Medicinal Plant 2024, 15 (1) 18 =23, 31

DOI: 10.19600/j. cnki. issn2152 —3924.2024.01. 004

A Network Pharmacology Study on Active Components and Targets

of Citri Reticulatae Pericarpium for Treating Keloids
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Abstract [ Objectives] To investigate the mechanisms and pharmacologic effects of Citri Reticulatae Pericarpium against keloids by network
pharmacology systematically. [ Methods] TCMSP, Uniprot and BATMAN-TCM databases were used to obtain the active constituents and tar-
gets of Citri Reticulatae Pericarpium. "Keloid" was used as key word to search for related therapeutic targets from Drug Bank, OMIM, TTD,
and GEO databases. The Chinese medicine compound-target network was constructed by Cytoscape software. Besides, gene ontology (GO) and
Kyoto Encyclopedia of genes and genome enrichment analysis were also performed. Afterward, Discovery Studio software was used to assess the
interaction of key components and genes. [ Results] Five active components of Citri Reticulatae Pericarpium, 773 compound targets and 676
keloid treatment targets were obtained in the databases. After the intersection, there are 47 targets of Citri Reticulatae Pericarpium for treating
keloids. Hub genes were identified such as MMP9, IL6, TNF, TP53, and VEGFA, which were enriched in tumor necrosis factor-a, nuclear
factor kappa-B, and other signaling pathways. The molecular docking stimulation confirmed the interaction between the MMP9 and three com-
ponents of Citri Reticulatae Pericarpium. [ Conclusions] Citri Reticulatae Pericarpium may play an important role in treating keloids through
modulating genes and signaling pathways. The present study sheds light on the mechanisms of active compounds of Citri Reticulatae Pericarpi-

um for the treatment of keloids.
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1 Introduction

Keloids are abnormal, persistent, hard, and tough scar tissue that
occurs during skin injury healing'". Tt is a common clinical skin
fibrotic disease known for the deposition of the extracellular matrix

©J 1t can happen after any

and excessive fibroblasts proliferation
type of dermal trauma, resulting in an exophytic protuberant
growth that spreads into the surrounding normal skin beyond the

[3-

initial injury site”” ™. The keloid tissue is often recurrent and re-

fractory since the persistent invasive growth of keloid fibroblasts
(KFs)™.

ties, but were found to be more common in people with deeper

Keloids have been seen in people of various ethnici-

pigmentations, including blacks, Hispanics, and Chinese (4.5%
to 16% ) , with a male-to-female ratio of equalrﬂ . Most keloid oc-
curs between the ages of 10 and 30", Therapies for keloids in-
clude surgery, radiotherapy, antimetabolic agents, and compres-
sion but with unsatisfying results and a high recurrence rate!’’.
Traditional Chinese medicine (TCM) or natural products are
widely used in the prevention and treatment of a wide range of dis-
eases with great efficacy, minimal side effects, and nearly no re-

1 TCM also has the most abundant bioactive com-

sistance *
pounds and pharmaceutical components, making it ideal for medi-
cation development'” . Tt is believed that keloid is a disease
caused by deficiency of positive qi, stagnation of qi, phlegm, silt-

"7 Treatment methods such as moving qi, and

ation of blood, eic
removing dampness and phlegm were eligible''*’.
Citri Reticulatae Pericarpium ( Chenpi) is the dried mature

peel of Citrus reticulata Blanco ( Rutaceae) with function of invig-
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orating spleen qi, eliminating dampness and phlegm. It has a long
history of medicinal use in TCM. Its main drug active component
is flavonoids (hesperidin, Chenpi multi-methoxy flavonoids, nobi-
letin) , volatile oil (limonene ), alkaloi ( synephrine) ingredi-

(] 141 ¢4 al. discovered the modulatory effects of Nobi-

ents . Zeng
letin, the flavonoid active component in Citri Reticulatae Peri-
carpium, was able to inhibit the formation and development of pro-
liferative scarring through three aspects: inhibition of fibroblast
proliferation, promotion of fibroblast apoptosis and inhibition of fi-
broblast migration. It was found that Nobiletin and polymethoxy-
flavonoid extracts had an effect on the production of both IF-6 and
IF-1B, which played an important role in the formation of the ke-
loids™™.

analysis of the effective components of Citri Reticulatae Pericarpi-

However, there were no network pharmacology-based

um in the treatment of keloids and its mechanism of action.

