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Abstract: Objective To explore the active ingredients and potential targets of Chitong Xiaoyanling Granules in treatment of
periodontitis based on network pharmacology and molecular docking technology, and to explore its possible mechanism of action.
Methods Potential active ingredients and targets in Chitong Xiaoyanling Granules were screened by TCMSP database, ETCM
database and literature reports. The “traditional Chinese medicine - active components - targets” network was constructed by the
software of Cytoscape 3.9.1. GeneCards, TTD, OMIM, DisGeNET, and DrugBank databases were used to obtain periodontitis targets.
The “compound - target - disease” interaction network was constructed by the software of Cytoscape 3.9.1. The PPI network was
constructed by STRING data platform and the topological analysis was performed by Cytoscape 3.9.1. Metascape website was used to
enrich and analyze the gene oncology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways of the selected targets.
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Top five key targets and active components weere selected as receptor proteins and ligand small molecules, AutoDockTools1.5.6 was
used to dock ligands and receptors, and Pymol was used to visualize the molecular docking results. Result A total of 264 potential

active ingredients of Chitong Xiaoyanling Granules were screened, and 157 targets of Chitong Xiaoyanling Granules were obtained

for treating periodontitis. Topological analysis showed that the main active components were quercetin, kaempferol, B-sitosterol,
naringenin, luteolin and so on. TNF, IL-6, IL1pB, Aktl, TP53, VEGFA, CASP3, MAPK3, EGFR, HIF-1A, PTGS2 were the key targets
in PPI network. 2 137 Items were screened by GO enrichment analysis, including 1 884 biological processes, 93 cellular components,
and 160 molecular functions. KEGG was enriched to 206 gene pathways. Molecular docking showed that the core constituents were

well bound to the core targets. Conclusion This study for the first time predicted the "multi-component, multi-target, multi-pathway"

mechanism of Chitong Xiaoyanling Granules in treatment of periodontitis, which provided a theoretical basis for the material basic

research of Chitong Xiaoyanling Granules efficacy.
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Table 1 Active components of Chitong Xiaoyanling Granules
MOL ID ID AER /BN OB/% DL KR

MOL000011 FF1  (2R,3R)-3-(4-hydroxy-3-methoxy-phenyl)-5-methoxy-2-methylol-2,3- 68.83 0.66 55 A,

dihydropyrano[5,6-h][1,4]benzodioxin-9-one
MOLO011730 FF2  11-hydroxy-sec-o-beta-d-glucosylhamaudol_qt 50.24 0.27 55 X,
MOL011732  FF3  anomalin 59.65 0.66 55 A,
MOL011737  FF4  divaricatacid 87.00 0.32 55 A,
MOL011740  FF5 divaricatol 31.65 0.38 575 4
MOLO011747  FF6 ledebouriellol 32.05 0.1 575 4
MOLO011749 FF7  phelloptorin 4339 0.28 55 ]}
MOL011753 FF8  5-O-methylvisamminol 3799 0.25 55 A,
MOL000173 FF9  wogonin 30.68 0.23 I X,
MOL003588 FF10 prangenidin 36.31 0.22 55 ]}
MOLO007514 FF11 methylicosa-11,14-dienoateicosa-11,14-dienoateicosa-11,14-dienoate 39.67 0.23 B17 XL
MOLO013077  FF12 decursin 39.27 0.38 575 4
MOL001950  FF13 psoralen 33.06 — 575 X
MOL000373  FF14 (2S)-4-methoxy-7-methyl-2-[1-methyl-1-[(2S, 3R,4S,5S,6R)-3,4,5- — 018 B3 A

