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Background: In December 2019, coronavirus disease 2019 (COVID-19) caused by a novel 
coronavirus (severe acute respiratory syndrome coronavirus 2, SARS-CoV-2; previously 
known as 2019-nCoV) emerged in Wuhan, China, and caused many infections and deaths. 
At present, there are no specific drugs for the etiology and treatment of COVID-19. 
A combination of traditional Chinese and western medicine is proposed to treat COVID- 
19, in which Huang Lian Jie Du decoction (HLJDD) is recommended for the treatment of 
COVID-19 in many provinces in China and has been widely used in the clinic. This study 
explored the potential targets of HLJDD in the treatment of COVID-19 based on network 
pharmacology.
Methods: First, the chemical composition and targets of HLJDD and COVID-19-related 
targets were obtained through the TCMSP, UniProt, GeneCards and OMIM databases. 
Second, HLJDD target and HLJDD-COVID-19 target networks were constructed via the 
STRING database and Cytoscape software. Finally, Gene Ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis of the HLJDD- 
COVID-19 targets was applied via the DAVID database.
Results: Our study identified a total of 67 active ingredients of HLJDD and 204 targets of 
HLJDD. A total of 502 COVID-19-related targets were obtained, of which 47 were inter-
secting targets of HLJDD and COVID-19. A total of 179 GO terms and 77 KEGG terms, 
including the TNF signaling pathway, NF-κB signaling pathway and HIF-1 signaling path-
way, were identified.
Conclusion: The present study explored the potential targets and signaling pathways of 
HLJDD during the treatment of COVID-19, which may provide a basis for the research and 
development of drugs for the treatment of COVID-19.
Keywords: Huang Lian Jie Du decoction, coronavirus disease 2019, COVID-19, SARS- 
CoV-2, network pharmacology, traditional Chinese medicine

Introduction
In December 2019, a pneumonia caused by a special pathogen emerged in Wuhan, 
Hubei Province, China, and quickly speeded around the world. The disease is 
transmitted mainly by droplets or contact and has the characteristics of a long 
incubation period, strong infectivity, fast transmission speed and so on.1 The special 
pathogen was later isolated and identified as novel coronavirus (severe acute 
respiratory syndrome coronavirus 2, SARS-CoV-2; previously known as 2019- 
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nCoV) by scientists.2 As of Nov. 17, 2021, more than 
255,000,000 people have been diagnosed with 
Coronavirus disease 2019 (COVID-19), and more than 
5,000,000 people have died of COVID-19 worldwide. 
Both the number of patients diagnosed with COVID-19 
and COVID-19-related deaths surpassed those of the 2003 
outbreak of severe acute respiratory syndrome (SARS).3 

The common susceptibility of people to the novel corona-
virus is one of the major causes of the large outbreak of 
COVID-19.4 Currently, COVID-19 has become a serious 
social problem affecting human health.5

SARS-CoV-2 and SARS-CoV (severe acute respiratory 
syndrome coronavirus) and MERS-CoV (middle east 
respiratory syndrome coronavirus) belong to β- 
coronavirus genus.6,7 The genomic sequence homology 
of SARS-CoV-2 and SARS-CoV is 79.5%.8 The homology 
of SARS-COV-2 and BAT-SL-COVZC45 is more than 
85%, the bat may be the natural host of SARS-CoV-2.8 

At present, the mechanism of infection and invasion of 
COVID-19 is not completely clear. The possible mechan-
ism is that novel coronavirus infects human body by 
binding with angiotensin-converting enzyme 2 (ACE2) 
on cells,9,10 causing body damage which may be related 
to inducing over immune response, leading to “self-attack” 
and causing multi-organ damage.11

