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Role of ferroptosis in doxorubicin-induced cardiotoxicity and advances in
traditional Chinese medicine interventions

CHANG Yanbin', LI Yan'> ZHANG Lili!, HUANG Ying? , ZHANG Ruiying?

(1. Heilongjiang Academy of Chinese Medical Sciences, Harbin 150036, China. 2. Heilongjiang University of Chinese Medicine, Harbin 150040. 3.
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Abstract  Doxorubicin (DOX) is a widely used antineoplastic agent; however, its cumulative cardiotoxicity (DIC) severely
limits its clinical use. Accumulating evidence indicates that ferroptosis plays an important role in the development and
progression of doxorubicin-induced DIC. DOX can induce cardiomyocyte ferroptosis by disrupting iron homeostasis,
impairing the system Xc¢/GSH/GPX4 antioxidant axis, and promoting lipid peroxidation. Moreover, ferroptosis is closely
interconnected with mitochondrial injury, apoptosis, autophagy, and inflammatory responses, thereby further exacerbating
myocardial injury and promoting DIC progression. Current evidence suggests that traditional Chinese medicine (TCM)
formulas and bioactive constituents can suppress ferroptosis and alleviate DOX-induced myocardial injury by modulating
signaling pathways, including Nrf2/GPX4 and p53/SLC7A11, restoring iron and redox homeostasis, and attenuating lipid
peroxidation. Accordingly, this review systematically summarizes the mechanisms by which ferroptosis contributes to DIC
and recent advances in TCM interventions targeting ferroptosis, with the aim of providing a theoretical basis and new
perspectives for the prevention and treatment of DIC.
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B, AR, KRR T RERRAGSE 2 MOl EIdfE 2 5 DOX #% DIC kA K g, (HHEEN) 517
FEWLHI AR A AR, HAr, DIC BIIGPRT ) LR #4525 7 R A BUEAIRIT N, S EF X O
FORHLH R T TR R, ZRNE W DIC AR AL 4R 208 10 - T o Hof 2

BRAE T — b E R AR M i T S8 S A SR IR I T M st T o, TETRA . A
EXA TR TR, HRAETFEY LA R, MAR/GAR Mk RGE Xc-
(cystine/glutamate antiporter system Xc, System Xc ) /4Bt H ik (glutathione, GSH) /43 it H ik 4L
filf 4 (glutathione peroxidase 4, GPX4) HLAA AL 1152451 LA K M i ok S8 A0 S B 3 5 S ok A2 141 3 47 R 1T
FFH, DOX FlIEEHLEL-C ULk L. g7 5 A0EE, (R gn iy R R kLR R S B, AR
BI85 GSH/GPX4 B LB, HniGtE% C(reactive oxygen species, ROS) A= il 341 3k g i i S Ak 4
E, REFFONMMEIET B, oAb, BRIETIE SRR . TS, B e R e S 2589 3 i
FEAEAEA, JEEMEOIIRG, FERERYIET IR DIC BRI EEH L i, T4AE£
BCGT 20 B0 R R 22 E B W R TR T IR AL, PTIE CE A AR A L B SR BT A AR T B A
LRATERIET:, 1E DIC P B Rt — @i 1. Bk, R RGLER TR T 7T MU & H
f£ DIC HER, JFE AURES T 2iE T sy Kb 2R T B AE T T I DIC (R Lk, BEN
125 B5 16 DIC FIILAALH 7L 5 8 25 R IR R B KR IR 2 5 5%

