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Abstract
Background: This paper discusses the molecular mechanism of Tanreqing (TRQ) in the treatment of the coronavirus disease 2019 (COVID-19) using the
network pharmacology approach. Our study provides new ideas on the laboratory research and clinical treatment of the disease.

Method: Information on the chemical constituents of TRQ and the genes targeted by the disease was collected. The common gene targets of the drug and the
disease were input into the Search Tool for the Retrieval of Interacting Genes/Proteins STRING database to understand the interaction among target proteins.
The protein–protein interaction (PPI) network and a network of the chemical constituents of TRQ and their targets were constructed using Cytoscape. Gene
ontology (GO) enrichment analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis were performed using the R program and other
relevant software packages.

Results: Twenty-eight active chemical constituents and 365 gene targets were identi�ed for TRQ. Out of these genes, 113 were also found to be involved in the
pathogenesis of the disease. Enrichment analysis revealed the therapeutic role that TRQ could have played in the treatment of COVID-19, via the regulation of
important pathways such as the renin–angiotension system, neuroactive ligand–receptor interaction, phospholipase D (PLD) signaling pathway, calcium
signaling pathway, and the hypoxia-inducible factor 1 (HIF-1) signaling pathway.

Conclusions: This study attempts to predict the molecular mechanism of TRQ in the treatment of COVID-19, and suggests TRQ intervention through multiple
targets and pathways in processes including in�ammatory response, immune regulation, and apoptosis during the treatment of the disease. This study
indicates the potential rational application of TRQ in the clinical treatment of COVID-19.

1. Introduction
Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a novel coronavirus found in humans. The pneumonia caused by the infection of this virus
is called "coronavirus disease 2019 (COVID-19)". SARS-CoV-2 is a betacoronavirus and the seventh coronavirus strain with known ability to infect humans. Its
peers of the same species or genus, severe acute respiratory syndrome coronavirus (SARS-CoV,which caused the SARS outbreak in 2003)[1]and Middle East
respiratory syndrome-related coronavirus (MERS-CoV,which caused the MERS outbreak in 2015)[2]have wreaked serious outbreaks of acute respiratory
diseases in the world and caused panic among peoplein the past.[3]Ever since its �rst report in Wuhan, a city in the Hubei Province in central China, COVID-19
has spread to several countries in the world in just over two months. As of March 5, 2020, there were 95,917 con�rmed cases globally.(The data came from
National Health Commission of the People's Republic of China and World Health Organization). Currently, the exact pathogenesis of the disease is not yet fully
understood by researchers, and an effective treatment using disease-speci�c drugs or prevention via vaccination is not available as yet. Traditional Chinese
medicine (TCM) is a comprehensive medicine system with potential utilization value in clinical practice in China for thousands of years, and has the
characteristics of multicomponents and multitargets, presenting synergistic effect on many diseases with fewer side effects.Its potential in the prevention and
treatment of COVID-19 is gradually unfolding.

Based on the classi�cation system of TCM, COVID-19 is an epidemic. Throughout the thousands of years of Chinese civilization, TCM has acquired rich
clinical experience in the diagnosis and treatment of epidemics, and has been proven to reduce the mortality rate and improve the prognosis of diseases. In
the Diagnosis and Treatment Program of COVID-19 (trial version 7), jointly issued by the National Health Commission and the National Administration of
Traditional Chinese Medicine, People’s Republic of China, Chinese herbal decoctions and Chinese patent medicine have been suggested as possible options
for the treatment of COVID-19. Among them, Tanreqing (TRQ) is being recommended for severe and critical patients. TRQ is a type of compound Chinese
medicine, commonly used in China. It consists of extracts from Radix Scutellariae baicalensis, bear bile powder, Cornu Caprae Hircus, Flos lonicerae, and
Forsythiae Fructus. Because of its ability to clear heat, reduce phlegm, and eliminate toxic effects, this drug is often used to alleviate symptoms such as fever,
cough, di�culty in expectoration, sore throat, dry mouth, reddish/crimson tongue, and yellow coating on tongue experienced in upper and lower respiratory
tract infections and lung diseases[4-10]. TRQ, as a fast-acting and effective modern medication that comes in ready-to-use formulation, has been used
increasingly in clinical situations. Though clinical studies and experiments in the past have con�rmed TRQ as a natural broad-spectrum antiviral drug[5, 6, 11]
the molecular mechanism behind its antiviral function has not yet been fully understood.

