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Abstract: Atractylodes lancea (Thunb.) DC. (AL) has been
proven to be effective in the treatment of coronavirus disease
2019 (COVID-19). In this study, TCMSP, TCMID, OMIM, Gen-
eCards, PharmMapper and SwissTargetPrediction were used to
collect potential targets for AL against COVID-19. The online
STRING analysis platform and Cytoscape were used for generat-
ing a (protein-protein interaction) PPI network. The Cytoscape
and Autodock software were used for determining hub genes and
key compounds. Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enrichment analysis were
performed via DAVID database. A total of 84 common targets
were obtained. The antiviral pathways were main pathways in
tractment. 10 hub genes and key compounds were screened by Cy-
toHubba. We found that AL2, AL6 and AL38 had lower binding
energy with key proteins. Our study demonstrated that AL might
be used to treat COVID-19 by improving the "cytokine storm",
regulating some antiviral pathways, and inhibiting the key protein
through which the SARS-CoV-2 invades the host cell. These find-
ings give a pharmacological basis and support for treating
COVID-19 with AL.
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0 Introduction

On Jan 7, 2020, Chinese scientists had isolated a
novel coronavirus, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). In February, 2020, WHO
designated COVID-19"%. As of February 2022, there
were over 410 million confirmed cases and more than
5.8 million deaths worldwide (https://www. worldom-
eters. info/coronavirus/). Food and Drug Administration
(FDA) approved the first COVID-19 treatment drug rem-
desivir in 2020, and announced the benefits of remdesi-
vir outweigh the risks. In addition, favipiravir was re-
ported to have potent antiviral activity in COVID-19 at
high doses™. Finding drugs through key targets is a fast
way, which can be seen from previous studies of similar
coronaviruses like SARS-CoV and MERS-CoV. The
spike protein, 3CL protease (3CLpro), and angiotensin
converting enzyme 2 (ACE2) have been prioritized as
SARS-CoV-2 antiviral drug targets™”. Latest research
found that Neuropilin-1 (NRP1) was involved in SARS-
CoV-2 infection'.

Atractylodes lancea (Thunb.) DC. (AL) has been
used as a traditional Chinese medicine (TCM) for thou-
sands of years. The rhizome of AL is used extensively
for the treatment of several diseases such as rheumatic
diseases, digestive disorders, and influenza'. In recent
years, some researchers have found that AL and related
prescriptions have inhibitory effect on human rotavirus,
viruses H3N2 and Influenza A virus®'". The prescrip-
tions containing AL, such as Qingfei Paidu decoction
and Huashi Baidu decoction, are effective prescriptions
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based on clinical observations in the early clinical treat-
ment of COVID-19.

AL has a significant therapeutic effect on COVID-
19, but the mechanisms and the key compounds are still
unclear. With the development of bioinformatics and net-
work pharmacology, the network-based approach to
drug discovery is seen as promising for rapid and cost-
effective drug development!". Network pharmacology
pharmacology that the
component, multi-target, multi-pathway" synergistic re-
lationship between drugs, diseases and targets was ana-
lyzed by network methods"”. TCM is a complex system

was defined as "multi-

and follows a holistic approach to disease treatment, and
network pharmacology builds a bridge to study the rela-
tionship between TCM and modern pharmacology.
Therefore, it is necessary to find the potential mecha-
nisms and key compounds of AL against COVID-19
with network pharmacology.

At present, few studies on AL against COVID-19
mainly focus on preliminary network analysis'"*. In this
study, TCMSP, TCMID, OMIM, GeneCards were used
for collecting targets, and the Cytoscape software were
used for building and analyzing network. On the basis of
network pharmacology, we combined molecular docking
to verify the analysis results. We hope to find the mecha-
nisms and active compounds of AL against COVID-19.

1 Materials and Methods

1.1 Screening Active Compounds and Targets
of AL

The compounds from AL were collected from the
Traditional Chinese Medicine Systems Pharmacology
Database and Analysis Platform"* (TCMSP) (https://tc-
mspw.com/tcmsp.php) and the Traditional Chinese Medi-
cine Integrated Database!"! (TCMID) (http://www. mega-
bionet. org/tcmid/). Then, the pharmacokinetic of all
compounds were analyzed by SwissADME"" (hztp://
www. swissadme. ch/). Later, the active compounds were
imported into the PharmMapper Server!'™'™ (http://www.
lilab-ecust. cn/pharmmapper/) and SwissTargetPredic-

