IObservationaI Study

Medicine

=

Luteolin is a potential inhibitor of COVID-19

An in silico analysis

Wenxiang Wang, PhD?, Ce Yang, MD?, Jing Xia, MDP, Ning Li, MD?, Wei Xiong, PhD®*

Abstract

The severe respiratory syndrome 2019 novel coronavirus disease (COVID-19) caused by the severe acute respiratory syndr@

coronavirus 2 (SARS-CoV-2) has spread explosively, raising global health concerns. Luteolin shows antiviral properties, but its
effect on SARS-CoV-2 and the associated mechanisms are not elucidated. We used network pharmacology, molecular docking
and molecular dynamics to provide potential molecular support of luteolin (3,4,5,7-tetrahydroxyflavone) (LUT) against COVID-19.
We employed network pharmacology, molecular docking, and molecular dynamics techniques to investigate how LUT affected
COVID-19. Several databases were queried to determine potential target proteins related to LUT and COVID-19. Protein-protein
interaction network was constructed, and core targets were filtered by degree value. Following that, functional enrichment was
conducted. Molecular docking was utilized to ensure LUT was compatible with core target proteins. Finally, molecular dynamics
was used to analyze the effects of the LUT on the optimal hub target. A total of 64 potential target genes for treating COVID-19
were identified, of which aloumin, RAC-alpha serine/threonine-protein kinase, caspase-3, epidermal growth factor receptor, heat
shock protein HSP 90-alpha, and mitogen-activated protein kinase 1 might be the most promising. In addition, molecular docking
results showed that LUT could interact with SARS-CoV-2 major protease 3CL. LUT can bind to the active sites of 3CL protease
and mitogen-activated protein kinase 1, showing an anti-SARS-CoV-2 potential.

Abbreviations: ALB = albumin, CASP3 = caspase-3, COVID-19 = 2019 novel coronavirus disease, DL = drug-likeness,
EGFR = epidermal growth factor receptor, GO = gene ontology, KEGG = Kyoto encyclopedia of genes and genomes, LUT =
luteolin (3,4,5,7-tetrahydroxyflavone), MAPK1 = mitogen-activated protein kinase 1, OB = oral bioavailability, PPl = protein-protein
interaction, RMSD = root mean-square deviation, BMSF = root mean square fluctuation, SARS-CoV-2 = severe acute respiratory

syndrome coronavirus 2, TCM = traditional Chinese medicine.
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1. Introduction

Viral pneumonia caused by a highly contagious novel coronavi-
rus (SARS-CoV-2) that first emerged at the end of 2019 is referred
to by the World Health Organization as 2019 novel corona-
virus disease (COVID-19),!!! and its rapid spread has posed
severe challenges to healthcare systems in hundreds of countries
worldwide. According to the World Health Organization Daily
Report  (https://covid19.who.int/), 492,189,439 COVID-19
cases have been confirmed, with 6159,474 deaths recorded as of
April 6,2022. The pandemic is ongoing and even intensifying,
so it is critical to accelerate the development of novel preventive
and therapeutic drugs.?!

Individuals who contract COVID-19 typically present with
fever, difficulty breathing, and fatigue, and a minority may have
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no symptoms.?! COVID-19 confers severe conditions, includ-
ing pneumonia, acute respiratory distress syndrome, multiorgan
failure, and death."" Through these clinical consequences, com-
bined with its globally rapid spread, the virus poses a serious
challenge to public health.!’! So far, there exist no specific med-
icine available for this viral pneumonia and its complications.
As a single-stranded RNA virus,”? SARS-CoV-2 is constituted of
4 structural proteins, including nucleocapsid (N), envelope (E),
membrane (M), and spike (S), suggested by the genome sequenc-
ing results (Fig. 1). In addition, RNA replication and reverse
transcription are influenced by SARS-CoV-2-3CL hydrolase
(Mpro) and 3CL proteinase.®’!

