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ABSTRACT Objective:To explore the mechanism of Bushen Zhuangjin Tang( #}'& H: 57 1% , BSZJT) in treatment of knee osteoarthritis
(KOA) by using network pharmacological approach. Methods : The active ingredients of BSZIT were screened via retrieving traditional Chi-
nese medicine systems pharmacology database and analysis platform ( TCMSP) using the bioinformatics analysis tool for molecular mecha-

nism of traditional Chinese medicine (BATMAN — TCM) , and their corresponding targets were screened out from PubChem database and
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Swiss TargetPrediction database for predicting the action targets of BSZJT. The action targets of BSZJT against KOA were obtained through
overlapping the targets of BSZJT with KOA that retrieved from the GeneCard database , and they were analyzed by using String database, fur-
thermore , the target protein — protein interaction ( PPI) network of BSZJT against KOA was built by using Cytoscape3. 7. 2 software for
screening the key targets of BSZJT against KOA. The active ingredients related to the action targets of BSZJT against KOA were screened out
and were input into the Cytoscape3. 7.2 software together with the action targets of BSZJT against KOA and the Chinese materia medica
(CMM) in BSZJT,and the herb — active ingredient — target network of BSZ]JT against KOA was constructed for analysing the main active in-
gredients of BSZJT against KOA. The Gene Ontology (GO ) and Kyoto Encyclopedia of Genes and Genomes( KEGG ) pathway enrichment an-
alyses were performed on the target genes of BSZJT against KOA by using DAVID database and R3. 6.2 software to dig biological functions
and pathways of the target genes. Moreover, the molecular docking was conducted between the main active ingredients of BSZJT against KOA
and its key targets by using Autodock vina software ,and their binding energy was evaluated with the results visualized by Pymol software.
Results ; Ninety — nine active ingredients of BSZJT were screened out,and 768 corresponding targets were predicted ,meanwhile 172 targets
of BSZJT against KOA were obtained through overlapping the 989 KOA targets with the 768 predicted BSZJT targets. As revealed by the
analysis, 15 key targets( mitogen activated protein kinase( MAPK) 1 ,akt kinase( AKT) 1 ,amyloid precursor protein( APP) ,harvey rat sarco-
ma virus oncogene homolog( HRAS) ,MAPKS, interleukin(IL) -6, kininogen 1 ( KNG1 ) ,vascular endothelial growth factor A( VEGFA) ,
heat shock protein 90AA1( HSP90AA1) ,JUN proto — oncogene ( JUN) , tumor necrosis factor (TNF) , MAPK14,1IL - 2, epidermal growth
factor receptor( EGFR ) and blood coagulation factor [I (F2) ) and 5 main active ingredients ( wogonin, cerevisterol , quercetin, baicalein and
kaempferol ) of BSZJT against KOA were obtained. The results of GO function enrichment analysis indicated that the target genes of BSZJT
against KOA mainly participated in such biological processes(BPs)as regulation of transcription from RNA polymerase [ promoter , negative
regulation of apoptotic process, signal transduction , regulation of cell proliferation and transcription , the molecular functions( MFs) as protein
binding, ATP binding,zinc ion binding,identical protein binding,enzyme binding,and the cellular components( CCs) as intracellular plasma
membrane, cytoplasm , nucleus, cytosol, nucleoplasm. The results of KEGG pathway enrichment analysis showed that the target genes of
BSZJT against KOA mainly acted on 3 major signaling pathways, such as signaling pathways of phosphatidylinositol 3 — kinase ( PI3K) -
AKT,MAPK and TNF. The results of molecular docking showed that the 5 main active ingredients had good binding ability to the 15 key
targets with the binding energy< —5. 0 kJ/mol. The molecular docking diagram illustrated that the active ingredients were mostly embedded
in the hydrophobic region of the active pocket in targets with the binding modes mainly as 1 — a7 interaction and hydrogen bonds , which sug-
gested they had good binding activity and the conformation was stabilized after binding. Conclusion ; The mechanism of BSZJT against KOA
may be that it participate in the BPs including regulation of transcription from RNA polymerase [[ promoter, apoptotic process, signal trans-
duction, cell proliferation and transcription to affect the signaling pathways of PI3K — AKT,MAPK and TNF through the active ingredients of
wogonin , cerevisterol , quercetin , baicalein and kaempferol.

