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 E: T R A H (echinacoside, ECH) 3t & 28 il /- % -18 (interleukin-1B , IL-18) ¥ 5 #7 40 & 40 fo 4k 7L 1=t % v &
HAEAALE . 12 Wistar K RCE 9, L34 A X B8 41 \1L-1B 4 \ECH+IL-1B 4 . ECH+IL-1B+Brusatol(Nrf2 1 4| 7]) 21
1 ECH+IL-1B+ZnPP (HO-1 #1141 %] )5 # . % A qPCR #1 Western Blot # R # JIl # B F E2 41 % H F 2 (nuclear factor-
erythroid 2-related factor-2, Nrf2) | it 2T £ 4 4 -1 (heme oxygenase-1, HO-1) ERBLAEE A & B K % X R R R 4(acyl-CoA
synthetase long-chain familymemberd, ACSL4) f2 £ it H fik 3t 4, ft. B 4 (glutathione peroxidase 4,GPX4)mRNA fn & & k 1k &
SRE, 5 x4 A, TL-18 4 % Nef2 \HO-1,GPX4 ty mRNA fn & 4 % A & B 1k, ACSL4 Y mRNA T & gk &
W %% . ECH 4 (ECH+IL-18) # Nrf2 \HO-1,GPX4 ¥ mRNA 2 & & % & £ W & 71 5, ACSL4 4 mRNA 1 & & 5% 15 & W
B A%, 7 ECH 4 Am A\ Nef2 37 % | Brusatol 2 HO-1 # #| 7| ZnPP J& , ‘B 40 Jil Nef2 \HO-1 #2 GPX4 #y mRNA fn & 5 & %
EWE TH,ACSIA I mRNAfE A XKL EWNE AT, FRMRAANBERE T 5 B A, IL-18 4 % & 4 8 Fe™ &
BEWERAE; 5 IL-18 448 W, ECH 4 (ECH+IL-1B) 3 & 40 i Fe® B9 & & ¥ % M4 1% , 7 7 A X\ Nef2 3§ 41 5| Brusatol 2 HO-1
M A ZoPP E R EF AN EEVNE AT, ERKXA MRPGF AL NSJ/HO- 1 BRETHE R FIL-1IBIF TR E A
AR T
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Echinoside Inhibits IL-1p-induced Chondrocytes Iron Death Through Nrf2/
HO-1 Pathway

LIANG Chuancai' , QIU Bo*

1.Department of Emergency, Wuhan University Renmin Hospital, Wuhan 430060, China;
2.Department of Orthopedics , Wuhan University Renmin Hospital, Wuhan 430060, China

Abstract: To investigate the protective mechanism of echinacoside (ECH) in interleukin-18 (IL-13)-induced chondrocyte iron
death. Wistar mammary rat chondrocytes were extracted, and the experiment was divided into 5 groups: control group, IL-1
group, ECH+IL-1B group, ECH+IL-1B+Brusatol (Nrf2 inhibitor) group and ECH+IL-13+ZnPP (HO-1 inhibitor) group. Quanti-
tative PCR (qPCR) and Western Blot were used to detect mRNA and protein expression nuclear factor E2-related factor 2 (Nrf2) ,
heme oxygenase-1 (HO-1) , esteroyl coenzyme A synthase long-chain family member 4 (ACSL4) and glutathione peroxidase 4
(GPX4), respectively. The results showed that the mRNA and protein expression of Nrf2, HO-1 and GPX4 were significantly re-
duced in the IL-1B group, and the mRNA and protein expression of ACSL4 were significantly enhanced compared with the con-
trol group. The mRNA and protein expression of cartilage Nrf2, HO-1 and GPX4 were significantly decreased and that of ACSL4
was significantly enhanced by the addition of the Nrf2 inhibitor Brusatol or the HO-1 inhibitor ZnPP in the ECH group. The re-
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sults of Fe™ Assay Kit showed that the chondrocyte Fe® content was significantly higher in the IL-18 group compared to the con-

trol group. The chondrocyte Fe® content was significantly lower in the ECH group (ECH+IL-1B) compared to the IL-13 group,
while it was significantly higher in the ECH group after the addition of the Nrf2 inhibitor Brusatol or the HO-1 inhibitor ZnPP. The

results suggest that echinoside can significantly improve IL-1B-induced chondrocyte iron death through Nrf2/HO-1 pathway.
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BT R (osteoarthritis , OA ) & —Fh DL & Iy
FRAEAE ST HCE TR N AR A IR A TP | 2
ELE SN RS RSN U TS A A |
Z—"0 OA Y 32 FURF AR A 455 OG5 R IR A2 |
T TG VAR R AR, S5 R w DL ) S
R AR B AL T T R AR A E
JEEEAI S DRt 36 g 4 ) 0 A0 B AT TR G il OA
KT IR AR Y AT RS A H A

