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Abstract. - OBJECTIVE: The network phar-
macology is adopted in the paper to elaborate
the active components, targets, and pathways
of ginseng in the treatment of Interstitial Cysti-
tis/Bladder Pain Syndrome (IC/BPS).
MATERIALS AND METHODS: The active
components and potential targets of ginseng
were obtained through the Traditional Chinese
Medicine System Pharmacology Database and
Analysis Platform (TCMSP). The OMIM, Disgen-
et, and Genecards databases for IC/BPS targets,
and the STRING11.0 database were used for the
protein-protein interaction (PPI) network. Mean-
while, the latter covers R language was used for
the target of ginseng for IC/BPS, Bioconductor
bioinformatics software for GO and KEGG func-
tional enrichment analysis of key target genes,
and the Cytoscape 3.8.2 software for construct-
ing the “component-target” network and the
“component-target-pathway” network map.
RESULTS: The results are categorized into
three camps: components, targets, and path-
ways. As for components, 22 active components
of ginseng that perform biological activities in
the cell membrane, cytoplasm, and nucleus were
observed, among which kaempferol, girinimbin,
suchilacton, arachidonate, and gomisin B are the
main active ones. 650 targets were found, main-
ly represented by PTGS2, PTGS1, AR, SLC6A4,
and CHRM2, 134 of which (especially AKT1, TNF,
VEGFA, TP53, EGFR, STAT3, IL-1B, ESR1, and
JUN) contribute to the treatment of IC/BPS. More-
over, the pathways that serve as major contribu-
tors are the PI3K-Akt signaling pathway, the HIF-1
signaling pathway, the STAT3 signaling pathway,
the MAPK signaling pathway, the NF-kB signal-
ing pathway, and the apoptosis-related pathway.
CONCLUSIONS: Ginseng can exert anti-in-
flammatory, anti-oxidative stress and anti-apop-
totic effects on IC/BPS thanks to its multi-com-
ponent, multi-target and multi-way functions.
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Introduction

Interstitial Cystitis/Bladder Pain Syndrome
(IC/BPS) refers to a chronic inflammatory dis-
ease of unknown etiology characterized by fre-
quent urination, urgency, and suprapubic or
pelvic pain after bladder filling, whose main
victims are women aged 30-50 with an incidence
of about 450-60/100,000, which is growing an-
nually'?. The available treatment strategies for
IC/BPS at present are oral drugs, intravesical
instillation, botulinum toxin bladder injection,
and sacral neuromodulation, whose individu-
al or collective application still fails to avoid
symptoms covering urgency, frequent urination,
and pelvic pain after treatment, which troubles
41-54% of patients'. Some patients develop re-
mission, repeated attacks even without obvious
incentives, and resistance to treatment'. The
bladder contracture, hydronephrosis, and renal
function damage is inevitable without taking
the IC/BPS under control, leading to cystecto-
my, which highlights the urgency to elucidate
the pathogenesis of IC/BPS and find effective
therapeutic drugs'>.

Ginseng is one of the precious Chinese herb-
al medicines with extensive and time-honored
applications*®. Pharmacological studies®’ have
proved that ginseng abounds with various pro-
teins, polysaccharides and saponins, which have
anti-inflammatory, anti-oxidant, anti-tumor,
anti-cardiovascular, and anti-aging functions.
Despite ginseng’s favorable anti-inflammatory,
antioxidant, immune regulation, and other func-
tions supported by clinical studies that reveal
the beneficial role of ginseng on diabetes, cor-
onary heart disease, hypertension, Alzheimer’s
disease, rheumatic diseases, and other inflam-
matory diseases, reports on the ginseng’s effects

Corresponding Author: Li Yuan, MD; e-mail: ichjzzj@163.com 4709



L. Wang, L. Yuan

on IC/BPS are scarce’’. Network pharmacology,
an emerging technology combining network bi-
ology with polypharmacology with wide ap-
plication in research concerning drug-disease
interactions, directly identifies drug and disease
targets from a sea of data, and understands
their underlying mechanisms and pathways'®!'.
Therefore, together with network pharmacology,
this paper explores the active components, core
targets, and mechanisms of action of ginseng in
the treatment of IC/BPS, providing a theoretical
insight for the future treatment with ginseng.

