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ABSTRACT

As the 2019 coronavirus disease (COVID-19) establishes its prevalence as a global health emergency, novel drugs
and medications have become increasingly necessary for prevention and treatment. Traditional Chinese medicine
(TCM) has played a pivotal role in containing the virus, and herbal formulas such as Sang Ju Yin have held substantial
promise in reducing mortality rates and promoting recovery. However, the exact targets and mechanisms of Sang Ju
Yin in COVID-19 treatment have not been extensively explored. Therefore, the objective of this study was to use
network pharmacology to identify the interactions between Sang Ju Yin and COVID-19. A total of 170 active ingre-
dients and 1476 targets of Sang Ju Yin were retrieved from multiple databases and combined with 1313 COVID-19
targets to obtain 233 common targets. These core targets were integrated into a protein-protein interaction (PPI) net-
work and active-ingredient-disease-target network using STRING and Cytoscape 3.9.1 software. Gene ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis was performed using DAVID and
Metascape to determine related biological processes and signaling pathways. The results indicate that Sang Ju Yin
likely regulates inflammatory and immune responses in COVID-19 by targeting AKT1, IL-6, and MAPK3. The active
ingredients luteolin, kaempferol, and quercetin physically bind to and inhibit the angiotensin converting enzyme 2
(ACE2) and 3-chymotrypsin-like protease (3CLpro) required for viral invasion and replication. The results of this
study provide evidence for the therapeutic effects of Sang Ju Yin on COVID-19 and support the application of TCM
for treatment worldwide.

Introduction

With nearly 600 million cases worldwide, the 2019 coronavirus disease (COVID-19) pandemic currently dominates
the forefront of scientific and clinical research (World Health Organization, 2022). From its first reported case in
Wuhan, Hubei Province, China, the SARS-CoV-2 virus continues to spread rapidly due to its contagious respiratory
transmission, invasive spike protein, rapid replication, and strain mutation. While there is no formal cure, recent ad-
vancements in Western medicine have effectuated the rise of mRNA vaccines, oral antiviral pills, monoclonal anti-
body treatments, and palliative drugs such as remdesivir and baricitinib (U.S. Food and Drug Administration, 2022).
Despite its status as the place of viral origin, China has kept a relatively stable control over the virus and its cases.
This is likely attributed to the policies and guidelines implemented by the country’s National Health Commission. The
latest edition of China’s COVID-19 Diagnosis and Treatment Program offers a dual integrative approach, combining
both Western and traditional Chinese medicine (TCM). The TCM plan revolves around six most effective prescrip-
tions and medicines, namely the Jinhua Qinggan Granule (JHQGG), Lianhua Qingwen Capsule (LHQW), Xuebijing
Injection (XBJ), Qingfei Paidu Decoction (QFPD), Huashi Baidu Formula (HSBDF), and Xuanfei Baidu Granule
(XFBD) (Niu et al., 2021). The inclusion of TCM into COVID-19 treatment presents an additional advantage com-
pared to other treatment plans as TCM formulas and prescriptions can be modified based on the severity of cases.
Unlike the reductionism of Western medicine, TCM is defined by its theoretical and philosophical basis: the
constant maintenance of a dynamic balance (Luo et al., 2020). As such, TCM emphasizes holistic treatment based on
syndrome differentiation as opposed to symptomatic treatment (Yu et al., 2021). Syndrome differentiation is defined
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as the comprehensive analysis of the individual pathogenesis and conditions of patients (Luo et al., 2020). Since
patients vary in disease stage, degree, and symptoms, different prescriptions are recommended and modified for per-
sonalized treatment (Yu et al., 2021). The majority of TCM is composed of herbal medicine in which therapeutic
natural products are combined into specific formulas to treat certain diseases (Capodice & Chubak, 2021). These
herbal remedies have been present throughout Chinese history and were implemented in more than 300 large epidemic
outbreaks (Yu et al., 2021). TCM has treated other infectious diseases such as the herpes simplex virus, human im-
munodeficiency virus (HIV), hepatitis B, hepatitis C, dengue virus, and Ebola virus (Huang et al., 2021). During the
2003 outbreak of severe acute respiratory syndrome (SARS) in Guangdong, China, TCM treatment helped to relieve
dyspnea and malaise, shortening hospitalization time for patients (Huang et al., 2021). Similarly, the TCM herbs
Huangqin and Huangqi were notably used for inhibition of the 2009 HIN1 influenza A virus as the compounds sig-
nificantly reduced autophagosome formation (Capodice & Chubak, 2021). TCM has been particularly effective
against COVID-19 and the mounting clinical evidence demonstrates that TCM can prevent disease progression and
relapse, reducing mortality rates and increasing recovery numbers (Li et al., 2021). The LHQW formula, in particular,
is one of the most commonly used treatments as it can inhibit viral replication and reduce pro-inflammatory cytokines
at a transcriptomic level (Capodice & Chubak, 2021). Specific formulas have also been developed for each stage of
disease progression, ranging from onset and replication to inflammatory response and organ damage (Li et al., 2021).

