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Mechanism of Ferroptosis in Chinese Medicine Treatment of Heart Failure: A Review
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[Abstract] Heart failure is the final stage of heart disease caused by a variety of etiologies and has a high
morbidity, mortality, and disability rate, making it a major challenge in the field of medicine. Cardiomyocytes,
the most basic unit of the heart, are irreversible in nature and can be damaged or necrotic in various ways in the
presence of heart failure. Myocardial cell injury is also an important cause of cardiac dysfunction and affects the
prognosis and quality of life of patients. Therefore, reducing the level of myocardial cell damage and delaying
the process of cell death can help patients with heart failure lessen the extent of cardiac damage and improve their
prognosis, thereby lowering the incidence of death and disability and times of hospitalization. Ferroptosis is a
new form of cell death that has been widely concerned in recent years, with studies confirming its occurrence in
cardiac myocytes. As a modifiable form of cell death, interfering with ferroptosis can modulate the extent of
injury and death in cardiac myocytes. Studies have shown that the inhibition of iron death has a protective effect

on cardiomyocytes, thereby alleviating heart failure. Chinese medicine has been widely used in the clinical
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treatment of heart failure, and has the advantages of multiple approaches and entry points, with significant
therapeutic effects, low side effects, and low medical costs. It also reduces the clinical side effects of western
medicine, with good clinical results. The use of Chinese medicine to modulate ferroptosis may be a new direction
for the future treatment of heart failure. This paper briefly elaborated on the mechanism of ferroptosis,
investigated the role of ferroptosis in heart failure, and discussed the current status of research on ferroptosis in

Chinese medicine interventions in heart failure, to provide references for further improving the efficacy of

Chinese medicine in the treatment of heart failure.

[ Keywords]

O J7 B2 58 (HF ) J2& 22 B R 51 6 0 LAR i 468 40
o IR AL, i RO JUE 25 4 R D RE 1 S, BE TR BE Tl
JE A B AR Y 5 oK I R B LT W R HE P T
Z BR AT B O R AE Y — 28 o R SR R AT
P TR E 25 2 K UL B HBET HF bR ifEfb B0k R
S 1%, B RAFEL 107 NP 275 N,
B IA DR EIR 120570, BEHFRELERE
297 7ML BE A AR B R B ACIR B0 R AR 0 a
FB R BE 23RN R 3R AR 3 K A Bt R O R )
M FE S 2T, m A BT 2 L A LR B W R T L
1 28 B B 5 D6 R I B 20T SRR R0 S it
fifp I — ] B, PR, HF 23R [ B 7 1A Sk B R
AR E S ENX SR, i LR &M, 25t
T 02 5 1% 45 40 i 58 T A [R] i — Ff 37 2L 41 g 58 7 9%
A, HAE T F 2 R A N s T Ak il 2 &
Y, 7E B2 U N Z B I SR TER . 2012 4F
DIXON %5 Bh 2 i 44 R “4RFE T, K it 1 1 9 Ak
S K — ST RGEWARSE . LRI, HAE
TR LA A 25 3 Bt 3, SR T JUL 4 B Y R s 2L
AORAL W AR A IR BE 4 AR R R R 41 21
HETAT 5 WO E A D RE L e 2P ECHF I R A R
HHEAZEZ ZUA SRS GEITTRCR B %
4 HOR B K B Y7 3% A 3 B AK PE 24 A9 116 IR
AIVE L, OF H A B8 25 T Fl gk 58 T2 0 iR J7 HF 42 157
4TI AR JEL B R ik
1 SKRIETHIHE

BRBETAE Ry — Bl R A 0 IR R T B g
4 (ROS) #8 Z2 R FRAIE 19 — o B 4 g s - I8 =,
S g st 0 X B LB AE 34 Oy i DI A%
e BRI /N O D RS B ELAMIE 2R S
e, @Ak I, 2k 8 A e H K (GSH) A& L 2>
SUH AR 2, A Dk H G SR A Y Tl 4 (GPX4) 1 1 %
1%, 48 20 R - e 20 IR 300 7 32 14 (System X)) 52 EI 0 il
FT R 480 3 T B N 1 S A 5 1R i o ot Ak i B
@it fL b, Z R o IR 2 5850 T 2

ferroptosis; Chinese medicine; heart failure; mechanism; research progress

AR R R A ERIE T R PL AT Ak
# B it 4 Ak . GSH/GPX4/ROS il % 54 41 9 ik
p53(p53) i J Al i I1 /4 6 T 400 o) 26 1 1/%8 1
Q10(NADPH/FSP1/CoQ10 ) 4 Fl 48 Ak N 1 % . X
SE AL AR 2 T 2O T ROS FUER | i IR AL A 1 48 Ak i
JESF- L SR A AR AE T .