The goal of this study was to screen the bioactive components
of Citri Reticulatae Pericarpium and identify the targets that con-
tribute to its therapeutic impact on of keloids using network phar-

macology.

2 Data and methods

2.1 Identification of bioactive ingredients and corresponding
targets for Citri Reticulatae Pericarpium Fig. 1 depicts the
workflow and databases used in this study. The Traditional Chi-
nese Medicine Systems Pharmacology database ( TCMSP, http://
Isp. nwu. edu. cn/temsp. php) is a systematic pharmacology re-

[16]
source

that provides information on the absorption, distribu-
tion, metabolism, and excretion (ADME) properties of TCMs or
compounds, such as oral bioavailability ( OB), drug-likeness
(DL) , and blood-brain barrier properties ( BBB) 07181 Accord-
ing to the TCMSP platform, the bioactive ingredients of Citri Re-

ticulatae Pericarpium were obtained. The rate and extent to which
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a medicine is absorbed into the blood circulation is referred to as
oral bioavailability. Druglike features describe the nature of a drug
with a given functional group or physical traits that are the same or
similar. Based on OB=30% and DL=0. 18, bioactive ingredi-
ents were obtained. The targets of Citri Reticulatae Pericarpium
were screened from three databases, including TCMSP, Uniprot
and BATMAN-TCM. The Universal Protein Resource ( UniProt,
hitps ://www. uniprot. org/) is a well-known protein database'"’
which includes information on protein functional Gene Ontology
(GO) annotations, species names and classification, subcellular
localization, protein processing modifications, expression, etc. A
Bioinformatics Analysis Tool for Molecular mechANism of Tradi-
tional Chinese Medicine ( BATMAN-TCM, http://bionet. ncpsb.
org/batman-tcm/ ) is the Chinese medicine’s first online bioinfor-
matics tool designed specifically to analyze molecular mechanisms.
Using BATMAN-TCM, each query TCM component is predicted to
have potentially useful targets, which are then functionally ana-
lysed, including Gene Ontology term, KEGG pathway and OMIM/
TTD disease enrichment analysis. Pathways/disease associations
with TCM components will be shown, as well as biological path-
ways with prominent TCM targets. Putative targets of Citri Reticu-
latae Pericarpium were also predicted by Swiss Target Prediction.
2.2 Identification of potential therapeutic targets of keloids
We searched therapeutic gene targets with " keloid" as a search
term in Drug Bank, OMIM and TTD database. Drug Bank
(https://go. drugbank. com/) database is a bioinformatics and
cheminformatics database, which can get drug interactions, phar-
macology, chemical structures, targets, metabolism, etc. OMIM
(https://omim. org/) is a database of genetic conditions in hu-
mans. The purpose of this database is to investigate the relation-
ship between human genetic variation and phenotypic differences
and it can be consulted for any genetic disease, trait, or gene.
TTD ( http://db. idrblab. net/ttd/) contains information on
known and researched therapeutic proteins and nucleic acids, tar-
get diseases, and signaling pathways and the corresponding drugs
for each target. We also searched for studies focusing on identif-
ying differentially expressed genes ( DEGs) in keloids compared
with normal skin in Nation Center for Biotechnology Information
(NCBI, https://www. ncbi. nlm. nih. gov/) , gene expression om-
nibus (GEO) database. The DEGs were added to the potential
therapeutic targets of keloids for more thorough results. The targets
of Citri Reticulatae Pericarpium and therapeutic gene targets of ke-
loids were imported into VENNY 2.1.0 (https://bioinfogp. cnb.
csic. es/tools/venny/index. html). The overlapping targets of Citri
Reticulatae Pericarpium and therapeutic gene targets of keloids
were shown using Venn diagram with VENNY 2.1.0.

2.3 Construction of the PPI network In the STRING data-
base (http://string-db. org/) , interactions between proteins and
proteins can be analyzed. Accordingly, we limited the species to
"Homo sapiens" , and we set the minimum interaction value to
medium confidence (0.400), then hide a single target and leave

the rest of the parameters at their default settings. Consequently,

the PPI network with potential therapeutic targets of keloids was
obtained and visualized in the STRING database.
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Note: TCMSP: Traditional Chinese Medicine Systems Pharmacology data-
base and analysis platform. UniProt; The Universal Protein Re-
source. BATMAN-TCM: A Bioinformatics Analysis Tool for Mo-
lecular mechANism of Traditional Chinese Medicine. NCBI GEO .
Nation Center for Biotechnology Information gene expression omni-
bus. GO: gene ontology. KEGG: Kyoto encyclopedia of genes and
genome.

