. 102 EFR ARk 2016463 4 4538% 45 2M1 IntJ Orthop, Mar. 25, 2017, Vol. 38, No. 2

PR S R M B S I

EH FEE EZHR Eik

HE XZTFERAN.BEFLAFHAGFRARODIZHAS T RE KR (ONFH) A A K REE, Mtk A ROS £

Z ok B R BIRF R T A e B ACEE R, 3T R R A 8 e B3 A R A AE R . ROS 3 b A Al b R R T fk
R & B A ONFH £ s buh) & R o0 74 4287 5 45 R & B4+ ROS 423 ONFH & 4 , @ 38 &AL 7 7T £ —

AR EZRBZ—,

# %% ONFH

ERELBREZRELE, ROSELIMGLE AL B . FFREEEEFEERY FFRERT@OF T X FRARER

ONFH, % st ROS 5 #% ¥ ONFH #F £ it R AF — 42 3%
e 30
DOI: 10.3969/j. issn. 1673-7083. 2017. 02. 009

e Sk SR A6 CONFH) DL 3 & 9 % L i B0k %
RS A I F N (NIRRT /2.5 A S R i L R |
£ 500 77 ~750 5 ONFH %, Boe kM, T
BB B S E D ONFH B54,5 1/32, 1
R HE N O B B3R i B0 3R P ONFH S5 ol 8
R BRaRT . B R R HE ONFH & 95 AL v A
A

ARFFET R R R U M A (ROS) AT 2 i
ONFH &4 . 14t S Ak 700 (0 4 o) AE — o B 2
il X — g B AR . A SO ROS 53 % 4 ONFH bf
JEHERAE—L50R
1 ROS &

L1 PARELHE

ROS FZ A 45 AL A R B 2 R H A
. HUARM R ROS 322K 1 Lok (R 0 I L 1 1% 34
WA AL B . ROS A 58 0g & B i & DNA
A6 v B 28 RO X6 G R AT S Ak A8 o DT R Y 4 L T
oAb KGR R R RSB T, o 209 ROS ] i i
Yok 2 A AN 7 B2 5| k2 g BT 2o 44k {6 2F ) JiE
B AL T RE S e T 32 AR IS 3 T ) 5 A% TR )
W A5 R B DNA B K754 | 28 48 5% Ak A M 1B
T 45 o W 5 SO AR A% . ROS W] 34035 22 40 i 7y
TR Y R N kB (NF-«B) Fil i 76 &
(AP)-1 {23k JE M A7 Z R RAEA TR W,
ROS i AJ 38 355 &2 2% 1) ] 455 I 245 5% 1ie) 240 it J) 00 a7

HEEWH: ElmRES S5 H (15411968800)  F#E T H AR
34 (13ZR1433300)

i3 B 7 201620,
Bl L

WAE/EH . £ E-mail: drwangqian23@126. com

b ¥ 22 K 27 R 4 — A B B B 9 B

R R R Sk 3R T 5 B B KR AL

B[] ARGR 2 A ROS BR8] fiff 48 it 5 45 5% 0 2%
22 245 AL 8 O (MAPKD {5 5 5 5 58 % FF
SEVCHE . 5 B0 M M A A0 g BT G
WL gbAh L R Y ROS T 530 DNA $i
5 53 BRI LT o s Ak T 4% 200 ) 30 P9 1 40 i 34 2
FI AN [F] A2 BE B 40 i AT DNA B &, K IE
T B RIAE G A0 A 1 32 B0 K A T
A F S G2 E MO g o R AR R T

ROS #8545 VE FH A 8 i 1 AR A W) 26 HL 40
Ji v 2 R] S A K A R T G B AT A L
AW K SEM# . ROS B S MM E -1 &R0
RHMEME RN TR A . Horh AR IR PR R AR AR
S T AR B ANEAR 5 1 0 bR IR A T
(TNF)-o i 0 - 38 B0 F e 2 R KA d R E B
fiti (caspase)-8 Fl caspase-10 FHE XMW I T-. B HF
VR L PR AT N-Z B b R (NAC) RE 4
il TNF 755 0 240 M 0 0, 32 5 40 i o 4 Bk 1 kK
SF- 3 RE A i 48 T2 52 1A K (Fas) /i S 09 40 g 04 T2
WRBL A 7R ROS W] GETE 40 i U8 T2 a8 2 rp e 8 2L
YER . AE TR AR P ROS A i 1ot 28 kA i e 37
PR A 3t AR A A A S B I R C ORI
NI 2R N
1.2 #Frk