Keywords osteoarthritis , knee ; Bushen Zhuangjin Tang;network pharmacology ; mechanism of drug action

MR 15 2% (nee osteoarthritis, KOA) RE—F “SHLHE™ * 1 ™ 1A “ 2™ “ LIE 4 B

TSN IR TR, TR A BIIEIT T R A
AEEE XL, TEHIRT KOA BA B #Y Il RS 7
R, HA RO B B (R
B ARG YT KOA B 5 EUERH D750 {H
TIT BT RO S A%, BB VR FBLA o8 ok 5¢ 42 W
o I, AT R IR 45 25 P27 D7 IR0 1 AN B
Wimias7 KOA pfE RS, BLE S R R .

1 MREFE

1.1 #EHEFHZEERSRERE TN FHH
ARG BE S 43 - & (traditional Chinese
medicine systems pharmacology database and analysis

platform, TCMSP ) 46 %< F fifi 16 #h 'F I 5 1 20 B 25 )

CREART G AR RS R (O AR IR AR
YR =30% 25251 =0.18) 16 /R 25 40 AL AY
W {E B 2% 43 B T H ( bioinformatics analysis tool for
molecular mechanism of traditional Chinese medicine,
BATMAN - TCM ) Hp6 2 b EOH i 0 2 2 9 1
B BTG PR Sy, 4 R Lipinski 288 24 70 )i ) R 47 i
e, By iE <500 AU AR <5 AU AR <
10 B /K 43 BL R %K <5 et < 101, 7E PubChem
R R AN B T M AR S R A R A
Swiss TargetPrediction (g 25465 2 16 T A 43 % R Ao 8
5., T IR Probability =0. 7 gE47 i & , 1L B He 45 RO
ZBRE I,



- 8- (% 488) FEIEF2022 %7 A%34%%7# J Trad Chin Orthop Trauma,2022,Vol. 34 ,No.7
1.2 #EHA5AET KOA Bl L) “knee os- 1 IERHINEEES RESEE

teoarthritis” Ay ¢ 48 1), 7F GeneCard 9% £ 7 /4 R
KOA FRFE R KA Z2 205 R AR 07 2 1 1900 B L 7 3
15 A Bioinformatics & Evolutionary Genomics [ 3,
W H WA BN A G YT KOA B A .
1.3 #NEREIHIRTT KOA XBIMAlFE  Fiik
AN A IR TT KOA [ HE & 3L 5 A String %Y
P, A A 0 AU B 2 (B A AR IR O, v
G >0.9, Bty &3 85 1 o K String £k 2 19 23 Hr
S5 Cytoscape3. 7. 2 B My @AM B A 416 9T
KOA $ s #85 F HAEM 2%, I A1 FHIZ KA Network Ana-
lyzer T H.rp i) MCODE 4 i 16 G Hi 4 U e, 150
JEME =2 . jif553 =0.2 B RIRE =100,

1.4 #EREFHIRTT KOA TEFER S X L
i e S5 ANECIE AR 1A T KOA A4 MR A5 A E A6
PERLY , FRE SN IR 97 KOA BFE HIHE A
FNEF 77 2 B 25— [A) i A Cytoscape3. 7. 2 R,
F AN AR YT KOA® 2l — TPy - BE R
R, oAb A R YT KOA 1) EZE T o
1.5 #EREIHRTT KOA B ERFIERESHE
BESHT ORE 1.3 String B A A HE A5 20 BT 25 2R T
A DAVID $i i, HEATHNE H 7 6 97 KOA # ri Jk
GO &Il KEGG & 451, FIH R3.6.2 %%
PRHs & T s R T Ak

1.6 *EHAFHETT KOA TEFEM TS5 XEE
ASFXE L3 1.4 G0k H A GG o5 A S 2
TEPER ), 32 FH Autodock vinal. 1.2 B4 #E 47 43 7 %f
2o it PDB S0 PR R S HERE S R 3D 454, IR fd
JH Pymol1. 7. 2. 1 B0 H b A7 il Aab 2, R FH &7 %F
I TE AL, X G A TR BB A 2 BR K 43
T AN &R T A HL A, DL PDBQT A% X PR A7 il 3
PubChem %54 P2 2K 32 216 P B4 10 4544, JF 5 F
MMFFO4 J37 e Hatt A idl. LAJSERCAR PR 7EA s
OCBHME I 1 1A, AT 32 BT P 0 R DG B R
BT x4 RIS & RERAF I 20 T X a4 2Rl g
Protein — Ligand Interaction [l Pymoll. 7. 2. 1 & {
AT AT