Fig.1 Detailed design and workflow

2.4 Construction of active component-predictive target net-
work and hub gene analysis
scape 3.7.1 enables a more intuitive analysis of the mechanism of

The visualization software Cyto-

action of drugs in treating diseases. In our study, nodes in differ-
ent shapes represent the ingredients, potential target of the Citri
Reticulatae Pericarpium or related functions. The edges represent
the relationship. Using the cytoHubba function of the Cytoscape
software, significant targets and subnetworks were detected from
the network. The cytoHubba assigns a value to each gene by a to-
pological network algorithm to sort and discover its key genes and
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sub-networks.
2.5 GO and KEGG analysis

scape that visualizes the biological terms for large clusters of genes

Clue GO is a plug-in for Cyto-

in functionally grouped networks. ClueGO analyzes a single cluster
and compares multiple clusters ( gene lists). From the used ontol-
ogy sources, terms are selected according to different filter crite-
ria. Related terms with similar related genes have been merged to
reduce redundancy. The ClueGO network is constructed from the
kappa statistic and reflects the relationship between terms based on
the similarity of related genes. ClueGO also visualizes terms and
pathways from other enrichment analyses as functional grouping
networks. GO analysis is widely used to annotate gene functions,
including molecular functions, cellular components, and biological
processes. KEGG is used to systematically study the pathway in-
formation of genes. GO analysis divides the gene function into
three components; cellular component (CC), molecular function
(MF), and biological process (BP). Using GO analysis, we can
obtain what the target gene is mainly related to at the CC, MF and
BP levels. KEGG treats gene information and expression as a com-
plete network, organically combines genomic information and
functional information, systematically analyzes gene function,
computerizes known biological processes in cells, and standardizes
existing gene function interpretations.

2.6 Molecular docking simulation The chemical structures of
main components of Citri Reticulatae Pericarpium were download-
ed from Pubchem (https://pubchem. ncbi. nlm. nih. gov/). We
identified the Protein Data Bank (PDB)-ID of the most correlated
and biological meaningful target gene-encoded protein from Protein
Data Bank (PDB) database. The interactions between the ingredi-
ents and target protein were analyzed in Discovery studio software
(version 4.5.0, Biovea Inc. , Omaha, NE, USA). In short, ac-
tive ingredients were processed with " Prepare Ligands" while the
target proteins with " Prepare Protein" after removing water mole-
cules. Then, molecular docking was stimulated with " LibDock"
and illustrated. The LibDockScore between the target protein and

the ligand means the activity level of the interaction.

3 Results and analysis

3.1 Bioactive ingredients and targets collection Five bioactive
components of Citri Reticulatae Pericarpium were obtained following
the aforementioned method from TCMSP database (Table 1). There
were 88, 164 and 1 885 treatment targets of Citri Reticulatae Peri-
carpium were obtained from the TCMSP, Uniprot and BATMAN-
TCM databases separately. After excluding duplicate values, the
remaining 773 treatment targets of Citri Reticulatae Pericarpium
were obtained.

According to DrugBank, OMIM and TTD, 8 441 and 1 tar-
gets of keloid were obtained severely. We retrieved three studies
from the GEO database which focused on the therapeutic targets of
keloids' ™~ ( search inception 2021/08/01). We obtained the
DEGs provided in the papers or the supplementary files of these
studies and gained 152 genes as the treatment targets of keloid.
Moreover, we also included the 102 DEGs in keloids based on our

previous study'™’. There were 676 unique putative treatment tar-

gets of keloid obtained in total. After the intersection, 47 overlap-
ping treatment targets of Citri Reticulatae Pericarpium for keloid

were collected, as presented in Fig. 2.

Table 1 Information of 5 bioactive compounds in Citri Reticulatae Peri-
carpium

Mol ID OB//% Caco-2 DL HL

MOLO000359 sitosterol 36.91 1.32 0.75 5.37

MOL004328 naringenin 59.29 0.28 0.21 16.98

MOLO005100 5, 7-dihydroxy-2-( 3-hy- 47.74 0.28 0.27 16.51
droxy-4-methoxyphenyl )

Molecule Name

chroman-4-one
MOLO005815  Citromitin
MOLO05828 nobiletin

86.90 0.88 0.51 15.62
61.67 1.05 0.52 16.20

Note ; Mol; molecular; OB oral bioavailability; Caco-2; Caco-2 permeability ;
DL: drug-likeness; HL: half-life.

