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[ Abstract]  Ferroptosis is a newly cell death mode discovered in recent years, involving in a variety of
pathophysiological processes, such as ischemia reperfusion injury, neurodegenerative diseases and tumors, etc. At present,
there is a lack of effective method to prevent and treat ischemic stroke worldwide, and ferroptosis which is involved in
cerebral ischemia reperfusion injury. 50 articles were included in this paper after searching the related literature, which
published in databases such as PubMed, Wanfang, VIP and CNKI in recent years. Discussing the iron metabolism and the
concept, mechanism and regulation of ferroptosis, the role of ferroptosis in the mechanism of cerebral ischemia reperfusion
injury, and the method of inhibiting ferroptosis, this paper attempts to provide reference for finding a new potential
treatment for ischemic stroke from the direction of inhibiting ferroptosis.
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Figure 1 Iron metabolism and ferroptosis and their regulation



104 2024 7 34 7 Chin J Comp Med, July 2024,Vol. 34 ,No. 7

LPO ( 3=, 5
1.2.4
X P450 IS ,
,I/R
s NADPH P450 N N \
, ALOX PUFAs , NN
[20]
P53 SAS erastin
fiet ]
Promote Restrain

Nif2 »

etk

Promote

il
RSL3 Restrain
ML162
FIN56

2

Figure 2 Amino acid metabolism and ferroptosis and its regulation

ek

Promote

etk

ek
- Promote - - Promote .

et

Promote

et
Promote
et et

Promate

Figure 3 Fatty acid metabolism and ferroptosis and their regulation



2024 7 34 7

Chin J Comp Med, July 2024,Vol. 34,No. 7

105

CIRI
:I/R ; )
, . LPO
/ (' middle cerebral artery

occlusion/reperfusion, MCAO/R)
(oxygen glucose deprivation/

reperfusion, OGD/R)
[23-24]
FtMt ’ s ;

, , MCAO/
R RSL3
erastin CIRI,

CoQ10, liproxstatin-1

—1(Fer-1)

( middle cerebral artery occlusion, MCAO)

[24] |
9

,MCAO/R ,
Fer-1 CIRIP> IS
, SystemX
, 7, t-PA IS
(71 CIRI,
3
IS
IS
CIRI IS
3.1
Nif2 P53
. Nrf2 FPN1 , SLC7A11
GPX4 . P53 SLC7A11
, GSH o
(RBP) mRNA
,PUM2  RBP ,

1(Sirtl) ,  Sirtl

(shh) , PUM2 Sirtl shh,

Nif2 1 (HO-1) ,
ACSL4 CIRI; Nrf2
HO-1 CISD2 CBX7,

TFR1 , CBX7
ACSI4, NADPH (superoxide
dismutase, SOD )
[23,28-30] _ RNA (miRNA)
, miR-27a Nrf2 ,
SLC7A11 mRNA , miR-
27a CIRI®" PVT1 Meg3
miR-214 P53
[32-34] , Tau
Fe2* , .
,NCOA4 /R
, USP14 NCOA4
43 ELAVLL PINK1 ,
PINK1 SLC7A11  GPX4 ,
PINK1 ELAVLI ,
SSAT1 GPX4  SLC7AIll,
ALOX15 CIRI™*) FiMt
CIRI,
[38] .
FiMt Fe® STAT3
, FPN1 ;
ACSI4  12/15-LOX
; GPX4 GSH
(3] 5 Steap4 DMTI1 ,
GPX4 SLC7A11,FPN1 CIRI
o , POU2F2
Sesn2 CIRI,
POU2F2 Sesn2 CIRI'™
3.2
Fer-1
, AKT/GSK3B GPX4 |
SLC7A11 , CIRI A
1, CoQ10
GPX4
, NADPH CoQ10 el
GPX4 ,
erastin RSL3