In terms of working mechanism, compound Chinese medicines regulate the human body comprehensively through multiple constituents–multiple targets
interaction. It is, hence, di�cult to clearly identify the mechanism of action of Chinese medicines. Network pharmacology is a classic method that uses
bioinformatics to discover the potential mechanism of the interaction between drugs and known targets[12]. Its systematic and comprehensive approach
agrees with the holistic characteristic of drug organization and matching in prescribing TCM. Network pharmacology has been widely used in the screening of
active ingredients, identi�cation of drug action mechanism, and the study of disease pathogenesis[13-17][18, 19].This study sought to explore the possible
material basis of TRQ action through network pharmacology, and lay the foundation for the investigation of the molecular basis of COVID-19 treatment by this
drug.

2. Materials And Methods
2.1. Chemical composition of TRQ

Through literature research [11, 20-27]and using the list of chemical components supplied by the manufacturer (Shanghai Kaibao Pharmaceutical
Co,Ltd,Shanghai,China),29 compounds in TRQ were chosen for further study. All compounds were fed into PubChem[28, 29]
(https://pubchem.ncbi.nlm.nih.gov). Compounds with duplicate data and no structural information were removed. Twenty-eight chemical constituents were
eventually collected.
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2.2. Prediction of the possible targets of TRQ

The line notations (following the simpli�ed molecular-input line-entry system, SMILES) of the 28 chemical constituents were imported into the Search Tool for
Interacting Chemicals (STITCH) and the SwissTargetPrediction database. STITCH [30] (http://stitch.embl.de/) is a database of known and predicted
interactions between chemical compounds and proteins. It uses text mining and molecular docking to predict the interactions between compounds and
proteins. STITCH has been adopted in the research on TCM to locate potential active ingredients and in explaining its molecular mechanism
[31].SwissTargetPrediction[32, 33](http://www.swisstargetprediction.ch/) is a web server that accurately predicts the similarity in the targets of bioactive
molecules based on their chemistry. In the last step, the desired targets were obtained after removing the duplicate data.

2.3 Targets involved in the pathogenesis of COVID-19 and those of TRQ in the treatment of COVID-19

The targets involved in the pathogenesis of COVID-19 were obtained using single-cell sequencing. Angiotensin converting enzyme 2 (ACE2) has been identi�ed
as the receptor for the virus SARS-CoV-2. The interaction between ACE2 and the spike protein may also mediate the infection of the alveolar type II cells in the
lungs by SARS-CoV-2. The information on genescoexpressed with ACE2, as identi�ed by the single-cell sequencing of colonic epithelial cells, was downloaded
from that report [34]. The names of the genes obtained from the original �le were standardized. Matching was performed using the Search Tool for the
Retrieval of Interacting Genes/Proteins[35](STRING, https://string-db.org/) on human genes to obtain the potential targets associated with the disease (a total
of 3558 of them). These gene targets were mapped to the targets of TRQ using the Venn diagram intersection to locate the overlapping targets of the drug and
the virus, which are taken as the potential targets of TRQ action in the treatment of COVID-19 (drug–virus common targets).

2.4 Network analysis

The potential targets were fed into the STRING database, selecting "Homo sapiens" as the species. Results in the TSV format were exported and then imported
into CytoHubba[36], a plug-in of Cytoscape [37]3.7.0for network analysis. The results obtained were the visualization of the network relationship among the
top 20 targets (ranked by their degree values). A darker color on the chart indicates a higher degree value. Cytoscape is a software tool for bioinformatics
analysis and is used for visualizing biological pathways and molecular interaction networks. CytoHubba is used for the ranking of the nodes in the network
using its network analysis function. This plug-in is equipped with 11 topological analysis algorithms, which arebased on the degree of shortest path, edge
percolated component, maximum neighborhood component, density of maximum neighborhood component, maximal clique centrality, and six centralities
(bottleneck, eccentricity, closeness, radiality, betweenness, and stress).