2 % B

2.1 WBHEBHFEERSHERESFUNER &
TCMSP FI BATMAN — TCM i 76 21 b 5 H: 57 7 19 1%
PERLST 99 A, TN BT Rz 9 HE £ 768 (KR 1) .

5 thy TGRS/ A 4 /A
1 A 2 51
2 48 20 177
3 H K 5 62
4 HAj 13 154
5 i 8 113
6 Hpp 28 206
7 E/ES 2 31
8 s 15 143
9 2 20 191
10 FnE 1 8

2.2 #BHEHFIARTT KOA EaFMER ik
) KOA 143 989 4>, H 5 768 /> #h A A 17 48
SRIBCZRE A3 172 AL RS A BB 6 7
KOA (% 5o

2.3 WBHRHFHET KOA XBEAMIRER K
172 ANHE 5 36 P 52 A String B30 40475 15 51) 148 A4~
T (R 148 NHE AL ) (490 XF 8 ARG R, 1
ARANEIL AR T KOA S8R 8 1 AR 28 ILIE 1,
ik MCODE i 0 e 2 1 M0 5 15 88 SR G B
HEBH (B 2) X Se il 5 R RN E A 06 97 KOA
A HEAE K, 2300 D e 3 U AL Y 25 1 I8 (mito-
gen activated protein kinase , MAPK) 1, Akt 1 [iff ( akt
kinase , AKT) 1, J& ¥ #£ Rif /& 2 4 ( amyloid precursor
protein, APP) Harvey Jk BP0 2 S0 5 14 7 9547
(harvey rat sarcoma virus oncogene homolog, HRAS) |
MAPKS . 5 41 ifi /) & (interleukin, IL) — 6 8 ik 5 1
(kininogen 1,KNG1) | [fil % PN 2 4= K K T A (vascular
endothelial growth factor A, VEGFA) . #U&E [9 90AAl
(heat shock protein 90AA1, HSPOOAAT ) \JUN JF J&5 L
(JUN proto — oncogene, JUN) | 985 PR AE R F ( tumor
necrosis factor, TNF) MAPK14 IL -2 F 74K H T
%4k (epidermal growth factor receptor, EGFR) | & Ifil
7 I (blood coagulation factor [ ,F2)

2.4 F#BHEZIETT KOA EEFE MM 5 ik 4 R
FMNEFHA U 99 ANTEPERL S AN A 16T KOA
FRHE A ORI PR 3L 64 AN (R 2) o M EERY#NE
A G T KOA ™ 2y — 36 1 i — #8507 R 45
(3) i, BEAART 5 7 936 R B4y, BI#b B A
107 KOA 1 32 235 1% 1 53 70 931 ol I 88 %5 3R ((wogo-
nin) W &5 B2 ( cerevisterol ) | # iz & ( quercetin) | $%
%2 (haicalein) | 1| Z5 [} ( kaempferol )



