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Network pharmacology and molecular docking analysis based
on mechanism of Compound Gastritis Mixture in treatment of
chronic atrophic gastritis

WANG Qiuyue, YANG Zhengning, HUANG Xiaofeng, HUANG Minghan, WANG Wenrong
(Department of Spleen and Gastroenterology, Second Affiliated People’s Hospital, Fujian University of
Traditional Chinese Medicine, Fuzhou 350003, China)

ABSTRACT Objective: To investigate the active ingredients and targets of Compound Gastritis Mixture
(CGM) in the treatment of chronic atrophic gastritis (CAG) by network pharmacology method, and to
validate the potential mechanism combined with molecular docking technology and cellular experiments.
Methods: The Traditional Chinese Medicine System Analysis Platform (TCMSP) and Swiss Target
Prediction databases were used to select the herbal ingredients of CGM and the corresponding targets; the
GeneCards and Online Mendelian Inheritance in Man (OMIM) database were used to screen the targets of
CAG; the common targets of CGM and CAG were analyzed from the Venny2. 1.0 platform; STRING
online platform was used to construct protein-protein interaction (PPI) networks for common drug-disease
targets and screen the core targets. Cytoscape 3.9.1 software was used to construct the drug-disease-
target network and screen the drug core components; Gene Ontology (GO) fuctional, Kyoto Encyclopedia
of Genes and Genomes (KEGG) signaling pathway enrichment analysis were used to analyze the common
targets of CGM and CAG; and AutoDock analysis software was used to perform molecular docking analysis
of predicted main components of the drugs and core targets. The gastric mucosal epithelial cells GES-1
were induced by lipopolysaccharide (ILPS) to construct CAG cell model. The GES-1 cells were divided into
blank group (10% serum complete medium) , model group (10 mg-L ' LPS), and different concentrations
of CGM groups (50, 100, 200, 400, 800 and 1 600 gL' CGM+10 mg:L™' LPS), and cells were
incubated for 12, 24, and 48 h. The cell counting kit-8 (CCK-8) assay was used to detect the proliferation
activities of GES-1 cells. The GES-1 cells were divided into blank group (10% serum complete medium) ,
model group (10 mg+L "' LPS) and CGM group (1 600 g-L.-' CGM+10 mg-L.' LPS). Real-time
fluorescence quantitative PCR (RT-qPCR) method was used to detect the expression levels of interleukin
(IL) -6, tumor necrosis factor (TNF) , serine/threonine protein kinase 1 (AKT1) ,IL-18, and epidermal
growth factor receptor (EGFR) mRNA in the cells in various groups. Results: A total of 198 ingredients
of CGM were screened, and 128 common targets with CAG were identified. The main herbal ingredients
of CGM in treatment of CAG were quercetin, kaempferol, and lluteolin, which mainly acted on the core
targets of IL-6, TNF, AKTI1, IL-18, and EGFR. The GO function enrichment analysis results showed
that the top 15 targets mainly focused on biological processes (BP) such as apoptosis, inflammatory
response and cell proliferation, mainly included cellular components (CC) such as cytoplasm, cell surface

and macromolecular complexes, and mainly exerted molecular functions ( MF ) such as proteins, enzymes
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and ubiquitin-protein ligases. A total of 158 pathways were obtained from KEGG signaling pathway
enrichment analysis, mainly involved cancer-related pathways, TNF signaling pathways, viral infection,
programmed cell death-ligand 1(PD-1.1)/ programmed cell death protein-1 (PD-1) pathways, apoptosis,
NOD-like receptor signaling pathways, Toll-like receptor signaling pathways, EGFR, and 1L.-17 signaling
pathways. The binding energies of the core targets 1L-6, TNF, IL-18, AKT1, and EGFR with main
herbal ingredients quercetin, kaempferol, and luteolin were<_—5 kcal*mol '. The CCK-8 assay results
showed that compared with blank group, after 24 and 48 h of cell culture, the proliferation activities of the
cells in model group were significantly decreased (P<Z0.01), and the inhibition of the proliferation activity
was more obvious after 48 h; therefore, 48 h was selected for the modeling time; compared with model
group, the proliferation activities of cells in 800 and 1 600g+L "' GCM groups were significantly decreased
(P<<0.01), and the promotion of cell proliferation activity was more obvious in 1 600g-L. ' GCM group,
so the intervening concentration of this drug was selected for the subsequent experiments. The RT-qPCR
method results showed that compared with blank group, the expression levels of IL-6, TNF, IL-18,
AKT1, and EGFR mRNA in the cells in model group were significantly increased (P<C0.01) ; compared
with model group, the expression levels of IL-6, IL-18, AKT1 and EGFR mRNA in the cells in CGM
group were significantly decreased (P<C0.01). Conclusion: CGM may play a role in the prevention and
treatment of CAG through multiple ingredients such as quercetin, kaempferol and lignocerol, acting on the
multiple target proteins such as IL-6, TNF, AKT1, IL-18, and EGFR, as well as involving a variety of
“inflammatory-cancer-related” pathways.

