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Abstract: Objective To explore the mechanism of berberine hydrochloride(BBRH) in the treatment of gastritis by means of network
pharmacology. Methods  With the help of PharmMapper server prediction and screening combined with TCMSP and PuChem database
and STRING, BBRH protein — protein interaction(PPI) network was constructed. With "gastritis” as the key word, the target related to
gastritis was retrieved in GeneCards database, and the PPl network of gastritis target was established. BBRH target and gastritis target
were merged. PPI, which was the potential target of BBRH in the treatment of gastritis,was constructed. The key target of BBRH in the
treatment of gastritis was obtained by topological analysis using Cytoscape 3. 6. 1. The signal pathway and biological function of BBRH
in the treatment of gastritis were analyzed by DAVID and ClueGO. The binding activity of BBRH to the main target was verified by
molecular docking. Results Through screening and analysis,31 potential targets for BBRH in the treatment of gastritis were obtained,a-
mong which TP53, MAPK1, PTGS2 and PPARG were the key targets. The results of pathway enrichment and functional annotation
showed that BBRH interfered with the development of gastritis by regulating inflammatory pathways such as TNF signaling pathway, B
cell receptor signaling pathway,PI3K — Akt signaling pathway and other cancer pathways,mainly involving 13 biological functions,such as
regulation of reactive oxygen species metabolism , nitric oxide biosynthesis process, and migration of vascular endothelial cells.
Conclusion This study reflects the characteristics of BBRH in the treatment of gastritis through multi - target and multi - link and pro-
vides ideas for further research on the mechanism of BBRH in the treatment of gastritis.
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YEFABL , D9 BBRH 2 BEAL ] Y P B K HG B 221 PR
FHRYTT R AR HEDT 5T R BRARE AN R
1 #AMERHZE
1.1  BBRHIERUER A EIEME (PPI) Mg