1.1 BRI PR ARG TR 1Y 5 B
RS FAE O LA M b A A, 2 5 LA B
L 0 A B, AR A NS S h R R A R
LT ALARO LA P 24 =M Bk 7 (Fe'') 5
LA 4 25 7 (T A B 25 G 50 T 200 i ISE 5% 1o 1)
R A 2 R T(TFRL) 38 5 8 77 4 R = ke
15 W B 40 M P, IR Fet A B Bk 4 B b JE i 3
(STEAP3) i J5 ly M Bk 8§ 1, 1% 38 % 45 ) W 45 b
S MR A R E M ES ., R Fe M 4
J& 32 R 1(DMT1 )38 fiy 25 40 it 5 A9 3h 25 b b e
B AP A AL RE WA A7 Fe?, i HL b if 17 5 B A9 2k
B A5 8 1 (FPN ) 2 40 i P 2k 5 1 40 i f
ME—3# 38 , 24 Fe* 3k Z I, FPN 1 JF 4R & 594 5 1E 1
H — B o3 i 7 76 8 8 0 55 1 (FeH 1) MR 4E 1
(FtL1) . 525 % B % $7 07 7T (Erastin) Al GSH i %
Ak Wy it 4 40 1 5 (RSL3) A DL SR B0 T 19 & A, H
BLHI 2 38 TH 5% A 1 32 K 1 %3k, s X) Fe* # iz |
JE BRI FtH1 F1 FL1 Ay 8 45, 38— 20 3 Fe™ B,
S50 i R A K Fer'" . Fe?'il it Fenton S i
F1 Haber-Weiss 2 W 4E W F £ 32 H h A K&
ROS %5 5 X 40 i 7= A= A M, S B Ak sE -
1.2 fEFd Al AE R E A R BRSBTS R R 2
— A AL N ROS FR R ik 22 47 B A8 Ak I8 i Y-,
T B A= W A 2o R A 0 BT B T 2 v ke
b 14 £ S 1 F0 I 07 12 (PUFAS) 44 1%, 25 5 w8 AL
I T B ST AR E AR BT Ak AR R AR IR IR B AL O3
J2 R e P R ] R AN A A A R AR OR
i 2 7 I 23 AR R 3R 3 PUFAs Fh Y A9 i S 41k,
Az R T A L SRS B R T R4 T A

- 241 -



29 55 111
202346 H

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 29,No. 11
Jun. ,2023

A5 A A AT B A B AT, AT R R
B B PUFAs & A4 iR Bt ol 48 Ak, 35 B0 e i &+
Az 2 R B 7 LA S SR A RRT 4 R DO D T
WAL, 32 17 S BOZE B 1 K AR AR R 22 g T AR
W, 1 IR B, DTG 51 R A B kAR R BE T . R
Jo ek SR AR W B o i A A 4-3% 3 T S (4-HNE) Al
P (MDA) J2& B ik &k B8R AE T 5 i ot o) S Ak Y
PSS/ E NG/ I ERT NIV ) & = Dty
BB — WA . 53 Ak Fer T LUAE A IR A A
(LOX) By %# B I 141k PUFAs (1 JI§ B i 484k, 2 %
JIg it WAL . TERE T R & B 15-IR A Tl
(15-LOX) AJ LA 7€ PUFA I iff fiff A5 Al K &2 1) 3 4601k
AL 15-LOX S i A6 2E DU R (AA) SR EF I R R A4
B, K Z 53 An T B b 0% 85 IR Bk £ e e, AT DLAE
PRI H AN T B R A A ALE R . PUFAs
L5 W R 4 A T B I R Tk AR e Ik O A
R 3(LPCAT3) (Tt S Al G A & Al K 85 515 A 5t
4(ACSL4) I 4l A(CoA) IS 5, HE4T IR it S 1k
SUHEMERIET . A K SCHR B , LPCAT3 Al ACSL4
Wi # 2 5 PUFAs 78 20 it i 1 I8 2 4 04k, [R] B g
HERFET- bR B

1.3 M2 R bt 2 R A & IR 4% i % 1K (System
Xc )/GSH/GPX4/ROS i [ 5+ %  GSH #l GPX4 7£
BRIE T o B v 47 3 G B A 8. GSH ZBRIE T
oA AT D BT AR R T SRR L A R RN bk
SR AT, DL R GSH AR B A5 e H K
(GSSG) Wi F 2 =L 7E 41 Mg 8 K i A7 7E , GSH $2fit i
T4k GPX4 FH R B A g Tk S Ak L 48 K
it S AL P (GPXs) I AR T 73 fift i Ak . GPX4
Y} GPXs Wl — B3, FIl GSH 3 [7] [ fige B 5 i & Ak
/IR RS I 1 R %7 N <A S I RV I (VA R
A2 A1 B9 System Xciz fi 2 41 AE N, 7] B 8 245 & R &%
s AL, e R ALk e R . RS AR
2 e 2 IR 3% 22 Wl RN A IbE AR G e ) fE AR AR TR
A 2 e R A R L H R R R A RO A
W GSH™?" . GSH B4 GPX4 a] LA K i i 2 Ml B A%
it 2 0 g AL A AR, BT TS . GPX4 I i
JF et A AR I, T B GSH A4 B, GSH A A R, F
BIREE R EMMIER . 24 System Xciz i B g 1
il B 2 R 5 4 Z R JC I AT A B R A2, DA AR
2 N 2 D R 09 A2 B, B 2 GSHL Y AR Ui /b i
13 GPX4 1Y% T B A1, 3 350 B i BT 480 Ak 4 13 7K
SR B 2T 51 4 P R 5T Ok Ak B HE R,
TRRIET-FH AR & A . W58 W Eratin BE 0% 90 1 bk