KEYWORDS Network pharmacology;

Chronic atrophic gastritis; Compound Gastritis Mixture;

Molecular docking analysis; Experiment verification

IR &2 T i 3R
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W4, MRE RN S8 DC E I CGM & # 1E H
A% > 53 o
1.6 # B A4k (Gene Ontology, GO) 7 £k Fo 7 A5
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Genes and Genomes, KEGG) 15 5 8 & & &£ 4 #
¥ CGM 5 CAG Y IL A HE s i A = DAVID %48
J# (https://david. nciferf. gov/home. jsp) ", #47
GO e KEGG {5 5 il it & 0 B, 23 3l 2 A
AR 15 62 GO Zyfig & 4 20 Hr FAi 30 2 KEGG 17 5
i P AR AT B A, SRR AE Ml Chtep://
AT G T AL .
1.7 & F 5845 #H K H AutoDockTools
(Version 1.5.7) B, ¥ DCIEHE#A T 30259
535 HE 44 AT 5 AL Y R S SRS A X R R
I Autodock Vina 3 1 ¥F it — 3% 18] (9 45 & W%

“Homosapiens”

www. bioinformatics. com. cn/) i

3 UL S ARG, BN 45 A TG MR EL A g
g, &5 fE<<—5kcal'mol "EWISARET . &
i, it PyMOL (Version 2.5.4) 8 f45 wf 45 45
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1.8 e Z4h L Z2XMNPAE BRI LA
fil GES-1 T B il AR A F . CGM 24
W: %S 15g. WK 15g. AR 10g. KX 15g.
PHIg, 29g. BrEZ9g. W 6g. M7 10g.
#AR6g, —L3g. WiE3g. Eﬁ9gﬂlﬁ$3g,
it EA R W E S AR ER AL H
A2 10 F5 5 & #J%E/x/fﬂ?ézfnulgﬂ’wk
H10.5h, HKIKFA1.5, 1.0F0.5h, FH 3KAT
BT EI . S ERAE B A& RN

1600 gL', Wik T4°CkMP&M. kZh
(lipopolysaccharide, LPS) g H b5t RIE A A,

2 R/ I AR R H I 1 (serine/threonine kinase
protein 1, AKT1). REAKKEFZIK (epidermal
growth factor receptor, EGFR) . H 41 i /v ¥
IL) -6, B J& 38 6 N 1
necrosis factor, TNF) F11L-18 #it &y § 3¢ E
Abcam 23 ®) , 4 i A0 R & 8 (cell
kit-8, CCK-8) ik ], TRIzol. SYBR Gree PCR
i ) A S R B B L i R R R R B
HFAWRA A . BR300 8 3 5038 B £ R A
AR, DEE A LEERGEEEARA A,
SompoY¢ 6 E & PCR
quantitative PCR, RT-qPCR) £ Wl {X g H 3%
ABIZA ], AR AR E O AL 5 S 568 Y
wr A R
1.9 CCK-8 % #& ml & 41 GES-1 %8 o 3% 7 #%& M
GES-14 i % 11 &% 1020 Jift 4 ML A 104 5 -85 2
FEWPIR A WA DMEM & MR 72 56 . F 37 °C
500 COLBGFRMIh BT A7 o BEFR AL T 00 B2 KT Y 4
ML, T 96 fLANMI B FR AR h MR SR, A& 3
BAL, FALAMMITESX10°A, EAME S EY
80%, K GES-14iMfd7r h= HA (1006 Mg 5 &
B st) . BERI4 (10 mg-L ' LPS) FIA [F) e &
CGM 4 (50, 100, 200, 400, 800 F11 600 g-L.~"
CGM+10mg-L 'LPS), #¥EH 12, 24 f48h )5,
T &AL o ACBL 1 4 i CCK-8 ﬁt,,n 100 pl., ¥E3%
R E 1 he SREEAR AT 4 450 nm Ab 45 I
WG RE (A) B, LA H AR 2 4 48 A 3% 5 0 e
i 6 H5e A2 245 ) e 8 R TR ]

