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Purpose: The network pharmacology analysis, molecular docking and experimental verification were performed to explore the
pharmacological mechanisms of Sancao Yuyang Decoction (SCYYD) in the treatment of oral mucositis (OM).

Methods: Active ingredients in SCYYD and their potential targets, as well as OM-related targets were screened from public
databases. The core targets and signaling pathways of SCYYD against OM were determined by protein—protein interaction (PPI)
network, Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis. The
ingredient-target-disease network and target-pathway network were constructed. Subsequently, molecular docking was carried out to
predict the binding activity between active ingredients and key targets. Moreover, in vivo experiment was conducted to further verify
the core targets predicted by network pharmacology analysis.

Results: A total of 119 bioactive ingredients were screened from the corresponding databases. One hundred and eighty-six putative
targets were retrieved and bioinformatics analysis was performed to reveal the top 5 potential candidate agents and 10 core targets. GO
and KEGG enrichment analysis showed that SCYYD exerted excellent therapeutic effects on OM through several pathways, such as
HIF-1 and Ras signaling pathway. Subsequently, molecular docking showed that main ingredients in SCYYD had optimal binding
activities to the key protein targets. Moreover, the result of in vivo experiment indicated that SCY'YD not only inhibited inflammation
response and promoted wound healing of oral mucosa in OM rats, but also reversed high expressions of SRC, HSP90AA1, STAT3,
HIF1a, mTOR, TLR4, MMP9, and low expression of ESRI.

Conclusion: This study preliminarily uncovered the multiple compounds and multiple targets of SCYYD against OM using network
pharmacology, molecular docking and in vivo verification, which provided a new insight of the pharmacological mechanisms of
SCYYD in treatment of OM.

Keywords: oral mucositis, Sancao Yuyang Decoction, pharmacological mechanisms, network pharmacology, experimental
verification

Introduction

Oral mucositis (OM) refers to the inflammatory and/or ulcerative lesions of oral mucosa which caused by multiple factors
such as infectious disease, immune dysfunction and some medications, etc.' It is also one of the common complications
of cancer patients receiving radiotherapy and chemotherapy with prevalence of 40% to 70%.%> According to ESMO

mucositis guidelines, the term “mucositis” is described as inflammation of mucosa resulting from ionising radiation or
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chemotherapeutic agents such as methotrexate, cyclophosphamide, 5-fluorouracil (5-FU), etc.! It is characterized by
erythema, erosion and development of ulcerative lesions in the oral mucosa with severe pain which affect eating,
speaking and sleep.* The eating patterns affected by severe pain of OM in cancer patients may reduce nutritional intake,
and subsequently result in poor general condition and quality of life.> Currently, there are many common clinical
management strategies of OM such as standardized oral care, antibiotic, anti-inflammatory, growth factors, analgesics
and some mouthwashes.® Although drugs such as dexamethasone, cydiodine, and doxepin are usually applied for OM to
alleviate inflammation and painful, the long-term application may lead to unexpected side effects such as susceptible to
fungal infection, rash, more drowsiness, stinging or burning sensation and fatigue.'”” Therefore, it is urgent to search for
the effective therapeutic strategies for OM with few side effects.

Traditional Chinese medicine (TCM) is a complementary and alternative medicine which has been used for more
than 2000 years to prevent or treat diseases in China. In recent years, increasing patients with OM choose TCM due to
its remarkable efficacy and low toxicity.* Studies have shown that many herbal medicines with anti-inflammatory,
antioxidation and analgesic properties have good therapeutic effects on OM.'*'! Sancao Yuyang Decoction (SCYYD) is
a Chinese medicine prescription that has been patented (Patent No. ZL 201810411853.2) for treating OM. It is
composed of four Chinese medicines, namely Lithospermum Erythrorhizon (Zi cao), Prunellae Spica(Xia ku cao),
Menthae Herba(Bo he) and licorice (Gan cao). Our previous clinical studies have shown that SCYYD can reduce local
inflammation and improve symptoms such as erythema, erosion and ulcer of oral mucosa in OM patients.'> However,
the mechanism of SCYYD on OM has not been fully elucidated and suitable approaches are needed for the further
research.

TCM contains a large number of ingredients which acts synergistically by multiple mechanisms. Due to the
complicated mechanisms of TCM, we should search appropriate approaches to analyze each component and its
corresponding targets. Network pharmacology is a comprehensive research method integrating chemical informatics,
bioinformatics, network biology and traditional pharmacology.'” It can reveal the relationship between multiple compo-
nents and multiple targets from a systematic and holistic perspective.'* Based on network pharmacology and in vivo
validation, this study predicted and validated the ingredients present in SCYYD, their protein targets, as well as the
multiple mechanisms involved in the action of these ingredients on OM. The detail of workflow of this study is shown in
Figure 1.