Patients affected by COVID-19 have been reported to ben-
efit from herbal treatments, highlighting the possibility of
herbal compounds as potential agents for COVID-19 and
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Figure 1 . The structure of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (A) and luteolin (B).

its comorbidities."?!  37,4’,5,7-tetrahydroxyflavonoids, com-
monly known as luteolin (3,4,5,7-tetrahydroxyflavone) (LUT,
PubChem CID: 5280445), is a natural flavonoid extracted from
diverse vegetables and herbs with various biological benefits,
including immunomodulatory, anti-inflammatory, and antiox-
idant properties.''"1 Importantly, luteolin exerts significant
antiviral effects as it can inhibit dengue virus, hepatitis B virus,
and Epstein—Barr virus.'*! As shown in Figure 1, luteolin pos-
sesses hydroxyl (-OH) groups at positions 3, 7, 3, and 4’ in the
flavone backbone structure.

With network pharmacology, we can decode mechanisms of
drugs with an overall viewpoint by focusing on “multiple com-
ponents, multiple protein targets, multiple pathways” rather
than single ones.??2 Network pharmacology is an effective and
efficient tool extensively utilized to identify multiple targets for
various diseases and explore other unknown mechanisms. More
intriguingly, network pharmacology can be organically inte-
grated with multidisciplinary technologies to construct compli-
cated drug-target-diseases networks and clarify the mechanisms
by which agents work.[?3

As a computational technology of drug design for traditional
Chinese medicine (TCM), molecular docking applies stoichio-
metric calculation methods to simulate molecular geometry and
the intermolecular interactions.? This technique can aid in the
search for the optimal binding pattern between small-molecule
agents with proteins of interest. Through the above 2 methods,
published literatures have reported several Chinese medicines
with potential favorable effects on COVID-19.1%! Molecular
dynamics simulation allows capturing the behavior of biomol-
ecules in atomic detail at excellent spatial and temporal reso-
lutions. It determines particle velocity and position within the
evolving system by generating successive system configurations
over time.!

This study explored LUT and predicted its effective tar-
gets using network pharmacology and related technology.
Consequently, we proposed potential molecular mechanisms
underlying the effects of LUT in treating COVID-19, which
might provide theoretical implications for the broader applica-
tion of LUT in fighting COVID-19. The workflow is depicted in
Figure 2.

2. Materials and methods

2.1. Target proteins associated with LUT and their
intersection with COVID-19

The interaction between active compounds and targets is the
most critical stage of drug discovery.?” Drug discovery pipelines
begin to identify and validate drug-target interactions accu-
rately.”®! Developing protein targets with traditional methods

requires extensive workforce, material, and financial resources.
Traditional Chinese medicine systems pharmacology database
and analysis platform database (http://tcmspw.com/tcmsp.php)
provided pharmacokinetics information like absorption, distri-
bution, metabolism, and excretion, as well as oral bioavailabil-
ity (OB) and drug-likeness (DL) related to LUT.*’! The potential
targets for LUT were identified by searching 2 databases. We
entered the simplified molecular input line entry system format
into the SwissTargetPrediction database (http://swisstargetpre-
diction.ch/) and the SDF format into the Pharmmapper Server
database (http://www.lilab-ecust.cn/pharmmapper/) to access
the target proteins of LUT. We profiled COVID-19-related tar-
gets through keyword searching including “coronavirus 2019,
2019-nCoV, COVID-19” in the GeneCards database (https://
www.genecards.org/).’% A literature search was then conducted
to determine the authenticity of the related genes restricted to
“homo sapiens.” The visualization of Venn plot was achieved
by Venny 2.1.0 online tool (https://bioinfogp.cnb.csic.es/tools/
venny/).

2.2. Protein-protein interaction construction and functional
analysis

We established a protein-protein interaction (PPI) network by
analyzing COVID-19 related target proteins on STRING 11.5
(https://string-db.org).’'! Based on degree values, the hub targets
were screened. In the treatment of COVID-19, we judged the
reliability of the target by the degree value, as a more significant
value indicated that the target was more likely to be the core tar-
get of the LUT. Six core targets were identified with the highest
degree in this study. Moreover, Cytoscape 3.8.2 was employed
to construct, analyze, and visualize the PPI network.? We
performed enrichment analysis regarding gene ontology (GO)
and the pathway of proteins within the PPI network using the
Metascape database.¥! P values derived from the Metascape
database could represent the enrichment level, and smaller P
values indicated more significant enrichment. Additionally, GO
and Kyoto encyclopedia of genes and genomes (KEGG) enrich-
ment and visualization were achieved using OmicShare (http://
www.omicshare.com/tools, OmicShare).