trihydroxy-6-methylol-tetrahydropyran-2-yl]oxy-ethyl]-2,3-

dihydrofuro[3,2-g]chromen-5-one
MOL006592  FF15 7-demethylsuberosin 4119 — 5 X

MOL001954 FF16 xanthotoxol

- — B A
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gk1

MOL ID ID AR/ OB/% DL KK
MOL000492  MDP1 (+)-catechin 54.83 0.24 Lawa )i
MOL007374  MDP2 5-[[5-(4-methoxyphenyl)-2-furylJmethylene] barbituric acid 43.44 0.30 PR
MOL000874  MDP3 paeonol 28.79 0.34 CawE g
MOL001798  QP1 neohesperidin_gt 7117 0.27 HE
MOL001803 QP2  sinensetin 50.56 0.45 HI
MOL005828 QP3  nobiletin 61.67 0.52 H
MOLO007930 QP4  hesperidin 13.33 0.67 HK
MOL005812  QP5  naringin 36.92 0.78 HK
MOL011849 JJ1 schizonepetoside B 31.02 0.28 T
MOLO011856 JJ2 schkuhrin | 54.45 0.52 T
MOL002881  JJ3  diosmetin 3114 0.27 T
MOLO000006  J34 luteolin 36.16 0.25 T
MOL005043  JJ5  campest-5-en-3beta-ol 3758 0.71 AT
MOL001972  JJ6  pulegone 51.60 — T
MOL011872  JJ7  (S)-matsutakealcohol 57.90 — T
MOL001939  BZ1 alloisoimperatorin 3480 0.22 HIE
MOL001956  BZ2 cnidilin 32.69 0.28 HiE
MOL002883  BZ3 ethyloleate (NF) 3240 0.19 HiE
MOLO005789  BZ4 neobyakangelicol 36.18 0.31 HiE
MOL005792  BZ5 {5-[2'(R)-hydroxy-3'-methyl-3'-butenyl-oxy]furocoumarin} 4285 0.26 HIE
MOL005800 BZ6 byakangelicol 41.42 0.36 S
MOL005806 BZ7  4-[(2S)-2,3-dihydroxy-3-methylbutoxy]furo[3,2-g]chromen-7-one 39.99 0.29 Ak
MOLO005807  BZ8 sen-byakangelicol 58.00 0.61 HiE
MOL000953  BZ9 CLR 37.87 0.68 HiE
MOL001749 BZ10 ZINC03860434 4359 0.35 =ik
MOL003588  Bz1l1 prangenidin 3631 0.22 S
MOLO003791 BZ12 linolein, 2-mono 37.28 0.30 AIE
MOL007514  BZ13 methylicosa-11,14-dienoate 39.67 0.23 HIE
MOLO013430  BZ14 prangenin 43.60 0.29 S
MOL011105 QD1 indican 3490 0.23 HHE
MOLO011332 QD2  10H-indolo,[3,2-b],quinoline 5457 0.22 HE
MOLO011335 QD3 isoindigo 94.30 0.26 HE
MOL001781 QD4 indigo 3820 0.26 HHE
MOL001810 QD5  6-(3-oxoindolin-2-ylidene)indolo[2,1-b] quinazolin-12-one 4528 0.89 HHE
MOL002309 QD6 indirubin 48.59 0.26 HE
MOL002322 QD7 isovitexin 31.29 0.72 HHE
MOL001808 QD8 tryptanthrin — 029 HHE
MOL012140 XX1  4,9-dimethoxy-1-vinyl-$h-carboline 65.30 0.19 g
MOL012141 XX2 caribine 37.06 0.83 MF
MOL001460  XX3 cryptopin 78.74 0.72 ZiiEs
MOL001558 XX4  sesamin 56.55 0.83 MF
MOL002501  XX5 [(1S)-3-[(E)-but-2-enyl]-2-methyl-4-oxo-1-cyclopent-2-enyl] (1R,3R)- 62.52 0.31 gH-F

3-[(E)-3-methoxy-2-methyl-3-oxoprop-1-enyl]-2,2-dimethylcyc
lopropane-1-carboxylate

MOL002962  XX6  (3S)-7-hydroxy-3-(2,3,4-trimethoxyphenyl) chroman-4-one 4823 0.33 gF
MOL009849 XX7  ZINC05223929 3157 0.83 MF
MOL000207 XX8 methyleugenol 7336 — aH-F
— DH1 stachyose - — HiiE
— DH2 D-mannitol - — HiiE
— DH3 alexandrin - — 3
— DH4  fructose - — HiiE
— DH5  aucubin - — HiiE
S DH6 D-glucose e g
— DH7  raffinose e Hh 3
— DH8 adenine - — HiiE
— DH9  sucrose e Hh 3
MOL001484 GC1 inermine 75.18 0.54 HE

MOL001792  GC2 DFV 32.76 0.18 HE
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MOL ID ID WEY IR OB/% DL K