(interleukin, (tumor

counting

(real-time fluorescence
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1.10 RT-qPCR 3% # % & 21 GES-1 @ J& ¥ 1L-6.
TNF.IL-1B.AKT1# EGFR mRNA % & K-F 4%
HE“1.97 Wy ik 3 & 4 GES-1 4 ifl, 3k 8 X0 5k
A K GES-1 40 i 42 F F 96 FL 40 g 55 3% Al K5 5%
24 h, ¥ GES-141 5> A= HA (10% 1 i 56 4
Begedt) . B4l (10 mg-L ' LPS) Hl CGM 41
(1600 gL' CGM+10 mg-L ' LPS), W% % 41
A0 M, P SYBR Gree PCR R & Ut B 45 3k 47

PCRY 4, Tk L@k, RNAKZR: SYBRGreen
Mix 12.5 pL. E#E5IY T 5 ¥ & 0.5 pl.,
cDNA #Hz 2 pLL Al ddH,O 9.5 pL, Tk E#A1E.
KR 95 ‘C Wi AS P 10 min; 95 “CAE 1 15 s,
60 CHEff 45 s, FLA0MEI . HHriEMmiZ, L
GAPDH BN Z, RH 2 “"“ kit 8 H iy 5 &
B, Bl AL E L, PCREIY &4
FHE (1) A RA RS R

X1 39F5

Tab.1 Primer sequences

Gene Forward primer(5—3") Reverse primer(5—3")

1L.-6 TCCAGAACAGATTTGAGAGTAGTG GCATTTGTGGTTGGGTCAGG

TNF CGGGATCCGAAATTGACACAAGTGGACC CGGAATTCCTCCCAAATAAATACATTCATCTG
AKTI1 CAACTTCTCTGTGGCGCAGTG GACAGGTGGAAGAACAGCTCG

1L-183 CCAGGGACAGGATATGGAGCA TTCAACCGCAGGACAGGTACAG

EGFR GGCACTTTTGAAGATCATTTTCTC CTGTGTTGAGGGCAATGAG

GAPDH TATCATGCGTTCTCCTCAGA TTTGAAGGCAGTCTGTCGTA

1.11 %3t a4 R SPSS 26. 048 i+ # 4k #k47
it M . 4% 20 GES-1 20 g 48 5 335 4 01 40 g o
IL-6, TNF, IL-18. AKT1 X% EGFR mRNA ik
KFEWFEEBMA, UrtsEm, ZHMEEA
PR BR IR 2 )y 22 3 B, 4 8] RE A 25 5507 7
R LSD-2 K560 . LA P<<0.05 N 2R A Geil%

2 & R

2.1 CGM®EHHFEMRLS RATRGIE  HTK
KT CCGM W25 TG M4, I Bk JC A AR A5
WG, RBREE, &5 RS 198 1~ 25 W) i
gy, 1120 B30 A5, ef B 19 4> 245 i S ] 3
WA . W2,

2.2 CAGRREEEZLLECCGME LRIEE X
F GeneCards Fl OMIM 45 & ki 28 CAG 9% AH ¢
HIFE R 8, & JF I 2 35 AR A5 B o a5 4k 484 4,
WA Venny 2. 1.0 B s B H 5 1 120 4~ 25 9 Wi 43 48
BB, AREL 128 CGM 5 CAG fly h [R] #E 45,
UL 1.

2.3 PPIM% #1281 CGM 5 CAG Yyt [A] ¥ 54
S ASTRING TEL V&, RBRIEE WG, K15
PPIM %% &, - H 5 A Cytoscape 3. 9. 1 #4247
EUR AT AL A F 3BT . HEAI G 12819 45, 2 848%%
AL, AT Y [ R R R L 0 R 21 4 3R X

I DCAE B o RIS HEA AT 10 2 A DR A, B
ff1L-6. TNF. AKTI1. IL-13. EGFR. TP53,
B 40 Mk B9 2 (B-cell lymphoma-2, Bel2) . B
F KB1 (nuclear factor-KB1, NFKB1). g 5 %# &%
N8 S 305 I F 3 (signal transducer and activator
of transcription, STAT3) H#ISRC, AH5CH & A fig
2 CGMIRTr CAG I 2 s . WLIAT 2.