2.3. Molecular docking

A molecular docking technique was utilized for verifying the
affinity between LUT and the core target protein. We retrieved
the crystal structures of selected targets from the RCSB PDB
database (https://www.rcsb.org/).?* To verify the network
pharmacological results, we employed a professional software
Maestro 11.1 for docking simulation and molecular pathway
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Figure 2 . Study workflow.

prediction. We further accessed the SDF format of LUTs via
the PubChem database (https://pubchem.ncbi.nlm.nih.gov/). In
brief, we transformed the candidate target proteins into PDB
ID and subsequently imported them into Maestro 11.1 for
molecular docking. Low energy conformation of the ligand and
receptor suggests a significant possibility of interaction. A dock-
ing score >4.25 is generally considered meaningful.®" Six cru-
cial targets and 3 joint receptors in clinical practice related to
COVID-19 were selected to assess the binding activity between
LUT and the target proteins. We set the ligand of related protein
targets as positive controls.3¢!

2.4. Molecular dynamics simulation

We validated the docking results using molecular dynam-
ics simulations of the protein-ligand complex with the low-
est binding energy. Target proteins with the most affinity for
binding to LUT determined in dockings, such as the crucial
target in the PPI network and 3CLpro enzyme, were selected
to evaluate their inhibitory impact on LUT using molecular
dynamics simulation. Binding free energies were calculated
using the gmmpbsa program,’” with the MM-PBSA method
adapted for GROMACS. The best-docking scored models of
the most promising LUT complexed with 3CLpro and mito-
gen-activated protein kinase 1 (MAPK1) were chosen as start-
ing coordinates for 100 ns molecular dynamics simulations
via the “GROMACS 2020.6 molecular dynamics” package
(GNU, General Public License; http://www.gromacs.org) and
CHARMM 36 force field.’®! In all processes, the electrostatic
force was treated by the long-range electrostatic particle
mesh (Particle Mesh Ewald PME) means, the intercept of van
der Waals force was 1.2nm, and the bonds of the hydrogen
atoms were constrained by the Shake method. V-rescale and
Berendsen controlled the temperature and pressure throughout
the system. The step size is 2 fs during the molecular dynamic

simulation, and the time interval of each dynamic trajectory
saving is 1 ps. Finally, the root mean-square deviation (RMSD),
root mean square fluctuation (RMSF), hydrogen bond, and
free energy of the system were analyzed after 100 ns molecular
dynamics simulation.

3. Reslults

3.1. Potential LUT-related COVID-19 target genes

The form of luteolin is yellow needle-like crystal, and the phar-
macokinetic properties of LUT can be found in Supplemental
Digital Content (Table S1), http:/links.lww.com/MD/]771. The
OBand DL of LUT in our study were 36.16 % and 0.25 %, respec-
tively. Finally, we collected 356 COVID-19-related target pro-
teins (and corresponding genes) from the SwissTargetPrediction
and PharmMapper databases and 734 target genes from the
GeneCards databases. Furthermore, 64/1090 (5.9%) genes/
proteins were identified as significant mediators for the effec-
tive therapy of LUT for COVID-19 (Fig. 3A), and Supplemental
Digital Content (Table S2), http://links.lww.com/MD/J773 pro-
vides detailed information about these target genes. LUT may
affect the combination of SARS-CoV-2 by acting on these 64 tar-
gets and eventually achieve its therapeutic effect on COVID-19.

