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Research progress on the role of oxidative stress and related interventions in osteoarthritis / ZHANG Zi-ning, DENG Rong-
hui, FU Jiang-nan, YU Jia-kuo. Department of Sports Medicine, Third Hospital, Peking University, Beijing 100191, China

Abstract: Osteoarthritis is a common group of chronic, high—teratogenic, and degenerative arthritis, which brings an economic burden
on global healthcare systems. Activation of oxidative stress and excess of reactive oxygen species play an important role in the occurrence of
osteoarthritis and are also important targets for the treatment of osteoarthritis. This paper reviews the pathophysiological mechanism of oxi-
dative stress and reactive oxygen species as well as the research progress of related therapeutic interventions, for the sake of providing a ref-
erence for further research.
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1.1 ROS fyHeis

240 0 = 5 ek 2R A ) S Al B TR Al i AR R
ROS. fEr PR et , KA THOL N
K, T2 2%~3% K WA TE AR JFON A BT 7 78
el Jm e TR R, BRI T o AR
SE R AL, BSOS F g T BRit
ZAb, MBE R BRI T AL H PR PR A fLBE  (nicotin-
amide adenine dinucleotide phosphate oxidase enzymes,
Noxes) BN IE TS EWEAAML™ 4 ROS, Rl AN
A5 S A LU BRI AR BT E Y s T B NS S A
i (xanthine oxidase, XO) . A &8 (cyclooxygen-
ase) MARE AW (lipoxygenases) WIIHEHGE ] 7EIE
TR A4 ROS M P, NO JBTE— &L A S
(nitric oxide synthase, NOS) 4L T, i 1-K 2R
B - N R 1 Fe Aot =4 . HAT NOS 7T 73 g 3
B, 4r5l k. N2 NOS (endothelial nitric oxide
synthase, eNOS) . 55 % NOS (inducible nitric oxide
synthase, iNOS) M #1250 NOS (neuronal nitric ox-
ide synthase, nNOS) "',
1.2 ROS M5k

4 ROS PRGN, 2V 40 A A L B 1
Pt BUAA S W R R N T 9 ROS DA4ERF4R
HIL JF P, AL (superoxide dismutase,
SOD) A LA A 4R B 8 1 20 ik O aod S Ak SR 4R
M M EAL A (catalase, CAT) | i ALY
(peroxiredoxin, Prx) . AW H IR ALY (glutathi-
one peroxidase, GPX) . NADPH 7Z & %A 1k i it i
(NADPH ubiquinone oxidoreductase, NQO1) Z5[ifi254)
Jn] LA — 2D A5 i S A S e S ik S TE 3 KR4,
Ko BEHBK (glutathione, GSH) , 44K C. 44
2 EFAERGE AP R T B S RN T NO
B, DLEBIfERERIVE
1.3 ROS [H3i8e

IEH AR S A, ROS 78 HAE B AR o R
FEREAMEN . ZEEVRANIEN, NADPH AL
FZRLAR 7 A2 19 ROS W] AT B I 240 i 385035 By 180 #L
i, G BRI R TR A A R R
PR pH R FUREERY Iy, B RAPLIA S 32
SRR E B . AL AN, ROS
AR —F S 5 A RE S AT, ROSSY
A5 T AR AR A 2 B = IR IR S (pro-
tein tyrosine phosphatase, PTP) . #1% 22 R R/ R IRIL
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fiff (serine/threonine kinases) . #2%4 515 1k 55 H 3
(mitogen—activated protein kinase, MAPK) . ¥ kB
(nuclear transcription factor—kB, NF-kB) & Uo7l M
AU N R T NN A 71 I3 o N Wi 23 e/ R
B, NO ZERI AT LATE AL 5 4F = @52 (guanosine
triphosphate, GTP) ¥ HBEAR 2 (cyclic guanosine
monophosphate, cGMP) I [fij 9 5 ¢ 75 5 3 1 o [
i NO W] LIS BEAAE P A )8 (Cu. Fe. Zn)
e SEAIE SRS R LAY T S . BRIEEZ A1, NO i
A LA 9 T e S R B 5 TR A S— M1 A S i e
SR N TRIREN D SE=R AR SN RIZEE AR DY SES
PHER ™
AR XT ROS F8y a1 B Ek: 4 i AS B 4 S8 AL ik i
AR, B ROS A5 5 By 5SS MR SEI [E] o 4 B AL
B, ROS 7 Az i 11 JC A2 B8 5 Bt i 0 A AL 77 1
A IR ZSA A 22 205, g A ROS A
IR0 i R U T M R R, U2 i — 2D i R AR AR
W, TR BOGHEE R

