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Abstract

Objective: This paper aims to explore the main active compounds, potential targets, and related
pathways of Banxia Xiexin Decoction in eradicating Helicobacter pylori (Hp) infection based on net-
work pharmacology and molecular docking technology. Methods: The active ingredients and their
targets in Banxia Xiexin Decoction were identified using the Traditional Chinese Medicine Systems
Pharmacology Database (TCMSP), the SwissADME database, and the SwissTargetPrediction data-
base. Hp infection-related targets were retrieved from the GeneCards and OMIM databases. Cyto-
scape 3.8.0 and the String database were utilized to create the “drug-compound-potentialtarget”
network for the Chinese herbal compound and the protein-protein interaction (PPI) network dia-
gram, respectively, in order to analyze the primary active ingredients and target proteins present
in the decoction. R version 4.4.3 was used to conduct functional enrichment analysis for Gene On-
tology (GO) and pathway enrichment analysis for Kyoto Encyclopedia of Genes and Genomes (KEGG).
CB-Dock2 was utilized to perform molecular docking, which allowed the binding between the main
parts and the targets to be confirmed. Results: A total of 160 active ingredients were screened out,
among which the main effective components included quercetin, wogonin, and kaempferol, corre-
sponding to 1127 drug targets. By intersecting with 2566 Hp infection-related targets, 458 core tar-
gets were obtained, mainly including STAT3, MAPK1, AKT1, and TP53. The main targets were STAT3,
MAPK1, AKT1, and ESR1, according to the PPI network. Enrichment analysis indicated that Banxia
Xiexin Decoction regulates 96 signaling pathways, such as PI3K-Akt, MAPK, and Fox0O. Molecular
docking verification revealed that the binding energy of quercetin, kaempferol, etc., with targets
such as AKT1 and ESR1 was lower than -7.0 kcal/mol, indicating stable binding. Conclusion: Banxia
Xiexin Decoction demonstrates anti-Hp effects through synergistic actions involving multiple com-
ponents, targets, and pathways. These effects include the inhibition of virulence factor activity,
modulation of inflammatory signals, repair of the mucosal barrier, and suppression of inflamma-
tion-related cancer transformation.
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1. 5|18

AT 1WRAT B8 (Helicobacter pylori, Hp) /& J /& —Fi A BRVE AR in) 8, G 258IT 50% [1], 5121 E K.
WHAEB . B E R VAR [2]. HAT, PUAERUBYTEZIRIR E#HRER TR, (HEE
T 25 B AR AN TG 0, HAR PR W28 R R, JR97T AR 2 B HIR BRAR[2] [3]. EExhx—BAR, (2022 Hh[EHH4
I TREAT B GSIRIT AR ) R, P REN H E E VS O A DU iRV TT MEVA W T IEAT B s TAEA
&G AR, AR RS O R BRI HAEH . AR FRRY, FEIE O
REA HP AR BRA 52 iy, ORISR A I I IR 15 3 2503, WA 3007 18 BRI AS B SR AH RE AL 222 g1
FEIGIR ERILH RN I RE[4]. SRT, 277 7 BRI E RALE] A B, BRI 7 Sz 4 5
NA . Fik, ARBTG5, 40 T3S R A7, NEAEE R LA N 2 L2 PR,
WIPIRE - BIE OAAEDUHAT R B B b B R BE i 5 5 08 1R

2. MRS 5E
2.1. FEUESMERAERERRTHE

AR E LT TCMSP %4E FE (https:/tcmsp-e.com/tcmsp.php), X2 B V.04 5 a1 -tikzy
MCEE . 35, Wik, T2, AS. K&, HE)MERS 3T R R K E bR H 28 1%
(ADME)ffide J/ ), ¥ 52 1K AR AE R B2 (OB) > 30% 126 25 14 (DL) > 0.18 1E #1251 T4, LT A JB: /e
I E RS . R — DRI, B FiA/E SwissADME T-£&°F £ (http:/www.swissadme.ch/), ¥
€ “H it (Glabsorption)” Ny “E 7 SR, FFER B/ R IR HE2 > “Yes” ), FELYIAHLIE
CEPPIARLEE” BIVEM A R, IR1 S BAE B RTE A YA R o I I JS IR E 1 s, R TCMSP %t
P FE P HR B HE 545 S A SwissTargetPrediction ### 7F (http://www.swisstargetprediction.ch/) A 7Tl 45
SRR T REE B F R AL 2, KR BTN EERIRE RUE B 60T, BOUMEES, Wl
50 S ERE AU 4R, a1 2% 24 35 43 #T B3 € Jk it o

