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Abstract

Ischemic stroke accounts for 80% in stroke patients, which has a high rate of disability and fatality.
Ischemic stroke seriously affects the quality of life of patients, and caused serious economic and
social burdens. Ischemic stroke was due to the reduction or complete interruption of the blood
flow of the local blood supply arteries of the brain tissue in a short period of time, resulting in
ischemia and hypoxia of the brain tissue in the ischemic area, which led to irreversible neuronal
damage. The degree of damage depends on the duration of ischemia, severity and location. Studies
had shown that the pathophysiological mechanisms of ischemic stroke include: regional cerebral
vascular hypoperfusion, excitotoxicity, oxidative stress, blood-brain barrier dysfunction, micro-
vascular injury, inflammatory response, and apoptosis of nerve cells and endothelial cells. Nuclear
factor E2-related factor 2 (Nrf2) was one of the main regulators of endogenous antioxidant de-
fense. When hypoxia, oxidative stress or inflammatory response occurs, Nrf2 combines with Keap1
factor to regulate downstream factors and play an anti-oxidative role. Nrf2 signaling pathway
played a role of anti-apoptosis, reducing inflammatory damage, reducing calcium overload, an-
ti-oxidative stress and other functions, maintaining mitochondrial homeostasis and protecting
brain tissue. This article reviews the role of Nrf2 signaling pathway in ischemic stroke, research
progress and Nrf2 agonists in ischemic stroke.
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1. 5|

i 2 v (Stroke) A& HH I B VRGP MRhs, S B0 DL R B4k 22 D RE SRR N RFAE I — 2500, 23 Bk L A
1 (cerebral infarction) F 1 i 14: i 25 7 (hemorrhagic apoplexy) . G Il 14 i 25 2 i 26 v A 8t i ) —
JRILY A, 2005 B0 80% [1], FIHIMAE. T A S VR sUE W 4O SR N 5. TSR,
B N AR ANBHR N, SR A 5 4 o 0 2805 3 i 1.89% 1728 2.58% [2], HLFH A B i 5 1O &
P 37 7 75 571 A 1K) R S e e ot A i 2 o o 2B 0N 1.8% [3], 79% I FE AR K T A I R IR B T e
Y S BATVE P ) /N ST A [4] o R o 2 vh 23 51— AR A R AR SR IR B SE, 0,465 J) 3 ik T A1
FEVE. MRS, SR, MR AIR . RN . RIE RN DA KA 20 AT P R 41
TZ[5] [6] [7] [8], FECAMIAEYIRE &2, FENRE NBURE LA, FEE R H EMEERE
1, PEERSM B AR VE R, TEAERIE U™ E ST MRS

H T E2 #155H T 2 (nuclear factor erythroid-2 related factor 2, Nrf2) 5 A4 f7 1) 175 /5 FH (1) Kelch ¥
RSN B S22 -1 (Keltchlike ECH-associated proteind, Keapl)4h &, 25 40 ffd PN S8 Ak 38 TR P16 1) 4 15
FGSE T« A HFFCUESL[9] [10] [11] [12], Keapl/Nrf2 {55 3B B ol (E N2 W I HE 4, #2 M Tl i
RNRE WP ARG 4 RGBT ANV 2 AR rh, DR G vt 30 5 S e R i 5% 006 B 7 P B S 40 Y ol
I3 RTFT BB IR TT SRS, A I ORI PRI SR i 106 2w (1) — AN 732 DA NIrf2 {5 5388 4% 16 df I 4 A 4
REIPER . B FT I R R LR AR R LA G 2 e B A P AT R SRR
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2. Nrf2-Keapl {5 S B BEHNEARLEH

Nrf2-Keapl 15 5 i %2 1A A B 5 0 IR BT AR B i i 32 2L A5 R+, i Nrf2 il Keapl 41 5%.
Keapl & — MK E A 1 E SIELR 2 IRV, &7 624 AN EERR, HE AT 5145 55 AN X3,
SR NS IX 38, BTB X35, IVR X, Kelch XA C i X I%[13], H BTB X1%.5 Nrf2 144 /1%
PItE, 3 H A0S Keapl & A KA . ZE40M05 h, Keapd A% — 84k 3 53T cullin f£)(Cul3)
E3 JEREMELE &, UK KeaplCullin 3-RING-box & 1, —ANEHEL E3 EHME &), 5 Neh2 45415,
MEAER, T Keapl-Nrf2 S610, Hodidiz 20 RE A B i B A7 5 2 Nrf2 1R B R [14] .