Transmission by respiratory droplets and close contact 
is the main transmission route of SARS-CoV-2.8 The 
clinical manifestations of COVID-19 were fever, fatigue, 
and dry cough, and chest radiographs showed bilateral 
pulmonary infiltration.12 Severely ill patients may develop 
complications such as acute respiratory distress syndrome 
(ARDS), septic shock, refractory metabolic acidosis, coa-
gulation dysfunction and multiple organ dysfunction syn-
drome (MODS).13 Clinical treatment is mainly 
symptomatic, but critically ill patients need mechanical 
ventilation treatment. Most critically ill patients are over 
60 years old and have one or more complications.13,14 At 
present, there is no specific antiviral treatment; in addition, 
the current main treatments are all supportive. The 
National Health Commission of China has released 
a series of diagnosis and treatment plans on COVID-19 
and recommended traditional Chinese medicine (TCM) to 
treat COVID-19. Chinese medicine stresses syndrome dif-
ferentiation and treatment. The COVID-19 lesion is in the 
lung and has the characteristics of “wet”, “heat”, “ toxins “ 
and “stasis”. Chinese provinces have also released TCM 
treatment plans on COVID-19 that are suitable for local 
areas in combination with the local climate and disease 

characteristics. Among them is a classic Chinese medicine 
prescription called Huang Lian Jie Du decoction 
(HLJDD), which is recommended to treat COVID-19 in 
TCM treatment plans in many provinces.

HLJDD, a famous prescription of TCM, is derived 
from “Zhou Hou Bei Ji Fang” by Ge Hong and first 
recorded in “Wai Tai Mi Yao” in the Tang dynasty. 
HLJDD is composed of Phellodendri Chinensis Cortex, 
Scutellariae Radix, Gardeniae Fructus and Coptidis 
Rhizoma. HLJDD has the function of clearing heat and 
detoxification, and it has been reported that HLJDD may 
be a suitable treatment for patients with a fever of 
unknown origin.15,16 Furthermore, HLJDD plays an 
important role in anti-inflammatory, neuroprotection, anti- 
atherosclerosis, and blood sugar-lowering activities.17–19 

As mentioned above, “heat” and “toxins” have come to 
be considered characteristics of COVID-19. Thus, these 
features seem to suggest that HLJDD can be used in the 
treatment of COVID-19.

Network pharmacology is a new discipline based on 
the fusion of big data regarding pharmacology, molecular 
biology, computer networks and so on. Through biological 
pedigree analysis, we can understand the potential 
mechanism between active components, target proteins 
and pathways related to the occurrence and development 
of diseases.20 This study aimed to explore the potential 
targets and signaling pathways of HLJDD involved in the 
treatment of COVID-19 based on network pharmacology 
and to provide a reference for clinical drug therapy in 
COVID-19. The workflow of the study is shown in 
Figure 1.

Materials and Methods
Compounds and Targets of HLJDD
The Traditional Chinese Medicine Systems 
Pharmacology (TCMSP, http://lsp.nwu.edu.cn/tcmsp. 
php) database is a unique pharmacology database of the 
Chinese herbal medicine system, which includes informa-
tion on Chinese herbal medicine, chemical composition, 
targets, and drug target networks.21,22 Chinese medicine 
prescriptions are often composed of a variety of Chinese 
herbs and contain thousands of compounds, but only 
some of them have good pharmacokinetics and potential 
biological effects. In brief, the oral Chinese medicine 
must overcome the barriers to absorption, distribution, 
metabolism and excretion (ADME) process to be effec-
tive. In ADME process, oral bioavailability (OB) is 
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defined as “the rate and extent at which the active ingre-
dient or active part is absorbed from the drug product and 
available at the site of action”, which is one of the most 
significant pharmacokinetic parameters.23 The com-
pounds with OB ≥ 30% were considered to have high 
OB. Another index, drug-likeness (DL), as a qualitative 
concept, is used in drug design to evaluate the usability of 
a molecule and can be used to quickly screen active 
substances. In the DrugBank database, the average DL 
index is 0.18 and compounds with DL ≥ 0.18 were 
regarded to have high druggability.24 Furthermore, drug 
half-life (HL) has important implications for dosing regi-
men and peak-to-trough ratio at the steady state, which is 
regarded as an important index for screening effective 
molecules and HL ≥ 4 is the recommended threshold in 
the TCMSP database.25 Therefore, the compounds in 
HLJDD with OB ≥ 30%, DL ≥ 0.18 and HL ≥ 4 were 
selected as active ingredients in this study. Next, the 
Related Targets function in the TCMSP database was 
used to identify the targets of the active ingredients of 
each herb in HLJDD. Moreover, the obtained targets were 
further screened by using UniProt database (https://www. 
uniprot.org/)26 to compare target information and stan-
dardize gene names.