Of the recommended TCM prescriptions for COVID-19, Sang Ju Yin has emerged as a potential drug can-
didate. The formula includes a combination of mulberry leaf, chrysanthemum, forsythia, mint, reed root, and licorice
(Kumari & Kumar, 2020). Sang Ju Yin is primarily used as a relief for cough, colds, sore throat, mild thirst, and fever
and can be applied to diseases such as influenza, hand, foot, and mouth disease, whooping cough, acute bronchitis,
pneumonia, etc. (Kumari & Kumar, 2020). Despite being a household remedy, the formula has also been used in
treatment of large epidemics such as the 2009 swine flu and SARS virus. Sang Ju Yin possesses immunomodulatory
functions against SARS, regulating T cells and increasing CD4/CDS levels in the blood (Poon et al., 2006). For
COVID-19, Sang Ju Yin has been prescribed for mild and moderate cases as well as patients with dyspnea and severe
cough (Arghal & Hafsal, 2020; Kumar et al., 2020).

Despite the efficacy of TCM for COVID-19 treatment, therapeutic drugs must be consistently refined through
research. Current studies have used network pharmacology to understand the molecular mechanisms underlying TCM
treatment. Network pharmacology is defined as a research method for visualizing the multi-gene, target, pathway, and
disease network interactions in drug treatment (Xing et al., 2020). This focus on the overall network and inclusion of
multiple drug targets synchronizes well with TCM which uses the synergistic effects of compounds to restore the
balance of biological networks (Liu et al., 2022; Yu et al., 2021). However, network pharmacology studies have not
been applied to Sang Ju Yin and its treatment of COVID-19. This study aims to identify the pharmacological effects
of Sang Ju Yin on COVID-19 and the specific active ingredients, targets, and pathways involved.

Methods

The network pharmacology approaches outlined in this study were largely modeled after (Yu et al., 2021). The meth-
odology involved [1] Sang Ju Yin and COVID-19 target prediction, [2] network construction and analysis, and [3]
functional enrichment analysis. A workflow diagram of the procedure is outlined in Figure 1.
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Figure 1. Flowchart of target prediction, network construction, and functional enrichment procedures.

Screening of Sang Ju Yin components and Targets

The herbal components of Sang Ju Yin were found on Bio Essence Health Science and entered into the Traditional
Chinese Medicine Systems Pharmacology Database and Analysis Platform (TCMSP) to find active ingredients. The
pharmacokinetic parameters were set as oral bioavailability (OB) = 30% and drug-likeness (DL) > 0.18. OB indicates
the percentage of drug absorbed into systemic circulation while DL displays the optimal drug potential for a compound
(Liu et al., 2022; Yu et al., 2015). High OB and DL values are recommended for drugs with effective biological
activity. Additional putative drug targets were screened from the SymMap and SuperPred databases with p < 0.01.
The official gene names of all targets were standardized using UniProtKB after duplicate removal.