106 7 34 7 Chin J Comp Med, July 2024, Vol. 34 No. 7
CIRI [45-44] . A,
v-GC Nrf2 CIRI, A IS ,
ACSIA,y-GC GSH [16,45-46] | GPX4 . GSH ,FPNI [e-e3]
AMPK Nrf2 ,
SLC7AIl  GPX4 (471 MCAO e
PGE2 , CIRI, 4
PGE2 CIRI'* I/R
, ACSL4 , . .
; CIRI ,
IS . . .
[24] 3 . .
CIRI :B- R . R CIRI OGD/R
Nif2/HO-1 , ,
Sirtl Nrf2, , ; ,
TF. COX2 ;
[13,23,26,48-50] ; . N
, I/R  GSH.GPX4 i s ,
, GPX4 .
FPN . HO-1 . COX-2, TFR  DMT1 CIRI,
[52] ; IS ,
MCAO CIRI . ,
TFR1  DMTI , SLC7A11 .
GPX4 (53] ;
, PINK1 .FTH]I . CISD2 CBX7 Nrf2
FiMt  ACSL3, ACSL4, NADPH/ SLC7TAIL — GPX4 CIRI,
NADP* GSH L4
’ Nif2 , MCAO/R
MCAO/R , ’
ACSIA  TFRI , o CIRI :
FTHI  GPX4 (551, : IS
TFR1, ACSIA4, FPN1 . SLC7A1l GPX4 ’ ’ °
(s, GPX4 ,
ACSLA4 7l SLC7A11  GPX4
(s8] 1A CIRI [ 1] WHO. The top 10 cause of death[ EB/OL]. [2023-04-10]
’ 501 https ://www. who. int/zh/news-room/fact-sheets/ detail/the-top-
5 10-causes-of-death.
GPX4 CIRI [ 2] Global Burden of Oisease. Network explore results from the 2019
[60] N Global Burden of Disease (GBD) study[ EB/OL]. [2023-04-
3.3 10] http://ghdx. healthdata. org/ghd-results-tool.
[3] WANG P, CUI Y, REN Q, et al. Mitochondrial ferritin
’ attenuates cerebral ischaemia/reperfusion injury by inhibiting
N ferroptosis [ J]. Cell Death Dis, 2021, 12(5) : 447.
IS Lol [ 4] TADECOLA C, ANRATHER J. Stroke research at a crossroad:



2024 7 34 7

Chin J Comp Med, July 2024,Vol. 34,No. 7

107

[7]

[8]

[10]

[14]

[15]

[16]

asking the brain for directions [ J]. Nat Neurosci, 2011, 14
(11): 1363-1368.
BUZQ, YUHY, WANG ], et al. Emerging role of ferroptosis
in the pathogenesis of ischemic stroke: a new therapeutic target?
[J]. ASN Neuro, 2021, 13 17590914211037505.
DOLMA S, LESSNICK S L., HAHN W C, et al. Identification of
genotype-selective  antitumor agents using synthetic lethal
chemical screening in engineered human tumor cells [ J]. Cancer
Cell, 2003, 3(3): 285-296.
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.
TANG D, CHEN X, KANG R, et al. Ferroptosis; molecular
mechanisms and health implications [ J]. Cell Res, 2021, 31
(2): 107-125.

[J]. , 2024, 34(3):
161-171.
SUN K X, XIAO Y Q, WAN J, et al. Advances in programmed
cell death in post-stroke cognitive impairment [ J]. Chin J Comp
Med, 2024, 34(3): 161-171.
SOM D, BABITT JODIE L. Overview of iron metabolism in
health and disease [ J]. Hemodial Int Int Symp Home Hemodial ,
2017, 21 Suppl 1: S6-S20.
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.
SCINDIA PHD Y, LEEDS MD J, SWAMINATHAN MD S. Iron
homeostasis in healthy kidney and its role in acute kidney injury
[J]. Semin Nephrol, 2019, 39(1) . 76-84.
LIU W, WANG L, LIU C, et al. Edaravone ameliorates cerebral
ischemia-reperfusion injury by downregulating ferroptosis via the
Nrf2/FPN pathway in rats [ J]. Biol Pharm Bull, 2022, 45(9) .
1269-1275.
DUCE J A, TSATSANIS A, CATER M A, et al. Iron-export
ferroxidase activity of B-amyloid precursor protein is inhibited by
zinc in Alzheimer’ s disease [ J]. Cell, 2010, 142(6). 857
-867.
BRIDGES R J, NATALE N R, PATEL S A. System x_ cystine/
glutamate antiporter; an update on molecular pharmacology and
roles within the CNS [ J]. Br J Pharmacol, 2012, 165(1) : 20—
34.
ZHANG R, LEI J, CHEN L, et al. +y-glutamylcysteine exerts
neuroprotection effects against cerebral ischemia/reperfusion
injury through inhibiting lipid peroxidation and ferroptosis [ J].
Antioxidants, 2022, 11(9) . 1653.
CONRAD M, SATO H. The oxidative stress-inducible cystine/
glutamate antiporter, system x_: cystine supplier and beyond
[J]. Amino Acids, 2012, 42(1) . 231-246.
JIANG L, KON N, LI T, et al. Ferroptosis as a p53-mediated
activity during tumour suppression [ J]. Nature, 2015, 520

(7545) : 57-62.