BEIEF2022F7 A%34 %% 7 ] Trad Chin Orthop Trauma,2022,Vol. 34, No.7

(% 489) -9 -

TLR9 PTPRC

MYLK

NR113

ADAMTS4

LRRK2

SELE

GBA

THRA

UGT287

GAPDH

CTsK

CSFIR

ESR2

FLT1

NLRP3

COMT

ADAMTSS

GPBAR1

GAA

IL6ST

ADAM17

HDAC4

MMP14

PPARD

VDR

TGFBR2

HMGCR

EPAS1

SERPINE1

vCP

GuUsB

F10 ILK
F3 PIK3CG
MMP1 ecL2 AR
N IKBKB MTOR PLAU
ALOXS TR GXCR1 OPRD1 MMP3 &
GXCR3 |GFBP3
4
PTGS1 aMp = PRKDC
CASR JAK1 MAPK14 ALB
F b & TERY MAP3KS
LGALS3 GBA2 UGCG HSPO0B1 CCR1 RACH . . 2 HIF1A il e
ABCB1 CYP2D6
L PLA2G4A
PPARA. MDM2
XDH F7 OPRM1 RXRG
&
TGFBR1 CYP19A1 HPGDS NR1H3
cypace ‘ . B
TK1 ENSG00000196689
" PRKCA
PTGES HPSE
SREBF2 FGFR1
RS2 CYP3A4
b o . MMPY 1DHY
F2 MAP2K1
CYP2C19 MMP13
KDM1A SLCBA4
BOKRB2 L ELANE
TACR1 MMP7
IGFIR MMP2 PTPNG CDC25A
HTR2A 9% MMPg
MET NTRK1
NRIC1 cTsD
et 8IRC2 e oK1 i

RET

NOD2

TLR4

BRAF

ICAM1
BLK

Bl EHFAETREXTRNESEAEENL

T B P R AR 5 P R BB R, AR e 5 AU R A )

KNG
F2
. T
IL6
EGFR—_\
" VEGFA
. g _ TNF
HRAS | ‘ y IR 10
~MAPKS
HSP9OAA+—— \ |/ L2
. MAPK 14

H2 WEHSHETREXTANBEAES
EEM%XRE S ERE
Y < e ] 7 AR L 0 A K R, R
5 HA A 2 AR L B
2.5 WERAZAET KOA B ERNERESE
BEHTEER K String Bl TR 2R 148 440

i A% % DAVID Bdfi i, GO w4 Hr ([ 4) JL4%
) 684 45 H Al ZA 43 64 > AWl #ES16 4
SrFHIRE 104 A, A=Wk #8 F2E9 & RNA R A0 1
JR TR SRR AT R R (F e T R
VAN MBS 55, 0 1 I RE 20 M F A &
ATP 254 BT854 IR E B RAS & B85 55,
M2 o3 20 S AR P SR | A N A A
W MRS . KEGG & A HT (181 5) JE45 3] 111 4%
W HEFR S KOA Bk R ANUE 2 U 10 38 B , JL0H 2 ) %
AEmE LEE 3 — ¥ [ ( phosphatidylinositol 3 — kinase,
PI3K) — AKT MAPK ' TNF 4§ 3 4 F 35510 %,

2.6 #MNEHAAETT KOA TEFHM S 5 XEHE
ROFIEER 0 TFIHEESRER,S D RN
B 15 AR A RIFRIES S RE S 455 g
BJ< =5.0 kI - mol 7 (3 3) o MU T2 TS
RS A5 RE SR A A5 EA T AT ARAL , 200
PR s I I R A AL ST P AR K X, 45
SAZ U m - R E Ry 3, 3n A B
MIES SR TE, 4 B IR R AEE (B 6) .



- 10 «( % 490) FEIEF2022 %7 A%34%%7# J Trad Chin Orthop Trauma,2022,Vol. 34 ,No.7

®2 FBHEAHMSEER S

MY K25k
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1 MOL001494 mandenol SZY1 2 42.00 0.19
2 MOL001495 ethyl linolenate SZY2 g 46. 10 0.20
3 MOL001771 poriferast-5-en-3beta-ol SZY3 NES 36.90 0.75
4 MOLO002879 diop SZY4 L2 43.60 0.39
5 MOL002883 ethyl oleate( NF) SZY5 Y 32.40 0.19
6 MOLO003137 leucanthoside SZY6 28 32.10 0.78