Nrf2 25— RAFUEA I LS R T, 3l Bk S B W R/ FH 2 B M L) B BRI [15] . Nirf2
T CNC (Cap ‘n’ collar) 522 A e s WUE R 7 XMk, R— M EAREMEAR, HEtsas 2
FEAMKE Keapl BT ©BE 7 MEERTH Nrf2-ECH 45#J35(Neh1-7), Nehl j&Eid CNC-bzIP
YT DNA Z54, 15 5 (NLS) i 5t Nrf2 [f% 447 . Neh2 1.7 DLG ({K3EF1 /1) F1 ETGE (FisE 1 17)
57, 5 Keapl (1) Kelch $# 454, %t Nrf2 )5 sgiif P& 57 5 1E FH[16]. Neh3 543801 C i 5 % st
BOFE K CHD6 (Chroma-ATPase/helicase DNA-binding protein)#H HAEH, CHD6 f&—Fl 44 {t )5 ATP fif/
fife el DNA g5 581, fn o7 Je o5 55 98 J5 B Ab B a4 (antioxidant responsive element, ARE) {5 4]
(1) ) i - Nehd AT Nehs AR B0, BA15 LBOE R BRI R B o 45 & B B 456 I
BE Nrf2 #35%, E A5 46K 7 RAC3/AIBL/SRC-3 MIE/EH, M58 Nrf2 2[4/ ARE FEKEIE[17].
Neh6 &2 — NG, 55F - FSEOESTFIMNEARSL S, B N2z %M. Neh7 25
e EE Nrf2 53 ER X 324K a (RXRa) K145 A K] Nrf2-5t 846 S B e (ARE) (5 5l 5 [18]

3. Nrf2-Keapl {55 B SHEZR FRAAM

KM AR AR R R e m N8 E,  THFEN LA S & HE RS 25% [19]0 L HRPe J o 40 A 2 X
WL RGN S AN, S TR A R R AL A R k. SRR R AR . AT RERE, SRS
IR AN LA T2 SRFE. BRBETISE, (RN S BN AL (AR e, Ak R AR i vk A . 7
B O X, POESE T AN S TE S — A AR I REAN TR BRI X3, LB N R R A et
BEPEMZNAAET., AR ICHIR AN AT ZEER AR O DO B, B sR i, B BB v
P, (HESEFITHRESZ AL, RIS I o] AGE pp i 26 75 SR (0 AR 5, X 0 #R e T A /& T i) o 76
PREIX,  MLFAREVE BRI 2 (5 i 55 0 USRI B LR 8 8, Rl RAE AR . etk %A, 5%
R SRR R [ 5 A e R L R AR G . AR RO TR LR A T, R R 4 5
R AN MK  BROEIGE TS, FEAEE 2 I o 41 4 B M 2R (1 (GFAP) IR B (1 (Vim) [ 41 B i B8 334
[20], [RIRPREIEOKN & B AL EE 2 A B (R 0E, TS RIS IF s M N AMIOR SR AR S . th4h,
BT B a0 e (5 B AW | 24 kiR ROS(MROS) ™A 1) = BB Ar, ZRbi R AR A thig Tl E L
Y242 (07). Edward T %5 A[21]7E K RGER B AL b 2 00, SRR ROS I fd 28 ki 4idids M 5 4 L
(MPTP)FI Py A 253838 (IMAC) I3 I TR 2K, X P AR AR 1 btk Py AR R s 128 1k, S8
ROS . ROS K EAF/ERUE Nrf2-Keapl 55181, Jashr b o BB S 8L BF(SOD), ¥
A A R SOR I A L, B bl R] U 1 4 28 J JO 4  R o 8  BEE JROIR A 1

