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1. Introduction  

Novel coronavirus pneumonia is an acute respiratory 

infection caused by the SARS-CoV-2 virus that poses a 

serious threat to the lives and health of people worldwide[1]. 

Many patients begin to experience varying degrees of 

olfactory disturbance (hyposmia/absence of smell) early  

 

 

 

 

 

 

in the course of neocoronary pneumonia[2–8]. 11.8%–35.5% 

of patients with viral infection develop olfactory 

disturbances without other clinical symptoms[9,10]. 

Recent epidemiological studies have shown that the 

prevalence of olfactory impairment in patients with 

neocoronavirus pneumonia exceeds 80%[9]. Current 

evidence suggests that the cause of hyposmia or loss of 

smell in patients after neocoronavirus pneumonia 

may be related to the targeted destruction of olfactory 

epithelial support cells and stem cells by the virus and 

the development of obstructive inflammation in the 

olfactory fissure[11,12]. Sudden loss of smell will cause  
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anxiety in patients, which is more detrimental to the 

recovery of the disease and seriously affects the quality 

of life of patients[13]. However, there is no specific drug 

treatment available, and Western medicine generally 

intervenes with treatment strategies such as corticosteroid 

sprays[14], nasal rinses with competitive ACE2-inhibiting 

drugs[15], and olfactory training[16], but the overall 

efficacy is poor.  

Traditional Chinese medicine (TCM) has been 

instrumental in the treatment and control of Neoplastic 

pneumonia. Lianhua Qingwen capsule (LHQW) is one 

of the officially approved TCM preparations for the 

treatment of Neoplastic pneumonia, which has antiviral 

and immune modulating effects[17]. Xinyi San (XYS) 

was first published in the “Yan’s Jisheng Formula” by 

Yan Yonghe in the Song Dynasty. In the book, it is 

written that Xinyi San can treat the symptom of “no 

smell or odor”, and the prescription is “equal parts 

each of XinYiRen, XiXin (wash off the soil and leaves), 

GaoBen (remove roots and stems, etc.), ShengMa, 

ChuanXiong, MuTong (remove the knot), FangFeng 

(remove roots and stems, etc.), QiangHuo (remove roots 

and stems, etc.), licorice (honey-fried) and BaiZhi”, which 

has been handed down to the present day and is widely 

used. The combination of Lianhua Qingwen capsule and 

Xinyi San (LHQW-XYS) is effective for hyposmia after 

neocoronavirus pneumonia, but it has not been studied 

enough. Network pharmacology, based on the theory 

of systems biology, uses network analysis of biological 

systems to select specific signaling nodes and construct 

a complex network between active ingredients-protein 

targets-signaling pathways to explore the mechanism 

of action of drugs. Therefore, this study mainly used 

network pharmacology to conduct a preliminary 

investigation on the main components, targets and 

mechanisms of action of LHQW-XYS in the treatment 

of hyposmia (disorder) after neocoronavirus pneumonia, 

in order to provide a reference for clinical treatment. 

2. Methods and results 

2.1. Screening of active compounds of LHQW-XYS 

The active compounds of LHQW-XYS were screened 

using the traditional Chinese medicine systems pharmacology 

(TCMSP) database (https://tcmspw.com/tcmsp.php). 

The PubChem ID, molecular formula, and canonical 

simplified molecular input line entry specification 

(SMILES) of each component were obtained from the 

PubChem database (https://pubchem.ncbi.nlm.nih.gov/). 

TCMSP is a unique systemic pharmacology platform for 

Chinese herbal medicines that analyzes the relationships 

between drugs, targets, and diseases[18]. Oral bioavailability 

(OB) is an important pharmacokinetic parameter in 

drug absorption, distribution, metabolism, and excretion 

(ADME)[19]. Drug-like (DL) properties refers to the 

similarity of a compound to a known drug,  and in drug 

development, DL studies are based on lead compounds, 

with DL molecules considered as high-quality lead 

compounds[20]. In this study, compounds with OB ≥ 30% 

and DL ≥ 0.18 were selected as potential active 

components. The target information of these active 

components was standardized by using the Uniprot 

database (https://www.uniprot.org/) with the species 

set as “homo sapiens”.  

