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HAWHRM X EHA-1 (Keapl) /Nef2/ 31 & AL & W JT 7
(ARE) {53 B - 6 52 90 A A0 SN A S B s R 7, 3
Tk A0 R SR R R T B AR B AR R G, DA 57 HL AT 4R
AR 3 Hy O 19 Keapl/Nif2/ARE {5 538 % fig %
TRAP B 7 45 Fh 5 i RN B AL B S 42 28 (i h s
2R 4% Keapl/Nef2/ARE 15 518 4 2 4E 28 F 019 2 (W & 4
S A RTHFZE B0 PGS Nef2 {7 5 5 0% B A e
PRAP s 1) WA SC PRI S8 A 1 G 4 P VR AL
PEATHIR, DA A5 TR AT I8 IS 259097 4 56T 4 4
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1 Keapl/Nrf2/ARE 8B H £ 2458
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PR AP TR M A AR . MR, R, S B
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PIG I, SRS RAEFEGER . B I i
TG, HA S5 A HE NS B i 06 Keapl/Nif2/ ARE
5 HIRER IL-18 5 S 1B ST R B SAE RN, AL e
COX-2. iNOS 4 i, T COL2A1, ACAN ik, &A%
MMP-13, ADAMTS-5 ik, FHA FHERSBERT L0 20 i 41
BT AR, MMTAESE 5 1 R R ™, Kk T
PGS A, IR B L, HASURS K EZ RN
1% Keapl/Nif2/ARE {55 8%, W% H,0, %5 W& LR ¥
BN, P8BS R R B OCATR B AR fb, 410 ) - A
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PIBT AL RBT R AE T, T8 DG R 5 7 I IR 2H 21 N2
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B ORIMAKE), B O(KIERSNE, RBNE), B (Il
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fF Pl P — 2B A I, H AT Y I PR B SRl S 58 AIF 5T
BPR0) A5 F S 122 300 5 1 0 o S B 56T 4 RS 1 R AL
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JU AR T T TR 57 B G715 ARl R 2 Y B Tk b i, AR
S H AT 05, P BE 20X TS B 215 42 Keapl/Nif2/
ARE 3 R E A AR i AR 5 . A SOk B 1T E 23 % Keapl/
Nrf2/ARE 5538 B R IGYT B T R A S i B 25 5 a4 T
M EOHREN TR T EENESEALZEEN,
HAWRIT D2 UANE I 2548 . BOEIRIB IR . 8 AT R
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B, TEFRLEERIE, IWbRAs, (HIL4H K
i, MR E S, A E LB AR A R 2
Y, HEF RSB L P BRI, IR
B RIFHLE], A BEHRUEMETR, A R TERG . T i 2 24 1y
TAE T R AR FAMLEI