2.5 GO and pathway enrichment

To understand the role of the potential targets in gene functions and signaling pathways, GO analysis [38] and Kyoto Encyclopedia of Genes and Genomes
(KEGG) [39] pathway analysis were carried out using org.Hs.eg.db[40]and the clusterPro�ler[41]package of R 3.5.2. clusterPro�ler performs an automatic
classi�cation of biological terms and enrichment analysis of gene clusters.The R language (https://www.r-project.org/) and its back-end database
"org.Hs.eg.db" were used to �nd the gene ID (entrezID) of the potential targets. Functional enrichment analysis using clusterPro�ler was performed on the GO
terms of these targets based on three aspects: biological process (BP), cellular component (CC), and molecular function (MF). The GO terms were then ranked
according to their signi�cance. The top 10 enriched terms were displayed on a histogram. In the same way, enrichment analysis was performed on KEGG
pathways of the potential targets (gene ID [entrezID] retrieved) using the R language and the associated clusterPro�ler package. The top 20 enriched terms
were displayed on a histogram.

3. Results
3.1 Screening of TRQ composition and targets

Through literature search and using the list of chemical constituents supplied by the manufacturer, 29 compounds from the above �ve components of the
drug were retrieved, including 4 from Radix Scutellariae baicalensis, 2 from bear bile powder, 13 from Cornu Caprae Hircus, 7 from Flos lonicerae, and 3 from
Forsythiae Fructus. Because caffeic acid was present in both Flos loniceraeand Forsythiae Fructus, a total of 28 chemical constituents were obtained. The full
list of chemical compounds present in TRQ is provided in Table 1. Also obtained were 365 potential targets for TRQ action. A chart depicting the interaction
between the active constituents of the drug and the targets constructed using Cytoscape 3.7.0 is shown in Figure 1.The core compounds were obtained using
NetworkAnalysis[35] for network topology Analysis. The top 10 core compounds (ranked by their degree values) are the following: ursodeoxycholic acid,
caffeic acid, baicalin, 4,5-Di-O-caffeoylquinic acid, 3,4-Dicaffeoylquinic acid, chlorogenic acid , chenodeoxycholic acid, neochlorogenic acid, cryptochlorogenic
acid, and amygdaloside.

Table 1 Chemical composition analysis of TRQ based on the constituent list provided by the manufacturer



Page 4/12

Number Medicinal material name Constituent name CAS number Molecularformula Molecular weight