2.2. Exploring of the COVID-19 olfactory impairment 

potential targets  

We searched several databases, including GeneCards 

(https://www.genecards.org/), online Mendelian 

inheritance in man (OMIM) (https://www.omim.org/), 

NCBI (https://www.ncbi.nlm.nih.gov/)[21], and Drugbank 

(https://go.drugbank.com/), using the keyword “COVID-19” 

and “Olfactory impairment” to screen for the targets 

of LHQW-XYS combined with COVID-19 olfactory 

impairment active compounds. Only the targets with a 

score ≥ 10 were chosen from the GeneCards database. 
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After the removal of repeated targets, Venny 2.1.0 

was used to screen the intersection of drug targets 

and disease targets to obtain the potential targets  

of LHQW-XYS in COVID-19 olfactory impairment 

treatment (core targets). 

2.3. Network construction 

Subsequently, we formed the “LHQW-XYS compound–

COVID-19 olfactory impairment target” interaction 

network. The core targets were imported into Search Tool 

for the Retrieval of Interacting Genes/Proteins (STRING; 

https://string-db.org/), and predicted protein-protein 

interactions (PPI) were obtained at a high confidence 

score > 0.9. The above results were imported into the 

Cytoscape 3.9.1 (https://www.cytoscape.org/) software 

to visualize the complex relationships between the 

LHQW-XYS active components and the potential 

COVID-19 olfactory impairment associated target genes[22], 

to construct a regulatory network of LHQW-XYS 

targets for COVID-19 olfactory impairment treatment. 

The layout tool was used to quantify the degree of each 

node, with the node size corresponding to the degree 

value of the node. 

2.4. PPI analysis and core gene screening 

The intersecting gene targets of LHQW-XYS and 

COVID-19 olfactory impairment were imported into 

the STRING protein interaction analysis platform, and 

the protein classification was set to “homo sapiens” 

with a maximum confidence level of ≥ 0.7, hiding the 

unlinked nodes in the network. Protein interaction 

network analysis was performed and the TSV file was 

downloaded. Cytoscape 3.9.1 software was imported to 

construct PPI network maps. The hub targets in the PPI 

network were screened using the cytoHubba plugin, 

with darker colored nodes representing higher scores[23]. 

The molecular complex detection (MCODE) plugin 

was used to discover closely linked regions in the PPI 

network[24]. The score value of a module reflects how 

dense the module is to the surrounding nodes, with higher 

scores indicating greater importance of the node. 

2.5. GO and KEGG enrichment analyses 

GO functional analysis is used to determine the function 

of the gene targets, including biological process, cellular 

component, and molecular function, while KEGG 

enrichment analysis determines the signal pathways 

enriched by the gene targets. The intersecting genes of 

the LHQW-XYS and COVID-19 olfactory impairment-

associated targets were analyzed by GO and KEGG 

enrichment analyses, using R 3.6.3 software-related 

R packages, to determine their biological functions. 

According to the Fisher’s test, P < 0.05 and q < 0.05 

were considered statistically significant. 

2.6. Molecular docking 

2.6.1. Downloading structure files and energy 

minimization 

Prior to running the docking program, we downloaded 

the 2D structures of the six active components from 

Pubchem (https://pubchem.ncbi.nlm.nih.gov/) and used 

ChemBioffice 2014 for energy minimization. 

2.6.2. Screening for suitable protein receptors 

Among the ligand receptors downloaded from 

RCSB PDB (https://www.rcsb.org/), 5F1A, 5IKR, 

5IKV, 6FZG were chosen as suitable ligand receptors. 

Thereafter, Sybyl-X (https://sybyl.com/) was used to 

run the docking program. 

2.6.3. Visualization of molecular docking results 

LHQW-XYS compounds with a high number of 

targets were selected for molecular docking with the core  
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targets (PTGS2 and PPARG) in the PPI network map. 

The binding energy (Vina score) was used to evaluate 

the bonding strength between the docked molecules. 

The smaller the Vina score, the higher the affinity of the 

receptor and ligand and the more stable the binding of 

the compound to the target site. The binding energies of 

the four active components and the corresponding target 

proteins were < –5.0, indicating efficient docking and 

high binding activity[25]. Molecular docking simulations 

showed a stable point docking structure for the binding 

of small-molecule ligands and protein receptors.  