HATHEE 25 T Wil Keapl/Nrf2/ARE {5 538 B 697 5 &
R EFARIAE LT IUA T O3 2 0 A M B ) 4
AV R B BB BTG R R R A P Keapl/Nif2/ARE {57
Shl, BHWT Keapl 25 (1 Nrf-2 B9 454507 25 K B R Keapl/
Nrf2 BAHE AR, 404 MPO, MDA /£, #4538 SOD, CAT
WE, IS HO-1, NQO-1 £ik, Wit ROS,
NIRRT A0 M & A 1 ST N R N 5 D3 3 1Y 98 Keapl/
Nrf2/ARE {55, /5 HO-1 FikBE08 58 43895 NF-«B,
Wnt/B-catenin 57 {7 5 @ B, 0 R 5E K F NO, IL-6,
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£1 HEHTEXTXH Keapl/Nrf2/ARE i@ BT HER
Al b4 Iy EF ML SCik
EIE TN ey i Hit e % B I[E S P4IT Keapl/Nif2/ARE 5 5 {5 53 [, F& ik iNOS, COX-2 #ik & [42]
NO .PGE, 73, 1855 NF-xB {55155
[ LB EE L B B4 Keapl/Nrf2/ARE 15 558 B, G ROS /K, 4 TNF- | IL- [ 46-47]
1B . IL-61L-18 /K F, &A% caspase-3/9 i 1, ¥l NF-«B {5 5 i %
Wik
LI EZ GHEEZ/ 2 PTG Keapl/Nef2/HO-1/NF-kB 15 53 5, 42 55 58 40 M A9 40 i 35 [4]
7, BB Ak B AR AL R S 3, W MK AR AE AR 1 (NF-kB
COX-2) F R FIE R A T (1L-6 \TNF-a | IL-18) 7KF-
AR 8-S LM KL BT 1 2 BT Keapl/Nrf2/ARE 38 %, W% 1L-18 S WS EM, W [50]
ROS, #4I1 GSH-Px .SOD f14E 1,
IR BRI 11 IR TR RN B % Keapl/Nif2/HO-1 3 #%, FH & Nif2, HO-1 ik, Ml -6,  [51]
PGE, .NO, TNF-a, MMP-1 . MMP-3, MMP-13 . ADAMTS4 , ADAMTS5
ik
RELTF BT ES PG Keapl/Nif2/HO-1 3 B OB EAL IR A, 0 NF-«B {5514 [52]
SIBL AR A F AR Y SR A R R R A
RMR pES T Keapl/Nrf2/HO-1 5538 B, F+ & Nef2 \HO-1 ik Ml NO,  [53]
PGE, MMP1 MMP3 MMP13 [{j3%5k , #Ifi] NF-B {558 G 1k
ikoath S JAHY Keapl/Nef2/HO-1 {5 Sl , L E Nef2 235, AT B3R T4 [ 54]
HO-1 BRIk
TH I GRYLES T Keapl/Nef2/ARE {553l %, F+& Nrf2 (HO-1 ,NQO1 ik [55]
WHIMATME  JRARHE A o B 2 {23 Keapl/Nrf2/ARE {5 %5 i f%, M #i] NO, PGE, ,iNOS, COX-2,  [57]
TNF-o IL-6 IL-8 35, i ] MMP-3 ,MMP-13  ADAMTS-4  ADAMTS-
5%k
LHR EIES Wl Keapl/Nif2/ ARE {553 ¢, Ml 20 AR SR BCH A0 [58-59]
TR, TR CE A R T COL2A1 ACAN mRNA ik
LR Z W NER PG Keapl/Nif2/ARE {5530 %, Tk Nef2 S H R U# 5 NQO1,  [60]
HO-1 23k | FEARAE 48 IR 7K il 4 J 2K 1 B
AEFMR B =S W45 Keapl/Nif2/ARE {5 538 %, BEIK TNF-o [ IL-1B  IL-6 MMP-1,  [61]
MMP-3 MMP-13 . ADAMTS4  ADAMTS5 7K
HAAREE  DOESER O-H AL TS I4IT Keapl/Nif2/ARE 55 5l , B 38 KEAP-1/Nef-2 (AT AR, 0 [62]
il IL-6 ,COX-2 ,PGE, iNOS \NO 5 4 57 Y 35 F1 7 A, 400 1l 5 5
Rt A 2K U 1) 3K
BP R EES B Keapl/Nef2/ARE 5 558 % 23 HO-1 F23k, 1] NF-«B 155 [63]
T 08 e E R F 7K B A AN 5 4 5 K 5 e A
s R S fEiE Keap I Nef2/HO-1/NF-xB 38 # , FEAlK iNOS .COX-2 . PGE, %5 #& 1 [64]
AT K-, B Ak MMP1 ,ADAMTS5 ik
R =R WY Keapl/Nif2/ARE {5 5 %h, #0  COX-2,iNOS {4 1, AT [65]
MMP-13 . ADAMTS-5 ik, F+& COL2A1 ,ACAN ik
KRR TR WS Keapl/Nif2/ ARE {5538 8% , Ui /0 41 M /0 326 W A S GV B [ 66
A4k
LA PHA U5 BAR R A P Keapl/Nrf2/ARE 3@ %, 71 Nif2 \HO-1 & (A #35, ##H MPO,  [67]
FEqUL MDA {25 B, 5% SOD | CAT %4, FAIK TNF-o | IL-6 \PGE, Fik
ESELTE Y Al YT A Fm Nef2 (55 R LGS 7Rk, BRI ARG S FRE,  [68]
IETE B AL H AL ROK T BEAIK IncRNA NEAT1 7KF
MIGAFAT PSR B Y. B Keapl/Nif2/ARE {55 B, FHis Nef2 35, MTIAEHE LT [69]
HE B NE A8, A HO-1 Rk
Y A AR
AZ HE A4
SR AT I ARG W¥E Keapl/Nif2/ ARE {55 0 # , 1] Wnt/B-catenin {55 @ HH95E  [70]