4. Nrf2-Keapl {55 @B AEMAKIFET

NIFF2 F i 42 -5 LI o % S AN B 5 1 Nrf2 B2 (KPR gk RE, DL 5 30 ast A4 i 15 A At (5 Sl g &
AEAREAER, MM 4ERR S I S5 SN i sh A& T4, i 35 2 e AR =75 Bk A B R BEIA B
AEFZAETT, Nrf2 5 Kelch £ ECH #5581 (Keapl)4E & TE R E AV B AR B+, Keapl il
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MR Cullin3(10) 5 hEME E3 2 R ELM R &) Rox1 . XAE SWRIRRILHE 2R - A
B RGERT Nrf2 (2 RACAIBEMR . Keapl & A (IR FURAZ 4%, RSB BIa, K24 Nrf2
MIBEST . FESEALR R T (L 2 E PR SR> TR I3 3N ), Keapd b NS H fh R 5 k ~ fe
SRR R 5537 1 4 (reactive oxygen species, ROS) & 2E [ B, Xl AR i Keapl 5 Nrf2 ({14085, Nrf2 #%
RN, FEERNRE S/ Maf 3 A (VLA R AT4E AR e 2 R (7] /9, sMiaf) 5 — 2Rk 4E &,
W ARE ZEDRHOEE X R[22, A FURTAN R AR 0, BRI Z A1 (heme oxy-
genase-1, HO-1), NAD (P)H: Fi% kit A 1 (NADPH: quinone oxidoreductasel, NQO1), 7%kt Mta
%% B2 (Glutamate cysteine ligase, GCL), it %8 AL4 (peroxiredoxin, Prdx), #8444k (superoxide
dismutase, SOD), % k5 (catalase, CAT), 7t H kit iR (glutathione reductase, GR), 2+t H ki 4
A (glutathione peroxidase, GSH-Px) [23], &=l HiAlLAE

5. MERMEk BRI EEE R Nrf2 3¢ Nrf2 TR BN PLEM BT SR

R PR A5 R Nrf2 38 B BT S IR 43 F-BILIR DR 4 3 ok SR o, s R E R K3
BRI K B ) A0 PR AFF 9, B A I SR I, T Ak A i R i S AT 43 A R A MR Sz v MCA T €
(PAMCAO) Y Bl 7k APEIT I MCA [ ZE(PMCAO)E AL . — LR Fo L H[24], 1E S e LML 7 7 i B SCHF
N, pMCAO J5 24 /N Nrf2 K& SEHT AL R HO-1 AT SOD f 3R (A R IA K78 /N BB BR A B it 17 )2 R
O, s s Nef2 FlEBUEAAE AR, BRFgZE/ 3 K, pdMCAo J§ HO-1. NQO1. SOD2 Al
GPx R /KFI4 1 1.8 & 3.6 1%,

H. Meng %5 A\ [25]K FH et R 1¥] Zea Longa 572 8 7. (1) K SR APk PE AN A SEAS A oy, TS 2 4k
0L, R A Nrf2 A1 HO-1 PRS2 2 v TR 2, HLRH R4 32 SR T i X 337
PR T BT 40N, 2 WIFE 2B )5, Keapl/Nrf2 Fi8 ik RS A b i B, o Nrf2 76
S Keapl KA, FEHH B4 A%+ Fif HO-1.

T.EARSEN[26] K FKH T Keapl HISEU RS N3 - 286 3B (OKD-LUC) il /E 1 lE 4 MCAo 54!
FIFEREVE J5 Nrf2 5B /)s BRAS RURIF 50 SE06:, 6 Bl T AT FEVREVE: A 5 0T R WL 22 1) Nirf2 A1 HO-1, {HAE 24~48 h
HEHERLI 7 KA Nrf2 A1 HO-1, H. Nrf2 7 24 h fBHEk 2 006 . B 7 8B 28 X 35, Nrf2 S0 i X 45 3
B FAEFE S [ X3, Nrf2 RS EZ DA o E B RRA A E, INNEEREARS S5 IkE
PIERBR R4 #2870 50 2 B R R S IOTFIEME FH[27]. BuAh, ABATEREATHAME IHC Bl K52 X i) Nrf2
Tk, R FBAE R X A ar g 3] Nrf2 (BT RIER S, HUGR BRI O XA SCIR AR 5 X
B, AEREAE I (0 B2 57 R SOIRAR A 2 R AR ZE 3] Nrf2 3. SRR 4 0 i e PR s R 1 72 Fngk
R SE A S A (1 31X R SEPL A [28] . 22 TR FEUESE, Nrf2 (195 K2 s MCAo K BRI i A 2 Fl i
ZIIREBRIA[29]. PRIk, Nrf2 55 78 $00 ) ol 0 1 i 2 i 477 Hh e o 28 R LR H .