Materials and Methods

Collection of Active Ingredients in SCYYD and Identification of Their Targets

All ingredients of the SCYYD were acquired from Traditional Chinese Medicine Systems Pharmacology Database and
Analysis Platform (TCMSP, http://tcmspw.com/tcmsp.php). Oral bioavailability (OB) and druglikeness (DL) are two
important properties of absorption, distribution, metabolism and excretion (ADME). OB >30% and BL >0.18 were

applied as screening criteria in this study. The putative molecular targets of the active ingredients in SCYYD were

retrieved from the SuperPred database (https://prediction.charite.de/).

Collection of OM-Associated Molecular Targets
The OM-associated molecular targets were screened from three sources, namely, GeneCards (https://www.genecards.org/),

Online Mendelian Inheritance in Man (OMIM, https://omim.org/) and DisGeNET (https://disgenet.org/). “Oral mucositis”
was applied as the keyword and duplicate genes were removed.

Construction of Ingredient-Target-Disease Network

The OM-associated targets and the drug-related targets were intersected, and a Venn diagram of the gene symbols was
drawn to obtain the potential targets of SCYYD against OM. Then, Cytoscape 3.8.2 software was used to construct the
ingredient-target-disease network.
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Figure | Detailed workflow of present study.
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Protein—Protein Interaction (PPI) Network Construction
The overlapping target genes of SCYYD-related targets and OM associated targets were imported into String database
(http://string-db.org) to obtain the PPI network. The parameter organism was defined as Homo sapiens, and the minimum

required interaction score was greater than 0.7. Cytoscape 3.8.2 software was applied to establish the PPI relationship
network and Cytohubba and MCODE software were employed to identify the core proteins and clusters. Then, biological
process (BP) of each cluster was analyzed using DAVID Bioinformatics Resources 6.7 (http://david.abce.ncifcrf.gov/).

Enrichment of Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) Pathways

The target genes were uploaded to the functional annotation tool of DAVID Bioinformatics Resources 6.7 (http://david.abcc.
nciferf.gov/) to conduct the GO and KEGG pathway enrichment analyses. GO enrichment analysis included BP, cellular
component (CC) and molecular function (MF) analysis. The parameters of P<0.05 and FDR <0.05 were recognized as
significant of GO and KEGG enrichment. The “target-pathway” network was visualized using Cytoscape 3.8.2.

Computational Validation of Active Ingredients and Targets Interactions by Molecular
Docking

The binding ability between active ingredients selected from ingredient-target-disease network and the key targets was
analyzed using molecular docking. The SDF format files of active ingredients were downloaded from PubChem database
(http://pubchem.ncbi.nlm.nih.gov) and converted to mol2 format files after energy minimization calculations by Chem3D

software. PDF format files for the key target proteins were obtained from RCSB PDB database (https://www.rcsb.org/).

Molecular docking of the main active ingredients and core target proteins was performed using CB-Dock2 online
molecular docking (https://cadd.labshare.cn/cb-dock2/). The lower vina score is considered as more stable binding

capacity between small molecular compounds and proteins.

Experimental Validation

Preparation of SCYYD Aqueous Extract

Four raw herbs of SCYYD were obtained from the pharmacy department of the Hangzhou Third People’s Hospital
(Hangzhou, China). Lithospermum Erythrorhizon, Prunellae Spica, Menthae Herba and Licorice were mixed as
a proportion of 2.5:5:1:5(w/w). The mixed herbs were soaked in 5 volumes of distilled water for 1h, and then decocted
for 2 times and 0.5h each time. The decoction was concentrated to 1.825 g/mL and stored at —20°C before further use.

Animals

A total of forty male Sprague-Dawley rats weighing 180~200g were purchased from Shanghai Slac Laboratory Animal
Co. Ltd (Shanghai, China). All of these rats were bred at Laboratory Animal Research Center of Zhejiang Chinese
Medical University (Hangzhou, China) with a specific pathogen-free animal care facility. They were housed in a standard
laboratory conditions (room temperature 23 + 2°C; humidity 50+10%) with a 12h/12h light/dark cycle and free access to
water and food. The animal experimental protocol was approved by Laboratory animal management and ethics
committee of Zhejiang Chinese Medical University, Hangzhou, China (Approval No. IACUC-20210503-08). All
experimental procedures were performed following the Regulations for the Administration of Affairs Concerning
Experimental Animals approved by the State Council of the People’s Republic of China.

Establishment of OM Animal Model and Drug Administration

All the rats were randomly and equally divided into 5 groups (n = 8 in each group): normal control group (NC), OM
model group (OM) and group of OM rats treated with SCYYD at low, medium and high dosage (OM+L, OM+M, OM
+H). Except the NC rats, others were anesthetized by intraperitoneal injection of sodium pentobarbital (50 mg/kg).
A 9mm? piece of filter paper was soaked in saturated sodium hydroxide solution and placed in the labial fornix region of
the inferior incisors for 15s, which created a uniform ulcer, and 25 mg/kg methotrexate was injected intraperitoneally.
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After that, rats in low, medium and high dosage of SCYYD groups were administered intragastrically with SCYYD at
the dosage of 7.3 g/kg, 14.6g/kg and 29.2 g/kg, respectively, once a day for 8 consecutive days. Rats in the other 2 groups
were given the same dosage of 0.9% saline. The body weight was measured during the experiment. At the end of

experiment, tissues of oral mucosa were collected for further analysis.