3.2. PPI network construction

The interprotein interactions among those 64 targets were
retrieved from a string database. The PPI network (Fig. 3B)
was established to expound on the relationships among the
64 COVID-19-related targets; the PPI network incorporates
64 nodes, and 515 edges (Fig. 3C). The color of nodes is pos-
itively associated with their contribution degree in the net-
work (Table 1). These targets might be significantly involved in
COVID-19 development.
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3.3. GO and KEGG enrichment analysis for targets

A total of 921 GO enrichment entries (top 15 were shown
according to P values, Fig. 4A—C) were identified, of which 778
entries were associated with biological processes (Supplemental
Digital Content, Table S3), http:/links.lww.com/MD/]J775,
mainly including response to bacterium, response to molecule
of bacterial origin, response to lipopolysaccharide, and response
to tumor necrosis factor. Eighty-one terms fell in the context
of molecular functions (Supplemental Digital Content, Table
S4), http://links.lww.com/MD/]776, and 62 entries belonged to
cell components entries (Supplemental Digital Content, Table
SS5), http:/links.lww.com/MD/J777. A total of 137 pathways
(Supplemental Digital Content, Table S6), http://links.lww.com/
MD/]778 correlated to 64 target proteins were screened (top
20 were shown according to P value < .05, Fig. 4D) through
KEGG analysis, of which 137 pathways mainly including lipid
and atherosclerosis, IL-17 signaling pathway, coronavirus dis-
ease-COVID-19, and C-type lectin receptor signaling pathway.

3.4. Compound-targets-pathways network analysis of LUT
against COVID-19

We used KEGG pathway enrichment analysis to establish a
component-targets—pathways network and further confirm the
potential targets (Fig. 5). This network indicated that LUT inter-
acted with 36 targets associated with COVID-19 through 20
pathways. These 36 target proteins might exert a crucial impact
on the development of BC. However, further animal and cel-
lular studies and clinical trials are necessary to confirm these
speculations.

3.5. Molecular docking

In this paper, molecular docking was utilized to simulate LUT
with 6 corresponding crucial targets and 3 clinical targets, and

Medicine

we display the docking scores of LUT in Table 2. Finally, based
on the docking score, we obtain the top 6 target proteins and
3 clinical targets, and the highest-scoring model is visualized in
Figure 6 (3D) and Figure 7 (2D). Moreover, LUT forms hydro-
gen bonds with ASN 429 and LYS195 residues on albumin,
with ALA230, GLU234, and THR291 residues on RAC-alpha
serine/threonine-protein kinase, with GLY122 and ARG207
residues on caspase-3, with ASP855 and MET793 residues
on epidermal growth factor receptor, with GLY97 residues on
heat shock protein HSP 90-alpha, with GLU71, MET108, and
ASP167 residues on MAPK1, with GLU406, PRO346, and
ASP367 residues on angiotensin I converting enzyme 2, with
GLU166 and GLY143 residues on the main protease, with
GLU166, MET49, CYS44 and GLY143 residues on 3CL pro-
tease (Fig. 7). Molecular docking results revealed a negative
binding free energy (DG in kcal/mol) of LUT to the core target,
indicating a spontaneous ligand-receptor binding process. The
crucial amino in these protein targets and the key sites of LUT
is depicted in Figure 7.

3.6. Molecular dynamics simulation

From the molecular docking results, MAPK1 and 3CL protease
were selected for molecular dynamics simulation studies with LUT.
While conducting all-atom MD simulation studies to validate the
stability of the predicted protein complex, this study also pro-
vided interesting information on the dynamic behavior of ligands
and target proteins and identified the ligand crucial interactions
with recognized catalytic site residues. In a nutshell, the predicted
ligand-protein complexes for LUT and the glycosylated MAPK1
protein and 3CL protease were simulated by MD simulation in
100 ns. Figure 8 depicts the changes in the RMSD, RMSF val-
ues and radius of gyration in the simulation of 3CL protease
and MAPK1 at 100 ns simulation time. Although oscillation and
instability were observed at the beginning of the simulation time,
the system reached a steady-state after 10 ns, and the amount of
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Figure 3 . Protein-protein interaction (PPI) network (A) Venn diagram showing common targets of luteolin (3,4,5,7-tetrahydroxyflavone) (LUT) and COVID-19; (B)
construction via String 11.5, the node color represented different signaling pathways as shown above; (C) constructed using Cytoscape 3.8.2; the node color

had a positive association with its contribution to COVID-19).