Citrus reticulat Keloid

629

(44. 9%

Fig.2 Venn diagram of Citri Reticulatae Pericarpium targets and
keloid treatment targets

3.2 Protein-protein interaction ( PPI) analysis and com-
pound-target network For PPI network analysis, the 47 over-
lapping treatment targets were analyzed in the STRING database
and then illustrated (Fig.3). The mean node degree of freedom
was 13.070, and the mean aggregation coefficient was 0. 681.

We constructed the compound-target interaction network with
Cytoscape 3.7.1 software. There were 100 nodes in the network,
including 33 bio-active molecules, 47 common target genes, 1
drug, 1 disease and 18 gene functions, as shown in Fig.4. In the
network, the three bio-active molecules with the highest degree
values were naringenin, lauric Acid and Thymol. The three genes
with the highest degree values were FAS, TNF and TGFBI.

3.3 Key targets analysis With the cytoHubba plugin in Cyto-
scape, we identified the top 10 gene targets of Citri Reticulatae
Pericarpium in treating keloid (Fig.5). For each targeted gene,
the degree of color represents the importance of gene: the darker
the more important. As shown in Fig. 5, target genes including
MMP9, IL6, TNF and TP53 may be an important regulator in the
treatment of keloids.

3.4 GO enrichment and KEGG enrichment The results of
the enrichment by ClueGO were shown in Fig. 6, with each circle
representing a pathway. Pathways such as regulation of glomerulus
development, fibroblast growth factor receptor signaling pathway

involved in mammary gland specification and positive regulation of
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Fig.3 PPI network of overlapping targets of Citri Reticulatae Peri-
carpium targets and keloid treatment targets

P1GS PEIE G
som T oy

Note: The purple triangle and circle in the center represent keloid and
Citri Reticulatae Pericarpium. The yellow, blue, and green oblong
separately represent target genes, function, and compounds.

Fig.4 Drug-disease-target-function network

inflammatory response to antigenic stimulus were enriched. GO
enrichment analysis of 47 target genes was performed as well. The
top 10 significantly enriched terms were illustrated in Fig. 7a. We
obtained 8 pathways in the KEGG enrichment analysis results
(Fig.7b).

3.5 Molecular docking results and analysis The MMP9
genes showed strong interactions with functional pathways and
three components of Citri Reticulatae Pericarpium. Thus, we il-
lustrated the interaction between the MMP9 protein with these
three components as shown in Fig. 8. The Libdock scores of narin-

genin (PubChem CID; 932), 5,7-dihydroxy-2-(3-hydroxy-4-me-

7T\

Fig.5 CytoHubba results of overlapping targets of Citri Reticula-
tae Pericarpium targets and keloid treatment targets
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Fig.6 ClueGO results

thoxyphenyl ) chroman-4-one ( PubChem CID; 676152) and nobi-
letin ( PubChem CID: 72344 ) were 141.079, 154.408, and
47.661 8, respectively. This result revealed that the 5, 7-di-
hydroxy-2-( 3-hydroxy-4-methoxyphenyl ) chroman-4-one could be
the most promising component of Citri Reticulatae Pericarpium for
treating keloids targeting MMP9.
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Note: a: naringenin ( PubChem CID; 932); b: 5,7-dihydroxy-2-(3-hy-
droxy-4-methoxyphenyl ) chroman-4-one ( PubChem CID; 676152) ;
c¢: nobiletin (PubChem CID; 72344 ).

Fig.8 Molecular docking results for the active compounds of Citri

Reticulatae Pericarpium with MMP9 gene

4 Discussion

In this study, we constructed a component-target network for the
treatment of keloids with Citri Reticulatae Pericarpium by a net-
work pharmacology approach and analyzed its possible mechanisms
of action. After screening the active ingredients of Citri Reticulatae
Pericarpium according to OB and DL, five active ingredients were
obtained; sitosterol, naringenin, 5, 7-dihydroxy-2-( 3-hydroxy-4-
methoxyphenyl ) chroman-4-one, citromitin and nobiletin; which
were matched to 773 drug targets. After taking the intersection of
Citri Reticulatae Pericarpium targets and keloid targets, 47 targets
were obtained. Core targets such as MMP9, TNF, I16, TP53,
VEGFA, TGFB1, CCL2, AKT1, HIF1A and MMP2 were under-
lined. The signaling pathways involved are the AGE-RAGE signa-
ling pathway in diabetic complications, and TNF signaling path-

way, efc.