Evaluation of the Oral Mucosal Healing
To detect the mucosal healing, oral mucositis scoring system was used for scoring the healing of oral mucosa. The

scoring system is shown in Table 1.

Histopathology Evaluation

To evaluate the histopathological changes in the oral mucosa, hematoxylin and eosin (H&E) staining was performed.
Tissue samples of oral mucosa from labial fornix region of the inferior incisors were fixed with 10% formalin and
dehydrated with ethanol and xylene. Dehydrated samples were embedded in paraffin blocks. Each paraffin-embedded
specimen was cut into sections at a thickness of 5 um. Each section was stained with H&E and observed with
NanoZoomer S60 Digital Slice Scanner (Hamamatsu, Japan).

RNA Extraction and qPCR

Total RNA was extracted from oral mucosa tissues by Total RNA Rapid Extraction Kit (Beijing Biotek Biotechnology
Co., Ltd, Beijing, China) according to the operating manual. A Nanodrop one (Thermo Scientific, USA) was used to
detected the RNA purity. Obtained RNA templates were reverse-transcribed into cDNA using HiFiScript Quick gDNA
Removal cDNA kit (CoWin Biosciences, Jiangsu, China). qPCR was performed following SYBR green PCR Master Mix
instructions (CoWin Biosciences, Jiangsu, China) with Roche 480 real-time system (Roche, USA). Primers used for
gPCR were synthesized by Sangon Biotech (Shanghai) Co., Ltd (Shanghai, China) and the sequences are shown in
Table 2. B-Actin was used as an endogenous control gene. The reaction profile was: one cycle at 95°C for 10 min; 45
cycles: 95°C 10 min; 95°C 10s; 60°C 30s, 72°C 32s; melting curve analysis was at 65°C~97°C. Relative mRNA

expression was calculated and analyzed by the 2" method.

Statistical Analysis

All data were presented as mean+SEM. SPSS16.0 software and GraphPad Prism 5 software were applied for statistical
analysis. The results were analyzed using Student’s ¢-test and One-way ANOVA. A level of P<0.05 was deemed
statistically significant.

Table | The Scoring System of Mucosal Healing

Grade Description Mucosal Healing
Score
Grade 0 No ulcer, normal oral mucosa 100
Grade | Ulcer with no obvious pseudomembrane on the surface 80
Grade Il | Ulcer with a thin yellow pseudomembrane on the surface 60
Grade Ill | The pseudomembrane on the surface of ulcer is thick, and there is inflammatory edema around it 40
Grade IV | The pseudomembrane on the surface of ulcer is very thick, and there is obvious inflammatory edema 20
around it
Drug Design, Development and Therapy 2023:17 htps: 59
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Table 2 Primer Sequences for qPCR

Gene Description Sequence(5’-3’)
Rat TNF Forward ATGGGCTCCCTCTCATCAGTTCC
Reverse CCTCCGCTTGGTGGTTTGCTAC
Rat IL-1B Forward TTCAGGAAGGCAGTGTCACTCATTG
Reverse TCATCATCCCACGAGTCACAGAGG
Rat IL-6 Forward ACTTCCAGCCAGTTGCCTTCTTG
Reverse TGGTCTGTTGTGGGTGGTATCCTC
Rat SRC Forward TCCCACATCCAAGCCTCAGACC
Reverse CATCCACACCTCTCCGAAGCAAC
Rat HSP90AAI Forward AGCATAATGATGACGAGCAGTACGC
Reverse CATTGGTTCACCTGTGTCTGTCCTC
Rat STAT3 Forward AAAGGACATCAGTGGCAAGA
Reverse CGGCAGGTCAATGGTATT
Rat MAPK3 Forward GGACCTCATGGAGACGGACCTG
Reverse CGGAGGATCTGGTAGAGGAAGTAGC
Rat ESRI Forward TCCTCCTCATCCTTTCCCATATCCG
Reverse GCATCTCCAGCAGCAGGTCATAG
Rat HIFla Forward CCGCCACCACCACTGATGAATC
Reverse GTGAGTACCACTGTATGCTGATGCC
Rat TLR4 Forward GGTGGTCAGTGTGCTTGTGGTAG
Reverse CTCGTTTCTCACCCAGTCCTCATTC
Rat mTOR Forward AGATACGCCGTCATTCCT
Reverse GCTCAAACACCTCCACCT
Rat MMP9 Forward CACCGCCAACTATGACCAGGATAAG
Reverse CTGCTTGCCCAGGAAGACGAAG
Rat PIK3CA Forward TGGCTATAAACGGGAACG
Reverse TGCCGAATTGCTAGGTAC
Rat B-Actin Forward CGTGCGTGACATTAAAGAG
Reverse CTGGAAGGTGGACAGTGAG