Prediction of Drug Targets for HLJDD in 
the Treatment of COVID-19
GeneCards database (https://www.genecards.org/) is 
a comprehensive and authoritative compendium of 

annotative information about human genes, which pro-
vides genomic, transcriptomic, proteomic, genetic, clinical 
and functional information.27 In addition, the Online 
Mendelian Inheritance in Man (OMIM, http://www. 
omim.org/) database is a freely accessed database that 
can be used to screen disease-related targets.28 In this 
study, the GeneCards and OMIM databases were applied 
to identify the COVID-19-related targets with “2019 novel 
coronavirus infection”, “2019-nCoV infection”, “corona-
virus disease-19”, “2019-nCoV disease”, “2019 novel cor-
onavirus disease”, “coronavirus disease 2019” or 
“coronavirus disease” as keywords, and duplicate targets 
were eliminated. The drug targets of HLJDD in the treat-
ment of COVID-19 were obtained by intersecting the 
HLJDD-related targets and COVID-19 related targets.

Target Network Analysis
The Search Tool for the Retrieval of Interacting Genes 
(STRING, http://string-db.org/) database is a freely acces-
sible database that can be used to identify possible protein- 
protein interaction (PPI).29 The STRING database was 
applied to determine the HLJDD target network and the 
drug targets network. In STRING database, the species 
was set as “Homo sapiens” and PPIs with a confidence 
score of > 0.9 were selected. Cytoscape (https://cytoscape. 
org/) is software for graphically displaying, analyzing, and 
editing networks.30 Here, Cytoscape (version 3.7.2) was 
used to construct the herb-compound-target network and 
the herb-compound-drug target network.

Figure 1 Workflow of this systematic analysis based on network pharmacology. 
Abbreviations: HLJDD, Huang Lian Jie Du decoction; COVID-19, coronavirus disease 2019.
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Functional Enrichment Analysis
The Database for Annotation, Visualization and Integrated 
Discovery (DAVID) (https://david.ncifcrf.gov/) is an 
online bioinformatics database that can extract biological 
functional annotation information for large-scale genes.31 

The DAVID database was employed to perform Gene 
Ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway enrichment analysis of pre-
dicted drug targets of HLJDD, with the criteria of 
P-value < 0.01. The GO enrichment analysis consisted of 
three terms, namely, cellular component (CC), biological 
process (BP), and molecular function (MF).

Results
Screening of Active Compounds and 
Target Genes in HLJDD
All compounds of each Chinese herb in HLJDD were iden-
tified by using the TCMSP database with OB ≥ 30%, DL ≥ 
0.18, and HL ≥ 4 as criteria. Ultimately, 27 compounds in 
Huangbai, 32 compounds in Huangqin, 11 compounds in 
Zhizi, and 10 compounds in Huanglian were screened (Table 
S1). After removing the repeated compounds, a total of 67 
compounds were obtained from the four kinds of Chinese 
herbs in HLJDD. Next, the targets of compounds were 
predicted, and 204 target genes were found in four kinds 
of Chinese herbs in HLJDD via TCMSP and the UniProt 
databases. Specifically, there were 345 targets in Huangbai, 
333 targets in Huangqin, 274 targets in Zhizi, and 220 
targets in Huanglian (Table S2).

Prediction of Potential Targets of HLJDD 
in Anti-COVID-19
After searching the GeneCards and OMIM databases, 
a total of 502 targets related to COVID-19 were obtained 
(Table S3). Then, these targets were compared with the 
204 target genes of HLJDD by using R software (version 
3.6.2), and finally 47 overlapping genes were identified to 
be potential drug targets in the treatment of COVID-19 
(Figure 2 and Table S3).

