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Network Pharmacological Analysis

of Cnidii Fructus Treatment for Gastritis

Young—Sik Kim, Seungho Lee'*

Department of Herbology, 1:Department of Pathology, College of Korean Medicine, Woosuk University

The purpose of this study was to identify the applicability, main compounds, and target genes of Cnidii Fructus
(CF) in the treatment of gastritis using network pharmacology. The compounds in CF were searched in Traditional
Chinese Medicine Systems Pharmacology Database and Analysis Platform (TCMSP) and a database of medicinal
materials and chemical compounds in Northeast Asian traditional medicine (TM-MC). The target gene information of
the compounds was collected from pubchem and cross-compared with the gastritis-related target gene information
collected from Genecard to derive the target genes. Gene ontology (GO) analysis and Kyoto Encyclopedia of Genes and
Genomes (KEGG) analysis were performed on the derived target genes. Afterwards, network analysis between
compounds and disease target genes was performed using cytoscape. We identified 121 active compounds and 139
target genes associated with gastritis. Pathways derived from the GO biological process and KEGG pathway DB
primarily focus on target genes related to inflammation (IL-6, IL-8, TNF production, NF-xB transcription factor
activity, and NF-xB signaling pathway) and cell death (PI3K-Akt, FoxO). Major targets for CF treatment of gastritis
include TP53, TNF, BCL2, EGFR, NFKB1, ABCB1, PPARG, PTGS2, IL6, IL1B, and SODI, along with major compounds
such as coumarin, osthol, hexadecanoic acid, oleic acid, linoleic acid, and stigmasterol. This study provided CF’s
applicability for gastritis, related compounds, and target information. Evaluating CF’s effectiveness in a preclinical
gastritis model suggests its potential use in clinical practice for digestive system diseases.
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Table 1. Compounds contained in Cnidii Fructus identified by TM-MC and TCMSP
DB* COMPOUND CID DB COMPOUND CID
C coumarin 323 P Geranyl acetate 1549026
C, P hexadecanoic acid 985 p (+)-Terpinen-4-ol 2724161
C pyruvic acid 1060 P Linoleic Acid 5280450
CP bergapten 2355 P Stigmasterol 5280794
C P xanthotoxin 4114 p Ostruthin 5281420
C psoralen 6199 P alpha-Farnesene 5281516
C bornyl acetate 6448 P Farnesene 5281517
C camphene 6616 P Germacrene B 5281519
P moslene 7461 C o-humulene 5281520
P p-Cymene 7463 P Isocaryophyllene 5281522
P styrene 7501 C, P diosmetin 5281612
P dodecanal 8194 P 2-Heptenal 5283316
C P imperatorin 10212 p trans-2,4-decadienal 5283349
C P osthol (=osthole) 10228 p 2-Tridecenal 5283363
P angelicin 10658 P 24-epicampesterol 5283637
. 2'-Acetylangelicin
P Silvan 10797 P (:8—Acetyl—2H—furo[).IZ,3—?—1]chromen—2—one) 5315489
P myristic acid 11005 C P edultin 5317013
P Prenol 11173 p (E)-2-ethylnonacos-2-enal 5317016
P Tereben (=Terpinolene) 11463 p Isobutyryl shikonin 5318520
. cis-p-2,8-Menthadien-1-ol
P Ethylpalmitate 12366 P (=(1R4S)-1 —Meth)ﬁ—4—(prop—1 -en-2-yl)cyclohex-2-enol) 5319363
P Undecane 14257 P [(4S)-4-isopropenyl-1-cyclohexenyllmethyl acetate 5325829
C limonene 22311 P Peruviol 5356544
P Myrcene 31253 P Ethyl oleate 5363269
p Nonanal 31289 P Methyl oleate 5364509
P Dehydro-p-cymene 62385 P Methyl geranate 5365910
C P xanthotoxol 65090 C germacrene D 5373727
P Xanthoxylin N 66548 p (+/-)-Isoborneol 6321405
C isopimpinellin 68079 P Isopinocamphone 6427105
P Prangenidin 69502 (O B-caryophyllene 6429301
C P oroselone 74477 C P columbianadin 6436246
C cyclobutanol 76218 P Karenin 6440661
P Acoradiene 90351 C torilin 6450226
C, P columbianetin 92201 p beta-elemene 6918391
P D-Camphene 92221 P beta-Fenchyl alcohol 6973643
P L-Bornyl acetate 93009 P [(2R)-2,3-dihydroxypropyl] acetate 6999061
P |-Carvyl acetate 102024 C 5-formylxanthotoxol 10585521
P Camphor 159055 p (E)-2,3-bis(2-keto-7-methoxy-chromen-8-yl)acrolein 10597338
p Cnidilide 160710 | p  Ihydroxy-4- [(7'm;f;_‘g{;ﬁ;?;gg'_‘;‘_’g\i”'8'V')methy”f““’[ 10715412
CP O-acetylcolumbianetin 161409 P 7-methoxy-2-oxochromene-8-carbaldehyde 11275724
P beta-sitosterol 222284 C o-pinene 12223113
P Perillyl alcohol 369312 P alpha-muurolene 12306047
P 7-Methoxy-4-methylcoumarin 390807 P alpha cadinene 12306049
P Hemo-sol (=Limonene) 440917 C &-cadinene 12306054
P (-)-nopinene 440967 P y-muurolene 12313020
P (-)-alpha-Pinene 440968 P o-santalene 12315252
P beta-Chamigrene 442353 C umtatin 12444597
P alpha-Curcumene 442360 C (S)-Auraptenol 13343540
P beta-Selinene 442393 P Auraptenol 13343541
P cis-Thujopsene 442402 C bicyclogermacrene 13894533
p (R)-linalool 43158 | P - (_)_DI;E?_’%yn' cﬁ;ftaazgt e) 14019266
p (-alpha-Terpineol 443162 | P cnideol B 15199342
(=5-(2-Carboxyethyl)-6-hydroxy-7-methoxybenzofuran)
P oleic acid 445639 | C, P cniforin A 15553295
P poriferast-5-en-3beta-ol 457801 C cnidimol B 21603473
[(1R)-1-(5,8-dihydroxy-1,4-dioxo-2-naphthyl)-4-methyl-pent- T
p y3-er¥yl] 3-methy|butapnoa%/e yi-p 479497 C cnidimoside A 21603474
C 2-methyl-docosane 519145 P o-Isovalerylcolum bianetin 51522494
C 8-hexyl-8-pentyl-hexadecane 521602 P (1n)-(+)-tricyclene 55250308
C 1,2,4-benzenetricarboxylic acid-1,2-dimethyl ester 610016 p cniforin B 58488745
C furanodiene 636458 | C, P cnidimol D 70682746
P p-coumaric acid 637542 | C, P cnidimol C 70697378
P meranzin hydrate 821434 C cnidiadin 101937463
p Neryl acetate 1549025
* C: TM-MC, P : TCMSP
o|&5]= EMIE OjAtoz GO enrichment analysis®t KEGG (Fig. 2).
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Fig. 1. The research flow of Cnidii Fructus acting on gastritis based
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Fig. 2. Network between target compounds of Cnidii Fructus in
databases (ellipse: DB, diamonds: compound)
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Table 2. 139 gastritis-related target genes related to Cnidii Fructus
compounds