Degree values of crucial target proteins.

Genes Targets Degree UniProt ID Betweenness centrality Neighborhood connectivity
ALB Albumin 50 P02768 4.258096 18.1

AKT1 RAC-alpha serine/threonine-protein kinase 48 P31749 4.295016 18.58333

CASP3 Caspase-3 38 P42574 1.428342 215

EGFR Epidermal growth factor receptor 37 P00533 1.443815 21.05405
HSP90AA1 Heat shock protein HSP 90-alpha 36 P07900 1.437741 20.86111

MAPK1 Mitogen-activated protein kinase 1 29 p28482 0.806769 22.96552
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Docking scores of luteolin (3,4,5,7-tetrahydroxyflavone) (LUT) bound to 6 crucial target proteins and 3 common clinical targets.

Proteins Compound Glide gscore Glide hbond Glide evdw Glide ecoul Glide energy
ALB (1HK4) Contrast —6.123 —0.442 —36.688 -9.173 —45.862
Luteolin —7.285 —0.289 -31.373 —-9.605 —40.978
AKT1 (3CQU) Contrast —-9.465 -0.608 —46.455 —7.047 -53.503
Luteolin -8.122 0 -34.412 —11.862 —46.274
CASP3 (INMS) Contrast —-5.558 -0.674 -32.781 —6.181 —38.962
Luteolin -5.85 -0.152 —-23.962 —13.848 —37.81
EGFR (3P02) Contrast —-10.391 -0.318 —59.946 —6.215 —66.161
Luteolin -8.526 -0.320 —24.478 —18.665 —43.143
HSPO0AAT (2Y17) Contrast —7.609 -0.172 —41.046 -10.810 —51.856
Luteolin —7.161 -0.320 —35.367 —7.523 —42.890
MAPK1 (1PME) Contrast -7.914 -0.370 —37.564 -9.106 —46.669
Luteolin -9.015 -0.320 —46.420 —5.544 -51.964
ACE2 (1R4L) Contrast -8.602 -0.874 —39.865 -17.627 —57.492
Luteolin —6.328 -0.144 —32.543 -14.439 —-46.982
Main protease (5R82) Contrast —5.559 -0.32 -20.16 -5.642 —25.802
Luteolin —6.045 —-0.289 -18.973 -—17.841 —-36.813
3CL protease (6M2N) Contrast —7.732 —-0.391 -34.23 -17.627 —43.793
Luteolin -8.020 —0.596 -38.311 —14.439 —-45.522

Glide hbond refers to hydrogen bonding. Glide evdw refers to Van der Waals interactions. Glide ecoul refers to Coulomb energy. All items are components of the Glide gscore algorithm.
ACE2 = angiotensin | converting enzyme 2, AKT1 = RAC-alpha serine/threonine-protein kinase, ALB = albumin, CASP3 = caspase-3, EGFR = epidermal growth factor receptor, HSP90AA1 = heat shock

protein HSP 90-alpha, MAPK1 = mitogen-activated protein kinase 1.

=N/ LY
.J s :'-)f/’-{

Figure 6 . Molecular docking of luteolin and key targets (3D) (A) ALB_1H4K; (B) CASP3_1NMS; (C) AKT1_3CQU; (D) EGFR_3POZ; (E) HSPI0AAT_2YI7; (F)
MAPK1_1PME; (G) ACE2_1R4L; (H) Main protease_5R82; (I) 3CL protease_6M2N). ACE2 = angiotensin | converting enzyme 2, AKT1 = RAC-alpha serine/
threonine-protein kinase, ALB = albumin, CASP3 = caspase-3, EGFR = epidermal growth factor receptor, HSP90AA1 = heat shock protein HSP 90-alpha,
MAPK1 = mitogen-activated protein kinase 1.