Screening of COVID-19 related and Common Targets

The keyword “novel coronavirus pneumonia” was entered into the GeneCards, MalaCards, and NCBI Gene databases.
All gene targets were consolidated, and duplicates were removed. The COVID-19 targets and Sang Ju Yin targets
were combined, and the intersecting targets were visualized using Venny 2.1.0.

PPI Network Construction and Analysis

The common targets were uploaded to the STRING database to form a protein-protein interaction (PPI) network.
Parameters were selected as follows: Homo sapiens as organism, no combined score screening, and high confidence
value > 0.7. The PPI network was then imported into Cytoscape 3.9.1 for further topological analysis. The targets
were first filtered using the “network analyzer” plug-in for all targets with values greater than the mean betweenness
centrality, closeness centrality, and degree. Nodes with larger parameter values were likely more important to the
network. The targets were then filtered using the CytoNCA plug-in based on betweenness centrality, closeness cen-
trality, Eigenvector centrality, local average connectivity-based method (LAC), and network centrality values. The
targets were filtered for a third time using the CytoHubba plug-in to find the top 5 and top 10 targets based on degree;
these hub genes were generated as subnetworks.
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Active Ingredient-Disease-Target Network Construction and Analysis

Three networks (herb-active ingredient, active-ingredient-target, and disease-target) were constructed using Cyto-
scape and merged into an overall network. The network was analyzed based on betweenness centrality, closeness
centrality, and degree to find the top 3 active ingredients. The top 3 active ingredients were uploaded to The Encyclo-
pedia of Traditional Chinese Medicine (ETCM) database for systematic analysis on related targets, pathways, and
diseases.

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) Enrichment Anal-
ysis

GO and KEGG enrichment analysis was performed on the common targets using the DAVID and Metascape data-
bases. “Homo sapiens” was selected for species, and results were sorted according to the p-value (p < 0.05) and false
discovery rate (FDR). Enrichment results were visualized as bubble charts and bar graphs using ShinyGO 0.76. The
top 10 GO biological processes (BP), cellular components (CC), and molecular functions (MF), and KEGG pathways,
including the top 3 genes for each term, were screened out.

Results

Screening of Sang Ju Yin and COVID-19 Targets

After screening through the TCMSP, SymMap, and SuperPred databases, 170 active ingredients and 1476 targets of
Sang Ju Yin were identified. After screening through the NCBI Gene, GeneCards, and MalaCards databases, 1313
targets for COVID-19 were identified. The targets were then pooled and deduplicated, and 233 common targets were
identified. A Venn diagram of the intersecting targets is shown in Figure 2.

COvVID-19 Sang Ju Yin

1243
(48.6%)

Figure 2. Intersection of COVID-19 and Sang Ju Yin gene targets.

PPI Network Analysis

The common targets were uploaded to the STRING database, and a PPI network (Figure 3) with 238 nodes and 2153
edges and an average degree value of 18.1 (p <0.01). Topological analysis on the PPI network revealed 2 subnetworks.
The top 10 targets were used to construct a subnetwork containing IL-6, CASP3, ACTB, STAT3, JUN, AKTI, TP53,
MAPK3, IL1B, and TNF (Figure 4A). The top 5 targets were used to construct a subnetwork containing IL-6, STATS3,
TNF, MAPK3, and ACTB (Figure 4B).
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Figure 4. Top 10 hub genes (Figure 4A) and top 5 hub genes (Figure 4B). Genes with darker colors have a higher
degree ranking and are likely more important to the network.