2.6.4. Molecular docking 

The top 10 target proteins in the PPI network were 

selected for molecular docking. The PDB format file of 

the 3D structure of the targets were downloaded from 

the RCSB PDB (https://www.rcsb.org/) database and 

the mol2 format file of the 3D structure of the core 

active components were downloaded from the TCMSP 

database. SYBYL-X 2.0 was used to run the RMSD 

program to choose the right PDB structure to use as the 

molecular docking ligand. Docking was performed using 

the active components of the LHQW-XYS and core 

target proteins using AutoDock Vina, after importing the 

files from PDB to AutoDockTools[26] for hydrogenation,  

dehydration, and other pretreatments. The docking 

results were visualized using PyMoL 2.6.0 software[27], 

and the binding activity was determined by evaluating 

the binding efficiency. 

3. Results 

3.1. Active components and potential targets of 

LHQW-XYS 

A total of 4669 LHQW-XYS active components 

were screened for their potential targets by searching 

the TCMSP database at threshold values of OB ≥ 30% 

and DL ≥ 0.18 (Table 1). 

3.2. COVID-19 olfactory impairment-associated 

gene targets 

A total of 3432, 200, 119, and 5 genes were retrieved 

from the GeneCards, OMIM, NCBI, and Drugbank 

databases, respectively, by using the keyword “COVID-19 

olfactory impairment”. A total of 5609 potential 

COVID-19 olfactory impairment-associated targets were 

obtained after removing duplicate targets and standardizing 

gene names (Fig. 1). 

3.3. Venn diagram of disease gene targets 

The R console was used to make Venn diagrams as 

shown in Figure 2, as well as to obtain 17 drug disease 

cross targets for LHQW-XYS active ingredients. 

3.4. Regulatory network analysis of LHQW-XYS and 

COVID-19 olfactory impairment-associated targets 

The “LHQW-XYS compound–COVID-19 olfactory 

impairment-target” regulatory network was mapped by  

MOL ID Name Degree Betweenness centrality (BC) Closeness centrality (CC) 

MOL000098 Quercetin 88 0.262263398610901 0.480314960629921 

MOL000006 Luteolin 38 0.0655195959488265 0.421658986175115 

MOL000422 Kaempferol 35 0.0738647573955381 0.431603773584905 

MOL003896  7-Methoxy-2-methylisoflavone 27 0.0108813742961737 0.41590909090909 

MOL000173 Wogonin 26 0.0176378338650592 0.414965986394557 

MOL002565 Medicarpin 23 0.0134343202863982 0.411235955056179 

Table 1. Information about the major active compounds in LHQW-XYS.  
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using Cytoscape 3.9.1 software to match the LHQW-XYS 

pharmacodynamic components with the 184 action 

targets obtained from the TCMSP screening. As shown in 

Figure 3, the network contained 367 nodes and 1764 edges.  

 

 

 

 

 

 

Additionally, it can be observed from the network that 

each compound is associated with multiple targets and 

each target is associated with multiple compounds, and 

the larger the node, the larger the network value of the 

target. Additionally, it can be seen that the compound 

with the highest degree of connectivity is quercetin, 

which interacts with 770 targets, followed by luteolin 

(171 targets) and kaempferol (378 targets, Fig. 3).  

Figure 3. Construction of a target modulation network for COVID-19 olfactory impairment treatment with LHQW-XYS.  

Figure 1. Venn maps of disease targets in different disease databases.  

Figure 2. Venn diagram of possible LHQW-XYS targets treated with 

COVID-19 olfactory impairment.  

Drug targets  Disease targets  

8 17 5591 
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3.5. PPI network construction and core module analysis 

We imported the intersecting LHQW-XYS and 

COVID-19 olfactory impairment-associated targets into the 

STRING 15.0 platform and visualized the PPI network 

using Cytoscape 3.9.1 software, as shown in Figure 4a. The 

PPI network consisted of 18 nodes and 31 edges. Targets 

did not interact with any other targets and were therefore 

not included in the PPI network. The CytoNCA plugin 

was used to caulate the degree of connectivity for each 

target (Fig. 4b). The hub five target genes based on node 

degree were PPARG, PTGS2, SLC6A4, MAPK14, 

ACHE, and these target genes may play a key role in the 

LHQW-XYS mediated therapeutic network.  