Results

|dentification of Active Ingredients in SCYYD

A total of 555 ingredients in SCYYD were acquired from TCMSP database, including 51 from Lithospermum
Erythrorhizon, 60 from Prunellae Spica, 164 from Menthae Herba and 280 from Licorice. Twelve (23.5%) components
among the 51 ingredients in Lithospermum Erythrorhizon met the criteria of OB >30 and DL >0.18, 11 (18.3%)
components among 60 ingredients in Prunellae Spica measured up to the requirements of OB >30 and DL >0.18, 10
(6.1%) ingredients in Menthae Herba and 92 (32.9%) ingredients in Licorice researched the standard of OB >30 and DL
>0.18 (Table 3). After removing the overlaps, 119 ingredients were selected as the putative active ingredients for further
analyses (Supplementary Table S1).

Acquisition of Targets of Ingredients in SCYYD Against OM
The chemical structure and SMILES of ingredients in SCYYD were obtained from PubChem (https://pubchem.ncbi.nlm.
nih.gov/). We retrieved the putative targets of ingredients in SCYYD from SuperPred database. After eliminating the
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Table 3 Number of Ingredients in SCYYD with OB 230 and DL 20.18

Herbs Total Ingredients OB=30 DL>0.18 OB=30 and DL>0.18
Lithospermum Erythrorhizon 51 22(43.1) 35(68.6) 12(23.5)
Prunellae Spica 60 21(35.0) 39(65.0) 11(18.3)
Menthae Herba 164 94(57.3) 33(20.1) 10(6.1)
Licorice 280 143(51.1) 204(72.9) 92(32.9)

overlaps, a total of 443 targets were obtained for further analyses. Two thousand one hundred and fifty-two OM-
associated targets were collected from the GeneCards database, OMIM database and DisGeNET database. After looking
for the intersection of the drug-related targets and OM-associated targets, 186 overlapping genes were found and the
detailed information is shown in Figure 2 and Supplementary Table S2.

Ingredient-Target-Disease Network and Analysis

To reveal the relationship between four herbs in SCYYD, their active ingredients and potential targets of OM, the
ingredient-target-disease network was constructed using Cytoscape 3.8.2 software. The network consisted of 299 nodes
and 5656 edges (Figure 3 and Supplementary Table S3), suggesting that SCYYD exerts effects for OM through multiple
ingredients and targets. According to the number of degrees, the top 10 key active ingredients of SCYYD in the treatment

of OM were sitosterol, naringenin, kaempferol, quercetin, luteolin, Glabridin, Spinasterol, Mairin, Phaseolinisoflavan and
Stigmasterol (Table 4). Among them, the top five belonged to more than two herbs respectively, namely, sitosterol was
found in Lithospermum Erythrorhizon, Menthae Herba and Licorice, naringenin belonged to Menthae Herba and
Licorice, kaempferol and quercetin were the compounds of Prunellae Spica and Licorice, luteolin belonged to
Prunellae Spica and Menthae Herba.

PPl Network Construction and Core Targets Screening

To identify the information on the predicted interactions, a PPI network with 183 nodes and 1892 edges was constructed using
String database and visualized by Cytoscape 3.8.2 (Figure 4A). Then, the top 10 genes, ranked by degree value, were
calculated by Cytohubba and collected to be the core targets, namely, SRC (degree=86), HSP9OAA1 (degree=82), STAT3
(degree=86), MAPK3 (degree=70), ESR1 (degree=68), HIF 1o (degree=67), TLR4 (degree=65), mTOR (degree=64), MMP9
(degree=63), PIK3CA (degree=63) (Figure 4B and C). As shown in Figure 5 and Supplementary Table S4, eight clusters of

SCYYD OM

Figure 2 Venn diagram for the intersection of potential targets of SCYYD and OM-related genes.
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Figure 3 The ingredient-target-disease network of SCYYD on OM. There were 4 kinds of herbs, 108 active ingredients, |86 target genes. The diamond represents herbs in
SCYYD, the circle represents the active ingredients of SCYYD, the rectangle represents the target genes, and the V shape represents for OM.

SCYYD against OM were collected by MCODE software. The highest score was cluster 1 which contained 31 nodes and 245
edges. There were 64 terms of BP in cluster 1, 32 terms of BP in cluster 2, 33 terms of BP in cluster 3, 2 terms of BP in cluster
5, and 3 terms of BP in cluster 6(P<0.05 and FDR <0.05) (Supplementary Tables S5-S9). The top 10 entries of BP in cluster 1,