1 SRIETHSTFHLE

1.1 $kEBIFE

BRANARLFERIMEICR, S5REH. fERUW KL DNA & RS EZ A BT FE0, 2400 N 25
SR 57 A LA . £ EFEHRSE T, MM Fer5HEEA
(transferrin, TF) 454G, @id#8E A%k 1 (transferrin receptor 1, TFR1) /- Sk N40ff1, FFAEN
A A RN Ferr, B4 & J@#5iEHE A 1 (divalent metal transporter 1, DMT1) #iz5 & R a5 ik
. Clabile iron pool, LIP) Bl ZREkLISkE QA fEfF, SEOHKEDHES (ferritin heavy chain,
FTH1) Ai#2%E (ferritin light chain, FTL) ZHpl; 44075 220, 2 AEILBIERE T 4 (nuclear
receptor coactivator 4, NCOA4) n] A SELE [ A M, (it Fer B, BkAMHE 3 B AR M Bk 7% 02 5 A
(ferroportin, FPN) Ul 4B ek 4bHEZ B, FEAUE RS Fer R E &FIF S LIP K. U&E
Fe MY Al @ L 2510 (Fenton) MR ROS fERK, &R 5855 A B (lipoxygenase, LOX) 45
JE sk A s R, 3T o e A8 A 45345 R R B SR R R, A SR BB T,
1.2 System Xc~ SEALIER K

System Xc A& 07 T4 M i b R IR [ 10136308 R G0, 78 4E R4 M S A8 JR AR A RO i gk At T 3 72
HORAE B EAE P, % RGO 3 B 2 (solute carrier family 3 member 2, SLC3A2) Al
RS R 7 A 51 11 (solute carrier family 7 member 11, SLC7A11) 4%, LA 1: 1 Eb4ilks a4 bk & i
HEONHAR, TR R A A R i R L, N GH R ) IR Z IR A I B O R, R R - B R &
FEl (glutamate-cysteine ligase, GCL) A5t H Ik & Bl (glutathione synthetase, GSS) fi# kT & ik
GSHI, GSH 24N EE I PLAMT], Hid GPX4 RIENREN L F K 714, GPX4 & H ar A
— BEAE 4 S I R IR 45 A A g R AT Ak (lipid hydroperoxides, L-OOH) ()i, A] K ok 5oy L
fig i B% Clipid alcohols, L-OH) , [E ¥ GSH 4% 1k & 1k B 4 Bt H Bk (glutathione disulfide,
GSSG) , Mififa & BHWT iR i ik S A 85 20 B2 101, 24 System Xc ZhBEZIMHIN, MARBIURD, T
;| GSH G E, HIHITS GPX4 X FUE AMMIERRIEH, (R ER S SR R, &
figh 2 BRAE T 1200,
1.3 BBRISEAWRE

JEB A AL e S A R T M O b &, AR R 2N R R R
(polyunsaturated fatty acids, PUFAs) [ {2 &t . PUFAs FEZ L EDVIEER (arachidonic acid,
AA) FI'E FIRERR (adrenic acid, AdA) , FEEH WA KL EAMFNEE, 552 28 08ER, Rk
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FETd R, PUFAs HTEAL SACH AR =PI Bk, HES AA M AdA fEKERBEHE A
& i 4 (Acyl-CoA synthetase long-chain family member 4, ACSL4) )1k K 54§ A (coenzyme A,
CoA) #ify, ERuHE PUFAs-CoA (1 AA-CoA. AdA-CoA) ; [ififF, £ I i fis B IE el Bt 2
¥ 3 (lysophosphatidylcholine acyltransferase 3, LPCAT3) I1E I &, 1% ik LA g Bt 2 5 iz
( phosphatidylethanolamine, PE) N ] PUFAs-PE; #¢Ji, PUFAs-PE £ LOX ML, & pifig i &t
4% (lipid hydroperoxides, L-OOH) 12, 4 |-OOH FF&:fH B f#id 4l vtk R ST R RE i,
RN B I e 2 A, S BRI E ML e S A A Th e bR RS, R & E SRR,
14 XEESERFENLE

Br LR LGN, BRIETIIE 2 B 2 %5 5B M. K, ME&EE p53 (p53 tumor
suppressor, p53) . K1 E2 M5 HF 2 (nuclear factor erythroid 2-related factor 2, Nrf2) 2 AMP i
b & [ (AMP-activated protein kinase, AMPK) ] JHid ifff % 8k S0 T2 AH G e o 7 SRR 3R, 3%
58T HRESKE.

p53 1E & Mg il 8 1, EPIE T BA XM ER . —J7 1, p53 A4 SLC7ALL A
Ja BT X, HfHERRIE, BRI GSH Ak, FMIR4IEbTARE 1), HE5RERAE TR
A Sy —J7 T, p53 AT AN M A WA R 5 p2d Rk, A0 20 P 0 BE OB sR B A B, AT
QELRRRIE T K A 114181,