Active Ingredient-Disease-Target Network Analysis

Three networks (herb-active ingredient, active-ingredient-target, and disease-target) were constructed and merged into
an overall network with 1593 nodes and 1644 edges (Figure 5). Topological analysis on the network revealed that the
top 3 active ingredients of Sang Ju Yin were luteolin, quercetin, and kaempferol. Further ETCM systematic analysis
was conducted on these compounds to show the related targets, pathways, and diseases. Luteolin targeted AHR,
AKRICI, and ACTB; quercetin targeted AHR, AKT1, and ACTB while kaempferol targeted AHR, ACTB, and
AKRICI.
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Figure 5. Active-ingredient-disease-target network. COVID-19 targets are depicted in blue while Sang Ju Yin herbs,
active ingredients, and targets are depicted in green. Overlapping ingredients or targets are depicted in orange.

Functional Enrichment Analysis

Metascape enrichment clusters showed that targets were significantly related to immune-related cytokine signaling,
lipid and atherosclerosis, inflammatory response, Kaposi sarcoma-associated herpesvirus infection, and the IL-18 sig-
naling pathway (Figure 6). The top Metascape GO terms included cellular response to cytokine stimulus, regulation
of apoptotic processes, chemokine receptor binding, cytokine activity, etc. (Figure 7). Metascape KEGG pathways
were centered around inflammation and oxidative stress; notable results included the ACE-RAGE, rheumatoid arthri-
tis, IL-17, and TNF signaling pathway (Figure 8). These results were similar to enrichment terms generated by DAVID
(Tables 1 and 2). Overall, enrichment analysis showed that the most prominent targets were AKT1, BAX, CXCLs,
CCLs, BCLs, CCRs which were involved in inflammation and immune response processes.

Top 20 GO and KEGG Enrichment Clusters
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hsa05417: Lipid and atherosclerosis

G0:0006954: inflammatory response
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GO:0001775: cell activation
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G0:0031347: regulation of defense response
G0:0001819: positive regulation of cytakine production
G0:0010035: response to inorganic substance
WP2431: Spinal cord injury

WP5087: Malignant pleural mesothelioma

WP4298: Acute viral myocarditis

G0:2000147: positive regulation of cell motility
hsa04062: Chemokine signaling pathway

hsa05212: Pancreatic cancer

GO:0010942: positive regulation of cell death
hsa04936: Alcoholic liver disease

G0:0030155: regulation of cell adhesion

G0:2001233: regulation of apoptotic signaling pathway
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Figure 6. Top 20 GO and KEGG enrichment analysis clusters from Metascape.
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Figure 7. Top 10 GO terms from Metascape (p < 0.05) sorted by false discovery rate (FDR) and fold enrichment.
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Figure 8. Top 20 KEGG pathways from Metascape (p < 0.05) sorted by false discovery rate (FDR), fold enrichment,
and number of genes.
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Table 2. Top 10 GO terms and genes from DAVID.