Construction of PPI Network
As shown in Figure 3A, we observed that the HLJDD- 
related targets network contained 175 nodes and 747 edges 
(average node degree=7.32, average local clustering coef-
ficient=0.448, and PPI enrichment P-value<1.0e-16). 
Based on the HLJDD-related targets, the herb-compound- 
target network was also established. This network revealed 

the relationships among 4 Chinese herbs, 67 compounds 
and 204 compound-related targets (Figure 3B).

In addition, the potential drug target network was built. 
As shown in Figure 4A, the drug target network composed 
of 41 nodes and 146 edges (average node degree=6.21, 
average local clustering coefficient=0.5, and PPI enrich-
ment P-value<1.0e-16). Furthermore, the herb-compound- 
drug target network was established based on the potential 
drug targets of anti-COVID-19. This network included 4 
Chinese herbs, 67 compounds, and 47 drug targets 
(Figure 4B).

Normally, genes with a high intensity of association 
with other genes usually play a crucial role of hub 
genes. The greater the degree value of a node is, the 
more nodes are connected to it and the more important 
it is in the network. In this analysis, the degree value of 
all nodes in the drug targets network for COVID-19 is 
shown in Table S4. R software (version 3.6.2) was used 
to screen out the hub genes by the degree value method 
according to the HLJDD-COVID-19 target network. The 
degree value of a node refers to the number of edges 
between nodes in a network and the top 10 targets are 
shown in Table 1. As shown in Figure 5, there were 20 
targets, namely, RELA, IL6, IL1B, MAPK14, CXCL8, 
MAPK1, IL4, IL10, IL2, MAPK8, CCL2, FOS, IFNG, 
CXCL2, STAT1, BCL2L1, CASP3, CXCL10, EGFR, 
and PRKCB, whose degree value was greater than the 
average node degree value. These results indicated that 
these targets might be hub genes effective in the treat-
ment of COVID-19.

Figure 2 Venn diagram presents the overlapping genes between HLJDD and 
COVID-19-related targets.
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Figure 3 PPI networks for HLJDD-related targets. (A) HLJDD-related targets network. Node represents the HLJDD-related target, edge represents the associations 
between nodes, and the line thickness indicates the strength of data support. (B) Herb-compound-target network. Green square represents target, yellow triangle 
represents active compounds, blue hexagons represents herbs, and red diamond represents HLJDD.
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Figure 4 PPI network for drug targets against COVID-19. (A) COVID-19 related drug target network. Node represents potential drug target, edge represents protein- 
protein interactions, and the line thickness indicates the strength of data support. (B) Herb-compound-drug target network. Green square represents drug target, yellow 
triangle represents active compounds, blue hexagons represents herbs, red diamond represents HLJDD, and purple octagon represents COVID-19.
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Functional Enrichment Analysis of Drug 
Targets
To elucidate the molecular mechanism of the 47 drug 
targets, GO enrichment and KEGG pathway enrichment 
analyses were performed via the DAVID database, and the 
specific enrichment categories are listed in Table S5. The 
top 10 significant enriched BP, CC, and MF terms are 
displayed in Figure 6A; meanwhile, the top 30 significant 
involved KEGG pathways are showed in Figure 6B. In 
brief, a total of 148 BP terms were identified, such as 
cellular response to lipopolysaccharide, inflammatory 
response, immune response, chemotaxis, and regulation 
of blood pressure; a total of 14 CC terms were identified, 
including extracellular space, extracellular region, cytosol, 
Bcl-2 family protein complex, external side of plasma 
membrane, mitochondrial outer membrane, caveola, peri-
nuclear region of cytoplasm, mitochondrion, cytoplasm, 
nucleoplasm, intracellular, nucleus, and extracellular exo-
some; moreover, a total of 17 MF terms were identified, 
including BH3 domain binding, cytokine activity, identical 
protein binding, enzyme binding, protein binding, chemo-
kine activity, protein homodimerization activity, transcrip-
tion factor binding, heme binding, MAP kinase activity, 
protein heterodimerization activity, tumor necrosis factor 
receptor binding, prostaglandin-endoperoxide synthase 
activity, histone kinase activity (H3-T6 specific), ubiquitin 
protein ligase binding, nitric-oxide synthase activity, and 
growth factor activity.

