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WE  ZARIE R AL E (Luteolin) 4547 4 tm f A8 % B F2(Nrf2)/de 41 & Jm A% 1 (HO-1)
1B AT PG % AB(LPS) 3 69 87 ta IR 69 %5 vm . EABKE R A C28/124m i o A 2 @148, LPS4R
(10 pg/mL), Luteolinf&. % #= & 7 &(25. 5042100 umol/L)4E F=Luteolin(100 pmol/L)+Nrf24 4] 7]
(5 umol/L ML385)4H, IR = & 489, HA4a 4o 345 A LPSH 5 4n fiedfifh . KA SLEBR L 285 (LDH )%
Ao 4 LB 4w AT BOR ) & -8(CCK-8)ik A0 4m iR 7% 77; TUNEL @460 4m it 78 = 1 JL; BBk
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& 8-13(MMP-13). o MBS & & 83 A% 4 & KB5S (ADAMTS-5) & @ & A Hil., 5% @ 4m
b, LPSZA it L. DH4 % . TUNEL[A/M & TNF-awk/Z. iINOSIKE . IL-6KE . ROS/K-F. MMP-
1342 ADAMTS-5% @ & A KF 3 F+ 5 (P<0.05), Disefi. CATAT-SODE # A B Nrf242HO- 1% & &
iR K 3 AR(P<0.05); 5LPSARL, 25, 5042100 pmol/L Luteolinf 48 f2LDH. TUNELFa/M4 %
TNF-aiRZ . iNOSIRE . IL-67KE . ROS/K-F. MMP-1342ADAMTS-5% & & ik /K-F 51%(P<0.05),
DysoftL. CAT#=T-SODE M vA BANrf242HO- 1% & £ & K-F 7+ 3 (P<0.05); 5100 pmol/L LuteolinZE.48
¥, Luteolin+ML3854H 20 i, LDH4 & . TUNEL FE /£ & | TNF-0i& & . iNOSIKE . IL-63KE . ROS/K-F .
MMP-1342ADAMTS-5% & & & K-FH 5(P<0.05), Dispfi. CATF=T-SOD7E 1 vA ZNrf2f2HO-1%&
&) & ik K K (P<0.05). Luteolini@ it 7% Nrf2/HO- 118 34T VA &%, 53 LPS% 5 69 3K B 4a J 40 19 1%
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Effect of Luteolin on LPS Induced Chondrocyte Injury
by Regulating Nrf2/HO-1 Pathway
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Abstract This study investigated the protective effect of LPS (Luteolin) on lipopolysaccharide-induced
chondrocyte injury by regulating the Nrf2 (nuclear factor erythroid 2-related factor 2)/HO-1 (heme oxygenase-1)
pathway. Human chondrocyte line C28/12 cells were assigned into blank group, LPS group (10 pg/mL), low dose
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Luteolin (25 pmol/L) group, medium dose Luteolin (50 pmol/L) group, high dose Luteolin (100 pumol/L) group,
and Luteolin (100 pmol/L)+Nrf2 inhibitor (5 umol/L ML385) group. Except for the blank group, all other groups
were induced cell injury with LPS. The LDH (lactate dehydrogenase) method was used to detect cytotoxicity. CCK-
8 (cell counting kit-8) method was used to detect cell viability. TUNEL staining was used to detect cell apoptosis.
ELISA (enzyme linked immunosorbent assay) kits were used to detect the concentrations of TNF-a (tumor necrosis
factor-a), iNOS (inducible nitric oxide synthase), and IL-6 (interleukin-6). The colorimetric method was used to de-
tect oxidative stress factors T-SOD (total superoxide dismutase) and CAT (catalase). The probe DCFH-DA was used
to detect the generation of ROS (reactive oxygen species). Western blot was used to detect the protein expression of
Nrf2, HO-1, MMP-13 (matrix metalloproteinase-13), and a disintegrin and metalloproteinase with ADAMTS-5 (a
disintegrin and metalloproteinase with thrombospondin motif 5) in cells. Compared with the blank group, the cell
LDH content, TUNEL positivity rate, TNF-a, iNOS and IL-6 concentrations, ROS level, MMP-13 and ADAMTS-5
protein expression levels increased in LPS group (P<0.05), while the D.sy value, CAT and T-SOD activities, Nrf2
and HO-1 protein expression levels reduced (P<0.05). Compared with the LPS group, the cell LDH content, TUNEL
positivity rate, TNF-a, iNOS and IL-6 concentrations, ROS level, MMP-13 and ADAMTS-5 protein expression levels
reduced in 25, 50, and 100 pmol/L Luteolin groups (P<0.05), while the D.so value, CAT and T-SOD activities, Nrf2
and HO-1 protein expression levels increased (P<0.05). Compared with the 100 pmol/L Luteolin group, the cell
LDH content, TUNEL positivity rate, TNF-a, iNOS and IL-6 concentrations, ROS level, MMP-13 and ADAMTS-5
protein expression levels increased in LuteolintML385 group (P<0.05), while the D.so value, CAT and T-SOD ac-
tivities, Nrf2 and HO-1 protein expression levels reduced (P<0.05). Luteolin inhibites LPS-induced chondrocyte
injury by activating Nrf2/HO-1 pathway.