AMIET = Z A AW R B I IEARRE , 2
IBATHEBR M OCHEIRZN R . PAE TR —Fh ik
HAPEAR P TP B AE T, LA AR 2 A5 D T Ak
A AL W) 1 4 (glutathione peroxidase 4, GPX4) ) 2k
I ARG 0T R A AR BOR AR R W
GPX4 ZERIE T/ SCHETA 19 A 1, BRIt G A &
% K £ 28 % B D 4 (acyl CoA synthetase long
chain family member 4, ACSL4) L2 ALT- AW
PRGWS . BRIETS TN TRy 2 o g AR A1k
PR (AR BT 7R TR g A <6 B A IR AL ) YA
AT THLH S, FE OA NI & Az & e vh R s a4
L AMSIBRIE T A B TR B A . BFIR R
B, BRAET RS 5 00 T 33K OA B 240 i 5
iR A BAEE W T, 15 OA SR AL 4]
BRAET AT LAZZ i OA BB 40 I P4 Jox I ) 41k
W R A R R R OA B Al
BRRFE T B HARAILHRI T 2 OA HE i H AT HE %
=L

¥ KT E2 #H AT 2 (nuclear factor E2, Nrf2)
e — P EAL NI T BB AAZ O3 s 7, 0
AHMEE R I B AN B G Jiang S HFSY
RYIVF 2 Nef2 T 5L P 2 5 5 i 010 A 4 i
BRIET- A AL R o Dong 25 % B K JfR 25 38 1
PG Nef2/HO-1 {5 5 38 B Of 97 HT-22 A1 5 2 4%
IRV S IRIET- " Ak, Nef2 36 7] DU 3 14
AN RAE T, ST OR3P S S Y
SPERGERAT . BRI, Nef2/HO-1 38 B4 OA $H
N L ERIE TS0 i AN TE AE

WA SR 25 4 (echinacoside , ECH ) J2& (A A2 HH —

Pl WL RAR IR S, HATSR KPR B &
Praa LR . AR R, ECH X OA 3CH 4
A £ BAT AP VE T, HAE FIPLE 5 ECH BBt %A
fEFHTME T DI REA O . SR, ECH J& 75 ] LI
TN ERIE TR AR OA BCE AN IAT SR RS0 . A
W4T T ECHZE IL-18 5 S A9 B 4 i 2k T
H R AILE , LU R OA 6T B AT 1) LA .

1 #RFFE

1.1 LIS

L1l E2&MEAXA A D RE(EAE
W) s LML (AL B B A BRA A ; 2R
(FEZ5 4 ) ; Triton X-100(24 %K) ; QRT-PCR X
(ABIZN &) s 30 (LG 23 &) ) 5 Trizol (Ambion 23
7)) ; SYBR Green Master Mix (VAZYME A &) ) ;
£ GAPDH L3 N2 Fl 4 241 HO-1 (I %
2R e AR W H R R R s AR A (i floR
B= 2B K A w2l 99% ) 5 Nfr2 #1551 Bru-
satol FIl HO-1 #1111 %) ZnPP (B4 50 [ Z2 4835 4= W B
FABRA A 50.1% 1B 8 (1 (LI Beyotime 2
F))50.2% WA A 1T (Sigma A F]) .

1.2 XWAHZE

121 B mpee BR53EA I Wistar KR
SN G140 B , AE T P T FH B T BT R K 4K
BT 0.1% JHRAR F1 T35 60 min, S8 5 76 240 i 15
TR 0.29% IR A 1T F st . Wik
J5 B 40, B 7% T DMEM/F-12 55 3% 56 vp gk 17 55
I B8 7 v ) R N T A0 R R 3R A
A PSS AR B A TG 2250 5. T
A B SRR S A TTR IR AR R BB T, B R
B ARSI KE N RER SRS Yo B2
DA AT HEE (R Ar g5 : WDRM20190517)
1.2.2 ®RFmiesatehh T Radissh
SeH . XFHRZ . IEH K5 9% 24 h;1L-18 40 : 10 ngemL™
L1 BV F - 401 24 h; ECHAHL-18 £ : 80 pumol * mL”
BN AR 10 ngemL™ f4 TL-18 & [ /E FH A 4N
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Jitd 24 h; ECH+IL-1B+Brusatol £H : 80 pmol*mL ™" fy#
SAGH 10 ng-mL Y IL-18 F1 25 pumol * mL" Y Brusatol
(Nrf2 47D 2L [FIVE H4HHL 24 h; ECH+IL-13+ZnPP
2H : 80 pmol - mL™ FYFA R AG 11 .10 ng-mL™ 1Y IL-1B
F110 pmol - mL™ 4 ZnPP (HO-1 411 i 37 ) L [w] 4 7
4f B 24 ho