6. Nrf2 Z=h37I7E SR 14 B 25 = B9 4E

8 | 2 (Sulforaphane, SFN)&—Fi LRI ) Nrf2 BEH], & —Fp RRFER FMFRE, AE T+
FAERNEZE T . FRUEEREE L N E nT DA 55 Kt S8 Ak I SR SRR R B AR, AT PR 25 e R AR AR AR
AR DR, 2 MRERR T 5 keapl “PBtEBRRIEA TAEM AL, 00T Dd R EEE KF  2 f ikk
ok FRPTEATTE . I H, (RIKREERE MR R R AT R B I s A
(SR 2, PRI, & MRS TIACTE i Nrf2 S5 28 8 B 6 52 T 10 ok 200 A T RE 2 rh o i 1L 45 Y
At HOL FRIAIGINA R[30]. KIRUMNE RAES MREAH LG HO-1 IREERIN, KHEECRY fUfix 57
PR FE T O A b S AR R D Re A . X R BN FR 1 Nrf2 [R5 e B, R T fioi 2 v R
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P I B B A, DR A S G R A D R AR A R A TR IR T IR AR

K (Curcumin)g —MER R, & NERHEYIR 3R, BAPUEEMBTRIER, X g
1 e AR 2238 20 AN S HL I o, B- AN LRI RRIBE S (4], T LA Keap L (1 B 25 [ FIUBE il NIrf2,
MIEGE Nrf2/ARE JEERFIE S 1 IR RIE . 2l RZ AR RIS, (HRASERSERE. 1Rk
FE 3238 20 Nrf2 (IS4 35 BB VB, {5 15 B2 30 pmol ¥ 5 (132 35 R AE 4L 2Uh B AR 31— 2 R )
ALk A BB [31], WG Nrf2 8RB HO-1 5 NQOL [k, M KIEMALAY EH . £ Wu J.
LAN[B2]Mewt s, KIMEEFRIGIT MCAO KRG, BEfE{L Akt F1 NQOL &% i, HfERE# Nrf2
(RZHEAL, 8 Nrf2 5 ARE 751 DNA (&5 380, IF I 3535 K At 25 08/ tMCAO K BRI ZE AR, IR
BRI, A2 D Re A o

& 4R — ' li5(Dimethyl Fumarate, DMF), & —FR WY& 77 % 43 85 SR 125 FE Nirf2 B0 771, 53
g MMF AHEE, i ik i) —FE A DMF FEARSME R rh BAT SEAF I AR 0N . BEF R ], DMF A
KUY MMF B TAEE o, f-AEFMIRBEEE 7, el /R InE R NS Keapl Fw 1t i3t i
gidy, i Nrf2 R EH R PUEER, REPIXMHE KRG MR 1EHB33]. £ N. YasFEA
[34] /) SERAF 5, 42 5 J& DMF (100 mg/kg/day)#E B, 1T17 AMERAA L, o FRIEL BT, R
28 DMF A7 J5 W] 92 35 OO DRI 38 43 00 2 e A A i 1f 8 RE VA A2 51 g B b 22 oA A A 2K

7. RE

REWIFLCLIUESE, Nrf2-Keapl 15 5l B F B LA i 522 (10 A PR VE DU BB A £ 2 1, X &
P EAE 1 T P i 2 o 3 A SRR AR 2R OR A D RE, L IOE R HO-1. NQO1 K At fi et A 7ok &
FEHUAMNB. HURAE . BURTAEE . F A4 Bk i o 4 23 2% et D e Wk B2 1A 2007 D7 122 Tl
ik P 2 2 L T 3 il T R B2 5 X A A IR, Ry BT R (AT 4.5 h),
MME MR, LEEK. B SR T ERS Nrf2 SEh AR IRYT, uilm R L a7 SRl kN A< o St —Fh
W BB

SE

[1] Liu, D., Wang, H., Zhang, Y. and Zhang, Z. (2020) Protective Effects of Chlorogenic Acid on Cerebral Ische-
mia/Reperfusion Injury Rats by Regulating Oxidative Stress-Related Nrf2 Pathway. Drug Design, Development and
Therapy, 14, 51-60. https://doi.org/10.2147/DDDT.S228751

[2] ERefE, ik, sk, 2 CRERZE PRI 20200 MEZE[I]. A BN 4 &, 2022, 19(2): 136-144.

