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[ Abstract] Objective: To investigate the mechanism of quercetin in regulating chondrocyte
extracellular matrix metabolism and inflammatory response in knee osteoarthritis (KOA) from the perspective of
autophagy. Method: Chondrocytes were extracted and cultured, and the primary cells were identified by
immunofluorescence staining with collagen II . The chondrocytes induced by lipopolysaccharide (LPS) were
divided into a control group (without any treatment) , a model group (10 mg+L™" LPS treatment for 48 h), and
low-, medium-, and high-dose quercetin group (10 mg-L" LPS treatment for 48 h combined with 50, 100, and
150 mmol-L™" quercetin for 24 h). The inhibitory effects of LPS (2.5, 5, 7.5, 10, 12.5 mg-L") on the
proliferation of chondrocytes for different periods (24, 48, 72 h) were detected by cell counting kit-8 (CCK-8).
The effects of quercetin (50, 100, 150, 200 mmol-L") on the LPS-induced proliferation of chondrocytes for
different periods (12, 24, and 48 h) were investigated. The expression of microtubule-associated protein 1 light
chain 31 (LC3 Il ) and ubiquitin-binding protein p62 was detected by Western blot. LPS-induced chondrocytes
were treated with 3-methyladenine (3-MA ). The resultant cells were divided into a control group (without any
treatment) , a model group (10 mg-L" LPS), a quercetin group (model group + 100 mmol-L" quercetin) , a
3-MA group (model group + 100 pmol-L' 3-MA) , and a 3-MA + quercetin group (model group +
100 pmol-L"' 3-MA + 100 mmol-L" quercetin, specifically, LPS for 48 h, 3-MA for 2 h, and then quercetin for
24 h). The content of interleukin (IL)-18 and tumor necrosis factor (TNF)-a was determined by enzyme-linked
immunosorbent assay (ELISA). The protein expression of matrix metalloproteinase 13 (MMP-13) and tissue
inhibitor of metalloproteinase 1 (TIMP1) was detected by Western blot. Result; Collagen [l
immunofluorescence staining showed that the extracted cells were consistent with the characteristics of
chondrocytes. As revealed by CCK-8, the optimum concentration of LPS was 10 mg-L" with an action time of
48 h, and the optimum concentration of quercetin was 100 mmol-L" with an action time of 24 h. Western blot
results showed that compared with the control group, the model group showed decreased expression of LC3 Il
(P<0.01) and increased expression of p62 (P<0.01). The expression of LC3 Il in the quercetin groups was
higher than that in the control group (P<0.01) , especially in the medium-dose quercetin group. The p62
expression in the quercetin groups was lower than that in the control group (P<0.01), especially in the medium-
dose quercetin group. Compared with the control group, the model group showed increased expression of
MMP-13 (P<0.05) and decreased expression of TIMP1 (P<0.01). Compared with the model group, the
quercetin groups and the 3-MA + quercetin group showed decreased expression of MMP-13 (P<0.05, P<0.01),
especially the quercetin groups, and increased expression of TIMP1 (P<0.01), especially the quercetin groups.
Morphological changes in chondrocytes under the inverted microscope showed that quercetin could restore the
morphology of damaged chondrocytes. CCK-8 showed that compared with the control group, the model group
showed inhibited chondrocyte proliferation (P<0.01), and compared with the model group, the quercetin groups
and the 3-MA + quercetin group showed promoted chondrocyte proliferation (P<0.01), especially the quercetin
groups. ELISA results showed that IL-18 and TNF-« levels in the model group were higher than those in the
control group (P<0.01), and the levels of IL-18 and TNF-« in the quercetin groups and the 3-MA + quercetin
group were lower than those in the model group (P<0.05, P<0.01), and the decrease in the quercetin groups was
the most significant. Conclusion: Quercetin can promote LPS-induced chondrocyte proliferation, regulate
chondrocyte extracellular matrix synthesis and metabolic balance, inhibit the inflammatory response, and restore
chondrocyte function. The mechanism may be related to the activation of autophagy by quercetin.
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BAE NT XN AaaREEZmE ™,
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iz I 253697 KOA UG T Er 2, AR R
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fift B A FEE O B VR ML o T IR A S . BOAR
W 5% 32 [ DA 2008 40 M 1 W AR 4 s A e R 4
KOA %8 4 is ECM AR S & AE 1Y 73 F AL
1 ##
11 40 AR 4ok [ R A B B
BHT R B AR B KOA B # IR B & Kb f
Ty, N TER O 5 . R AL AR R L
10N, 5 N, 205 N FIR S RETE 55~75 % 0 5%
0% 4 R PR A H R A R BR B A B2 T (R FE S
2020-135-01) Jf A 5 1 W) 2
1.2 255 5l i R (S5 Sigma 22 v it
SLCC9071, 4l fF >95%) ; i§ Z 4 (LPS, L R ¥ E
BHEA RS ), 415 L8880, 4li i 99% ) 5 3- HT Jit fit 1
% (3-MA , db 5t &3 £ BHA R A | L 45 IM0190,
4R 97%) s ME M CE A 1 e 3T (LC3 ) 2 %
454 M M p62(p62) (EE it 4x J& M i -13(MMP-13)
PodA . I B B4 1 (Collagen 1) (3% B Gene Tex 2y
o, #t 5 4 Wk GTX100829. GTX100685,
GTX100665.GTX127375) ; 4 J& £ A il 41 21 97 il 5]
T 1 (TIMP1) it & 1l = Bt % 9 3R & A (Ig)
G-AF488 ., 1L F 4T B AR i 2 1k 9 B (HRP) #5 ic —
Pt ( 32 B Immunoway /A #l , it 5 43 5l & YT4658 .
RS3211.S0001) ; i 98 PR BE A F - ( TNF-a) | [ 41 Jifd
I 2 -1B(IL-1B) g 1 B 928 W B 2 2% (ELISA ) i 5l
EOLBIER AR EARAA M-S 50K
NN-0122H2 .JS 1beta-48) ; il Jifl 3% 5 15 38 14 6z I 3 751
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1.3 Y% TY600 AL L Yk A (A 35 4 2 AR Oy LUk ik
H AR ) s GenS B FR AL (35 [E BioTek 24 A )
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Eppendorf/Zy ] ) ; ND5000 AU #8 3 & 48 7 vl UL Y6 4356
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2 FHik