123 Ea4 240 FH Western Blot £ A
TE BCE 40 M Nef2 \HO-1.,GPX4 Fl ACSL4 19755 14
Fik o YNMLETFE 24 S, A 40 S ik i 4 Mo K
B 4N B 15, FH BCA 85 P /KRG 5
&P ENKESEME BinE A& &, FE,X0E
FIBE T 585, 22 IR IV BE TV H 296 1 h,
FH 5% i JE W5 8 i TBST Hi B¢ — BT (Nef2 . HO-1,
GPX4 Fl ACSLA i B L A7 A 1:2 000, GAPDH #
Ly 1:1000) , JF & % . I PBSYEIRKIRA
Yy, PR B R 1:5 000, 50— EBFE 1 h,
FRRVER S, H bR A R OGRS AT Rl -
5. GAPDH MirifELNSE A . i Image J
Bt A AL AT .

124 AREEZEN SR qPCRE AR I FH
41 g Nef2 . HO-1,GPX4 1 ACSL4 ) mRNA /KF
{8 FH TR1zol 257 45 HU A0 i 5L RNA . fd ] cDNA &
R 7 & A H A% DNA . fd ] SYBR Premix
ExTaq i 7l &9 5 HAn & . qPCR 5197510
F 1R,

X1 LHEZEPCRSI¥FET

Table 1 Sequences of real-time quantitative PCR primers

HEEER 519781 (5'—3")

GAPDH  F:5'-ACAGCAACAGGGTGGTGGAC-3’
R: 5'-TTTGAGGGTGCAGCGAACTT-3’
HO-1 F:5'-ACATCGACAGCCCCACCAAGTTCAA-3’
R:5'-CTGACGAAGTGACGCCATCTGTGAG-3'
Nrf2 F:5"-TCCTCCTCGCTGGAAAAAGAA-3’
R:5"-AATGTGCTGGCTGTGCTTTA-3’
GPX4 F:5'-ACCTGGACGCCAAAGTCCTA-3'
R:5'-GTGACGATGCACACGAAACC-3’
F:5'-CAAGGGAGGCTTTAGGCGAC-3’
R:5'-GCTCACTAAGGACGTCACCG-3’

ACSL4

125 Fe&ztem  HE Fe i & a1,
ARG - VK IR 75 MR AN, 43 i A B8-S 4320
YL, 37 CHE 10 min, AT 100 pL, IR )5
12 000 r*min™ &> 10 min, 43 B %5 & T 96 FL
M, W 593 nm ARPOGEE BRI Fe™ & i .

1.2.6 CCK-84#mzmpagsa 141 or 420 it
Fh 2 96 FLAR 8% 35 4 h, SRS BRI CCK-8 15 24k
SE3EFR 4 ho A FHBEAR{UAE 450 nm {5 K A0 0 7 1%
FCEEAE, M2 454~ 53 AL 20 L AR 1 O

127 # ¥ H5 4 R H Graphpad Prism 8.0 §K {4
AT SRR G220 A SR A E A 3 IR,
45 R A bR i 22 (s ) o o (BRI K )5 22
3BT, A 8] L AR LSD i . P<0.05 FRn B
At E .

2 #RE59MH

2.1 Western Blot #& il 25 R

WE AR 2 R, 55, 118 41
Nif2  HO-1 1 GPX4 (1) £ [ 3% 15 5t B & B AIC, ifif
ACSLA B AR B I B, 5118 A L,
ECH 4 (ECH+IL-1B) H1 Nrf2 , HO-1 1 GPX4 4
Feik B U W Th T ACSLA 5 (1 363k 5 B %
. 75 ECHZH "l A Nef2 41 7 Brusatol 5% HO-1
P59 ZnPP J5 30 40 il Nef2 . HO-1 F1 GPX4 £
&AW T, ACSLA B KBTI B,
25 S A5 BRI, ECH R i i Nef2/HO-1 3 5%
GBI R Rk T IL-18 15 2 AR
HHMIERAET

