Agricultural Biotechnology 2023, 12(4). 75 -84, 121 Pharmaceutical Sciences

Network Pharmacology, Molecular Docking and Experi-
mental Exploring Molecular Mechanisms of Yingiao Anti-
Epidemic Formula in Regulating Mucosal Immune System
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Abstract [ Objectives] To explore the molecular mechanisms of Yingiao anti-epidemic formula ( YQAEF) in regulating mucosal immune system of respiratory
tract. [ Methods | The active components of YQAEF were obtained from the TCMSP database, and RMIS targets were obtained from the GeneCards database. A
"YQAEF components-RMIS targets-pathways" network was constructed by analyzing the above data to screen core targets for molecular docking verification. A
mouse model of acute upper respiratory tract infection ( AURI) was developed. Based on the experimental models, the key pathway target genes screened by network
pharmacology were verified in vivo. [ Results] The main active components of YQAEF involved in the regulation of the RMIS included quercetin, acetic acid, and
raffinose. Key targets, such as angiotensin-converting enzyme ( ACE) , galactosidase alpha ( GLA) , matrix metalloproteinase 2 (MMP2) , Serpin Family E Member
1 (SERPINEL) , and myeloperoxidase (MPO) and important viral infection and endocrine resistance signaling pathways were included in the regulation of the RMIS
with YQAEF. Molecular docking assays showed that the key targets had good binding activities with the components of YQAEF. Based on the results of network
pharmacology, key target proteins in ACE, GLA, MMP2, SERPINEI, and MPO were selected for experimental verification. The results showed that ACE/ACE2
and MPO expressions were increased in the oral and throat mucosa of the AURI mice. Under YQAEF treatment, the expression levels of ACE/ACE2 and MPO were
decreased. [ Conclusions] This study revealed the mechanism of YQAEF in the regulation of RMIS, which is associated with multiple components, targets, and
pathways. Further experiments confirmed that YQAEF interfered with MPO and ACE/ACE2 signaling pathways to regulate the RMIS in the oral and throat mucosa
tissue of mice with AURI, and provide a new direction for exploring the potential antiviral mechanism of YQAEF.
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Since the end of 2019, there has been a global outbreak of investigation”’

coronavirus disease 2019 (COVID-19) caused by severe acute re-
spiratory syndrome coronavirus 2 ( SARS-CoV-2, formerly known
as 2019-nCoV). The spread of SARS-CoV-2 has not been funda-
mentally suppressed''’. The world attention is focused on the
traceability, transmission route, and pathogenesis of the new
coronavirus. There is also a corresponding interest in novel thera-
peutic drugs and vaccines; production, research and development
of medical protective materials; rapid diagnosis techniques; and
prevention and control strategies. Integrated traditional Chinese

and Western medicine may offer hitherto unexplored avenues of
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The current research on the prevention and treatment of
COVID-19 from the perspective of mucosal immunity is prospec-
tive and holistic, and better reflects the characteristics of tradi-
tional Chinese medicine (TCM). According to TCM principles,
the immune function of the body is the main manifestation of right-
eousness, and it is the main part of the body that fights viral infec-
tion. Strengthening the righteousness and eliminating evil spirits of
the body has always been the characteristic and advantage of TCM
in the treatment of many infectious diseases” . By regulating the
immune function state of local disorders of the mucosa, TCM im-
proves the immune function of the body and has a positive effect on

“!. The respiratory

enhancing the ability of resistance and repair
passage mucosal immune system ( RMIS) provides a new way to
elucidate the mechanism of action of TCM in the treatment of
COVID-19, and provides inspiration for the prevention and
treatment of COVID-19"?. The application of special TCM in the
treatment of the RMIS for virus infection possesses the advantages
of multi-target, multi-level treatment mechanisms, few adverse
reactions, high safety, and unique advantages for the prevention
and treatment of virus infection, which have been frequently

highlighted"’.
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Yingiao anti-epidemic formula ( YQAEF) is a Chinese medi-
cine preparation based on the traditional Chinese prescriptions
-

Yingiao San (" Warm Febrile Diseases") """, Yupingfeng San
("Yifangleiju" ) , and Huoxiang Zhengqi powder (" Usage Diver-
sity" ) ®~°). Tt is combines Lonicerae Japonicae Flos, Forsythiae
Fructus, Pogostemon Cablin Benth, Hedysarum Multijugum Max-
im, Atractylodes Macrocephala Koidz, Sposhnikoviae Radix,
Platycodon Grandiforus, PLablab Semen Album, and Licorice. It
not only has the functions of heat-clearing, detoxicating, and re-
moving dampness for stomach regulation, but also strengthens the
spleen, supplements the lungs, and promotes healthy qi to elimi-
nate pathogens. Attack and supplement, as well as internal and
external treatments, are suitable for most people’s constitutions
and have many effective clinical applications. Therefore, it exerts
an antiviral effect'’.