Materials and Methods

Online Database and Analysis Software

Numerous databases and software were ad-
opted in the paper. The former include Pubchem
(https://pubchem.ncbi.nlm.nih.gov/), PharmMap-
per  (http://www.lilab-ecust.cn/pharmmapper/),
Swiss Target Prediction (http://www.swisstarget-
prediction.ch/), OMIM (https:/omim.org/), Gen-
ecards (https://www.genecards.org/), Disgenet
(https:/www.disgenet.org/), STRING (https://
string-db.org/), DAVID (https:/david.ncifcrf.
gov/), and Uniprot (https:/www.uniprot.org/).
The latter cover Venny 2.1 (https:/bioinfogp.
cnb.csic.es/tools/venny/), Cytoscape 3.8.2, and R
4.0.5.

ldentification of Active Components and
Targets of Ginseng

As mentioned above, the TCMSP database
was used to retrieve the effective chemical com-
ponents of ginseng with taking the oral bioavail-
ability (OB) > 30% and drug-likeness (DL) > 0.18
as the screening criteria'>'. The corresponding
targets obtained based on such components were
corrected by Uniprot (https:/www.uniprot.org/),
and selected as “Homo sapiens”. The components
and 650 targets in ginseng were input into Cy-
toscape to draw a “component-target” network,
and the top 10 components and targets by degree
value are listed thanks to the Network Analyzer
plug-in.

Construction of IC/BPS Target Database

The disease targets were searched on OMIM,
Disgenet, and Genecards databases with “Blad-
der Pain Syndrome” and “Interstitial Cystitis” as
keywords.
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Screening of Common Drug-Disease
Targets and Network Diagram
Construction of Disease-Target-
Component Interactions

In this paper, the Venny 2.1 online software
mapping tool was employed to analyze the inter-
action targets of ginseng and IC/BPS, and obtain
common drug-disease targets. The PPI network
of protein interaction was constructed by String
database, and the protein interaction network
map was created using Cytoscape 3.8.2. Later,
the NetworkAnalyzer was taken to perform to-
pological analysis, and genes whose degree value
was greater than the average were picked as the
core target. In addition, a bar graph of the target
was drawn using R 4.0.5.

GO and KEGG Pathway Enrichment
Analysis

Bioconductor bioinformatics based on R soft-
ware was used to perform GO and KEGG func-
tional enrichment analysis of key target genes
with p-value < 0.05 and g-value < 0.05, and the
results were displayed as a bubble chart. In the
KEGG pathway, the first 20 pathways were col-
lected by p-value. The components, targets, and
signaling pathways were integrated using Cytos-
cape 3.8.2 to construct a “component-target-path-
way”” network map.

Results

Ginseng Active Ingredient Screening
and Target Prediction

A total of 22 potential active ingredients of
ginseng (Table 1) and 650 drug targets were
screened and input into Cytoscape to draw a
“component-target” network (Figure 1). The top
10 components and targets by degree were listed
through the Network Analyzer plugin as shown
in Table 11, in which the active components (kae-
mpferol, Girinimbin, and suchilactone) and main
targets (PTGS2, PTGSI, and AR) were depicted.

Screening of the Target of Ginseng for
IC/BPS

A total of 1,462 disease targets were obtained
after deduplication on OMIM, Disgenet, and
Genecards databases using “Bladder Pain Syn-
drome” and “Interstitial Cystitis” as keywords.
The 134 common drug-disease targets were later
revealed through the analysis of the 650 drug
targets of ginseng and 1,462 disease targets of
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Table I. Active ingredients in ginseng.