1 2 3 4 5

T 1—IE 5 W IR 5 2—11-18 41 ; 3—ECH+IL-1B 41 ; 4—ECH+IL-
1B+Brusatol 41 ; 5—ECH+IL-1p+ZnPP 41,
1 FRE4AHELAACSLA.GPX4,HO-1 Nif2 F1 GAPDH
BERREE
Fig. 1 The protein expression of ACSL4, GPX4, HO-1,
Nrf2 and GAPDH in different treatment groups

2.2 qPCRIEMZER

W3R, 5XT R4, IL-1B 2H N2,
HO-1 #1 GPX4 ) mRNA & 1k 2 BH [ F& %, ACSL4
mRNA i m B Fm. 5IL-18 4L, ECHA
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F2 AREAIBARBZMA N2, HO-1, GPX4F1 ACSLA HIFE B Rk (x+s)
Table 2 Protein expression of Nrf2, HO-1, GPX4 and ACSL4 in chondrocytes of different treatment groups (x+s)

205 Nrf2 HO-1 GPX4 ACSL4

X R ZH 0.847+0.094" 0.861+0.109" 0.836+0.101 0.587+0.071"
IL-1BH 0.381+0.049 0.458+0.027 0.402+0.047 1.373+0.068
ECH+IL-184H 0.612+0.034" 0.657+0.026° 0.632+0.092° 0.581+0.076°
ECH+IL-1B+Brusatol 4 0.349+0.055" 0.367+0.066" 0.415+0.071" 0.911+0.036
ECH+IL-1B+ZnPP 4 0.363+0.015" 0.381+0.014" 0.323+0.014" 0.935+0.095"
F1H 45 140 25 59

PIH <0.05 <0.05 <0.05 <0.05

R 5 IL-1B A G, 7E P<0.05 /K P FA Gi it S #3678 5 ECH+IL-1B ZHM He 78 P<0.05 /K- FA G X

(ECH+IL-18) Nrf2 , HO-1 Fil GPX4 mRNA 3% ik &
4 TH iR, ACSLA mRNA Rk WL, 78 ECH
20 i A Nrf2 31 41 57 Brusatol 8¢ HO-1 #1111 5] ZnPP
J&i BB Nif2 \HO-1 11 GPX4 mRNA Ay 26 ik 1 07 i

T B, ACSL4 mRNA ()5 B]  3458 . 28 L],
B AL mRNA B Rk 5 2.2 h A IR IA G4
A —2, FE—HAIE 52 ECH Wl 5@ 1t Nef2/HO- 1 18 5%
P TL-18 5 1 4B A0 MU AR T

*R3 ARCIEAKE A N2 HO-1, GPX4F1 ACSL4 B mRNA RIE S (v+s)
Table 3  Expression of Nrf2, HO-1, GPX4 and ACSL4 mRNA in chondrocytes of different treatment groups (¥+s)

20 ) Nif2 HO-1 GPX4 ACSI4

X R ZH 1.153+0.107° 1.014£0.141° 1.019+0.041" 1.162+0.151"
IL-1B 41 0.443+0.070 0.414+0.017 0.436+0.026 3.236+0.252
ECH+IL-1B 41 0.906+0.032° 0.793+0.051° 0.782+0.094" 1.64+0.086°
ECH+IL-1B+Brusatol 41 0.656+0.075" 0.618+0.053" 0.611+0.012" 2.024+0.246"
ECH+IL-1B+ZnPP 4 0.613+0.021* 0.585+0.018* 0.619+0.031* 2.564+0.116
FIH 48 51 91

P1H <0.05 <0.05 <0.05 <0.05

RN 5 113 A, 7E P<0.05 7K B G245 S #3085 ECH+IL-18 A A L, 7 P<0.05 /K- A Gei 245 3L,

2.3 Fe'&EMMAIEEGNLER

4 prR, 5% RAAE L, 1L-18 2 1B 4
JHi Fe Fr i B S ko, AR MBS AR R, 5
IL-1B ZHAH FL , ECH #H (ECH+IL-1B ) #0E 40 fif Fe
()5 B W S AR A L A e S T o AR, T

ECH 2 in A Nxf2 #1 #i] 5] Brusatol 5l HO-1 11 ] 5
ZnPP J5 ¥R Fe™ ) & B o BT, HLA M
SR MR, 25 BAS RS 1 ECH Al s Nif2/
HO-1 38 % i35 TL-1B 155 5 1Y 5B 20l Fe TR,
HE T AR BT

x4 ARAGBARBHEEE P& EMIBIHERE

Table 4 Chondrocyte Fe** content and proliferative capacity of chondrocytes in different treatment groups