Table 4 The Top 10 Key Active Ingredients of SCYYD in the Treatment of OM

Mol ID Molecule Name | Degree | OB(%) DL Source
MOL000359 Sitosterol 144 3691 0.75 Lithospermum Erythrorhizon, Menthae Herba, and Licorice
MOL004328 Naringenin 104 59.29 0.21 Menthae Herba and Licorice
MOL000422 Kaempferol 92 41.88 0.24 Prunellae Spica and Licorice
MOL000098 Quercetin 86 46.43 0.28 Prunellae Spica and Licorice
MOL000006 Luteolin 84 36.16 0.25 Prunellae Spica and Menthae Herba
MOL004908 Glabridin 66 53.25 0.47 Licorice
MOL004355 Spinasterol 66 42.98 0.76 Prunellae Spica
MOL00021 | Mairin 64 55.38 0.78 Licorice
MOL004833 | Phaseolinisoflavan 63 32.01 0.45 Licorice
MOL000449 Stigmasterol 63 43.83 0.76 Prunellae Spica
62 https: Drug Design, Development and Therapy 2023:17
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OM by Degree method.

cluster 2 and cluster 3 ranked according to their g-values are shown in Figure 6. The top 5 enriched BP terms in cluster 1 were
negative regulation of gene expression (GO:0010629), positive regulation of transcription from RNA polymerase II promoter
(GO:0045944), inflammatory response (GO:0006954), positive regulation of angiogenesis (GO:0045766) and negative
regulation of endothelial cell apoptotic process (GO:2000352). The main BP terms in cluster 2 were cellular response to
reactive oxygen species (GO:0034614), apoptotic process (GO:0006915), cellular response to cadmium ion (GO:0071276),
peptidyl-serine phosphorylation (GO:0018105), cellular response to UV (GO:0034644). The BP terms in cluster 3 were
focused on peptidyl-tyrosine phosphorylation (GO:0018108), transmembrane receptor protein tyrosine kinase signaling
pathway (GO:0007169), protein phosphorylation (GO:0006468), cell migration (GO:0016477), positive regulation of kinase
activity (GO:0033674).

GO and KEGG Pathway Enrichment Analysis and Target-Pathway Network
Construction

GO enrichment analysis was performed to verify the biological functions of 186 putative targets of SCYYD against OM.
A total of 404 terms were acquired (P<0.05 and FDR <0.05), including 283 for BP, 53 for CC, and 68 for MF
(Supplementary Tables S10-S12) and the top 10 entries of BP, CC and MF terms ranked according to their g-values
are shown in Figure 7. The top 5 enriched BP terms were cytokine-mediated signaling pathway (GO: 0019221),

inflammatory response (GO: 0006954), protein phosphorylation (GO: 0006468), peptidyl-tyrosine phosphorylation
(GO: 0018108) and platelet activation (GO: 0030168). The main enriched CC terms were response to plasma membrane
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Figure 5 The gene clusters of SCYYD against OM. The cluster from | to 8 is based on their cluster score.

(GO:0005886), receptor complex (GO:0043235), cell surface (GO:0009986), integral component of plasma membrane
(GO:0005887) and membrane raft (GO:0045121). The MF analysis focused on protein serine/threonine/tyrosine kinase
activity (G0O:0004712), transmembrane receptor protein tyrosine kinase activity (GO:0004714), protein tyrosine kinase
activity (GO:0004713), ATP binding (GO:0005524) and protein serine/threonine kinase activity (GO:0004674).

To further analyze the underlying mechanism on involved pathways of SCYYD against OM, KEGG pathway
enrichment was carried out. A total of 160 signaling pathways were obtained (P<0.05 and FDR <0.05)
(Supplementary Table S13) and the 20 most significant KEGG pathways closely associated with OM are depicted in

Figure 8, including HIF-1 signaling pathway and Ras signaling pathway. A target-pathway network was constructed
based on the top 20 significant KEGG pathways and their corresponding genes to identify the molecular mechanism of
SCYYD on OM (Figure 9). The following pathways had the top highest number of genes: Pathways in cancer (53),
Kaposi sarcoma-associated herpesvirus infection (27), Human cytomegalovirus infection (27), Hepatitis B (26),
Chemical carcinogenesis-receptor activation (26), and Ras signaling pathway (26). Among these target genes from the
top 20 pathways, PIK3CD, PIK3CB, PIK3CA, PIK3R1, MAPK1, MAPK3, MAP2K2, NFKBI1, STAT3, IKBKB and
mTOR were identified as significantly enriched genes. This result indicated that the effects of SCYYD on OM might be
related with multiple pathways.

Binding Ability Between the Active Ingredients and Key Targets by Molecular Docking
The binding activity between five top active ingredients selected from the ingredient-target-disease network (sitosterol,
naringenin, kaempferol, quercetin, luteolin) and the core proteins (SRC, HSP90AA1, STAT3, ESR1, HIF1a) were carried
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out by CB-Dock?2 online molecular docking. Higher absolute values of vina score indicate a stronger affinity and stability

between the ingredients and targets. The absolute value greater than 4.25 indicates that the molecular and the target have

a certain binding activity, the absolute value more than 5.0 indicates a good binding activity, and greater than 7.0

indicates that there is a strong binding activity between the ingredients and their corresponding targets.'> As shown in

Table 5, except the absolute vina scores of each active ingredient with ESR1 were between 5.0 and 7.0, others were
greater than 7.0, indicating that the five top active ingredients had a strong binding activity to SRC, HSP90AA1, STAT3

and HIFla. The 3D map of each docking diagram is shown in Figure 10.