19,20

tion™"” " (http://www. swisstargetprediction. ch/) to obtain
the targets. There were different scoring criteria among
different databases. Targets with Norm Fit value of >0.5
in PharmMapper Server or Probability value of >0 in
SwissTargetPrediction were selected as the targets of
AL. Then, the gene names were unified by Uniprot

(https://www. uniprot. org/). Finally, the predicted targets

were collected and the duplications were removed.
1.2 Screening Targets of COVID-19

The disease-related targets were obtained from Gen-
eCards database®" (https://www.genecards.org/) and On-
line Mendelian Inheritance in Man (OMIM) database™™
(https://omim. org/) by using "Novel Coronavirus Pneu-
monia" and "COVID-19" as keywords. Then, the gene
names were unified by Uniprot (https://www. uniprot.
org/) and the duplications were removed..

1.3 Obtaining Protein-Protein Interaction (PPI)
Data

The common targets of AL and COVID-19 were ob-
tained and mapped by Venn diagrams. The protein-
protein interaction (PPI) data were obtained from the
Search Tool for Recurring Instances of Neighboring
Genes (STRING) database™ (https://string-db. org/),
with the species limited to "Homo sapiens". In STRING
databases, three confidence score thresholds (0.4, 0.7
and 0.9) were used, and the PPI data with a confidence
score of >0.9 was selected to construct the protein inter-
action network (PIN).

1.4 Network Construction and Analysis

PPI data exported from STRING were imported
into Cytoscape 3.6.0 (https://cytoscape. org/), visualized
and analyzed after hiding the disconnected nodes. The
topology parameter of degree value was determined by
the Network-Analyzer tool in Cytoscape software. Fur-
thermore, we adopted the plug-in CytoHubba® in Cyto-
scape software to analyze the data in the PPI network of
common targets by the Maximal Clique Centrality
(MCC), and found the hub genes and hub compounds.
The association between active compounds, common tar-
gets and pathways was processed and visualized by Cy-
toscape software. Then, we used the Molecular Complex
Detection (MCODE) algorithm™ to explore the func-
tional modules in the PIN. MCODE is based on vertex
weighting by local neighborhood density and outward
traversal from a locally dense seed protein to isolate the
dense regions according to the given parameters!'"’.

1.5 Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG)
Pathway Analysis

GO and KEGG pathway analyses were performed
by the Database for Annotation, Visualization and Inte-
grated Discovery (DAVID) version 6.8 (https://david.
nciferf-gov/). The visualization of results was performed
by Dotchart and Bubble tools in Hiplot (https://hiplot.
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com.cn).
1.6 Molecular Docking

Molecular docking refers to binding small molecule
ligands to macromolecular receptors through computer
simulation, and calculating the physical and chemical pa-
rameters to predict the binding affinity®”. The structure
files of 3CLpro (PDB:6M2N), ACE2-spike protein com-
plex (PDB:6M0J) and NRP1 (PDB:6FMC) were down-
loaded from Protein Data Bank (PDB) (http://www.rcsb.
org/), and the 3D structure files of ligands were down-
loaded from PubChem (https://pubchem. nchbi. nlm. nih.
gov/). Before docking, the water molecules on the recep-
tors need to be removed, while polar hydrogen atoms,
charge and magnetic field need to be added. We applied
AutoDock 4.2 (http://autodock. scripps. edu/) to process
ligands and receptors. The binding sites of targets were
determined by the information from literatures or small
ligands in protein crystals®. Then AutoDock Vina 1.1.2
(http://autodock. scripps. edu/) was used for molecular

docking and analysis of docking results. The 3D and 2D
diagrams of best-scored binding pose were visualized by
Discovery Studio 2020 Client (https://www. neotrident.
com/download. html). Through examining the binding
mode and binding free energy of the compounds with
the corresponding targets, we could determine the affin-
ity between them.

2 Results

2.1 Active Compounds and Targets of AL

The compounds were collected from TCMSP and
TCMID, and the GI absorption and drug-likeness were
screened by SwissADME. A total of 40 compounds
from AL were selected. Among them, one compound
was removed due to no target by predicting from Swis-
sTargetPrediction and PharmMapper. Finally, 706 targets
of AL were obtained after removing the duplicate val-
ues. Compound name and ID were shown in Table 1.