Keywords Luteolin; nuclear factor erythroid 2-related factor 2; heme oxygenase-1; lipopolysaccharide;

chondrocyte injury
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3% 5y 413577 24 h, TG I R 7= F M B ) DCFH-DA
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30 min, W EREFEHE, PBSHE &3V, 37 °C+ 1000 r/min
B0 S min, 2P BIE, BN PBSEFAIM, X
411 SN 52 ROS/KF o
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SEHERIE . I e SR R A — R T 0 I et
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SPAERME . IR T S%MAE T & A 2 h,
SRIGTE S Tween-201) TrisZ2 P HR e 5 31Kk,
%5 mine FESHIN2(1:1 000). HO-1(1:1 000)
MMP-13(1:1 000). ADAMTS-5(1:1 200)#1 GAPDH
(1:22500)1)—HifE4 °C P B II A . BRIR3IK, FES
FHRL B RE 2 5005 (1) -t (1L P05 /At BOAE = i
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2 #HR
2.1 Luteolin A& 55 LPSXC28/I2¢4AARRI 14
LDHER &4 C28/1240 f #5: 7 , LDH & &bk

LDH /mU-mL"!

&, AR ETEROR (B ). 52 A4, LPSZ4L41
M LDH S & 5 (P<0.05); SLPSALAMHEL, 25. 5041
100 umol/L LuteolinZ1 4l ffd LDH 7 & [£11% (P<0.05);
5100 umol/L LuteolinZL A Et., Luteolin+ML3852H 4]
MILDH & &t =(P<0.05).
2.2 Luteolin AJ &38R LPSIESHIC28/124MAE M
CCK-83E K I %% 20 C28/12 40 B3 1, Dasof ik K,
S TG Rk R (2) . 5 AR L, LPSZHANNIDaso
H FEAK(P<0.05); 5LPSZHAHLL, 25, 5041100 pmol/L
LuteolinZH 41 Jfl DysofE T 15 (P<0.05); 5 100 pmol/L
LuteolinZHA4H v, Luteolin+ML385ZH 4 i DsofH P41

*P<0.05, 575 H4LLL; P<0.05, SLPSALEL; #P<0.05, 5100 pmol/L LuteolinZi bt . X+s, n=5.
*P<(.05 compared with the blank group; “P<0.05 compared with the LPS group; “P<0.05 compared with the 100 pmol/L Luteolin group. X+s, n=5.
Bl FHC28/NMMELDHE 2
Fig.1 The LDH content of C28/12 cells in each group

D450

#P<0.05, 55 HALLL; *P<0.05, HLPSALLL; “P<0.05, 5100 pmol/L LuteolinZltt . xts, n=5.
*P<(.05 compared with the blank group; “P<0.05 compared with the LPS group; “P<0.05 compared with the 100 pmol/L Luteolin group. X+s, n=5.
E2 ZLAC28/MHAMD,sE

Fig.2 D.s) values of C28/12 cells in each group
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(P<0.05).
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50 umol/L Lute-
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.

