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Research progress on regulating ferroptosis and inhibiting cerebral ischemia
reperfusion injury by traditional Chinese medicine
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Abstract: Cerebral ischemia reperfusion injury (CIRI) is the key pathological process of ischemic stroke, which is an urgent problem
of clinical patient recovery. Recent studies have revealed that the pathological mechanism of ferroptosis is closely related to CIRI,
becoming an emerging target for the treatment of CIRI. Traditional Chinese medicine has unique advantages in treatment of stroke. It
can inhibit ferroptosis, reduce CIRI, protect nerve function, and promote the recovery of injury by reducing iron overload, reducing
reactive oxygen species production, activating ferroptosis defense pathway, and regulating lipid synthesis. This paper reviews the latest
research on the regulation of ferroptosis by traditional Chinese medicine in treatment of CIRI, and provides new ideas and new
approaches for treatment of CIRI and drug development with traditional Chinese medicine.
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TELE R IT REARTL, B TR I, h2hmid, Bk,
TR, BRIE. ZHESRSEIETE RS AT LLd R 2k
E S E AR PR A BEE B
5T R SR OB A T I BR AR T, HET R IR TT
CIRI ffEM . BRIET A BN 25677 CIRLHT
WEFRTT I, ASCEGS | 2 Tk A T I OBt 72
BERE, 4 CIRL HIBE A — 2 (250 A 3R At A8,
B, N R 2 IARAL A VLR AR

1 BRIETHIREHF

BRAET A — P AMOm M N i A B 50 1 4
ST, A S A S B AR ER T,
FATE R I B 2 A AR TR (polyunsaturated
fatty acid, PUFAD A figiiid S04, it pic 4 i
e, YRR T 2RI KB IS A bR 240 . BRiAR XL
JENESE R B LGN SRR I /b B g%, 1T
B4 At T 10121,

BRI BRI R A KIEROCHE . SRIEF
IR Mppst Fet 5RSRERTERE AT,
5B -2 324k (transferrin receptor,
TFR) &Gt NGB, Fe #iid ik Fe?' s, &
M& B2 A 1 (divalent metal transporter 1,
DMTD) /- S fAEAFRE gk e gk s H . Fe?*
A LAEIE E AN Fe s i an . 722048
B AT BRI SR AU SIS DL, B AR S
PLHIRAIS1S), SEEN Fer 8% . IHMEAEE
VG T BRARIFGE R R =, 3G ™ AR 1
Z . PUrANIIREZ AN, PUEM RGR AT 2 (e dh ik
ST R AN, & PUFA 117 i (PUFA phosphatidyl
ethanolamine, PUFA-PE) NERIET R AEMIKY), B
R A &K BE R 4 Cacyl-CoA
synthetase long-chain family member 4, ACSL4) fE
{4k PUFA ZBEAL772E PUFA-CoA, £ I f3f HEE
RE B % % % % B 3 ( lysophosphatidylcholine
acyltransferase 3, LPCAT3) HIfEH Nlgft, S5EHg
Wt 2. F % (phosphatidyl ethanolamine, PE) JxMNi‘E
fi. PUFA-PE, PUFA-PE FZ7E )i N _Eidid IR A &
i T B2 S B A, AR AT A
(PL-PUFA-OOH), HETI 3 BIET-17-181, ACSL3 fiE
WO AEAIAEN R (monounsaturated fatty acid,
MUFA) fU# PUFA 7EZRHE AL 2, FRARAH i
P A AR B, R BT 00200

H AT 5T 38 B-21240, BR A0 T A b 37 95 ) 168
RGN H IR/ D H Ikt 54k ¥l 4 (glutathione

peroxidase 4, GPX4). #FCT- & 1/5iH Q.
TR SR OK RS 1/ DU S RS R AL
PR i B Q 55 Il i . il R A I H K
M GPX4 e BRAU T4 BT 115 = W 2% 1) S B 115
K. GPX4 52— Rl AgEE 0, E£HAEM T, PL-
PUFA-OOH 523 it H kA= )i PUFA 1A i 18 A1 45
A M H L (glutathione oxidized, GSSG), it
T 9k 20 3 1 220 4 i JE PR BB IR (2300 4 o TR R 4
AR MR A H 2R & R Hod e R
T R PR 2 D 22U 2 25 I H IR A= 5 B ) 2 22 R
RIARRY, AR 7 Bt 11 (solute carrier
family 7 member 11, SLC7A11) PLEREIR/A R
FR 1% [ #1848 (System Xc-) TR, He
FLpefe e A R s NG, BE e 5
e H IR B K