Table 1 The collected compounds of AL

Compound name ID
(1R,48S,8S5)-1,3,3,8-Tetramethyl-2-oxatricyclo[6.3.1.04,12]dodecane ALl
(1S,3As,4R,7R,8aR)-4-(hydroxymethyl)-1-methyl-7-[2-[(2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)oxan-2-yl] ALY
oxypropan-2-yl]-3,3a,4,5,6,7,8,8a-octahydro-1H-azulen-2-one
(2E,8E)-9-(Furan-2-yl)nona-2,8-dien-4,6-diyn-1-ol AL3
(2S)-2-Amino-3-[(3S)-2,3-dihydro-1H-indol-3-yl]propanoic acid AL4
(25,5S,10S)-alpha,alpha,6,10-Tetramethylspiro[4.5]dec-6-ene-2-methanol ALS
(4Ar,6R,8aS)-4,8a-dimethyl-6-[2-[(2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)oxan-2-yl]oxypropan-2-yl]-1,4a,5,6,7,8- ALG
hexahydronaphthalen-2-one

(4Ar,8aR)-8a-methyl-5-methylidene-3-propan-2-ylidene-1,4,4a,6,7,8-hexahydronaphthalen-2-one AL7
(4Ar,8a8S)-3,8a-dimethyl-5-methylidene-4,4a,6,7,8,9-hexahydrobenzo[f][ 1 [benzofuran ALS
(4As,8aR)-3,8a-Dimethyl-5-methylene-4,4a,5,6,7,8,8a,9-octahydronaphtho[2,3-b]furan AL9
(E)-9-(Furan-2-yl)non-8-en-4,6-diyn-1-ol AL10
[(4S)-2-Ox0-4-[(E)-1-oxobut-2-en-2-yl]-3,4-dihydropyran-5-yl] acetate ALI11
[(8Ar)-3,8a-dimethyl-5-methylidene-4,4a,6,7,8,9-hexahydrobenzo[f][ 1 ]benzofuran-6-yl] acetate AL12
2-[(1S,3R,4R)-4-Ethenyl-4-methyl-3-prop-1-en-2-ylcyclohexyl|propan-2-ol ALI13
2-[(2S,4Ar)-4a,8-dimethyl-2,5,8,8a-tetrahydro-1H-naphthalen-2-yl]propan-2-ol AL14
2-[(5R)-3,8-Dimethyl-1,2,3,4,5,6,7,8-octahydroazulen-5-yl]propan-2-ol ALIS
2-[(58S,6S)-6,10-Dimethylspiro[4.5]dec-9-en-3-yl]propan-2-ol AL16

2-Furoate AL17

Continued on next page
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Table 1(continued)

Compound name 1D
3alpha,6beta-Ditigloyloxytropane ALI18
3beta-Hydroxyatractylon AL19
4-(Phosphooxymethyl)-2-furancarboxaldehyde(2-) AL20
4-Tert-Butyl-2-methylphenol AL21
alpha-Eudesmol AL22
Atractylenolide | AL23
Atractylenolide I1 AL24
Atractylenolide 11T AL25
Atractylodin AL26
Atractylon AL27
beta-Eudesmol AL28
Bisabolol AL29
Di-tert-butyl phthalate AL30
Elemicin AL31
Elemol AL32
Furfural AL33
Guaiol AL34
Methyl 3.4,5-trimethoxycinnamate AL35
trans-2-Hydroxyisoxypropyl-3-hydroxy-7-isopentene-2,3-dihydrobenzofuran-5-carboxylic acid AL36
Vanillic acid AL37
Wogonin AL38
Zingiberol AL39

2.2 PPI Data of AL against COVID-19

We obtained 647 targets of COVID-19 from OMIM
and GeneCards databases after removing the duplica-
tion. Jvenn™ (http://bioinfo. genotoul. fr/jvenn) was used
to analyze common targets. Then, 84 common targets
were obtained, which could be considered as the poten-
tial targets (Fig. 1(a)). We imported 84 common targets
into the STRING database, and obtained the PPI data in-
cluding 83 nodes and 1 572 edges (Fig. 1(b)). Next, the
PPI data were exported in tab-separated value (TSV) for-
mat. Cytoscape software was adopted to analyze and vi-
sualize the PIN.