Rank Term Top 3 Genes

1 lipid and atherosclerosis AKT1, BCL2, BAX

) K.apo§1 sargoma—assomated herpes- AKTI. BAX, CCRI
virus infection

3 TNF signaling pathway AKTI1, CCL2, CXCL1
AGE-RAGE signali th i

4 OE-RAGE signaling pathway In | s ry pepn pax
diabetic complications

5 IL-17 signaling pathway CCLI11, CCL2, CXCL1

6 Chagas disease AKTI1, CCL2, CCL3

7 Human cytomegalovirus infection | AKT1, BAX, CCL2

8 Pathways in cancer AKT1, BCL2, BAX

9 Influenza A AKT1, BAX, CCL2

10 Measles AKTI1, BCL2, BAX

Discussion

Active Ingredients

Topological and systematic analysis of the active-ingredient-disease-target network revealed that the top 3 active in-
gredients in Sang Ju Yin that interact with COVID-19 are luteolin, kaempferol, and quercetin. This is consistent with
molecular docking studies confirming that all three compounds directly bind and inhibit 3-Chymotrypsin-like protease
(3CLpro) and angiotensin converting enzyme 2 (ACE) which are required for SARS-CoV-2 replication and entry (Jo
et al., 2020). Quercetin, in particular, plays a more specific role by directly downregulating SARS-CoV-2 ACE2
through transcription factors and miRNAs (Huang et al., 2021). Furthermore, luteolin, kaempferol, and quercetin are
classified as flavonoids which are phytochemical compounds with anti-inflammatory and anti-oxidative effects (Tao
et al., 2020). This is congruous with the ETCM analysis of targets: all three compounds targeted AHR which modu-
lates immune function and chronic inflammation. Severe COVID-19 is characterized by hyperinflammation; hence,
Sang Ju Yin likely treats the virus through the regulation of inflammatory response. Moreover, luteolin, kaempferol,
and quercetin possess the same functions in the QFPD formula, inhibiting inflammation, regulating lung injury, and
protecting nerve function (Zhao et al., 2021). Luo et al. found that all three compounds increase T cell differentiation
and downregulate inflammatory factors including interleukin, TNG, and integrin (Luo et al., 2020). Additionally,
quercetin and luteolin also target the inflammatory proteins TNF, MAPK1, IL6, etc. (Nguyen et al., 2012). This further
supports the role of Sang Ju Yin in negatively modulating immune and inflammatory processes for COVID-19 treat-
ment.
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Kaempferol and quercetin, in particular, also mediate apoptosis by changing the cell cycle. Kaempferfol
increases the number of cells in GO, G1, and S phases, thereby inhibiting viral proliferation (Poon et al., 2006). How-
ever, it is not nearly as effective as quercetin which can inhibit the infection and replication of various viruses in
monolayer cell culture. Regardless, these findings suggest that Sang Ju Yin also utilizes apoptosis regulation to treat
COVID-19.

Notable Targets

The PPI subnetworks consolidated the top gene targets: IL-6, CASP3, ACTB, STAT3, JUN, AKT1, TP53, MAPK3,
IL1B, and TNF. This is consistent with previous studies that suggest Sang Ju Yin is regulated by AKT1, BAX, IKBKB,
IL-6, and STAT3 (Wu et al., 2020). Additionally, the majority of Sang Ju Yin targets are similar to those of other
TCM. AKT1, IL-6, MAPK1 and 8, JUN were core targets of the QFPD and LHQW formulas, suggesting that most
TCM prescriptions target the same key proteins for COVID-19 treatment (Wu et al., 2020).

AKT1 was included in the top targets from all PPI, ETCM, and KEGG analyses and is, therefore, likely
crucial to the molecular mechanism of Sang Ju Yin. Xia et al. determined that AKT1 is activated during COVID-19
infection, regulating lung injury, fibrogenesis, and immune cell development (2020). IL-6 was another key target, and
it is often upregulated in the plasma of severe COVID-19 patients (Wang et al., 2020). As a cytokine, IL-6 has a
versatile function in immunoglobulin secretion, regulating immune response, and preventing tissue damage (Poon et
al., 2006). In the case of COVID-19, IL-6 serves as the major component in fatal cytokine storms. Cytokine release
syndrome (CRS) or a cytokine storm is an excessive immune response and release of interferons, interleukins, chem-
okines, and other immune mediators (Huang et al., 2021). This aggressive immune activity causes acute inflammation
and oxidative damage which can degenerate into serious conditions such as acute respiratory distress syndrome
(ARDS) and multiple organ dysfunction syndrome (MODS) (Qiao et al., 2021). CRS is the main cause of COVID-
related morbidity as immune function becomes ineffective and suppressed after cytokine storms. CRS is mainly asso-
ciated with elevated IL-6 levels as IL-6 stimulates immune activation and amplifies inflammation (Huang et al., 2021).
Currently, IL-6 inhibitors and steroids are already used to treat COVID, signifying the importance of this cytokine to
the virus’s fatality (Capodice & Chubak, 2021). Therefore, regulation of IL-6 by Sang Ju Yin is necessary for effective
treatment.