B, BT R AR A IEMEESEE B
BN ITRR S5, I T e H Ik/GPX4
FRERZ 4G 58K, R T EgigisEs br
[ FRIE DR e 480 el v 1 AU e R A
Boe ARG T B8 i A (R BRSO R PR T B 1S
S, RAHIERIE T IR, R AP
T2 ST A . E LI LK 1.
2 BT 5 CIRI

P S I PV R I R R AR S TR T ThRE S, T I
oG J i AT e RN 2L 2R N ARSI D Re, 4 sk If
RAME, ML BFRESZ 0, FEUN N SRR K, IK
BNERFE TR A2 2829 A /AN BR K v 30 ik P 28 A5 Y
(middle cerebral artery occlusion, MCAQ) HiA] ¥ %2
B MK A IR B AR, 45 MCAO KB Ah
SRR, SINEREFERERE; Al RS R PR AR
K, AR INEESERIARBY . 22 TR 50 3 W ok 1L
PRI 26 b BB IS TR KT E, T m R B A
LORAATE R R IEAH SR, WRES A MG BRI R K
Thim, WP EAREW, SEURAN F 2
KRBT, PR, BRI BN N RS B A
Akt 45407 1 B L PR 2R

o R L PR A R v e AR K BT MRS, T
CIRI )R 55 SRS BR AU T35 U)AH 5B, ik 20
2 I P RE I AR b AR R B M SR LA : (1D
BRI, ZORRThRESZ I, WPIRCEEAL 34 fL 71
Repe SR, S E AR, R, PR
PR B HEEL. (2) A28 B /RS ERG T,
SRR AL, AERKERGEENR, R EES
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STEAP3-six-transmembrane epithelial antigen of the prostate 3; ZIP8/14-ZRT-and IRT-like protein-8/14; SLC3A2-solute carrier family 3 member 2.
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Fig. 1 Mechanism of ferroptosis
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BEMENAEA DUIRIR, FELEDUIRIR 3R A A i A T
B AT = (R A o 7 A KR I R S 0410,
(5) SRl FREERI N T, SR _EIREE &
G RKERBULRBEIMEARTEIER, LB
% By A, g B bR . sk =
EACABETTAAL RS, BRI FUE AL AT — 2
BRI, PREEE SR s VU™ AR, BTl
RERAE, IR AT 54 K& PUFA, Mo
FEAN T FEAE 131, R] s ke L £ VR P B o e Ak
SET:, SEMZLTIREN .

Ji g AL PV I S AT AR R SE TR
(RIS, R P T I A9 R I BERETR, SR
22t System Xc- Rz, FEmA e H Ik
E s, 2B K/GPX4 15 SRk, Rk
SETTIE AP AR IS8T, I E AP D REd Y

gk b, sk AR, BRI ETERSEE
HI3E KB A BRAE T B 5 Il B A S5 R 3K

[FI L, AT RE R BUE RAE T A 4E CIRL [ 3
A s S T R IEN AR ER, TR
FCABTIG CIRI I EIRIT I8 1%
3 HHBRARS BT BRI TIATT CIRI BUFR

HER 2T s R A T SRS, FRER T
BAK. MEWNRSTEYFEEARNELD, 247
HZ5ya97 CIRL 1E4r T 2T /R R HLH A 24wt
FLR R AR 253 25T R RTVR D7 ], RIS R 2
TR T TR BT B ¥R CIRT Ot ek T 4 .
3.1 #EZE

B A SR BRSO 2 — B Fu
SO P A 80 me/kg AT LAJE/N MCAO KR
(AR OE X 3 e A N RE 77, Hi B A 80 pmol/L
AT DA AR o A O 3 I N R BET g SH-
SYSY 4HMIERAET:, HALMI Tt i B R 1 Bk AR e AL
fi 3-J i (phosphatidylinositol-3-kinase, PI3K). fif
PR A 2R 3 B (protein kinase B, Akt). #%[H§ E2
F2RKF 2 (nuclear factor E2 related factor 2, Nrf2).
M2 2 A lF-1 Cheme oxygenase-1, HO-1)
SLC7AIl HIFRIE, @i ¥iE PBK/AKUN2 Al
SLCTA11/GPX4 15 S @ EEINHIERIET: . KIFMH AR
FEH

B-ATT KR T T & WSR2y, BAEHRK.
il PRI EENERT . Hu SEU8IE 5T R 0
B-A1 71 Hi 306 mg/kg RT LA K 20y ik P4 5 /P
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7E£ (middle cerebral artery occlusion/reperfusion ,
MCAO/R) KR HIFHE D RE PRIy« REZEARRURI B
Bifsi, B-A1THE 20 wmol/L T LA 5 40 27 4l 1 3/
A (oxygen-glucose deprivation/reoxygenation,
OGD/R) JFACETE L BT ML Nef2 #% 5 iz » LA L4
FER W 2535 MR o3 T PLERLEGE Nrf2/HO-1 15
AT TR, P U AN PRI B, AT
I ERAET
32 BEFE