MOL002311  GC3 glycyrol 90.78 0.67 H¥*
MOL000239 GC4 jaranol 50.83 0.29 HZE
MOL002565  GC5 medicarpin 49.22 0.34 H#E
MOLO000354  GC6 isorhamnetin 4960 031 HE
MOL003656  GC7  lupiwighteone 5164 0.37 H¥
MOL003896 GC8  7-methoxy-2-methyl isoflavone 4256 02 HE
MOL000392 GC9 formononetin 69.67 0.21 H¥
MOL000417 GC10 calycosin 4775 024 HE

MOL004805 GC11 (2S)-2-[4-hydroxy-3-(3-methylbut-2-enyl) phenyl]-8,8-dimethyl-2,3- 31.79 0.72 H¥
dihydropyrano[2,3-f]lchromen-4-one

MOLO004806  GC12 euchrenone 30.29 057 H¥E
MOL001941 A1  ammidin 3455 022 FiK. AIE
MOL002644 A2  phellopterin 40.19 0.28 B, HIE
MOL011749 A3 phelloptorin 4339 0.28 BFiK. AIE
MOL001942 A4  isoimperatorin 4546 023 PR, AL
MOL000211 Bl  mairin 55.38 0.78 HJSFk. HE
MOL005100 C1  5,7-dihydroxy-2-(3-hydroxy-4-methoxyphenyl) chroman-4-one 4774 027 FRE. HIIFF
MOL004328 D1  naringenin 59.29 021 Hi. HE
MOL000449  E1  stigmasterol 43.83 0.76 JIIF. AL
MOL000359  F1 sitosterol 3691 0.75 BiR. HIFF. H
WS
MOL000358  G1 beta-sitosterol 3691 0.75 BiR. HIF. H
MOL000422  H1  kaempferol 41.88 0.24 43¢, HE., 4
FI Bz
MOL000098 11 quercetin 46.43 0.28 HPhR. HEE
T

— Rl e R, (ESCER SR B Ry

— refers to the ingredients not screened out in the database but mentioned in the literature
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Fig. 1 Traditional Chinese medicine - active ingredients - target network diagram
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Table 2  Active components of Chitong Xiaoyanling Table 3 Topological parameters of core targets
Granules in treatment of periodontitis (top 10) B degree BC cc

MOLID  ID et degree TNF 123 0.052 692 044  0.832 432 432
MOLOOD0SE 1 quercetin - IL-6 118 0.043565532  0.810 526 316
IL-1B 114 0.036723840  0.793 814 433
MOL000422 H1  kaempferol 36 Akt 113 0047282119  0.789 743590
MOLO000006 JJ4  luteolin 35 TP53 109 0.038837062  0.773 869 347
MOL000173 FF9 wogonin 30 VEGFA 107 0.026271333  0.766 169 154
MOL005828 QP3 nobiletin 22 CASP3 94 0.013 382 462 0.716 279 070
MOL004328 D1  naringenin 21 MAPK3 93 0.018964 245  0.709 677 419
B DHS adenine 20 MMP9 91 0.012691 086  0.706 422 018
_ FN1 91 0.022 450324  0.709 677 419
MOL000358 G1 beta-sitosterol 18 PTGS2 91 0.014 305 796 0.706 422 018
MOLO003896 GC8 7-methoxy-2-methyl isoflavone 17 HIF1A 91 0.022 291 145 0.706 422 018
MOL000734 DH6 D-glucose 16 EGFR 91 0.027829633  0.706 422 018
— R R R SR, {H SR PR 1 PPARG 87 0.021 580 009 0.696 832 579
— refers to the ingredients not screened out in the database but EGF 87 0.016 653 822 0.696 832 579
mentioned in the literature CXCLS8 86 0.013 672 982 0.693 693 694
MYC 85 0013453149  0.684 444 444
& .. b cor- ESR1 84 0022208140  0.681 415 929
“ 0,0 ccL2 83  0.008790300  0.684 444 444
R o . T IL-10 80 0008173843  0.675 438 596
» HMOX1 73 0016871358  0.649 789 030
y ! MMP2 72 0.006 697570  0.649 789 030
revpiost oot o NOS3 71 0.017681375  0.649 789 030
e CAT 71 0016341185  0.647 058 824
I PTEN 68  0.007592180  0.639 004 149
, ~pixscy CREB1 66 0.013085926  0.562 237 762
PARRG. OS2 Kok o Euic CRP 64 0011986481  0.631 147 541
wod O TR orRP Ry IL-2 63 0007028748  0.623481781
MAPKS 62 0.005593383  0.620 967 742
PPARA 59 0.007328322  0.618 473 896
MPO 55 0.005614 075  0.603 921 569
4 L PPI FI%E KDR 48 0006888433  0.587 786 260
Fig.4 Network of PPI HPGDS 48 0.005285229  0.003 816 794