AR T S ROS 1974 51§ BR AL T 3h 251
AR 40 32 2800 A PN 0 BT R A Il AR G RN AR X
Iy T REPUEAL T (LMWA) JEBR 2 A& 19 ROS. 41
L oA P B S Tl R 9 S A Rl R A B
it o JHG b B A it 0 975 8 410 ) B AR T (SOD) |3
S AL W Tt S5 L Al B TR L A B R 0 S T L A -
O-BEMR I A W 45 . SOD RE i 1o 1B Ak S i 1k % H



FpR AR Al 20174E 3 %538% 4528 Int] Orthop, Mar. 25, 2017, Vol. 38, No. 2 + 103 -

F T8 Bt S Ak & T 8 Ak S I 1 28 7 W i R AL R
I i 3 ot o AR A S R R I R A b T R
i ALY B BN A K. LMWA (65 K Bl
Y BENTRESS R A i SRR Ot i R L B L B T
O E NG X e LMWA $E4# i [ ph 3t 3] gk
A S5 G5 R R A 1 T (NADHD 38 J5 L & B Ak T
WFURA . 78 % ONFH # 72 v, ROS ¥ Bk
FIAHXTAS B 7] e R K R EE N Z —.
2 ROS 5 ONFH # %14

K" ZWH. AAHmIES 5T ONFH 1
KRR, Ichiseki Z1Y BF5 R BL, 58 A Ak
LB AT N B SR AE . TE SRR o kO S B
U AL B B VE M B R Cln 4k A R OENT L B g
QO™ A R W A 7T 45 B AT E —
FEE b A ONFH & 9% %, # #il ONFH ) &
Jet ., BR ONFH & 9% L B Al AS B 8 . (50
FAE R E EE A ROS I i ONFH ) & 4 » i $it
AL A AE — o R R X — R P
3 ROS ZE#HZE 1 ONFH H 1€ A HL
3.1 B R L

BEAE O 78 B, 2 R 5 10 1R I R K B
Rirh BEE MG ROS G B3 2 48 A N 0K F- 3
B R BT BT B ROS 1475 7 5| & 38 20 1) g 5
1 Sk A5G I P R A S R I 240 S o R IR
MR e, X~ aangid R C
Ab B AR B RO . A MR A i ROS
AR RS O A Y R 40 R T S SR A A
LYl AT L B R B R TSR ROS
WO 2 I PN R A0 ) R 0 BRI D

B HE 0 AE PN Bz 2 A 8 BEL Lk 58 I R - A i
AINA ) G & AT A T VR S AT 4 5 I R 1Y)
MR AE R S B b IR T B, T4 P 2 40 463 403 ) » AN
AN 2 DR L0 3 P 258 i i 2 25 B P T RE L (0N B R 2
R B /N R B 5 4 B i R T T L2
Z 0B PN B A R s 2E 4 DR AR s A Y 5
TL AR I I AR T B B 2 B R P B B A L
A5 PN Bz 2 B 2 e 25 L 48 PN BB B8 R Al s B 3k o
WG IR AT . e 25 80 ONFH & /4ED,
3.2 B WIS E AR Y

W T g 4R R ROS 7K 2 9F B 4n i 04
700 e R Ak R B R AT O 2 X R AN i O
TP HER Sy L R B . SRS R
(1 ROS AT 38 28 300 5% Ak 28 4 73 (CTAKD 127