PTGS?2, IL1B, NOS?2, IL6, CXCL8, TNF, CYP2C19, IL10, TP53, MET, CDHT, IL4,
TLR4, FGF2, AIRE, VEGFA, SOD1, CCL5, CAT, EPRS1, MPO, IL2, CXCL5, ALB,
MMP9, NFKB1, LRBA, PPARG, IFNG, RIPK1, PCNA, FAS, CRP, TGFB1, HPGD,
INS, ITGAM, TIMP1, IL5, GSTP1, EGFR, STAT3, GSTM1, GSTT1, MTBP, ERBB2,
MMP2, ABCB1, SERPINET, NPM1, WFS1, OGG1, BCL2, CYP2E1, XRCC1,
PTGES3, CCL3, SOD2, CTNNBT, NFE2L2, ILTA, XRCC3, TRPV1, CCL2, MDM2,
IL18, TLR2, CD44, TNFSF10, BCL2L11, GPT, BIRC5, CDKN1B, CHEK2, ICAM1,
HMOX1, ASH1L, FIP1L1, PKP3, FTH1, HSPA5, APOA1, KRT18, PTEN, PRKCD,
GAB1, ARG1, PARP1, BGLAP, SKP2, PDX1, KRT8, ADIPOQ, SKIC2, SMAD4,
SELE, CYP3A4, AURKB, BBC3, HSPA1A, GSR, ACHE, NOX1, RAD21, PTPN3,
SETD5, BRAF, CXCL2, CCND1, TIMP2, BCL2L1, MYO9B, CYP17A1, CYP1A2,
BAK1, LY96, CTTN, MT2A, APC, TNFRSF10D, ERCC4, ERCCS, PRKAAT, XPC,
BHLHE40, HDGF, FGF7, MYC, TTR, STAT1, EIF2AK3, M6PR, XBP1, ATF6,
ERN1, EDN1, ERCC1, VCAM1, CDKNTA

3. GO enrichment ¥ KEGG pathway 2412 £3t 27|18 24
HEo] gt &4o] o= 139719 Bl RAALE tiifez
DAVID (version 2023q3)2 &835lo] GO enrichment EXu}t
KEGG Pathway A& ARttt 2 ZAn APFARY 74 ‘g2l
AE ¥ Bl AEFE Zoz dFHE 7]A2  negative
regulation of apoptotic process, inflammatory response,
response to ethanol, positive regulation of interleukin-8
production, positive regulation of interleukin-6 production,
positive regulation of NF-kappaB transcription factor
activity, positive regulation of tumor necrosis factor
production 5902 o &L} (Table 3, Fig. 3). E3I o|2|st E}
Ax #Ad AN F2E 5% 2% F2 Inflammatory
bowel disease, Gastric cancer, FoxO signaling pathway,
HIF-1 signaling pathway, EGFR tyrosine kinase inhibitor
resistance, PI3K-Akt signaling pathway, NF-kappa B signaling
pathway So] ojg Zlog of&E]9tTable 4, Fig. 4).