Mol ID Molecule Name OB (%) DL
MOL002879 Diop 43.59 0.39
MOL000449 Stigmasterol 43.83 0.76
MOLO000358 beta-sitosterol 36.91 0.75
MOL003648 Inermin 65.83 0.54
MOL000422 kaempferol 41.88 0.24
MOL004492 Chrysanthemaxanthin 38.72 0.58
MOL005308 Aposiopolamine 66.65 0.22
MOL005314 Celabenzine 101.88 0.49
MOLO005317 Deoxyharringtonine 39.27 0.81
MOLO005318 Dianthramine 40.45 0.2
MOL005320 arachidonate 45.57 0.2
MOLO005321 Frutinone A 65.9 0.34
MOL005344 ginsenoside rh2 36.32 0.56
MOLO005348 Ginsenoside-Rh4 gt 3111 0.78
MOLO005356 Girinimbin 61.22 0.31
MOLO005357 Gomisin B 31.99 0.83
MOL005360 malkangunin 5771 0.63
MOLO005376 Panaxadiol 33.09 0.79
MOLO005384 suchilactone 57.52 0.56
MOLO005399 alexandrin_qt 36.91 0.75
MOL005401 ginsenoside Rg5_qt 39.56 0.79
MOLO000787 Fumarine 59.26 0.83

MOL001\7 /Fflfl.’w2879
Figure 1. Network

diagram of component
targets of ginseng. The
yellow rhombus rep-
resents the active ingre-
dient of ginseng and the
circles the drug targets.
The larger the yellow
rhombus and the circle,
the darker the color, the
higher the degree value
of the active ingredient
and target.

MOL005399
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Table Il. Major compositions and targets in ginseng (Top 10).

Composition Degree value Target Degree value
MOL000422 150 PTGS2 13
MOLO005356 119 PTGS1 13
MOLO005384 114 AR 12
MOLO005320 112 SLC6A4 12
MOLO005357 109 CHRM2 10
MOLO005317 108 CHRM3 10
MOLO005401 107 ESR2 9
MOLO005308 105 RORC 9
MOLO005348 105 ACHE 9
MOLO005314 103 SLC6A2 9

IC/BPS (Figure 2A), which were input into Cyto-
scape software to draw the “disease-target-com-
ponent” interaction network diagram (Figure 2B),
protein interaction network (Figure 3A, the node,
color, and the value of the degree parameter were
proportional), and PPI network (Figure 3B). Fig-
ure 4A and 4B, based on PPI topological analysis
and cluster analysis, list the main targets of gin-
seng for IC/BPS treatment: AKT1, TNF, VEGFA,
TP53, EGFR, STATS3, IL-1B, ESR1, and JUN.

GO Enrichment Analysis of Ginseng for
IC/BPS Treatment

The results show the rich existence of 134
intersecting genes in 2,201 biological process
pathways, 49 in the expression process of cellu-
lar components, and 173 in molecular function.
Figure 5 shows the top 20 results based on the
combined score, displayed in a bar graph. The
main enrichment biological processes include
positive regulation of protein serine/threonine

IC/BPS

Ginseng

Figure 2. Network analysis of common targets in ginseng and IC/BPS. A, Venn diagram analysis of common targets of
ginseng and IC/BPS. B, Network graph analysis of the interaction between active components of ginseng and a common target

in IC/BPS.
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Figure 3. Ginseng and IC/BPS common target protein interaction analysis. A, Core target protein PPI network diagram. B,

Core target protein interaction network diagram.

LoV " ]
MMP2
MAP2K1 [ 43

Figure 4. Topological and cluster analysis of human-involved
IC/BPS common targets (Top 20). A, top 20 core target molec-
ular bar graph; B, top 20 core target protein interaction network
diagram.
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Figure 5. GO enrichment analysis of core targets of ginseng and IC/BPS (Top 20). A, Biological process. B, Cellular

component. C, Molecular function.

kinase activity, reproductive structure devel-
opment, reproductive system development, in-
flammatory response regulation, oxidative stress
response, etc. The main enrichment cellular
components consist of membrane raft, mem-
brane microdomain, membrane region, nucle-
ar envelope, transferase complex, transferring
phosphorus-containing groups, etc. The main
molecular functions are: protein serine/thre-
onine kinase activity, protein tyrosine kinase
activity, transmembrane receptor protein kinase
activity, phosphatase binding, DNA-binding
transcription factor binding, etc.