Network pharmacology is based on bioinformatics and com-
puter technology, which integrate a large amount of biological in-
formation and data. It systematically and comprehensively reflects
the intervention mechanism of drugs on the disease network, which
is similar to the mechanism by which the complex components of
traditional Chinese medicines interfere with diseases through mul-
tiple channels and multiple targets''"’. In this study, we aimed to
explore the targets of YQAEF in the regulation of the RMIS and to
elucidate the therapeutic mechanism of YQAEF on acute upper re-
spiratory tract infection ( AURT) from many aspects. Furthermore,
some target proteins of key signaling pathways were verified
through in vivo experiments, which may provide evidence for the
treatment and prevention of the spread of the virus using YQAEF.

A flowchart is shown in Fig. 117",

Biomolecular mechanism of YQAEF in regulating respiratory passage
mucosal immune system based on network pharmacology and molecular
docking analysis
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Fig. 1 Flow chart for research about effect of YQAEF on RMIS

Materials and Methods
Components database construction and ADME screening

The candidate chemical components of the nine herbs con-
tained in YQAEF and the putative targets of these components
were identified with the TCM Systems Pharmacology ( TCMSP,

http://lsp. nwu. edu. ecn/temsp. php, Ver. 2. 3) database using
" Lonicerae Japonicae Flos," " Forsythiae Fructus," " Pogostemon
Cablin ( Blanco) Benth," " Hedysarum Multijugum Maxim,"
" Atractylodes Macrocephala Koidz," " Saposhnikoviae Radix,"
" Platycodon Grandiforus," " PLablab Semen Album," and " Lico-

rice" as the search terms '

. The candidate active components
were screened based on absorption, distribution, metabolism, and
excretion properties such as oral bioavailability (OB) and drug
similarity (DL) . The filtering criteria used were OB =30%
and DL=0. 18.
Predicting the targets of RMIS

The GeneCards database ( https://www. genecards. org/)
and the Therapeutic Target Database (TTD) (https;//db. idr-
blab. org/ttd/) were used to gather information on RMIS-associat-
ed target genes. GeneCards is a comprehensive database of func-
tions involving proteomics, genomics, and transcriptomicsm:
Target names were collected from TTD, which provided informa-
tion on the therapeutic protein targets, and the corresponding ID of
each target'"”’ .
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment analysis

The drug targets and disease targets were intersected, and
GO and KEGG pathway enrichment analysis was performed using
the R language and Cluster Profiler (version 3. 18. 0) software
package!"® ' Statistical significance was set at P <0. 01, and
Cytoscape (version 3.8.2) was used to visualize and analyze the
results™. Further, a regulatory network diagram of the intersec-
tion target-function and intersection target-pathway was drawn.
Construction of protein-protein interactions ( PPI) network

The intersection of the drug target of YQAEF and the target
of the RMIS was selected to draw the Venn diagram using Venny
(version 2. 1. 0). The intersection target was entered into the
STRING11. 0 database (https://string-db. org) to construct a PPI

"3-2] " Cytoscape was used to construct and visualize the

network"
PPI network. CytoNCA, a network topology analysis plug-in in
Cytoscape, was used for the topological analysis of PPI networks.
"Degree" refers to the number of connections of the node in the
whole network, and reflects the interaction information between
nodes. The "Degree" value was thus used as a reference for the
importance of the core target. The active components correspond-
ing to the five key targets obtained above were further proposed. A
herbs-active component-key target gene network was constructed,
and Cytoscape was used to visualize and analyze the results.
Screening of key genes and verification by molecular docking
Using the " CytoHubba" plug-in in Cytoscape software, the
top five genes in the PPI network were screened out as key genes
based on the "Degree" value ™. The crystal structure of the tar-
get protein was downloaded from the PDB database ( https://
www. resb. org/ ). PyMOL (version 2.5) and AutoDock ( version
1.5.6) were used to remove water and the original ligand of the
active center, and to hydrogenate the target protein. The 3D struc-
tural files of the core components of TCM were downloaded from
the PubChem database (https://www. nchbi. nlm. nih. gov/pccom-
pound/). They were then loaded into AutoDock Tools to add
atomic charges and assign atomic types. All the flexible bonds
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were set to be rotatable. AutoDock Vina was used for molecular
docking. The conformation with the highest score was selected as
the docking conformation, and PyMol was used to visualize the
results'™.