Table 3. Biological processes related to targets of Cnidii Fructus
using David GO enrichment analysis

Category Term Count % P Value
negative regulation of apoptotic :

process 40 2877698 1.36E-28

inflammatory response 28 20.14388 4.39E-18

response to ethanol 13 9.352518 2.69E-11

GO positive regulation Qf interleukin-8 11 7913669 298E-11

Biological production ' .

Process  positive regulation of interleukin-6 ;

production 11 7913669 3.78E-09

positive regulation of NF-kappaB ;
transcription factor activity 12 8633094 249E-08

positive regulation of tumor necrosis ;
factor production 10 7.194245 7.55E-08
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Fig. 3. Dot plot for Biological processes related to targets of Cnidii
Fructus using David GO enrichment analysis.

Table 4. KEGG Pathways related to targets of Cnidii Fructus using
David GO enrichment analysis

Category  Type Term Count % P Value
. Inflammatory bowel disease 16 11.51079 1.95E-14

Diseases .
Gastric cancer 20 1438849 5.01E-13

FoxO signaling pathway 19 13.66906 5.83E-13
HIF-1 signaling pathway 17 1223022 4.37E-12

KEGG
Pathway i aral: EGFR tyrosine kinase .
y %gtnhﬂg)? inhibitor resistance 139352518 1.608-09
PI3K-Akt signaling pathway 24  17.26619 2.47E-09
NF-kappa B signaling .
pathway 14 10.07194 3.83E-09
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Fig. 4. Dot plot for KEGG Pathways related to targets of Cnidii
Fructus using David GO enrichment analysis
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(b)

Fig. 5. Compound-Target Network of compounds in Cnidii Fructus
for gastritis. (a) Total Network (165 nodes, 2915 edges), (b)
Compound-Target Network of representative compounds in Cnidii Fructus

Table 5. List of major targets found in the network analysis

Type Name Betweenness  Closeness Degree Neighborhood
Centrality Centrality Connectivity
TP53 0.092305 0.759259 115 4488696
TNF 0.035168 0.725664 103 50.62136
BCL2 0.034785 0.691983 95 52.56842
EGFR 0.0322 0.677686 90 5143333
NFKB1 0.028983 0.677686 90 54.6
ABCB1 0.026661 0.534202 35 57.22857
Target STAT3 0.026469 0.666667 89 54.46067
PPARG 0.025076 0.640625 81 56.39506
PTGS2 0.02058 0.658635 85 54.83529
IL6 0.019637 0.703863 96 5341667
PTEN 0.017492 0.61194 7 55.61972
IL1B 0.015583 0.677686 89 55.06742
GSR 0.013741 0.520635 30 59.7
SOD1 0.012752 0.534202 37 59.94595

Table 6. List of major compounds found in the network analysis

Name Betweenness Closeness Neighborhood
Type (CID No)  Centrality Centrality 29" Connectivity
coumarin
(323) 0.098023  0.602941 65 38.96923
hexadecanoic
acid 0.018962 0592058 63 49.47619
(985)
oleic acid
(445639) 0.004061 0.546667 43 55.90698
linoleic acid
(5280450) 0.002187  0.482353 23 55.21739
stigmasterol
(5280794) 0.001108 0443243 5 69
Xammx'” 0001023 0486647 12 4858333
Compound osthol
(10228) 8.22E-04 0471264 14 49.78571
psoralen :
(6199) 5.08E-04 0454294 10 415
diosmetin
(5281612) 3.16E-04 0451791 7 4328571
bergapten 3
(2355) 2.20E-04 0460674 7 49.42857
p-coumaric
acid 489E-05  0.482353 9 7333333
(637542)
myristic acid :
(11005) 2.79E-05 0428198 6 60
A
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oA Sol #Hd A 71Fes 9
= A3 AN = FaT
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biological process DBOJA] “negative regulation of apoptotic

o

process”, “inflammatory response”, “response to ethanol”,
“positive regulation of interleukin-8 production”, “positive
regulation of interleukin-6 production”, “positive regulation
of NF-kappaB transcription factor activity”, “positive
regulation of tumor necrosis factor production” 50| &9l%]
9111, KEGG pathway DBOJA]= “Inflammatory bowel disease”,
signaling pathway”, “HIF-1

“Gastric cancer”, “FoxO

kinase inhibitor

“NF-kappa B

signaling pathway”, “EGFR tyrosine
resistance”, “PI3K-Akt signaling pathway’,
signaling pathway” S02 3olg]Qich
HAMIALY] 99 #H ZFQ EPloz TP53, TNF, BCL2,
EGFR, NFKB1, ABCB1, PPARG, PTGS2, IL6, IL1B, SOD1 So]
EEPy, FTH Fo AHEo=Z osthol,
hexadecanoic acid, oleic acid, linoleic acid, stigmasterol &
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