HEHERERPAERR 2 —, BEITT
R EA WS p62/Kelch £ ECH AHGEE A 1(Kelch
like ECH associated protein 1, Keapl) /Nrf2 i&42 il
P BLRFITTR TSR CIRT 1 T,
Wang SOV 57 36 B B ¥ HH HF 40 pmol/L 7] 4% SH-
SYSY ZHAI AR FISET, B H T 28 mg/kg AR
0 MCAO/R K BB ) S ot B ) D) RE s
HALH AN p62 A1 Nrf2 8 FH /KT, B#% Keapl 7K
S, BRI RN R AT T OS8R R B AU T AL
HIERSET . Zhang SEBUBEFEA I, ip HECHIH 20
mg/kg T MCAO K, ATHEANA BUNZH4L SLCTATL
A GPX4 /KT, FEARTE MK, AL 5 Nrf2/HO-
1 5 518 A K.

=hARER =N EEG R —, BT
s, HebhEdbiag . srafh. (et e s
A SELEARIEST CIRT AE 2. EARBREESIN LK
P, —HRUET 204 40, 80 mg/kg Y AEE I HHk
FET- B MCAO/R K BRAPE T REGRAGVE 21, 5/ ik
FEBEICIARAN, AR LN o 2 23 Fe? ORI TN — 1
o, WAL e H kS BT GPX4 RIAKT
PAEWFFERI, h25is it oo vl BLE R 0% Nrf2/
HO-1 Fi8 M5 T IBER . RIS TR EUKE . oS A bt
HIK/GPX4 {5 5 B KA HI BRIE T
3.3 EfEE

BFEERE IR EENTEN Y2 —, Af
PUEALIE I, £ 2 PSS 16T h B
RAFHIRORBY. Gao SESWIEFT AL, FEH 11
10 mg/kg 7 LR MCAO/R /)N BB (R 245455
G EAREE R4 OGD/R SE56, RILEFE
KA 11 6.25 pmol/L AT LA Nrf2 454, Hg5m A ¢
T, SR Nrf2 4% S AL RO A AL R A Coxidative
phosphorylation, OXPHOS) /NF-xB/£ZFET- %,

HINZRBAPIR . HUEACRIHT MR 51 B,
Guo ZEHF 7 K BIALHE 0.5. 2.5 10.0 nmol/L 13

Al AT OGD/R AR Bz 5T #f 48 4t P A5 B Keapl/
Nrf2/HO-1 B8 85 I HRIE, SN Nif2 3Rk .
FEAIC Nrf2 MWAZBI4BH 5 M F2 2, B9 n HO-1.
SLC7A11. GPX4 /K, [%fik Keapl. TFR1 /K°F,
H I 45 mg/kg AT MCAO/R K FRAB A i 451 4%
R, AR A SRR A GE R bR T RE, DD
TR, ST R R ER

FM RN B2 AW b 24 ) Rl oy
Z—, BRAERFFRE, A 8 R
KA T, RIERI L DIRe MRS
BV I AM R 50 mg/kg REMEHE MCAOR Kk
AL DR, FRARANEESERS, R G 4 203 B
SR, FEATL A B AR O BRUDG ZHL R0 L35 H 1 Sk
B SEMNA . RS R, W0 SLC7A1L. GPX4
(1) mRNA g 3Rk, /0 TFR1. 2RIET bR &)
BB IR 2= N IS AL & Bl 2 (prostaglandinen-
doperoxide synthase 2, PTGS2). ACSL4 [f] mRNA
MEARIA.

CEMMRRBERNARS S 2 —, BAEIA
oy PR Brmiifie. SSeE o 26 Hh i i 4 15 55
PERJ60-01, Xie ZEOGFFRIL, —HMHER 150,
200, 250 mg/kg 7] LAKGEE MCAO/R K RRAAY [
ZINAEHAR . WS KR A AEAR AR ik 2H 2R 40
ST, HESCERURSHIEBIEA DS, FHALH] i)
R G 1/ L) B AR R LR 5 S E
MANHIERAET . /NI E 0 HT, 4l OGD/R
B SEG R, S MiEE 30 pmol/L A FEIE 1%
AFNANHE N BRKT, 158 GPX4 RiIE, Rk ACSL4
17K

e R 22 F R I 24 R 22 R I T 2
gy, HAPR. PrE. BUpR A /e e, 56
TR R E R 22 1.2 mmol/L BEHE Ik &4
2241 OGD/R F5%! SLCTA11 F1 GPX4 ik, 1
IBE A B ARG . A B H KBRS, 382> DNA 4
bR SR 1 H2AX, Ji ik S8 Ak = T I
4-F2 3L T I EE . PTGS2 fFRIL, MR %% 100 mg/kg
Al 2% MCAO/R VD BRI 2 2] FIREAZ D RE , Jeksb> i 4
JBET:, HALH NS SLCTA11/GPX4 B, FAK
FAL RO, (R IR TS S A AR