Experimental verification

Animals  Six-week-old female ICR ( Institute of Cancer Re-
search) mice (body weight 20 —22 g) were routinely housed in
SPF animal breeding rooms. Permission was obtained from the
Animal Care and Use Ethics Committee of our hospital. All
procedures were performed in accordance with the committee
guidelines.

Drugs and reagents The YQAEF was prepared at the Clinical
Pharmaceutical Laboratory of Traditional Chinese Medicine of the
Suzhou Academy of Wumen Chinese Medicine. The herbs were
boiled in water three times for 1 h each time. The decoctions were
combined and filtered through a membrane, then concentrated
through vacuum evaporation to a density of 1.0 at 70 °C. RIPA ly-
sis buffer, BCA Protein Assay Kit, Tris-glycine-SDS transfer buff-
er, Tris-glycine-SDS electrophoresis buffer, SDS-PAGE protein
loading buffer, Western blot transfer filter paper, PVDF mem-
brane, ultra-sensitive ECL. chemiluminescence solution, and 4%
paraformaldehyde fixative were purchased from Shanghai Beyotime
Biotechnology Co. , Ltd. Primary antibodies against rabbit immu-
noglobulin A (IgA) , immunoglobulin receptor (pIgR), angioten-
sin-converting enzyme ( ACE) , galactosidase alpha (GLA), ser-
pin family E Member 1 (SERPINEL ), myeloperoxidase (MPO) ,
angiotensin-converting enzyme 2 ( ACE2) , and glyceraldehyde-3-
phosphate dehydrogenase as well as secondary antibodies were
purchased from Abcam.

Animal model and treatments After 1 week of acclimation to
the environment, ICR mice were randomly divided into three
groups with 10 mice per group: non-treated control group, model
group, and YQAEF (10 g/kg) group. The YQAEF powder was
dissolved in deionized water for oral gavage once daily at the doses
mentioned above to the YQAEF group alone. Mice in the control
and model groups received an equivalent volume of deionized water
over the same treatment period. The mice had unlimited access to
food and water. The treatment duration was 1 week. Except for the
control group, the mice in the other groups replicated the Upper
airway immunity dysfunction ( UAID) model on the 7" day, which
involved exposure to a cold environment at —20 °C for 15 min,
followed by acclimation at room temperature for 1 h™*'. The mice
in each group were euthanized after anesthesia 1 h after the last
administration, and their oral and throat mucosa were collected in
1.5-mL EP tubes and stored at —80 °C.

Detection of target protein by western blot ( WB) analysis
Total protein was extracted and collected from the oral cavity and
larynx tissue. The protein was denatured using loading buffer and
then separated by SDS-PAGE (8% ). The protein in the gel was
then transferred to a PVDF membrane using a Bio-Rad electro
transmitter. Subsequently, 5% skim milk powder was used to seal
the PVDF membrane at room temperature. After blocking, the pri-
mary antibody was added and incubated overnight at 4 °C. The
next day, the washed PVDF membrane was incubated with horserad-

ish peroxidase-labelled secondary antibodies at room temperature.

After 1 h of incubation, the strips on the PVDF membrane were
developed in a dark room with ECL chemiluminescence reagent,
and each WB analysis was performed three times. Semi-quantita-
tive analysis was performed using Image] software.

Detection of target proteins using immunohistochemistry
(IHC)

larynx tissues were deparaffinized and rehydrated, followed by in-

Sections (3 wm) of paraffin-embedded oral cavity and

cubation with 3% H,0, for 10 min to suppress the endogenous
peroxidase activity. The sections were then incubated overnight at
4 °C with diluted primary antibodies against ACE and ACE2. The
slides were incubated with biotin labeled with goat anti-rabbit IgG
(secondary antibody) at 37 °C for 15 min. They were then orderly
incubated with DAB reagent and hematoxylin (for 2 min). The
slides were then dehydrated, made transparent, and mounted with
neutral gum. The tissue sections were examined under an optical
microscope and quantitative analysis was performed using Image-

Pro Plus 6.0 medical pathology graphic color analysis software.

Statistical Analysis

Data 20. 0 was used for statistical analysis, and measurement
data were expressed as mean * standard deviation (x +s). One-
way analysis of variance was used for comparison between multiple
groups. For comparison, the LSD test was used when the variance
was homogeneous and the non-parametric test was used for the het-
erogeneity of variance. P <0. 05 represents a statistically signifi-
cant difference, while P <0.01 and P <0. 001 represent a statisti-

cally significant difference.