- 242 -

G AT F R i 3 2 AR I X e 2 R 1 e i, 3
GSH 4 B g /b, [\ it 4 i GPX4 16, b Ak g i T
R, B & BRAE T AE R EBRE TS IE SR
RSL3 5 Eratin AN [\, 76 317 5 43 #2 o B AT 5% ) )
GSH ¥ JZ , 0] LA B #2290 ) GPX4 3% 1% , A i AL T
GPX4 & VA7 5 iy 2k e 2 IR 5 RSL3 & 2 R .
J3Ah BB A (LR AR A DG PR T 5 R 2) g
B L4 GPX4, il 41 ML RSB T

1.4 FALR B AR N O &2 HF /Y 52 AL
[F) B 50200 M ) R AT T . AUAR N B R A iR
Ji 2k A 5 35000 T A R Ak A K A O R O
Ay BRAGEA RGN = 5 R . W
AL BB N 1Y A S G A% R T L A G
PR 2 /1 £ 2 0 4 B -1 (Nef2/HO-1) 3l . Nrf2 78
Ref AV B o 2ot 4 b Ao 8 v S e P PR R, Nrf2 g i
KL TR RE 6% 2 15 20 T 1) 4 A 7 9 s g AR AR, 9
2 System Xc Ml GPX4, fE #4017 B E AR,
Nrf2 ## T+ T System Xc 7 41 i &b Xt b 2 R 19 5% 32
GSH & B N, GPX4 1% Pk $2 &, AT s 1 XF Big
JoT Ao A W N B B v T P AR B AR T, ) 4
MIRAET: o LESh W) S5 vh & 3, O Nref2/4t S8 Ak
G (Nrf2/ARE ) {5 5 3 [ , G808 £ & 6 Al 1k ) 157
{7 (SOD) Fl GPXs % Bt A (L Wy g g 71, vl LAt —
A BB C IE I L /0 ROS 25 X6 41 i A F /Y 4 J5
500 JUUZH R Bk BE T2 HO-1 7E I 21 &K W& fift i
fErp B AR, SR YA Fe 45 B Bt
Z HE 1% SR8 T, S B R B0 E Y 32 R
B 7E /N BRI rp & B0, Bl 55 28 0] LR Y 43 F Nrf2
M Y HO-1 - 8 8K 8 28 R0 B T 4o 4 Ak, a2 1 5] e
BRIET 5 45 T R AE T 410 1 5] e 6% okl 6 BT 25 2% 6T £ 40
JE B F5 45 , 410 i HO-1 JE PR 363 5 5B Nref2 A G A 7
Jei AR AT BT 5 205 & /0N R0 JUL 40k 8 2k 1 1% L
TSR AF 0 T RE

1.5 NADPH/FSP1/CoQ10 i #2019 4=, [ 4h Bt
MR ME T ML AEMETETH T2
(AIFM2), 3 B8 7% T AIFM2 75 40 i v 8 5 22 35 g
WA R A, OF B ZBRIE T S N F I 5
M, E S5 T AIFM2 AT U 8K S8 T2, I 45 7 AIFM2
FoHi A 44 b FSP1 . W98 R W 76 GPX4 T fg I % 4%
PR AN AR PSPk ik £ 5| Wl g 2o 40 1 o | 3
BLER AL T . FSPL X4k 58 1~ 1 410 il OG i i A 2
CoQ10 8. CoQ10 J& ¥ J5 M B Hit S| Ly, FSP1
i iF NADPH fi#t 1k CoQ10 38 J5 g 32 Bt , 4l 45 5 it 1t
AW IR LA 5 el i Tt AT P R R il