BRSO PR S R R S B R A
BAPUEM. Pidk. RIPLRAThaem st . M
M T AR FR OS], ZRRGOORT FEE S, BEEE 80
mg/kg AR MCAO /N BB 2241 g A6 T2 R £
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FAINFNTHAE, TR 4. 20 umol/L ¥IHEIE I HT 2 20
il OGD/R #5%! GPX4. BRER B LA 1. Lhitk
BB A B A . System Xc-ZhREW 3 SLCTALL F
ACSL3 [ HRIE, [FFIK ACSL4 & HRIAFEE
K, BCESUR SRR IEM S, ESEH ISt
% CIRL MINLHIA RS &2 IR g ik
SNE B0 P R TR AR 4 2 Rl AT T AR
KEARIL, EEEHSESRXINEERTE, XKH1E
ST FEAIE S, B 50 me/kg 7] T /0N B T XL
250 0 ik P ZE A AL T 20 20 DMT1 /KF, &G
PTGS2. W /K, B R db g7 Womekat
TR, SN RO ThRE .

KGR BE 35 S M K 2 R S A, IR
DAIZ Ik I fi 5 B, 744 9 R FE GRS AR 2 IR
PERRA « RIRMERIER ” 1081, A=A OOM T2 i I, ig K

S # MW 120 mg/kg T MCAO/R KRS, 5xfig
AL, B EwE T X R Fe? AN 78 & & K
BICH KK GPX4 Rk Thmr, $eonIL it iz
TR BRI RO T R EM A LR ER -

B ES R AT R BR P SR E T S R AR M B
%, HAPLCIRI FAEATO, Liu ZU@E ip B8
S 5. 104 20 mg/kg T MCAO/R KRR, HIF
SRS S R AT DA BRAE T, BAS R 15, 30,
60 umol/L 4bH OGD/R K 5B |- JIif 58 Jii w8 4% Ji
PCI12 4IRS, &5 2 v LAFEIK TFR1 Ri&,
BNk A ESE L L 1 1 GPX4 HIKF, B 57)
BEEIEMAX, XA R ILH S ELHH] ACSL4
A RIKB M R . L, P23t s Al
A EEPUEAAE T BB D T R A R AR R
B U I R AR AT R0 I SR A R BB L
A H IK/GPX4 5 58 R AN 2R AE T
34 PR

CEPISE RS E B, BA YU
J ORYPODIR A . PR Pt e SRIFRIERDTA,
Wu ZEBI TR R, S P20 110 pmol/L 7] DA%
ik PC12 41 OGD/R HERL I ERAE T, R AIE MR
/b, GPX4 Fik MM H IK/GSSG BEg N, 2k
FIARTHRE S ; S SFSH 30 mg/kg AL MCAO
KR PR 2V 7y o DR AT SE AR R AN /K iy 3
g7 1) L0 = R = N 3 R A P I K
POE Nrf2 OG5 5 i

KRN KB EZE K2 —. Liv 995
UESE, KERR AT LLRE MCAO K A& ThRERRR |

ISR RR, LR M Be R, HS577 &R EAE S,
fiilid Nrf2/SLC7A11/GPX4 15 538 # 8 /> HTa, 48
Jfl OGD/R HE AL TE A A Bl FEAK Fe2 /K, b
BB T AR 2 4. LA ERFAUR I, i 2gig ik
B REE IR IR R R R, A s
It H IK/GPX4 {5 5 il B RAM S R A T
35 ZpER

RIR 2 Ml 2 RRR TG PE R 4r 2 — 5 Zhang
I FEAESE, KIKZHE 1 mg/kg AelREE MCAO/R
BN R AR T REEREVE IR, B/ NESEAREN, SR
Wi, REEZFE 500 pg/mL {E3F OGD/R 7S
HTa 404735, HLiA B GPX4 /KT, FRKIEYE
A A BE. Fe2K°F, i Nrf2 #1 HO-1 FIFKRIX,
et Nrf2 #%#5%, WAE T KRR 2 HEE N5 Nif2/
HO-1 & 5B KPR A PURIC T HIVER

gELPTIR, WL B, EER. WK, £
B A L ST PES €05 % T VS BN R R 2 SR N
WD AE R TR R A R O o A i
SR ATIHRIET, RIERP S, Jh
AR AEEIAR . AR ZThRERIVER, $8oR T H 2k
5y HAYT CIRI ) fE AT sef BRI 7.
4 HiES5RE