P53~k AE i PE R LD S S A S
JE A0 MR TR R ME S ROS Y 32 2
A3« AT A0 B A0 R A L i NAC W] 9 55 2% 40 i A
FHZ IRl 3 08 T4 56 36 ) Bax 41 T4
K (AIF) 1 caspase-3. caspase-9 ik, /i #F B &
EA11 T R = R el 2 o 1 RS B U= R = 7 95 T
MO, WFoE- 3 B, N R R R S AL B 1T
CAMPK) #i 71 AT B ARG 40 Ak 0 5 3009 BB 20 i
MR AMPK (5% 2@kl g2 5 81k
NI T B R A0 TS . ROS S 809 BB 41 i
AT BB S MAPK F#E i 6 UL RE-3 B (PI3K) /
BB BOAKD %05 55 500 BEAH O . Ab,
PRV 1K 75 Al W 25 WA R 1 S i 4 e
P ROS ZKF U il gl i B 45 . 25 B ik, |
TR R e PR S R BB AR T A AR

ROS i 7] 38 2o 175 5 A 240 i 40 it J) 399 BEL o - 4
il 1] 255 1 290 RSB i S 200 i g A s S A B
PI3K/Akt {5 5 ¥ 5 38 B% . B 5 3 i) B 40 M 53
A5 s BEAR AN A 43 6 i B R S T Ak R H 7L B
2iHEFHMEHT,

FISL B 200 PR R E 240 48 0 /0 L R T ) K T R
WS AT B0 ONFHPY sz 58 R, A/ &
KA IR e b e b B % B BRI B /N AR
Bt B AR RS o L A R R A O T R AR R
ANEES 3 A5 S IE M ONFH i s 2 R 9 — 30, 42
R EME ONFH [ & 4l g 5 2 5 5 50w 40 Ml
P B B AR D REHI X R R A K. Calder 1
WEFE R s ROS BT B0 P U5 20 04 0 78 J ot i
FU5S 0 BUE A M T b R L 6 ONFH [
KEBXEK.

3.3 BB mILFERE

ROS J& NF-«B 52 {& % 1k X 7 i f& (RANKL)
RGN 5 e e i v 9 TR T R FE B A
W ok AR b SR Y. RANKL 58 i #076 ih
JERIE N T Z /K M 5 T (TRAF)-6. J3 3 g it 14
155 K SN S G Ras AHE C3 WEER K (Rao) 1,
Racl 0% b I B 11 406 (Nox) 1 774 ROS,
AT 9 240 i P9 ROS ¥ B 35005 A1 i A 400 i 431k
B B P o Jun 8L R i i (JNKO 1 p38
MAPK, 7E i I RNA T # 8 AR #0 ROS ;=4 )5
RANKL AP B A2 32F i B 1 44 20 M 4 Ak i D fig
A AT gk, ROS & W] il 3 B 5 A %R ik
RANKL" DL ROS 78 % B 405 43 16 124



- 104 - ] B 1 B 2 2%

2016 4E 3 H %5 38% 2

Int J Orthop, Mar. 25, 2017, Vol. 38, No. 2

b AR R AR R .

ROS W] 8 5 1% - 403 0 - W s 7 R - B 40 i
FAEMBRAY T HES S S H8RERY . ROS
VE R85 — A58, 7T 38 38 NF-«B.MAPK,Ca>" /+ § 1
T B S R A M A R L R KR
HIME AT ROS 535 19 Ik oy $2 & i 2 40 i 3
BERE SV . ROS G A0 38 - 4 i A= 4 Ak » i 1 i
S SRR Sk Sk 3 ROS 7= A=, WL ST A AL b7 1
BLH 32450 AR 5 T 1 1 706 B« 5 3501 W e 34 o
JB B Sk S5 R IR

BEAb AR AR P B IR T R EE F, 5 1R K
B T AT A 0B 1 SROW e i AR S R 5 U
IR Ak 52 5T IE H 45 H AT Rg L in Pk ONFH
i Je A=

25 PR M S 30 ROS 1 &5 0 58 8 5% 0 1f
PN B A0 S A0 LR N M R A M R D RE L B
SO Sk 0 VBAE R B A o R 40 ) R AH XS 2 L B
JOT T 5 T TR o B B A T K BT S P 5 R 2 L 2
J7 KB S AR B L e & R E ONFHE

