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WE: B RAEF ¥ F(cariin, ICA)X Ha0:2 % 5042k WL EACI G 9 RV AR EAE, ik 4% SD# 4
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Protective Effect of Icariin on H,O;-induced Chondrocyte Oxidative Damage and Its Mechanism

MENG Rudan', HU Zhangjie’, MAO Qiang®(I. Hangzhou Fuyang Traditional Chinese Medicine Bone Injury Hospital,
Hangzhou 311400, China; 2.Department of Pharmacy, Zhejiang Chinese Medical University, Hangzhou 310053, China; 3.The
First Affiliated Hospital of Zhejiang Chinese Medical University, Hangzhou 310006, China)

ABSTRACT: OBJECTIVE To explore the protective effect of icariin(ICA) on H202-induced chondrocyte oxidative damage
and its related mechanism. METHODS SD neonatal rat chondrocytes were isolated and randomly divided into control group,
H202 model group, ICA low dose group, ICA medium dose group and ICA high dose group. CCK8 assay was used to detect the
change of cell proliferation ability in each group. The expression of reactive oxygen(ROS), superoxide dismutase(SOD),
malondialdehyde(MDA), catalase(CAT) and glutathione peroxidase(GSH-Px) in each group were detected by ELISA kit. Cell
cycle of each group was detected by flow cytometry and proliferation index(PI) was calculated. Hoechst staining was used to
observe the cell apoptosis in each group. qRT-PCR and Western blotting were used to detect the expression of apoptosis related
factors and Nrf2/HO-1 pathway. RESULTS Compared with the control group, the proliferation ability of cells in the H202
model group was decreased, ROS and MDA contents were increased, SOD, CAT and GSH-Px contents were decreased, and cell
apoptosis was increased. After ICA intervention, the proliferation ability of chondrocytes increased, ROS and MDA contents
decreased, SOD, CAT and GSH-Px contents increased, and ICA could effectively inhibit chondrocyte apoptosis and up-regulate
the expression of Nrf2 and HO-1 proteins. CONCLUSION ICA has a protective effect on H202-induced oxidative damage of
chondrocytes and can inhibit chondrocyte apoptosis, and the mechanism is related to Nrf2/HO-1 pathway.

KEYWORDS: icariin; oxidative damage; apoptosis; Nrf2/HO-1 pathway
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PRAEFBO, SR, 6T ICA X HCH 4l A Ak it
AIERAPVE I BARSCIPEFRPLT DA s, R, A
5T N SD B AE K B B FE SR i A, )
FH H0, 5 S50 i)™ A AN, ARG i
SR MBI TSR, BRI ICA XHHCE A ALt
P R ERT, It — 20 B B HAR SOG4 HIL
1 UBESHH
1.1 Y

SPF 24 24 h & SD K 10 X, W H 1
W ve L WA RTAE AW, S A =V ATk
52 SCXK(U)2013-0018; Fi) 77 THivL B2 K%
SRR D RERGEN, WA FER
(23+2)°C, HXFRE 60%~70%, AT K5
YA E I AF G WL B 25 R 2z sh iy oo A S
FIAH A HLA- R
1.2 299 58

ICA(H M BE R AR A A, it
20190407; #ifE =98%); DMEM/F12 4L 7K
(EH Gibeo A H], iS5 C2027010); CCKS i
B (LR AR RAHE, LS P0016); i 4 5 (reactive
oxygen, ROS). i % fk 5 /i (catalase, CAT).
[ (malondialdehyde, MDA) ., # & 1t 15 {b
(superoxide dismutase, SOD). At H kit k)
fiff (glutathione peroxidase, GSH-Px)I g 7 &5 14
W H o oa A Y AR IE B, S Bl
20190507 , 20190304 , 20190612, 20190512,
20190324; H,0,. Hoechst 33258 Lkl ([E Sigma
ANF, S M1113, M1023); i 585 & Prime
Script RT Reagent Kit il SYBR PrimeScript RT-PCR
Kit #0143 H A& Takara 2\ 7, #5251 K
WK190215, WK190219; i (Bax . Bcl-2 ., caspase-3
Nrf2, HO-1. GAPDH)¥JIg [ 3 E CST AF], K%
391 5203, 15071, 9662, 12721, 86806, 5174,
1.3 {4