3.6. GO and KEGG enrichment analyses  

As for GO analysis, 250 GO terms were defined, 

including 212 of BP, 14 of CC, and 23 of MF enriched 

for these hub target genes. Top five terms of BP, 

MF, and CC with adjusted P-value were presented, 

respectively (Fig. 5a). The major BP were primarily 

enriched in regulation of blood pressure, positive 

regulation of protein transport, response to hypoxia, 

response to decreased oxygen levels, positive regulation 

of establishment of protein localization. The major CC 

showed that the intersection targets were primarily enriched 

in membrane raft, membrane microdomain. Major MF 

included peptide binding and amide binding. In addition,  

6 KEGG pathways were recognized significantly 

adjusted P-value were presented (Fig. 5b). Results of the 

KEGG enrichment analysis indicated that the main 

pathways of the hub genes against COVID-19 olfactory 

impairment mainly focused on the Serotonergic synapse 

and Regulation of lipolysis in adipocytes. Therefore, 

LHQW-XYS might treat COVID-19 olfactory impairment 

via GO terms and pathways above.  

3.7. Molecular docking validation  

The six LHQW-XYS active components chosen from 

the PPI network were quercetin, luteolin, kaempferol, 

7-methoxy-2-methylisoflavone, wogonin, and medicarpin, 

with the core targets PTGS2 and, PPARG in the PPI 

network. The binding energy (Vina score) was used to 

evaluate the bonding strength between the docked 

molecules, and the value of the Vina score indicated 

some binding activity between the proteins and the 

compounds. The smaller the binding energy (Vina score), 

the higher the affinity of the receptor and ligand and the 

more stable the binding of the compound to the target site. 

The binding energies of the six active ingredients and the 

corresponding target proteins were all less than –5.0, 

indicating good docking and high binding activity. 

Molecular docking simulations showed a stable point 

docking structure for the binding of small-molecule 

ligands and protein receptors (Fig. 6). 

Figure 4. (a) PPI network construction and core module of COVID-19 olfactory impairment and LHQW-XYS; (b) the most significant modules 

analyzed by the MCODE plugin.  

(a)  (b)  
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Figure 5. (a) Intersection target GO enrichment analysis: biological process (BP), cell composition (CC), molecular function (MF); (b) KEGG 

enrichment analysis.  
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Figure 6. (a) Schematic diagram of PPARG-6FZG docking; (b) Schematic diagram of PTGS2-5IKR docking; (c) Core active ingredients and 

core protein binding energy (kcal/mol).  

Compound Molecular formula Chemical 2D structure Target gene symbol Target receptor 

Docking results 

Affinity score 

 (kcal/mol) 

7-Methoxy-2-

methylisoflavone 
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SLC6A4; 

MAPK14; 

HSP90AB1; 

CCNA2 

5IKR –8.3 

Luteolin C15H10O6  

PPARG; 

HSP90AB1; 

PTGS2 

6FZG –9.5 
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4. Discussion 

COVID-19 is a severe acute respiratory syndrome caused 

by SARS-CoV-2 and is characterized by fever, cough, 

interstitial pneumonia, malaise, headache, and olfactory 

disturbance[28]. During the epidemics of SARS-COV and 

MERS-COV, which are also coronaviruses, olfactory 

disturbances in patients were rarely reported, but the 

incidence of olfactory disturbances after SARS-CoV-2 

infection is high and severely affects the quality of life 

of patients[13]. The inability to perceive odors normally 

with olfactory impairment severely affects nutritional 

intake, avoidance of harmful fumes and spoiled food, and 

may lead to malnutrition, weight loss, food poisoning, 

social isolation, depression, cognitive decline, and even 

increased mortality[29–31]. Western medicine currently 

intervenes in the diminished sense of smell (impairment) 

that occurs after neocoronary pneumonia, mainly based 

on experience using olfactory exercises, intranasal or 

oral corticosteroids and intranasal sodium citrate[32]. 

There are no reliable guidelines or consensus on the 

efficacy of Western medicine for the treatment of 

COVID-19 olfactory impairment-associated. The use of 

corticosteroids is prone to treatment-related complications, 

such as immunosuppression[33]. Therefore, the French 

Society of Otolaryngology does not endorse the use of 

corticosteroids for the treatment of this disease[34]. 