KEGG Enrichment Analysis of Ginseng
for IC/BPS Treatment

KEGG analysis verifies the rich application of
134 intersecting genes in 167 signaling pathways.
The top 20 results are presented in Table III and
Figure 6A, according to p-values. Meanwhile, the
first 20 active ginseng drugs and core targets are
integrated to construct a “component-target-path-
way” network diagram (Figure 6B — node size
varies by degree value). Figure 6A displays the
main pathways with abundant KEGG pathway:
PI3K-Akt signaling pathway, lipid and atheroscle-
rosis, AGE-RAGE signaling pathway in diabetic
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complications, HIF-1 signaling pathway, tumor,
and infection-Related Pathways, etc. Figure 6B
describes ginseng’s main active components, in-
cluding kaempferol, gomisin B, panaxadiol, gin-
senoside-rh4, deoxyharringtonine, girinimbin,
and suchilactone, as well as the main molecular
targets, covering PIK3, AKT1, MAPKI1, EGFR,
MAPKS8, MAPK 14, PTGS2, STAT3, and PTGSI.

Discussion

The involvement of inflammation and immune
regulation disorders in the complex pathogenesis
of IC/BPS is supported by existing evidence'>!".
Current studies suggest that anti-inflammatory
and immunomodulatory agents can improve the
disease and its progression in IC/BPS patients,
which makes natural active ingredients with such
properties a new option for the treatment of IC/
BPS™. Ginseng, known as the dried root and
rhizome of Panax ginseng C.A.Mey. (a plant
of the Araliaceae family), enjoys long and ma-
ture application. However, its complex material
components limit the exploration of its action
mechanism?’. Studies'®-** have identified ginseno-
sides, polysaccharides, and flavonoids the active
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Table Ill. KEGG enrichment analysis of ginseng for [C/BPS treatment (Top 20).

ID Description p-value g-value genelD Count
hsa04151 | PI3K-Akt 1.23E-17 485E-17 | BCL2/AKTI/INSR/MAP2K1/GSK3B/ 33
signaling pathway NOS3/EGFR/ERBB2/JAK2/TP53/MDM2/