Results and Analysis
Construction of YQAEF active component-target network
The targets corresponding to each drug-active compound were
screened using the TCMSP database. The active compounds pri-
marily originated from Lonicerae Japonicae Flos (211 com-
pounds ) , Forsythiae Fructus (206 compounds) , Pogostemon Cab-
lin Benth (174 compounds) , Hedysarum Multijugum Maxim (181
Atractylodes Macrocephala Koidz ( 225 com-
pounds) , Saposhnikoviae Radix (520 compounds), Platycodon
Grandiforus (84 compounds), PLablab Semen Album (60 com-
pounds) , and licorice (157 compounds). In this study, the drug

compounds ) ,

targets obtained for each disease were merged, and finally 638 ac-
tive components, 626 drug targets, and 1 859 related disease tar-
gets were obtained, and the R language VennDiagram package was
used to analyze the above obtained drug targets and RMIS disea-
ses. The targets were intersected and 160 key targets were ob-
tained (Fig. 2).
GO pathway enrichment analysis

To further understand the intersecting genes, GO enrichment
analysis was performed. This project used the R software cluster-
Profiler package to conduct enrichment analysis based on the GO
database to find the common functions and related pathways of a
large number of genes in the key gene set of the module. The
screening conditions were P <0.05, and counts >2. The GO sys-
tem includes three parts: biological processes ( BP), cellular
components (CC) , and molecular functions (MF). In this study,
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GO functional annotation was performed on 16 key target genes,
and the biological significance of each gene was determined.

RMIS-Targets

Orange represents the disease target of RMIS, and blue represents the

Drug-Targets

drug target.
Fig. 2 Venn diagram of the intersection of RMIS targets and drug
targets

In this study, the R language " enrichplot" (version 1.10.2)
was used to draw bar graphs to display the GO functional enrich-
ment results. The results showed that in terms of BP, a total of
1770 terms were obtained, and key target genes were significantly
related to drug response, oxidative stress response, and inflamma-
tory response, including regulation of inflammatory response, pos-
itive regulation of establishment of protein localization, positive
regulation of protein transport, reactive oxygen species metabolic
process, cellular response to oxidative stress, response to drug,
response to oxidative stress, response to molecule of bacterial ori-
gin, response to lipopolysaccharide, and cellular response to
chemical stress. In terms of MF, a total of 121 terms were ob-
tained, and key target genes were significantly related to organic
acid binding, heme binding, and antioxidant activity, including
serine-type peptidase activity, amide binding, antioxidant activi-
ty, serine hydrolase activity, organic acid binding, tetrapyrrole
binding, carboxylic acid binding, heme binding, ligand-activa-
ted, transcription factor activity, and nuclear receptor activity. In
terms of CC, a total of 81 terms were obtained, and the key target
genes were significantly related to the membrane region, outer side
of the plasma membrane, and secretory granule cavity, including
ficolin-1-rich granules, external side of plasma membrane, caveo-
la, plasma membrane raft, secretory granule lumen, cytoplasmic
vesicle lumen, vesicle lumen, membrane region, membrane mi-
crodomain, and membrane raft (Fig. 3A-B).

We used the top 10 terms of GO-BP, GO-CC, GO-MF re-
sults (the terms GO-BP, GO-CC, and GO-MF cannot be fully dis-
played) and their corresponding key targets were proposed. Using
Cytoscape, the key target-function regulatory network diagram was
constructed and visualized, as shown in Fig. 4A. The key target-
function network diagram of the GO-BP top 10 terms contains 10
terms, 93 key targets, and 315 relationship pairs. Fig. 4B pres-
ents the key target-function network diagram of GO-MF terms. The
Figure contains 10 terms, 64 key targets, and 131 relationship
pairs. Fig. 4C presents the key target-function network diagram of
the GO-CC terms, which contains 10 terms, 59 key targets, and

194 relationship pairs.
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(A) The result of the GO analysis was shown in a bar plot; (B) The re-
sult of the GO analysis was shown in a bubble plot; the ordinate repre-
sents the enriched GO Term, the length of the bar represents the number
of key targets enriched by the GO Term, and the color from blue to red
represents the reliability of the result from low to high.