b, BEAIR IL-18 S5 4 4E R 7K, Bl MMP-13  ADAMTS4 8555 it 43
B R 1) 43 10

SN X B B @ i I Keapl/Nrf2/ARE ERER
B, ERESUE L KT R AE R, 38 R85 FE 40 i Ak
B SN > N BT T = (U B N Y = e R e

ST TR AT, L0 0 R 4
flo, BEZEERERARIHER, hE AT I A R
AT, BOEIAES, BT SR WA Y

521



2024 4F2 A

546 4

552 4]

R %

Chinese Traditional Patent Medicine

February 2024
Vol. 46 No. 2

EYRY7 R BAR A Wy~ L 1 R e 2 P B, 5 BEH IR AT
JRZ BT, H AT AT LU B T BE SO RO A5 AR 8
AR, i 2 A S A R I3 AT A 5 T RE AR B DL A
DRATRAEN I R 3 B 2R GEMERE B T, B BRR YT 25
Tk S I S R it

SE 3k

(1]

[11]

[12]

[13]

[14]
522

Bannuru R R, Osani M C, Vaysbrot E E, et al. OARSI
guidelines for the non-surgical management of knee, hip, and
polyarticular osteoarthritis [ J ].

27(11) ;. 1578-1589.

Osteoarthritis Cartilage, 2019,

Wang B, Tontonoz P. Phospholipid remodeling in physiology
and disease[ J]. Annu Rev Physiol, 2019, 81(10). 165-188.
Bruni A, Pepper A R, Pawlick R L, et al. Ferroptosis-
inducing agents compromise in wvitro human islet viability and
function[ J]. Cell Death Dis, 2018, 9(6): 595-605.
Camacho A, Simdo M, Ea H K, et al. Tron overload in a
murine model of hereditary hemochromatosis is associated with
accelerated progression of osteoarthritis under mechanical stress
[J]. Osteoarthritis Cartilage, 2016, 24(3) . 494-502.
Carroll G J, Breidahl W H, Bulsara M K, et al. Hereditary
hemochromatosis is characterized by a clinically definable
arthropathy that correlates with iron load [ J]. Arthritis Rheum,
2011, 63(1): 286-294.

Dixon S J, Lemberg K M, Lamprecht M R, et al. Ferroptosis:
an iron-dependent form of nonapoptotic cell death [ J]. Cell,
2012, 149(5): 1060-1072.

Doll S, Proneth B, Tyurina Y Y, et al. ACSL4 dictates
ferroptosis sensitivity by shaping cellular lipid composition[ J].
Nat Chem Biol, 2017, 13(1) . 91-98.
Yang W S, Stockwell B R. Ferroptosis: death by lipid
Trends Cell Biol, 2016, 26(3) . 165-176.
Yao X D, Jing X Z, Guo J C, et al. Icariin protects bone

peroxidation[ J].

marrow mesenchymal stem cells against iron overload induced
dysfunction through mitochondrial fusion and fission, PI3K/
AKT/mTOR and MAPK pathways [ J |. Front Pharmacol,
2019, 10(2): 163-177.

Yao X D, Sun K, Yu S N, et al. Chondrocyte ferroptosis
contribute to the progression of osteoarthritis [ J ]. J Orthop
Translat, 2020, 27(12) . 33-43.

Loboda A, Damulewicz M, Pyza E, et al. Role of Nrf2/HO-1
system in development, oxidative stress response and diseases:
an evolutionarily conserved mechanism[ J]. Cell Mol Life Sci,
2016, 73(12). 3221-3247.

Rueda B, Oliver J, Robledo G, et al. HO-1 promoter
polymorphism associated with rheumatoid arthritis [ J]. Arthritis
Rheum, 2007, 56(12): 3953-3958.