CIRI ZWHIER AR )&, e [ SR 2k T
TSI, it — AR sk i F AL AA T
CIRI B2 T Hfith. AW AU SCHRSEIB R, H12
BSOS RS ER AR TS A CIRT &S BRIt
FINLEBOER B H K/GPX4 (2 518 % AH 2 (1) 5 [ F1
B, HLYOR el v M S A R s A S e
FETTRYT CIRL B 2535 PR R 7> 2 B IR ZE, HUON
T RANB T MOV T A RV B R 245 2 VA B
2, MR 2 ECH . 2 H A i hgst e rmt 55
PR T4 RN Zh P Sgs, sk 25 53 T A R S5 I R
RIS, DRI IERIRLE BIAIESL T 25 ek
FETAE U, {R R A 255 T oy 2%, S8 7 AR
BAARFE S S SO s LRI R BB
2o, YR AT REF AR AN R B EE B B A B R . TR
I, RN TE 2 Ed R AR TR YT CIRL, AT
RIETF 28697 CIRI Iz BAA EEE X, H
B R SN GERE . WG B2, Pt &
B PR T S ATV R R IEAT E 2.

FBAR FAVEHFARGEARZFR
SE 3k
1 ChEREDPEaRE) FEHE. (hEBApiER S



FED 20244E4 7 $55% H 8B Chinese Traditional and Herbal Drugs 2024 April Vol. 55 No. 8

» 2817 »

(2]

(3]

[4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

20200 HEEE [J]. R IR LR 42 &, 2022, 19(2): 136-144.
Wu S M, Wu B, Liu M, et al. Stroke in China: Advances
and challenges in epidemiology, prevention, and
management [J]. Lancet Neurol, 2019, 18(4): 394-405.
Wang Y J, Li Z X, Gu H Q, et al. China stroke statistics: An
update on the 2019 report from the national center for
healthcare quality management in neurological diseases,
China national clinical research center for neurological
diseases, the Chinese stroke association, national center for
chronic and non-communicable disease control and
prevention, Chinese center for disease control and
prevention and institute for global neuroscience and stroke
collaborations [J]. Stroke Vasc Neurol, 2022, 7(5): 415-450.
Hollist M, Morgan L, Cabatbat R, et al. Acute stroke
management: Overview and recent updates [J]. Aging Dis,
2021, 12(4): 1000-1009.

Powers W J, Rabinstein A A, Ackerson T, et al. Guidelines
for the early management of patients with acute ischemic
stroke: 2019 update to the 2018 guidelines for the early
management of acute ischemic stroke: A guideline for
healthcare professionals from the American heart
association/american stroke association [J]. Stroke, 2019,
50(12): e344-e418.

Gong L L, Tang Y W, An R, et al. RTN1-C mediates
cerebral ischemia/reperfusion injury via ER stress and
mitochondria-associated apoptosis pathways [J]. Cell
Death Dis, 2017, 8(10): €3080.

Yan H F, Zou T, Tuo Q Z, et al. Ferroptosis: Mechanisms
and links with diseases [J]. Signal Transduct Target Ther,
2021, 6(1): 49.

Wu MY, Yiang G T, Liao W T, et al. Current mechanistic
concepts in ischemia and reperfusion injury [J]. Cell
Physiol Biochem, 2018, 46(4): 1650-1667.

FRAE, ZEuE, RS, MR R B A A A T R
BT TR E [J]. MO R B 22 i, 2022,
48(6): 1635-1643.

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.

ey HM BkARE, S5 WEBRIE IRV M4
RASFI IR AR AL S R RARZG e (1] hoe
%, 2023, 54(7): 2187-2196.

WRAET, SR, #EsE, & 2 TR0 o N
IS8T 7 v A ok I 7 VRE 45 0 P 24 A K LA P LA
WEFE [J]. "hEZh, 2023, 54(10): 3221-3236.

Tang D L, Chen X, Kang R, et al. Ferroptosis: Molecular
mechanisms and health implications [J]. Cell Res, 2021,

31(2): 107-125.

[14]

[15]

[16]

[17]

(18]

(19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

Yan H F, Tuo Q Z, Yin Q Z, et al. The pathological role of
ferroptosis in ischemia/reperfusion-related injury [J]. Zool
Res, 2020, 41(3): 220-230.

WuJ R, Tuo Q Z, Lei P. Ferroptosis, a recent defined form
of critical cell death in neurological disorders [J]. J Mol
Neurosci, 2018, 66(2): 197-206.

Valgimigli L. Lipid peroxidation and antioxidant
protection [J]. Biomolecules, 2023, 13(9): 1291.