2.3 MCODE Analysis

Functional modules of PIN were explored by
MCODE (Fig. 2). 5 modules were identified with a
score of >3, in which we selected 3 modules with a

score of >5 for KEGG pathway analysis. The score of
Module 1 was 16.211, and the PIN contained 20 nodes
and 308 edges (Fig. 2(a)). After KEGG pathway analy-
sis, we found that these targets were mainly enriched in
following pathways: chagas disease (American trypano-
somiasis), TNF signaling pathway, pertussis, HIF-1 sig-
naling pathway and tuberculosis (Fig. 2(b)). The score
of Module 2 was 9.684, and the PIN contains 20 nodes
and 184 edges (Fig. 2(c)). The genes of Module 2 were
mainly involved in viral carcinogenesis, hepatitis B,
pathways in cancer, cell cycle and PI3K-Akt signaling
pathway (Fig. 2(d)). Module 3 got the score of 5.333,
and the PIN contains 7 nodes and 32 edges (Fig. 2(e)).
The genes of Module 3 were mainly involved in colorec-
tal cancer, prostate cancer, T cell receptor signaling path-
way, leukocyte transendothelial migration and neuro-
trophin signaling pathway (Fig. 2(f)).
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Atractylodes lancea

COVID-19

(@)

Fig.1 Identification of the common genes and construction of PPI network
(a) Identification of the AL-target and disease-related genes by taking an intersection of AL target genes and COVID-19-related genes; (b) Construction of

PPI network of common genes by STRING database

2.4 GO Function and KEGG Pathway
Enrichment Analysis

We revealed the biological functions of the com-
mon targets by GO enrichment analysis. 421 GO biologi-
cal function terms were obtained from DAVID database,
and slide bead diagram was applied to the top 5 GO
terms of biological process (BP), molecular function
(MF) and cellular component (CC), respectively (Fig. 3
(a)). The results of biological processes analysis indi-
cated that the common targets were significant involved
in protein phosphorylation, platelet activation, peptidyl-
serine phosphorylation, phosphati-dylinositol-mediated
signaling, positive regulation of I-kappaB kinase/NF-
kappaB signaling. The results of the cellular component
and molecular function analysis showed that the com-
mon targets existed in cytoplasm, nucleus, cytosol and
extracellular exosome, and their major function at the
molecular level are protein binding. To sum up, we
speculated the mechanisms of AL against COVID-19 si-
multaneously involved these biological processes and
molecular functions. Then, we analyzed the common tar-
gets by DAVID to reveal the information of KEGG path-
ways. 122 pathways were obtained from KEGG path-
ways analysis according to the P value, and the top 10
crucially pathways were shown in Fig. 3(b). These path-

ways included hepatitis B, pathways in cancer, viral car-
cinogenesis, HIF-1 signaling pathway, influenza A,
measles, Epstein-Barr virus infection, hepatitis C, FoxO
signaling pathway and pancreatic cancer. These results
indicated that 5 antiviral-related pathways were related
to the mechanisms of AL against COVID-19, so we
speculated that the main way of AL against COVID-19
was controlling the viral infection.

2.5 PIN of Compound-Target-Pathway (C-T-P)

The correlations among the top 10 KEGG path-
ways, 84 common targets and active compounds were
imported into Cytoscape software to construct the PIN
of C-T-P. After removing the values of degree = 0, the
PIN was constructed including 133 nodes and 2 457
edges (Fig. 4(a)).

2.6 Hub Genes and Key Compounds

CytoHubba was adopted in Cytoscape software to
analyze network. By this, 10 hub genes and 10 key com-
pounds were found from PPI network and PIN of C-T-P,
respectively. As the score decreases, the color of ten
genes (IL6, CASP3, ALB, MAPKI, MAPKS, PTGS2,
IL1B, ICAM1, NOS3 and STAT3) changes from red to
yellow (Fig. 4(b)), which were considered as crucial
genes that played key roles in the treatment of AL
against COVID-19. After analyzing and scoring the C-T-
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Fig.2 The MCODE analysis of PPI network of common genes

(a) The genes of module 1 with the score of 16.211; (c) The genes of module 2 with the score of 9.684; (e) The genes of module 3 with the score of 5.333;

(b), (d), (f):The KEGG pathway analysis of module 1-3
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Fig.3 The visualization of GO and KEGG pathway analysis
(a) GO enrichment analysis; (b) KEGG pathway analysis; BP: biological process; MF: molecular function; CC: cellular component

P PIN, AL2, AL3, AL6, AL10, AL12, AL24, AL25,
AL31, AL36 and AL38 were identified as the key com-

pounds.
2.7 Molecular Docking
We analyzed the binding energy and the mode of in-

teraction of the 10 important compounds and 3 key tar-

gets (3CLpro, ACE2-spike complex, NRP1) through mo-
lecular docking experiments, and the docking was per-
formed based on active sites. The pocket size of 3CLpro
was x ==61.381, y ==34.951, z = 23.145. The pocket size
of ACE2-spike complex was x =-33.62, y ==25.001, z=
3.118. The pocket size of NRP1 was x =26.438, y =
13.585, z=-13.092.