Hypoxia-inducible factor-1A (HIF1A) is an important effec-
tor molecule in the hypoxic tissue microenvironment and is highly
It has been found that
the overexpression of the HIF1A in keloids can promote vascular

expressed in the hypoxic environment™.

endothelial growth factor (VEGF) , angiogenesis, and inflammato-
ry factors . Simonart et al. ' showed that HIFIA is positively
correlated with interleukin-6 (IL-6) and inflammatory response in
keloids tissue. Si et al. ' found that HIF1A expression was high-
er in keloids tissue vascular cells than in normal skin tissue. In our
study, hub genes were also found to be involved in the HIF-1 sig-
naling pathway, which could be one of the important pathways of
Citri Reticulatae Pericarpium for the treatment of keloids.
Extracellular matrix (glycoproteins and water) and increased
deposition of collagen make up the majority of the keloid™ ',
Various modulators, such as pre- and postiranscriptional modula-
tors, as well as growth factors, take part in the keloids’ abnormal
growth™’ . Transforming growth factor and platelet-derived growth
factor are vital in wound healing because they modulate fibroblast

) The excessive proliferation of keloid fibroblasts and

function
the excessive deposition of extracellular matrix ( ECM) are re-
quired for the formation of keloids These processes could be sum-
marized as the dysregulation of the fibroblast growth””"’. Tt is noted
that transforming growth factor-B1 (TGFB1) is an important factor
in promoting ECM accumulation, which can promote type I colla-
gen production in fibroblasts in keloid tissue. While matrix metal-
loproteinase ( MMP) can degrade excessive ECM, thus maintai-
ning the dynamic balance of ECM'™'. Tao Zhang et al. "' showed
that TGFB1 expression was up-regulated in the cytoplasm of fibro-
blasts in proliferative scar tissue, which in turn promoted scar pro-
liferation. In our study, the key genes obtained by network phar-
macological analysis included Hub genes such as TGFBI and
MMP-9. The results of the enrichment analysis of GO and KEGG
pathways also involved pathways such as mesenchymal cell differ-
entiation and gliogenesis, which showed that Citri Reticulatae Peri-
carpium was found to be significant in controlling keloid fibroblast
proliferation and ECM homeostasis.
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It has been suggested that keloid is a chronic inflammatory re-
sponse ™.
such as HIF1A and IL-6 in keloids tissues can lead to abnormal
differentiation and over-proliferation of cells, further aggravating
) Chen et al. ™
¢DNA microarray to discover that the expression of pro-inflammato-
ry factors such as interleukin-13 (IL-18) , TNF-a and IL-6 was el-

evated in keloid fibroblasts. Various cytokines, including interleu-

kin IL-6, interleukin-8 (IL-8), and interleukin-10 (IL-10) , have

(371

And the increased levels of pro-inflammatory factors

the keloids and forming a vicious cycle used

been implicated in the pathogenesis of keloids It was shown
that the inflammatory response was milder in well-healed scar tis-
sue and suppression of the inflammatory response during trauma

% In the present study, we

healing could reduce scar formation
found that the TNF signaling pathway and other inflammatory path-
ways are involved in the treatment of keloids by Citri Reticulatae

Pericarpium, with core targets including IL6, TNF, and HIF1A,

which is consistent with the reviewed literature results.

5 Conclusions

In this paper, network pharmacology was used to explore the
active compounds, potential targets and mechanisms of Citri Retic-
ulatae Pericarpium in treating keloids. The results showed that the
identified ingredients of Citri Reticulatae Pericarpium may play im-
portant roles in biological processes by modulating the MMP9
genes and TNF-a, NF-kB signaling pathways. More importantly,
our research provides valuable evidence for further investigation of
Citri Reticulatae Pericarpium for treating keloids.

In this study, the active compounds, possible targets, and
mechanisms of Citri Reticulatae Pericarpium in treating keloids
were investigated using network pharmacology. The findings re-
vealed that identified components of Citri Reticulatae Pericarpium
could modulate key gene targets such as MMP9 and TNF-a, NF-B
signaling pathways. More importantly, our findings add to the
growing evidence supporting the application of Citri Reticulatae
Pericarpium in the treatment of keloids.