Nrf2 2B B RN T, alfmfEekitr:. EHIRE T, Nrf2 5 Kelch ¥ ECH #5¢E H
1 (Kelch-like ECH-associated protein 1, Keapl) £5&AbF4MHPRZS; S4BT, Nrf2 i 5 5 5\
¥, daPiE o (antioxidant response element, ARE) , i SLC7TA11. GPX4 ZEIL[K %Kik,
et GSH & It an Hrsa LB iel, phah, Nrf2 S nl@d EiAgkE ARk gefrgkfads, #—2M
Hil gk IE o0,

AMPK 1E 4 48 i e 2 A T 0 B 2282 4, 2 am o PR 4 IR ot AR 17 i 4 BB TS . AMPK B0
JE A B AL TSR SR, 4] ACSLA [FRIE, > PUFAs & RS TR &R, AT PR AR ot i 84k
R R 18, [FEF, AMPK 348 A] {2 3 5 107 R Ak 2 i, 980/ I B HEAR IR0 s o | Ak A%,
M BRIE TR A RO, EIRERAE T (4 T AL L 1.
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Figure 1 Molecular mechanisms of ferroptosis
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MERBREC . AhHE. M52 N EHBER SRS, B, DOX Mg c-dun i H L5 i
FEE 1 3 (methyltransferase-like 3, METTL3) , 5% N6-HJERH (N6-methyladenosine, m6A) &
i, REERE 2K (transferrin receptor, TFRC) mRNA Fa &P, MR 32E Co VL2 fi 2k 45 B 3484
BRAUHTRO), ZERANERRTT, DOX ALFECULZHM 48 h J5 Al &35 N FPN Kik, HIg94kshkRE /2,
AN, DOX IBH] Fifl HOc2 LA FTHL Al FTL ik, JF i NCOA4, {E#tikiE A | W% 1E
BRBER, HE—H K LIP; BT HIHIF Ferrostatin-1 AT IR AR IR O IR, 4y iR
EE . R EAR N B LA B AT 7T R B, DOX RIS p53,  AE kM 4 AR % A O LR AL 7
(Parkinsonism associated deglycase, Park7) 7z Z L[4 f#, WIF Fe-S/IRP-IRE =k R, FEUEIRHUIY
S T AN HE S AR SZ A, AT 51 R Ak B AR, g8 1, DOX WJIE R % AL A OR 0 LA Bk
A, Rt RE SR BT kA, B E O LG S DIC HERE .
2.2 DOXWRLALHAMREN RS

DOX WAL LA b B AL B4, SFEUE RS SR R IHFESERIE T, KL 29 K&
System Xc¢/GSH/GPX4 i L AH G % . #FFi K], DOX 4bPf5 SLC7TALl mRNA g TR, &
#; GSH A AE, FEIL GPX4 N FHIMRF IS A IERRAE J1; B iFS RNA £54 & A (cold-inducible
RNA-binding protein, CIRBP) il &£ SLC7TA11 mRNA, #E¥; SLCTALL/GPX4 #iThit, M
% DOX H S ALV EIET P4, /& DIC B, DOX ml &3 FifON4 L GPX4 Kik, I
THE e ROS K75 % (malondialdehyde, MDA) 7KF; Z5F TS GPX4 vl 4 fg i id 4k, Beaf o
Dhee O WLER, $78 GPX4 Kifh & DOX MM HLAM RS W EE IR R, (R Z M, DOX nf
FIAE AR R T ILELEE 4 (protein arginine methyltransferase 4, PRMT4) , f2#F Nrf2 H3E£{LE
Wi, FH AL K R GPX4 Fik, MM nE UL gksE T8, [F R, p5s3 (S5 Ekts S
DOX AHRERILT: %, DOX A Fifi] E3 2 ZHiEHN MG53 ik, HI55 MG53 /S pb3 iz =1Lk
fift, MR p53 X SLCTALL B3 (k], S5 SLCTALLIGPX4 HLA AT AL ZH, (EHFEAE T I INE
DOX #HIG.CoIhRe#ifh21, Kk, DOX nliEid#lit] System Xc/GSH/GPX4 Hidfbh R &M Nrf2,
p53 FE{E 5 IE MK, Rk NE T AR RAERAE T A, AN E LI
2.3 DOX 1@t AlLEmRaRE B |4k