P

(b)

Fig. 4 Compound-Target-Pathway network diagram (a) and hub genes (b)
In (a), red rounds represent the 84 common targets of AL against COVID-19, blue squares triangles represent the 39 active compounds of AL, and green tri-

angles represent the 10 key pathways of AL against COVID-19. In (b), lines represent protein-protein interactions present, and the color of rounds from red

to yellow represent the score values varying from higher to lower
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Remdesivir and favipiravir were used as the con-
trol. Almost all the binding energy of 10 important com-
pounds with the key targets was less than -5 kcal/mol
(1 kcal=4.1868 kJ) (Table 2).

The modes of the best binding energy of targets

were displayed in Fig. 5(a)-(c). The hydrophobic interac-
tion, electrostatic interaction and hydrogen-bond interac-
tion were displayed in 2D results. The space positions,
hydrogen bonding and amino acids were displayed in
3D results.

Table 2 Results of molecular docking efficiency

Compounds 3CLproi NRP1 ) Spike protein-{XCE2
/kcal-mol™ /kcal-mol™ /kcal-mol™

AL2 -7.8 —6.7 6.7
AL3 -5.1 =55 -6.5
AL6 -8.2 6.8 =72
ALI10 -53 -5.5 -6.2
ALI12 -6.3 -6.8 =57
AL24 -6.5 -6.7 -5.7
AL25 -6.8 —6.6 -6.2
AL31 4.7 =52 -6
AL36 -6.5 -6.7 -6.9
AL38 6.8 -6.7 7.4

Favipiravir =53 -5.2 6.7

Remdesivir =72 -6.7 7.4

Note: Favipiravir and Remdesivir are used as positive controls; 1 kcal=4.186 kJ

3 Discussion

Even to this day, SARS-CoV-2 infection is still
spreading in most countries, although many countries
have begun vaccination to their people. The outbreak is
still not under control. At the same time, mutated viruses
like Delta and Omicron began to appear, which greatly
increased the difficulty of drug development. TCM has
strong effectiveness in treating COVID-19, especially
for mild and general cases™. In this study, we con-
structed the PIN of 84 common genes, and screened out
10 hub genes, including IL6, CASP3, ALB, MAPKI,
MAPKS, PTGS2, ICAMI1, IL1B, NOS3 and STAT3. We
found that AL was mainly against COVID-19 through
antiviral pathways, and revealed the modules were re-
lated to antiviral and immune pathways by MCODE
analysis. Furthermore, we also constructed a C-T-P PIN,

and screened out 10 key compounds. Finally, we per-
formed molecular docking experiments on key com-
pounds and recognized targets involved in COVID-19,
and we obtained the binding energy and the best binding
modes. Based on Chinese clinical experience, TCM
were effective in the treatment of COVID-19, and we
hope to provide some bases for clinical application®".,
Fever, diarrhea and fatigue are the common symp-
toms of COVID-19". Recent studies had pointed out
that "cytokine storms" had appeared in patients with
COVID-19. Tumor necrosis factor-o (TNF-a), Interleu-
kin (IL)-1 and IL-6 were recognized as cytokines caus-
ing symptoms™***. Our results showed that IL-6 and IL-
1B were the hub genes of AL against COVID-19, and the
genes of Module 1 were mainly enriched in TNF signal-
ing pathway. It was proved that AL might treat COVID-
19 by relieving these symptoms. In addition, "cytokine
storm" had been deemed to a primary factor of COVID-



LEI Jiachuan et al: Mechanisms of the Traditional Chinese Herb Atractylodes lancea -+

357

(@)

(b)

(©

H i
&'t W oY @
.
¢ Yo
b
@
-: MET
o D:49
Interactions
B Conventional Hydrogen Bond =1 Pi-Alkyl
=1 Alkyl
B
A:297

Interactions
I Conventional Hydrogen Bond 1 Alkyl
1 Pi-Donor Hydrogen Bond [ Pi-Alkyl