References

[1] QIN GP, SUN YW, GUO YD. SNDI recognize the methylation sites of
TINCR to promote growth of keloid fibroblasts[ J]. Medical Journal of
Chinese People’s Liberation Army, 2021 (46): 1068 — 1076. (in Chi-
nese).

[2] LI M, WEN XD, ZHANG LY. Molecular mechanism of LncRNA
SNHG14/miR? 148a? 3p/PODXL axis in process of keloid formation
[J]. The Journal of Practical Medicine, 2021. (in Chinese).

[3] HAWASH AA, INGRASCI G, NOURI K. Pruritus in keloid scars:
Mechanisms and treatments [ J ]. Acta Derm Venereol, 2021 (101 ).
adv00582.

[4] SARA UD-DIN, BAYAT A. Keloid scarring or disease: Unresolved qua-
si-neoplastic tendencies in the human skin[ J ]. Wound Repair and Regen-
eration, 2020, 28(3).

[5] COSMAN B, CRIKELAIR GF, JU DMC. THe surgical treatment of ke-
loids[ J]. Reconstructive Surgery, 1961(27) : 335 —358.

[6] KETCHUM LD, COHEN IK, MASTERS FW. Hypertrophic scars and ke-
loids[ J]. A Collective Review, 1974(53) ; 140 —154.

[7] Berman B, Maderal A, Raphael B. Keloids and Hypertrophic Scars:

and Treatment [ J ].

Pathophysiology, Classification, Dermatologic

surgery; Official publication for American Society for Dermatologic Surgery

et al, 2017, 43(Suppl 1) ; S3.

[8] LI W, TIAN YH, LIU Y. Platycodin D exerts anti-tumor efficacy in H22
tumor-bearing mice via improving immune function and inducing apoptosis
[J]. Journal of Toxicological Sciences, 2016(41) . 417 —428.

[9] CHO, JAE, YOUL. Codonopsis lanceolata: A review of its therapeutic
potentials[ J]. Phytotherapy Research, 2016.

[10] ZHANG RZ, ZHU X, BAI H. Network pharmacology databases for tra-
ditional chinese medicine;: Review and assessment [ J ].
Pharmacology, 2019(10) : 123.

[11] DI HB, ZHANG HZ, HOU SK. Study on the target and mechanism of
Centella asiatica for treatment of pathological scars based on network
pharmacology [ J]. Zhejiang Medical Journal , 2020(42) ; 6. (in Chinese).

[12] SUN ZL, LIU SY, ZOU ML. Effect and mechanism of traditional chinese
medicine on prevention and treatment of pathological scar[ J]. Chinese
Journal of Experimental Traditional, 2020(26) ; 10. (in Chinese).

[13] SONG BL. Chenpi pharmacological action[]J]. Journal of Practical Tra-
ditional Chinese Internal Medicine, 2014 ; 132 —133. (iin Chinese).

[14] ZENG KD, WANG Z, LIN X. Inhibition effect of nobiletin on growth
and migration of fibroblasts by inhibiting (-catenin signaling pathway
[J]. Chinese Journal of Aesthetic and Plastic Surgery, 2020, 31(7):
442 —444., (in Chinese).

[15] WERNER S, GROSE R. Regulation of wound healing by growth factors
and cytokines. [ J]. Physiological Reviews, 2003(83) ; 835 -870.

[16] RU JL, LI P, WANG JA. TCMSP: A database of systems pharmacology
for drug discovery from herbal medicines[ J]. Journal of Cheminformat-
ics, 2014, 6(1) . 13.

[17] PEI T, ZHENG C, HUANG C. Systematic understanding the mecha-
nisms of vitiligo pathogenesis and its treatment by Qubaibabuqi formula
[J]. Journal of Ethnopharmacology, 2016 272 —287.

[18] ZHANG WJ, TAO Q, GUO ZH. Systems pharmacology dissection of the
integrated treatment for cardiovascular and gastrointestinal disorders by
traditional chinese medicine[ J]. Scientific Reports, 2016(6) : 32400.

[19] UniProt: A worldwide hub of protein knowledge. [ J]. Nucleic Acids Re-
search, 2019, 47(D1) : D506 — D515.