1 RadixScutellariaebaicalensis Scutellarin 27740-01-8 C21H18O12 462

2 Radix Scutellariaebaicalensis Baicalin 21967-41-9 C21H18O11 446

3 Radix Scutellariaebaicalensis Oroxylin A glucoronide 36948-76-2 C5H8O6 164

4 Radix Scutellariaebaicalensis Chrysin-7-O-glucuronide 35775-49-6 C23H22O13 506

5 Floslonicerae Neochlorogenic acid 906-33-2 C16H18O9 354.31

6 Floslonicerae Chlorogenic acid 327-97-9 C16H18O9 354.31

7 Floslonicerae Cryptochlorogenic acid 905-99-7 C16H18O9 354.309

8 Floslonicerae Caffeic acid 331-39-5 C9H8O4 180.15

9 Floslonicerae 3,4-Di-caffeoylquinic acid 57378-72-0 C25H24O12 516.4509

10 Floslonicerae 3,5-Di-caffeoylquinic acid 2450-53-5 C25H24O12 516.4509

11 Floslonicerae 4,5-Di-O-caffeoylquinic acid 14534-61-3 C25H24O12 516.4509

12 Forsythiae Fructus Forsythoside E 93675-88-8 C20H30O12 462.4

13 Forsythiae Fructus Caffeic acid 331-39-5 C9H8O4 180.16

14 Forsythiae Fructus Amygdaloside 96420-61-0 C27H34O11 534.55

15 CornuCapraeHircus Aspartic acid 56-84-8 C4H7NO4 133.1

16 CornuCapraeHircus L-Threonine 72-19-5 C4H9NO3 119.12

17 CornuCapraeHircus L-Alanine 56-41-7 C3H7NO2 89.09

18 CornuCapraeHircus Glutamic acid 56-86-0 C5H9NO4 147.13076

19 CornuCapraeHircus Arginine 74-79-3 C6H14N4O2 174.2

20 CornuCapraeHircus DL-Methionine 59-51-8 C5H11O2NS 149.21

21 CornuCapraeHircus Valine 7004-03-7 C5H11NO2 117.15

22 CornuCapraeHircus Tyrosine 60-18-4 C9H11NO3 181.189

23 CornuCapraeHircus l-Isoleucine 73-32-5 C6H13NO2 131.17

24 CornuCapraeHircus Leucine 61-90-5 C6H13NO2 131.18

25 CornuCapraeHircus Phenylalanine 63-91-2 C9H11NO2 165.19

26 CornuCapraeHircus Histidine 71-00-1 C6H9N3O2 155

27 CornuCapraeHircus L-Pyroglutamic acid 98-79-3 C5H7NO3 129.12

28 bear bile powder Ursodeoxycholic acid 128-13-2 C24H40O4 392.572

29 bear bile powder Chenodeoxycholic acid 474-25-9 C24H40O4 395.57

 

3.2 Identi�cation of potential drug targets

Previous studies on COVID-19 have revealed ACE2 to be an essential protein involved in the viral infection of cells [42] A total of 3558 human genes that
correlated with the expression of this protein were identi�ed. The mapping of the TRQ targets with the SARS-CoV-2 targets yielded 113 genes as the possible
core targets of the TRQ action in the treatment of the disease (Figure 2). It is thus believed that TRQ may affect the 113 proteins encoded by these genes
through the chemical compounds identi�ed in Section 3.1, and, thus, play a role in the development and outcome of the disease.

3.3 Protein–protein interaction (PPI) network of the potential targets

In TCM, the treatment of a disease is through the synergistic effect of multiple constituents on multiple targets. To understand the mechanism of this synergy
and the possible mechanism of TRQ in the treatment of COVID-19, it is necessary to understand the effect of its constituents on the target proteins associated
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with COVID-19 pathogenesis. The 113 potential core targets identi�ed by overlapping the TRQ targets with those involved in the disease were fed into the
STRING database. The output obtained in the TSV format was imported into the cycloHubba plug-in of Cytoscape 3.7.0 for network analysis. The results are
shown in Table 2. The network relationship among the top 20 targets (ranked by their degree values) is shown in Figure 3. The top 20 target proteins are the
following: epidermal growth factor receptor (EGFR), caspase3(CASP3), epidermal growth factor(EGF), signal transducer and activator of transcription
3(STAT3), angiotensin converting enzyme(ACE), estrogen receptor 1 (ESR1), glucagon (GCG), myeloperoxidase (MPO), Factor II (F2), interleukin 17A (IL17A), P-
glycoprotein (ABCB1), cytochrome P450 2C9 CYP2C9 , forkhead box protein p3 (FOXP3), Ras homolog gene family,member A (RHOA), UDP-
glucuronosyltransferase 1-8 (UGT1A8),Type-1 angiotensin II receptor (AGTR1),Metabotropic glutamate receptor 5(GRM5), cytochrome P450 2C19 (CYP2C19),
caspase 8 (CASP8), and maltase-glucoamylase (MGAM). These proteins are thus considered the core targets in the PPI network and are thus closely
associated with the treatment mechanism of TRQ for COVID-19. It is likely that TRQ achieves its medicinal effect and treats COVID-19 by acting on these core
targets. The human angiotensin-converting enzyme 2 (ACE 2) is found ubiquitously in all the organs of the human body in the endothelial cells of the arteries
and veins and the smooth muscle cells of the arteries. It exists in abundance in the epithelial cells of human lungs and small intestine, and is considered to be
the receptor of SARS-CoV[43-45] Previous studies on SARS-CoV-2 also reveal this enzyme as an essential protein in the viral infection of cells [42]. The target
proteins identi�ed are also involved in in�ammatory response, immunosuppression, and cell growth, proliferation, differentiation, apoptosis, and
reconstruction.