Liu G H, Qu J, Shen X. NF-kB/p65 antagonizes Nrf2-ARE
pathway by depriving CBP from Nrf2 and facilitating recruitment
of HDAC3 to MafK [ J]. Biochim Biophys Acta, 2008, 1783
(5): 713-727.

Zuaiiiga-Toald A, Zatarain-Barron 7 L, Herndndez-Pando R,

[15]

[16]

[17]

[18]

[19]

[20]

[22]

[24]

[25]

[26]

[27]

et al. Nordihydroguaiaretic ~acid induces Nrf2 nuclear
translocation in vivo and attenuates renal damage and apoptosis in
the ischemia and reperfusion model[ J]. Phytomedicine, 2013,
20(10) . 775-779.

Yu M, Li H, Liu Q M, et al. Nuclear factor p65 interacts
with Keapl to repress the Nrf2-ARE pathway[ J]. Cell Signal,
2011, 23(5). 883-892.

Tkachev V O, Menshchikova E B, Zenkov N K. Mechanism of
the Nif2/Keapl/ARE signaling system [ J ]. Biochemistry
(Mosc), 2011, 76(4). 407-422.

Li X B, LinJ, Ding X X, et al. The protective effect of sinapic
acid in osteoarthritis; In vitro and in vivo studies[ J]. J Cell Mol
Med, 2019, 23(3). 1940-1950.

Andersen A N, Landsverk O J, Simonsen A, et al. Coupling
of HIV-1 antigen to the selective autophagy receptor SQSTM1/
p62 promotes T-cell-mediated immunity [ J]. Front Immunol,
2016, 7(10): 167-180.

Jain A, Lamark T, Sjottem E, et al. p62/SQSTM1 is a target
gene for transcription factor NRF2 and creates a positive
feedback loop by inducing antioxidant response element-driven
gene transcription [ J ]. J Biol Chem, 2010, 285 (29 ).
22576-22591.

Cao TH, Jin S G, Fei DS, et al. Artesunate protects against
sepsis-induced lung injury via heme oxygenase-1 modulation[ J].
Inflammation, 2016, 39(2) . 651-662.

LiB Z, Guo B, Zhang H Y, et al. Therapeutic potential of
HO-1 in autoimmune diseases [ J]. Inflammation, 2014, 37
(5): 1779-1788.

Wruck C J, Fragoulis A, Gurzynski A, et al. Role of oxidative
stress in rheumatoid arthritis: insights from the Nrf2-knockout
mice[ J|. Ann Rheum Dis, 2011, 70(5): 844-850.

Roh J L, Kim E H, Jang H, et al. Nrf2 inhibition reverses the
resistance of cisplatin-resistant head and neck cancer cells to
artesunate-induced ferroptosis[ J]. Redox Biol, 2017, 11(4):
254 -262.

Duleh S, Wang X, Komirenko A, et al. Activation of the
Keapl/Nrf2 stress response pathway in autophagic vacuolar
myopathies [J]. Acta Neuropathol Commun, 2016, 4 (1)
115-129.

Lau A, Wang X J, Zhao F, et al. A noncanonical mechanism
of Nrf2 activation by autophagy deficiency: direct interaction
between Keapl and p62[J]. Mol Cell Biol, 2010, 30(13):
3275-3285.

Maicas N, Ferrandiz M L, Brines R F, et al. Deficiency of
Nif2 accelerates the effector phase of arthritis and aggravates
joint disease [ J ]. Antioxid Redox Signal, 2011, 15 (4):
889-901.

Vaamonde-Garcia C, Courties A, Pigenet A, et al. The
nuclear factor-erythroid 2-related factor/heme oxygenase-1 axis is
critical for the inflammatory features of type 2 diabetes-associated
osteoarthritis [ J |]. J Biol 2017, 292 ( 35):
14505-14515.

Chem



2024 52 A o % February 2024
Ao K 2 Chinese Traditional Patent Medicine Vol. 46 No. 2
[28] Alcaraz M J, Ferrdandiz M L. Relevance of Nrf2 and heme 46; 48.