[8] BRHsH, ZESE. COVID-19 AH AR FE I I PRAFAE K FAL S (KA 7 F R [J]. 26 b 54 &5, 2021, 28(4):
447-450.

[4] kg, A, TE, & B R Sk iR A SR LSV R ST R [JOL]. TLRH 2GRl K 4R 1-9.
https://doi.org/10.14066/j.cnki.cn21-1349/r.2022.0956, 2023-05-23.

[5] Orellana-Urzla, S., Rojas, 1., Libano, L. and Rodrigo, R. (2020) Pathophysiology of Ischemic Stroke: Role of Oxida-
tive Stress. Current Pharmaceutical Design, 26, 4246-4260. https://doi.org/10.2174/1381612826666200708133912

[6] Wang, L., Zhang, X., Xiong, X., et al. (2022) Nrf2 Regulates Oxidative Stress and Its Role in Cerebral Ischemic Stroke.
Antioxidants, 11, Article 2377. https://doi.org/10.3390/antiox11122377

[71 Zhao, Y., Zhang, X., Chen, X. and Wei, Y. (2022) Neuronal Injuries in Cerebral Infarction and Ischemic Stroke: From
Mechanisms to Treatment (Review). International Journal of Molecular Medicing, 49, Article No. 15.
https://doi.org/10.3892/ijmm.2021.5070

[8] Suzuki, H., Kanamaru, H., Kawakita, F., Asada, R., Fujimoto, M. and Shiba, M. (2021) Cerebrovascular Pathophysi-
ology of Delayed Cerebral Ischemia after Aneurysmal Subarachnoid Hemorrhage. Histology & Histopathology, 36,
143-158.

[9] Liu, Q., Gao, Y. and Ci, X. (2019) Role of Nrf2 and Its Activators in Respiratory Diseases. Oxidative Medicine and
Cellular Longevity, 2019, Article ID: 7090534. https://doi.org/10.1155/2019/7090534

DOI: 10.12677/acm.2023.1371519 10883 I IR = =23t e


https://doi.org/10.12677/acm.2023.1371519
https://doi.org/10.2147/DDDT.S228751
https://doi.org/10.14066/j.cnki.cn21-1349/r.2022.0956
https://doi.org/10.2174/1381612826666200708133912
https://doi.org/10.3390/antiox11122377
https://doi.org/10.3892/ijmm.2021.5070
https://doi.org/10.1155/2019/7090534

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]
[19]
[20]
[21]

[22]

[23]
[24]

[25]

[26]

[27]

[28]

[29]

[30]

Ivanciuc, T., Patrikeev, 1., Qu, Y., et al. (2023) Micro-CT Features of Lung Consolidation, Collagen Deposition and
Inflammation in Experimental RSV Infection Are Aggravated in the Absence of Nrf2. Viruses, 15, Article 1191.
https://doi.org/10.3390/v15051191

Dinkova-Kostova, A.T. and Copple, I.M. (2023) Advances and Challenges in Therapeutic Targeting of NRF2. Trends
in Pharmacological Sciences, 44, 137-149. https://doi.org/10.1016/j.tips.2022.12.003

George, M., Tharakan, M., Culberson, J., Reddy, A.P. and Reddy, P.H. (2022) Role of Nrf2 in Aging, Alzheimer’s and
Other Neurodegenerative Diseases. Ageing Research Reviews, 82, Article ID: 101756.
https://doi.org/10.1016/j.arr.2022.101756

HiEA, £HEF, RIE. Keapl-Nrf2-ARE FEHLIRE AL N5 o AP E1E I[I]. f 2242 5848, 2013, 25(1):
71-75.