Table 2 Core targets in the PPI network of COVID-19 treatment by TRQ

NO Target MCC DMNC MNC Degree EPC BottleNeck EcCentricity Closeness Radiality Betweenness Stress Clusteri

1 EGFR 16706 0.30 34 36 40.63 10 0.33 68.83 4.24 1454.57 7000 0.19

2 CASP3 18658 0.36 35 35 41.28 9 0.25 69.08 4.27 1220.93 6566 0.25

3 EGF 5612 0.40 27 29 40.38 9 0.33 65.33 4.18 798.31 4402 0.27

4 STAT3 17088 0.42 28 28 39.90 8 0.25 64.25 4.13 513.59 3234 0.32

5 ACE 1280 0.34 22 24 37.23 8 0.33 63.33 4.16 961.95 5054 0.24

6 ESR1 5007 0.34 23 24 36.99 10 0.25 61.58 4.06 662.82 3780 0.26

7 GCG 611 0.27 23 24 34.67 5 0.33 62.17 4.09 973.26 4976 0.20

8 MPO 1494 0.33 20 22 35.91 9 0.25 60.25 4.02 761.50 3794 0.23

9 F2 1938 0.37 22 22 37.18 4 0.33 62.67 4.16 573.25 3474 0.31

10 IL17A 398 0.32 17 17 34.11 1 0.25 55.67 3.85 165.86 1104 0.29

11 ABCB1 428 0.38 14 16 32.27 10 0.25 57.25 3.96 400.95 2356 0.29

12 CYP2C9 144 0.30 16 16 27.74 2 0.25 54.25 3.79 338.34 2204 0.28

13 FOXP3 436 0.40 15 15 32.27 1 0.25 54.08 3.79 123.69 734 0.38

14 RHOA 3257 0.50 14 15 33.69 2 0.25 55.75 3.90 202.32 1236 0.42

15 UGT1A8 124 0.30 15 15 26.18 3 0.25 54.42 3.81 542.86 2702 0.29

16 AGTR1 400 0.38 14 14 30.70 1 0.33 56.17 3.94 200.85 1410 0.37

17 GRM5 144 0.52 6 14 24.77 2 0.25 52.75 3.74 396.59 1800 0.21

18 CYP2C19 125 0.32 13 14 25.38 3 0.25 52.83 3.75 367.36 1964 0.27

19 CASP8 13712 0.56 14 14 32.67 1 0.25 53.83 3.80 88.50 598 0.55

20 MGAM 204 0.39 11 13 27.04 4 0.25 54.33 3.85 502.93 2054 0.29

 