[29]

[30]

[31]

[32]

[33]

[34]

[36]

[39]

[40]

[42]

[43]

[44]

oxygenase-1 in articular diseases [ J]. Free Radic Biol Med,
2020, 157(9). 83-93.

Jing XZ, DuT, Li T, etal. The detrimental effect of iron on
OA chondrocytes: Importance of pro-inflammatory cytokines
induced iron influx and oxidative stress[ J]. J Cell Mol Med,
2021, 25(12) . 5671-5680.
Fan M L, Li Y N, Yao

C H, e al. DC32, a

Dihydroartemisinin ~ derivative, ameliorates
arthritis through an Nrf2-p62-Keapl feedback loop [ J]. Front
Immunol, 2018, 9(11): 2762-2776.

Singh B, Ronghe A M, Chatterjee A, et al. MicroRNA-93

collagen-induced

regulates NRF2 expression and is associated with breast
carcinogenesis[ J |. Carcinogenesis, 2013, 34(5): 1165-1172.
Ahmed S M, Luo L, Namani A, et al. Nrf2 signaling
pathway: Pivotal roles in inflammation [ J].
Acta Mol Basis Dis, 2017, 1863(2) . 585-597.

Yang M H, Yao Y, Eades G, et al. MiR-28 regulates Nrf2

Biochim Biophys

expression through a Keapl-independent mechanism[ J]. Breast
Cancer Res Treat, 2011, 129(3): 983-991.

Sun K, Luo J H, Jing XZ, et al. Astaxanthin protects against
osteoarthritis via Nrf2: a guardian of cartilage homeostasis|[ J].
Aging (Albany NY), 2019, 11(22): 10513-10531.

Cai D W, Yin S S, Yang J, et al. Histone deacetylase
inhibition activates Nrf2 and protects against osteoarthritis [ J].
Arthritis Res Ther, 2015, 17(9): 269-280.

B i, 48, EMAE, E TEBEERIAITIRE R R
ML B (1], FE P B G RHRE, 2018, 26

(10) : 80-82.

ARILEE. BEUER B (M. KR 178 B2 5 R R
1, 2010.

SheE, e w, BRERE, EON R B BT OIRA K

KA EYERT RAIGRIIFEL)]. LT HBEARE, 2017, 44
(2): 334-336.

Mari-Alexandre J, Sanchez-Izquierdo D, Gilabert-Estellés J,
et al. miRNAs regulation and its role as biomarkers in
endometriosis[ J]. Int J Mol Sci, 2016, 17(1): 93-109.
M, R, EICE, S BPRENRAR 6% - = 1k
FP-LR 4 B Bk Uitk [ B R 95 A b 20Tl PR3 [ U]
SRFTIIA AR, 2022, 41(8): 1153-1162.

B, IR, ERME, S RAFARITE R RE
FHHLHIE D 25 25 BREABF 5 [ ], L 2R o B 25 R 24 2 4l
2022, 46(2). 227-233.

Chen Y, Bi Q, Zhu Z G, e al. Lycium barbarum
polysaccharides exert an antioxidative effect on rat chondrocytes
by activating the nuclear factor ( erythroid-derived 2) -like 2
signaling pathway[ J]. Arch Med Sci, 2018, 16(4): 964-973.
R, BR O, TEWRM, . RERRYKIMTRIEN
BHURIE BT (1], S S B8, 2017, 33(4): 61-
66; 37.

EoOoE, fbow, o #, 4 AR RERRY
WEPEMr 22 5 WE5E ()] WAk, 2022, 50(3): 44-

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[59]

[60]

MeoE, &, ROE, B ET MGG RIETY

B RESE AL A FIBLHI T[] REIIE R 224 (A4

BlEhR) , 2022, 42(4) . 46-51; 63.

Wei Y L, Jia J, Jin X, et al. Resveratrol ameliorates

inflammatory damage and protects against osteoarthritis in a rat

model of osteoarthritis [ J ]. Mol Med Rep, 2018, 17 (1)

1493-1498.

% JE. NRF2-ARE {5 53 B e Ak A B MC3T3-E1 48
B T RE R S BB BER T BT R [ D], 22

MR, 2022

w1, WIEKE. R AR (M) F5: FHHMR

i, 2019.