Kenny E M, Fidan E, Yang Q, et al. Ferroptosis contributes
to neuronal death and functional outcome after traumatic
brain injury [J]. Crit Care Med, 2019, 47(3): 410-418.
EAETT, . BRAE T K LA o 0 I A 0 Hh T
FUkRE (7). ARl 2019, 31(9): 886-893.

Yang Y F, Zhu T, Wang X, et al. ACSL3 and ACSL4,
distinct roles in ferroptosis and cancers [J]. Cancers, 2022,
14(23): 5896.

Bai T, Li M X, Liu Y F, ef al. Inhibition of ferroptosis
alleviates atherosclerosis through attenuating lipid
peroxidation and endothelial dysfunction in mouse aortic
endothelial cell [J]. Free Radic Biol Med, 2020, 160: 92-
102.

Gao M, Fan K X, Chen Y H, et al. Understanding the
mechanistic regulation of ferroptosis in cancer: The gene
matters [J]. J Genet Genomics, 2022, 49(10): 913-926.
Mao C, Liu X G, Zhang Y L, et a/. DHODH-mediated
ferroptosis defence is a targetable vulnerability in cancer
[J]. Nature, 2021, 593(7860): 586-590.

Doll S, Freitas F P, Shah R, ef al. FSP1 is a glutathione-
independent ferroptosis suppressor [J]. Nature, 2019,
575(7784): 693-698.

Bersuker K, Hendricks J M, Li Z P, et al. The CoQ
oxidoreductase FSP1 acts parallel to GPX4 to inhibit
ferroptosis [J]. Nature, 2019, 575(7784): 688-692.

Alim I, Caulfield J T, Chen Y X, et al. Selenium drives a
transcriptional adaptive program to block ferroptosis and
treat stroke [J]. Cell, 2019, 177(5): 1262-1279.e25.

Xue Y, Lu F J, Chang Z Z, et al. Intermittent dietary
methionine deprivation facilitates tumoral ferroptosis and
synergizes with checkpoint blockade [J]. Nat Commun,
2023, 14(1): 4758.

Pang P, Si W, Wu H, et al. YTHDF2 promotes cardiac
ferroptosis via degradation of SLC7All in cardiac
ischemia-reperfusion injury [J]. Antioxid Redox Signal,
2023, doi: 10.1089/ars.2023.0291.

Friedmann Angeli J P, Krysko D V, Conrad M. Ferroptosis
at the crossroads of cancer-acquired drug resistance and
immune evasion [J]. Nat Rev Cancer, 2019, 19(7): 405-414.

Kajarabille N, Latunde-Dada G O. Programmed cell-death



« 2818 «

FED 20244E4 7 $55% H 8B Chinese Traditional and Herbal Drugs 2024 April Vol. 55 No. 8

[30]

[31]

(32]

(33]

(34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

by ferroptosis: Antioxidants as mitigators [J]. Int J Mol Sci,
2019, 20(19): 4968.

Tuo Q Z, Lei P, Jackman K A, et al. Tau-mediated iron
export prevents ferroptotic damage after ischemic stroke
[J]. Mol Psychiatry, 2017, 22(11): 1520-1530.

Abdul Y, Li W G, Ward R, et al. Deferoxamine treatment
prevents post-stroke vasoregression and neurovascular unit
remodeling leading to improved functional outcomes in
type 2 male diabetic rats: Role of endothelial ferroptosis
[J]. Transl Stroke Res, 2021, 12(4): 615-630.

Reiche E M V, Gelinksi J R, Alfieri D F, ef al. Immune-
inflammatory, oxidative stress and biochemical
biomarkers predict short-term acute ischemic stroke death
[J]. Metab Brain Dis, 2019, 34(3): 789-804.

Zhang Y F, Lu X Y, Tai B, et al. Ferroptosis and its
multifaceted roles in cerebral stroke [J]. Front Cell
Neurosci, 2021, 15: 615372.

Azab S F, Akeel N E, Abdalhady M A, et al. Serum
hepcidin levels in childhood-onset ischemic stroke: A case-
control study [J]. Medicine, 2016, 95(9): €2921.

Khalil S, Cavagnero K J, Williams M R, et al. Regulation
of epidermal ferritin expression influences systemic iron
homeostasis [J]. J Invest Dermatol, 2024, 144(1): 84-95.
T, EIET, A, & Sul-FREE A HLE] K
HPAF & B SRR (7], th E PR B 2 A A,
2022, 32(7): 149-154.

Zhou H, Du W J, Li'Y, et al. Effects of melatonin on fatty
The role of NR4A1/DNA-PKcs/p53
pathway, mitochondrial fission, and mitophagy [J]. J
Pineal Res, 2018, 64(1): 12450.