29 55 111
202346 H

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 29,No. 11
Jun. ,2023

4 By #k #E T-'° . NADPH/FSP1/CoQ10 /& 5 GSH/
GPX4 HA7 A [m] 400 il 2k 5 T/ HI 0 3 %
1.6 JiR 3l K7 pS3 £ 2015 4F , JIANG %52 %
B—Fh PP SE I pS3, S 5 2 b Al i) v 45, L 0T AE
SR o 0 ) b R - R B B A7 R L I I T
FARZE I 7 801 11 F AL T (SLCTALL) , il e 24
% 5 32 25 40 M P9, B I GPX4 38 5 AR i A Ak 9 1
PE,UEITA S A ST . BRSLCTALL Z4F, 5 £
p53 11 I by 40 5L A ) A 2 £ F kAT T AR L 3
R AL £ 5 1 GSH By W #E . PUFA i 48 16 41
P IRA  AE R RO LR A A A v R B Ry
St Ve G 7 Rl A S pS3/TFR G B, 41 & X 4k
BRI, AR BRSBTS
2 BRETAEHFHRER

O LS 29 6 S T iR B R T R
PR AZH5 0%, IS S5 0 R B DL A B RRAIE L SR HF 2
22 Pt IS B I 205 o0 LA B AR Sy A 0 B
SR N VAN S N S W 7 AT U R = W o 7
1 58 R BE G 38 1 JUL 240 B 0 i v | it — 2P R 3
O R 25 K RN T RE b 0%, sl HE (9 & A= . 0
1,0 WE BRSBTS S HE R T R Sk [ i 4
IR T AR RS W R AR RSB T B 2 R R
HNEM . AWFotis & R H S0 Nl e
FEXF 0 UL S A7 RGN, die ¢ 245 SR 2 GPX4 ik &t
9 2T B B Bl A O i I T e A Ak R EE T
JEI, S0 Ok T 56U GPX4 i 4 B H T GPX4
i 3k /N BUREBR , & B GPX4 1 33K i ol 3% 0
Ty RE FLIZAE 2 38 2o 18 35 2R P8 T 52 BLAY , S 50 I 52
T b R T R GPX4E S T LR A g R Y
BRFE T, B L0 L AN, B 45 BOHFSY
FANG 45" 'Bif 5% & 0 0] 85 22 A AT LA mig O U i 21
R, P2 T RRAE O R A B R HESE T
BRAET A3 2 Nrf2/HO-1 38 B% 2 5 W55 2355 & 10
JUE Bk 75 1 AR I/ E (UR) A 1 HF . A F 5T
g BB R AT LU0 = KR .0 U Redf B
P HOC2 40 it ) 4k T T~ , B AR R Joi ok 4 Ak 40 17 M
4L, 7l NADPH A 4L i 4(NOX4) i ik 7K F K i
S H AR 1 E A GPX4 1 A 9D X0 L
A B A 5405, B 1k 0 5 1) & AR 53 Erastin £E gk
T SR AE w8 0 i System Xc-, GSH & s />, ig
Ji i S AR W R AT 5 R R E T Y & A O
H Erastin B8 % 45 5 5% 2k 25 (1 32 AR 9 35 | 2 8 X gk
B AR B, - ELR# AR FtH T AT FL1 7K S R i i B 4k
B, 3 BBk Aok 2, e AR R AR S R R L1 A S

B, X R AR AR IR GOk IR IR 2R R A R R
A5 fRE O WLAN R, ] Ca 1O JILAR D (4 5% s, it
7 5% 1 UL 20 % 2 - 00 4 R K, 5] A a0 3 AR
CHEN 45"/ 7E HF 19 R B S 30 v & 30 & R0 WL B 1Y
Toll #: 32 14 4(TLR4) 8%, NOX4 %5 A 1% 11 fh] 75 0> %5
), R AR Co UL B AR 458 407 o T & 1 5 B B B 08 A A
4 HE K B ERSE T, #8787 TLR4-NOX4 )i ]
T B A T & A, BTG WL A R 452 43, A R DR 3R
7 HF (T 7EHE A5
3 HFHHERTT

H i, & 25434897 HE M B h 48 2] 7 K
H W SRR AEAL , AN R b 25 KR h 25
FIE 25T 2 5 HIRITROCR B % . B A 4R HF
() R R AR AE R HL A JE 0 R T, 2 AN R
2% EEIT B ST A0 R BT B — R
o MRERPERUCN AR BARS BRI ZUE ., AR X
AR B RE SCBH R 5 bR S5 2 R Rk R I L K
Ko UL FRBIRBA 16 i A K, A AR R
3.0 Bk ZGRERYIIGT HF 3R E s AR A
JY HF LA B TAEM ALK, H Al A 5 Sk % 9
rh 20 N LB O ) O A R BE TR 9T RN AE 2% HF
T TEBRAE T P s R A T R R R Z v, 2
J& I TR R A R OE ST . WE ST R BRAE KRR
P95 AR 2 B R0 WUAR I i VE T 3 R 230 il
B T AL AU Ak R0 5 7 ds R AR AE T8 S 0 Ak B Y 0 AL
B, R RS AR 3RO A RE $R O LA B S ) i
AR AV AN R it N s/ g ok SR AR 5 R
S A5 AR R T B AR 2R AR 8 40 kAL Tk B AR
JULER B (0 45457 , 20 T O 20 0 3 ) R A bR R A
2T R S K B A AT DL o A R SR T s AR
HE AR B0 LR, ek 2 3ok Ho 45 . 2R e AR ST
RS 6 o 4 T B RS A A0 LA AR e B A
Nrf2/HO-1 15 53 B , AN {EAH 2R 50 1T, 38 H A 30 il
B A B A AR R G e A 18 HF R RLG &
A OE SR R A, R L LB . A
G 1o 25 FL K B S 6 R 2l ok e T A A e R, rh 24 4%
T 4900 2R BE 08 1 1K 0 UL 40 M b MDA 1 7K SF- K&
SOD .NADPH (¥ 7if ¥4 , AT LS4 K B 453 140 L4
JiL, B 1k 40 Bk B T 1 & AR 8 AT DL R O LET
T aE AWl g B 2k S Ak I R R A RT DL bR R
HOHR A BRI AR BT A AL, PR L iR Cat B A
S 0 A0 T SR LA S LT AR E
SR, S R0 T 0 LR K B Nef2 7 5
A7, 38 5 O Nref2/HO-1 15 5 38 5% A1 2 5 w5 08 EIL