3.4 GO and KEGG enrichment analysis

To systematically elucidate the numerous mechanisms of TRQ action on COVID-19, GO and KEGG pathway enrichment analyses were performed using
org.Hs.eg.db and the clusterPro�ler package of R 3.5.2. The top 10 enriched GO terms in the BP, MF, and CC categories were selected (Figure 4). In the �gure,
the color transition from blue to red indicates the increasing P value and the increasing signi�cance of a term. According to the results, the GO biological
process (GO.BP) category mainly includes terms such as organic anion transport, regulation of blood vessel size and diameter, eicosanoid metabolic process,
hormone metabolic process, steroid metabolic process, chemical signal-mediated regulation of systemic arterial blood pressure, and the regulation of vascular
process in the circulatory system. The GO cellular component (GO.CC) category mainly includes terms such as vesicle lumen, side of membrane, cytoplasmic
vesicle lumen, secretary granule lumen, external side of plasma membrane, apical part of cell, membrane raft, membrane region, and membrane microdomain.
The GO molecular function (GO.MF) category mainly includes terms such as exopeptidase activity, carbonate dehydratase activity, carboxylic acid binding,
organic acid binding, nuclear receptor activity, direct ligand-regulated sequence-speci�c DNA binding, and metallopeptidase activity.
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To �nd the BPs related to the target proteins, enrichment analysis was performed on KEGG pathways,and we selected the pathways with the greatest
relevance for further study (Figure 5). From the results of our research, the enriched signaling pathways were found to be the rennin–angiotensin system
(RAS), neuroactive ligand–receptor interaction, phospholipase D (PLD) signaling pathway, bile secretion, chemical carcinogenesis, arachidonic acid
metabolism, HIF-1 signaling pathway, calcium signaling pathway,advanced glycosylation end products (AGEs)-receptor of AGEs (AGE-RAGE) signaling
pathway, and NF-kappa B signaling pathway. The most enriched pathways were the neuroactive ligand–receptor interaction, PLD signaling pathway, calcium
signaling pathway, RAS, and the HIF-1 signaling pathway.

Currently, the RAS signaling pathway is thought to be deeply involved in the pathogenesis of COVID-19. Past research suggests the important role of this
pathway in cardiovascular diseases, neurodegenerative diseases, and acute lung injury[46-50].

4. Discussion
TRQ is a type of compound Chinese medicine commonly used in China with clinically proven effectiveness [4-10]. It is often applied in the treatment of upper
and lower respiratory tract infections. Currently, clinical observation indicates good prognosis in most patients infected with SARS-CoV-2,who have mild
symptoms. However, some patients develop a number of fatal complications, including organ failure, septic shock, pulmonary edema, severe pneumonia, and
acute respiratory distress syndrome (ARDS)[51, 52].The use of TRQ has gained the approval of most medical professionals in China in the treatment of severe
COVID-19 patients. In the Diagnosis and Treatment Program of COVID-19 (trial versions 6 and 7), jointly issued by the National Health Commission and the
National Administration of Traditional Chinese Medicine, People’s Republic of China, TRQ has been listed as one of the alternative treatment modalities for
severe and critical cases in Western medicine; TRQ has also been recommended for the treatment of severe (syndrome of �aring heat in qifen and yingfen in
TCM) and critical cases (syndrome of internal blockade and external collapse in TCM) by TCM during the clinical treatment of con�rmed cases. As of March
13,2020,two new clinical trials have been registered to evaluate the effectiveness and safety of TRQ therapy for COVID-19.

The pathogenesis of COVID-19 is highly complex, and at present has no effective treatment. TCM might play a great role in the prevention and treatment of
complex diseases COVID-19 because of its wide functional range and the ability to act on multiple targets. In this study, network-based pharmacological
analysis is performed on the multiple components–multiple targets action of the TRQ to offer a systematic understanding on the potential therapeutic
mechanism of the drug in the treatment of COVID-19.

