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[Abstract] Objective To explore the medication law and mechanism of traditional Chinese medicine compounds in
the treatment of periodontal disease through data mining, network pharmacology, and molecular docking. Methods
First, data mining was used to search single medicinal materials for the treatment of periodontal disease, and the active
components and their action targets were screened. Second, the disease target database was employed to download the
targets related to the pathogenesis of periodontal disease, map them with the action targets of traditional Chinese medi-

cine, and obtain the targets that are considered potential targets of traditional Chinese medicine in the treatment of peri-
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odontal disease. Potential targets were analyzed for gene ontology function and signaling pathway. They were then
screened to obtain the key targets for the treatment of periodontal disease. Finally, the active components were docked
with key targets. Results Among the traditional Chinese medicine prescriptions for the treatment of periodontal dis-
ease, Shudihuang, Mudanpi, Danggui, Fuling, Jinyinhua, Shanyao and Zhimu had the highest frequencies. Forty-three
active components and 118 action targets were screened, and 52 potential targets were obtained by intersection with 856
disease targets. The molecular functions and biological processes in which potential targets may participate mainly focus
on vitamin D biosynthesis and RNA polymerase Il regulation and involve 96 signaling pathways. Through the analysis
of network topology parameters, 11 key targets were obtained. The results of molecular docking showed that the active
components and RAC-alpha serine/threonine-protein kinase (AKT1), cellular tumor antigen p53 (TP53), and mitogen-ac-
tivated protein kinase-1 (MAPK-1) have good binding activity. Conclusion Traditional Chinese medicine compounds
may play a role in the treatment of periodontal disease by inhibiting alveolar bone absorption, have antibacterial and anti
-inflammatory properties, and promote tissue repair. The effective treatment of periodontal disease by traditional Chi-

nese medicine compounds provides a more scientific reference to the sustainable development of traditional Chinese

medicine.
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Table 1  Frequency of traditional Chinese medicine

prescriptions for periodontitis

Herb name Frequency(n) Herb name Frequency (n)
Shudihuang 24 Gancao 11
Mudanpi 24 Niuxi 10
Danggui 19 Shanzhuyu 9
Fuling 19 Gusuibu 9
Jinyinhua 15 Chuanhuanglian 8
Shanyao 14 Shudihuang 8
Zhimu 14 chuanxiong 7
Shengma 12 Baishao 7
Chuanhuangbo 12 Dangshen 6
Zexie 12 Baishu 6
Huanggin 12 Liangiao 6
Shengshigao 12 Huanggi 6

Frequency: the frequency includes the frequency of papers from 2005 to
2020
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Table 2 Collection of chemical components of unit medicinal
materials of traditional Chinese medicine in the

treatment of periodontitis

Herb name TCMSP TCMIP BATMAN-TCM
Shudihuang 76 12 8
Mudanpi 66 15 18
Danggui 125 65 120
Fuling 34 33 21
Jinyinhua 236 47 72
Shanyao 71 45 20
Zhimu 81 41 32

TCMSP: traditional Chinese medicine systems pharmacology database
and analysis platform; TCMIP: integrative pharmacology-based research
platform of traditional Chinese medicine; BATMAN-TCM: a bioinformat-
ics analysis tool for molecular mechANism of traditional Chinese medi-

cine
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Table 3 Screening of active components of unit medicinal materials of traditional Chinese medicine in the treatment of periodontitis