Li H, Yan Z Y, Zhu J, et al. Neuroprotective effects of

liver disease:

resveratrol on ischemic injury mediated by improving
brain energy metabolism and alleviating oxidative stress in
rats [J]. Neuropharmacology, 2011, 60(2/3): 252-258.
Zhang X J, Cheng X, Yan Z Z, et al. An ALOX12-12-
HETE-GPR31 signaling axis is a key mediator of hepatic
ischemia-reperfusion injury [J]. Nat Med, 2018, 24(1): 73-
83.

Tang L J, Luo X J, Tu H, et al. Ferroptosis occurs in phase
of reperfusion but not ischemia in rat heart following
ischemia or ischemia/reperfusion [J].  Naunyn
Schmiedebergs Arch Pharmacol, 2021, 394(2): 401-410.
Hassannia B, Vandenabeele P, Vanden Berghe T. Targeting
ferroptosis to iron out cancer [J]. Cancer Cell, 2019, 35(6):
830-849.

Shalavadi M H, Chandrashekhar V M, Muchchandi I S.
Neuroprotective effect of Convolvulus pluricaulis Choisy

in oxidative stress model of cerebral ischemia reperfusion

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

injury and assessment of MAP2
Ethnopharmacol, 2020, 249: 112393.
Frag, BRPHR, THAUM, S5, Py %o KRR b i i
AL EVEAR A A 22 D B 243 Sz PKA-CREB 38 % ) 521
[3]. A ARk &, 2021, 31(2): 30-36.

Ziemens D, Oschmann F, Gerkau N J, et al. Heterogeneity

in rats [J]. J

of activity-induced sodium transients between astrocytes
of the mouse hippocampus and neocortex: Mechanisms
and consequences [J]. J Neurosci, 2019, 39(14): 2620-
2634.

JfE, FEHK, FHEA, % 4RI T A RP-
HPLC €& K& TLC @Mk [J]. ety
T, 2014, 32(12): 2918-2921.

Fu C, Wu Y F, Liu S J, et al. Rehmannioside A improves
cognitive
activating PI3K/Akt/Nrf2 and SLC7A11/GPX4 signaling
pathway after ischemia [J]. J Ethnopharmacol, 2022, 289:
115021.

Yang M, Lv Y J, Tian X C, et al. Neuroprotective effect of

impairment and alleviates ferroptosis via

B-caryophyllene on cerebral ischemia-reperfusion injury
death and
inflammation: in vivo and in vitro [J]. Front Neurosci,
2017, 11: 583.

Hu Q W, Zuo T R, Deng L, et al. B-caryophyllene

suppresses ferroptosis induced by cerebral ischemia

via regulation of necroptotic neuronal

reperfusion via activation of the Nrf2/HO-1 signaling
pathway in MCAOJR rats [J]. Phytomedicine, 2022, 102:
154112.

Kang X H, Su S'Y, Hong W D, et al. Research progress on
the ability of astragaloside IV to protect the brain against
ischemia-reperfusion injury [J]. Front Neurosci, 2021, 15:
755902.

Wang L L, Liu C W, Wang L L, et al. Astragaloside IV
mitigates cerebral ischaemia-reperfusion
inhibition  of  p62/Keapl/Nrf2
ferroptosis [J]. Eur J Pharmacol, 2023, 944: 175516.
Zhang C L, Shi Z H, Xu Q Y, et al. Astragaloside IV

alleviates stroke-triggered early brain injury by modulating

injury via

pathway-mediated

neuroinflammation and ferroptosis via the Nrf2/HO-1
signaling pathway [J]. Acta Cir Bras, 2023, 38: €380723.
TR AT RICRDA = L8 B S I 58K B
B TNOS. iNOS f5Ni [D]. KJ: LGRS,
2014.

AR, B AR, XIS, . =-BR B2t T
G SRR R BRI L B VA (0], o e
ki, 2022, 38(3): 296-300.

Liu X, Li Z, Li M, et al. Icariside II overcomes BRAF

inhibitor resistance in melanoma by inducing ROS



FED 20244E4 7 $55% H 8B Chinese Traditional and Herbal Drugs 2024 April Vol. 55 No. 8

= 2819 -

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

(63]

[64]

[65]

production and inhibiting MITF [J]. Oncol Rep, 2020,
44(1): 360-370.

Gao ] M, Ma C J, Xia D Y, et al. Icariside 1I
preconditioning evokes robust neuroprotection against
ischaemic stroke, by targeting Nrf2 and the OXPHOS/NF-
kB/ferroptosis pathway [J]. BrJ Pharmacol, 2023, 180(3):
308-329.

Ganesan K, Xu B J. Molecular targets of vitexin and
isovitexin in cancer therapy: A critical review [J]. Ann N 'Y
Acad Sci, 2017, 1401(1): 102-113.

