressed. 
More in vitro and in vivo studies are needed to validate jaranol’s un-
derlying mechanisms in the treatment of COVID-19/LUAD. Further-
more, the actual therapeutic benefit is required to be evaluated in 
clinical COVID-19/LUAD patients. 

5. Conclusion 

This study elucidated the potential molecular mechanisms of jaranol 
in the context of treating COVID-19/LUAD through network pharma-
cology, molecular docking, and CETSA. The identified mechanisms 
mainly involved eight hub genes and the PI3K/AKT signaling pathway. 
These findings broadened the therapeutic options for COVID-19/LUAD 
and offered novel insights for further development of jaranol as a 
promising pharmaceutical candidate against COVID-19/LUAD. 
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