215 Fe* & fiH/(wmol - mL™") I 3 B 2R /%
papiisEsl 110.1+7.17 81.3+5.3"
IL-1R4H 424.3+30.4 53.427.1
ECH+IL-1B 2 266.0+12.3" 75.9+4.7°
ECH+IL-1B+Brusatol 41 371.2425.17 60.2+3.2"
ECH+IL-1B+ZnPP £ 362.5£21.7° 57.5+6.2"

F{4 103 68

PIE <0.05 <0.05

ARG -1 A, 7 P<0.05 /KB GEiT2 8 ;#3815 ECHHIL-18 4 AH e, 76 P<0.05 /K- A Geit2¢ 8 L,
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3 itie

OAAE Ay 5 iy WL ST P , HER i 0 L 1B AF
ETHESEC AOTERY], O R RFE TR OA
) R ML A SR T VR i R B
— PP AL TR, BRAE T S AR 2 A8 MR AT MR
T B LR AT S, e O PR AR 4 L BRI
HRORURIREAE ™ o DAL, 00 A BR AT TR 3 7 X L 1
'é%‘éﬁiﬁ’ﬂ#ﬁ”ﬁ?ﬁﬁf RN BRIET R 2

OA M E M ATEE . TEAMSE P, TRATAEIL-18
RENS 1S T JE éﬂiﬂ@Fez*%%B’Ji*ﬂno Sun &5 HF

8 2 WL 19 e mI 3E A A1 M R I ) % 32 B
iz H A, B S8 N Fe® 5 R ML TR AR 3R, — B8k
W HSC ) FHRIAIG B0 R A, i 9 kO SR AR T R BUIR
Jd A AL AR IE T IR . GPX4 SR ERIE T ¢
SR ) S 1] R GPX4 23 hn e i o e Ak A
PEAN B ERFE T 0 & AR . B GPX4 sl i
THAEH R A8 e H BRE A e H kBl 2 (= e 22
@ﬁ)ﬂ%%@%t%ﬁéﬁ““o ACSL4 J&—Fif =y

Jo3 3 () S A B RSB T R A AR
Em BRI IL-1B 5 5 4 40 i ACSLA 3£
KN, GPX4 Fik B b

ECH BA T {2 B 25 FRTE M , (L 3G 9L R (LA
T-APLAAL R B . A B KB, ECH X OA
BB A EA PR 4R, ECHzEll: X OA
BCE A MARIE T A S A ANTE A . AR A R
=, ECHTLM%ETFIJ—FEJIMB%%B’J% 2 i
Fe™ & 1t Fll ACSL4 £ ik, {2 i GPX4 Rk, $#E/R
ECH 1] LIl S ARS8 Tk A4 1L-18 5 F A 4k
B AR

R ik 22 f i 5T 2R B, ECH A 38 i 380 Nef2
F A AR R R R R R R R
Nrf2 iy PR TP 175 5 17 0 2R 0 1 DA A I, & T LA
5o B AN M AZ I 5 R 2 1) DNA 7 5454 It A
SN LD Q0 HO-1 A% 58, 05 Nef2 o] 3 5
PLEALFHTRALE AR OA FE AR . Bhsb,
Nrf2 2 Tt S AL AR T 1 2 i 711 T‘%—'?B"JNrfz
5L T o T |k 4 g A AR A R R BE T
HO-1 7] LUK I 21 26 B i hy — Ak e | I 2% 22 F0
Fe™ , Jf 3 1 P08 T ML R AE H AL OA 18 41
Ja s HO-1 0] 38 35 gk M d SA AL 1 5 40 i 2k st
T2 R AR RIS BRI, FRATTHE N ECH 38 i 52 i

Nrf2/HO- 1 38 B4 17 IL-1B 75 S A 500 40 i 2k o
To . AWFFEEE R SR, IL-18 Jl 3 4K B 40 he )

Nrf2 F1 HO-1 33K i FAIK, M A ECH /& , Nrf2
FTHO-1 Y ZRINW B A2 T GPX4 Ry ik, i
il 7 ACSLA MY 3k o X 245 14278 ECH n] 3 i
TS Nef2/HO-1 38 38 30 1L-18 15 5 A9 4H 40
MUERBET
AWFFEARSE T ECH X IL-1B 1755 A 0 40 il

BRAE T (52 0 R AL AHACEIE T Nef2/HO-1 {5

SAE ECH HRI1E Eﬁﬁﬁﬁﬁ{nm_ i ]
ECH R OA MANIEHE . KA — 25 B0 HoAth
Evﬁﬂ%ﬂﬁﬁﬁiﬂ%ﬂ u& ECH B D g2 75 v] LA
YER IL-18 15 A B A I S5, i OA IR YT
Pt —E I EEE SRR

2 % X W
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