fEiid A& DOX i F ORI T H NS DIC KA K LEHATIRTT . DOX @it Pl
HE AR A A AL IR R RS, (Rt e S AR B, &AM E LN . AMPKo2 155 18 % 7% 2
DOX figidt flg i i AL P E ZALH 2 — . BFFER R, DOX wlffl.ONLgn e AMPKo2 &M, Hi553H
X i B Ak 1 m s, SRR ROS K2 MDA /K FTHEr: 3% AMPKa2 ]y /> PUFAs 7 & J
JE 5 B BAH DGR, AT ek A i o 0o A8 Ak S LR AT« Yang 5 2917E HOC2 {0 VLA i J% DOX 5 50
WL/ BB R FRESE, DOX ol B m L2 ROS. MDA K 4-f2 5 T /&% (4-hydroxynonenal,
4-HNE) /K7, FREMN S It S5 teah, 164000 RER 15-f8 % &l Carachidonate 15-
lipoxygenase, ALOX15) /5] ROS-MAPK {5 Z i A S 5H g, DOX AJ _Eiff 0o UL 2R K LM
fiid ALOX15 Fik5iEME, (it PUFAs SAbA milis piad 4k, it —2 s ERK. INK JZ p38
MAPK %55 5@ 6, HOKEAL N B, i B it 44k S Bk AE T2 0, py k] WL, DOX A i ik 41 il
AMPKa2. ¥ ACSL4 2 ALOX15-ROS-MAPK %515 5 1B %, (RHERR S A rs it &, #hmifs &
o JULAH B R AL T N DIC g BEEFE
24 HRETS5HMRBEVHAHEER

76 DIC 1, BRIETIFAEIE KA, e SRR T, B R R R NAHEAC L, JEH
INE U« SRR O LN M BE BEAR M % 0 3% BT, 2 DIC Y E ZE A # A5 . Tadokoro %034
KL, DOX Al NIHCHLEM GPX4 Rik, (RIFLFIRN Fex Kt H WM R, HIRLERAAEMN
07; PEmERE GPX4 Rk 8RR G RLAARER gy, SR ERIE T SO L0, $R7R 2ok R kit %k
KMNEE E A2 DIC BRAET- R E EIAT . RNy, SN FH2RIE T4 77 Ferrostatin-1 B T 1 1 5
ZVAD-FMK #5553 DL 5E 4 BH Ir DOX 5 3 RO LA BEAE T, 1 =& BCA T Hin] B 5 8 s fRyr /EH, Ui
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BRAET: 5P T-TE DIC WALt R BB BB, BRAE T 5 B 2 [RITRMEE B VIR . 75 DIC kP 4
ik, DOX ®]Fh7 ROS flgk& &, Bl TFRC. FTH1. FTL #ik, Fifl SLC7A11 fil GPX4 ik,
(] B AR M2 Sk BR ) p62 KT F e R AH DG B ) Beclinl AU AHOR R 1 1 #2%E 3 (microtubule-
associated protein 1 light chain 3, LC3) /K-, fsBibT-MEmIL[FZ5 DIC gl ptih, AN
1% 5-5 % &l (arachidonate 5-lipoxygenase, ALOX5) & —fhZ 5 AA A E R <8 LOX, i
YT S RERG R EE ) 7. BT KRI, DOX A _EifC LA Kol ALOXS £ik,
fEBE ROS. MDA. 4-HNE K Ji 98 $5 3E K] -F -0 C(tumor necrosis factor-o, TNF-a) « H 40/ &
Cinterleukin, 1L) -1B+ 1L-6 /K-FFt i, $EARERBET- M 2GE IR BE[RI P INEE . 4| ALOXS5 w ik i 4%
p53/SLC7ALL jE %, i SLCTALL Al GPX4 FRiX, WEEEILT A& REHIMG, Mk DOX 31
OWUER, g5 b, bR T BV R K RE RN S8 T TR X, HEFE{EHE DIC
W, ZEBEBA TR BERCA DIC BiiG M EZE T W FIREIET-TE DIC H i 1E FALH| WL 2,