Kobayashi, A., Kang, M.l., Okawa, H., et al. (2004) Oxidative Stress Sensor Keapl Functions as an Adaptor for
Cul3-Based E3 Ligase to Regulate Proteasomal Degradation of Nrf2. Molecular and Cellular Biology, 24, 7130-7139.
https://doi.org/10.1128/MCB.24.16.7130-7139.2004

Nguyen, T., Nioi, P. and Pickett, C.B. (2009) The Nrf2-Antioxidant Response Element Signaling Pathway and Its Ac-
tivation by Oxidative Stress. Journal of Biological Chemistry, 284, 13291-13295.
https://doi.org/10.1074/jbc.R900010200

Farina, M., Vieira, L.E., Buttari, B., Profumo, E. and Saso, L. (2021) The Nrf2 Pathway in Ischemic Stroke: A Review.
Molecules, 26, Article 5001. https://doi.org/10.3390/molecules26165001

Tu, W., Wang, H., Li, S., Liu, Q. and Sha, H. (2019) The Anti-Inflammatory and Anti-Oxidant Mechanisms of the
Keapl/Nrf2/ARE Signaling Pathway in Chronic Diseases. Aging and Disease, 10, 637-651.
https://doi.org/10.14336/AD.2018.0513

Saha, S., Buttari, B., Panieri, E., Profumo, E. and Saso, L. (2020) An Overview of Nrf2 Signaling Pathway and Its Role
in Inflammation. Molecules, 25, Article 5474. https://doi.org/10.3390/molecules25225474

Vidale, S., Consoli, A., Arnaboldi, M. and Consoli, D. (2017) Postischemic Inflammation in Acute Stroke. Journal of
Clinical Neurology, 13, 1-9. https://doi.org/10.3988/jcn.2017.13.1.1

Nedergaard, M. and Dirnagl, U. (2005) Role of Glial Cells in Cerebral Ischemia. GLIA, 50, 281-286.
https://doi.org/10.1002/glia.20205

Chouchani, E.T., Pell, V.R., Gaude, E., et al. (2014) Ischaemic Accumulation of Succinate Controls Reperfusion Injury
through Mitochondrial ROS. Nature, 515, 431-435. https://doi.org/10.1038/nature13909

Hardingham, G.E. and Lipton, S.A. (2011) Regulation of Neuronal Oxidative and Nitrosative Stress by Endogenous
Protective Pathways and Disease Processes. Antioxidants & Redox Signaling, 14, 1421-1424.
https://doi.org/10.1089/ars.2010.3573

Sajadimajd, S. and Khazaei, M. (2018) Oxidative Stress and Cancer: The Role of Nrf2. Current Cancer Drug Targets,
18, 538-557. https://doi.org/10.2174/1568009617666171002144228

Liu, L., Locascio, L.M. and Doré, S. (2019) Critical Role of Nrf2 in Experimental Ischemic Stroke. Frontiers in
Pharmacology, 10, Article 153. https://doi.org/10.3389/fphar.2019.00153

Meng, H., Guo, J., Wang, H., Yan, P., Niu, X. and Zhang, J. (2014) Erythropoietin Activates Keap1-Nrf2/ARE Path-
way in Rat Brain after Ischemia. International Journal of Neuroscience, 124, 362-368.
https://doi.org/10.3109/00207454.2013.848439

Takagi, T., Kitashoji, A., lwawaki, T., et al. (2014) Temporal Activation of Nrf2 in the Penumbra and Nrf2 Activa-
tor-Mediated Neuroprotection in Ischemia-Reperfusion Injury. Free Radical Biology and Medicine, 72, 124-133.
https://doi.org/10.1016/j.freeradbiomed.2014.04.009

Miao, Y., Qiu, Y., Lin, Y., Miao, Z., Zhang, J. and Lu, X. (2011) Protection by Pyruvate against Glutamate Neurotox-
icity Is Mediated by Astrocytes through a Glutathione-Dependent Mechanism. Molecular Biology Reports, 38, 3235-3242.
https://doi.org/10.1007/s11033-010-9998-0

Barreto, G., White, R.E., Ouyang, Y., Xu, L. and Giffard, R.G. (2011) Astrocytes: Targets for Neuroprotection in
Stroke. Central Nervous System Agents in Medicinal Chemistry, 11, 164-173.
https://d0i.org/10.2174/187152411796011303

Liu, Q., Jin, Z., Xu, Z., et al. (2019) Antioxidant Effects of Ginkgolides and Bilobalide against Cerebral Ischemia In-
jury by Activating the Akt/Nrf2 Pathway in Vitro and in Vivo. Cell Stress and Chaperones, 24, 441-452.
https://doi.org/10.1007/s12192-019-00977-1

