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Abstract : The paper aimed to investigate the therapeutic effect of eleutheroside E (EE) on knee osteoarthritis and analyze the
mechanisms of EE, to clarify the interaction sites and binding modes of EE and MMPs. The ACLT method was adopt to estab-
lish a rabbit model of knee osteoarthritis,,and EE was given by injection into the joint cavity for therapeutic intervention. Fur-
ther using molecular docking technology and molecular dynamics methods to analyze the interaction sites and binding modes
of EE with MMPs. These results indicated that EE could significantly improve inflammatory cell infiltration, fibrous tissue hy-
perplasia and cartilage surface destruction in osteoarthritis ,and reduce the content levels of inflammatory factors ( IL-18 and
PGE,) and MMP-3 and MMP-9 in joint fluid. In addition,, molecular docking and molecular dynamics experiments found that
EE ligands could bind to the grooves of the catalytic sites of MMP-3 and MMP-9  and the multiple hydroxyl groups on the sug-
ar ring of EE could form hydrogen bonds with multiple amino acids in the MMP-3 and MMP-9 receptors , which play an impor-
tant role in the binding of ligands. The study lays a foundation for the development of novel MMPs inhibitors with the mother
nucleus of lignan glycosides and candidate therapeutic drugs for osteoarthritis from natural sources.
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Fig. 1 The chemical structure of eleutheroside E
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Fig. 2 Effect of EE on macroscopic observations of rabbits
S ERTFARL LR, ™ P < 0.001; 5EIEIZ 1A, * P <0.05,* * * P<0.001, Note:™ P <0.001 vs SO group; * P <0.05,*** P <0.001 vs
model group.
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Fig. 3 Effect of EE on histopathology of articular cartilage of rabbits( HE, x 100)
W S BFARL L, ™ P <0.001 ; 5EIEIZ A, P <0.05,* * * P <0.001, Note:*™ P <0.001 vs SO group; * P <0.05,*** P <0.001 vs
model group.
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Fig. 4 Effect of EE on histopathology of synovial membrane of rabbits( HE, x 100)
SR TARA A, ™ P <0.001 ; SHERIZ HAE, * * * P <0.001, Note:" P <0.001 vs SO group; * * * P <0.001 s model group.
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Fig. 5 Effect of EE on the levels of IL-18 (A) \PGE,(B) MMP-3 (C) and MMP-9 (D) in synovial fluid
W ST ARALE, ™ P <0.001 ; SHRIAHHE, ** * P <0.001, Note: " P <0.001 vs SO group; * * * P < 0.001 vs model group.
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Fig. 6 Optimal conformation of molecular docking

VE:Zn B HEARRER, A EE 5 MMP-3 X2 3:M 4 ;B. EE 5 MMP-9 X 41X 5% . Note:Zn ions are represented by purple
spheres. A. Optimal conformation of molecular docking between EE with MMP-3 ;B. Optimal conformation of molecular docking between EE with MMP-9.

VAL-163

HIS-405,
GLU-111

7 EE 5 MMP-3(A)#1 MMP-9(B) %k E BB E/ERE
Fig. 7 Interaction of EE with the active site residue of MMP-3 (A) and MMP-9 (B)

4554 H AR R-15. 2 keal/mol, M HLELTH 75, EE &5
MMP-3 () 5255 RETEAR, R W] EE 5 MMP-3 45568
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%1 EE 5 MMP-3 0 MMP-9 45& B B BET#7
Table 1  Binding free energy analysis of EE binding to MMP-3 and MMP-9

AR
Energy component

4 A g
Binding free energy ( kcal/mol)

MMP-3 MMP-9
VDWAALS 41.7 29.9
FEL 31.4 96.2
EGB 58.8 115.6
ESURF 5.56 4.69
DELTA G gas 73.1 -126. 1
DELTA G solv 53.3 110.9
DELTA TOTAL -19.8 -15.2
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I7 I A B 5T 41

PR, AR SCE O EE I8 97 B M 5G9 A1 ik
13 T WFFE, NS W) B AR K- X EE 78 52 56 1 5 1
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