- 243 -



29 55 111
202346 H

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 29,No. 11
Jun. ,2023

Mt 3- 38 i/ 1 U B (PI3K/AKt) 40 S 2 A7 15 5 i
%, B0 LA M R AR R BB T . 5 L A S R A
o, TR o 24 0 2 B Y G I 45 Nrf2 . SOD Al
GPXs # ik . #2&# GSH /K F (F# ik ROS /4= Al MDA
b R T O LA M 7, & HE IR YT HE /R A .
3.2 WZE PRI HE MO 2 1Y I R BF 5T &
B, v 237 ) S R BUY AR HF (B8 IR 9T BIR R
HEBEBLEMEN ., TRA S ERRER b, %
P TAEMEK, LBAL T OMHA (NS B,
B BT DT AR WA LA ik
7K I % BLIR & 1% & B 3 (MLK3) fil p53 8 (1 £ ik
Z W] AN, GSH R GPX4 k108, 45 R W0
FH R 38 3 4% MILK 3 A& #845 F , BE IGO0 JUL 48 f 2 8
T, BGOSR P DR L IE S0 3 ¥ [
U 2R gy O AL () R A 4L
ACEE N ESTE DRSOl B Y E R =) g}
(%) HE(K),HRKRES, 0N HL-1 41 g
T-SOD .GSH .DJ-1 . GPX4 1 FTH1 & [1 % ik I &
2% WS Il 9% 0] E 38 o 9% 1S DI-1/GPX4 {5 5 3 i 4
il O WLAT AR BT T, 3% 0 WU K, B A 4T HF 9 1
F o Mg Bk 22 559758 S 22 T G WOBOTE R B Nrf2/
GPX4, BE% {fi Nrf2 Fl GPX4 35 |, ACSL4 % ik
TR U e A B B CR 0 LR L 4 4
BREET , NI D0 3 1 & A o {5 A it —
R FANLEY/RVIIISE Sy N W e 12 2 2R i
O, 3000 20 B Ak ZE T . BER AR e 24 R R R
(R E ELPE MY Ba AEW AS A
S I AR 6 R BT,
O WL ZUE A7 K 56, & 80K BRI v oo WU 55 T
Fé , GSH ik ML 218k & it T &, 0 L4 21 Keleh B
ECH X B 1 1(Keapl) . ACSL4 7 1 Fl mRNA %
Ik BEAR, Nrf2 .GPX4 2 1 Al mRNA £ ik F+ &, K W]
TR & 5 g 0 LA 2 B B AR R BT
Keap I/Nrf2 {5 5 3 I 00 6 2k I8 T, G470 L4 L, 5
AU I B Y kA o R Rl ULl e K B
BRI 58 & IR, v 25 52 5 RE % 41 il MLK 3 il p53 25
1 2 35 FHETE Nrf2/GPX4 \DI-1/GPX4 15 5 1 % , [
i ROS By 7K 3F , | 14 Nrf2 . SOD ) % ik Fil GSH 7k
-, i 2 WGE S W AL ) HF SEAR

33 HRKEHAWKAIRITHF S REMHE B2
AT G I B N A, SRR IT RS W 1 A AT
B2 — BRPELRITNEE . IR EW,HRIA
J7Y HF AR 3% oA R RN, I H n] 98 20 75 2 1
R R RN &L, R BB T 5 R IG YT HF