#EHATOE SR B0 T 06 T A R A R
ONFH %k A & J&é v i 4 AL 61 0F 55 B 2 LS A 2>
HE R AR ELARAE LA AS W8 L i i — 2 1 i)
SIS ANIG PRBEMLIR S . IR ARSI ROS 5 ONFH %
J5 1 56 R AT R ONFH [ B 16 42 St H s JE il
rAAALFIXT ONFH #0874 7] o R ¥ ONFH
14 77 36 B AT 0 JEL B

& %2 X #

LU B, R T, AR B0 v IR Sk IR A8 0% AT s 2 wF oe LT .
MR PERE, 2008, 14(24) :64-65.

[2] #ENrsm. o E SRR DB Sk IR BT IR 2% 18 A % A s IR R 3)
B3 D]. db st FIBE 2 B . 2014,

[ 3] Weinstein RS.
Endocrine, 2012, 41(2):183-190.

[ 4] Moya-Angeler J, Gianakos AL, Villa JC, et al. Current

Glucocorticoid-induced osteonecrosis [ J .

concepts on osteonecrosis of the femoral head[ J]. World ]
Orthop, 2015, 6(8):590-601.

[5] WangF, Wang Y, Hu N, et al. Risk-factors, pathogenesis,
and pharmaceutical approaches for treatment of steroid
-induced bone infarction of femoral head [ J]. Acta Pol
Pharm, 2016, 73(3) :557-563.

Lo R, RN, w82, 45, BONTIENMG H kE Sk R 3E LT .
bR R F A, 2013, 43(4) :243-248,

[ 7] Huang SL, Jiao J, Yan HW. Hydrogen-rich saline attenuates
steroid-associated femoral head necrosis through inhibition of
oxidative stress in a rabbit model[J]. Exp Ther Med, 2016,
11(1):177-182.

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Li GY. Feng Y, Cheng TS, et al. Edaravone, a novel free
radical scavenger, prevents steroid-induced osteonecrosis in
rabbits[J]. Rheumatology (Oxford), 2013, 52(3) :438-447.
Lu BB, Li KH.

osteonecrosis in rabbits[J]. Rheumatol Int, 2012, 32(6):

Lipoic acid prevents steroid-induced
1679-1683.

Liu H, Yang X, Zhang Y, et al. Fullerol antagonizes
dexamethasone-induced oxidative stress and adipogenesis
while enhancing osteogenesis in a cloned bone marrow
mesenchymal stem cell[J]. J Orthop Res, 2012, 30(7):
1051-1057.

Yu JH, Kim H. Oxidative stress and inflammatory signaling
in cerulein pancreatitis[J]. World J Gastroenterol, 2014, 20
(46) :17324-17329.

Ray PD, Huang BW, Tsuji Y. Reactive oxygen species
(ROS) homeostasis and redox regulation in cellular signaling
[I]. Cell Signal, 2012, 24(5) :981-990.

Verbon EH, Post JA, Boonstra J. The influence of reactive
oxygen species on cell cycle progression in mammalian cells
[JJ. Gene, 2012, 511(1) :1-6.

Watson RW, Rotstein OD, Jimenez M, et al. Augmented
intracellular glutathione inhibits Fas-triggered apoptosis of
activated human neutrophils[J]. Blood, 1997, 89(11) :4175-
4181.

Schafer FQ, Buettner GR. Redox environment of the cell as
viewed through the redox state of the glutathione disulfide/
glutathione couple[J]. Free Radic Biol Med, 2001, 30(11):
1191-1212.
Ichiseki T, Kaneuji A, Ueda Y, et al. Osteonecrosis
development in a novel rat model characterized by a single
application of oxidative stress[J]. Arthritis Rheum, 2011, 63
(7):2138-2141.

Mikami T, Ichiseki T, Kaneuji A, et al. Prevention of
steroid-induced osteonecrosis by intravenous administration of
vitamin E in a rabbit model[J]. J Orthop Sci, 2010, 15(5):
674-677.

