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Abstract

BACKGROUND: Shenling Baizhu San is one of the representative prescriptions for strengthening the spleen and removing dampness, which has good anti-
inflammatory and immunomodulatory effects. In recent years, we have found positive effect of Shenling Baizhu San in patients with early and mid-stage knee
osteoarthritis in clinical practice, but the specific molecular mechanism is still unclear.
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OBIJECTIVE: To explore the pharmacological mechanism of Shenling Baizhu San in the treatment of knee osteoarthritis through network pharmacology and

molecular docking.

METHODS: The TCMSP and TCMID databases were used to collect the active ingredients and their targets of Shenling Baizhu San. The GenneCards and OMIN-
NCBI databases were used to obtain the KOA targets. STRING and Cytoscape were used to construct the drug-active chemical ingredient-core target network
and the protein-protein interaction (PPI) analysis. Gene oncology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses were carried out.
AutoDockTools was used to predict molecular docking between important active ingredients and core targets.

RESULTS AND CONCLUSION: A total of 109 active pharmaceutical chemical components of Shenling Baizhu San were screened, and the important components
included luteolin, kaempferol, B-sitosterol, etc. Among them, there were 97 intersecting targets with diseases, and the core targets were PTGS2, CASP3, AKT1,
MAPK1, MAPKS8, TP53, EGFR, etc. The results of molecular docking showed that kaempferol and B-sitosterol could target and regulate CASP3, AKT1, and

PTGS2. GO analysis showed that the mechanism mainly involved biological processes such as oxidative stress, lipopolysaccharide, nutritional level, muscle

cell proliferation, oxygen level, etc. The results of KEGG analysis showed that PI3K-Akt, tumor necrosis factor, interleukin-17 and Th17 cell pathways were the
main signaling pathways. In summary, Luteolin, kaempferol, B-sitosterol, and other active ingredients in Shenling Baizhu San can treat knee osteoarthritis by