Table 5 Binding Energy Between Key Ingredients and Target Proteins

Key Ingredients Vina Score
SRC(1A07) | HSP90AAI(3Q6M) | STAT3(6QHD) | ESRI(6KN5) | HIFla(4Hé))
Sitosterol 7.6 -8.2 8.1 =72 7.6
Naringenin -7.8 -8.6 -85 —6.1 -7.6
Kaempferol -8.0 -9.0 -88 —6.2 -8.0
Quercetin —8.5 -9.0 -9.2 —6.3 -8.0
Luteolin -8.1 -8.3 -9.2 —6.3 =75
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Figure 10 The 3D map of each docking diagram.

SCYYD Ameliorated the Symptoms of OM

To verify the effect of SCYYD in the treatment of OM in the in vivo animal experiment, OM model rats were established
and administered intragastrically with SCYYD. The body weight and mucosal healing score were measured, and then the
histological changes of oral mucosa were examined by H&E staining. As shown in Figure 11A, the body weight of rats in
OM group was significantly lower than those in the NC group (P<0.01). Compared with OM group, the body weight of
rats in OM+M and OM+H groups was increased significantly (P<0.01). There was no significant difference in body
weight between the OM+L group and the OM group (P>0.05).

The oral mucosa of rats were observed during the experiment. The oral mucosa of rats in OM group was presented as
thick pseudomembrane on the surface of ulcer with obvious inflammatory edema around it. Treatment with different
dosages of SCYYD accelerated the mucosa healing significantly (Supplementary Figure S1). As shown in Figure 11B,
the mucosal healing score in OM group was decreased significantly compared to the NC group (P<0.01). After treatment
with SCYYD at low, medium and high dosages, the mucosal healing score was significantly higher than those in OM
group (P<0.01), indicating the SCYYD could heal the ulcer in oral mucosa effectively.

SCYYD Reduced the Inflammatory Factors of OM

To detect the anti-inflammation function of SCYYD, the inflammatory factors of oral mucosa were measured by qPCR.
As shown in Figure 11C-E, the mRNA expressions of TNF, IL-1p and IL-6 in OM group were higher than that in the NC
group (P<0.01). After treatment with different dosages of SCYYD, the expression of TNF was decreased in the OM+L,
OM+M and OM+H group (P<0.01 or P<0.05), and the expressions of IL-1p and IL-6 was decreased in the OM+M and
OM+H group (P<0.01).
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Figure 11 SCYYD exerts wound healing effect in OM rats. (A)The body weight in each group. (B) The mucosal healing score in each group. (C-E) The mRNA expressions
of TNF, IL-1B and IL-6 were examined by qPCR. B-actin was used as an internal control. (F) The histopathology of oral mucosa in each group. Bar=100um. Data are
expressed as mean+SEM. #P < 0.01 versus NC group, *P < 0.05 versus OM group, **P < 0.0 versus OM group.

SCYYD Ameliorated the Histopathology of OM

In histopathological findings, the NC group showed intact epithelium and absence of inflammatory cell infiltration. The
oral mucosa of the OM group was severely ulcerated with disrupted epithelial layer and severe inflammatory cell
infiltration. Although reepithelization was initiated in the OM+L group, recovery was incomplete and there were still
some inflammatory cell infiltration. Reepithelization in the OM+M group was initiated and the healing process was much
more accelerated with less inflammatory cell infiltration. The oral mucosa of OM+H group exhibited recovered
epithelium with little inflammatory cell infiltration (Figure 11F).

Drug Design, Development and Therapy 2023:17 https: 69

Dove:


https://www.dovepress.com
https://www.dovepress.com

Liu et al Dove

A —_ 3 B Fk *k
—_ —_
RN . S— ok o *k
£ 20 S5 2 215 e
& w2 2 o P #
s — ] = g
3 15 =
2 5 1.0 3 10
3 3 3
s 10 8 <
. <
£ Z 05 % o5
g 05 E e
g g £
& 0.0 500 é‘! 0.0:
© » N S X 4 9 » ™ S X <& » ~ N >
A A A A
D E F
g - %%
X 1.0 % 1.5. |*—| ‘?
e
: 5 - :
5 08 5 w b
s < —E 5
$ o0s 30 s
3 2 K
B <
Z 04 Z E
£ £ 05 z
g 02 e .
= H £
S 0.0 S 0.0 3
. ¢ & ¢ & & * O & &~ N R ©
¥ 9 & € 2
& & & & &
%
| s a— | h ns
< (4 * % g-) 50. S 15
@ 1. O 1.5 *% s ) ns
—x* X —
£ B ., i =
3 5 s 5 I
3 s < 3 10
2 14 % 1.0 " i
< = < 2
g Z Z 20 Z
£ 05 % 05 E Z o5
] o 2 10 [
= 2 = =2
E 0.0 5 0.0 § o f‘i 0.0
. @ 0.
4 & & > N > L3 & & ~ N N (3 © N "‘V N N [ & & ‘},‘» y RS y N
S & & & s & & [ S

Figure 12 The mRNA expressions of main key targets were examined by qPCR. (A-J) The mRNA expressions of SRC, HSP90AAI, STAT3, MAPK3, ESRI, HIFlo, TLR4,
mTOR, MMP9 and PIK3CA by qPCR. B-actin was used as an internal control. Data are expressed as meanSEM. #P < 0.05 versus NC group, P < 0.01 versus NC group,
*P < 0.05 versus OM group, **P < 0.0 versus OM group.