Fig. 3 GO pathway enrichment analysis

KEGG pathway enrichment analysis

The KEGG database is commonly used for pathway research.
KEGG pathway analysis was performed on all identified protein
sets or screened differentially expressed proteins to perform path-
way annotation and to analyze the most important metabolic and
signal transduction pathways involved in these proteins or genes.
We performed KEGG functional enrichment analysis on 16 key tar-
get genes, obtained 176 related pathways, and used the R lan-
guage "enrichplot" package to draw a bubble chart to display the
top 15 pathways. As shown in (Fig. 5A-B), KEGG enrichment
results include pertussis, TNF signaling pathway, endocrine re-
sistance, prostate cancer, IL-17 signaling pathway, toxoplasmo-
sis, Chagas disease, tuberculosis, hepatitis B, AGE-RAGE signa-
ling pathway in diabetic complications, Kaposi sarcoma-associat-
ed, herpesvirus infection, chemical carcinogenesis-receptor acti-
vation, fluid shear stress and atherosclerosis, PI3K-Akt signaling
pathway, and lipid and atherosclerosis pathways. This indicates
that the key target genes are significantly related to signaling, viral
infection, and endocrine resistance.
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(A) GO-BP functional network diagram of key targets, yellow hexagons
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network diagram of Key target, pink hexagons represent GO-CC Terms,
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Fig. 4 Regulatory network diagram of key target-function

We identified the KEGG top 50 pathways and their corre-

sponding key targets, constructed a regulatory network diagram of

the key target pathways, and used Cytoscape for visualization
(Fig. 5C). The network contained 50 KEGG Pathways and 100
key targets, with a total of 891 relational pairs.
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Fig. 5 KEGG pathway enrichment analysis

Construction of PPI network

The protein interaction network uses proteins as nodes and
participates in the same metabolic pathway, biological process,
structural complex, functional association, or physical contact be-

tween proteins as an edge network. Protein interaction networks
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are currently among the most well-studied biomolecular networks.
Proteins are important biological macromolecules that are found in
organisms and perform various biological functions. Proteins par-
ticipate in all aspects of life processes, such as biological signal
transmission, gene expression regulation, energy and material me-
tabolism, and cell cycle regulation, through interaction to form a
network. Therefore, protein interaction networks are crucial for
understanding the structure and function of cellular networks, and

the basis of disease development' ™.

Table 1 Top 80 genes with relevance scores greater than or equal to the

median
No. Gene symbol Relevance score ||[No. Gene symbol  Relevance score
1 116 94.308 578 49 || 41  CD8O 27.321 189 88
2 INF 85.446 807 86 || 42 LTF 27.169 761 66
3 IFNG 75.532989 50 || 43 BCI2 26.570 549 01
4 TP53 71.233 207 70 || 44 SERPINEI] 26.342 319 49
5 TLRA 63.759 460 45 || 45 FGI2 25.895 421 98
6 ILIB 63.380 844 12 |46  SELE 24.130 743 03
7 12 58.755470 28 || 47 F3 23.929 121 02
8 ACE 54.550 144 20 || 48 MET 23.898 578 64
9 TLR2 53.400 581 36 || 49 GJAl 23.793 239 59
10 EGFR 50.395 33234 || 50 NOS3 23.599 277 50
11 cclL2 49.228 85132 ||51 TH 22.833 839 42
12 HRAS 46.475944 52 || 52 CYCS 22.745 555 88
13 ADA 45.920 524 60 || 53  NR3Cl 22.502 641 68
14 MPO 44.767 425 54 || 54 SRC 22.453 823 09
15  NFKBI 43.001 098 63 || 55 CYP3A4 22.436 914 44
16 INS 37.247 444 15 || 56 COX5A 22.239 486 69
17 CPT2 36.982 078 55 || 57 MAPK3 21.946 975 71
18 SOD1 36.163 162 23 || 58 MAPK14 21.841 012 95
19  MAPK1 35.947 639 47 || 59  PIK3CG 21.790 779 11
20  IKBKB 34.683 250 43 || 60  NOSI 21.424 863 82
21 NOS2 34.583320 62 || 61 ESRI1 21.293 737 41
22 PLG 34.524 26529 || 62 GPT 20. 845 380 78
23 CTNNBI 33.645 664 22 || 63  GLUL 20.598 915 10
24 MMP1 33.340 171 81 || 64 BCI2L1 20.505 420 68
25  ITGB2 33.323 028 56 || 65 HSP90AAL 20.454 704 28
26 SERPINA1  32.525894 17 (|66 DPP4 20.319 917 68
27 2 32.159 778 59 || 67 CTSD 20. 188 274 38
28 JAK2 31.946 994 78 || 68 MAPK8 19.891 922 00
29  JUN 31.002 269 74 |69 PLAU 19.853 538 51
30 CD86 30.009 862 90 || 70 APP 19.714 202 88
31  REN 29.818 37845 || 71  GIA 19. 655 849 46
32 VCAM1 29.721 021 65 || 72 SELP 19.552 700 04
33 PTGS2 29.446 464 54 || 73 ACHE 19.314 441 68
34 THBD 29.341903 69 (|74 AR 19.285 150 53
35  GUSB 29.338 27782 || 75 RAD51 19. 130 416 87
36 ADRB2 28.588 876 72 || 76 PTGSI1 18.791 046 14
37 TNFSF13B  28.32295227 ||77 RB1 18.401 226 04
38 PPARG 28.314 53133 || 78 CDK4 18.322 635 65
39  MMP2 27.804 77524 || 79 KDR 18.252 250 67
40  ALOX5 27.538 936 61 || 80 SLC6A3 18. 124 248 50