2 OA REH ROS H1EH

HCE AU R AR AR AR A i S A, R L
M) ROS A THARIKE o SR TTAE Sl i — P08 0 5 S
TR ITEIRELAIE T, B AR A A LR I R SR B
R Sy Nt 72 A e 0 1 a1 e ) | i S|
Jig S ) e ik, A P A LB (extracellular
matrix, ECM) &A%, FEAFAIAAMERT . IR 4 )R
B (matrix metalloproteinase, MMP) | R4 i T
BAAERKETF AT USRI RE RS 75
ST, SRR S EECE RS

KRR, SORE T 7240 H A S AL sz
PR B 7 OCHEAER], b UM IRIE F-o (tu-
mor necrosis factor—a, TNF-a) . AT -1B (interleu-
kin—1B, IL-1B) M FI4+ % -6 (interleukin-6, IL-6)
HF ., TNF-a. IL-1B K IL-6 i MAPK i B %
TR p38. ERK Mz JNK, #E1fij34/i0 NF-xB. APl
Ml STATs WiA%%%iz, nl#t—2F i MMP-1, MMP-
9. MMP-13., ADAMTS-4. ADAMTS-4, LI FiH%E
H 2R 11 BB SR L R ik ™, MRS ECM
R [T NF-kB Wi g — e ik R 5. #afk
K F . iNOS & COX-2 i i, il R E
N Pt L~ 18 Rl LA i B A § ROS
A=, B cFos/AP1 iE [, I LA 1L-6 1 MMP-13 ()
Tk P, AR EN, ROSIENFESH TS,
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F) IL-18 % Wnt 38 BP0, LIE g EN (B-
catenin) , fEJE I MMPs Fll ADAMTSs BY#Eik 2,

Al B, ROS Al aof T i JBe & B A 2R A I -1
(insulin like growth factor—1, IGF-1) AJ3i5, fEHEHK
HHREREE P SIERRE AL, OA #Ed
LA T 2 AR PE miDNA By, X2 SRR
I LA e AR K% IO A T S A, O TS BN M
& e WA RY], ROS AT EUIR Bt A Ak
Yy 4-FHE T (HNE) 300, #0% Caspase—3.
Caspase—8. Casepase—9, i Bel-2 Jf I3 Bax LIl
i Akt PEEHGE, SEECEAMARE T P BRE T
PIAh, 76 OA BE il N WAFEdIi fE T ™, X2
HE— 2 S B AL AR A o T 5 — TR A B
Sirtuins (SIRTs) fF—Fl DNA £ ZBEILAE, “E )6
Z 2 FECE MM LR AR DI RERRT L2 F A S A )
JER, M ITE i F Va5 1 )7 s 2 0A 7,

3 ROS WTFTtEne

ek, ROS FEHLIA AR —IERUIIE, E
PS5 NKIE R ARG S, WASTR gLl T 2
OA I J&, PRIAT R BRALAR , e IR X
S AR O R N AR AS B R, NI 23R
7 KW OA BIVER .

3.1 P

L AR ROS ST BI-FA7, W] LI ER%
AL 30 ROS 2o i X MU R B BEIR . TiHi 4
AHI AT Lo D RARGUAAT) S AP AL D RERI 259

e 3R C R —Fh A P AP R K PR AT 2
%, EZ5H ECM KFEL4EscHR ot #2 . e
SRR SR AE R C AT AR 48 A S0 0 A
A, DA T, SZARI4EAER AL 4R
% E. 484 P ROS BIFEH . (Hasth id 2,
— IR G LRI SR LRI R RCT 525, JFERAT
WHUIR IR R 4EA R AL AR CL R E X
B, B H R JT 4G BEXT OA B IR YT AR
FH BV iEBH R (hyaluronic acid, HA) Z—Fhfg ik
WEREERBE (GAG), EAENE W 2, A
A—EMPUEEN . SCTT NS HA VYT OA 4
IR de—FECHARAIRTT I 2 Sl AN
PER HA, A BTN HA #9774, R o i
H HA S IE R AL 10 CD44 5 HA 258 F 51
YEHT, A B TR A S S A B 2 Kk, ik
D IRE - TL-18 Fl 1L-6 S5 40 A 1iziE , {4

B sz ROS 4405 Jf H HA W] LIl 5 AR
RSG5 D%z 25 A B AR T L™ AR BUR AN

e IARIEPLRZY  (nonsteroidal anti-inflammatory
drugs, NSAIDs) 2 HAGIG IR 12 8 HFIRIT OA 1)—
FHABAMNETMZGH) . NSAIDs 254 1] LUl 1k i
B A i FE k> ROS, MY ERK. p38 # i &
PKC 38 4 (147 SR BB NO 5 T 55 i an i g -
Lo, miAr S BN COX-2 #1 PGE K
RESITEG Y
3.2 ROS Az UG 57