TE NCBI 04 )% 1 3K 45 berberine B SDF #% 3 3¢
#, I8 H F A% PharmMapper IR 55 #% Chtip : / /lilab.
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Protein name Gene name  Betweenness Closeness Degree
Coagulation factor Il 2 0.053 0.504 16
Prostaglandin G /H synthase 2 COX-2 0.046  0.552 30
Nuclear receptor subfamily 1 group | member 2 NRII2 0.033 0.489 16
Glyceraldehyde - 3 - phosphate dehydrogenase GAPDH 0.212 0.655 58
Cytochrome P450 3A4 CYP3A4 0.080  0.540 28
Hypoxia - inducible factor 1 - alpha HIF - o 0. 004 0.500 18
Heat shock protein HSP 90 - beta HSP90ABL  0.037 0.511 25
Mitogen - activated protein kinase 1 MAPK1 0.072 0.586 43
Nitric oxide synthase , endothelial eNOS 0.020 0.518 23
Mitogen - activated protein kinase 14 MAPK14 0.012  0.525 25
Nitric oxide synthase, inducible iNOS 0. 004 0.492 16
Calmodulin - 1 CALMI1 0.021  0.485 18
Estrogen receptor ESRI 0.048 0.560 34
Cellular tumor antigen p53 P53 0.192  0.648 56
Peroxisome proliferator - activated receptor gamma ~ PPARG 0.051 0.518 26
Glucocorticoid receptor NR3C1 0.029 0.535 22
Retinoic acid receptor RXR - alpha RXRA 0.020  0.468 19
Androgen receptor AR 0.063 0.555 30
Nuclear receptor coactivator 2 NCOA2 0.019 0.492 19
Cyclin - dependent kinase 2 CDK2 0.009  0.492 17
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T PIBK — Akt {5530 % 455 UL IR 2 Ml ) o 3k 124>
B AR TE WA T TR AT B LR R (E SR
(DDR1,1kB - o, MAPK14) A E T F - 1 {5530 %
(HIF - la, IFN -y, MAPK1,iNOS, eNOS) . Ifi. & N iz /=
K P F15 538 % (MAPK 1, iNOS, eNOS, COX —2) . I8
WA N T 5 5 @ % (IkB-a, COX -2, MAPKI4,
MAPK1) 464 DU 4 2 AR 34 3 % (COX - 1, COX - 2) i
JHKi % (BRAF,DDR1,GSK - 38, MAPK1) % 5 B R 1) &
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Protien name Gene name  Betweenness ~ Closeness  Degree Target  Betweenness  Closeness ~ Degree Target  Betweenness  Closeness  Degree
Checkpoint kinase - 1 CHEKI 0.0045  0.4833 5 1L6 0.043 0.699 372 || CCNDI 0.009 0.592 210
Tumor suppressor p53 Tp53 0.2147  0.7838 21 AKTI 0.042 0.678 343 | CDHI 0.013 0.591 209
Mitogen - activated protein kinase 14 MAPKI4  0.0122  0.6042 11 NF 0.031 0.675 340 HRAS 0.011 0.591 206
Mitogen - activated protein kinase | MAPKI 0.1503  0.7436 19 ALB 0.036 0.656 311 (SF2 0.005 0.581 197
Glycogen synthase kinase - 3 beta GSK-3B 0.0040  0.5472 6 INS 0.030 0. 643 299 || ITGAM 0.004 0.577 196
NF - kappa - B inhibitor alpha IkB -« 0.0006  0.5472 8 VEGFA  0.019 0.642 292 || TLR2 0.006 0.577 196
Androgen receptor AR 0.1268  0.5918 11 STAT3 0.017 0.637 286 NOTCHI 0.009 0.580 192
Heat shock protein HSP 90 - beta HSP9OABL  0.0298  0.5686 11 EGFR 0.026 0.635 282 || 1CAML 0.004 0.578 192
Telomerase reverse transcriptase TERT 0.0089  0.5273 7 EGF 0.022 0.630 275 PTEN 0.008 0.580 189
Hypoxia - inducible factor | - alpha HIF-T1a  0.0067  0.5686 8 IL10 0.014 0.629 2712 | ILITA 0.003 0.569 188
Peroxisome proliferator - activated receptor gamma ~ PPARG 0.0896  0.6042 13 CXCL8 0.013 0.623 270 || IGF1 0.009 0.575 184
Caspase - | CASP1 0.0124  0.5686 9 MAPK3  0.017 0.622 263 | CTLA4 0.005 0.567 183
Nitric oxide synthase , endothelial eNOS 0.0117 0.568 6 10 MYC 0.023 0.621 259 ERBB2 0.010 0.577 182
Serine / threonine - protein kinase B - raf BRAF 0.0000  0.4754 4 112 0.011 0. 606 240 (CXCR4 0.004 0.569 177
Nitric oxide synthase, inducible iNOS 0.0086  0.5800 11 TLR4 0.011 0.606 239 || FGF2 0.006 0.569 173
Coagulation factor IT 12 0.0891  0.5472 1 CASP3 0.012 0. 608 237 | ILI3 0.004 0.559 173