In this study, 28 active constituents, 113 potential targets, and 20 signaling pathways were identi�ed by network pharmacology in the treatment of COVID-19
by TRQ. The results of network pharmacology re�ect adequately the holistic and systematic approach adopted by TCM in the treatment of the disease. In the
multiple-target network, ursodeoxycholic acid, caffeic acid, baicalin, 4,5-Di-O-caffeoylquinic acid, 3,4-Dicaffeoylquinic acid, chlorogenic acid ,
chenodeoxycholic acid, neochlorogenic acid, cryptochlorogenic acid, and amygdaloside are considered key chemical compounds. Since ancient times, Radix
Scutellariae baicalensis (called Huangqin, HQ in Chinese),has been regarded as a golden herb in China with extensive application[53].Baicalin, its key
component, is found to exhibit anti-in�ammatory, anti-oxidative, anti-cancer, and anti-viral functions [54]. The anti-oxidative and anti-in�ammatory properties
may be attributed its ability of scavenging reactive oxygen species (ROS) and suppressing the NF-κB activity to inhibit the activities of a number of
in�ammatory cytokines and chemokines (including monocyte chemoattractant protein 1 [MCP-1], nitric oxide synthetase, cyclooxygenase, lipoxygenase, cell
adhesion molecules, tumor necrosis factor, and interleukin) [55]. Flos lonicerae (called Jinyinhua, JYH in Chinese), is an extremely used traditional edible-
medicinal herb. Pharmacological studies have already proved JYH ideal clinical therapeutic effects on in�ammation and infectious diseases and prominent
effects on multiple targets in vitro and in vivo, such as pro-in�ammatory protein inducible nitric oxide synthase, toll-like receptor 4, interleukin-1 receptor.
[56]Caffeic acid, 4,5-Di-O-caffeoylquinic acid, 3,4-Dicaffeoylquinic acid, chlorogenic acid , neochlorogenic acid, and cryptochlorogenic acid are considered key
chemical compounds of JYH.Caffeic acid and its derivatives have multiple biological activities, including antioxidants, antithrombosis, antihypertensive,
anti�brosis, antiviral, and anti-tumor properties[57].Other active constituents of JYH, such as chlorogenic acid, also show antibacterial activity toward
numerous organisms, including bacteria, yeast, mold, virus, and amoeba. The compounds also exhibit anti-oxidative, anti-in�ammatory, lipid-lowering, anti-
diabetic, and anti-hypertensive functions [58]. Amygdaloside displays remarkable anti-in�ammatory activity by suppressing the JAK-STAT and MAPK
pathways and ROS production, inhibiting iNOS and COX-2 expression, and lowering TNF-α, IL-1β, IL-6, NO, and PGE2[59, 60]. A variety of clinical studies have
shown the bene�cial effect of ursodeoxycholic acid in liver disease worldwide. Besides the well-known mechanisms of action of ursodeoxycholic acid,several
studies have demonstrated that it serves as a potential therapeutic agent for a number non-hepatobiliary disorders including cardiovascular disease, immune
disorders, organ transplantation and other[61].

The top 20 targets (ranked by their degree values) were selected by network analysis. They are, respectively, EGFR, CASP3, EGF, STAT3, ACE, ESR1, GCG, MPO,
F2, IL17A, ABCB1, CYP2C9, FOXP3, RHOA, UGT1A8, AGTR1, GRM5, CYP2C19, CASP8, and MGAM. In network pharmacology, these target proteins are
considered the key targets of TRQ action in the treatment of COVID-19. They participate in immune regulation, regulation and clearance of in�ammation, and
the promotion of cell proliferation, apoptosis, and reconstruction. ACE2 has been presently identi�ed as the main functional receptor of SARS-nCoV-2[42]. The
virus invades the lung cells through the binding of the S protein on its envelope to ACE2 [62]. This downregulates the level of ACE2 and results in the
imbalance of ACE2 and ACE in the lungs. An increase in the level of angiotensin II (Ang II) elevates the permeability of pulmonary capillaries, leading to
pulmonary edema and the in�ltration of in�ammatory cytokines. The cascade reaction triggered by cytokine storm soon causes pulmonary edema and
dyspnea, and even death in some cases. For this reason, it is imperative to regulate ACE and inhibit the production and release of certain in�ammatory and
immune cytokines in the treatment of COVID-19. For example, EGFR is a surface protein that binds to the epidermal growth factor and is expressed in many
cell types of the lungs, including smooth muscle cells, endothelial cells, �broblasts, and epithelial cells [63]. Its immunoreactivity induces the production of
mucin in the airway and airway remodeling [64] and triggers airway in�ammation by activating intracellular signaling pathways [65]. Signal transducer and
activator of transcription-3 (STAT-3) plays an important role in the development and maturation of tissue functions in vertebrates, including in�ammation
control and immunity [66]. The speci�c inhibition activated by STAT-3 leads to a reduction in IL-17 production [67]. ESR1 impacts the regulation of immune
response and in�ammatory cytokine pathways [68] such as the PI3K-AKT and/or NF-ĸB signaling pathway, altering cytokine secretion. In addition, various
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constituents of TCM are found to work on common targets, with the same molecule having an effect on different targets simultaneously. These �ndings
indicate the synergy among multiple constituents of TRQ in regulating the virus targets.