Herb name Mol ID Molecule Name MW AlogP Hdon Hace OB (%) DL
Mudanoi, Jinyinhua, Zhimu MOL000422 Kaempferol 286.25 1.77 4 6 41.88 0.24
Shanyao, Zhimu MOL000546 Diosgenin 414.69 4.63 1 3 80.88 0.81
Danggui, Fuling MOLO11455 20-Hexadecanoylingenol 418.58 1.91 3 6 32.70 0.65
Mudanpi MOL002222 Sugiol 300.48 4.99 1 2 36.11 0.28
Mudanpi MOL001925 Paeoniflorin_qt 318.35 0.46 2 6 68.18 0.40
Mudanpi MOLO007369 4-0-Methylpaeoniflorin_qt 332.38 0.87 1 6 67.24 0.43
Mudanpi MOL007374 Cl 312.30 2.05 2 7 43.44 0.30
Mudanpi MOLO007382 Mudanpioside-h_qt 2 336.37 -0.03 3 7 42.36 0.37
Mudanpi MOL007384 Paeonidanin_qt 330.41 0.92 1 5 65.31 0.35
Shanyao MOL000310 Denudatin B 356.45 2.80 0 5 61.47 0.38
Shanyao MOL000322 Kadsurenone 356.45 2.80 0 5 54.72 0.38
Shanyao MOL001559 Piperlonguminine 273.36 2.93 1 4 30.71 0.18
Shanyao MOL004058 Deltoside 260.26 2.17 0 5 33.19 0.19
Shanyao MOL005430 Hancinone C 400.51 3.34 0 6 59.05 0.39
Shanyao MOL005429 Hancinol 372.50 2.46 1 5 64.01 0.37
Shanyao MOL005458 Dioscoreside C_qt 444.72 3.96 2 4 36.38 0.87
Shanyao MOL005465 AIDS180907 394.45 4.81 3 6 4533 0.77
Zhimu MOL000483 c2 313.38 2.86 3 5 118.35 0.26
Zhimu MOL000631 Coumaroyltyramine 283.35 2.88 3 4 112.90 0.20
Zhimu MOL001944 Marmesin 246.28 2.03 1 4 50.28 0.18
Zhimu MOL001677 Asperglaucide 444.57 4.02 2 6 58.02 0.52
Zhimu MOL004373 Anhydroicaritin 368.41 3.88 3 6 45.41 0.44
Zhimu MOL004489 Anemarsaponin F_qt 432.71 3.92 2 4 60.06 0.79
Zhimu MOL004497 Hippeastrine 315.35 1.17 1 6 51.65 0.62
Zhimu MOL004514 Timosaponin B III_qt 416.71 4.77 2 3 35.26 0.87
Zhimu MOL004540 Anemarsaponin C_qt 416.71 4.97 2 3 35.50 0.87
Zhimu MOL004542 Anemarsaponin E_qt 448.76 4.53 2 4 30.67 0.86
Danggui MOL001956 Cnidilin 300.33 3.64 0 5 32.69 0.28
Danggui MOL002218 Scopolin 35434 =029 4 9 56.45 0.39
Danggui MOL001942 Isoimperatorin 270.30 3.65 0 4 45.46 0.23
Danggui MOL005384 Suchilactone 368.41 3.73 0 6 57.52 0.56
Danggui MOLO006812 Phyllanthin 418.58 4.11 0 6 33.31 0.42
Jinyinhua MOL000006 Luteolin 286.25 2.07 4 6 36.16 0.25
Jinyinhua MOL002914 Eriodyctiol (flavanone) 288.27 2.03 4 6 41.35 0.24
Jinyinhua MOL003006 Cc3 281.29  -0.96 2 7 87.47 0.23
Jinyinhua MOL003014 Secologanic Dibutylacetal _qt 384.57 3.58 1 6 53.65 0.29
Jinyinhua MOLO003044 Chrysoeriol 300.28 2.32 3 6 35.85 0.27
Jinyinhua MOL003044 Chryseriol 300.28 2.32 3 6 35.85 0.27
Jinyinhua MOL003095 C4 358.37 2.80 1 7 51.96 0.41
Jinyinhua MOLO003111 Centauroside_qt 434.48 0.38 2 9 55.79 0.50
Jinyinhua MOL003117 loniceracetalides B_qt 314.37 1.00 7 61.19 0.19
Jinyinhua MOL003124 XYLOSTOSIDINE 415.51 -1.66 4 9 43.17 0.64
Fuling MOL005890 Pachypodol 356.40 2.99 1 6 75.06 0.40

MW: molecular weight; AlogP: value represents the partition coefficient between octanol and water, which is critical for measuring hydrophobicity of mole-
cule; Hdon and Hacc: the Hdon and Hacc are measures of the hydrogen-bonding ability of a molecule expressed in terms of number of possible hydrogen-
bond donors and acceptors, respectively; OB: oral bioavailability; DL: drug-likeness; C1: 5-[|5-(4-methoxyphenyl)-2-furyl] methylene| barbituric acid; C2:
(Z)-3-(4-hydroxy-3-methoxy-phenyl)-N-[2-(4-hydroxyphenyl)ethyl] acrylamide; C3: (-)-(3R, 8S, 9R, 9aS, 10aS)-9-ethenyl-8-(beta-D-glucopyranosyloxy)-2,
3,9, 9a, 10, 10a-hexahydro-5-oxo-5H, 8H-pyrano[4, 3-d] oxazolo|3, 2-a] pyridine-3-carboxylic acid_qt; C4: 5-hydroxy-7-methoxy-2-(3, 4, 5-trimethoxy-

phenyl) chromone
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DiSGeNET

CTD: comparative toxicogenomics database; TCMIP: integrative
Herb pharmacology - based research platform of traditional Chinese
“ medicine; disGeNet: a database of gene - disease associations;
herb: traditional Chinese medicine; disease: periodontal disease

Figure 1  Relationship between periodontal disease and

traditional Chinese medicine targets
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NF-kappaB complex 1.83% ’}_“*—

regulation of T cell mediated immune
response to tumor cell 0.92% *
cardiac neuron differentiation 0.92% *
i lation of phric nephron tubule
epithelial cell differentiation 0.92% *
regulation of synaptic vesicle budding from
presynaptic endocytic zone membrane 0.92% *
phospholipase A2 activator activity 0.92% =
dibenzo-p-dioxin catabolic process 0.92% *
_Jmosine metabolic process 0.92% *