2.2. &EmRIEXBIRERBAEERZ L BRI

1T ZE GeneCards (https://www.genecards.org/)5 OMIM (https://www.omim.org/), PA “Helicobacter
pyloriinfection” (| THEAF BRI JY) o O H 1A, WOAR LS Hp IR GLAHOC e . Bl S, K RIS
BI50mPIE T RS IR Pm S AT Lexs, IR B B (Venn) B/ #rik,  TRECH # 2 (8] (1) 2L [A) 51
Mo IXEEAT RN S B Z R T IR TT Hp RGP O E RS, F T 5 BER N BN ER T .
2.3. BREEMEIE Az O S IE R

FIH Cytoscape3.8.0 2+ LR UILFISE &, 2] “25% - Ay - 087 =R R . i o 2%
AT, TR R {E(Degree), FARKIEZEUE NS R E ST s N, DA EDW TG o B
BOBHTRIREBIEY . NEZ OIS, KL EBE S E STRING 48 FE hdk T PPL 70 ffr, JFH4E R
SN Cytoscape, [AFESRET EHIX —HINSHAT IRk, &8 0 B T W 45 HX 2 1 o7 (1) 2% O 58
B o
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Figure 1. Venn analysis of the targets of Banxia Xiexin Decoction and Hp infection-related targets
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Figure 2. Drug-ingredient-target network

Bl 2. 7519 - o) - BERMLE

TN AT, IR (Degree)iX — B S HU6 AT o B E M AT HET

IR, MR LRI O 1 B f i, T TN B O g AR O IR T E R I SRR S
PO 1).
Table 1. Degree value of the drug’s key active ingredient
= 1. IR S Degree B

MOL 5 YELAFR AR Degree
MOL000098 quercetin Wi & 146
MOL000422 kaempferol L 251 85

MOL000173 wogonin WHER 81
MOL002714 baicalein HER 75
MOLO000354 isorhamnetin FRER 71

3.4. EHEEMNEME SR RIZHE

KR IEIRAT 1) 458 ANTELEAE L S SN STRING #idf i, W BAGEBIME > 0.9, JRIEE H i AH BAE
R %, I Bh Cytoscape F%E PPI 4% . 1% M 2% HE0 5 114 A1 SUR1 955 ZRAH AR R 1. 7228 n] 4k
L, W EAR KN B (H (Degree) mifik, BAABCKN Degree Ry, 7 A 3% A 1 78 (L A2 v 2
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Figure 3. Core target network
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Figure 4. GO enrichment analysis
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3.6. O FXHHEELE

AT IR B SV RZ OB S A A AR, 2> F X E2IRAE T Degree ¢ 1 i A 40 FIEE /5. TR
NS A BE/NT—T keal/mol, i BARCARFNSEER (845 5958 R B4 & e, Mz s &ms
AR E . WFFCIRIN T X AT pHEA AT SRS S R 3T e R R, BEILE 2. K 6,

Table 2. Molecular docking score table of core targets and compounds

2. BUBRSUAEMHNS TGS R

EHSEA Iy T4 &) 454 BB (kCal/mol)
AKT1 8UW9 i -9.5
AKTI SUW9 [INE:S 9.1
ESRI 8DUS WHEER -8.3
MAPKI 8AOH i e -8.0
STAT3 6NJS HEHEZEM -7.9
MAPK 1 8AOH R -7.8
ESR1 Us [INE:S -7.6
STAT3 6NJS T H R E -6.8
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Figure 6. Molecular docking result diagram
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W7OCHERR” SEVENE, AT RIS VR BURTER 6] [7]. REIBLHE A (iFEwR) , B “F
T FERIFIR” ZRF i, DO B Bl THIE RS, FIRTERES . AR ZERT SO N IEE, (R
I E 69T MEVA M Hp Y B B [4].

AHF TS N 48 25 B % 5 oy F XK, RGIRANHARTT T 22 V5 0% 167 W 1 T8 AT B (Hp) /R 4411
EEAEFNLH . PR, FEISOZENE 2. ZH0 . ZRBMPNEE R IEP Hp BRULCE, H
160 AMEPE S AT/E BT AKT1. ESR1. MAPK1. STAT3 5 5CHE40 &, FFif$% PI3K-Akt. MAPK. FoxO-
TNF %52/~ H 85 TIEEk, IS T2 1 53 0 Hp iBUmd .