MET/NTRK1/TLR4/ MTOR/PIK3CA/
CCNDI/CDK4/CCND2/PIK3CB/PIK3CG/
FGFR1/PIK3CD/F2R/KIT/IL2/VEGFA/
MAPKI1/PDGFRB/PIK3R1/AKT3/
RAF1/PDGFRA
hsa05417 | Lipid and 6.06E-20 479E-19 | BCL2/JUN/CASP8/PPARG/AKTI/MAPKS/ 29
atherosclerosis MMP1/ICAM1/SELE/NFKBIA/IL1B/
GSK3B/MAPK14/NOS3/JAK2/TP53/TLR4/
PIK3CA/PIK3CB/SELP/MMPY/PIK3CD/
CYP2C9/MAPKY/STAT3/MAPK1/
PIK3R1/TNF/AKT3
hsa05167 | Kaposi sarcoma- 4.46E-20 3.91E-19 PTGS2/JUN/CASP8/AKT1/MAPKS/ICAM1/ 28
associated NFKBIA/MAP2K1/GSK3B/MAPK14/JAK2/
herpesvirus TP53/EP300/CREBBP/MTOR/PIK3CA/CCND1/
infection CDK4/PIK3CB/PIK3CG/PIK3CD/ MAPKY/
STAT3/VEGFA/MAPK1/PIK3R1/AKT3/RAF1
hsa05205 | Proteoglycans 2.06E-19 1.48E-18 | AKTI/ESRI/SHH/MAP2K1/MAPKI14/EGFR/ 28
in cancer ERBB2/PTPN11/TP53/MDM2/MET/TLR4/
MTOR/PIK3CA/CCNDI1/PIK3CB/FGFR1/
MMP9/MMP2/PIK3CD/STAT3/VEGFA/
MAPKI1/BRAF/PIK3R1/TNF/AKT3/RAF1
hsa05207 | Chemical 5.19E-19 2.56E-18 | ADRB2/PGR/BCL2/JUN/AR/AKTI1/ 28
carcinogenesis - CYP3A4/GSTM1/ESR1/ESR2/VDR/ADRB3/
receptor activation MAP2K1/EGFR/JAK2/CHRNA3/MTOR/
PIK3CA/CCNDI1/XIAP/PIK3CB/PIK3CD/
STAT3/VEGFA/MAPKI1/PIK3R1/AKT3/RAF1
hsa05215 | Prostate cancer 1.73E-27 1.36E-25 BCL2/AR/AKT1/GSTP1/NFKBIA/MAP2K1/ 27
GSK3B/EGFR/ERBB2/TP53/MDM2/EP300/
CREBBP/MTOR/PIK3CA/CCNDI/PIK3CB/
FGFR1/MMPY/PIK3CD/MAPK1/BRAF/
PDGFRB/PIK3R1/AKT3/RAF1/PDGFRA
hsa05161 Hepatitis B 4.55E-21 5.75E-20 BCL2/JUN/CASP8/AKTI/MAPK8/NFKBIA/ 27
MAP2K1/MAPK14/JAK2/TP53/EP300/
CREBBP/TLR4/PIK3CA/PIK3CB/CCNA2/
MMPY/PIK3CD/MAPKY/STAT3/MAPK1/
BRAF/PIK3R1/TNF/AKT3/RAF1/TGFBR1
hsa01522 | Endocrine 7.10E-26 2.80E-24 BCL2/JUN/AKT1/MAPKS8/ESR1/ESR2/ 26
resistance MAP2K1/MAPK14/EGFR/ERBB2/TP53/
MDM2/MTOR/PIK3CA/CCNDI1/CDK4/
PIK3CB/MMP9/MMP2/PIK3CD/MAPKY/
MAPKI1/BRAF/PIK3R1/AKT3/RAF1
hsa04933 | AGE-RAGE 9.10E-23 2.39E-21 BCL2/JUN/AKT1/ MAPK8/ICAM1/SELE/IL1B/ 24
signaling pathway MAPKI14/NOS3/JAK2/PIK3CA/CCNDI1/CDK4/
in diabetic PIK3CB/MMP2/PIK3CD/MAPKY/STAT3/
complications VEGFA/MAPK1/PIK3R1/TNF/AKT3/TGFBRI1
hsa05418 | Fluid shear 3.77E-19 2.29E-18 | BCL2/JUN/AKT1I/MAPK8/HMOXI/ICAMI/ 24
stress and SELE/GSTP1/GSTMI/IL1B/IFNG/MAPK 14/
atherosclerosis NOS3/TP53/PIK3CA/PIK3CB/MMPY/MMP2/
PIK3CD/MAPKY/VEGFA/PIK3R1/TNF/AKT3
Continued
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Table Il (Continued). KEGG enrichment analysis of ginseng for IC/BPS treatment (Top 20).