Qiao et al. discovered that the cell destruction and inflammation of SARS-CoV-2 promotes increased chem-
okine activity (2021). This coincides with the top targets found in this study: CXCLs, CCLs, CCRs. All three families
consist of chemokine ligands or receptors which recruit immune cells. This further elucidates the role of Sang Ju Yin
in chemokine signaling.

In order to reduce proinflammatory cytokine and chemokine activity, regulatory pathways must be activated.
The MAPK3/MAPKI1 pathway decreases cell inflammation and damage by reducing cytokine and inflammasome
levels (Tong et al., 2020). As a notable target in this study, MAPK3 activity is likely modulated by Sang Ju Yin to
control hyper inflammation and immune responses.

Pathways and Processes

GO and KEGG enrichment analysis revealed that Sang Ju Yin most likely treats COVID-19 through regulation of
cytokine signaling and inflammatory and immune response pathways. The TNF, IL-17, and IL-18 pathways were
significantly enriched which aligns with the results of previous studies showing the TCM regulation of IL-17, IL-18,
and TNF pathways to inhibit inflammation and immune response (Yu et al., 2021). Furthermore, clinical evidence
confirms the presence of TNFa in the blood and tissues of severe COVID patients; TNFa activates cytokines such as
IL-6, IL-17, and IL-18, linking the three pathways together (Xia et al., 2020) On a broader note, the enrichment anal-
ysis for this study included herpesvirus, influenza A, human cytomegalovirus infection, substantiating the role of Sang
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Ju Yin in the treatment of other viral diseases. In conclusion, COVID-19 may be treated by Sang Ju Yin through the
regulation of inflammatory and immune response pathways.

Limitations

The largest limiting factor in this study was insufficient consideration for the content, concentration, and dosage of
Sang Ju Yin. Although pharmacokinetic parameters were considered, the effect of Sang Ju Yin concentration on
COVID-19 cannot be easily determined as TCM does not have quality and proportion standards (Yu et al., 2021).
This is critical to evaluate the true therapeutic performance of TCM as a certain amount of drug compound must reach
the active site of COVID receptors to be effective (Yu et al., 2015). Despite the emergence of patented formulas, TCM
remains difficult to apply to clinical trials because it fundamentally emphasizes the idiosyncrasies of individual con-
ditions which may be incompatible with the homogenized conditions of randomized control trials (Capodice & Chu-
bak, 2021). Dosages and concentrations are constantly modified depending on disease stage and severity which varies
in patients. Regardless, the efficacy of TCM for COVID-19 treatment must be verified using in vivo or in vitro exper-
iments, imaging and molecular docking studies, and standard clinical trials in order for it to be adopted for international
use (Wang & Qi, 2020).

Conclusion

This study utilized network pharmacology to explore the active ingredients, targets, and molecular mechanisms of
Sang Ju Yin for COVID-19 treatment. It was found that Sang Ju Yin likely regulates the TNF, IL-17, and IL-18
inflammation and immune response-related pathways by acting on AKT1, IL-6, MAPK3, AHC, and other targets,
thereby resisting COVID-19. The active ingredients luteolin, kaempferol, and quercetin modulate this process and
directly inhibit viral invasion and replication via ACE2 and 3CLpro. The results of this study provide evidence for the
pharmacological effects of Sang Ju Yin on COVID-19.

Future Direction

Efforts should be placed into the experimentation and clinical application of Sang Ju Yin. Purification of the active
compounds luteolin, quercetin, and kaempferol is required for the development of novel COVID-19 targeted therapies
(Huang et al., 2021). Other non-oral intake methods and dosages for Sang Ju Yin such as intravenous injections should
be explored. Though more in-depth research is necessary, TCM currently remains one of the most effective COVID
prevention and treatment options and should be applied worldwide in the future (Zhao et al., 2021).
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