First, the relevance score (obtained from the GeneCards da-
tabase) of 160 key targets was ranked, and 80 genes (Table 1)
with a relevance score greater than or equal to the median (median
=18.124 248 5) were used for subsequent analysis. To explore
whether there was an interaction between key targets, we used the
STRING website to construct a PPI network for 80 key targets
(confidence =0.4). Discrete proteins were removed to obtain the
interaction network relationship of 80 proteins, including 80 nodes
and 2 510 edges. Cytoscape software was used to identify the pro-
tein network map (Fig. 6). The degrees of the genes in the PPI
network were then sorted, and the TOP 5 genes were screened by
degree (Table 2) for subsequent analysis. It can be seen that
ACE, GLA, MMP2, SERPINE1, and MPO may play an impor-
tant role in the occurrence and development of RMIS.
Pharmacological regulatory network of key targets in TCM

We proposed the active components corresponding to the five
key targets obtained above, constructed a drug-active component-
key target gene network, and used Cytoscape for visualization
(Fig. 7). The network contains eight herbs in YQAEF
(Lonicerae Japonicae Flos, Forsythiae Fructus, Pogostemon Cab-
lin Benth, Hedysarum Multijugum Maxim, Atractylodes Macro-
cephala Koidz, Saposhnikoviae Radix, Platycodon Grandiforus,
and Licorice) , 11 active pharmaceutical components, five key tar-
gets, and a total of 56 relationship pairs.

Verification with molecular docking

We selected the key core targets ACE, GLA, MMP2, SER-
PINE1, and MPO in the key signaling pathway obtained in the
previous steps, and carried out molecular docking analysis with
the main active components of YQAEF. We used the PubChem
database to download the 3D conformers of quercetin, acetic acid,
and raffinose, and the PDB database to download the IDs of MPO,
MMP2, ACE, SERPINEL, and GLA, which are 6AZP, 1RTG,
2XY9, 1A7C, and 1INLO, respectively. The docking results
showed better binding energy (Fig. 8A-E).

Quercetin formed a hydrogen bond with the MPO receptor tar-
get protein through the amino acid residues ASP-260, MET-253,
and ARG-499 (Fig. 8A). The docking affinity between the active
molecule and the protein was —9.7 kcal/mol. Quercetin formed a
hydrogen bond with the MMP2 receptor target protein through the
amino acid residues ASN-573, ALA-479, GLN-480, and GLU-
525 (Fig. 8B). The docking affinity between the active molecule
and the protein was —9.2 kecal/mol. Acetic acid formed a hydro-
gen bond with the ACE receptor target protein through the amino
acid residues SER-147, HIS-353, and CYS-352 (Fig. 8C). The
docking affinity between the active molecule and the protein was
-3.5 kcal/mol. Acetic acid formed a hydrogen bond with the
SERPINEI receptor target protein through the amino acid residues
TYR-37 and SER41 (Fig. 8D). The docking affinity between the
active molecule and the protein was — 3. 6 kcal/mol. Raffinose
formed a hydrogen bond with the GLA receptor target protein
through the amino acid residues LEU-136, SER-138, ASP-139,
GLN-168, SER-169, and THR-183 ( Fig. 8E). The docking
affinity between the active molecule and the protein was —7.1
kcal/mol. These ligand compounds were well embedded in the ac-

tive pocket of the receptor target protein.
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Table 2 PPI network degree ranking TOPS key target information

Name Degree Eccentricity Number of undirected Edges Radiality Stress Topological coefficient
ACE 69 3 40 0.992 661 897 904 0.489 423 077
GLA 68 3 4 0.984 039 626 4 0.574 626 866
MMP2 68 2 49 0.994 496 423 1 040 0.500 129 166
SERPINEL 64 3 36 0.991 928 087 374 0.557 336 182
MPO 58 2 36 0.992 111 539 578 0.499 296 765
mol0otoss =M% oiang
TNESF13B MOL000675 Jnyinhua
2 E1 MolBoBs1 Y 9 Herbs
PIK3CG \ : ‘ ol a8 Compounds
@‘ ; .' . . @ Targets
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The lines represent the interaction between them; the color represents
their degree value, and the darker the color, the higher the degree value,
the more in the core position.
Fig. 6 The protein interaction network of key targets

3D conformer of quercetin

3D conformer of acetic acid

3D conformer of raffinose
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Pink hexagons represent Herbs; blue dots represent key targets; yellow
squares represent drug active components.