SW-CJ-2FD i TAE & (IR Mk i & A IR A
Fl); Guava easyCyte Jit zCAI A (3E[E Minipore 2
A); 7500 PEGER PCR L(ER ABI AH);
3300 Mini {622 &OCHUE R GE(H E CLinX 24 ).
2
2.1 Bl RS 50w

¥ SD Hi A= K FCR F SMERE F AR E , SRR B
AR TR, H PBS BRI 3 R, HTEART]
PINCKRZ) 1 mm® AU, J3MA 4 mL 0.2%1) 11
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BRI G . T 37 cCREFRAR AT AL, B 2 h IidE
1 RS, BOERELER, it DMEM/F12
SRR, EAk, EAMERGRILA, KEFRAE0T
H3d e, FER2d 81 )ik, 44K
2>95%MF, H 0.25%RE FRHE L, ¥ 1 : 3 9Lk
BEAC, BUE 3 fCAIMIEA TS, KAt baaL sy
%5 2 XFREZH | HoO00 B AYZH(0.1 mmol-L™! H0,).
ICA fEFIHE 4 (1x10 mol-L ' ICA). ICA 54
(1x107mol-L”!  ICA) . ICA @& 7/ = 4
(1x10°mol-L' ICA),

2.2 CCKS8 JEAa i 45 2H 5 20 B 33 7 3 14

WSCEE XTI 9 45 A 3K A e, LAAEFL 2 000 A4~
AHRELIN 2 BE AP T 96 £, & 37 CTHA 5% CO»
ML FRAR I A T AR RN BE 5 R S B R
X HEZH 1 Ho O BRI fifi FH TR 8 55 72K, 1M1 ICA 45
R 5 5IIN AR BE 1) ICA 5537597 .48 h
JaW ERE R, BEX AR AN 0.1 mmol-L' A9
HoO0, HATAbEE, 24 h )5, KA CCKS8 kil A
[i) e P VR S FE T AL 3 Ho 00 0 3 1 4B 0 v e
2.3 ELISA 370 & I 45 41 B 4 e ROS .
MDA, SOD. CAT. GSH-Px )&

P25 B R AR IR L 2 000 2 ALY 2%
JERRAT 96 FLAR, FRANARINTEE 5 FE0 5 RE R,
Xof HRZH FIAS AR 2 fiff I TE B B R0, % R i 4 4y
AR R ICA B3R5 97, 48 h Jamids
Regfil, BRXTERALAMA M 0.1 mmol- L' (1Y HL0, i
ITAbFE, 24 h JEWe L2000 BIEWE, ELISA LA
BN VS Wh ROS &, PBS ¥k 2 Wk, ik
AL, 4°C. 1000 rmin' By, 4 CHSN
Y0 Ff o R ML b R AN, B 4 C .
1 000 r-min~' B.> 10 min J5H 3% T ELISA ¥
I MDA, SOD. CAT. GSH-Px HJ&H .