inhibiting inflammation, regulating apoptosis, and reducing oxidative stress.
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Table 1 | Basic information of active compounds of Shenling Baizhu San
Mol ID P %EA AR 22 KIE | Mol ID % A F H Lt RIE
JHE (%) % JHEE (%) 5%
MOL000273 16alpha-Hydroxydehydrotrametenolicacid(16a- 2  30.93  0.81 K% |MOL004903 Liquiritin( H &) 65.69 074
B IR ) MOL004904  Licopyranocoumarin( 7 &% ) 80.36  0.65
MOL000275 Trametenolicacid( i/ R ) 3871  0.80 MOL004907  Glyzaglabrin( & H i ) 61.07 0.35
MOL000276 7,9(11)-dehydropachymicacid(7,9(11)- i & /%2 ) 35.11  0.81 MOL004914  1,3-dihydroxy-8,9-dimethoxy-6-benzofurano([3,2-clchromenone  62.90  0.53
MOL000279  Cerevisterol( £ % ) 37.96  0.77 MOL004941  (2R)-7-hydroxy-2-(4-hydroxyphenyl)chroman-4-one 7112 018
MOL000280  Dehydrotumulosicacid( /it ##A% ) 3107 082 MOL004959  1-methoxyphaseollidin(1- 14 K3 K 1 ) 69.98  0.64
MOL000282  Stellasterol( ¥ ) 43.51 0.72 MOL004990 7,2',4'-trihydroxy — 5-methoxy-3 — arylcoumarin 83.71 0.27
MOL000283 Ergosterolperoxide( 7 [ B id 4464 ) 40.36  0.81 MOLO00S00  Vestitol( 4% ) 7466 021
MOL000285 Polyporenicacidc( iér?L@éz Q) 3826 0.82 MOL00S000 Gancaoning( -H % G) 6041 039
MOL000287 Eburicoicacid( 1£4E & ) 38.70 0.81 . .
o N MOL005007 Glyasperinsm( i M) 72.67  0.59
MOL000289 Pachymicacid( fRZ ) 33.63 0.81 -
MOL000290 Poricoicacida( %Lz H ) 3061 0.76 MOL005017 - Phaseol( 574 ) o 7877 058
MOL000291 Poricoicacidb( £ 7L 7. ) 3052 075 MOL001559  Piperlonguminine( IR 5+ ) 3071 018  iZ
MOL000292 Poricoicacide( % FLAREE T ) 3815  0.75 MOL001736  (-)-Taxifolin((-)- 5451 ) 6051 027
MOL000296  Hederagenin 3691 075 MOL000310  Denudatinb( /] Z. ) 6147 0.38
MOL000300 Dehydroeburicoicacid( fii (3 5 i ) 4417 0.83 MOL000322  Kadsurenone( i X ) 5472 038
MOL002879 Diop 4359 039 A% |MOL005429 Hancinol( H #&M7 ) 64.01 037
MOL003648 Inermin 65.83  0.54 MOL005430 Hancinonec( JX /i C) 59.05  0.39
MOL000422 Kaempferol( LLIZ5F} ) 41.88  0.24 MOL005435  24-Methylcholest-5-enyl-3belta-O-glucopyranoside_qt 37.58 0.72
MOL004492 Chrysanthemaxanthin( 3 # % ) 38.72 0.58 MOL005438 Campesterol( > {5 ¥ ) 37.58 0.71
MOL005308 Aposiopolamine( %1t ) 66.65  0.22 MOL005440  Isofucosterol( 55 &l ) 4378 076
MOL005314 Celabenzine( Fif A ) 101.88 0.49 MOL005458 Dioscoresidec_qt( SR C) 36.38  0.87
MOL005317 Deoxyharringtonine 39.27 0.81 MOLO000546 Diosgenin( S 2% ) 80.88 0.81
MOL005318  Dianthramine( it 7 ) 4045 0.20 MOL005461 Doradexanthin( % $i1# 7 ) 3816 054
MOL005320  Arachidonate( /£ 1PU#iH2 ) 4557 020 MOL005463  Methylcimicifugoside_qt( 3 %1 -Qt) 3169 024
MOL005321  Frutinonea( T A) 65.90  0.34 MOLO05465  Aids180907 4533 077
MOL005344 Ginsenosiderh2( A\ % 8+ Rh2) 3632 0.56 MOL002773  Beta-carotene(B- 1% 12 ) 3718 058 [ART
MOL005348 Ginsenoside-Rh4_qt( A Z: 21 Rha-qt) 3111 0.78 MOLO01689  Acacetin( &40 ) 3497 024 Kok
MOLO005356  Girinimbin 6122 031 , s
MOL005357 Gomisinb{ K2 B) 31.99 0.83 MOL004355 Slpnlnésterol( ‘(}Iﬂ&fﬁlm) L 42.98 0.76
MOL005360 Malkangunin 771 063 MOL004580 Cis-Dihydroquercetin( JIii — (i 7 2 ) 66.44  0.27
MOLO005376 Panaadiol( A% —fii ) 33.09 079 MOL005996 2-O-methyl-3-O-B-D-glucopyranosylplatycogenatea 45.15  0.25
MOL005384 Suchilactone( P/ ) 5752 0.56 MOL000006  Luteolin( AcJR 3 ) 3616 025
MOL005399 Alexandrin_gt 36.91 0.75 MOL006026 Dimethyl2-O-methyl-3-O-a-D-glucopyranosylplatycogenatea  39.21 0.25
MOLO005401 Ginsenosiderg5_qt( A2 Rg5-qt) 3956 079 MOL006070  Robinin 3984 071
MOL000787 Fumarine( & Th#k ) 5926  0.83 MOL001755 24-Ethylcholest-4-en-3-one 36.08 0.76 W=
MOL000020 12-senecioyl-2E,8E,10E-atractylentriol 6240 022 [/ |MOL001771 Poriferast-5-en-3beta-ol 3691 0.75
MOL000021 14-acetyl-12-senecioyl-2E,8E,10E-atractylentriol 6031  0.31 MOL001973  Sitosterylacetate( 4+ {f§ B £, BRI ) 4039 085
MOL000022 14-acetyl-12-senecioyl-2E,8Z,10E-atractylentriol 63.37 0.3 MOL003975 Icosa-11,14,17-trienoicacidmethylester 44.81 0.23
MOL000028 A-Amyrin(a- 75 fi ) 3951 0.76 MOL007180  Vitamin-e( 4i£ % -E) 3229  0.70
MOLO000033 (24S)-24-Propylcholesta-5-ene-3beta-ol 36.23 0.78 MOL007514 Methylicosa-11,14-dienoate 39.67 0.23
MOL000049  3B-acetoxyatractylone(3B- £ M 5 F: 15 AP ) 5407 022 MOL007535  5alpha-Stigmastane-3,6-dione 3312 079
MOL000072  8B-ethoxyatractylenolide(8B- £, 5k F AR 1K ) 35.95 021 MOL007536  Stigmasta-5,22-dien-3-beta-ylacetate 46.44  0.86
MOL001484 Inermine 7518 054 HH|M01001323  Sitosterolalphal( £ A7 ol) 4328 078  HL
MOL002311  Glycyrol( 1A ) 90.78 067 MOL001494 Mandenol( H FZH; ) 4200 0.19
MOLO000392  Formononetin . 69.67 021 MOL002372 (E,e,e,e)-squalene((e, e, e, e)- ik F) 3355  0.42
MOL004808  Glyasperinb( 11t B) 65.22 0.44 MOL002882 [(2R)-2,3-dihydroxypropyl](Z)-octadec-9-enoate 3413  0.30
MOL004810 Glyasperinf( i F) 75.84  0.54 i .
MOL000359  Sitosterol( £+ i ) 3691  0.75
MOL004824 (2S)-6-(2,4-dihydroxyphenyl)-2-(2-hydroxypropan-2- 60.25 0.63 MOLO08118  Coixenolide( 4 4T ) 3240 043
yl)-4-methoxy-2,3-dihydrofuro[3,2-g]Jchromen-7-one
MOL004829  Glepidotinb( ZZ ik B) 64.46 034 MOL008121  2-monoolein(2- il . H i ) 3423 0.29
MOL004835  Glypallichalcone( H % B ) 61.60 0.19 MOL000449  Stigmasterol( &7 i/ ) 4383 076  AZ. L.
MOL004841 Licochalconeb 7676  0.19 BEAL
MOL004855  Licoricone( H X5 ) 6358  0.47 MOL009172 Pronuciferine( Bij#% T ) 32.75 037 T
MOL004863  3-(3,4-dihydroxyphenyl)-5,7-dihydroxy-8-(3-methylbut- 66.37  0.41 MOL007213  Nuciferine( £ ) 3443 0.40
2-enyl)chromone MOL000953 Clr(clr) 37.87 068 wzg. E-
MOL004891 Shinpterocarpin 80.30 0.73 MOL000358 Beta-sitosterol(B— 23 & i ) 3691 075 Wi, A&
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Figure1 | Venn map of intersection targets between Shenling Baizhu San and knee osteoarthritis
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Figure 2 | Drug-ingredients-target network of knee osteoarthritis
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Figure 3 | Protein-protein interaction network of potential targets of
Shenling Baizhu San and knee osteoarthritis

