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Abstract: Objective To explore active components and mechanism of Allium sativum on inhibition of Hp infection based on network
pharmacology and molecular docking, and verify the antibacterial activity of allicin on inhibition of Hp in vitro. Methods First, the
active components of Allium sativum were obtained from HERB database. PharmMapper, Swiss Target Prediction, BATMAN-TCM
database were used to obtain the active targets of components and the “medicine — component - target” network was constructed,
screening out the main active components. Then targets related to Hp infection were collected from GeneCards, OMIM, DRUGBANK,
and DisGeNET databases, and potential targets were selected by the common targets of active components and disease. Afterward,
STRING database was used to obtain the interaction of targets, and Cytoscape was employed to establish the PPI network of potential
targets, and screened for the core targets. The GO term enrichment analysis and KEGG pathway enrichment analysis were performed
in DAVID database. Molecular docking between the active components and the key targets was performed by Autodock. Finally, the
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antibacterial activity of allicin was verified by in vitro antibacterial test. Results There were thirty six Allium sativum active
components and 291 potential targets were collected, and five core targets including TP53, SRC, STAT3, HSP90AA, and MAPK3 were
identified by PPI network analysis. GO analysis resulted in 954 biological processes, and KEGG analysis resulted in 176 pathways.

Molecular docking results showed that all the active components of Allium sativum had high binding ability with their core targets. In

vitro antibacterial test showed the antibacterial activity of allicin on inhibition of Hp, with the minimum inhibitory concentration of 2.0

mg/mL. Conclusions Active components in Allium sativum may be involved in Hp infection by regulating five core targets, including
TP53, SRC, STAT3, HSP90AA1L, MAPK3, and the mechanisms are related to PI3K-Akt, FoxO, HIF-1 signaling pathways. Allicin

show anti-Hp activity by in vitro antibacterial test.
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Table 1 Basic information of Allium sativum active ingredients

MOL ID LR H LA FR Mw xlogp H-bond donors H-bond acceptors
MOL000666 hexanal [N 100.16 1.8 0 1
MOL000775 ethyl acetate LR TR 88.11 0.7 0 2
MOL008357 1,3,5-trithiane 1,3,5- = MEki 138.30 2.2 0 3
MOL008358 diallyl sulfide B PSR i 11421 2.2 0 1
MOL007621 dimethyl disulfide TR 94.20 1.8 0 2
MOL008370 2,5-dimethylthiophene 2,5- F B gy 11219 2.4 0 1
MOL008373 2-isopropyl-1,3-dioxolane 2- 7 HE-1,3- IR 116.16 1.2 0 2
MOL008361 isopropyl methyl sulfide ¢ Pk R R B T 90.19 1.7 0 1
MOL007620 diallyl trisulfide I = 178.30 2.6 0 3
MOL007627 diallyl disulfide TR R 146.30 2.2 0 2
MOL007628 dimethyl trisulfide T HIE =B 126.30 1.3 0 3
MOL008363 allyl methyl trisulfide FF 05 TR i = B ik 152.30 2.0 0 3
MOL007643 allyl methyl disulfide s TR 22 R B 120.20 1.6 0 2
MOL008354 allicin Kirg 162.30 1.3 0 3
MOL007619 allyl methyl sulfide 05 T 4 PR O T 88.17 1.5 0 1
MOL008351 3-ethylthiophene 3- 2 HkmEy 11219 2.8 0 1
MOLO008359 diallyl tetrasulfide T TR 3 DY S T 21040 3.1 0 4
MOL008374 3,4-dimethylthiophene 3,4~ FHBEIsEW; 11219 2.3 0 1
MOL004046 dimethyl tetrasulfide — A EEPU B K 158.30 1.8 0 4
MOL008349 3-chlorothiophene 3-F ey 11859 2.6 0 1
MOL007644 methyl 1-propenyl disulfide FREE 1-P R Ik 12020 1.6 0 2
MOL008372 2-ethyl-1,3-dithiane 2-2.3-1,3- T ESE 14830 2.7 0 2
MOL008365 butyl propyl disulfide TR IR 164.30 3.1 0 2
MOL008362 allyl methyl tetrasulfide I TR 225 PR R DY it ok 184.40 2.4 0 4
MOL000127 neral iR 152.23 3.0 0 1
MOLO009304 (1R,9R)-11-methyl-7,11-diaza (1R, 9R)-11-H13£-7,11-—%(204.27 0.7 0 2