2.4 TN R AN £ 4 B 200 f ) A 1 O

BORHESCAE R AR e A, e BE A0 AL AR
ik, DA N AL 3x10° AT 6 FLl
FRAEMEIGRE 24 h J5, HOMHETEERY S I IRAE, %
Sy DU AR R FE 1) ICA . Z97EF] 24 h )=,
MEEFERHEC, W W, ) PBS PR 2 1K,
A LI 40 i P R A, B2 4N, 1 000 r-min!
20 5min, JEFF LW, HTRH PBS IHUEA 3
W, BOE L. 70%00% OBRERE, 4 °Citik,
B, FEOELE, MABAN PBS Uik, &
D3 FW . ImL ¥ PBS # & 41 Jfi, RNase
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(10 pg-mL™") 37 °CHFE 30 min, Jil ABLAL P BE YR
et 5 min J5 TR THIE G 5 45 £ (proliferation
index, PI)=(S+G2/M)/(Go/G1+S+G2/M),
2.5 Hoechst G5 2 2H 40 Ho A% 08 -1 Ol
BT 6 FLARNEE IR BNGEE , Fie /AT
DUIMAAH R HBE 1) ICA 258, 259%7EH] 48 h J5 Ik
LI, BRATRRZ SN 0.1 mmol L' ) HoO,
PEATALEE, 24 h J5, PBS ¥k 2 i, Carnoy [fE K
[H5%E; PBS ¥tk S min, ZEJE ) Hoechst 33342 T
YEMGL A 15 min; PBS PE 3 UG, RAZOGE
BRAA ISR A Mg L, FE gL, TR AR T
R, TR=(E T AN Ay S A0 < 100%.
2.6 qRT-PCR G IUAHSC mRNA EIATHN
OB 0 45 4 Am L DL BE AL 6% 10° 20 it 22
¥ 6 fLtkh, FRANMENGREES, #ordliEdimA
FARHR EERY ICA 25%), 29VEH] 24 h )5, W Hh
FeHL, PBS ¥t 2 #i )5, SRH Trizol i HEHLA 41 4K
B B RNA, $ I8 5 536077 & Prime Script
RT Reagent Kit I SYBR PrimeScript miRNA
RT-PCR Kit 2050 & 150 B 45 22 oK 3 47 300 % Sf il
qRT-PCR. Lk GAPDH HNZ:, DL 2728 kit
BAFER AR RS FIPFIILE 1,

%= 1 qRT-PCR A7 F 51 41 % 7

Tab.1 Primer sequence for qRT-PCR
LN BRI (5-3") TUEEIH(5-3"

BAX CCCGAGAGGTCTTTTT CCAGCCCATGATGGTTC
CCGAG TGAT

BCL-2 GGTGGGGTCATGTGT CGGTTCAGGTACTCAGT
GTGG CATCC

CASPASE-3 CATGGAAGCGAATCA CTGTACCAGACCGAGAT
ATGGACT GTCA

NRF2 TCAGCGACGGAAAGA CCACTGGTTTCTGACTG
GTATGA GATGT

HO-1 AAGACTGCGTTCCTG AAAGCCCTACAGCAACT
CTCAAC GTCG

GAPDH GCGGGAGCGGATCCT TGGTGCATCCATGGGCT
AATA AC

2.7 Western blotting £ #H 58 1 2 3K 1% 0

HOGEOU 045 4L 20 it LA FL 6x10° A4l fa 2%
FiF 6 FLAk H, FRATMINGRE S, $22 o a1 Blm A
R 258, 299PER] 24 h J5, WAESR
JE, PBS ¥t 2 )5 A RIPA 2, Tk F2
fift 30 min, FEISHAMMWEH, RA BCA %k
MR, 2 SDS 5 7N M Bt i B e vl 1k 43 15
JEFEEN, 5% BERE WA B0 o e BET AR U BH 5 2
KL, FS%BiRE U3 W BEpTAR, AR
—Pi 4 CRIKRER, 5 2 KINAMN 9, Eii
W 2 h J5 TBST Ve 3 ¥k, ECL &5 R 78
R AR 252 2021 4F 12 A 55 38 445 24 1H

TG FR Go X G HEA T 3 R 43 B, Azl 4% 21 240
i Bax. Bcl-2. caspase-3. Nrf2, HO-1 #HH
HOE SrNe Y
2.8 HiiterabE
K H SPSS 19.0 Se it AF 47 84l o b, B
HEAEUL X +5 2R, AN TR 21 18] PR HE AR FH A
R 250 AR A, RS A ¢
R, 4 P<0.05 BfRREREAGHE L.
3 F#R
3.1 ICA X} HaOn 755 A 515 4 BTG P 1) 5 0]
SKH CCKS AR 45 2H 551 4 e 386 7 36 PR 17
M, gERER, SXIRAM L, H00 AL 5K
B A0 R M 2 R (P<0.05); 5 H0, FERIZAH
L, ICA fIGF fe 2 AR A TG M0 i Pk 25 7 ICA
Hh L R R A L P B R B (P<0.05) .
B ICA fEMSARAE HaOo ME T 4B 4 s R

fi%, U 1.
1.5 -
2)

j§ 1.0 |- »
o
=
= n
EO.S

s PTYRS

W oy
v W
QWO \’QY" \vi \9?’