2,6,10,14,18-pentamethylicosa- e
7 MOL005481 6101 41?18_pentaeyne SZY7 IIES 33.40 0.24
8 MOL005503 cornudentanone SZY8 g 39.70 0.33
9 MOLO005530 hydroxygenkwanin SZY9 e 36.50 0.27
10 MOL008457 tetrahydroalstonine SZY10 IR BT 32.40 0.81
11 MOLO01798 neohesperidin_qt QP1 H 71.17 0.27
12 MOL001803 sinensetin QP2 H 50.56 0.45
13 MOLO004328 naringenin QPpP3 H 59.29 0.21
5,7-dihydroxy-2-(3-hydroxy-4- .
14 MOL005100 m’ethoxyyphenil) Cilmmgn A_Yone QP4 #H W 47.74 0.27
15 MOLO005828 nobiletin QP5 H 61.67 0.52
(3S,5R,8R,9R,108,14S) -3 ,17-dihydroxy-
4.4 8 10,14-pentamethyl-2,3,5,6,7,9- e
16 MOLO01919 hexahydro-1 H-zyclopentj *! phenanthrene- BS1 7] 43.56 0.53
15,16-dione
17 MOL001924 paeoniflorin BS2 S L] 53.87 0.79
18 MOLO003152 genlisin XD1 2 W 64.06 0.21
19 MOL008188 japonine XD2 S 44,11 0.25
20 MOL009322 sylvestrosidelll XD3 ZEW 48.02 0.53
21 MO1.000443 erythraline DZ1 AL A 49.18 0.55
22 MOL005922 acanthoside B D72 F A 43.35 0.77
23 MOL006709 aids214634 DZ3 A 92.43 0.55
24 MOL007563 yangambin Dz4 FaR s 57.53 0.81
25 MOL009007 eucommin A DZ5 A 30.51 0.85
26 MOL009009 ( +)-medioresinol DZ6 F i 87.19 0.62
27 MOL009015 ( - ) -tabernemontanine D77 AL A 58.67 0.61
28 MOL009027 cyclopamine DZ8 A 55.42 0.82
29 MOL009030 dehydrodieugenol Dz9 A A 30.10 0.24
30 MOL009031 cinchonan-9-al 6’ -methoxy-, (9R) DZ10 F A 68.22 0.40
31 MOL009038 GBGB DZ11 kA 45.58 0.83
32 MOL009047 ( +)-eudesmin DZ12 AL A 33.29 0.62
33 MOLO11604 syringetin DZ13 A 36.82 0.37
34 MOL000275 trametenolic acid FL1 R 38.71 0. 80
35 MOL000276 7,9(11)-dehydropachymic acid FL2 RE 35.11 0.81
36 MOL000279 cerevisterol FL3 RE 37.96 0.77
37 MOL000282 ergosta-7 ,22E-dien-3beta-ol F14 R 43.51 0.72
38 MOL000283 ergosterol peroxide FL5 &3 40.36 0.81
39 MOL000289 pachymic acid FL6 A 33.63 0.81
40 MOL000290 poricoic acid A FL7 3 30.61 0.76
41 MOL000291 poricoic acid B FL8 A 30.52 0.75
42 MOL000292 poricoic acid C FL9 3 38.15 0.75
43 MOL000296 hederagenin FL10 S 36.91 0.75
44 MOL000300 dehydroeburicoic acid FLI1 R 44.17 0.83
45 MOLO001006 poriferasta-7 ,22 E-dien-3beta-ol NX1 g 42.98 0.76
46 MOLO012537 spinoside A NX2 S g 41.75 0.40
47 MOLO012542 B-ecdysterone NX3 g 44.23 0.82
48 MOLO001454 berberine NX4 A g 36. 86 0.78
49 MOLO001458 coplisine NX5 A 30.67 0.86
50 MOL000173 wogonin NX6 g 30.68 0.23
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51 MOL002643 delta 7-stigmastenol NX7 oyt 37.42 0.75
52 MOL002714 baicalein NX8 ooy iF S 33.52 0.21
53 MOL002776 baicalin NX9 4 40.12 0.75
54 MOL002897 epiberberine NX10 g 43.09 0.78
55 MOL003847 inophyllum E NX11 4 38.81 0.85
56 MOL004355 spinasterol NX12 4k 42.98 0.76
57 MOL000785 palmatine NX13 JaeyF S 64. 60 0.65
58 CID4133 methyl salicylate WJP1 oz
59 MOL000211 mairin Al AT KA 55.38 0.78
60 MOLO000098 quercetin A2 PRI 46.43 0.28
61 MOLO000422 kaempferol B E’Uq;%{m A 41.88 0.24
62 MOL000359 sitosterol Cl ﬂi‘g%\\iﬁyi A 36.90 0.75
63 MOL000449 Stigmasterol C2 511{%%1];@9{ N 43.80 0.76
INZRBE AT
64 MOL000358 beta-sitosterol D Sy LA 36.90 0.75
e
s2v3 2" szvs
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