Therefore, at present, modern medicine is faced with a 

relatively homogeneous treatment strategy and uncertain 

efficacy in this regard. 

TCM has been instrumental in the fight against the 

epidemic in China, and one of the representative medicines, 

Lianhua Qingwen capsule, was recommended as a TCM 

treatment in the treatment protocol for novel coronavirus 

pneumonia (6th edition) issued by the National Health 

Council of China[35]. It has played an important role 

in the treatment of novel coronavirus pneumonia [36]. 

It has broad-spectrum antiviral, antibacterial, antipyretic 

and anti-inflammatory, cough and sputum relieving, and  

immunomodulatory functions[37]. Studies have shown 

that LHQW has good therapeutic effects on respiratory 

diseases caused by various influenza viruses[36]. The 

pathogenesis of hyposmia after neocoronavirus 

pneumonia is of increasing concern, and the cause of 

hyposmia after neocoronavirus pneumonia is closely 

related to viral damage to olfactory nerves and olfactory 

cells[38]. Although the respiratory virus is cleared, the 

virus remains in the cranial tissue, is slow to clear,  

still has the ability to replicate[39], and can continue to 

damage the olfactory nerve[40]. LHQW not only inhibits 

SARS-CoV-2 reproduction[41] and accelerates the removal 

of the virus to achieve the purpose of treating the root 

of the disease, but it also contains aromatic and 

refreshing drugs such as patchouli and peppermint in 

its composition to relieve nasal congestion, and the 

whole formula has the effect of treating the symptoms 

and the root of the disease together. 

XYS has a long history of use and is one of the most 

classic prescriptions for the treatment of nasal disorders. 

It is commonly used clinically to treat various nasal 

diseases such as allergic rhinitis, acute and chronic 

rhinitis, sinusitis, and the accompanying symptoms of 

hyposmia. In “Yan’s Jisheng Fang”, it is recorded that 

XYS is used to treat: “Lung deficiency, wind, cold, 

dampness and heat add up to nasal congestion, incessant 

snot, or breathlessness, or inability to smell odor”. 

The virus invades the lung, the function of the lung is 

destroyed, the airflow of the meridians is not smooth, 

and the nose is blocked, leading to the loss of smell. 

In XYS, Xin Yi, Sheng Ma, Bai Zhi, Fang Feng, 

Qiang Huo, Gao Ben, Xi Xin and Chuan Xiong move 

upward to clear the nasal cavity and benefit the brain, 

with Mu Tong moving downward to clear the fire in the 

body and open the middle jiao of the body, and licorice 

to regulate the middle jiao, working together to play 

an effective role. The Xin Yi, Bai Zhi, and Xi Xin in 

XYS all have the effect of relieving nasal congestion,  
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and modern pharmacological studies have shown that 

the main medicinal ingredient in Xin Yi, Xin Yi volatile 

oil, has anti-inflammatory, antibacterial, and central 

nervous system regulating effects[42]. Fructoside lactone, 

hydrated oxidized prebiotics and dahurin isolated from 

Angelica dahurica can significantly inhibit the inflammatory 

response when administered intraperitoneally to rats[43]. 

Aqueous decoction of Angelica dahurica has significant 

anti-inflammatory effects[44]. The volatile oil of Silybum 

marianum improves the local infiltration of nasal 

mucosal inflammation[45]. In the recently published 

“Expert Consensus on the Treatment of Common 

Disorders after Nucleic Acid/Antigen Conversion of 

Novel Coronavirus Infection in Chinese Medicine”, it 

is stated that the main formula for the evidence of 

residual evil closing the orifice of reduced olfaction is 

also selected from XYS[46]. Therefore, the clinical use of 

LHQW can be used to remove the infectious virus to 

treat the root of the disease and with XYS to improve 

nasal congestion to relieve the symptoms. 