1 ICA X H20o ¥ 5 87 508 40 i & 1 B 7R (X 5, n=3)
X IRLALEE, VP<0.05; 5 H,0, BEEIZL LL#E, 2P<0.05,

Fig. 1  Effect of ICA on H20z-induced chondrocytes
activity(x £s, n=3)

Compared with control group, YP<0.05; compared with H,O, model
group, 2P<0.05.

3.2 ICA X} H.0. 155 5 B 5 40 B S AL 3 10 AR O A

T
4 LB A SR A 03 PR T 1 A
BEETLRIR, SHIRAUREL, HaO, UL B4

fiirf ROS 1 MDA [)ik i i 3% T (P<0.05 1§
P<0.01), SOD., CAT LI} GSH-Px [k i 3%
AR (P<0.05 B P<0.01); 15 H.00 BRI AR,
ICA KA EASHTRIEBEIL B EMEZS, ICA
. EFIE4 ROS Fl MDA k& B #[E K
(P<0.05), SOD. CAT /M GSH-Px #ik & i & T+
1 (P<0.05 8% P<0.01), 45 0FE 2,

Chin J Mod Appl Pharm, 2021 December, Vol.38 No.24

-3117 -



F2 ICAXM H:0 B SR BHREMATHAERE FHEZH(XLs, n=3)
Tab. 2 Effect of ICA on H202-induced oxidative damage related factors in chondrocytes(x s, n=3)
il ROS/ug-L™! MDA/umol-g!-prot™! SOD/U-mg!prot™! CAT/U-mg '-prot!  GSH-Px/U-mg'-prot!

Xt BR 2 0.12+0.01 8.32+1.24 34.08+5.33 24.54+3.08 267.25+11.64
H,0, A2 0.28+0.02D 23.40+0.572 16.96+1.221 6.74+6.74) 152.77£17.37Y
ICA {574l 0.21+0.01 18.37+0.63 19.47+0.12 10.57+3.31 185.86+6.88
ICA "4 0.18+0.01% 17.12£1.299 24.92+0.64% 12.51+1.66% 205.50+12.429
ICA E7fl 4l 0.13+0.01% 14.95+0.35% 27.46+2.70% 18.72+0.23% 219.56+3.08%

W xR, YP<0.05, 2P<0.01; 5 H0, BRI ILE:, YP<0.05, YP<0.01,

Note: Compared with control group, "P<0.05, 2P<0.01; compared with H,0, model group, ¥P<0.05, YP<0.01.

3.3 ICA X} HoO 1755 A By 200 L Jos) ST RN HE 45 4L
)52 ]

S LB A M S A A IS LR, HaOn B
HEEXT BRL] Go/Gy AT S W14t n, Go/M 41
Mgl 5 H0o BRI AR L, ICA TNZ54 Go/Gy
AN S HAANARIZ W /L, Go/M B2 s n
GEIRLULIE 2, W 3 AT, X RRALACE A A AR
J1H58, PUE R 0.34, SXTHRZIAHEL, HoO0 B
2 PT{H I E IR/, Go/Gy WIANIECR i 5L, S
WA Gy/M A 40 i 55 B 35 2 (P<0.05 B P<
0.01); 5 H,Ox #5AVAH ALY, ICA . &5 E 4 PI
18 5 3B 14 15 (P<0.05 8, P<0.01), Go/G 3 4 i 55
WEFEAR, S WA Go/M 1140 i B0 3B s &2 (P<
0.05 3, P<0.01), ZHMEIEFHRE 1B WK .