2.1 AT ECE AN SR R AR R
TBUH 08 51 i WA AR A 5 B R R 2% vhi (PBS) 1
AL AR SCHR [ 19 ] 1 £ BN 6797 401 40 i Jn
A KA DMEM }; 55 55 (% 10% JiG 2R 3% , & %5 R
100 U-mL", §% % % 100 U-mL") , % F T 25 mL 4f
a5 SR P, BT 37 °C L 5% CO, 1 A1 B 8% 7%
2 AR AN B 55 RIS 80% LA i AT AL AR
2.2 QiffiSsE B RCIRE R EAR AN, 4% 1%
10* A~ 40 i /L2 0 F 24 FLAR R, 5 S5, B iR 3k 2%
M (PBS) ¥ ¥k 3 Ik, & 1K 5 min; H 0.2% TritonX-
100 47 4L 30 min, 7 PBS ¥ ¥E 3 ¥, 41X 5 min; %%
J& F 5% BSA #F [ 1 h; Collagen [T #i44 (1:500) ,
4 °CHFH 18 ; Yk B PBS ¥ ¥k 3 ¥R, & YR 5 min, il
AFIEZH(1:500) , % B EOEIE T 1 hy 748 29,
B APYOREE R, B R S min, 8K . FCE
40 i 4l B =Collagen II FH P 40§ 2% / 40 fE B %k <
100% .,

23 Mt R LPSH G iE IMAKRESRIGM
3ACHCT A M 1< 10° 4 41 /AL FP A, S B8 SRk
(20 JEAT , 1 200 M 005 B J 43 590 1) 4 L Jim A LPS 2.5,
5.7.5.10.12.5 mg-L", & 41 % 34~ 42 fL , 5 7 b B
24 .48 .72 h g , [ AL A CCK-8 W 10 pL, b
AT 450 nm P A I WG B A, 50 5 LPS S A 15 AR
We BRI E] . AR YR LPS W 19 A 18 Wk i L) L 43
w1 A5 FL I A K2 % 50.100,150,200 mmol- L™, %
A 3 A AL B I BSR4y T 12,24
48 h, JF LA PRI b S H A 3R