Sun W C, Xie W, Huang D X, et al. Caffeic acid phenethyl

ester attenuates osteoarthritis progression by activating NRF2/

HO-1 and inhibiting the NF-kB signaling pathway[ J]. Int J Mol

Med, 2022, 50(5): 134-148.

Zuo S, Zou W, Wu R M, et al. lcariin alleviates IL-1B-

induced matrix degradation by activating the Nrf2/ARE pathway

in human chondrocytes [ J]. Drug Des Devel Ther, 2019, 13

(11): 3949-3961.

Cai D W, Huff T W, Liu J, et al. Alleviation of cartilage

destruction by sinapic acid in experimental osteoarthritis [ J].

Biomed Res Int, 2019, 2019(2): 5689613-5689622.

JinJ L, LiuY, Jiang C, et al. Arbutin-modified microspheres

prevent osteoarthritis progression by mobilizing local anti-

inflammatory and antioxidant responses[ J]. Mater Today Bio,

2022, 16(7): 100370-100382.

QuY L, Wang C L, Liu N, et al. Morin exhibits anti-

inflammatory effects on IL-1B-stimulated human osteoarthritis

chondrocytes by activating the Nrf2 signaling pathway[ J]. Cell

Physiol Biochem, 2018, 51(4). 1830-1838.

EY, THUE, KM, % FET Nd2/HO-1 f§ 5if

PRUVH 8 500 PRAR SIS 3 A IS AL AL L], T BE2y

AR, 2018, 46(1); 44-47.

JRlHERS . LT Nef2-ARE BT 75 e B0 L2 8 1 gt % Sk Jit ik

Xf ATA BRI BURESTAE LRI [ D], 7 T p R 2y

K2, 2016.

KR, BWEER. FORABGER T, hEPELE R

&, 2006, 13(4): 7-8.

Zhang Z, Zhang N Z, Li M, et al. Sappanone a alleviated IL-

1B-induced inflammation in OA chondrocytes through modulating

the NF-kB and Nif2/HO-1 pathways|[ J]. Dis Markers, 2022,

2022(9) : 2380879-2380889.

Jiang C, Luo P, Li X, et al. Nif2/ARE is a key pathway for

curcumin-mediated protection of TMJ chondrocytes from oxidative

stress and inflammation [ J]. Cell Stress Chaperones, 2020, 25

(3): 395-406.

KAH, BIME, 2 B, & BIEE T RECH A

NS AL RO BE 0 42 JB 2R G 13, AR A R -6 43I Y 52

L)), AETREE, 2016, 38(9): 1344-1347; 1352,

Zhu W R, Tang H, Li J C, et al. Ellagic acid attenuates

523



2024 4F2 A

5 46 %

552 4]

R %

Chinese Traditional Patent Medicine

February 2024
Vol. 46 No. 2

interleukin-1B-induced oxidative stress and exerts protective
effects on chondrocytes through the Kelch-like ECH-associated
protein 1 (Keapl) /Nuclear factor erythroid 2-related factor 2
( Nif2 ) pathway [ J ]. Bioengineered, 2022, 13 (4):
9233-9247.

PTEN 3l B T BT 28 AT A 10 0 B0TR 7 I B i 1 56 1
RIHLFIRFFE[C] /745 15 Ji o B v B 25 A 2 2 S Al
L RS ARAES S T R Th I E LS G otk
TBEEL TR ESE SR CE. TN, PEPEELS S
2%, 2019 49-50.

[61] T —. ey EmR MR LR 1697 [68] fH&Je, B F, EHdfh, % 3T IncRNA NEATI 5
MFERVEH LRI D], P92, SBINZEERY:, 2015. Nrf2/ ARE 3 B W5 SR F 8 O SE QR iy O S 4R i iR AR A

[62] Guo Z, Lin J M, Sun K, et al. Deferoxamine alleviates JHHLEI[I]. B IR, 2022, 32(4): 332-337.
osteoarthritis by inhibiting chondrocyte ferroptosis and activating [69] e, ot JhE A4 1 s 7o R T 2 KBV L
the Nrf2 pathway [ J]. Front Pharmacol, 2022, 13 (3): REFHLHIERI ], T P EE 2y R 2E 2, 2018, 35(4) .
791376-791391. 683-689.