ID Description p-value g-value genelD Count
hsa04066 HIF-1 signaling 1.84E-20 1.82E-19 BCL2/NOS2/AKT1/HMOX1/INSR/IFNG/ 23
pathway MAP2K1/MKNK1/NOS3/EGFR/ERBB2/
EP300/CREBBP/TLR4/MTOR/PIK3CA/
PIK3CB/PIK3CD/STAT3/VEGFA/MAPK1/
PIK3R1/AKT3
hsa04926 Relaxin 1.05E-18 4.60E-18 JUN/NOS2/AKT1/MAPK8/MMP1/NFKBIA/ 23
signaling pathway MAP2K1/MAPK14/NOS3/EGFR/PIK3CA/
PIK3CB/NOSI/MMP9/MMP2/PIK3CD/
MAPK9/VEGFA/MAPKI1/PIK3R1/AKT3
/RAF1/TGFBRI1
hsa05230 Central carbon 2.95E-22 5.82E-21 AKTI/MAP2K1/EGFR/ERBB2/TP53/MET/ 21
metabolism in NTRKI1/MTOR/PIK3CA/PIK3CB/FGFR1/
cancer PIK3CD/KIT/MAPKI/IDHI/PDGFRB/RET/
PIK3R1/AKT3/RAF1I/PDGFRA
hsa05212 Pancreatic cancer 2.06E-21 3.26E-20 AKTI/MAPK8/MAP2K1/EGFR/ERBB2/ 21
TP53/MTOR/PIK3CA/CCNDI1/CDK4/
PIK3CB/PIK3CD/MAPKY/STAT3/VEGFA/
MAPKI1/BRAF/PIK3RI/AKT3/RAF1/TGFBR1
hsa01521 EGFR tyrosine 5.10E-21 5.75E-20 BCL2/AKT1I/MAP2K1/GSK3B/EGFR/ERBB2/ 21
kinase inhibitor JAK2/MET/MTOR/PIK3CA/PIK3CB/
resistance PIK3CD/STAT3/VEGFA/MAPKI1/BRAF/
PDGFRB/PIK3R1/AKT3/RAF1/PDGFRA
hsa05210 Colorectal cancer 8.72E-19 4.05E-18 BCL2/JUN/AKT1/MAPK8/MAP2K1/GSK3B/ 20
EGFR/TP53/MTOR/PIK3CA/CCNDI1/
PIK3CB/PIK3CD/MAPK9/MAPK1/BRAF/
PIK3R1/AKT3/RAF1/TGFBRI
hsa05235 PD-L1 expression 1.82E-18 7.56E-18 JUN/AKTI1/NFKBIA/TFNG/MAP2K 1/
and PD-1 MAPKI14/EGFR/JAK2/PTPN11/ALK/TLR4/
checkpoint pathway MTOR/PIK3CA/PIK3CB/PIK3CD/STAT3/
in cancer MAPKI1/PIK3R1/AKT3/RAF1/
hsa04917 Prolactin 2.78E-19 1.83E-18 AKTI/MAPKS&/ESRI/ESR2/MAP2K1/GSK3B/ 19
signaling pathway MAPK14/JAK2/PIK3CA/CCNDI1/CCND2/
PIK3CB/PIK3CD/MAPKY/STAT3/MAPK1/
PIK3R1/AKT3/RAF1
hsa05218 Melanoma 5.03E-19 2.56E-18 AKTI/MAP2K1/EGFR/TP53/MDM2/MET/ 19
PIK3CA/CCNDI1/CDK4/PIK3CB/FGFR1/
PIK3CD/MAPK1/BRAF/PDGFRB/PIK3R1/
AKT3/RAF1I/PDGFRA
hsa05223 Non-small cell 5.03E-19 2.56E-18 AKTI/MAP2K1/EGFR/ERBB2/TP53/ALK/ 19
lung cancer MET/PIK3CA/CCNDI/CDK4/PIK3CB/
PIK3CD/STAT3/MAPK1/BRAF/RET/PIK3R1/
AKT3/RAF1

ingredients of ginseng with pharmacological ac-
tivities, including anti-inflammatory, anti-tumor,
anti-viral, anti-aging, anti-senile dementia, and
immune regulation, which help combatting in-
flammatory diseases such as hepatitis, enteritis,
asthma, and diabetes by crippling the produc-
tion of inflammatory cytokines and regulating
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the activity of inflammatory signaling pathways.
However, the relationship between ginseng and
IC/BPS remains untouched, which explains our
efforts to explore the active components, targets
and molecular mechanisms of ginseng in the
treatment of IC/BPS in the hope of starting more
related discussions.
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Figure 6. KEGG pathway enrichment and Composition-Target-Pathway analysis of core targets of ginseng and IC/BPS
(top 20). A, KEGG pathway enrichment analysis of core targets of ginseng and IC/BPS. B, Ginseng and IC/BPS interaction
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Network pharmacology, which explores and
analyzes the active components, targets, and ac-
tion mechanisms of Chinese herbal medicines
with extensive application, first elaborates the
pharmacological properties of ginseng with a
complex network model, and clarifies the com-
plex interaction between components-targets-dis-
ease’>?. 22 active components of ginseng with
650 targets are screened, among which kaemp-
ferol, girinimbin, suchilacton, arachidonate, and
gomisin B are the main active components in gin-
seng, while PTGS2, PTGS1, AR, SLC6A4, and
CHRM2 the main targets. Further analysis finds
that the main active components are mostly fla-
vonoids, polysaccharides, ginsenosides and other
compounds, and the main targets are highly re-
lated to oxidative stress, inflammatory response,
lipid metabolism, and apoptosis?®2*.