2.4 HYRHy-RA-RERNEGH YR -BENE-
S R 45 S 328 T R, 2 638 AR, A
MR J7 1798 Sy Il FHE a3, A0 5 2208
WA FR, ZEMBIE Ry 250 18003, ZE oS8 S 259
SR TR AT S DCAE, HE4 AT 347 1 B 53
JM R R N AR ERLR I 32 ) o) AT
AN GCM AT CAG Ry EZ 25 . WL 3.
2.5 GO%#AKEGGHEFTERE E44 K
B AR B 128 A~ JL R mi i A 2= DAVID 8 %
R 10484 GO IIREE L4 R, & 83141
2433 2 (biological process, BP) . 76 /™41 Jig
243 (cellular component, CC) #1141 94> F P g
(molecular function, MF ). X HE# i 15 7 8 &8 F
TTGOUfeE £, FLEETTHMMT . RAE
JRE AN i 34 5 48 BP, B AL HE A0 T . 40 R
A KD FREAERECC, FEEHEEA . BM
ZFEE NS MF, KEGG {55 ## & 34K
13 158 Zil i, P AL HE A AT 30 A A sE %, FEEW
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Tab.2 Common active ingredients of CGM herbs

MOLID Common active ingredient

CGM herbs

MOL000296 Hederagenin

Huangqi, Fulin, Ezhu

(3S,8S,9S,10R, 13R, 14S,17R)-10, 13-dimethyl-17-[(2R , 5S)-5-propan-2-yloctan-2-yl]-
2,3,4,7,8,9,11,12,14,15,16,17-dodecahydro-1H-cyclopenta[aJphenanthren-3-ol

MOL000033

MOL000449
MOL000006
MOL007514
MOLO001755
MOL000358
MOL000359
MOL002879  Diop

Stigmasterol

Luteolin

Methyl icosa-11, 14-dienoate
24-Ethylcholest-4-en-3-one
Seta-sitosterol

Sitosterol

MOLO000098  Quercetin
MOLO001792 DFV
MOL003896  7-Methoxy-2-methyl isoflavone

MOL004328  Naringenin
MOLO005828  Nobiletin
MOL000239  Jaranol

Huangqi, Baizhu

Dangshen, Peilan, Sharen, Banxia, Sanqi
Dangshen, Peilan

Dangshen, Sharen

Banxia, Sharen

Sanqi, Banxia, Sharen, Zhike, Baishao
Chenpi, Peilan, Baishao, Gancao

Sanqi, Dangshen

Huangqi, Sanqi, Huanglian, Gancao
Sanqi, Gancao

Dangshen, Gancao

Chenpi, Zhike

MOLO000354  Isorhamnetin Huangqi, Gancao
MOL000417  Calycosin
MOL000211  Mairin
Huangqi, Baishao, Gancao
MOL000422  kaempferol
o nc WA M 2 I 2 R . R S PR 5.

356

(24.1%)

Bl CGMZi¥5 CAGHRFHEFRE

Fig. 1 Venn diagram of targets between CGM herbs

and CAG

Ko I 0E A 6 0 B . TNE {5 5 5 . 6 3 e |
¥ Pk 4 M B8 T 32 R B AR 1 (programmed  cell
death-ligand 1, PD-L1) /F2 )% M40 M 5E 1= 32 1K 1
(programmed cell death protein-1, PD-1) il . 4
MU T . NOD 2 i fi 5 il i . Toll =Z K157 58
H . EGFRHANIL-17{5 5 W5 W4,

2.6 HFxESH KHMWAIL-6. TNF, IL-18.
AKTIHM EGFR 5 259 ot B 3 L 1l 28 Wy BooR R
TR MG A B <<—5 keal-mol ', BTk G M

2.7 RAmiedAEn S5E 4B, Mk
IR 24 FN 48 h 5, A AU 4T 4N i 3 5 1 35 W G RIS
(P<C0.01), H 48 h /7 20 i 3% e 3% 4 90 il 58 81 &
R £ LPS 5 5 48 h W G LI ] . WLIEI 6, SR
I H S, 800 F11 600 g+ L' CGM £H 41 Ji 1 4 3%
PEET BT (P<<0.01), 1600 g-L ' GCM 41 4H
It 384 T AR R AR R S, ORI AW T Bk
EHATIRS S, WK 7,

2.8 % %@ M ¥ IL-6. TNF, IL-18. AKT1 #=
EGFR mRNA £ K+ 5S4k, B4
i 1L-6, TNF, IL-18. AKT1MEGFR mRNA
FRK B TE (P<0.01)., SHEIY HE,
CGMAAEHIL-6, IL-13. AKT1MEGFR mRNA
FIKIK P HI I B AR (P<<0.01); TNF mRNA %
KAKCEREAL, MEFTHEITFE X (P>0.05),
W24,

R I & .