To further validate the clinical value of LHQW-XYS 

and to carry out subsequent basic research, a preliminary 

network pharmacological analysis was done in this 

study, and 184 active ingredients in LHQW-XYS were 

found to interact with COVID-19 olfactory impairment-

associated target genes by screening active ingredients 

and targets through the TCMSP database. The three 

active ingredients with the highest degree of association 

were quercetin, kaempferol and lignan. Previous studies 

have shown that quercetin exhibits anti-SARS-CoV-2 

activity by inhibiting the interaction of SARS-CoVS 

protein with ACE2, inhibiting viral protease and 

uncoupling enzyme activities,  as well as inhibiting ACE 

activity on the host cell side and increasing intracellular 

zinc levels[47]. Also quercetin has anti-inflammatory 

properties, and in LPS-induced acute sinusitis in mice, the 

secretion of IL-6 in the nasal mucosa was significantly 

reduced after quercetin action, and histopathological 

and immunofluorescence analyses likewise showed a 

lower inflammatory response in the nasal mucosa and 

a lower degree and intensity of IL-1α, COX-2, and 

IL-10 expression in the epithelium and lamina propria 

after quercetin use[48]. 

Lignocaine interferes with SARS-CoV-2 spinosin, 

major protease and nucleocapsid protein to inhibit viral 

infection[49,50]. Lignans antagonize the activation of toll-like 

receptor 4 (TLR4)/TNF receptor-associated factor 6 

(TRAF6)/nuclear transcription factor-κB (NF-κB) signaling 

pathway and reduce inflammation[51]. Lignans exert 

anti-inflammatory activity through the regulation of 

transcription factors such as STAT3, NF-κB, and 

AP-125[52] and can block the polarization of dysplastic 

microglia and inhibit neuronal cell degeneration[53], and 

these actions may mediate anti-inflammatory and antioxidant 

effects to protect neural tissue and other organs from 

inflammation[51,54]. Recent studies have shown that 

the selection of palmitoylethanolamide and lignocaine 

(PEA-LUT) as anti-inflammatory/neuroprotective agents 

in combination with olfactory training to target patients 

with olfactory dysfunction after COVID-19 may better 

promote the recovery of olfactory dysfunction after 

COVID-19[55]. 

Kaempferol has potential anti-COVID-19 targets, and 

bioinformatic screening of kaempferol anti-COVID-19 

genes revealed that they were mainly enriched in 

inflammation (TNF, JUN, etc.) and viral infection 

(AKT1, JNK, etc.), and that kaempferol treatment 

significantly reduced the transcript levels of AKT1, 

JNK and JUN in LPS-activated macrophages[56]. 

Protein 3a (U274) is the most important helper virus 

channel-forming protein and plays a crucial role in the 

release phase of coronavirus particles during infection. 

Studies have shown that kaempferol has a greater 

inhibitory effect on the 3a protein of SARS-CoV-2 in  
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African clawed toad oocytes[57]. When an inflammatory 

response occurs in the nose, TNF-α expression is 

significantly increased in the submucosa of the nose[58]. 

In addition, kaempferol significantly reduced the 

expression of inflammatory markers (IL-32, TSLP, 

IL-4, IL-8, ICAM-1, MIP-2 and COX-2)[59]. 

According to GO and KEGG enrichment results showed 

that the main pathways involved in LHQW-XYS 

treatment of COVID-19 olfactory impairment-associated 

are Serotonergic synapse and Regulation of lipolysis in 

adipocytes. In the PPI network, Five genes, PPARG, 

PTGS2, SLC6A4, MAPK14, and ACHE, were found to 

play key roles in LHQW-XYS treatment of COVID-19 

olfactory impairment-associated. The six active ingredients 

of LHQW-XYS were selected for molecular docking 

with five central target genes, and the results showed 

that the core target genes were PTGS2 and PPARG. 

These active ingredients could freely bind to the core target 

genes, indicating the efficacy of LHQW-XYS in treating 

COVID-19 olfactory impairment-associated. 

PTGS2 (COX-2), has anti-inflammatory and antioxidant 

properties through the activation of oxidative metabolites 

of cox-2-derived ω-3 PUFAs in macrophages[60]. 

Activation of the immune response occurs after viral 

infection, which includes the release of inflammatory 

mediators such as pro-inflammatory cytokines (IL-6, 

IL-1β, TNF-α) and eicosanoids (prostaglandins and 

leukotrienes)[61]. COX-2 is responsible for a major part 

of pg production leading to pain and inflammation, and 

the SARS coronavirus outbreak in 2003 increased pg 

production by binding to COX-2[62]. Mast cells release 

inflammatory mediators that act on the nasal mucosa 

and cause nasal symptoms during the pathogenesis 

of rhinitis; therefore, limiting COX-2 expression is 

particularly important to reduce airway inflammation 

and improve nasal function in allergic rhinitis [63]. 