100 pmol/L Lu-
teolin group

Luteolin+tML385
group

50 pm

2.4 Luteolinf&{XLPSIFE S B9C28/1240 il ¢ fiE
FiRE

ELIS AR &A1 25 25 C28/T2 40 A 4% IR Tk
&, a5 K s, 5 a@mtt, LPSAH4HiE TNF-a.
iNOSHIIL-63% &£ Tt (P<0.05); 5 LPSALAMHEL, 25.
5041100 umol/L LuteolinZH 4 fu TNF-a. iNOSHIIL-6
R PR (P<0.05); 5100 umol/L LuteolinZHAH EE
LuteolintML3852H 40t TNF-o.. iNOSAI IL-63K & T

DAPI Merge

50 pm

50 pm

E3 ZLEC28/MAMTUNELREE
Fig.3 TUNEL staining plots of C28/12 cells in each group
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*P<0.05, 545 [4LEL; *P<0.05, HLPS4LLL; “P<0.05, 5100 umol/L LuteolinZH kb . X+s, n=5.
*P<(.05 compared with the blank group; “P<0.05 compared with the LPS group; “P<0.05 compared with the 100 pmol/L Luteolin group. X+s, n=5.
E4 FLHC28/M24AETUNELRM 2
Fig.4 The positive rate of TUNEL in C28/I2 cells of each group

2001 *

IL-6 /pg'mL™!

*P<0.05, 525 HALLL; #P<0.05, 5LPSHLEL; “P<0.05, 5100 umol/L LuteolinZ tt . X5, n=5.
*P<(.05 compared with the blank group; “P<0.05 compared with the LPS group; “P<0.05 compared with the 100 pmol/L Luteolin group. X+s, n=5.
El5 SLEC28/M2MITNF-0. iNOSFIIL-6KE
Fig.5 The concentrations of TNF-0, INOS and IL-6 in C28/12 cells of each group

i (P<0.05).
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*P<0.05, 525 [HALEL; *P<0.05, HLPSALLL; €P<0.05, 5100 pmol/L LuteolinZl H . ¥ks, n=5.
*P<(.05 compared with the blank group; “P<0.05 compared with the LPS group; “P<0.05 compared with the 100 umol/L Luteolin group. X+s, n=5.
El6 &EC28/MMAAECATHT-SODE M KROSIKFE
Fig.6 The activities of CAT and T-SOD and the levels of ROS in C28/12 cells of each group
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Fig.7 The ROS level was detected by flow cytometry
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A: FH; B: LPS4; C: 25 umol/L LuteolinZ; D: 50 pmol/L LuteolinZ; E: 100 umol/L LuteolinZl; F: Luteolin+ML38541..
A: the blank group; B: the LPS group; C: the 25 pmol/L Luteolin group; D: the 50 pmol/L Luteolin group; E: the 100 pmol/L Luteolin group; F: the

LuteolintML385 group.

E8 FLAC28/124MFENI2, HO-1. MMP-13F1ADAMTS-5%& H &7
Fig.8 Protein bands of Nrf2, HO-1, MMP-13 and ADAMTS-5 in C28/12 cells of each group
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group 4 group
1.0 # T d
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The protein relative expression

Nrf2 HO-1

LPS group
Ea 100 pmol/L Luteolin

B3 25 pmol/L Luteolin group
LuteolintML385 group

ADAMTS-5

MMP-13

*P<0.05, 525 A4 LL; “P<0.05, 5LPSALLL; #P<0.05, 5100 pmol/L LuteolinZl Lt . X+s, n=5.
*P<(.05 compared with the blank group; “P<0.05 compared with the LPS group; “P<0.05 compared with the 100 pmol/L Luteolin group. X+s, n=5.
B9 FLEC28/MI24HAENI2, HO-1, MMP-13F1ADAMTS-5% [F FRik7kF
Fig.9 The protein expression levels of Nrf2, HO-1, MMP-13 and ADAMTS-5 in C28/12 cells of each group
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