H1 T ROS 1l B Noxes. XO %=, [} NO
WIEAE NOS AL T 7 ARk, PRl b 3 A it
(3 P AT LA S8 AR O 4 I R s e . A RSl
H NADPH 48 1L il 717 ] 771 Apocynin B BE 1)1 il NOX4
FENFRIBH siRNA, RTH OA HUBCE 4, w5
Hi)d /> NOX4, p38. TNF-« Ml IL-18, F-H8hn 11 &
JE I AR L AR SRR A 5 1 > T T iNOS i 51
S—H R S m K ( S—methylisothiourea, SMT) 3k 5 J7°
OA, o A B B h NO AR IR, IEZ I
WHLURIL AR
3.3 HHIBEERR

TR 25 T ATEAR S B A e e METE R ROS
Hi2E, Pl T DI TE RBP4 . KIETEZ 72
B\ W Coo (fullerol) 2 K JUURL & — Fh BLAT ¥ bR
ROS ST AR, AESh P H B i m] LAY 8500 p38
NF-«kB HEE FKF-, AR NO A9 A A 28 i A 1Y
FEik, AR SR RE TR PR ST 51 BB A I 6
1 P, & ALS (ceria nanoparticles, NPs) ZHKik:
VER—Fopn st pt, Wa] Lot A s, IFE7ednie
PFEAS TNF-a, iNOS (9315, [AIFMZ ROS X4
g OO LTI
3.4 BRI

W ESCHTE, ROS i 4l DNA, FFE
ﬁ%*ﬁ?&%/ﬁ%i‘%ﬂ! (Senescence— associated secretory
phenotype, SASP) , NIEEANMI 2L, 15 1 [ ) 52
Z AN 2 ik — 2D e A A, TR R
WML . Senolytics 1 Senomorphics J& Wi 28 2% i 41
M E AT ik Senolytics 29 WA TP R . it
B Z N UBXO0101 3 i LA R Z AN N 1Y) pS3.  cas-
pases FIHABAETAHOCH K AU & 1, FFH0H MDM2,
BCL2 FiI PI3K %5240 Mg 77 16 AH Gl i, A s 2B 4
LA R T, el X T R A L ) 2 T Senomor-
phics 24547 WE 6] mTOR %5 O RE e, s il
IL-6 Il TNF-o 45 SASP P 1Y 37 14 ok 0 20> 4t ffd ¢
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&, MIMREREST OA MRER
3.5 HPERIY

HarA w5 (AAV) 175 1R b #kik,
X EE TR AT AGEE OA BB ARt A
G AR, ROS &40 #CE Ml miDNA, T4k
RIIREIFA AT, il HZR AR ) DNA 125 il
hOGG1, AJ{RF AZEHCE 4 miDNA 4252 ROS Ayt
i, PRAFLRRTIRE, B2/ T 1L-18 F1 TNF-
o ZEESE AT

4 REERE

SAALNIES ROS R GeE s 6 1 iR N Z 20 1015 5
WSS OA Ry, 2T HBEALH], #F
P B AR 2 T Uk B AT LA 2ok ek T 3
ROS JHHEFEIT IR OA BIThRL. SR EIRIAIT 7
FZ, (AR PURABAE IR PRI,
P IEALUS AR IR R ATBE T T B, ARIF ARG
I PRAIFFE . PRLIEERR T8 55 22 A AT R A A A A
b, HEBEASCZGIRIRIRDTTE , R E P,

[1]  Sacitharan PK. Ageing and osteoarthritis [J] . Subcell Biochem,
2019, 91 (1) : 123-159.

[2]  Safiri S, Kolahi AA, Smith E, et al. Global, regional and national
burden of osteoarthritis 1990-2017: a systematic analysis of the
Global Burden of Disease Study 2017 [J] . Ann Rheumatic Dis,
2020, 79 (6) : 819-828.

[3]  Anna L, Edwards MH, Dennison EM, et al. Epidemiology and bur-
den of osteoarthritis [J] . Br Med Bull, 2013, 105 (1) : 185-199.

[4]  Vina ER, Kwoh CK. Epidemiology of osteoarthritis: literature up-
date [J] . Curr Opin Rheumatol, 2018, 30 (2) : 160-167.

[5] Lepetsos P, Papavassiliou AG. ROS/oxidative stress signaling in os-
teoarthritis [J] . Biochim Biophys Acta, 2016, 1862 (4) : 576-591.