LYS.
Y
Interactions
m Conventional Hydrogen Bond i Pi-Pi Stacked
1 Carbon Hydrogen Bond 1 Alkyl
= Pi-Cation IPi-Alkyl

Fig.5 Molecular docking mode of 3 key targets and compounds with lowest binding energy
(a) AL6-3CLpro; (b) AL6-NRP1; (c) AL38-ACE2-spike protein complex. Hydrogen bonding was shown by green dashed line

19 in severe cases, and persistent "cytokine storm" may
cause the serious inflammatory damage of lung tissue®'.
NOS3 may induce nitric oxide production and cause in-
flammation. In addition, MAPK1 and MAPKS were rec-
ognized as genes closely related to inflammation®.
Atractylenolide I, Atractylenolide IIl and Atractylone
had been reported to improve inflammation by suppress-
ing the release of pro-inflammatory cytokines and nitric
oxideP”*™. Combined with our results, AL might im-
prove the COVID-19 by regulating IL-6, IL-1p,
MAPKI1, MAPKS8 and TNF pathway to reduce the "cyto-
kine storm" and help patients recover.

There had been controversy for the therapeutic ef-
fects of remdesivir, hydroxychloroquine and other antivi-

ral drugs on COVID-19, but the Food and Drug Admin-
istration had approved remdesivir for the treatment of
adults and children aged 12 years and above, which sug-
gested that effective drugs against COVID-19 were of
great significance. Many active compounds in AL had
been proved to have strong antiviral effects™'”. The
common targets between AL and COVID-19 were
mainly enriched in some antiviral pathways, which sug-
gested that AL exerted therapeutic effects on COVID-19
through regulating these antiviral pathways. Through
further analysis, we found that the genes of Module 2
were also enriched in antiviral pathways. These genes in-
cluded CCNA2, CCND3, HDAC2, CREBBP, CDKA4,
STAT3, CDK2, MAPKI, JAK1, PRKCB and STAT3,
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which could be considered as necessary genes for AL
against COVID-19.

Another important characteristic of COVID-19 was
high infectivity. After experiencing SARS, scientists had
found the infectious mechanisms of coronavirus. ACE2
was considered as the most important receptor for
SARS-CoV to enter the human body"™. The spike pro-
tein of SARS-CoV-2 used the SARS-CoV receptor
ACE2 for facilitating viral entry into target cells™”,
NRP1 was a new host factor for SARS-CoV-2 infection,
which could bind furin-cleaved substrates and signifi-
cantly potentiate SARS-CoV-2 infectivity™". Our results
suggested that the binding energy of AL6 and AL2 to
3CLpro was less than —7 kcal/mol, which indicated that
they could form stable binding with 3CLpro and sup-
press the activity of SARS-CoV-2. In addition, the bind-
ing energy of AL6 and AL38 to ACE2-spike protein
complex was less than =7 kcal/mol, which indicated that
they could form stable binding with ACE2 to suppress
SARS-CoV-2 entry into target cells. Finally, the binding
energy of most compounds to NRP1 was less than —6
kcal/mol, meaning that these compounds could bind to
NRPI. In short, our results showed that AL2, AL6 and
AL38 were active compounds in AL involved in improv-
ing the effect of antiviral and decreasing the risk of in-
fection.

However, the present study still remains some limi-
tations. We analyzed the potential mechanisms of AL
against COVID-19 based on network pharmacology and
molecular docking. But these potential mechanisms need
to be verified through rigorous biological experiments.
In future research, the experiments in vivo and in vitro
will proceed to prove the mechanisms of AL against
COVID-19.

4 Conclusion

The COVID-19 pandemic caused by SARS-CoV-2
was still going on. In China, AL-related prescription had
been used clinically for against COVID-19. We had ex-
plored the potential mechanisms of AL against COVID-
19 based on network pharmacology and molecular dock-
ing. These mechanisms included the following: AL may
treat COVID-19 by improving the "cytokine storm",
regulating antiviral pathways and related proteins, and
inhibiting the key protein through which the SARS-CoV-
2 invades the host cell. Except ACE2, NRP1 was the lat-

est discovered key protein for SARS-CoV-2 infection.
We found that compounds of AL could bind to the active
site of NRP1, which may reduce the infectivity of SARS-
CoV-2. Our research provided a scientific basis for AL
and active compounds as potential treatment drugs for
COVID-19. We also provided a research direction for
the future treatment of SARS-CoV-2 through NRP1.
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