Validation of the Main Key Targets of Treatment of OM by SCYYD

To further evaluate the key targets obtained from network pharmacologic analyses, we assessed the expressions of SRC,
HSP90AA1, STAT3, MAPK3, ESR1, HIFla, TLR4, mTOR, MMP9 and PIK3CA by qPCR. As shown in Figure 12, the
mRNA expressions of SRC, HSP90AA1, STAT3, HIFla, TLR4, mTOR and MMP9 in OM group were higher than that
in the NC group (P<0.01 or P<0.05). After treatment with different dosages of SCYYD, the expressions of SRC,
HSP90AA1, STAT3, HIFla, TLR4 and mTOR were decreased in the OM+L, OM+M and OM+H group (P<0.01 or
P<0.05), and the expression of MM9 was decreased in the OM+M and OM+H group (P<0.01 or P<0.05). Compared
with the NC group, the expressions of ESR1 and PIK3CA were lower in the OM group (P<0.01), and expression of
ESR1 was increased after treated by medium and high dosages of SCYYD (P<0.01 or P<0.05), but there was no
significant difference of PIK3CA between OM group and groups of treatment with different dosages of SCYYD
(P>0.05).

Discussion

OM is a recurrent disease with complicated etiology involving multiple signaling pathways. The most significant feature
of OM is painful as well as inflamed lesions which may appear in any place of mouth. Therefore, many herbs with
property of heat clearing and detoxifying are increasingly applied in the treatment of OM due to their anti-inflammatory
and antioxidant effects.”'® SCYYD possesses the effect of heat clearing and detoxifying and has been proven to be
therapeutically effective in treating chemotherapy-induced OM by inhibiting inflammatory factors.'? In this study, we
developed a rat model of OM with the use of production of mucosal injury (sodium hydroxide) and cancer chemotherapy
(methotrexate) in combination which was easy to evaluate the therapeutic effect of drugs on OM due to it could provide
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a sufficient ulcer area that lasted for a relatively long period.'” After treating with different dosages of SCYYD, the
symptoms of erythema, erosion and ulcerative lesions were improved and the inflammatory factors decreased. It
indicated that SCYYD exerted the effects of anti-inflammatory and mucosal healing. However, the molecular mechanism
of SCYYD on OM remained elusive due to its property of multi-component and multi-target. Network pharmacology,
involving the systems biology and bioinformatics, provides a powerful and comprehensive research approach for
studying the complicated mechanism of TCM. It has been widely used to reveal the multi-target and multi-pathway
mechanisms of Chinese medicines and their active ingredients in the treatment of diseases in recent years.'® 2" In the
current study, we applied network pharmacology analysis and experimental validation to investigate the effects and
underlying mechanisms of SCYYD against OM.

Appropriate pharmacokinetic properties can enable drugs to reach target organs and play a therapeutic role, which is
important for drug screening and design.?' In this study, 119 bioactive ingredients were identified by the criteria of OB
>30 and DL >0.18. Among them, we found the top key active compounds included sitosterol, naringenin, kaempferol,
quercetin, and luteolin. Sitosterol is a phytosterol which can suppress the chronic inflammation by downregulating I1L-6
and TNF-a.?? Naringenin, a citrus flavonoid, was reported to exert anti-inflammatory, antioxidant, anticancer and
antiatherogenic effects.”® It was also reported that naringenin acted as an immunomodulator to provide modality for
the development of novel anti-inflammatory agent.** Kaempferol is a natural flavonoid which has various pharmacolo-
gical activities such as anti-inflammatory, antioxidant, anticancer, antimicrobial, cardioprotective, neuroprotective, etc
and acts as a therapeutic strategy in the treatment of diseases including arthritis, cardiovascular diseases, oxidative stress,
allergies, diabetes, etc.”> >’ The anti-inflammatory effect of kaempferol was associated with inhibiting activation of
inflammatory cytokines through efficiently disturbing the transactivation of STAT3.*® Quercetin is a flavonoid which also
has anti-inflammatory, antioxidant, and anticancer activities. Moreover, quercetin treatment was shown to alleviate the
inflammation by inhibiting NF-«B pathway in 5-fluorouracil-induced or radiation-induced oral mucositis model.>*=*® As
a flavonoid, luteolin also possessed anti-inflammatory activity by regulating the transcription factors such as STAT3, NF-
kB, and AP-1.>'? All these literatures supported that multiple ingredients in SCYYD predicted by network pharmacol-
ogy played considerable anti-inflammatory roles in the treatment of OM.