Through GO enrichment analysis, we found that TRQ could regulate receptor activity, participate in hormone and steroid metabolism, and mediate BPs such
the regulation of blood vessels, arterial blood pressure, and cytokine activity through chemical signals. The KEGG pathway enrichment analysis reveals the
pathways that TRQ acts upon, including RAS, neuroactive ligand–receptor interaction, PLD signaling pathway, HIF-1 signaling pathway, calcium signaling
pathway, AGE-RAGE signaling pathway, and NF-ĸB signaling pathway. RAS was found to mediate the production of pro-in�ammatory cytokines, pro-�brotic
factors, and cellular free radicals, causing mitochondrial dysfunction and damage to tissue cells. It also was found to have a close relationship with the
occurrence and development of in�ammatory diseases. These effects and mechanisms of RAS have come to be known only recently and are gradually
gaining attention. RAS, in particular renin, angiotensin II, and angiotensin-converting enzyme II (ACE2), play an important part in the onset, development,
diagnosis, treatment, and prognosis of SARS [43, 69],in�uenza [47],and COVID-19 [42]. After binding to the receptor, angiotensin II activates signaling
pathways such as the receptor-coupled phospholipase pathway, receptor-coupled tyrosine pathway, non-receptor-coupled tyrosine pathway, Rho pathway, and
receptor-coupled active oxygen pathway. The renin–angiotensin II-induced PLD pathway promotes cell hypertrophy, smooth muscle cell hyperplasia, and
vasoconstriction. Through tyrosine phosphorylation, PLD activates MAPK and stimulates the production of growth factors and other cytokines, promoting cell
mitosis and in�ammation. The ATI receptor-coupled active oxygen pathway is closely related to vascular tension and cell hyperplasia, and is a key player in
the production of in�ammatory cytokines and the occurrence and development of ischemia-reperfusion injury, hypertension, and atherosclerosis. NF-κB is an
important regulatory factor of in�ammation and the immune system, and is involved in the transcription of the chemokine genes [70]. After its activation by IL-
17, the NF-κB signaling pathway promotes neutrophil recruitment, which could aggravate lung injury [71]. COVID-19 patients are also prone to reduced blood
oxygen level due to lung in�ammation. When this happens in the body, the hypoxia-induced regulatory network dominated by the hypoxia-inducible factor HIF-
1 will be activated. This network maintains the oxygen stability of all body cells and tissues and keeps them hypoxia-tolerant by adjusting the expression of
related genes, regulating cell apoptosis. It is thus evident that TRQ may achieve a therapeutic effect on COVID-19 by regulating a number of signaling
pathways and in�uencing pathological processes such as in�ammatory response, apoptosis, and hypoxic injury.

5. Conclusions
Our research systematically investigated the possible mechanism of TRQ action, and found that it has the potential to act on COVID-19 through multiple
constituents and pathways, involving interventions in in�ammatory response, immune regulation, and apoptosis, so as to exert a therapeutic effect on the
disease. The results of this study are consistent with the current �ndings on COVID-19. However, network pharmacology has limitations in its prediction. The
active constituents, targets, and pathways proposed here need experimental evidence.
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Figure 1

Interaction between active constituents and targets of TRQ (constructed using Cytoscape 3.7.0).

Figure 2

Venn diagram for the targets of TRQ active constituents and targets associated with COVID-19.

Figure 3

PPI network for the top 20 proteins as ranked by their degree values (retrieved in the STRING database and imported into Cytoscape for visualization; darker
color indicates higher degree value. Detailed parameters are listed in Table 2).
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Figure 4

GO enrichment analysis (P<0.05, performed with org.Hs.eg.db and clusterPro�ler package of R 3.5.2).

Figure 5

KEGG enrichment analysis (P<0.05, performed with org.Hs.eg.db and clusterPro�ler package of R 3.5.2).
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