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[ Abstract] Objective: To explore the mechanism of Tongbi Jiangu prescription (TBJG) in the
treatment of knee osteoarthritis (KOA) based on network pharmacology and molecular docking, and further

verify it by cell experiments. Method: The active components and the corresponding targets of TBJG were
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screened out according to the traditional Chinese medicine systems pharmacology database and analysis platform
(TCMSP). The targets of KOA were obtained from GeneCards, online mendelian inheritance in man(OMIM) ,
and DrugBank. The common targets of active components of TBJG and KOA were the targets of TBJG against
KOA. The active component-target network and protein-protein interaction (PPI) network were constructed by
Cytoscape 3.7.2. STRING was used for PPI network analysis. DAVID was used for gene ontology (GO) and
Kyoto encyclopedia of genes and genomes (KEGG) enrichment analyses. Key targets and core active
components were selected for molecular docking by AutoDock. The results of network pharmacology were
verified by cell experiments and the pharmacodynamic responses were observed. Result: The prediction of
network pharmacology showed that there were 111 active components of TBJG in the treatment of KOA. The
core active components were quercetin, kaempferol, and B-sitosterol, and the key targets were interleukin-18(IL-
18) , matrix metalloproteinase-3 (MMP-3), and tumor necrosis factor-a (TNF-«a). Biological processes (BP) in
GO analysis mainly involved inflammatory response, response to lipopolysaccharide, apoptosis signaling
pathway, and regulation of DNA activity in binding transcription factor. Cellular components (CC) included
plasma membrane protein complex, RNA polymerase Il transcription factor complex, membrane raft, and serine/
threonine protein kinase complex. Molecular functions (MF) were mainly enriched in cytokine receptor binding,
nuclear receptor activity, protein domain specific binding, serine hydrolase activity, chemokine receptor binding,
and activity of nitric oxide synthase regulator. As revealed by the KEGG analysis, the relevant signaling
pathways were nuclear factor (NF) - kB, Janus kinase (JAK)/signal transducer and activator of transcription
(STAT) , and Wnt signaling pathways. Molecular docking results showed that the core active components had
good binding activities with key targets. The experimental results showed that TBJG could down-regulate IL-13,
MMP-3, TNF-a, and NF-«B p65 expression levels (P<0.05) , and up-regulated NF-«B inhibitor (1I«B) -« (P<
0.05). Conclusion: The mechanism of TBJG in the treatment of KOA lies in the application of active
components such as quercetin, kaempferol, and S -sitosterol with IL-18, MMP-3, and TNF-« as key targets
through the NF-«kB,JAK/STAT, and Wnt signaling pathways.

[Keywords] Tongbi Jiangu prescription; network pharmacology; knee osteoarthritis; molecular

docking; mechanism of action
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(DL)>0.18 i £ 1 o 24 3% PE i 43, XoF AN 1 A2 O A 22
B O (Bl o = L A i R R 5 o2 B s R 7 8
FEHCE TCMSP K Hs 3K B WK rb 25 15 18 18000 5 1 AE
U5 % — B X, 12 FH UniProt 2 4% J% (https : //uniprot.
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1.4 BERAE(GO) & A 43 B Soont & B R 5 5L R 4
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A v 245 0 86 A 25 M B A5 2020 4 IR AR IR
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Table 1 Primer sequences of PCR
A 191(5-3") KB /bp
1% £ F (NF)-kB p65 _iif ATGCGCTTCCGCTACAAGTG 107
i CTGGTCCTGTGTAGCCATTGA
98 NF-«B M il £ F1 (1xB) -« |1 ACTCCATCCTGAAGGCTACCA 108
T if CCTGAGCATTGACATCAGCAC
i -3 R Jid AU A (GAPDH) ¥ CAGGAGGCATTGCTGATGAT 142

T it GAAGGCTGGGGCTCATTT

FLAE B 7 T AR 2 mL, 25 (L ALAUm A 58 4 85 95 5%
2 mL; T 24 hJ5 W b5 W, 00 4% 28 9% ™ 4 44 iR
ELISA i 1) & 6 B B AE #0147 .

1.6.5  SCHF 2¢Ok a2 & B 4 i 5% X % N7 (Real-time
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A0 M3 % Ay K 4 25 TR 1.6.4 351, T T 24 b Y gk
A5 AN, F22 6 RNA $2 B 5] 5 156 BH 5 412 B4 4 4
Jift 5L RNA, fifi Fif RNase-free ) DNase [ Z53& K4 .
i HR 38 e SRR U W, RS FE AR HURNA 1 L, fE
g 30 I AR A B cDNA , T LA R A5 AR, 44 B v A4
# 10 pL i 47 PCR WY 5 [ I 45 14 2k 95 °C T A% 4
60 s, 95°C 45 ¥ 15s, 60 °CiH ‘k 15 s, 40 N 1E 3 5 LU
GAPDH i N &, 45 F DL 29 K 78 mRNA A Xf
ik,

1.6.6 itk R SPSS 20.0 # {4 it 17 %4k o>
B, T o B8 R ws R B R L BCR T R
5, P<0.05 KRR ERAGRIHE L

2 &R
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BT BT P Ay SR A 236 4, 4R 3 07 0 b v 45 A
Bl i B 25 SR 45 B 111 A6 PR A, 7E TCMSP s
JE v s H 5 e T — e X, R AR
1A, LA 3] 199 4~#E 45 .