In terms of the KEGG enrichment analysis, 77 signifi-
cant signaling pathways were identified, such as Chagas 
disease (American trypanosomiasis), Leishmaniasis, 
Pertussis, TNF signaling pathway, Influenza A, NF-κB 

signaling pathway, HIF-1 signaling pathway, and MAPK 
signaling pathway.

Discussion
Starting in December 2019, a novel coronavirus called 
SARS-CoV-2 began causing a respiratory illness that is 
sweeping the world. The WHO considers the current out-
break of COVID-19 to be a global pandemic. Currently, 
COVID-19 has become a serious social problem affecting 
human health. Since the newly emerged SARS-CoV-2 is 
a previously unknown pathogen, no specific drug is avail-
able. Therefore, there is an urgent need to explore ther-
apeutic drugs and specific vaccines to combat the 
emerging virus. However, the development of antiviral 
drugs takes time and resources, so reusing existing drugs 
to treat emerging viral diseases are effective strategies. In 
general, these drug options can be roughly divided into 
virus based and host based treatment.32,33

In China, the combination of TCM treatment and effec-
tive life support has been widely used in the clinical 
treatment of COVID-19. TCM treatment is effective in 
preventing COVID-19, which can help reduce the severity 
of COVID-19 and promote the recovery of patients with 
COVID-19. TCM emphasizes both evil and positive treat-
ment. Based on TCM theory, the main therapeutic princi-
ples are invigorating the lungs to prevent dampness, 
clearing away heat and detoxification, replenishing qi, 
and nourishing yin.34 However, the molecular mechanism 
of TCM prescription in treating COVID-19 disease 
remains not completely clear. In theory, TCMs have 
a certain therapeutic effect through multiple-molecules, 
multi-targets and multi-pathways. In the syndrome differ-
entiation and treatment of syndrome type via TCM, the 
target organ location of COVID-19 is the lung and its 
pathogenic property is damp and toxin plague, so it should 
be treated with purging the lung and detoxification 
method. Notably, HLJDD is the representative prescription 
for heat clearing and detoxification. In the clinical practice 
of TCM, HLJDD has been widely used to treat inflamma-
tion, hypertension, gastrointestinal diseases and hepatic 
and cerebral vascular diseases.35 However, the pharmaco-
logical mechanisms of HLJDD in the treatment of 
COVID-19 have not been clearly studied.

Network pharmacology is based on the interaction net-
work relationship of “drug-target-disease”. By analyzing 
the relationship among genes, diseases, drugs and other 
network libraries, network pharmacology reveals the mys-
tery of “drug-target”, “target-disease” and “drug-disease” 

Table 1 The Top 10 Degree Genes in HLJDD-COVID-19 Target 
Network

Targets Targets Name Degree Value

RELA RELA proto-oncogene, NF-κB subunit 20

IL6 Interleukin 6 17

IL1B Interleukin 1β 14
MAPK14 Mitogen-activated protein kinase 14 14

CXCL8 C-X-C motif chemokine ligand 8 13

MAPK1 Mitogen-activated protein kinase 1 13
IL4 Interleukin 6 12

IL10 Interleukin 10 11
IL2 Interleukin 2 11

MAPK8 Mitogen-activated protein kinase 8 11

Abbreviations: HLJDD, Huang Lian Jie Du decoction; COVID-19, coronavirus 
disease 2019.
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interactions and guides accurate clinical drug use and new 
drug research and development.36 In this study, we used 
network pharmacology approach to construct and analyze 
a network of targets, conduct enrichment analysis on these 
targets, and reveal their possible mechanism of action to 
explore the potential targets of HLJDD in the treatment of 
COVID-19.