3.4 ICA XF Hy0 155 B9 51 40 B A% 08 T2 10 52 )

Hoechst 33342 JLRlEEns 25 B AN MAR, i A4
Mif% DNA, IEFIEM Tz R 6, Mk
AT, BEE R, Ye@ik DNA 45 %
He A8, Hoechst 33342 #E A RAR K, BUHS 41 HI A%

F3 ICA M HaO2 T 5 B9 80 F 20 ML Bl A 38 P 48 B B2 o
(X+s,n=3)

Tab. 3 Effects of ICA on H202-induced chondrocyte cycle
and proliferation index(X x5, n=3)

! Gy/G, S G,/M PI
X HEZH 66.23£3.95  25.05£2.79 8.72+1.19  0.34+0.04
H,O, BRI, 79.81+3.080  15.61£2.601 4.57+0.49? 0.20+0.03%
ICA fRFIE4  73.87+3.35  21.1042.48 5.03£0.89  0.26+0.03
ICA W44 70.97+3.09D  21.78+2.62% 7.25£0.613 0.29+0.039
ICA BHIE4]  67.91£3.099  24.50+£2.14% 7.61£0.579 0.32+0.019
TE: SXHIRGL LA, DP<0.05, 2P<0.01; 5 Hy0, HAIZ 1L, 9P<0.05,

9P<0.01,
Note: Compared with control group, VP<0.05, 2P<0.01; compared with
H,0, model group, ¥P<0.05, YP<0.01.

R, SRWE 3, hE 3 A, xiiEg
WE NS @I 5), 5EE, Jo BAZE T
FEAE 5 07 HoOo BE AU ZH v oK it 20 A% 10 B 4 40 . e
24, e (o FEEE B R OR , R IH R B R Y A0 R A
JAT, TAC &2 Bl A 25 ik B (R B4
YA A JR T B E AL . ST AL, HaO;
BT 2 240 L R T2 B 2 T =5 (P<0.01); 5 Ha0 1%
RIGIAHLE, TAC K. . @Rl dl i sy i 2
FEAR(P<0.05 8% P<0.01), 45% L% 4,

oG T4l 6o H,0, BRI S () R EH
moM —fevi —Rehs
800 |- ©'S-Phas: 800 F S-Phas 800k S-Phase
g 600~ Gy/G,:65.43 g 600 - G/G,:79.57 g 6001 Gy/G,:73.28
S:25.84 S:15.92 = $:21.35
400 L L
% 00 G,/M:8.73 2400 Gy/M:4.51 g 400 G/M:5.37
' 200 200 § 200
0 45 TS 0 0 i
0 20 40 60 80 100 120 0 30 60 90 120 150 0 20 40 60 80 100 120
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ICA FHIE4H -GG ICA BHIEA
B OV vy
800 |-/ S-Phase 800 - S-Phase
- 600 -
g 600 Gy/G,:70.18 2@ gg‘tGlz:gTSS
400} S:22.04 400 | 24,
= G,/M:7.78 g G,/M:7.84
S 200 Y 200 -
0 P e 0 L L SN 1 |
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B2 ZHAKEFHAEALEL>AER

Fig. 2 Distribution of chondrocyte cycle in each group
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X HRAH

H,0, BRI ICA 1EHIEH

3 ICA X Ho0: % 5 B9 30 H 40 A4 J8 1T B9 %27 (200%)
W Sk FR A P T A

Fig. 3  Effect of ICA on H20:-induced apoptosis of
chondrocytes nucleus(200x)
Arrows indicate apoptotic cells.

T4 BHEMMATEREN(XEs, n=3)
Tab. 4 Apoptosis rate of each group(x £s, n=3)

414 THT-2/%
XJ AR ZH 2.120.1
H,0, AU 56.4+4.81
ICA iR 41 33.2+3.9%
ICA 57| 521 25.4+3.67

ICA w5542 18.842.09

T SR LA, DP<0.01;5 5 HyO, BERIZ LLER, 2P<0.05,)P<0.01,
Note: Compared with control group, VP<0.01; compared with H,O,
model group, ?P<0.05, ¥P<0.01.