response to nutrient levels
response to metal ion
response to lipopolysaccharide
response to molecule of bacterial origin
response to radiation
response to oxidative stress
response to oxygen levels
response to antibiotic
muscle cell proliferation . Count
response to UV ’

[
membrane raft )

membrane microdomain
membrane region . N

plasma membrane raft

caveola

mitochondrial outer membrane { ualue
serine/threonine protein kinase complex
protein kinase complex
ficolin-1-rich granule lumen
cyclin-dependent protein kinase holoenzyme complex

dg

00

1e-05
-5
%05

ubiquitin-like protein ligase binding -

phosphatase binding

protein phosphatase binding

ubiquitin protein ligase binding

nuclear receptor activity

transcription factor activity, direct ligand regulated sequence-specific DNA binding
steroid hormone receptor activity

cysteine-type endopeptidase activity involved in apoptotic process{ @

BH domain binding

death domain binding

56-05

01 02 03
GeneRatio

BlVE: rUBCORRBIAHCH i 2, ieaa R ERBENS: GO
M B E A T A R (BP): 4L MK (response to oxidative
stress). JI§ % ¥ (response to lipopolysaccharide). & 7: 7K P (response to
nutrient levels). /L A4 i1 51 (muscle cell proliferation). %8 /K F (response
to oxygen levels) Z&4: ¥ f&

B4 | AR - BEEATRBELINENES

Figure 4 | Biological functions analysis of potential targets of Shenling

Baizhu San and knee osteoarthritis
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