- 244 -

MRE SRR, B EEMWIGIRF R E L. EF
AEDOSE FH AT (R B 4 TR RIAYT 3 dL B
HO WL 2% B0, i B 41 Le A FL A X R 20 L2
MR 25 B4, 0 LA S GSH 4T 4801k E 1 36 1k 14 58
BTG GPX-4 250, W02 BE T~ 5 5 A% 15 38 % ROS
K- ACSL4 \LPCAT3 1 ¥, K #E  9r0 L4 i A
FH o 5K Y g T R BB (U Py o6 L = L
0 ) A] DL AR WL MDA & &, [ B2 v 45 e H
JHR 3k 4R Ak 9 it ( G SH-Px ) i P , 2 BH el AT A 1 42k
FETT AR A0 LA ML, #E TR YT HE . BRI EF RIAYT
AE % A7 R R AIC B 0 2% 2 B2 1 (mTOR) 7.0 L 41 Jifg
97K -, i mTOR V845 TR 1 B 5 1 F1 5% 0 UL 55 4k
S, E S A 2R AR, R ARG O L AE P R
B B A5 Y S KR (F 3 770 92 56 v & B0 L 48 i
N SOD i 1 I FF, Nrf2 B HO-1 3£ [H A F ik 2 55,
MDA & 1t N R, 3R W Je 4 7l o 48 %5 Nrf2/ARE i
F Rk B IRPUEL T B A A B S E R BE ) e
g AR B, B AR 0 WL, RE 2 KR YT
HF. #2677 8 i 842 Bk FE T2 08 B% 2 A G4
AL B R FE T K A DT R O R A0 L4
kBl 3 B3R TT HF S A8 5T 1 B 2E K 3 K O Tl
4 RBREERE

AR Sk, Bl A A B8 T ME A 1Y %R RN E 5 1 K
WA, ERHENHAREZ, B LB A5 A
1t . GSH/GPX4/ROS ifii % \NADPH/FSP1/CoQ10 ifi
% A 95 5L R pS3 AR Ak N R AE T T AR R E BH T K
FET- 5 HF #9406, IF B2 A 6 19 43 1 HL I Y
WFoE BB TAR KA HERE . eabh, sk b 2 o 42
B 2558 O BT R BB ER A T HF 38T B
H 238 B 22 MR A T R R T O i
WO T UL B IR AR A B
5 PSS OO BRI S 2 S R A R
CLVAY 7 R R AT S iR T T o 4 O
WURFET R AEAEH o Al F HF P 83T T 1 iF 588
b T B B TEARSRAT AV 2O T ), e
FERBC T ML B iz F o T AH SC B 58 2 HOR B L A
YA R Sk in i Bk AE TS AE HE H g AL AR 9T, Bk — 28 T
fift B AE T 5 HF i B A= BEALHI . ook, v 24 18 Bk
FET-IR YT HF W0F 58 88 0, T B2 HE — 25 Jin Kl K 512
B OT , BR F I A5 A7 A6 B 22 1% v 2458 o 1 1 kAT T
RAE O EN . 8 HE R B 2 h ERYT
AN i AT IR YT HE N4 5 ) B G 0E & 2
AR U P I H S Al . RS B A RS TR
i fF LA 114 1 DR Y6 7 200 He i ) e



5500 B4 11 1) FEXRAFFERE Vol. 29, No. 11
20234E6 H Chinese Journal of Experimental Traditional Medical Formulae Jun. ,2023

[S5%& k] utilization by GPX4 is required to prevent

[1] WANG H, CHAI K, DU M, et al. Prevalence and hydroperoxide-induced ferroptosis[J]. Cell, 2018, 172

[4]

[11]

[12]

[13]

[14]

incidence of heart failure among urban patients in
China: A national population-based analysis[J]. Circ
Heart Fail,2021,14(10) : 008406.

XUJtE, EHow, (54, 5. SR TTEO MR T
FsEat (], PEEEZ 54 ,2021,18(25) :44-46,79.
DIXON S J,LEMBERG K M, LAMPRECHT M R, et
al.  Ferroptosis:  An form  of
nonapoptotic cell death[J]. Cell, 2012, 149(5) : 1060-
1072.

SMITS A M, DRONKERS E, GOUMANS M J. The

iron-dependent

epicardium as a source of multipotent adult cardiac
progenitor cells: role and fate [J].
Pharmacol Res,2018,127:129-140.

SONMEZ A F, HUKKAML B, BUDAK H. Coaction

Their origin,

of hepatic thioredoxin and glutathione systems in iron
overload-induced oxidative stress[J]. J Biochem Mol
Toxicol,2021,35(4) :¢22704.

WRIER: KA G KA S YT AL S R T
TR A R 22 AR AR AT T i B S e (0] i
55 4 2%, 2022, 28(20) : 232-240.

NAKAMURA T, NAGURO I, ICHIJO H. Iron
homeostasis and ironregulated ROS in cell death,
senescence and human diseases[J]. Biochim Biophys
Acta Gen Subj,2019,1863(9):1398-1409.

YRS, ER . BRIE T IR L ) B R A O S

WpFsR R T]. BRI R 2= 245, 2019, 46(4)
458-461 .

LEI P, BAI T, SUN Y. Mechanisms of ferroptosis
and relations with regulated cell death: A review[J].
Front Physiol, 2019,10:139.