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

CHU B, KON N, CHEN D, et al. ALOXI2 is required for p53-
mediated tumour suppression through a distinct ferroptosis
pathway [J]. Nat Cell Biol, 2019, 21(5): 579-591.

LEI G, ZHANG Y, KOPPULA P, et al. The role of ferroptosis
in ionizing radiation-induced cell death and tumor suppression
[J]. Cell Res, 2020, 30(2) . 146-162.

ABDALKADER M, LAMPINEN R, KANNINEN K M, et al.
Targeting Nrf2 to suppress ferroptosis and mitochondrial
dysfunction in neurodegeneration [ J]. Front Neurosci, 2018,
12 466.

XU Y, LIUY, LIK, et al. COX-2/PGE2 pathway inhibits the
ferroptosis induced by cerebral ischemia reperfusion [ J]. Mol
Neurobiol, 2022, 59(3): 1619-1631.

ZHU H, HUANG J, CHEN Y, et al. Resveratrol pretreatment
protects neurons from oxygen-glucose deprivation/reoxygenation
and ischemic injury through inhibiting ferroptosis [ J]. Biosci
Biotechnol Biochem, 2022, 86(6) : 704-716.

TUO Q Z, LIU Y, XIANG Z, et al. Thrombin induces ACSI4-
dependent ferroptosis during cerebral ischemia/reperfusion [J].
Signal Transduct Target Ther, 2022, 7(1) . 59.

FUHRMANN D C, MONDORF A, BEIFUB J, et al. Hypoxia
increases mitochondrial ferritin, and

protects from ferroptosis [ J]. Redox Biol, 2020, 36: 101670.
HU Q, ZUO T, DENG L, et al. B-Caryophyllene suppresses

inhibits ferritinophagy,

ferroptosis induced by cerebral ischemia reperfusion via activation
of the NRF2/HO-1 signaling pathway in MCAO/R rats [J].
Phytomedicine, 2022, 102 154112.

MILLAN M, SOBRINO T, CASTELLANOS M, et al. Increased
are associated with poor outcome after

Stroke, 2007, 38

body iron stores
thrombolytic treatment in acute stroke [ J].
(1):90-95.
Nrf2/HO-1 CISD2

[D].

. 2022.
HU M. Exploring the role and mechanism of up-regulation of
CISD2 against cerebral ischemia/reperfusion injury in mice based
on Nrf2/HO-1-mediated [ D]. Anhui:
Medical University, 2022.

ZHANG F, LEI F, XIAO X. Knockdown of CBX7 inhibits

iron death Bengbu

ferroptosis in rats with cerebral ischemia and improves cognitive
dysfunction by activating the Nrf2/HO-1 pathway [ J]. J Biosci,
2022, 47. 40.

LIU Q, LIU Y, LI Y, et al. PUM2 aggravates the
neuroinflammation and brain damage induced by ischemia-
reperfusion  through the SLC7Al11-dependent inhibition of
ferroptosis via suppressing the SIRT1 [J]. Mol Cell Biochem,
2023, 478(3) : 609-620.

s s , . miR-27a 7

11(SLCTATT)

[J]. , 2022, 38(7): 617-624.
FENG Z, SUN H, ZHANG ], et al. MiR-27a induces ferroptosis

by inhibiting solute carrier family 7 member-11 (SLC7A11) and



108 2024 7 34 7 Chin J Comp Med, July 2024, Vol. 34 No. 7
causes cerebral ischemia-reperfusion injury in rats [ J]. Chin J [44] SHI'Y, HAN L, ZHANG X, et al. Selenium alleviates cerebral
Cell Mol Immunol, 2022, 38(7) . 617-624. ischemia/reperfusion injury by regulating oxidative stress,

[32] CHEN C, HUANG Y, XIA P, et al. Long noncoding RNA Meg3 mitochondrial fusion and ferroptosis [ J]. Neurochem Res, 2022,
mediates ferroptosis induced by oxygen and glucose deprivation 47(10) : 2992-3002.
combined with hyperglycemia in rat brain microvascular [45] . Activin A /
endothelial cells, through modulating the p53/GPX4 axis [J]. [D]. , 2022.