[20] LIU WH, HUANG XL, LIANG X. Identification of key modules and
hub genes of keloids with weighted gene coexpression network analysis
[J]. Plastic & Reconstructive Surgery, 2017(139) : 391.

[21] LIU Z, LI ZQ, XU SQ. A study on the expression of mRNAs and IncR-
NAs in keloid fibroblasts based on GEO microarray data mining[ J]. Re-
search Square, 2021.

[22] BIAN X, HUANG C, LI BL. Literature mining and bioinformatic analy-
sis of dysregulated genes in keloid[ J]. Chinese Journal of Minimally In-
vasive Surgery, 2012, 12(5) ; 444 —449, 467. (in Chinese).

[23] BI SW, LIU RQ, WU B. Bioinformatic analysis of key genes and path-
ways related to keloids [ J ]. BioMed Research International, 2021
(2021): 1 -11.

YE F. HIF-la expression in keloid and its correlation with angiogenesis,

Frontiers in

[24

[l

inflammatory response and apoptosis [ J]. Journal of Hainan Medicine

University, 2017, 23(17) . 2442 -2444, 2448. (in Chinese).

SIMONART T, DRAMAIX M, DE MAERTELAER V. Efficacy of tetra-

cyclines in the treatment of acne vulgaris; A review[ J]. British Journal

of Dermatology, 2008 (158) : 208 —216.

SI LB, ZHANG MZ, HAN Q. Sensitization of keloid fibroblasts by quer-

cetin through the PI3K/ Akt pathway is dependent on regulation of HIF-

la[J]. American Journal of Translational Research, 2018, 10 (12):

4223 -4234.

[27] BAZIN S. Intercellular matrix of hypertrophic scars and keloids[ J]. Bi-
ology of Fibroblast, 1973.

[28] BAILEY AJ, BAZIN S, SIMS TJ. Characterization of the collagen of hu-

BBA-Protein Structure, 1975

—
S ]
wn
—

[26

—

man hypertrophic and normal scars[]J].
(405) ; 412 -421.
(To page 31)



Lei HE et al. A New Flavonoid Glycoside from Polygonum capitatum

31

[M]. Guiyang: Guizhou Science and Technology Press, 2003. (in Chi-
nese) .

[3] Hunan Food and Drug Administration. Hunan standard of Chinese Medic-
inal materials 2009 edition[ M]. Changsha: Hunan Science and Technol-
ogy Press, 2010. (in Chinese).

[4] Health Management Service Station of the Revolutionary Committee of

Guangxi Zhuang Autonomous Region. Guangxi Chinese herbal medicine

volume 2[ M]. Nanning: Guangxi People’s Publishing House, 1970. (in

Chinese) .

MA FW, DENG QF, ZHOU X. The tissue distribution and urinary excre-

tion study of gallic acid and protocatechuic acid after oral administration

(5

[

of Polygonum capitatum extract in rats[ J]. Molecules, 2016(21) : 399.
[6] LIN Y, HE L, CHEN XJ, et al. Polygonum capitatum, the hmong me-
dicinal flora; A comprehensive review of its phytochemical, pharmacolog-
ical and pharmacokinetic characteristics[ J]. Molecules, 2022, 27(19) .
6407.
[7] WANG Y, MA J, CHOW SC, et al. A potential antitumor ellagitannin
davidiin, inhibited hepatocellular tumor growth by targeting EZH2[ ] ].
Tumor Biology, 2014(35) ; 205 -212.
XU D, ZHAO FF, YANG X, et al. Screening of effective anti-inflamma-
tory extracts from Polygonum capitatum based on serum pharmacological
method [ J]. Journal of Anhui Agricultural Sciences, 2016, 44 (17) .
134 —136, 150. (in Chinese).
ZHANG MW, LUO ZX, SUN ZQ, et al. Effect and mechanism of Polyg-
onum capitum administration on Helicobacter pylori associated gastritis in
rats[ J]. Shandong Medical Journal , 2018, 58 (15) ; 35 —38. (in Chi-
nese).

[10] XIANG WY, MEI CY, YANG W, et al. Serum pharmacochemistry of

—
o]
[

—
=)
[

0@00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00SI0S00S00S00S0C

(From page 23)

[29] FRIEDMAN DW, BOYD CD, MACKENZIE JW. Regulation of collagen
gene expression in keloids and hypertrophic scars[ J]. Journal of Surgi-
cal Research, 1993(55) ; 214 -222.