CHENG Y, ZAK O, AISEN P, et al. Structure of the
human transferrin receptor-transferrin complex [J].
Cell,2004,116(4) :565-576.

YANG W S, STOCKWELL B R. Synthetic lethal
screening identifies compounds activating iron-
dependent, nonapoptotic cell death in oncogenic-RAS-
harboring cancer cells[J]. Chem Biol, 2008, 15(3) :
234-245.

YU H, YANG C, JIAN L, et al. Sulfasalazine-induced
ferroptosis in breast cancer cells is reduced by the
inhibitory effect of estrogen receptor on the transferrin
receptor[ J]. Oncol Rep,2019,42(2):826-838.
BEBBER C M, MULLER F, PRIETO CLEMENTE
L, et al
Cancers (Basel),2020,12(1):164.

INGOLD I, BERNDT C,SCHMITT S, et al. Selenium

Ferroptosis in cancer cell biology [J].

[15]

[16]

[19]

[20]

[21]

[26]

[27]

[28]

[29]

(3):409-422.

HASSANNIA B, VANDENABEELE P, VANDEN
BERGHE T. Targeting ferroptosis to iron out cancer
[J]. Cancer Cell,2019,35(6):830-849.

KAGAN V E, MAO G, QU F, et al. Oxidized
arachidonic and adrenic PEs cells to
ferroptosis[ J]. Nat Chem Biol,2017,13(1):81-90.

DOLL S,PRONETH B, TYURINA Y Y,et al. ACSL4

navigate

dictates ferroptosis sensitivity by shaping cellular lipid
composition[ J]. Nat Chem Biol,2017, 13(1):91-98.
URSINI F, MAIORINO M. Lipid peroxidation and
ferroptosis: The role of GSH and GPx4[J]. Free Radic
Biol Med,2020,152: 175-185.
FUJII J, HOMMA T, KOBAYASHI S. Ferroptosis
caused by cysteine insufficiency and oxidative insult
[J]. Free Radic Res, 2020,54(11/12):969-980.
BRIGELIUS-FLOHE R, MAIORINO M. Glutathione
peroxidases [ J]. Biochim Biophys Acta, 2013, 1830
(5):3289-3303.
HIRSCHHORN T, STOCKWELL B R. The
development of the concept of ferroptosis [J]. Free
Radic Biol Med,2019,133:130-143.
SR MR S AF L BRBE T R AR O I B N
AT BRI AS  A4 0, 2020,47(6) :339-343.
HaH RN PBCTTE P 2R I a2 AL
HUFEHEELT]. AP R 254 11],2022,40(10) :20-27.
EHTET, RV RE 0, 55 Nrf2/HO-1 5 5 % 75 % 1k
LM B g LRI L], vhRg R A AR BRI,
2019,44(1):74-80.
DODSON M, CASTRO-PORTUGUEZ R, ZHANG
D D. NRF2 plays a critical role in mitigating lipid
peroxidation and ferroptosis [J]. Redox Biol, 2019,
23:101107.
KRAJKA-KUZNIAK V, PALUSZCZAK J, BAER-
DUBOWSKA W. The Nrf2-ARE signaling pathway:
An update on its regulation and possible role in cancer
prevention and treatment[J]. Pharmacol Rep, 2017, 69
(3):393-402.
BURT L XM . B 0T Nrf2/ARE 5 558 %
Wi ARG JUL B 1 -8 3 50 40 K B 4 A A 4 AL I 9 [T )
e 22 T, 2017,35(6) : 1516-1520.
BERSUKER K, HENDRICKS J M, LI Z, et al. The
CoQ oxidoreductase FSP1 acts parallel to GPX4 to
inhibit ferroptosis [J]. Nature, 2019, 575 (7784) :
688-692.
JIANG L, KON N, LI T, et al. Ferroptosis as a p53-
< 245 -



520 B% 111 HEXBAFZRS Vol. 29,No. 11
20234E6 H Chinese Journal of Experimental Traditional Medical Formulae Jun. ,2023
mediated activity during tumour suppression [J]. of tetramethylpyrazine on myocardial ischemia-

[30]

[31]

[32]

[33]

[34]

[35]

[40]

[41]

[42]

[43]

Nature,2015,520(7545) :57-62.

SR , 28 S8, M, 4 . pS3 A B BE T I R
B v Ae o LT ). o [ A= B 2% 55,2019, 35(12) ¢
2299-2304.

TANG L J, ZHOU Y J, XIONG X M, et al
Ubiquitin-specific protease 7 promotes ferroptosis via
activation of the p53/TfR1 pathway in the rat hearts
after ischemia/reperfusion[J]. Free Radic Biol Med,
2021,162: 339-352.

Tt BRI T AR B R AR TR O
*E@EﬁﬁLJﬁ[JJ Rl2imHz, 2019, 64(28)-2974-2987
We bl , MR 25 . Bk AE T A6 O A B Th Y F o
[JJ. e i AN B Il R 2 ,2022,29(4) :

497-501.