AL ' P RS B2 5 ' SR A 5 B R H Rk
: R Eﬁ{fggidam Syt Szl : Mitochondrial injury and pathological crosstalk
' kR '
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Figure 2 Mechanisms of ferroptosis in DIC

3 HZAEEEIE T T DIC AR IHE

3.1 HWHEERS
3.1.1 BH%

KAE A F AR R T A 2R N =ik B b AW S BARE R R B, KA ] i
ACSL4 K iFIfREZ N E Y& 5 2 (prostaglandin-endoperoxide synthase 2, PTGS2) #£ik, i
FPN. FTH1 J2 FTL /K°F, /> Fer& M. ROS A Mgt &4k, Mimmdisleksers; i FiF IL-
1B Wi FIANBK AT A& Cnatriuretic peptide B, Nppb) JERIKIE, IR JORE & M IF 2% DOX i S0 0 BhRE
Wi, HEHHFREENEEEERS, £ DOX ALK HIc2 0 WL4H M rfr, #5 ¥ FAF T i %
p53/SLC7ALL/GPX4 idig, T p53 & ACSL4 Fik, Eil FTHL1., SLC7A1l J& GPX4 /K, 8k
B G P A R R AR T, TR T R A O WUR S E RIS, EH R _RNE
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FRHEY) I R AR SR B R4y, Liu ZEBOF R R, ZEHEFAE DOX iF S AR BN
PR K HOc2 4, WIS Nrf2/GPX4 i, iff Nrf2, ImZ & hn%E-1 (heme oxygenase-1,
HO-1) & GPX4 ik, N ACSL4A /KF, J/DEER . ROS A i g i it Ak, AT 08 e R 4k 1)
Re I IET. . NS BE Rbl £ AS W EZEIEHES S, ATHH AMPK/WR FL 23090 5 1A 5 2= L8 A
(mammalian target of rapamycin, mTOR) i FEBOE, AR RH AW R EOE Nrf2 55, i
GPX4 J FTH1 ik, FEARAAPLBINE iU S 47K, T 22 fk DOX 75 S IO WL A5 71,
3.1.2 HEERZE

SR RTINS 2B h R W RAR BRI A . WFRR, &Pk TS Nrf2/GPX4 55
T, 2 Nrf2 2800 B GPX4 Rk, fEEONAS FEA Y LEE (superoxide dismutase,
SOD) 1 GSH /K°F, B&{% Fe**. MDA K 4-HNE /K°F, Mifn#idlE LN BRI T, Wi
DOX S L0, (AT 2 0 Ai TARAT . VE2EEE . BF AR SR AL 40 b 24 T (W B A 2R s
gy, AlIEIEEE Nrf2/SLCTALLIGPX4 {55 @, &5 GSH. SOD & GPX4 /K-, ¥4k
ROS. JgJiid 44 Je Fer &R, b1 # i) e b AR OB PE Bk AU T2 FF 2% DICEO), /NG B2 R
LR S EUN IR A . Wang SO R, /N GRE s ) Keapl. {RHE Nrf2 £ %%
L IFBE Nl PR ER, L SOD K GSH /KFF:F4{% ROS Fil MDA & &; [FIWf #i|#% K T -«B
(nuclear factor-xB, NF-xB) {55l & JAT-MHICEHRIE, MMEE DOX 7 FHE AR #5EA
T, BT R .
313 FHREH

L R RS RPIR N R BIE M R . TFFR, A5t R Tl #it] Keapl S Nrf2/HO-1
G, b GPX4 Jt SLC7ALL Fik, FER4HMANELE T+ MDA K ROS /KF, MR & 4R
PSR AL, EERSE T I 2 DOX i S RO LR, = [ B R = A ) B R
VBB R R, = AR S SIRTLN2IGPX4 s, /b s K g it &4k, W E 2Rk
R, AT A E RSO T H R O U« PURERRVE AR . R R I EZE S5y, £ DOX %
B/ RO LR A HL-1 O LB B rh, mlad@ i #0) Toll #2524k 4 (Toll-like receptor 4, TLR4) 13
SIEEg, HE PTGS2. SLCTALL Jt GPX4 ik, WHEHEAMMNBE . JOERMNLERER, Wi KFETE
ST KO LR 3 31,
3.1.4 f£YwEE