The core targets of ginseng in the treatment of
IC/BPS are observed to be AKT1, TNF, VEGFA,
TP53, EGFR, STAT3, IL-1B, ESR1, and JUN
through drug-disease common targets. Among
them, AKT, TNF, TP53, STAT3, IL-1B, ESRI,
and JUN participate in biological processes such
as inflammation, oxidative stress, and apoptosis,
the blocking of whose biological activity drops
inflammation and tissue damage**2®. The GO
enrichment analysis of ginseng for IC/BPS sup-
ports the ability of active components to exert
biological activities in the cell membrane, cyto-
plasm, and nucleus, which cannot be realized by
participating in protein kinase activity regula-
tion, inflammatory response regulation, oxidative
stress response, DNA binding, and transcription
factor binding. In addition, KEGG analysis finds
that the enriched genes abound in signaling path-
ways, mainly PI3K-Akt signaling pathway, lipid
and atherosclerosis, AGE-RAGE signaling path-
way in diabetic complications, HIF-1 signaling
pathway, infection-related pathways, etc. Among
them, the PI3K-Akt, HIF-1, STAT3, MAPK, NF-
kB signaling pathways, and apoptosis-related
pathway targets are especially enriched.

Given the involvement of the PI3K-Akt, HIF-1,
and STAT3 signaling pathways in the occurrence
and development of various inflammatory diseas-
es, targeted regulating of their activation makes
significantly better the inflammatory response
and tissue damage in many inflammatory diseas-
es®3!, They are found to be up-regulated in IC/
BPS patients and animal models, and their acti-
vation can be blocked by the active components
in ginseng (ginsenosides and flavonoids), thus
exerting anti-inflammatory, anti-apoptotic, and
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anti-oxidative stress activities™*'*°. MAPK and
NF-kB signaling pathways are essential in regu-
lating inflammation and immunity, whose activa-
tion facilitates the gene transcription of various
inflammatory factors, resulting in inflammatory
response and tissue damage®*3®. Besides, they
are activated in IC/BPS patients and IC/BPS
model animals®?*?". Blockade of MAPK signaling
pathway and activation of NF-xB signaling path-
way can significantly improve the inflammatory
response and tissue damage in IC/BPS model
animals**?*’. The kaempferol is proved to be an
active ingredient with the peak degree value in
the treatment of IC/BPS in ginseng, which shares
existing studies®®*? about the fact that kaempferol
can block MAPK signaling pathway and NF-kxB
signaling pathway, exert anti-inflammatory and
anti-oxidative stress, and improve tissue damage
and function.

Conclusions

The components of ginseng contributing to
the treatment of IC/BPS in a multi-component,
multi-target, and multi-path synergistic manner
include aempferol, gomisin B, panaxadiol, gin-
senoside-rh4, deoxyharringtonine, girinimbine,
and suchilactone, which act on PIK3, AKTI,
MAPKI, EGFR, MAPKS, VEGFA, TP53, EGFR,
STAT3, IL-1B, ESRI1, and JUN targets via the
PI3K-Akt, HIF-1, STAT3, MAPK and NF-«kB sig-
naling pathways. However, this paper, limited by
incomplete database and potential targets, fails to
take the low-abundance active components into
consideration, calling for further verification.
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