tricyclo[7.3.1.02,7]trideca-2,4-  %4¥£[7.3.1.02,7]+ =H%-

dien-6-one 2,4- " ¥%-6-1

MOL000120 2-decenal 2-Z I 154.25 3.7 0 1
MOL000421 nicotinic acid JHmR 12311 04 1 3
MOL001873 ethylparaben X OR R T 166.17 2.5 1 3
MOL008369 3-butenoic acid 3-TIwMR 86.09 0.5 1 2
MOL008368 aminoacetaldehyde dimethyl acetal &3k 2. 45 — FH Y 105.14 —0.8 1 3
MOL000123 geraniol flug 15425 2.9 1 1
MOL008356 benzaldehyde oxime PN 121.14 1.9 1 2
MOLO000008 apigenin 3 270.24 1.7 3 5
MOLO000422 kaempferol 1 22y 286.24 1.9 4 6

— D-ascorbic acid D-HidAk MR 176.12 -1.6 4 6

1“4 - oy - BERRT W%

Fig.1 Network of “drugs-components-potential targets”
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Table 2 Molecular docking results

w4t 4 el (keal mLY)

R TP53 SRC STAT3 HSP90AAL MAPK3
TR T WIBF —2.73-3.18 -286  —2.98  —3.21
WRILE IR 2N -4.52-3.98 —-4.34  —4.39 544
eS0T -5.66-5.58 —-6.15 —6.38  —7.38
NS -6.09-6.19 -6.13  —6.20  -7.32
RN EVUAREE  —3.00-3.27 -3.14 342  -3.98
IR R DU R —3.18-3.63 —3.05 —-3.66  —3.70
iy -452-432 -3.98 439 477
NS —-3.77-454 337  —434  -4.27
P -4.47-4.28 —-3.86  —4.47 470
RN =R —3.17-3.64 351 -3.19  -3.72

i Al iE MAPKS {5 55 S % 52 229, HIF-
12— FEEIE SR, Hp n@Ed B HIF-1o F1
STAT3 [FFRIA et B - 41 GES-1 1355 12
R R,

BRI, K degree {EHT 10 71
EER S50 R AR B AR NS &
TP, T HS AR RERE . PR RKFRH X LL R
Sy ] BEE I O R S S Hp ARG R .



FII/BHBESH 202348 H AR & 5l A&

Drugs & Clinic

\ol. 38 No. 8 August 2023 + 1897 -

g LRTR, KERIAIT Hp G MIHLE] T 828
I TR R A T O T 0 TR SR
& YE T TP53. SRC. STAT3. HSP90AAL.
MAPK3 Z:4%.00 4 25, 5 PI3BK-Akt. FoxO. MAPK.
HIF-1 (55 @M A L. W yPE e, 3k
TORFREDT Hp W&, A G S e i ik s .

RBEFR AL ERARGEEF G TR

&3k

[1] Si X B, Zhang X M, Wang S, et al. Allicin as add-on
therapy for Helicobacter pylori infection: A systematic
review and meta-analysis [J]. World J Gastroenterol, 2019,
25(39): 6025-6040.

[21 X, o, BRAL, &, 58 Uik 4 [ da ] ST T R e
WEILRIR T [J]. BB, 2017, 22(6): 346-360.

[3] Malfertheiner P, Megraud F, O'Morain C A, et al.
Management of Helicobacter pylori infection-the
maastricht V/florence consensus report [J]. GUT, 2017,
66(1): 6-30.

[4] Noto J M, Peek Jr R M. The gastric microbiome, its
interaction with Helicobacter pylori, and its potential role
in the progression to stomach cancer [J]. PLoS Pathog,
2017, 13(10): e1006573.

[5] HMRSE, sk 4x[E b PGB R G IR T A T JRAT B AH O
“O - AE” SR R E PR S A AL, 2018,
26(9): 715-723.

[6] XIS, W5, BT, &, 58 DU K4 [ da ] 5T T Rk e
ALY [ B, 2012, 17(6): 618-625.

[7] Piao J Y, Lee H G, Kim S J, et al. Helicobacter pylori
activates IL-6-STAT3 signaling in human gastric cancer
cells: Potential roles for reactive oxygen species [J].
Helicobacter, 2016, 21(5): 405-416.

[8] Shmuely H, Domniz N, Yahav J. Non-pharmacological
treatment of Helicobacter pylori [J]. World J Gastrointest
Pharmacol Ther, 2016, 7(2): 171-178.

[9] xliEgh, Ml #FEEE. KRR IRTT r IS 5 A e
Rt AEEE [J]. BEAbm AR, 2018, 17(9): 959-962.