3.5 ICA XFHET: M Nrf2/HO-1 ji B 4H % mRNA %
ey A

K H qRT-PCR A [RIREE ICA X T: &
Nrf2/HO-1 il A KE mRNA FKikHU5I, 4558 W
F 5. 5XIRAAM L, HaO0 A R4 50 4i i 7 Bax
F1 caspase-3 mRNA k7K i & Tt 5 (P<0.05 B¢
P<0.01), Bcl-2, Nrf2 P& HO-1 mRNA ik i %
FEAR(P<0.05 B P<0.01), 5 HoO0 AV A L, ICA
K. . EHE4 Bax fll caspase-3 mRNA ik HH
WREIK, Bel-2. Nrf2 L HO-1 mRNA ik &
T+ (P<0.05 B P<0.01).

3.6 ICA XJJET: K Nrf2/HO-1 i B{AH K 12635
Al

Western blotting Il £ 2H #5CE 4 i i 172 f
Nrf2/HO-1 i f§AH G R IAEN, S5 R WA 4.
S5XTIAIA L, H,0, BiflZlH Bax Fl caspase-3
HHERIIKFBETHE(P<0.01), Bel-2, Nrf2 LA
K HO-1 HHEIK W ERFINP<0.01); 5 H0, 1
RIZAAHEL, ICA K . P L = ) &4 Bax Fil caspase-3
H BB EREAT, Bel-2. Nrf2 LUK HO-1 & A
Fk W E THE (P<0.05 B P<0.01).
4 g

OA RIFHLINE Z, Hrh 4k U A H
FEAE N E B RIR AL, BB AZ BT O
FEU101 b 32 2 i+ ROS 1974 Mg 4 Ak
fitg 4 ROS 11 RE 1 0 £l fir F8079 , ROS TEIEH %
TR PR, FEH NADPH SEALRE™
A, MERHMNGE S SIS 5%, AT
HFERCE RS, ARESVH AR AN T sk
KRS B A DL A R TP, Sk, OA
BEPRPTE L SOD, CAT. GPX F1 PON1
GFRIRE/OI ) REANIEAE OA MEER
Jerh A EEMAEM . A SCERIERR, ICA RES
AR TR R BT AL RE T, I SR 2 iy
KEREALR U, s b e i Oy s B By iR 2
W E A, B ICA X &AL I B AT TR R A
ROS ) F 14 HoO,, HEATE . A B oK
B AN B fr S 05, RERS I Pl 2 3 20 A
HEE TR AR AR, s — R
Hio BB, Ho0 88 FHRAMA T 40 S fb Dy S A
RIS, FEARRFSE R, EH AT Ho0, 175 540 4 it
PR I, BIFSY ICA X300 4 i A8 A 30 405 1)
TRYVERT, JFaE—2 B A S R VE LS . B
i it CCKS8 M98 ICA XF Ha02 175 5 A 5501 40 i 1%
FERE RO, S5, W0, BT RE A

#*5 ICA & K& Nrf2/HO-1 i 5 46 X mRNA & 5 # (X +5, n=3)
Tab. 5 Effect of ICA on the expression of apoptosis and Nrf2/HO-1 pathway related mRNA(X £, n=3)

x| Bax Bel-2 caspase-3 Nrf2 HO-1
Xt AR 2 1.04+0.06 1.08+0.12 0.96+0.17 1.08+0.24 1.30+0.10
H,0, BRI 2 1.85+0.121 0.48+0.06" 5.96+0.24% 0.260.082 0.37+0.13D
ICA IK7) 4l 1.25+0.03% 0.94+0.06% 1.53+0.499 1.13£0.27% 0.88+0.12%
ICA |4l 1.07+0.11% 1.17+0.27% 1.22+0.21% 1.56+0.27% 1.19+0.20%
ICA 4 1.09+0.23% 1.12+0.129 1.11£0.159 1.90+0.05% 1.45+0.28%

H: SXALE, VP<0.05, 2P<0.01; 5 H0, BB [LEL, YP<0.05, YP<0.01,
Note: Compared with control group, 'P<0.05, 2P<0.01; compared with HO, model group, ¥P<0.05, ¥P<0.01.
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Fig. 4 Effect of ICA on apoptosis and the expression of Nrf2/HO-1 pathway related proteins(x £, n=3)
Compared with control group,”P<0.01; compared with H,O, model group, 2P<0.05, ¥P<0.01.
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