24 A5

2.4.1 PRI R 200 B0CE 4 E W sZ kg K
AN s AL B M RAK P R R
25 [ 2H AN ABOAT: Al Ak 1 B2 21 10 mg- L' LPS Ab i
48 h it iz AR S R 4L S 10 mg- L' LPS 4b B
48 h, 71 50,100,150 mmol- L™ ¥ FE i iz Z AbFH 24 h,
2.4.2  AF VI E B X LPS 5 5 1Y Bk B 40 i Ah i R
Wi B RRE S A MR A A DG ME R RO M o S
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P4 BT A M R 4] 3-MA 4] 3-MA+fi i R
ZH o AN ABUAEART Kb B 0 AE R s 1 2 B AL 2 A
10 mg-L" LPS &b B 48 h; 75 1 80 41 B fift b, #i iz %
21 fin A 100 mmol- L' #i} J2 2 5 3-MA 41 /il A 3-MA
100 wmol- L2 ; 3-M A+l Bz & 44 /0 A 100 mmol-L"!
i Bz % F1 3-MA 100 pmol- L, %G} 10 mg-L"' LPS
A FE 48 b, 3-MA Wikb B 2 WY, B R R T
24 h,
2.5 fEbrka il
2.5.1 iR FE N A MG B s I 4% 1x10° 4>
20 M /L Ah B, 2 R 2.4 T B AT A 4L AT BUS | )
BFLINA CCK-8 10 wL, JHEEFR AL T 450 nm 3% K 4
WA, 24 MAETG =000 2 A/75 14 A% 100% o
2.5.2  ELISA A 58 4 B L 3 H IL-18 1l TNF-a
O BEHA ROIRAS BT A 0 20 i, i R 2.4.2 33
JrEAT A AT WU, 2 2% SCEk (22 ] 1 SE 5 b
IR K I 40 B 37 A IL-18 F1 TNF-a 7K .
2.53 R PEENITE E (Western blot) 4 il A 5 &
M RIBAKE 3 BUE KRS B 4F 0 50s 40 i, 4%
1.OX10° A4 i /£l , 70 F 6 LI b b i & 34
fLo #2420 Jy AL PR S i B SCHR [23 ] 7 A g
P, PR 78 A R 3R 5L, A = R0 RIPA 24 fiff i 42 B,
EE, MO RINEA®ER, JA
IS L A =80 CCUKAR Hh DR A7 % 1T, WA A i gk
17 SDS-PAGE #E i B UK , 5% 6%, % i g 0% b 25 Ui df
B 1 h, 2050 m LC3 I . p62 . MMP-13 . TIMP1 F1 8-l
B H (B-actin) FL AR (1:1 000) —HT 4 °CHE & 1L 72 -
HRP Fric th - dt e —Ht (1:1 77 ) = IR % F 30 min.
A2 % B 52 5 2% FH Image Lab i+ 55 H 19 &4 5 4
S 55 K B AE LA, B E 9 B 0 AH X e 3k 1, DU
% LC3.p62 .MMP-13  TIMP1 & H i £ 515 0 .
2.6 HiitsAAbEE R FH SPSS 24.0 B4 b B R
THa R ks FeoR , 20 ] LU AR F B IR 6 0 25 4%
B, LA P<0.05 A S A Gt #E X,
3 &R
3.1 B YIS E Collagen IT 45 9¢ O e {4 2%
S 200 A % RS LR B 4T €8 58 ', Al i A% T T
DAPI( 5 {0) 52 gy , 35 W1 555 5% A9 40 2 38 45 AE 7
Collagen 1T ,Jf &= 2704 T MUK A MBS |, H>95%
A4 41 9 A Collagen 11 BHPE 22 3% 40 Bfg , Tk BH Br 2 B
1A R R A, DA 1
3.2 LPS KMt B & 5 AR vk BE ORI T 10 () A9 0 ok
2RI, LPS 4% Ve B2 6 B, il ) 0] 25 Ak 40 i 3% 1 AN
W7 [5G, 24 LPS Jit v JE =10 mg- L' B[] >48 h i}

A B C
i#:A. DAPI;B. Collagen Il ;C. Merge
B 1 HRE4HEE Collagen [l BB N E(HLPEIIE,x100)
Fig. 1 Collagen I immunofluorescence staining of chondrocytes

(TF,*100)