CAGHE R —Fh i Z B Ak 2, LT 1A
7 ol ] R LR R R A R B AR, B TR S
R, ZEREEPESRFEMES AR
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PTPN22 TNNT2

B2 CGMIRYF CAG R &) PPIRIZ
Fig. 2 PPI network diagram of potential targets of CGM in treatment of CAG
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Fig. 3 Network diagram of herb ingredient-disease-target
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Fig. 4 GO functional and KEGG signaling pathway enrichment analysis
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Tab. 3 Molecular docking analysis on main herb ingredients

and core targets

Target Herb ingredient Binding energy (kcal-mol )
1L.-6 Quercetin —8.0
Kaempferol —7.7
Luteolin —8.0
TNF Quercetin —10.1
Kaempferol —10.9
Luteolin —9.7
AKT1 Quercetin —8.4
Kaempferol —8.1
Luteolin —8.3

1L-1B8 Quercetin —8.0

Kaempferol —8.1
Luteolin —8.0
EGFR Quercetin —7.9
Kaempferol —8.4
Luteolin —8.3

s BBz AT RIS %E?k M
FCIH RO, SERGE S, B RRR, BT

MR FRI], By (ki i 2 A 4 B 2
B, ol EE Ly, ARTr g, LA O3 A0 B
RSN S s 2 T, 3 W‘L% #ﬁ'ﬁlﬁiﬁ
CAG % B #Bm A, LAph Ik Lk — L As 0 4k
i, CGM‘IE‘H?CAGE‘Jﬁﬁiﬁj\%ﬂhﬁﬁﬂl‘éﬁﬁﬁi&—ﬂ?‘
Rt

CGM J5 3647 198 A Bk ML 43, 7T AR
ﬂﬁ1284\%@6@%.“%5:_%_@{6%LAGE@E
o o BT as it e R L IR AR BR R R R
H W EE Y 8. BE5E :IMOJE%: it e R
K H0 AL T% PR T B $EE BR O M A (reactive
oxygen species, ROS), #F1M B35 B 25 A 4 16 7
i, i AT BEAR TNF-o i 5 09 56 00 4 )8 &5 1 i 9
(matrix metalloprot eindse-9, MMP-9) Fik, W5
BRI B 20 M 5 0 B K BEL I A i+ . 1 2
AL AR A P TL-6 A 2E BT 4% T TL-10 B 43

] B A A & B (catalase, CAT) 7K
DAL AR e, R R B . K
Jo R 2% AT S ek 9T A A S DT REL A L A O T B
b R -] 3 B R A Ak AR BH W R Y
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A': AKT1-kaempferol; B: AKT1-luteolin; C: AKT1-quercetin; D:IL-6-kaempferol; E:IL-6-luteolin; F:IL-6-quercetin; G: TNF-kaempferol;
H: TNF-luteolin; I: TNF-quercetin; J: IL-18-kaempferol; K:IL-1B-luteolin; L:IL-13-quercetin; M: EGFR-kaempferol; N: EGFR-luteolin;

O:EGFR-quercetin.
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Fig. 5 Model diagrams of molecular docking
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Fig. 6 Proliferation activities of cells in two groups

after cultured for different time
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Fig. 7 Proliferation activities of GES-1 cells in various

groups
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#F4 KBHMKPE P IL-6, TNF.IL-13 . AKT1f EGFR mRNA 357K F
Tab.4 Expression levels of IL-6, TNF, IL-18, AKT1, and EGFR mRNA in cells in various groups (n=3, x3s)

Group IL-6 mRNA TNF mRNA AKT1 mRNA IL-18 mRNA EGFR mRNA
Blank 1.0040.14 1.00£0.23 1.00£0.18 1.00+0.21 1.0040.21
Model 3.64+0.75" 2.19+0.26" 3.78+0.67 5.72+0.66" 5.7240.66"
CGM 1.9440.57% 1.790.19 1.9640.20" 1.8470.63" 2.21+0.72%

"P<C0.01 ws blank group; “P<C0.01 vs model group.
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regulated protein kinase, ERK) .
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