[10] Shang A, Cao S Y, Xu XY, et al. Bioactive compounds and
biological functions of garlic (Allium sativum L.) [J].
Foods, 2019, 8(7): 246.

[11] Choo S, Chin V K, Wong E H, et al. Review: Antimicrobial
properties of allicin used alone or in combination with other
medications [J]. Folia Microbiol (Praha), 2020, 65(3): 451-
465.

[12] B3, Wdf. N FE = mimk e 25 B0 AT Je ke [J].
o R R M B£ 24, 2021, 30(21): 84-86.

[13] W )11, i, EdE, & Ras KPR S 5
WEEYIE AT HEE [3]. HPEEZh, 2022, 53(7): 2174-
2183.

[14] Tsao S M, Yin M C. In-vitro antimicrobial activity of four
diallyl sulphides occurring naturally in garlic and Chinese

leek oils [J]. J Med Microbiol, 2001, 50(7): 646-649.

[15] Ju X, Zhang S, Wang Q, et al. Preparation and stability of
diallyl trisulfide self-assembled micellar injection [J]. PDA
J Pharm Sci Technol, 2010, 64(2): 92-96.

[16] Zardast M, Namakin K, Kaho J E, et al. Assessment of
antibacterial effect of garlic in patients infected with
Helicobacter pylori using urease breath test [J]. Avicenna J
Phytomed, 2016, 6(5): 495-501.

[17] F5EHS, Bk, Tk, 25T P4 2080 2% K SLUR 90 IF 5
ELYRARF M A 1 R AR AL [3]. B E
15 PR, 2023, 38(3): 531-539.

[18] Liu W H, Hsu C C, Yin M C. In vitro anti-Helicobacter
pylori activity of diallyl sulphides and protocatechuic acid
[J]. Phytother Res, 2008, 22(1): 53-57.

[19] XUHH, THE, ZEEBE, 5. M = HR BT 1 TIRAT
WA R EER D W ARKRZEZER: EER,
2013, 51(10): 49-53.

[20] O'Gara E A, Hill D J, Maslin D J. Activities of garlic oil,
garlic powder, and their diallyl constituents against
Helicobacter pylori [J]. Appl Environ Microbiol, 2000,
66(5): 2269-2273.

[21] ®&a, 75, A, %5 AID. p53 HIATE B HHN
TR RIS S A T TR R C R [J]. RRIERER
2284, 2010, 45(3): 374-377.

[22] RANT5, FHT5, RYESF, A& dal THEAT BRI G R R
W TPS3 HER Z AT [I]. ARl geA o
£, 2021, 31(9): 1301-1304.

[23] Jahangiri A, Dadmanesh M, Ghorban K. Suppression of
STAT3 by S31-201 to reduce the production of
immunoinhibitory cytokines in a HIF1-a-dependent
manner: A study on the MCF-7 cell line [J]. In Vitro Cell
Dev Biol Anim, 2018, 54(10): 743-748.

[24] Rad E, Dodd K, Thomas L, et al. STAT3 and HIFlalpha
signaling drives oncogenic cellular phenotypes in
malignant peripheral nerve sheath tumors [J]. Mol Cancer
Res, 2015, 13(7): 1149-1160.

[25] Aifed, ARG, TKOIZE, S wa [ TRRFT B OE
JEBEUURE 3-WBE(E SR MR (0] T EGAES
ek 2014, 26(3): 265-268.

[26] Tabassam F H, Graham D Y, Yamaoka Y. Helicobacter
pylori-associated regulation of forkhead transcription
factors FoxO1/3a in human gastric cells [J]. Helicobacter,
2012, 17(3): 193-202.

[27] XI55 . FoxO3a 15 5 I 2% 7 t [ ] W5 T B B e o 0 1
[D]. M E&: M E K, 2013.

[28] Zhang X, Ma L, Qi J, et al. MAPK/ERK signaling pathway-
induced  hyper-O-glcNAcylation ~ enhances  cancer
malignancy [J]. Mol Cell Biochem, 2015, 410(1-2): 101-110.

[29] HME, TEBAE. VA2 08 2 WX e [ TR AR SC R 1§ K
B iR S N K. MAPK/ERK BB 82 [J]. B
R EE 4SS &4 &, 2019, 28(35): 3877-3880.

[30] T 3. STAT3 Fl HIF-1o 7E KA T THEFF B2 B 25 A2
KR H1E R AL [D]. S A KE, 2023,

[FriEmit =Rl