PPARG rapidly senses cellular stress and acts in multiple 

anti-inflammatory and neuroprotective ways in glial 

cells, neurons, and cerebrovascular endothelial cells of 

the central nervous system[64]. 

It was shown that PPAR-γ is expressed in eosinophils 

and epithelial cells of the nasal mucosa[65], PPAR-γ 

messenger RNA and protein expression levels were 

significantly increased in the nasal mucosa of patients with 

perennial allergic rhinitis[66] PPARγ agonists highlight 

their possible role as modulators of inflammatory and 

immunomodulatory drugs by targeting the cytokine storm 

in COVID-19 patients[67,68]. By modulating PPARγ 

expression, the secretion of several pro-inflammatory 

cytokines, including TNF-α, IL-1 and IL-6, can be 

reduced in monocytes and macrophages[69]. This effect 

may counteract the cytokine storm induced by COVID-19 

infection[70]. 

The binding energy of both ligand and receptor 

is ≤ –5 kcal/mol, and the conformation is stable. The most 

stable docking with PPARG is the binding of luteolin 

(–9.5 kcal/mol), and the most stable docking with 

PTGS2 is the binding of 7-methoxy-2-methylisoflavone 

(–8.3 kcal/mol). The molecular docking results indicate 

that the active ingredient binds stably to the receptor 

protein and can have a therapeutic effect. 

5. Conclusions 

We have reported for the first time that LHQW-XYS is 

an effective prescription for the treatment of COVID-19 

olfactory infection associated. In addition, promising 

pharmacological targets have been identified through 

network pharmacology research, laying the foundation 

for future clinical research. 
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网络药理学研究揭示连花清瘟-辛夷散联合治疗 

新冠后嗅觉损伤的潜在作用机制 

魏晓玉1#, 于路航2#, 李梦茹3#, 徐强4* 

1. 天津中医药大学, 天津 301617 

2. 中国人民解放军医学院, 中国人民解放军总医院, 北京 100853 

3. 天津中医药大学第一附属医院, 天津 300381 

4. 天津中医药大学第二附属医院, 天津 300250                  

摘要: 本文旨在利用网络药理学方法探索连花清瘟-辛夷散对新冠嗅觉损伤主要成分的作用靶点, 并试图揭示其在新

冠致嗅觉损伤相关治疗中的作用机制。我们利用TCMSP平台进行口服利用度和类药性筛选获取潜在有效成分; Swiss 

TargetPrediction平台预测有效成分的作用靶标, 构建药物-成分-作用靶标网络, 再通过GeneCards、OMIM、TTD平台获取

新冠嗅觉损伤基因靶点, 将药物靶标和疾病基因相交集获得共同靶点。利用STRING及Cytoscape 3.8.2软件构建靶标-疾病

基因PPI网络, 筛选关键靶点和核心基因团簇, 借助Metascape平台对关键靶点进行GO和KEGG富集分析, 并就筛选出来的

核心有效成分及其作用靶标映射到通路中, 构建核心有效成分-靶标-通路网络, 最后进行分子对接。结果显示连花清瘟-

辛夷散活性成分有4669个潜在靶点, 5609个疾病靶点和17个药物-疾病交叉靶点。GO和KEGG富集分析显示, 连花清瘟-

辛夷散治疗新冠嗅觉损伤相关的机制可能是由于相关信号通路的调控作用, 如5-羟色胺能突触和脂肪细胞的脂解调节。

分子对接结果表明, 6种活性成分(槲皮素、木犀草素、山奈酚、7-甲氧基-2-甲基异黄酮、汉黄芩素、美迪紫檀素)和2个

关键基因(PTGS2、PPARG)具有良好的结合特性。综上我们可以得到结论: 连花清瘟-辛夷散可能通过作用于脂肪细胞中的

5-羟色胺能突触和调节脂解通路, 从而实现治疗新冠嗅觉损伤的相关作用。          

关键词: 连花清瘟-辛夷散; 新冠相关嗅觉损伤; 网络药理学; 分子对接  
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