—— - nitric oxide storage 0.92% *

Only the most significant item labels are displayed in each group, and the functional related components overlap; different
biological processes are distinguished by different colors, and the related molecular functions are connected with each other
by line segments

Figure 3  Gene ontology analysis of potential targets of traditional Chinese medicine in the treatment of

periodontitis
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TNF: tumor necrosis factor; MAPK-1: mitogen-activated protein kinase-1; MAPK-14: mitogen-activated protein kinase-14; IL-2: in-

terleukin-2; IL-6: interleukin-6; TP53: cellular tumor antigen p53; STAT1: signal transducer and activator of transcription 1; AKT1:

RAC-alpha serine/threonine-protein kinase; RXRA: retinoic acid receptor RXR-alpha; RELA: transcription factor p65

Figure 5 Identification of core target clusters and hub targets
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(PDB ID=5ETC) , MAPK-1 (PDB ID=4FMQ) .IL-6
(PDB ID=1ALU) . STAT1 (PDB ID=1YVL) | IL-2
(PDB ID=4MEN) . RXRA (PDB ID=7B88) . RELA
(PDB ID=1V]7) . VEGFA (PDB ID=4KZN) . AKT1
(PDB ID=2UVM) . TNF (PDB ID=2AZ5) #I TP53
(PDB ID=7BVM) . 43~ ¥ 853 C1 . Mudanpio-
side-h_qt 2. Denudatin B, Hancinone C . Dioscoreside

C_qgt. Anemarsaponin F_qt, Timosaponin B 1II_qt.

Anemarsaponin C_qt . Anemarsaponin E_qt . Eriodycti-
ol (flavanone ) . C3 . Secologanic dibutylacetal_qt . Ion-
iceracetalides B_qt %56 P 0435 11436 PR o &
REXS 4, B BR o 30 A rh 2 2 07 s i e 5
VEGFA Fll MAPK- 14 SCHERE s B REXT #2 , N ML 2y
5277 30 A IE AR U S R AR 9 A SCHERE s AT 0 T
X% SRR 6 o o o H s o3 6 P o 5 5
FE R g SRR 7 R 2 T A S
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cmam:gg: IL-6: interleukin-6; TP53: cellular tumor anti-
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Coumaroyltyramine of transcription 1; AKT1: RAC - alpha serine/
Deltoside . . . L .
Diosgenin threonine - protein kinase; RXRA: retinoic acid
Hi Han::::; receptor RXR-alpha; RELA: transcription factor
Isoimperatorin p65
Kadsurenone
Kaempferol Figure 6 Docking results of active compo-
Luteolin . . .
Marmesin nents with core targets of traditional Chi-
Pachypodol . . )
Paconidanin_qt nese medicine in the treatment of periodon-
Paeoniflorin_ 8 0n0
Phyllanthin tiis
Pipeciongminine B s i A I M
Suchilactone Or S A% R B R
Sugiol
XYLOSTOSIDINE
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a: Hippeastrine and AKT1 (BE=-8.5); b: Kaempferol and IL-2 (BE==5.1); c: Chrysoeriol and IL-6 (BE=-5.4); d: Asperglaucide and MAPK-1
(BE=-9.5); e: Luteolin and TNF (BE=-7.4); {: Phyllanthin and LELA (BE=—4.8); AKT1: RAC-alpha serine/threonine-protein kinase; IL-2: inter-
leukin-2; IL-6: interleukin-6; MAPK-1: mitogen-activated protein kinase-1; RELA: transcription factor p65; TNF: tumor necrosis factor

Figure 7 Docking results mode of active components with core targets of traditional Chinese medicine in the treatment of

periodontitis
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AR AT RE AR YT M RO AR S OF R B e A
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genase-2, COX-2) & 21k , 1M 4 H K — REKL 59
Xt COX-2 Ml i) HAT IR G P o 258 b, Bk 2y
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KEGG {5 5 3 i & 5 73 Hr 45 R K W, PI3K-Akt
{55l Z 5 R i 2, B H0A I G 0t i -
3B (glycogen synthase kinase-3 beta, GSK3B) | N JiZ
A — %8 1k & & 1 (endothelial nitric oxide synthase,
eNOS) . Ifil ¥ V€ ¥3 #£ 25 F1 A (serum amyloid A pro-
tein, BAD) \TL-2 AR IEAILER-4 , 5- WA 3- i
AL BNy YR ( phosphatidylinositol-4, 5-bisphos-
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K A F 3% 1K 2 (vascular endothelial growth factor re-
ceptor 2, KDR) . 8 T34 45 [l Bel-2 (apoptosis regu-
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ik b, B F A LRIAME . S350, vl
S BN L A AR R R T S 2R
LU AR R 220 AR WETE Y 22 4 I 245 (&1
Gy TR A R A G WoR | L2 R S R AR
F AKTI Fil RELA; R B 8 ZAEH F IL-2.1L-6.
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