In short, 67 active compounds and 204 targets of 
compounds were screened. We observed that a variety of 
alkaloids and flavonoids were searched in the HLJDD, 
such as quercetin, baicalein, wogonin, berberine, and aca-
cetin, which were consistent with existing studies.18,37 

Baicalein and wogonin are flavonoids that can inhibit the 
overactivation of the complement system in vivo and 
improve acute lung injury induced by influenza 
A virus.38 In addition, Song et al39 explored the therapeutic 

effects of baicalein for the treatment of COVID-19 in vivo 
and in vitro. They found that baicalein could inhibit cell 
damage induced by SARS-CoV-2; meanwhile, it could 
also improve the respiratory function of mice with acute 
lung injury, inhibit pneumonia cell infiltration as well as 
the replication of the virus, and thus reduce lung tissues 
damage. Meanwhile, baicalein had an inhibitory effect on 
SARS-CoV-2 3C-like protease activity, and it also could 
inhibit the replication of SARS-CoV-2 in Vero cells.40 

These studies revealed that baicalein may be a promising 
drug for the treatment of COVID-19. Berberine has anti-
bacterial and anti-inflammatory pharmacological effects 
and can inhibit the replication of respiratory syncytial 
virus and cytomegalovirus to improve the symptoms of 
viral pneumonia.41,42 Quercetin has anti-inflammatory, 
antiviral, and immunomodulatory pharmacological 

Figure 5 Top 20 drug targets with higher degree in the drug target network.
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Figure 6 Functional enrichment analysis of 47 drug targets against COVID-19. (A) Top 10 terms for GO enrichment analysis. (B) Top 30 pathways for KEGG enrichment 
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effects.43 Another key compound, acacetin, has anti- 
inflammatory effects by reducing interleukin 6 (IL-6), 
interleukin 8 (IL-8), and intercellular adhesion molecule- 
1 (ICAM-1) levels.44,45 Taken together, we speculate that 
these active compounds in HLJDD may improve lung 
injury caused by COVID-19 through synergistic anti- 
inflammatory effects.46

Highly pathogenic coronaviruses, such as SARS cor-
onavirus and MERS coronavirus, can cause fatal pneu-
monia, which is related mainly to rapid viral replication, 
a large amount of inflammatory cell infiltration and an 
enhanced pro-inflammatory cytokine/chemokine 
response.47 In this analysis, several potential targets of 
HLJDD against COVID-19 were methodically identi-
fied, including RELA, IL6, IL1B, MAPK14, CXCL8, 
MAPK1, IL4, IL10, IL2, MAPK8, CCL2, FOS, IFNG, 
CXCL2, STAT1, BCL2L1, CASP3, CXCL10, EGFR, 
and PRKCB. Reportedly, majority of them have been 
involved in pulmonary inflammation. Genes such as 
interleukin 1β (IL-1B) and IL-6 are involved in the 
recruitment of immune cells to the lungs; meanwhile, 
IL-1B can activate caspases and other related signaling 
pathways, induce apoptosis of infected cells, and thus 
inhibit virus replication. MAPK14, MAPK1, and 
MAPK8 are members of the MAPK family, which can 
promote the release of pro-inflammatory cytokines such 
as IL-1B and IL-6, and it is regarded as a core factor in 
inflammation regulation.48 Evidence has also indicated 
that SARS-CoV-2 infection can increase the expression 
levels of plasma cytokines and chemokines, such as 
interleukin 2 (IL2), IL6, interleukin 7 (IL7), interleukin 
10 (IL10), C-C motif chemokine ligand 2 (CCL2), 
C-C motif chemokine ligand 3 (CCL3), C-X-C motif 
chemokine ligand 10 (CXCL10), cytokines interferon γ 
(IFN-γ), transforming growth factor α (TGF-α), inter-
leukin 1 (IL1), interleukin 12 (IL12), CCL2, 
C-X-C motif chemokine ligand 9 (CXCL9) and 
CXCL10, which were associated with pulmonary 
inflammation and lung damage in COVID-19 
patients.49 Furthermore, previous study revealed that 
the activation of inflammatory signaling pathways and 
cytokine storm reserved as crucial factors that leaded to 
ARDS in patients with COVID-19, and the excessive 
secretion of pro-inflammatory cytokines and chemokines 
resulted in innate immune system disorders that even-
tually caused immune damage.50 Therefore, HLJDD 
may serve the role of anti-inflammatory, anti-immune 
apoptosis, and alleviation of pneumonia-induced multi- 