22 KOAME S 4KH HmEWAMGRE 1A, N
OMIM, DrugBank & GeneCards 3 4~ % 9% ¢ b 3L 15
F1 70250 5

2.3 PSR K oA A T 199 AT
B HE 5 1 702 4> KOA BB 5 i 47 e B, 15 %)
109 A~ & 5] 58 5, DL 38 58 MR B4 A4 KL . AL
Cytoscape 3.7.2 F {4 & 57 1 PR B 4 5 0 A BAE H
W25, SE A7 256 45 SR 1 250 4530, UL 5 H R
PERA R o 8 S BT S RT3 7 Y T M o S R K
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KOA MR O3 4y, L3 2.

R2 BREEBAEIEFUERSERER
Table 2 Basic information of main active components of Tongbi

Jiangu prescription

D e 4 R b2 WLy
MOL000098 quercetin M5 %
MOL000422 kaempferol 1Ly 2% 1y
MOL000358 beta-sitosterol B-4+ {5 7

R T — 25 W o A T IR T R e R
FIVE HIBLH #5109 452 48 T 1558 s 47 PP R 2% 73
BT U184 5 R B 4 ek D 4 v T A A A A T DL R
A EAER AT 2 154 240 K 5 A A 5 AE H
F 300, O A R )RR R B A B A
IL-18, MMP-3 il TNF-a, IA g Ho 0] G 2 38 5 4l 45
TR I O AR DA A5
24 GO®EEMKEGGFFHMEE GO ®EESN
e DL 388 i s R B4R ), G v AR et AR R e B
HEAE ML xR 22 0 0 RS T 45 5 38 B A DNA
A SE N IR Y S A Y R A0 AL AR
WAL 4G T 5 2R 2 A W) I RNA Al 1T 4% s
TEAY WK 2R AREARIGE Y E
Jifle /i FIee EB W MM FZ KRG
ARG PR R TS A R 2 S 2 E ORI
ity 15 M AL R T2 AR A A — AR E A R Y R
[T M 55 T . KEGG {5 5 18 4 & 48 70 M 445 2% WL 3
s M B0 B R A 3 45 fE Sl % 5 KOA % U A
K, 43 il J& NF-«B, 9 18 #3855 (JAK) /M5 5 1% 5 &
T SPGB L (STAT) A1 Wt {5 5 38 %, 3 7 18 0 4
et iE i 2B EH T KOA, LANF-«kBfF %5
i Ry 5] S8 R T IR TT KOA BT 7E 58 2 AR
BILTL , 38 5 s RSB A
2.5 SRR Aok B (B 1 O
#5 IL-18, MMP-3 } TNF-a /E R 32 4 , DL 000 1
B AR A B AT o X R UE . AT
Jic 1A 7% 78 A/ FH 05 % #8058 |, docking score {H % 5 . A%
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W 5¥ docking score {H 31>5.0, 4& /5 #% .0 6 PE L 43 5
A A B B B A G L SR LR 3, A X
2z DL 3 i R BREE AR

2.6 SLEmZs

2.6.1 I S {5 4 KOA BB 40 M b 3 i b
IL-18,MMP-3, TNF-a kM 5725 (4] i
SRR 7 #5 R 4 VS WP 1IL-18, MMP-3 & TNF-a
HKOFHIBEAR (P<0.05) 5 MR BE2H 15 v ARG BE 4 LU 5%
i Tk i 4H B AIG HL IL-18, MM P-3 & TNF-a 7K F- T [ i

F4 BEEEBHXKOARB MM EFRSP IL-18, MMP-3 & TNF-a R ik

K3 BEREAROEERSEXBEASFHESH
Table 3 Molecular docking fraction of core active components

and key targets of Tongbi Jiangu prescription

%0 T P R
IL-18 MMP-3 TNF-«a
fiitfe % 8.21 6.74 5.22
11 2% 1y 6.08 7.39 8.18
B-4 (i B 6.53 5.85 7.14

J3E 5 308 LA 1 O e R R A AR AR LR 4

Q80 (X+s5,n=3)

Table 4 Effect of Tongbi Jiangu prescription on expression of IL-18, MMP-3 and TNF-« in supernatant of KOA chondrocytes(x+s,n=3)

ng-L"
20 5 I  /mg- L IL-18 MMP-3 TNF-a
ZEH 70.39+2.18 1.35+0.17 110.37+5.26
S E= g 200 59.14+3.23"% 0.93+0.08"% 85.09+3.43"%
400 47.62+5.16" 0.71+0.12"% 77.56+2.28"%
600 34.36+1.92" 0.45+0.06" 61.08+4.55"