Alfieri, A., Srivastava, S., Siow, R, et al. (2013) Sulforaphane Preconditioning of the Nrf2/HO-1 Defense Pathway
Protects the Cerebral Vasculature against Blood-Brain Barrier Disruption and Neurological Deficits in Stroke. Free
Radical Biology and Medicine, 65, 1012-1022. https://doi.org/10.1016/j.freeradbiomed.2013.08.190

DOI: 10.12677/acm.2023.1371519 10884 Il R 125 23k i


https://doi.org/10.12677/acm.2023.1371519
https://doi.org/10.3390/v15051191
https://doi.org/10.1016/j.tips.2022.12.003
https://doi.org/10.1016/j.arr.2022.101756
https://doi.org/10.1128/MCB.24.16.7130-7139.2004
https://doi.org/10.1074/jbc.R900010200
https://doi.org/10.3390/molecules26165001
https://doi.org/10.14336/AD.2018.0513
https://doi.org/10.3390/molecules25225474
https://doi.org/10.3988/jcn.2017.13.1.1
https://doi.org/10.1002/glia.20205
https://doi.org/10.1038/nature13909
https://doi.org/10.1089/ars.2010.3573
https://doi.org/10.2174/1568009617666171002144228
https://doi.org/10.3389/fphar.2019.00153
https://doi.org/10.3109/00207454.2013.848439
https://doi.org/10.1016/j.freeradbiomed.2014.04.009
https://doi.org/10.1007/s11033-010-9998-0
https://doi.org/10.2174/187152411796011303
https://doi.org/10.1007/s12192-019-00977-1
https://doi.org/10.1016/j.freeradbiomed.2013.08.190

WY, BAW

[31]

[32]

[33]

[34]

Sun, Y., Yang, T., Leak, R.K., Chen, J. and Zhang, F. (2017) Preventive and Protective Roles of Dietary Nrf2 Activa-
tors against Central Nervous System Diseases. CNS & Neurological Disorders—Drug Targets, 16, 326-338.
https://doi.org/10.2174/1871527316666170102120211

Wu, J., Li, Q., Wang, X., et al. (2013) Neuroprotection by Curcumin in Ischemic Brain Injury Involves the Akt/Nrf2
Pathway. PLOS ONE, 8, €59843. https://doi.org/10.1371/journal.pone.0059843

Gopal, S., Mikulskis, A., Gold, R., Fox, R.J., Dawson, K.T. and Amaravadi, L. (2017) Evidence of Activation of the
Nrf2 Pathway in Multiple Sclerosis Patients Treated with Delayed-Release Dimethyl Fumarate in the Phase 3 DEFINE
and CONFIRM Studies. Multiple Sclerosis Journal, 23, 1875-1883. https://doi.org/10.1177/1352458517690617

Yan, N., Xu, Z., Qu, C. and Zhang, J. (2021) Dimethyl Fumarate Improves Cognitive Deficits in Chronic Cerebral
Hypoperfusion Rats by Alleviating Inflammation, Oxidative Stress, and Ferroptosis via NRF2/ARE/NF-xB Signal
Pathway. International Immunopharmacology, 98, Article ID: 107844. https://doi.org/10.1016/j.intimp.2021.107844

DOI: 10.12677/acm.2023.1371519 10885 I IR = =23t e


https://doi.org/10.12677/acm.2023.1371519
https://doi.org/10.2174/1871527316666170102120211
https://doi.org/10.1371/journal.pone.0059843
https://doi.org/10.1177/1352458517690617
https://doi.org/10.1016/j.intimp.2021.107844

	Nrf2信号通路在缺血性脑卒中的作用及研究进展
	摘  要
	关键词
	The Role and Research Progress of Nrf2 Signaling Pathway in Ischemic Stroke
	Abstract
	Keywords
	1. 引言
	2. Nrf2-Keap1信号通路的基本结构
	3. Nrf2-Keap1信号通路与神经胶质细胞
	4. Nrf2-Keap1信号通路在脑内的调节
	5. 脑缺血或缺血再灌注后Nrf2或Nrf2下游蛋白的内源性调节的实验研究
	6. Nrf2激动剂在缺血性脑卒中的作用
	7. 展望
	参考文献