Komurcu E, Oktay M, Kaymaz B, et al. Preventive effects
of coenzyme Q10 (CoQ10) on steroid-induced osteonecrosis in
rats[ J]. Acta Orthop Traumatol Turc, 2014, 48(2);217-
222,

Song Q, Shi Z, Bi W, et al. Beneficial effect of grape seed
proanthocyanidin extract in rabbits with steroid-induced
osteonecrosis via protecting against oxidative stress and
apoptosis[ J]. ] Orthop Sci, 2015, 20(1) :196-204.

Nozaki Y. Kumagai K, Miyata N, et al. Pravastatin reduces
steroid-induced osteonecrosis of the femoral head in SHRSP
rats[J]. Acta Orthop, 2012, 83(1):87-92.

Qiang H, Liu H, Ling M, et al. Early steroid-induced
osteonecrosis of rabbit femoral head and panax notoginseng
saponins: mechanism and protective effects[]J]. Evid Based
Complement Alternat Med, 2015, 2015:719370.

Joshi M, Kotha SR, Malireddy S, et al. Conundrum of

pathogenesis of diabetic cardiomyopathy: role of vascular



EBR R 2 2017463 0 45 38% 42 IntJ Orthop, Mar. 25, 2017, Vol. 38, No. 2 . 105
endothelial dysfunction, reactive oxygen species, and 18191-18197.
mitochondrial J]. Mol Cell Biochem, 2014, 386 (1-2):233- [36] Liu J, Yang J. Uncarboxylated osteocalcin inhibits high
249, glucose-induced ROS production and stimulates osteoblastic
[23] Yang Y. Lou J. Li Z, et al. Effect of glucocorticoid on differentiation by preventing the activation of PI3K/Akt in
production of reactive oxygen species in bone microvascular MC3T3-E1 cells[J]. Int J Mol Med, 2016, 37(1):173-181.
endothelial cells[J]. Zhongguo Xiu Fu Chong Jian Wai Ke Za [37] Wang Y, Zhao L, Wang Y, et al. Curculigoside isolated
Zhi, 2011, 25(5):533-537. from Curculigo orchioides prevents hydrogen peroxide
[24] El Zaoui I, Behar-Cohen F, Torriglia A. Glucocorticoids -induced dysfunction and oxidative damage in calvarial
exert direct toxicity on microvasculature; analysis of cell osteoblasts[J]. Acta Biochim Biophys Sin (Shanghai), 2012,
death mechanisms[ J]. Toxicol Sci, 2015, 143(2) :441-453. 44(5) :431-441.
[25] Sato AY, Tu X, McAndrews KA, et al. Prevention of [38] Chernetsky SG, Mont MA, LaPorte DM, et al. Pathologic
glucocorticoid induced-apoptosis of osteoblasts and osteocytes features in steroid and nonsteroid associated osteonecrosis
by protecting against endoplasmic reticulum (ER) stress in [J]. Clin Orthop Relat Res, 1999, 368:149-161.
vitro and in vivo in female mice[J]. Bone, 2015, 73:60-68. [39] Weinstein RS, Nicholas RW, Manolagas SC. Apoptosis of
[26] Almeida M, Han L, Ambrogini E, et al. Glucocorticoids and osteocytes in glucocorticoid-induced osteonecrosis of the hip
tumor necrosis factor a increase oxidative stress and suppress [J]. J Clin Endocrinol Metab, 2000, 85(8) :2907-2912.
Wnt protein signaling in osteoblasts[J]. J Biol Chem, 2011, [40] Calder JD, Buttery L, Revell PA, et al. Apoptosis: a
286(52) :44326-44335. significant cause of bone cell death in osteonecrosis of the
[27] She C, Zhu LQ., Zhen YF, et al. Activation of AMPK femoral head[J]. ] Bone Joint Surg Br, 2004, 86(8):1209-
protects against hydrogen peroxide-induced osteoblast 1213.
apoptosis  through autophagy induction and MAPK [41] JiaP. Xu YJ. Zhang ZL, et al. Ferric ion could facilitate