[30] MAFONG EA, ROBIN A. Treatment of hypertrophic scars and keloids ;
A review[ J]. Aesthetic Surgery Journal, 2000, 20(2) ; 114 -121.

[31] CHEN Z, LI XJ, WANG H. Construction of recombinant lentiviral vec-
tor and interfering carrier for tumor necrosis factor alpha stimulated gene
6 and its effect on proliferation and apoptosis of human keloid fibroblasts
[J]. Chinese Journal of Tissue Engineering Research, 2016, 20(29) :
4319 -4327. (iin Chinese).

[32] YAMANE K, SUZUKI H, THN H. Cell type-specific regulation of the
TGF-beta-responsive alpha2 (1) collagen gene by CpG methylation[ J].
Journal of Cellular Physiology, 2005(202) ; 822 —830.

[33] ZHANG T, RONG XZ, YANG RH. Effect of asiaticoside on the expres-
sion of transforming growth factor-beta mRNA and matrix metalloprotein-

ases in hypertrophic scars[ J]. Journal of Southern Medical University,

Polygonum capitatum[ J]. Chinese Pharmacological Bulletin, 2016, 32
(10) ; 1476 —1477. (in Chinese).

[11] LIAO SG, ZHANG LJ , SUN F , et al. Antibacterial and anti-in-flam-
matory effects of extracts and fractions from Polygonum capitatum[]].
Journal of Ethnopharmacology, 2011, 134(3) . 1006 - 1009.

[12] SUN CS, LIANG B, WANG CF. The study progress on Polygonum cap-
itatum Buch. -Ham. exD. Don[J]. Research & Information of Tradition-
al Chinese Medicine, 2005, 7(4): 2628. (in Chinese).

[13] LI YM, GONG Y. The research progress on the chemical component and
the pharmacology of Polygotum capitatum Ham ex D. Don[ J]. Journal
of Guizhou University ( Natural Sciences), 2007, 24 (2) . 205 —207.
(in Chinese).

[14] WU SJ, WANG DR. Study on chemical constituents of Polygonum capi-
tatum Ham ex D. Don[ J]. Chinese Traditional and Herbal Drugs, 1985
(4): 5. (in Chinese).

[15] TU B, ZHANG X, HE MH, et al. Systematic evaluation of pharmacog-
nostic identification of Polygonum capitatum [ J ]. Medicinal Plant,
2023, 14(4):9-13.

[16] ZHOU LG, FENG XS, HUANG KY, et al. Studies on chemical constit-
uents of Syringa veutina[ J]. Journal of Chinese Medicinal Materials,
2008(5) : 679 —681. (in Chinese).

[17] MA FW, DENG QF, ZHOU X. The tissue distribution and urinary ex-
cretion study of gallic acid and protocatechuic acid after oral administra-
tion of Polygonum capitatum extract in rats[ J]. Molecules, 2016(21) ;
399.

[18] HE CY, FU J, MA JY. Biotransformation and in vitro metabolic profile
of bioactive extracts from a traditional Miao-nationality herbal medicine,

Polygonum capitatum|[ J]. Molecules, 2014(19) ; 10291 —10308.

CO®00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00SO0S00S0

2006, 26(1) : 67 —=70. (in Chinese).

[34] REI O. Keloid and hypertrophic scars are the result of chronic inflam-
mation in the reticular dermis[ J]. International Journal of Molecular
Sciences, 2017 (18) : 606.

[35] KARIM, JUNDI, CATHERINE. Transcription of interleukin-8: How
altered regulation can affect cystic fibrosis lung disease[ J]. Biomole-
cules, 2015(5) ; 1386 —1398.

[36] CHEN W, FU XB, SUN XQ. Analysis of differentially expressed genes
in keloids and normal skin with ¢cDNA microarray[ J]. Journal of Surgi-
cal Research, 2003, 113(2) . 208 -216.

[37] BERMAN B, MADERAL A, RAPHAEL B. Keloids and hypertrophic
scars; Pathophysiology, classification, and treatment[ J]. Dermatologic
Surgery, 2017, 43 Suppl 1. S3 -SI18.

[38] WILGUS TA, BERGDALL VK, TOBER KL. The impact of cyclooxyge-
nase-2 mediated inflammation on scarless fetal wound healing[ J]. The
American Journal of Pathology, 2004 (165) : 753 -761.