20 M T 1 B B (P<0.05) . % % LPS X 40 il i
BEMEME R, B0k LPS it W 10 mg- L' .48 hiff 17
Jo Sy, W 1, 110 mge L 5 9k B (19 LPS
TiUAKCB A0 48 h ), 45 T O TRk B A A 3T T
Ja . 5 A e B AE 12,24 .48 h 4 i 34 5E
W] B AR (P<0.05, P<0.01) ; 5 15 #8020 [ &8, 7
12 h B 45 U B A 20 R G 0 25 S RS R L AE
24 h N5 ¥k BE 2H 40 B 5 R B B R (P<0.05, P<
0.01) , H: b i Kz 2 ¥ B & 100 mmol - L B fix %,
TE 48 h I} 100, 150 mmol- L™ ¥ FF 21 4 Jio 3% 5 0
(P<0.05,P<0.01), H: i Jie Z e F¥ 5 100 mmol- L
B 22 i i3, 50.200 mmol - L'k AH SR b
Ll R R T N =R O Ve i B = N A S W e € i
tit e R Mk BE 100 wmol-L'. 24 h #F 17 J5 28 55 5,
2,

&1 LPSIREMIE (x£5,n=3)

Table 1 Screening of LPS concentration (x+s,n=3)

g R 4
/mg-L 24 h 48 h 72 h

2 H4H 0.43£0.04  0.58+0.05 0.78+0.08
LPS 4 25 0.44£0.06  0.58+0.01 0.80+0.03
5 0.40£0.05  0.53+0.04 0.72+0.04

75 0.42£0.03  0.52+0.03 0.59+0.03"

10 0.39+0.03  0.35+0.05"  0.52+0.03"

12.5 0.38+0.03  0.34+0.04"  0.41+0.03"

528 HA L U P<0.05

3.3 M F X LPS 5 S 00 ACE 4l M 3 W Y 52

DL Bz 2 e A vk B 100 mmol- L7 R #k i, 158 4 #i
Rz Z iR 4, T 50 mmol - L7 Ve A 2 25 1
Bz Z AR 4 41, 150 mmol- L B 1 Wi 2 25 35% S i
W EZE A EA, YA P 24 h 5, Western blot K5 1l £
HAMEMHCEAREEL, SRER, 55 A4 T
ORI LC3 T 85 M 3Rk 3% FE K (P<0.01) , p62
KW FETE (P<0.01), Ui W LPS o] 411 i 44 iy
FI 5 587 A b, i R 3R I v R A A R
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x2 WREFRERE (3+s5,0=3)

Table 2 Screening of quercetin concentration (x+s,n=3)

ay 1
/mmol-L 12h 24 h 48 h

2 H4 0.79+0.04  0.91£0.04  0.93+0.02

AT 241 0.54+0.02”  0.61+0.04"  0.63+0.04"

Hit Kz 2% 41 50 0.56+0.02  0.65+0.03%  0.67+0.01
100 0.60+0.04  0.92+0.03%  0.94+0.04"
150 0.58+0.05 0.74£0.02  0.76+0.02%
200 0.59+0.03  0.69+0.03")  0.68+0.01

£33 WMEEMLPSESHRBAMEBHEXEALCINMp62E
EHIRM (x+s,n=3)

Table 3  Effect of quercetin on expression of LPS-induced
autophagy related proteins LC3 I and p62 in chondrocytes (x+s,

n=3)

52 A4 R VP<0.05,2 P<0.01; 5 4 Y P<0.05,
YP<0.01(%3-%6 )
41 LC3 I 4K H 23k 23 Th i (P<0.01) , oA A
bR A T R B L TN p62 A 1 R A B FR AR
(P<0.01) , HAf fz 28 rb 5f) & 20 AR e i % . &5 Bt
FURCHE R M B 3% nT BOHE A W, EL A B2 3R o i
i, WL 3K 2, 590 MR — 8
W2,
3.4 i B0 LPS 5 S 09 AR A B 2 2 s K
WEIE R BT T WL A% R A B
N E SN RE R = 9 ]
AR W BE A A T B A il , 55 2R 2 A R 00 i, i ]
s AR b AR N AR ] B T 5 5 AR A LA,
Mk B R4 3-MA-H B R A 240 KR ) R g &,
vhobi e 2% A i R R B 2, LA S OT 4R
P F A o DR 3 A I A% 2 200 0 B 1 D0 45
FoR L5 A A R A A I A0 e A 3

s
21 5] , ;‘ Lo LC3MBactin p62/B-actin
mmol-

=Kl 1.77+0.03 0.31+0.02
IR 24 0.25+0.06 1.23+0.03%
it B 2 A5 dak 2 50 2.13+0.07% 0.63+0.03"
Mt e 2% ) R 4L 100 2.8140.03" 0.60+0.02%
it 2% i ) 4 150 2.58+0.02" 0.7440.03

fraciin S D S S S /3 D2
P62 s SR S S > D2
oo G -
A B c D E
TEcAL S4B BRI C. M KA 4L DL M & b
i B M R i