maintenance: new implications for osteonecrosis treatment? osteoclast differentiation and bone resorption through the
[J]. Cell Signal, 2014, 26(1):1-8. production of reactive oxygen species[ ] ]. J Orthop Res,
[28] Yang M, Huang Y, Chen J, et al. Activation of AMPK 2012, 30(11):1843-1852.
participates hydrogen sulfide-induced cyto-protective effect [42] Boyce BF. Advances in the regulation of osteoclasts and
against dexamethasone in osteoblastic MC3T3-E1 cells[] ]. osteoclast functions[J]. J Dent Res, 2013, 92(10) :860-867.
Biochem Biophys Res Commun, 2014, 454(1) :42-47. [43] Nojiri H, Saita Y, Morikawa D, et al. Cytoplasmic
[29] Ding H, Wang T, Xu D, et al. Dexamethasone-induced superoxide causes bone fragility owing to low-turnover
apoptosis of osteocytic and osteoblastic cells is mediated by osteoporosis and impaired collagen cross-linking[ J]. J Bone
TAKT1 activation[ ] ]. Biochem Biophys Res Commun, 2015, Miner Res, 2011, 26(11) :2682-2694.
460(2) :157-163. [44] Callaway DA. Jiang JX. Reactive oxygen species and
[30] Zhen YF. Wang GD. Zhu LQ. et al. P53 dependent oxidative stress in osteoclastogenesis, skeletal aging and bone
mitochondrial permeability transition pore opening is required diseases[J]. ] Bone Miner Metab, 2015, 33(4):359-370.
for dexamethasone-induced death of osteoblasts[J]. J Cell [45] Shi J. Wang L, Zhang H. et al. Glucocorticoids: dose
Physiol, 2014, 229(10) :1475-1483. -related effects on osteoclast formation and function via
[31] Liang D, Xiang L, Yang M. et al. ZnT7 can protect MC3T3 reactive oxygen species and autophagy[J]. Bone, 2015, 79;
-E1 cells from oxidative stress-induced apoptosis via PI3K/ 222-232.
Akt and MAPK/ERK signaling pathways[J]. Cell Signal, [46] Yu SM, Kim SJ. The thymoquinone-induced production of
2013, 25(5) : 1126-1135. reactive oxygen species promotes dedifferentiation through
[32] Ueno T, Yamada M, Igarashi Y, et al. N-acetyl cysteine the ERK pathway and inflammation through the p38 and
protects osteoblastic function from oxidative stress[J]. J PI3K pathways in rabbit articular chondrocytes[J]. Int ] Mol
Biomed Mater Res A, 2011, 99(4):523-531. Med, 2015, 35(2):325-332.
[33] Liang D, Yang M, Guo B, et al. Zinc inhibits H(2) O(2) [47] Canalis E. Delany AM. Mechanisms of glucocorticoid action
-induced MC3T3-E1 cells apoptosis via MAPK and PI3K/ in bone[J]. Ann N Y Acad Sci, 2002, 966:73-81.
AKT pathways[J]. Biol Trace Elem Res. 2012, 148 (3): [48] Weinstein RS, Jilka RL, Parfitt AM, et al. Inhibition of
420-429. osteoblastogenesis and promotion of apoptosis of osteoblasts
[34] Sun WX, Zheng HY. Lan J. Edaravone protects osteoblastic and osteocytes by glucocorticoids. Potential mechanisms of
cells from dexamethasone through inhibiting oxidative stress their deleterious effects on bone[J]. J Clin Invest, 1998, 102
and mPTP opening[J]. Mol Cell Biochem, 2015, 409(1-2) (2).274-282.
51-58. OK A5 :2016-08-19; 4= . 2016-10-18)
[35] Smith E, Coetzee GA, Frenkel B. Glucocorticoids inhibit cell

cycle progression in differentiating osteoblasts via glycogen

synthase kinase-3beta[ J]. J Biol Chem, 2002, 277 (20):

(A 34 B 2 Bl DD