Cystic fibrosis transmembrane conductance regulator ~ CFTR 0.0230  0.5000 5 ILIB 0.011 0.603 237 || KOS 0.010 0.573 172
Interferon gamma IFN -y 0.0276  0.6042 12 MAPKS ~ 0.012 0. 608 237 || CTNNBI 0.010 0.568 171
Transthyretin TTR 0.0000  0.4603 2 114 0.008 0.603 230 || FOXP3 0.005 0. 566 170
Prostaglandin G/H synthase 2 C0X-2 0.1862  0.7073 17 FN1 0.011 0.595 226 (D40 0.003 0.560 169
Prostaglandin G/H synthase | COX-1 0.0079  0.4754 6 MMP9 0.009 0.597 25 KRAS 0.006 0.567 166
15 - hydroxyprostaglandin dehydrogenase HPGD 0.0000  0.4265 2 JUN 0.012 0.599 22 || CCLS 0.002 0.556 166
Vitamin D3 receptor VDR 0.0046  0.5000 5 SRC 0.013 0.598 219 || CD34 0.003 0.562 162
Cytochrome P450 3A4 CYP3A4  0.0062  0.5000 4 CD44 0.008 0.591 216 | HSP90AAT  0.011 0.564 161
Menin MENI 0.0000  0.4531 2 (CCL2 0.005 0.587 212 | ANXAS 0.003 0.564 158
- S WS e, A7) T BBHR I BRI B DL .
arbonic anhydrase A ) ) S TAS
Aromatic - Ly- amino - acid decarboxylase DDC 0.0000  0.3766 1 2.4 ﬁi¥ 5 EZU:TZ/ . s s
Epithelial discoidin domain - containing receptor | -~ DDRI 0.0000  0.4203 1 R ARAES | RAVE R DRI B IE +
Histo - blood group ABO system transferase ABO 0.0000  0.3580 1 TEAERE AL BBRH HEAT 31 xf 4% (WA 4) Bk 5 3Z 1
S5 IR G A E I RE A, AR A AT RE RO A
RV LEALIR]  ABFTE A T 250 - BB — R BRSO RS R W], BBRH 5 12 ML S SR
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Pathway Count  Count% P - Value Pathway Count  Count% P - Value
Pathways in cancer 12 38.71  0.000 000 25 || Chemical carcinogenesis 4 12.90  0.0045
Prostate cancer 7 22.58 0.000 0014 | Transcriptional misregulation in cancer 5 16.13  0.005
Serotonergic synapse 7 22.58 0.000 0054 |[ Small cell lung cancer 4 12.90  0.0053
Leishmaniasis 6 19.35  0.0000099 || Progesterone — mediated oocyte maturation 4 12.90  0.0056
NOD - like receptor signaling pathway 5 16.13  0.000 08 Tuberculosis 5 16.13  0.006 1
Neurotrophin signaling pathway 6 19.35  0.000 13 Linoleic acid metabolism 3 9.68  0.0065
Hepatitis C 6 19.35  0.0002 TNF signaling pathway 4 12.90  0.01
Thyroid cancer 4 12.90  0.00023 Thyroid hormone signaling pathway 4 12.90  0.012
Salmonella infection 5 16.13  0.000 37 Bladder cancer 3 9.68  0.013
HIF - 1 signaling pathway 5 16.13  0.000 65 PI3K - Akt signaling pathway 6 19.35  0.014
Influenza A 6 19.35 0.000 71 Sphingolipid signaling pathway 4 12.90  0.014
T cell receptor signaling pathway 5 16.13  0.000 76 Platelet activation 4 12.90  0.017
Chagas disease (American trypanosomiasis) 5 16.13  0.000 88 Measles 4 12.90  0.018
Toxoplasmosis 5 16.13  0.0011 Amyotrophic lateral sclerosis (ALS) 3 9.68  0.019
Endometrial cancer 4 12.90  0.0013 HTLV - I infection 5 16.13  0.021
Proteoglycans in cancer 6 19.35 0.0013 Non - small cell lung cancer 3 9.68  0.023
VEGF signaling pathway 4 12.90  0.002 1 Shigellosis 3 9.68  0.029
Arachidonic acid metabolism 2 12.90 0.0021 Glioma 3 9.68  0.03
Osteoclast differentiation 5 16.13  0.002 1 Cell cycle 3 9.68  0.03
Colorectal cancer 4 12.90  0.0022 Epithelial cell signaling in Helicobacter pylori infection 3 9.68  0.032
Central carbon metabolism in cancer 4 12.90  0.002 4 B cell receptor signaling pathway 3 9.68  0.034
Renal cell carcinoma 4 12.90  0.0026 Focal adhesion 4 12.90  0.036
Melanoma 4 12.90  0.0032 Chemokine signaling pathway 4 12.90  0.042
Chronic myeloid leukemia 4 12.90  0.0033 cAMP signaling pathway 4 12.90  0.05
Pertussis 4 12.90  0.0037