] A ELAE G R IELR 3 163 %%, 44 degree {H
40.8, #EHL degree fti. BC. CC ¥J KT rfrhiry
RAERRZORE B, BAEIMRERZEE 7 (TNF). 41
fr%&-6 (IL-6). HAfi/r=-1p (IL-1p). EHHM
fiff BL (AKtL). FJRisE A p53 (TP53). I N A=
KETF A (VEGFA). AKX AR E AM-3
(CASP3). 5 iH 0 LG 3 (MAPK3). R
K324 (EGFR) RS S A 1-1 (HIF-1A).
AR I S A 2 (PTGS2) 45 33 MZl
BEAL, W 3.
25 GO IMEEESKM KEGC B ES

B2 BIRFLREE S 5N Metascape V-5,
BEAT GO A:WThfe 3 Hr Al KEGG il & 4240 #r, LA

* 2169

P<<0.01 Jyfifikhrite, K73 GO AMIIResk H 2137
%, HoAYdfE (BP) 1884 %, FE KWL
WL [ % (response to inorganic substance ). 41 iy
Sof Ak 2 3l 1 s B Ceellular response to chemical
stress) . A LN B S W. (response to oxidative
stress). RGP AEA) A S N (response to reactive
oxygen species) 4H XS A N )N Ceellular
response to oxidative stress) %; ZiiffuzH s> (CC) 93
%, EEW RBEL (membrane raft) . JE g X
( membrane microdomain ) . i i€ £ ( plasma
membrane raft). JR#B%L%E (focal adhesion). 4 ffu-
FEJF 45 (cell-substrate junction) %5 43 7-Thég (MF)
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Fig. 6 KEGG pathway enrichment analysis
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Fig. 7 “Drug composition — target - pathway” network diagram
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Table 4  Network topology analysis of main active
components of Chitong Xiaoyanling Granules
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\\Dofg\g%ma 147
- »
N\

(top 10)
ID tEW degree BC cc
11 quercetin 57 0.100 271 0.515213
JJ4 luteolin 29 0.028 662 0.462 659
FF9 waogonin 24 0.023975 0.456 014
H1 kaempferol 20 0.015451 0.447 972
D1 naringenin 14 0.015796 0.437 177
QP3 nobiletin 14 0.007 855 0.437 177
QD6 indirubin 1 0.005999 0.431239
DH8 tryptanthrin 11 0.004 732 0.346 521
GC6 isorhamnetin 11 0.004 464 0.432 709
MDP3  paeonol 10 0.003769 0.428 331

R5 HEMBIRIMNESIER (degree E{ERT 10 £i1)

Table 5 Results of topological analysis of target network

(top 10)

4 55 degree BC cC
PTGS2 141 0.372 388 0.638 191
ESR1 92 0.064 729 0.477 444
AR 82 0.070 217 0.482 890
NOS2 82 0.062 110 0.475 655
GSK3B 70 0.059 903 0.465 201
MAPK14 63 0.056 554 0.445 614
ESR2 61 0.020 774 0.415 033
RXRA 48 0.041 259 0.433 447
RELA 29 0.012 038 0.412 338
PIK3CG 28 0.015 716 0.396 875

*6 OFXIEEARE
Table 6 Molecular docking binding energy

o 454 fEl(kJ mol ™)

TNF IL-6 IL-1Bp Aktl TP53
quercetin —18.2 —8.5 —74 —65 —72
kaempferol —16.3 —76 -111 —-69 —98
B-sitosterol —-17.7 —19.0 -—16.8 —181 -—14.6
naringenin —-174 —116 —133 —-94 -106
luteolin —17.8 —76 —108 -134 -11.9

LAz A AT, BRI T A9 T 28 RBURL 25
ZRgr, RSB B AT AR . Ba, &
RS FRBAESE T 8 r REER 7y, T MR 47 5 &0
PR RS

N\

kaempferol - TNF

naringenin - IL-1B

E8 mFxtiEseER
Fig. 8 Molecular docking result
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