Fig. 7 TCM pharmacological regulation network of key targets

3D conformer of acetic acid

(A) Molecular docking diagram of 6AZP and quercetin; (B) Molecular docking diagram of 1RTG and quercetin; (C) Molecular docking diagram of 2XY9
and acetic acid; (D) Molecular docking diagram of 1A7C and acetic acid; Fig. 4E Molecular docking diagram of INLO and raffinose.

Fig. 8 Verification with molecular docking

Experimental validation in vivo

WB analysis of key targets proteins in UAID mouse oral cavi-
ty and larynx tissues IgA and plgR in mucosal epithelia play an
important role in preventing pathogen adhesion to host cells, there-
by blocking dissemination and further infection™’. Seven days af-

ter the intervention, the oral cavity and larynx tissues of mice in

each group were collected for WB examination. Although IgA and
plgR were normally expressed in the oral cavity and larynx tissues
of the control group, their expression in the model group was sig-
nificantly lower than that in the control group (P <0.001). The
expression of IgA and plgR in the YQAEF group was significantly
lower than that in the model group ( P <0.001) , but was still
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significantly lower than that in the control group (P <0.05 or
P <0.01, Fig. 9A-C).

In addition, among the five key targets in the network
pharmacology analysis, compared with the control group, the
expression of ACE and MPO proteins in the model group was
significantly increased (P <0.001), while the expression of
ACE and MPO in the YQAEF group was significantly lower

L0 p

than that in the model group (P <0.001) , but was still signif-
icantly higher than that in the control group (P <0.001) ; the
expression of GLA protein in the model group and the YQAEF
group was significantly decreased ( P < 0. 001) and the two
groups were comparable; the protein expression of MMP2 and
SERPINE1 was comparable among the three groups, with no
statistical difference ( Fig. 9D-I).
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A Iga (55 kDa) | wee B ‘
0.8 F * 0.8 F ok
_ - i - - ##
= 0.6 F 0.6
PIgR (83 kD) | o . Z o 3
3 04 F % 0.4 F e
| | 0.2 F - 0.2 F
GAPDH (42 kDa) ’ ’
0 0 :
D ACE (170 kDo) | e D W Control Mode1 YQAEF Control Mode1 YQAEF
Group Group
GLA (46 KD2) | e L0 Fog e L0 [ g
0.8 08
MP2 (62 kDa) | i e o
£ 06 é 0.6 b T
= (&)
SERPINEL (45 kDa) | G 2 0.4 =04 F wx -
- — =)
0.2 0.2 F
MPO (150 kDa) | D A
0 0 1
Control Model YQAEF Control Model YQAEF
GAPDH (42 kDa)
Group Group
1.0 ¢ 1.0 i 1.0 r I
0.8 0.8 0.8 F EE sk
=
= 2 =
g 0.6 3 0.6 F T % 0.6 F
N =] S
& 04 B em—— — 04 B § 04 o
2 2 —
0.2 F 20,2 F 0.2 F
0 L 0 0 1
Control Model YQAEF Control Model YQAEF Control Model YQAEF
Group Group Group

(A) Representative band of IgA and pIgR protein detected by WB. (B) The relative IgA protein levels of the WB results; (C) The relative pIgR
protein levels of the WB results. (D) Representative band of ACE, GLA, MMP2, SERPINE] and MPO protein detected by WB. ( E) The relative
ACE protein levels of the WB results; (F) The relative GLA protein levels of the WB results; ( G) The relative MMP2 protein levels of the WB re-
sults; (H) The relative SERPINE] protein levels of the WB results; (I) The relative MPO protein levels of the WB results. Data are presented as
mean +SD (n=3). *P<0.05, **P<0.0l, ***P<0.001, compared with control group; **P <0.01, " P <0.001, compared with

model group.