[6]  Patel BV. Oxidants, antioxidants and impact of the oxidative status
in male reproduction. Genomics and epigenetics [M] . Academic
Press, 2019: 3-8.

[7]  HelmutS. Oxidative stress: a concept in redox biology and medi-
cine [J]. Redox Biol, 2015, 4 (1) : 180-183.

[8] Ding Y, Li Z, Hu W, et al. Carbazate—modified cross—linked dex-
tran microparticles suppress the progression of osteoarthritis by
ROS scavenging [J] . Biomater Sci, 2021, 9 (18) : 6236-6250.

[9]  Adam-Vizi V, Chinopoulos C. Bioenergetics and the formation of
mitochondrial reactive oxygen species [J] . Trend Pharmacol Sci,
2006, 27 (12) : 639-645.

[10] Circu ML, Aw TY. Reactive oxygen species, cellular redox sys-
tems, and apoptosis [J] . Free Radic Biol Med, 2010, 48 (6) : 749~

1404

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

762.

Magder S. Reactive oxygen species: toxic molecules or spark of life
[J]. Critical Care, 2006, 10 (1) : 208-208.

Lepetsos P, Papavassiliou KA, Papavassiliou AG. Redox and NF-
kB signaling in osteoarthritis [J] . Free Radic Biol Med, 2019, 132:
90-100.

Kr6lM, Kepinska M. Human nitric oxide synthase—its functions,
polymorphisms, and inhibitors in the context of inflammation, dia-
betes and cardiovascular diseases [J] . Int J Mol Sci, 2020, 22 (1) :
56.

BUH, EIE . IR BT R 2 SRR W i
1. PEBHESMEEE, 2021, 29 (18) : 1663-1667

Ansari MY, Ahmad N, Haqqi TM. Oxidative stress and inflamma-
tion in osteoarthritis pathogenesis: role of polyphenols [J] . Biomed
Pharmacother, 2020, 129: 110452.

Bedard K, Krause KH. The NOX family of ROS- Generating
NADPH oxidases: physiology and pathophysiology [J] . Physiol
Rev, 2007, 87 (1) : 245-313.

ChoiMC, JoJ, Park], et al. NF-B signaling pathways in osteoarthrit-
ic cartilage destruction [J] . Cells, 2019, 8 (7) : 734.

Arra M, Swarnkar G, Ke K, et al. LDHA-mediated ROS generation
in chondrocytes is a potential therapeutic target for osteoarthritis
[J]. Nat Commun, 2020, 11 (1) : 3427.

Shi X, Qiu H. Post—translational S—nitrosylation of proteins in regu-
lating cardiac oxidative stress [J] . Antioxidants, 2020, 9 (11) :
1051.

Kapoor M, Martel-Pelletier J, Lajeunesse D, et al. Role of proin-
flammatory cytokines in the pathophysiology of osteoarthritis [J] .
Nat Rev Rheumatol, 2010, 7 (1) : 33-42.

Drevet S, Gavazzi G, Grange L, et al. Reactive oxygen species and
NADPH oxidase 4 involvement in osteoarthritis [J] . ExperGeron-
tol, 2018, 111 (1) : 107-117.

Ahmad N, Ansari MY, Bano S, et al. Imperatorin suppresses IL—
1B—induced iNOS expression via inhibiting ERK-MAPK/AP1 sig-
naling in primary human OA chondrocytes [J] . Int Immunopharma-
col, 2020, 85: 106612.

Haseeb A, Ansari MY, Haqqi TM. Harpagoside suppresses IL-6
expression in primary human osteoarthritis chondrocytes [J] . J Or-
thop Res, 2017, 35 (2) : 311-320.

Zhou Y, Wang T, Hamilton JL, et al. Wnt/B~- catenin signaling in
osteoarthritis and in other forms of arthritis [J] . Curr Rheumatol
Rep, 2017, 19 (9) : 53.

Loeser RF, Collins JA, Diekman BO. Ageing and the pathogenesis
of osteoarthritis [J] . Nat Rev Rheumatol, 2016, 12 (7) : 412-420.
Grishko VI, Ho R, Wilson GL, et al. Diminished mitochondrial
DNA integrity and repair capacity in OA chondrocytes [J] . Osteoar-
thritis Cartilage, 2009, 17 (1) : 107-113.

Bor, B, FAE, 4F . AZS R H Rb2 RIPOCT AR S X
SRR VR IALRI AT S (0] . T R TR S RE 2%, 2018, 26
(9) : 845-849.