A5 HEAREBATE L S - ek - @B FRM%

FJ 7R 2R R O A ) 25 A AR, b 2R AN ) e i
J& iINOS(ILIE 6),BBRH 5 iNOS 1) Tyr —483,GIn - 199,
Trp —366 171525 AE ], B I AESN - 10. 1 keal /mol
A T IR AR 51Z8E 10 B B RE, HE5 G mdad
PO # 5, 4h, BBRH 5 IFN -y, MAPKI, eNOS,
GSK — 3B S8 510 H H1 25 G 58 55 H 0T I 1Y) Jit i 4 o
%, B FEREERN S5 REARMNSS A4, BBRH 5iX

SRS (R 2E A
RS
3 e

SERIAIFAE R T BBRH Z# S 1E

P 2% 24 B 2 — P AR G AR o T 2 1) 25 B R
TR T EOR W28 0 — R 1 T =2 FEnls 254 A
PR B IR ok B, T BE A2 2 LT R 245 ) - HE
S = IR A A R 45 Bl BRI T 8 AR 5t
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A5 HBMAEBRLE 14ANEZREGESER

AGbind (kcal /mol)

A% Target name  PDBID
Berberine hydrochloride Original ligand
1 HIF - la 30UH -7.4 -7.6
2 IFN -y 3BES -4.5 -4.0
3 MAPK1 20JG -9.5 -8.8
4 NOS2 3E65 -10.1 -11.8
5 NSO3 3E7G -7.9 -6.3
6 MAPK14 4R3C -8.5 -10.6
7 COX-1 3KK6 -8.7 -7.9
8 IkB -« SEBZ -8.6 -10.0
9 DDR1 5BVK -7.2 -8.2
10 BRAF 4MNF -9.8 -10.6
11 GSK -3 4ACC -8.7 -8.1
12 COX -2 3LN1 -9.1 -11.9

FIVEE A 7 FE ) R 25 0 A TR, ol R e ik 59
() R I B 280 S R S S SR AT SR R g 2 -4
AHIF 5 i L ) 4% 2 B 0 9T R 3, BBRH A 3 3 22§
MmO VE AT RS R AR R

ik PharmMapper filt 55 # Fl TCMSP £ 408 A2 4R 15 1)
BBRH # i 5 F| Fl GeneCards $# FE75 5] 11 5 4 AH %
B0 s HEAT X 5 40 A, RSN ) BBRH T 91 5 R 198
TERE 5 3L 31 4SR5 A STRING ¥4 PEFS E PPI, 43
Mrksl, f 30 N EOFAEMEERXR, Hip
COX -2, MAPK1, TP53, PPAPG % 1 5 %5 )G 4, 3¢ 2 W]
BBRH 10l 5 48 (R0 2 38 4o 22 88 M F A F S B
B J5 R ClueGO XX SEHE & 61T GO A WD RB I ¢,
Ep (LI Ly s & IR N 2L IV SR EA
FEOMMAEYS G R, WS 58N ER SR RER
W PR A G SR T R R R E S T RS
Tl 4 a8 5 1 1 3 7 AR 22 A 2R 11 YR ) T P N A L Ak
GAEA, % BBRH THILE RIEH @ Z 2R £
WS

XF LI AR S T KEGG 3l 3% & 4 0 Fr & 3, 31 4
LS TE 64 55 Sl g b b 12 MR E TR
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6 %5 B R KA R RS DVIAE S B L, EECO R
CELFE B O 3 O G T DR A ) 32 A e S
TE o TS R R0, BBRH 5 X SU# S A )
WIS A , i — 400 & B, COX - 2 il MAPK1 43 51| #B
EAELE 3 Sl HoNTE 12 NS P S S
KEY 2 A8 5 A, BBRH 5 iNOS AU 45 G e B f, 36
WIHAE BBRH T H 48 i B rh R HEE B sE ZE VE I,
PR W 45 25 B 2E % BBRH T 11 4 (AL A 98 HoAg —
SEM TSRS M.,

COX F#J3h COX1 1 COX -2, R 1E R ZHUE
WAL R, ST P PG WA R, JE R IR Y
IRBE RN IR E T i nT 5 30R M S5 1 A U
FLIF 5 RAEFE B IEAH G . COX - 2 2 AL 4B 2E U4
i (AA) 4 figt Ry Wi 40 B 28 2 A6 B0 A o 1) S Bty , LAY
SR SN AT I R T NO RS R 3R 25 (PGs)
A9 I FIRETIC , K TG 1 A AP sl o R A s T A 1
RS HEW LI, B REHET COX -2 MR KL
PRAR 0 R COX - 2 BRI IR T HEE BRI Y 4 7
JLREBT R, % COX -2 I EA TR 68 H 2k
IR HIE (AL BRI RE , E I 22 1 5 R A RER

BBRH HA (Y B B &R EN, AT 5 B b
R PGE2 & B AU, COX — 1 ik TFE M COX -2
PR B RRAR T, TRl 42 2E 1T BB 55 15 M 25 M6 0 A5 PN Bz 4
Ji1 533 NO 25 U1 AH & ) eNOS AR Ik, A5 ' 26 Ik 1 5
PN B2 A0 A A 1 T 5 B 7, B3 1 R BRI B, i 1ot
SRR B, PR T R A A BRI RE 3 5 LT
SN B I BE T, T SE B BBRH X 7 2 5 %) £
PYERL

MAPKI(ERK 1/2)F1 MAPK14(p38) 4k 2224535 4k
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