organ damage via regulating the expression of these hub 
genes, which indirectly inhibit the virus-mediated 
inflammatory response by regulating the immune func-
tion of the body.

In the KEGG analysis of the potential targets against 
COVID-19, we identified several signaling pathways asso-
ciated with inflammation and viral infection, including the 
tumor necrosis factor (TNF) signaling pathway, nuclear 
factor κB (NF-κB) signaling pathway, Hypoxia-inducible 
factor 1 (HIF-1) signaling pathway, Influenza A, Hepatitis 
B, Herpes simplex infection, and Prion diseases. The NF- 
κB signaling pathway plays a key role in the cellular 
inflammatory response and immune response, and the 
regulation of the NF-κB signaling pathway can reduce 
the injury to the liver, lung and kidney caused by 
pneumonia.51,52 HIF-1 is a transcription factor and can 
be used as the main regulator of oxygen homeostasis, 
and the HIF-1 signaling pathway is related to the release 
of inflammatory cytokines in viral pneumonia.53 TNF is 
a proinflammatory cytokine that plays an important role in 
cell proliferation, differentiation and apoptosis.54 Severe 
pneumonia with sepsis has been reported to be character-
ized by an inflammatory response disorder related to 
endotoxin.55 In the early stage of sepsis, Hypoxia- 
inducible factor 1α (HIF1-α) is activated under hypoxia 
and then coactivates signal transducer and activator of 
transcription 3 (STAT3) to participate in the inflammatory 
process.55

In this study, network pharmacology was used to 
explore the feasibility, relevant molecular targets and sig-
naling pathways of HLJDD in the treatment of COVID-19. 
It is worth noting that network pharmacology has great 
advantages in studying the way drugs act. Our research has 
certain limitations. First, the potential targets were only 
obtained by using the network pharmacology method, and 
it is a lack of in vivo experimental verification. Second, 
because of the difficulty of data collection, the database 
may not include all known or unknown targets and pro-
tein-protein interactions. This aspect may improve as addi-
tional data become available in the future. Third, HLJDD 
is a medicine of great bitterness and cold, and it can easily 
hurt the spleen and stomach if it is taken for a long time or 
if too much is taken, so it should be applied according to 
clinical practice based on syndrome differentiation. We 
hope that our results can provide some theoretical and 
scientific basis for HLJDD in the treatment of COVID- 
19 and provide a reference for drug development for 
SARS-CoV-2 infection.
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Conclusions
In this study, 47 potential targets against COVID-19 were 
identified by network pharmacology method, and the 
molecular mechanism of HLJDD in the treatment of 
COVID-19 was further investigated through functional 
enrichment analysis. Based on the results of enrichment 
analysis, we revealed the characteristics of multi-target 
synergistic effects and multi-pathway regulations and 
found that HLJDD may improve COVID-19 through the 
TNF signaling pathway, NF-κB signaling pathway and 
HIF-1 signaling pathway. Inhibiting the overproduction 
of inflammatory factors is of great significance in the 
prevention and treatment of COVID-19 and the allevia-
tion of multiorgan injury in COVID-19 patients. As an 
important adjuvant therapy, the combination of HLJDD 
and other traditional Chinese medicines with modern 
medical methods will benefit COVID-19 patients. The 
effect of HLJDD in the treatment of COVID-19 requires 
further experiments to verify the specific molecular 
mechanism.
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