RMSD fluctuations (<0.1nm) decreased. Therefore, LUT is in the
acceptable range of RMSD, which suggests that LUT is tightly con-
nected within the cavity of MAPK1 and 3CL proteases. Similarly,
LUT is in an acceptable range of RMSF and radius of gyration,
which indicates that the binding pocket of MAPK1 and 3CL
protease are stable during the MD simulation period. Moreover,
Figure 9 revealed H-bond interactions during 100 ns simulation
of LUT in complex with MAPK1 and 3CL protease protein. We
also analyzed the positive effect on the free energy of the complex
formed by LUT with MAPK1 and 3CL protease to determine the
contribution of crucial amino acids to binding free energy. A lower
binding free energy of the ligand and the protein receptor suggested
a more significant promotion effect on the free energy of the com-
plex formed between LUT, MAPK1, and 3CL protease.

4. Discussion

The OB and DL of LUT in our study were 36.16% and 0.25%
respectively, meeting the standard criteria in pharmacology:

OB > 30% and DL > 0.18.%! Nodes with darker shades could
be readily noticed in the PPI network,*" their degree values
were 50, 48, 38, 37, 36, and 29, respectively. Then, the results
of GO enrichment analysis suggested LUT with the potential in
treating COVID-19 by regulating biological processes, molec-
ular functions, cell components, and signaling pathways.?**!
Moreover, molecular docking sheds new insight on the inter-
action between ligands and receptors and the structural char-
acterization of ligands within the active site of receptors.*!l In
December 2019, several hospitals successively received cases
with a definite history of exposure to the seafood market in
Wuhan, China, defined as an acute respiratory infectious dis-
ease caused by a novel coronavirus. Some modern agents have
offered protection to vulnerable populations,“ but the remark-
able curative properties of TCM on the COVID-19 cannot be
overlooked.

Currently, there is a limited arsenal available to help combat
coronaviruses. Although several options, including vaccines, pep-
tides, interferon therapies, and monoclonal antibodies, could be
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developed to control or prevent emerging infections of COVID-
19, it requires months to years for ultimate approval. Generally,
phytochemicals, notably polyphenols, possess antiviral activities
against several viral components and actions.*¥ Many recent
studies have used molecular docking to screen for the ability of
quercetin to interfere with the coronavirus S-protein, the ligand
binding to angiotensin I converting enzyme 2.4 Like querce-
tin, luteolin has also been shown to regulate cytokine storms
in COVID-19 patients. Recently, a domestic efficacy analysis of
TCM also suggested that luteolin contributed to the recovery
of COVID-19.%1 Moreover, many researches could prove this
point of view.

Network pharmacology, an intersectional discipline
including classical pharmacology, molecular biology, and
bioinformatics, is highly effective in identifying poten-
tial targets and pathways and drug-target interactions.!
In addition, network pharmacology can be used to study
complexities among drugs, target proteins, and diseases.!*”!
Currently, computer-aided drug design is considered a piv-
otal approach in modern drug discovery due to its benefi-
cial properties, such as minimizing costs, accelerating the
drug development process, and nonrequirement of specialist
operators.*sl Therefore, molecular docking could accelerate
the screening and design of drugs for future laboratory test-
ing. Interestingly, in the recent pandemic, such technology
has been able to determine the ability of various drugs and
compounds and their potential mechanism to alleviate SARS-
CoV-2 cytotoxicity. Molecular docking reliably predicts
major binding trends between ligands and a specific protein,
indicating how ligands inhibit it.

Potentially, the inactivation of p38 MAPK could serve
as a therapeutic strategy for eliminating SARS-infected
cells.®! In addition, it could induce the production of cyto-
kines, including interleukin-10, tumor necrosis factor-alpha,
and interferon-gamma.®! The MAPK inhibitor can alleviate
COVID-19-induced inflammatory responses. Furthermore, inhi-
bition of MAPK3 reduces the inflammatory response to lung
injury, as MAPK3 exacerbates the production of pro-inflamma-
tory cytokines.’!l This interaction between LUT and MAPK1

protein may be directly related to the antagonistic effect of LUT
on COVID since we investigated and proved LUT interaction
with MAPK1.