Vaillancourt F, Fahmi H, Qin S, et al. 4—Hydroxynonenal induces



ERIESE ARE | P E B SRR Vol.31,No.15

202348 H Orthopedic Journal of China Aug.2023
apoptosis in human osteoarthritic chondrocytes: the protective role teoarthritis progression [J] . Redox Biol, 2020, 28: 101306.
of glutathione—S—transferase [J] . Arthritis Res Ther, 2008, 10 (5) : [36] More AS, Kumari RR, Gupta G, et al. Effect of iNOS inhibitor S—
R107. methylisothiourea in monosodium iodoacetate—induced osteoathrit-

[29] An' S, Hu H, Li Y, et al. Pyroptosis plays a role in osteoarthritis ic pain: implication for osteoarthritis therapy [J] . Pharmacol Bio-
[J]. Aging Dis, 2020, 11 (5) : 1146. chem Behav, 2013, 103 (4) : 764-772.

[30] Rice SJ, Beier F, Young DA, et al. Interplay between genetics and [37] Yudoh K, Shishido K, Murayama H, et al. Water— soluble C60
epigenetics in osteoarthritis [J] . Nat Rev Rheumatol, 2020, 16 (5) : fullerene prevents degeneration of articular cartilage in osteoarthri-
268-281. tis via down—regulation of chondrocyte catabolic activity and inhi-

[31] Ernst PH. The antioxidant vitamins A, C, E and selenium in the bition of cartilage degeneration during disease development [J] .
treatment of arthritis: a systematic review of randomized clinical tri- Arthritis Rheumatism, 2014, 56 (10) : 3307-3318.
als [J] . Rheumatology, 2007, 46 (8) : 1223-1233. [38] Kim J, Kim HY, Song SY, et al. Synergistic oxygen generation and

[32] VLEE W EAEE O SRR ALE SRy T AR (0] . R reactive oxygen species scavenging by manganese Ferrite/Ceria co—
AR, 2020, 28 (5) : 430-434. decorated nanoparticles for rheumatoid arthritis treatment [J] .

[33] Altman RD, Manjoo A, Fierlinger A, et al. The mechanism of ac- ACS Nano, 2019, 13 (3) : 3206-3217.
tion for hyaluronic acid treatment in the osteoarthritic knee: a sys- [39] Coryell PR, Loeser RF, Diekman BO. Mechanisms and therapeutic
tematic review [J] . BMC Musculoskel Disord, 2015, 16 (1) : 321. implications of cellular senescence in osteoarthritis [J] . Nat Rev

[34] Yoon JB, Kim SJ, Hwang SG, et al. Non—steroidal anti—inflammato- Rheumatol, 2021, 17 (1) : 47-57.
ry drugs inhibit nitric oxide—induced apoptosis and dedifferentia- [40] Kim J, Xu M, Xo R, et al. Mitochondrial DNA damage is involved
tion of articular chondrocytes independent of cyclooxygenase activi- in apoptosis caused by pro—inflammatory cytokines in human OA
ty [J]. J Biol Chem, 2003, 278 (17) : 15319-15325. chondrocytes [J] . Osteoarthritis Cartilage, 2010, 18 (3) : 424-432.

[35] Liao CR, Wang SN, Zhu SY, et al. Advanced oxidation protein (h: 2022-01-11 f&11: 2022-09-02)
products increase TNF-a and IL- 18 expression in chondrocytes (TSR tteiE & #1)
via NADPH oxidase 4 and accelerate cartilage degeneration in os- ($j{gﬁiﬁ 5 1?1'42)

S - AR - i

KT (hEFIESMRERE) AT PRHLL KRR E A

BRI Gr R R e, ISs TREIREST DA A R, B Z s B3RS AR S SAPId R, AHA
iE. RO A IR e, IANWHRTEAR RIS ) . AMEDAEREE, JFESE I R A TR 2y, e b
S5 CPEBTEAMIGE) RIATIPFER IR RIS NS e Om & shalS B8 T dag AT .

SO BB A CIRIR . R . P38 #o . AR MBS il B TAE 10 4ELAE . @ e BRRR R ASH 2= S L 3 T 4
%o ATVEA GRS H AR . nEAR TSR RS (htp//jxwk.ijournal.en) FERHIEFR, HE I T E AL AT
J& . HI PDF 30, LAAEATIEFER: jxwkxms@126.com, TEMLAFE, AEFRIEARIR LR, o i PR
Tt

I TAE RN, (B TAESTEATIR FAMMEMENE, LRAERMSISEH, BRI G . JCRATAERE/E
PRS2 (AR

ChEBIEIME ) i
202141 H 30 H

1405