FANG X, WANG H, HAN D, et al.
target for protection against cardiomyopathy [J]. Proc
Natl Acad Sci USA,2019,116(7):2672-2680.

LIU B,ZHAO C, LI H, et al. Puerarin protects against

Ferroptosis as a

heart failure induced by pressure overload through
mitigation of ferroptosis [1].
Commun,2018,497(1):233-240.

AR B, AR AL T TR L A L R BE T AR RO LBk
I -FERE B P AR LT ). A R4, 2022, 42
(1):53-57.

RS K b B, 45 BRI S0 =B e R
BRIT FE Sk JR (7). 0 i A8 o 2 1k J& , 2022, 43 (1) = 23-
25,63.

CHEN X, XU S, ZHAO C, et al.

Biochem Biophys Res

Role of TLR4/
NADPH oxidase 4 pathway in promoting cell death
through autophagy and ferroptosis during heart failure
[J]. Biochem Biophys Res Commun, 2019, 516 (1) :
37-43.

S TR B K e, A L BRE T 5 0 I R

i 0 F 55 dE e (7). b E 2 B E 2, 2021, 24(29) .
3769-3773.
B B EEN, % ELRY Dl T &

ﬁévﬁié%é@%ﬁ D AT SO LT S 05 [T]. 252 %%
f12,2021,56(8):2241-2247.

s WA, 3 BT 8 16 R 1 NRF2/HO-1
15 5308 B R A /0 B JUL R I 0 R B (0] o
BEAE PR 2021,37(12):2147-2153.

CHE X, WANG X, ZHANG 1J, et al. Vitexin exerts
cardioprotective effect on chronic myocardial ischemia/
reperfusion injury in rats via inhibiting myocardial
apoptosis and lipid peroxidation[J]. Am J Transl Res,
2016,8(8):3319-3328.

QIAN W, XIONG X,FANG Z, et al. Protective effect

+ 246 -

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

injury [J]. Evid Based Complement
Alternat Med,2014,2014:107501.

LI H, SONG F, DUAN L R, et al

reperfusion

Paeonol and

danshensu combination attenuates apoptosis in
myocardial infarcted rats by inhibiting oxidative stress:
Roles of Nrf2/HO-1 and PI3K/Akt pathway [J]. Sci
Rep,2016,6:23693.

ERE, T o, BT, % OB R & 2 i i 8 4%

MLK3 4 55 14 86 B8 1000 AL AN L 1) £ 4 4R T S L

WEFT[T]. thAE R 2522 1), 2022,40(2) : 32-35, J5 4
3, A 4.
B, U, R0, S LR I T 24 13 i ot DI-1/

GPX4 H il .0 UL 40 B R B8 T2 (AR LI [T ). hAgrp
[ 2524 71),2022,40(6) : 126-129,285.
Mg 22, oo, R ER, 45 . Nrf2-Gpx4 {5 5 3l 5% 1E
S S TR WO A B0 UL SR It P R 4 40 b AR
5B 0K RI]. PR B 24 75,2019, 39
(11):1395-1398.
WS, BRA VRE % —WRmaphar ¥z 8 15
p53/SLCTALL A 5 B B 45 B Bk 6 T Bt 3 ok o4 A o
T BV R ML B 9T [T ], sh e E 25 2% 5, 2020, 35
(5):2344-2348.
BERE BRI, T A L IR R 1 04 ] R AR SR
RO WL 245405 B Keap 1-Nf2 {5 553 4% 1) 5% M
[ ] i BE A4 ,2022,63(4) :370-376.
FTNEYE R S % T Eaﬁx#%ﬁfuﬂﬂﬁkmjcﬁ
%ﬁﬁt-ﬂa AR 38 B AL A S [T ). T s
2R F A, 2022,24(8) : 76-80.
TRm L SCEE, B2 00, A5 HLEE S TR O EC AT O LR i
P05 K B0 L e [0 ], [ < 24 2 412, 2018,
15(3):134-137.
BABA Y, HIGA ] K, SHIMADA B K,
effects of the

et al.

Protective mechanistic target of

rapamycin against excess iron and ferroptosis in
cardiomyocytes [J]. Am J Physiol Hear Circ Physiol,
2018,314 (3): H659-H668.

HAN Y L, CHEN S, PENG X. Electroacupuncture
Pretreatment at Neiguan (PC6) attenuates autophagy
in rats with myocardial isch-emia reperfusion through
the phosphatidylinositol 3-kinase-Akt mammalian
target of rapamycin pathway[J]. J Tradit Chin Med.
2021 ,41(3):455-462.

AP ISR, 2 A S BT ) SUAL ) R RO JUL R

I T A R A R R R L) A A
2017,37(3):285-290.
[ZEHE HKFEF]