Guo L, Shi L. Vitexin improves cerebral ischemia-
reperfusion injury by attenuating oxidative injury and
ferroptosis via Keap1/Nrf2/HO-1signaling [J]. Neurochem
Res, 2023, 48(3): 980-995.

Mishra A, Mishra P S, Bandopadhyay R,

Neuroprotective potential of chrysin: Mechanistic insights

et al.

and therapeutic potential for neurological disorders [J].
Molecules, 2021, 26(21): 6456.

WA, R, i, . AR @Rt
PRl K B R ML P AR O (0], TR P2 RS, 2023,
48(06): 1597-1605.

Zhang J Y, Chen Y, Luo H Q, et al. Recent update on the
pharmacological  effects
dihydromyricetin [J]. Front Pharmacol, 2018, 9: 1204.
Zhang Q, Wang J, Zhang H L, et al. Dihydromyricetin

and mechanisms of

inhibits oxidative stress and apoptosis in oxygen and
glucose deprivation/reoxygenation-induced HT22 cells by
activating the Nrf2/HO-1 pathway [J]. Mol Med Rep, 2021,
23(6): 397.

Xie J B, Zhang T T, Li P C, et al. Dihydromyricetin
attenuates injury by

targeting

cerebral ischemia reperfusion
inhibiting SPHK1/mTOR
ferroptosis [J]. Drug Des Devel Ther,2022,16:3071-3085.
Huang H Z, Chen AY, Ye X Q, et al. Galangin, a flavonoid

from lesser galangal, induced apoptosis via p53-dependent

signaling and

pathway in ovarian cancer cells [J]. Molecules, 2020,
25(7): 1579.

R e R 3O M ot oL PV 5 D B S A T
R4V LGB T [D]. TLRH: TP EE 2R,
2022.

Mu X, He G R, Cheng Y X, ef al. Baicalein exerts
neuroprotective effects in 6-hydroxydopamine-induced
experimental Parkinsonism in vivo and in vitro [J].
Pharmacol Biochem Behav, 2009, 92(4): 642-648.

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

2R A BR A T T B0 B 5 30 i L 4
LRI E FINLEIBE A [D]. K& &K, 2022.
XgEio, BER, KEM, &% HEHEE PGE: 7/
ST PR EVE S N RO FI D RE R PR R AL (0], S
EEZgRE, 2023, 39(15): 1881-1887.

Kim I S. Current perspectives on the beneficial effects of
soybean isoflavones and their metabolites for humans [J].
Antioxidants, 2021, 10(7): 1064.

WY, 2NN, B, AE. RS S I AT 9 K BRI R
/PR AR J T AR R AL T K SO GBS [T].
P 77 BB K524, 2023, 43(2): 323-331.

Yu S Z, Wu K, Liang Y J, et al. Therapeutic targets and
molecular mechanism of calycosin for the treatment of
cerebral ischemia/reperfusion injury [J]. Aging, 2021,
13(12): 16804-16815.

Liu H, Zhao Z B, Yan M Y, et al. Calycosin decreases
cerebral ischemia/reperfusion injury by suppressing
ACSLA4-dependent ferroptosis [J]. Arch Biochem Biophys,
2023, 734: 109488.

Chen X P, Yu J, Zhong B L, et al. Pharmacological
activities of dihydrotanshinone I, a natural product from
Salvia miltiorrhiza Bunge [J]. Pharmacol Res, 2019, 145:
104254.

Wu C H, Duan F P, Yang R C, et al. 15,16-
dihydrotanshinone I protects against ischemic stroke by
inhibiting ferroptosis via the activation of nuclear factor
erythroid 2-related factor 2 [J]. Phytomedicine, 2023, 114:
154790.

Liu H, Zhang T A, Zhang W Y, ef al. Rhein attenuates
cerebral ischemia-reperfusion injury via inhibition of
ferroptosis through Nrf2/SLC7A11/GPX4 pathway [J].
Exp Neurol, 2023, 369: 114541.

ZhangY G, Ye P, Zhu H, et al. Neutral polysaccharide from
Gastrodia elata alleviates cerebral ischemia-reperfusion
injury by
neuroinflammation via the Nrf2/HO-1 signaling pathway
[J]. CNS Neurosci Ther, 2023, 30(3): e14456.

DREE, BN, e, . R TR ks
T BRBE T ORI i A b BRI B O LRI RIT A [0]. Th 2
74,2021, 52(21): 6552-6560.

XRKYH, R, EF, .S oy
miRNA-137/ER0 AR BRAE T30 % LR K B ok I - v
TAHLRITE T (7], 7 PR K E R, 2024, 26(2):
31-36.

inhibiting ferroptosis-mediated

[Tt RERE]