3CL protease is regarded as a potential target due to its
unique function in the replication cycle of viruses.’?' Thus,
we analyzed the interactions between LUT and 3CL protease.
LUT fitted perfectly into the active pocket of 3CL protease,
revealing its critical role in suppressing the virus. 3CL prote-
ase is an essential receptor for coronavirus, mediates endocy-
tosis of SARS-CoV-2, and is necessary for drug profiling with
the hope to impede COVID-19 progression. Structural theory
and existing findings consistently suggest that targeting the
3CL protease, a critical factor in the viral replication cycle,
might be a therapeutic target to address viral RNA translation.
Therefore, we screened the interaction between 3CL protease
and LUT and identified the active sites where LUT docked with
the enzyme and 4 bonds involving amino acid residues CYS44,
MET49, GLY143, and GLU166. Researches on the bind-
ing mode of the major protease of SARS-CoV-2 suggest that
LUTs have a potential clinical application, and mutations in
these interacting amino acids may inactivate the function of the
major protease of the virus. The binding patterns found in this
study demonstrate LUTs with potential anti-COVID-19 clinical
applications and that mutations in the amino acids responsible
for interaction could also hamper the functional activation of
the major viral proteases.

Subsequent calculations of the binding free energy were con-
ducted to elucidate the information on kinetic and thermody-
namic properties and validate the docking results. Probably,
the findings shaped an encouraging lead candidate for treat-
ment agents against COVID-19. Moreover, molecular dynamics
simulations with high temporal resolution and accuracy allow
understanding of the behavior of biologically active molecules
in atomic detail. In simple terms, by creating a continuous con-
figuration of the evolving system, can generate trajectories that
help determine the velocity and position of certain particles over
time. 2!

We routinely selected ligand-protein complexes with the
lowest binding energy for MD simulation to validate docking
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results and determine the impact of hydrogen-bonding interac-
tions on complex stability. To ensure the complex stability, the
system was simulated for 100 ns. And RMSD, RMSEF, and RG
were utilized to evaluate the potential of each trajectory. A dura-
tion of 100 ns allows the COVID-19 proteases to rearrange the
C-a atoms in complexes with selected inhibitors. During 100 ns
of simulation, we evaluated the thermodynamic conformational
stability according to the RMSD and RMSF values. According
to all results, LUT may have the most potential as an inhibitor
of COVID-19.

There are some limitations to our study, even though we have
described some interesting findings. First, the lack of a complete
Chinese herbal medicine database confers uncertainty about the
accuracy and integrity of our conclusions. Second, traditional
Chinese medicine systems pharmacology database and analysis plat-
form provides active compounds with OB > 30% and DL >0.18,
which may not be well absorbed. In addition, all the findings in this
paper are drawn through in silico analysis that hampers ruling out
false-positive and false-negative interactions between proteins. Our
results require further experimental verification.
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5. Conclusion

This study strives to offer a possible treatment option for
COVID-19 and to predict the mechanism of LUT mitigation
of COVID-19. Sixty-four target genes of LUT made significant
contributions to COVID-19, and albumin, RAC-alpha serine/
threonine-protein kinase, caspase-3, epidermal growth fac-
tor receptor, heat shock protein HSP 90-alpha, and MAPK1
were the crucial genes. The primary mechanism by which LUT
inhibited COVID-19 was associated with the inhibition of 20
signaling pathways, specifically the inhibition of inflammation
response through inactivating IL-17 signaling pathways and
C-type lectin receptor signaling pathways. We proposed poten-
tial molecular mechanisms underlying the effects of LUT in
treating COVID-19, which might provide theoretical support
for the broader application of LUT in fighting COVID-19. At
length, our results provided evidence for that LUT had poten-
tial anti-SARS-CoV-2 activity via integrating 3CL protease and
MAPK1 protein compared with respective ligand, as shown

by molecular dynamic simulation. These results may help elu-
cidate the interactions between LUT and COVID-19-related
proteins, as well as the fundamental applications of network
pharmacology, molecular docking, and molecular dynamics in
drug discovery.
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