B2 KARBSHAREEHEXEALCIIMp62 EARILEX

Fig. 2 Electrophoresis of LPS-induced autophagy related

proteins LC3 Il and p62 protein expression in chondrocytes

Pl (P<0.01) ; S AI AL LA, i e R AL 3-M A+
B3R 2 RO A 3 B R 1 1 3 T (P<0.01) , A
Wi e 25 2H BB B B L 3-MA 4 SRR ZH i 5 S
LGitE . kK4,

A 2 AU B BB C i R4 ;D 3-MA ZH ;E. 3-MA+ K 20 (4 [F])

B3 BEARBEEMSFEUNE(HE LB %60)

Fig. 3 Morphological changes of chondrocytes in each group (invert microscope, x60)

3.5 Mt FE XF LPS I T 09 AKCE A 4R E 19 5
523 4 A, B4 TL-18 . TNF-a & 1 L & 7

1 (P<0.01) 5 SR AI AL L3, i i 4L 3-MA Az

KA IL-18. TNF-a 7 5 B & P& Ik (P<0.05, P<0.01),

oAb e R A AR R B, 3-MA 2 S5 B A L A

R TR BFEITFEL, WES.

3.6 it B2 X LPS i 5 A9 4CH 4 i A1 3 5 G i Y
. 96 .

R 52 A e, B 4] MMP-13 8 %k
i Th R (P<0.05) , TIMP1 & [ % ik I 3% B Ik (P<
0.01) ; SRR L5, Mt i 20 3-MA+Hi 2 R A
MMP-13 3 ik ] i [ % (P<0.05, P<0.01) , A ifif iz
A P AR B W 3, TIMP1 3R 35 8 2% 7 i (P<0.01) , 3L
il R T R B L 3-MA YL E RS E
X, ke K4,
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R4 WEENRBHEIGEHZI (X+s,n=3)

Table 4 Effect of quercetin on chondrocyte proliferation (x+s,

20 51 e /mmol- L A
ISk 0.94+0.02
IR 0.55+0.03>
ik 4l 100 0.86=0.02"
3-MA 4 0.1 0.56:+0.02

3-MAH Y 24 0.1+100 0.7120.02%

xS BWEZXNLPSESHRBHARIEMNTIN (s, n=4)

Table 5 Effect of quercetin on LPS-induced chondrocyte

inflammation (X+s,n=4) ng-L"
205 /mf(jﬁbl IL-18 TNF-a
2514l 1.40+0.05 97.05+0.65
R 4] 8.56+0.59%  194.71+7.08%
ik e R 20 100 3.9320.15Y  155.89+3.54"
3-MA 4 0.1 7.74+0.14 185.54+2.07
3-MA+HiH i 2 41 0.1+100 4.73£0.23Y  181.29+1.03Y

®6 WHEEMLPSHESHKE M MMP-13. TIMP1 Ri%§ #10
(X£s,n=3)

Table 6 Effect of quercetin on LPS-induced expression of MMP-
13 and TIMP1 in chondrocytes (x+s,n=3)

Yk BE _

15 Wz ; MMP '13 TIM?I
/mmol-L /B-actin /B-actin

2 H4U 0.74+0.03 0.69+0.05
H IR 241 1.01+0.05" 0.3640.02%
Mt e 2% 4 100 0.48+0.08" 0.94+0.07"
3-MA 4 0.1 1.03£0.07 0.31+0.03
3-MA-+Hf  F 4 0.1+100 0.78+0.04 0.16+0.02*
i S "
p-actin [ 43 kDa

A B C D E
B4 SHAXBHABERMMP-13. TIMP1EBAREBK
Fig. 4 Electrophoresis of MMP-13 and TIMP1 protein expression

in chondrocytes
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