Eur J Histochem, 2021, 65(3) ; 3224. WANG F Z. Neuroprotective effect of Activin A on cerebral

[33] LUJ, XUF, LU H. LncRNA PVT1 regulates ferroptosis through ischemia/reperfusion injury and its mechanism [ D]. Jilin: Jilin
miR-214-mediated TFR1 and p53 [ J]. Life Sci, 2020, University, 2022.

260 118305. [46] s s s

[34] CHEN W, JIANG L, HU Y, et al. Ferritin reduction is essential [J].
for cerebral ischemia-induced hippocampal neuronal death ( ), 2022, 47(5) : 600-609.
through p53/SLC7A11-mediated ferroptosis [ J ]. Brain Res, HU M, MEN Y Z, CHEN L, et al. Dexmedetomidine exerts its
2021, 1752, 147216. protective effect on cerebral ischemia reperfusion injury in mice

[35] LIC, SUN G, CHEN B, et al. Nuclear receptor coactivator 4- by inhibiting ferroptosis [ J]. J Cent South Univ Med Sci, 2022,
mediated ferritinophagy contributes to cerebral ischemia-induced 47(5) : 600-609.
ferroptosis in ischemic stroke [ J]. Pharmacol Res, 2021, [47] s s s AMPK
174 105933. / [Jl. (

[36] ZHAO J, WU Y, LIANG S, et al. Activation of SSAT1/ ), 2021, 50(4) . 418-423.

ALOX15 axis aggravates cerebral ischemia/reperfusion injury via HU M, TONG X H, HUANG J, et al. Protective effects and
triggering neuronal ferroptosis [ J]. Neuroscience, 2022, 485: mechanisms of AMPK activation against Cerebrallschemia/
78-90. reperfusion injury in mice based on ferroptosis [ J]. Acta Med

[37] DU Y, ZHANG R, ZHANG G, et al. Downregulation of Univ Sci Technol Huazhong, 2021, 50(4) . 418-423.
ELAVLI attenuates ferroptosis-induced neuronal impairment in [48] GUO L, SHI L. Vitexin improves cerebral ischemia-reperfusion
rats with cerebral ischemia/reperfusion via reducing DNMT3B- injury by attenuating oxidative injury and ferroptosis via Keapl/
dependent PINK1 methylation [ J]. Metab Brain Dis, 2022, 37 Nif2/HO-1signaling [ J]. Neurochem Res, 2023, 48(3): 980—
(8): 2763-2775. 995.

[38] WANG P, REN Q, SHI M, et al. Overexpression of [49] CHEN J, MA D, BAO J, et al. Roots of Astragalus propinquus
mitochondrial ferritin enhances blood-brain barrier integrity schischkin regulate transmembrane iron transport and ferroptosis
following ischemic stroke in mice by maintaining iron homeostasis to improve cerebral ischemia-reperfusion injury [ J]. Evid Based
in endothelial cells [ J]. Antioxidants ( Basel ), 2022, 11 Complement Alternat Med, 2022, 2022 7410865.

(7): 1257. [50] Nrf2/HO-1
[39] . Steap4 HT22 [D].
[D]. . 2021, . 2021,
BU Z Q. Steap4 promotes neuronal ferroptosis in cerebral HUANG X L. Sofren injection protects against ferroptosis in
ischemiareperfusion injury via activating p38/JNKk signaling HT22 cells after oxygen-glucose deprivation/reoxygenation based
pathway [ D]. Shenyang: China Medical University, 2021. on Nrf2/HO-1 signaling pathway [ D ]. Nanjing: Nanjing

[40] YANG J, GUO Q, WANG L, et al. POU domain class 2 University of Chinese Medicine, 2021.
transcription factor 2 inhibits ferroptosis in cerebral ischemia [51] KANG Z, XIAO Q, WANG L, et al. The combination of
reperfusion injury by activating Sestrin2 [ J]. Neurochem Res, astragaloside IV and Panax notoginseng saponins attenuates
2023, 48(2) : 658-670. cerebral ischaemia-reperfusion injury in rats through ferroptosis

[41] LIUX, DU Y, LIU J, et al. Ferrostatin-1 alleviates cerebral and inflammation inhibition via activating Nrf2 [ J]. J Pharm
ischemia/reperfusion injury through activation of the AKT/ Pharmacol, 2023, 75(5) : 666—-676.