BT AU 45 R B oR, R IE0F TGRS 5 Hp MO E A RA B L&, #
Honraeisid BHH BAEH AL D) Re . BRI, 1% T7 410 Hp B YERL S, Degree 18
RIS TERC T —— W R sl DURE R, HERARRER, BB TERERRAMEMER], H
8 5 2 AN bR 2 A EAE R o M 2 AL 22 38 nT 4] Hp BB M R B 3R (VacA), ATTRR T iZ 3 %
FHFMYIMAET; BeAh, P IEREIR> B A Hp (Wi, SRR OB FE 3 g B %016 [8]-[10].
AR LDOEEZRZ N RIYI[11]. KPS RaeH T Hp VacA ZEFIIFRIL, WES4IEME S
TP RE ST, Uk TE 32 AT R M[8]s I FE S R NE L # ) COX-2 {5 510 Bk B Wi 2R A R PR AE
H, FIRERIH FUR SR 11] [12]. A SRk Eon 7 RAER A RN HP FI7ER[13].

FR A FE AR A EAE 2% B K E T, ERIE O Hp BRI O 5 (AKT1. STAT3. ESRI.
MAPK1) i % & % T PI3K-Akt. MAPK. FoxO } TNF Z:{5 5@, $2~i% 5 77 v] fEil i i 451X 638 i
HH RSB RE SURFE D RV ITME A o PIBK-AKT J@ B Hp B b 98RE N OGS S X4l . Hp B 1R 7
CagA BT BIE %8, {268 NF-«B p65 WAHBERRAY, HEi 5251900 IL-8 5542 & T i3k [14]. BE4h,
VEZIBER (%050 T, AKTI {E Hp BEGLd R P gies,  FLBOs M g i R i3k TPS3 iz = i B
B AR FEAR, M SZELXT TPS3 BIF R [15][16]. MAPKI /E5 MAPK FKIEMZ ORI, 25 40
A b T R S0 R V. . MAPK S A2 40 i P9 =1 JE AR <1 45 5 4% il i, 2046 ERK. INK
M p38 =AML OEKIE[17], S5 MBMMEAR . /b TR Gl 50 RN, 16 B0 WG fE v, X
SLIE B . 5 IL-8 TNF-a. IL-18 S 1L-17 25 R MR FHIRE 18] [19]. 7E Hp BRU i fErh, H
BT CagA BT ERK EEEE LIFPEHT-EA Bel-2, WAy v (e g5, Frh@E
INK/p38 #lIifi] VacA [ TR0 [20] [21]. STAT3 s& JAK-STAT 15 5@ B (A O ALt 4, % 20E
B s, Hisid ek Bt t, B TNF-a. IL-8 580 ER T, IR E A6 R M 16[22] [23].
TNF {5538 B 75 4 08 T3 2 409 OG5 A £, Hp B RHAK3 TNF BAMKH: TNF MIbLE], 5805 v
RAVET:, BETIEE AR R E R . A, Hp BYA G m LA A B TNF, M #2758 e &k 2E
IR [24]. 5 — 75T, STAT3 E4T FOXO (5@, HS 5 Mg mFs . W32 25], AT i
% FOXO1/3A, 3N IL-6 K153, INE KAE M [26]. ESRI1 EEG B iE T AMPK/mTOR 45 H Wil
AR A AT B, H0H) A RN MR R e B AL, FE U R AR (A0 IL-6 TNF-a) AR, 3T
DRI FE AR S R [27] [28]

PEG O EIRFERE . PEIREZIE4]. FEE S HMRETE S T2 AT RIBA 50 5 G 9% B
PR B B R RORE IR, T &R R U 2 AC S He % B EDIRAS [29]. Hp MR Gud fh, S0 [ M
AH S S48 45 (40 PISK-Akt. MAPK. TNF. JAK-STAT) K& #i%, AMPK/mTOR [ I i 4 4 [ 3071,
RERF & HGE X AP & 280E, EIVRIE, AWURM, BARRE, #m O &3],

TR EIR, WE R I EMAIDOE 1S IR S 5 ER A O AR B (W0 AK T
MAPK )3 B A B s v, $RIXeeib G4 n] G Y B 15 0 K IEST Hp BRYLAE It 32 29 i 2,
I 2 B R R B RS I SE S .

N
=
IE
ab
He
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AW TE ZR Ge b B T 2 BV iz P R 3% i | T B (Hp ) B A M Al 7y« 8 B A5 R DR AS 5 i %
MGy TR THSRNT TIZET7 2 00y« 2258 s 0 HUda | IS B B T AE AL o BF T R N S Oz T
Hp /B G% 75 TH I 5 SR N TR R S $R AL T R S (38 S 5 7 1 FE 51 o (HIZAT 7T TR A5 Bh 45 24
BTV TN B O i T T HP B REAELE ISR L JEER SR, M AL, T W BS503R
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