[63] TN, FET Nef2/NF-xB Rl T 8 %5 % B 565 R 1 [70] 2= 0, AREGE, BR 8, 4 ESEEREXE TR
VEHI EALRIBFFEL D], M. RN BRI, 2021, ORI T L FHLRIBESE ()], P EEZ5f5 8, 2020, 37

[64] Jin J, Lv X H, Wang B, et al. Limonin inhibits IL-1B- (1): 6-11.
induced inflammation and catabolism in chondrocytes and [71] BT, SR, H Bk b B2 AMNAIEIR T O R
ameliorates osteoarthritis by activating Nrf2[ J]. Oxid Med Cell FikE]]. ﬂi??‘rh[g?j, 2023, 18(13): 1923-1927.
Longev, 2021, 2021(11); 7292512-7292527. [72] S, —AREX AN RNF/ B gl i 2 1 4Ly

[65] Ren C H, Jin J, Hu W, et al. Betulin alleviates the 4’FFH£2*HAM?E'JE’JB¥?€[D] TR {E'lﬂlllgf#j(’_u’, 2019.
inflammatory response in mouse chondrocytes and ameliorates [73] Xue X H, Xue J X, Hu W, et al. Nomilin targets the Keapl-
osteoarthritis via AKT/Nrf2/HO-1/NF-«kB axis [ J ]. Front Nif2 signalling and ameliorates the development of osteoarthritis
Pharmacol, 2021, 12(10): 754038-754052. [J]. J Cell Mol Med, 2020, 24(15);: 8579-8588.

[66]  EhPelai. o 3%l o B B 4 I S Ak g 8 A 1R 40 A T I [74]  REWIE, ZE3R3C, 2300k, % BT ST SO H e A
WE[D]. MR Rl %, 2020. JVRYTT IR ST 58 B I RAFAE X 25 404 (7] S h s

(671 & Wy, B #&, ¥ %, % WP IIEE Nf2/HO-1/ 24, 2023, 18(17): 2504-2508.

1E 1% B K i 1 R 2 B /R 0% it B 4E A BB SR o R

K&K,

WmEFE, REF, I,

x| FH,

Ry, ®RE’

(ZRITHEHKRF, EAIT %B/RE 150040)

FEE . PRI —Fh S AT IS & BEAH DGR MR A T, LR ERI), YR I, R s E R, SRR
FRE AL RDIE A, BEET, BRI I RIATT 25 R 2 B — | SHREVRYT TG HE 58 2 X B BT /R 2 1 3R
SEIBRE IR . SIFEIRY, P R PR OB BRE RIS Tob e, HEA 25, 208, £
BURIHHEIR YT PR I BRI I L3, 2T, AR SCRAh 2558 7 W RIS S 0 e/ MR TG PR A e i, AT . Bk 24
A BE AT IR ASZ I SRR, X8 BRI S 0 1 1 43 B 06 B 7R o Vg BROG F) 24 L PR e HIL IR AT 92 64T R e M ie
AR, DI o 2455 05 70 BT R 2 vk SR 5 Al P TR Je B 5 BRI Rl

KB . G WM BTRRIGERE ; EFIPLE; 18 PR

FESES. R285.5 XHRFRAERG. A XEHS: 1001-1528(2024) 02-0524-07

doi: 10. 3969/].issn.1001-1528. 2024. 02. 027

KA. 2023-07-25

E£WAB. BRTAARR¥IEEWH (LH2022H085) ; BIpVLA AARI I &M R H (H2016076) ; S JRYLA b 25 L BF o H

(ZHY2022-111) ; MIpyTp EE2yh i AERME BT H  (Z2QG-039) ;3 MR A HFITRAH AP T H (12531624)

RFEM (1996—), 2, Witg, BRIrm i RE R DA IF K, Tel: 13624604523, E-mail: 1050247684 @

qq.com

«BEEE. KRG (1974—), %, 4, flEd, WE P92y R % K P2y RIFIE, Tel.
546105832@ qq.com

TEZE T

(0451) 87266893, E-mail:

524