Fig. 9 WB analysis of key targets proteins in UAID mouse oral cavity and larynx tissues

IHC detection of ACE and ACE2 proteins in UAID mouse
oral cavity and larynx tissues

Seven days after the intervention, the oral cavity and la-
ryngeal tissues of mice in each group were collected for IHC ex-
amination. The expression of ACE and ACE2 was observed in
the nucleus and cytoplasm of the epithelial cells of the oral cav-
ity and larynx, respectively. There was a small amount of ACE
and ACE2 expression in the oral cavity and laryngeal tissue of
mice in the control group. The expression of ACE and ACE2 in

the model group was significantly higher than that in the control
group (P <0.05, P<0.01), while the ACE expression in
the YQAEF group was lower than that in the model group, and
the ACE2 expression in the YQAEF group was significantly
lower than that in the model group (P <0.05, see Fig. 10A-
B). The above results indicated that the expression of ACE
and ACE2 was elevated in upper airway immune dysfunction.
In mice, YQAEF regulates the overexpression of ACE/ACE2

and improves upper airway immune dysfunction.
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Fig. 10

Discussion
Maintaining the immune function of the respiratory mucosa

can effectively prevent respiratory diseases, and TCM is an effec-

1

tive alternative therapy”’. In this study, we applied network

pharmacology methods to discover the key active components of
YQAEF in the regulation of RMIS. Our results showed that quer-
cetin, acetic acid, and raffinose are important components in the
regulation of RMIS, which may act on multiple pharmacological
targets for virus infection prevention and treatment.

In vitro experiments and some animal models have shown that
quercetin, a polyphenol derived from plants, has a wide range of

biological actions, including antiviral® ' anti-inflammatory
B0=311 " as well as attenuating lipid

peroxidation, platelet aggregation, and capillary permeability”™"’.

and anti-carcinogenic activities

Acetic acid is a short-chain fatty acid that regulates the participa-
tion of innate immune cells in the immune system, such as
macrophages, neutrophils, and dendritic cells. It can regulate the
differentiation of T cells and B cells and their mediated antigen-
specific adaptive immunity, as well as provide energy for the body
and other active roles, such as anti-inflammatory and antiviral ac-
tivities ™ ', Raffinose promotes the proliferation of bifidobacte-
ria, improves the stomach, protects the liver, lowers blood choles-
terol, enhances immunity, and has anti-cancer and anti-oxidation
properties[35 el

The potential target genes and signaling pathways of YQAEF
in the regulation of the RMIS were predicted based on network
pharmacology. Our results showed that ACE, GLA, MMP2, SER-
PINE1, and MPO are potential key targets for RMIS treatment. In

addition, key target genes are involved in signal transduction, viral

IHC detection of ACE and ACE2 proteins in UAID mouse oral cavity and larynx tissues

infection, endocrine resistance, and other related pathways in-
volved in the regulation of RMIS.

Molecular docking is mainly used to study interactions be-
tween molecules. The more stable the binding conformation of the
ligand and the receptor, the stronger the binding and the lower the
energy . The screened active components and key targets were
verified by molecular docking technology. According to the optimal
composite structure of key targets and active components, querce-
tin has better binding ability with MPO and MMP2. In addition,
acetic acid has good binding ability with ACE and SERPINE1, and
mullein has good binding ability with raffinose. These data sugges-
ted that the key chemical components of YQAEF have good binding
activity with key targets in diseases.

Some homology exists between ACE2 and ACE™. The first
step in SARS-COV-2 entry is the binding of the viral trimeric spike
protein to the human receptor ACE2. Yan et al. presented the
structure of human ACE2 in complex with a membrane protein,
such as the chaperone, BOAT1. In this complex, ACE2 is a di-
mer. Furthermore, the receptor-binding domain of SARS-CoV-2
can interact with ACE2,
proteins may bind to an ACE2 dimer. These structures provide a

implying that two trimeric spike

basis for the development of therapeutics that target this crucial
interaction'” .

Based on the preliminary research foundation of our group and
the results of this study, the targets of ACE and ACE2 were select-
ed for further experimental verification, which suggested that
YQAEEF inhibits the overexpression of ACE2 in AURI by regulating
RMIS, which indirectly reflects its potential antiviral function.

This study used bioinformatics to analyze the mechanism of

action of YQAEF in the regulation of the RMIS and selected key
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targets for experimental verification in vivo. The results showed
that the identical compound of YQAEF may regulate different tar-
gets, and ACE and ACE2 targets may interfere with BP and signa-
ling pathways associated with respiratory diseases, such as COV-
ID-19. This reflects the combined effect of multi-pathway and
multi-target YQAEF. This study provides a scientific basis for
YQAEF in the regulation of the RMIS and a new direction for ex-
ploring the potential antiviral mechanism of YQAEF.
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