GSK3 signaling pathway [ J]. Brain Res Bull, 2023, 193; 146 [52] LIU H, AN N, WANG L, et al. Protective effect of Xingnaojing
-157. injection on ferroptosis after cerebral ischemia injury in MCAO

[42] DOLL S, FREITAS F P, SHAH R, et al. FSP1 is a glutathione- rats and SH-SY5Y cells [ J]. J Ethnopharmacol, 2023,
independent ferroptosis suppressor [ J]. Nature, 2019, 575 301 115836.

(7784) : 693-698. [53] LAN B, GE J W, CHENG S W, et al. Extract of Naotaifang, a

[43] TUO QZ, MASALDAN S, SOUTHON A, et al. Characterization compound Chinese herbal medicine, protects neuron ferroptosis
of selenium compounds for anti-ferroptotic activity in neuronal induced by acute cerebral ischemia in rats [ J]. J Integr Med,
cells and after cerebral ischemia-reperfusion injury [ J]. 2020, 18(4) : 344-350.

Neurotherapeutics, 2021, 18(4) : 2682-2691. [54] LIM, MENG Z, YU S, et al. Baicalein ameliorates cerebral



2024 7 34 7

Chin J Comp Med, July 2024,Vol. 34,No. 7

109

[55]

[56]

[57]

[58]

[59]

ischemia-reperfusion injury by inhibiting ferroptosis via regulating
GPX4/ACSI4/ACSL3 axis [ J]. Chem Biol Interact, 2022,
366: 110137.
GUO H, ZHU L, TANG P, et al. Carthamin yellow improves
cerebral ischemia-reperfusion injury by attenuating inflammation
and ferroptosis in rats [ J]. Int J Mol Med, 2021, 47(4) . 52.

[J]. , 2021, 37
(10): 1784-1793.
JIANG X, YUAN Y P, CHEN S H, et al. Squalene attenuates
cerebral ischemia-reperfusion induced brain tissue injury by
regulating ferroptosis [ J]. Chin J Pathophysiol, 2021, 37(10) .
1784-1793.
XIE J, ZHANG T, LI P, et al. Dihydromyricetin attenuates
cerebral ischemia reperfusion injury by inhibiting SPHK1/mTOR
signaling and targeting ferroptosis [ J]. Drug Des Devel Ther,
2022, 16 3071-3085.
GUAN X, LI Z, ZHU S, et al. Galangin attenuated cerebral
ischemia-reperfusion injury by inhibition of ferroptosis through
activating the SLC7A11/GPX4 axis in gerbils [ J]. Life Sci,
2021, 264. 118660.

oA
(D] : , 2019.

XU L. Research on the mechanism of tanshinone Il A inhibiting
ferroptosis by regulating iron homeostasis in the model of cerebral

ischemia [ D]. Hefei; Anhui Medical University, 2019.

[60]

[61]

[62]

[63]

[64]

GUAN X, LI X, YANG X, et al. The neuroprotective effects of
carvacrol on ischemia/reperfusion-induced hippocampal neuronal
impairment by ferroptosis mitigation [ J]. Life Sci, 2019,
235, 116795.

ZHU W, YE Y, LIU Y, et al. Mechanisms of acupuncture
therapy for cerebral ischemia: an evidence-based review of
ischemia [ J]. J
Neuroimmune Pharmacol, 2017, 12(4) ; 575-592.

LIANG R, TANG Q, SONG W, et al.

clinical and animal studies on cerebral
Electroacupuncture
preconditioning reduces oxidative stress in the acute phase of
cerebral ischemia-reperfusion in rats by regulating iron
metabolism pathways [ J]. Evid Based Complement Alternat
Med, 2021, 2021: 3056963.

[J]. , 2022,
42(10) : 1683-1687.
WANG H J, TANG H, JIANG S S, et al. Effects of acupuncture
on ferroptosis of hippocampal tissues in rats with cerebral
ischemia reperfusion injury [ J]. J Hunan Univ Chin Med,
2022, 42(10) : 1683-1687.
LIU T, CUI Y, DONG S, et al. Treadmill training reduces
cerebral ischemia-reperfusion injury by inhibiting ferroptosis
through activation of SLC7A11/GPX4 [J]. Oxid Med Cell

Longev, 2022, 2022 8693664.

( 12023-05-11