T 52 A AV P<0.05 5 5 B vk 4 R Y P<0.05,

2.6.2 il B AE 7 XF KOA 48 40 Jfd NF-«xB p65
mRNA,IkB-a mRNA KL m 525 4,
3 YR B 7 45 2H NF-kB p65 mRNA 7K V- 2 [ A% (P<
0.05) ,1kB-a mRNA 7K -3 FF &5 ( P<0.05) ; & vk i 4
B KMk B 4L b 8, Wk B 41 NF-xB p65 mRNA
B A, IkB-a mRNA /K4 5 , H NF-«B p65 mRNA
JKAF T BEFRJE , IkB-a mRNA JK P I i 5 B 5 i
a1 7 v BE SR AR L A AR LR S

x5 BEEES A KOARK S MM NF-xB p65,IkB-a mRNA & i
RIS (x+s5,n=3)

Table 5 Effect of Tongbi Jiangu prescription on NF-xB p65 and
IxB-a mRNA expression in KOA chondrocytes (x+s,n=3)

21 5 /ji-%u‘ NF-«B p65 IkB-a
25 4.65+0.37 0.53+0.14
Sk s= i 200 2.5240.19"? 0.74+0.09"%

400 1.97+0.13"% 0.89+0.11"%
600 1.51+0.24" 1.18+0.07"

TE 52 4LV P<0.05 5 vk BE 41 82 Y P<0.05,
3 itig
WA E T RRARZE BRL WA Z KN
AR AR G IR R S AT — e ME R X
2 B AT AL A R AR Y R L 2% 2
P 4 b E B E = 0 38 e i — 3
AR Rl G R T 25 5 T VR T BIL R A 43 K
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AT A M, A YR PRS2 R E
FAS . BAR 25 BAE 5% 3% B M A AR 0% B B e b
IL-18, TNF-a % R AE K F 19 53 W, 267 KOA T 1
FIFT 9 2591 . WF 9 K BN F M 2 E R, OA K
PEIAT R 2RI B 20 240 4y 35 R0, 5 AR B
(0 J2 I35 o IL-18 & TNF-a 75 f AR 0 Y 9Kk M iz
PR A AL I IR 52 e b A5 20 i — 2B ik A
2R IR R B I W Bl KOA JR & I IR
E AR, 1 H AL 55 B AR IL-18, TNF-a R 1 K 7 36 3K
W UVM 3, 5 AR SO 4% 2 B AR 4 SR A AR A
TF 2 UF S 110 25 T B8 96 4iE 2% O A HE 3% I S RE IR, I
ML 5 FEE OA K BRECE AP IL-18 & A 54,
45 L 55 Rl ST A 45 98 A — B0 i B-4 5 B aE
a4 IL-6 3k, FE K TNF-o, IL-18 %5 R PE A T 1Y
A3, T P A BT AR AR I AE KOA 57 v b 45 21 1 —
A 0GR o H T U 3 R R Oy T R A R
PR RI8 LR IT KOAYEH .

H kT 7E KOA &9 AL Hh o5 A3 5122 A3 Jf:
Py V8 H A 0, R 20 0 A O KOA 2k R MR AT
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PI , Bl G X KOA AR FTIF 58 B R Wi IR A, R 1 A
T7E KOA KW & i A L 2 i gl RO F A .
TE KOA 8 35 Fl sl 4y A5 A ey, ] WY fgd Az ) 3] 1L-18,
TNF-a 5 5 @ £k LR A M 1 33k
KR IT KOA — A>T 805 G 2 W) 46 25 B 24 7y Br
AL R E IR Y KOA & B B 05 ok IL-18,
TNF-a 2 MMP-3, SHAHINE %" % #l OA H #
IL-18 J R 3 35 7K - 5 Y5 i 5052 1E A G, AH B 1 2
TE KOA SB35 1 5G9 W I JE v A 0 1 TL-18 7 46
ik, 15 KOA MR I8 S EAH G, B IL-18 & 2 8,
T Y, TNF-o i85 8058 0 4 I8 8 A Il 7 12 4
T 2 A0 A R AR, S5 KOA BRI PRORE IR B
AH S22 S R BT IR MIMP-3 RE % % il A0 T 7% e
JRE R A 20, S8R AR JE S 8 KOA
1) % e T e St

EGOAEW B E LT, TR SAEY
b TR AR AT Y 45 SR 5 PPL W 2K 43 B 4 A A A —
H, W5 KOA B HLHI AT & . KOA AH K I H &
ET B GIRBEE TR EA. TS 5EE
1) 25 R 22 Sy 3 95 R 7 BT O B i B TR f ORI L S8
P fat - R R xR AT IS BRI KOA 1Y
H .

KEGG il % & 4 43 #1715 KOA W] i AH 5 1Y
WA 3 4%, JAK/STAT 15 538 B 1 %6 P R T 78
0 f AL A5 5 I L RE I FE VLR AL 80 T2 4
FEPY S A R BT R R A L E a9 B JAKY
STAT i % , B Ik TNF-a 19 % 35, 1 ] KOA % i 2
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