In the current study, a total of 186 putative genes were identified based on the network pharmacology analysis and the
GO and KEGG enrichment was further enriched according to these genes. The BP enrichment results indicated that most
of putative genes were related to inflammatory response, a key etiology factor of OM. Additionally, the KEGG results
indicated that majority of pathways were associated with immune and inflammatory, tumor and virus infection. For
example, HIF-1 signaling pathway can be activated by oxidative stress and then lead to the expression of various genes,
including those for inflammatory, cytokine growth factors and chemokines.>* The biological function analysis of modules
of target genes also showed that the mechanisms of SCYYD were related to inflammatory response and cellular response
to reactive oxygen species. The results of GO and KEGG enrichment analysis indicated that the mechanism of SCYYD
against OM may be associated with anti-inflammation and antioxidation.

To explore the basic mechanisms of SCYYD against OM, the core targets were identified by PPI network, namely,
SRC, HSP90AA1, STAT3, MAPK3, ESR1, HIFla, TLR4, mTOR, MMP9, PIK3CA. SRC, a cytoplasmic tyrosine
kinase, is mainly expressed in human neutrophils to modulate multiple functions such as ROS production, NET
formation, integrin activation and migration towards inflamed sites.>* HSP9OAA1 encodes heat shock protein 90a
(Hsp90a) which is a highly conserved chaperone protein in eukaryotes. Studies showed that HSP9OAA1 might be
a key gene in the development of inflammation and Hsp90 inhibitors were considered to be potent inhibitors of the
inflammatory response.>>*® STAT3 is reported to exert an important role in homeostasis of the oral mucosa by regulating
the production of inflammatory cytokines and its polymorphism may be a novel risk factor for the occurrence of OM.*’
MAPK3 is reported to play a vital role in controlling the magnitude of an autoimmune.*® ESR1 encodes ERa protein
which regulates cells and pathways in the innate and adaptive immune system and exerts the inhibitory effects on
inflammatory response through limiting NF-kB pathway.’® HIFlo can be activated by some metallic ions, nitrogen
monoxide, and cytokines such as IL-1Pand TNF-a to exert its biological effect. It is reported that the expression of HIF1a
substantially enhanced in oral mucosa of irradiated rat.** TLR4, an important pattern recognition receptor, is activated by
LPS or DAMPs, which activates both innate and adaptive immune cells and leads to production of pro-inflammatory
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cytokines.*! Radiotherapy- and/or chemotherapy-induced oral damage was also shaped via TLRs pathway.*> mTOR is an
atypical serine/threonine protein kinase in the phosphatidylinositol kinase related kinase (PIKK) protein family. It is
reported that downregulation of the binding of mTOR and NLRP3 could counteract the intestinal inflammation.*>**
MMPs are involved in the pathogenesis of OM, mostly due to the fact that they trigger injury within the tissue of the
submucosa and disrupt the integrity between the epithelium and the basal membrane.*> PIK3CA, a gene coding for the
p110a catalytic subunit of PI3K, significantly increased tumor susceptibility in an oral carcinogenesis mouse model.*

Consist with these studies, results of current animal experiment showed that the expressions of SRC, HSP90AAI,
STAT3, HIF1a, TLR4, mTOR and MMP9 were decreased after treating with SCYYD, while expression of ESR1 was
increased, indicating the SCYYD exert the effect through multiple targets. All of these findings have demonstrated the
close relationship between the key genes and OM, which facilitated to further explore the therapeutic mechanisms of
SCYYD against OM.

Then we applied molecular docking to verify the specific interaction between the main ingredients and the core
targets. The results demonstrated that the main ingredients in SCYYD had optimal binding activities to the key protein
targets, suggesting the active compounds in SCYYD may exert therapeutic action of SCYYD against OM via related
target and corresponding signaling pathways, which can be further studied to investigate the natural medicine for OM.

However, there are still some limitations in the present study. Firstly, the public databases we used for screening the
active ingredients of SCYYD and target genes related to OM were imperfect, leading to some other compounds and
target genes may not be included in this study. Moreover, further studies needed to be completed to validate other targets
and signaling pathways of SCYYD acting on OM. Despite the limitations, this study preliminary uncovered the
underlying mechanisms of SCYYD for OM, which provided basis for the further investigation of new anti-
inflammatory drugs for OM.

Conclusion

In summary, we applied the network pharmacology, molecular docking and in vivo experiment to explore the underlying
mechanisms of SCYYD in the treatment of OM. The results suggested that the SCYYD acted on multiple targets and
various signaling pathways to exert therapeutic effect. Although further researches are needed to reveal the exact
mechanism, this study systematically and comprehensively clarified the possible targets and signal pathways of
SCYYD against OM, providing an experimental basis for clinical treatment of OM.
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