25 W5 240 A 1 rp SR B R S R SR A B, Wen SEDAIRIE ST R, 2 5 24 AT 0 0 B
G Nrf2/GPX4 {55, i HO-1 & SLC7TALL Kik, BB EMR. MR Al K&kt it
U i 0 TR R R, AT BR AU T R 2 i DOX AH O THRE RS
3.15 HHEE

FREPERELPHEBE LR S /£ DOX AH K AC16 N0 dr, 1% o) vl s
Nrf2/GPX4 {5 5 il M {2t Nrf2 %5640, [FIRS$0H] TFRL ik, /b 4 oy gk fafar S A0 N 3R i o
A, BRSOk R RE, IR BRI TSR, RIEDL DIC fERIWSL. bk 2 1 R4y T 45 Bk A
T 1 DIC FIfE 8 A 5 HLH LR 1.
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Table 1 Targets and mechanisms of traditional Chinese medicine active compounds regulating ferroptosis in DIC

HEE L RS K et LU 1R
Active compound Source Model Targets Mechanism
b Eion . . TR sty
DOX M3 ACl6 S VAP BR R IR, SRR ML LA
&ﬁg%ﬁ[ﬂ] *&LZ‘E DOX 1?;3%"1 C57BL/6 /MR ACSL4. PTGS2. &ﬁﬁ&@
Pedunculoside llex rotunda DOX-Freated ACI6 CeHS’FPNI « FTHI. Regulates iron and lipid metabolism, reducing iron
DOX-induced C57BL/6 . L S . ;
mice accumulation, lipid peroxidation and inflammation
W% pS3/SLCTAI/GPX4 B, ykigkifsk. IR
S 7 ok i A
FEEHITFES I DOX 4b¥ HOC2 4jfi  p53 « SLCTAIL . ;iﬁ{%&&+}¥{¢*ﬂ51§/SLC7AIl/GPX4 ) ;
Astragaloside IV Astragalus membranaceus ~ DOX-treated H9¢2 cells GPX4. cgulates  the  p . pathway  an
alleviates iron overload, lipid peroxidation and

HH A0
Dioscin

AN B Rb1P7
Ginsenoside Rb1

S O
Hyperoside

e

Kaempferol

NGRS
Cardamonin

LR R E
Salidroside

= 2]
Sauchinone

PR

Cinnamic acid

EL Tl O

Higenamine

EEZ B

Ophiopogon japonicus

polysaccharide

DOX AbFE H9c2 4 i ;

EHRHEY) DOX 5 SD KR Nrf2 . GPX4 .
Dioscoreaceae plants DOX-treated H9¢2 cells;ACSL4
DOX-induced SD rats
; £
Panax ginseng oAsinduce Nrf2. GPX4
mice
DOX 4b#E H9c2 4 ffl ;
J DOX 5 C57BL/6 /MR,
Rl 73
- TL%.#HE DOX-treated H9c2 cells;Nrf2. GPX4
Hypericum perforatum

DOX-induced

mice

g v s e DOX AR H9e2. AC16

G SN ES N E ¢
ik ) . .Y

il chrysanthemmum, te. DOX-reated 962

> 77 ACI16 cells

DOX 4t H9c2. HL-1 4

Jii: DOX ¥ S C57BL/6

LR Z B INEL Nrf2 .

Alpinia species, ZingiberaceaeDOX-treated H9c2 and HL-NF-kB.

1 cells;  DOX-induced

C57BL/6 mice

C57BL/6

Nrf2 . SLC7A11 .
andGPX4

HO-1

AFR DOX 43 AC16 4iiffL
Rhodiola DOX-treated AC16 cells 1
ZHHE DOX #b3 H9c2 4l SIRTI . Nrf2 .
Saururus chinensis DOX-treated H9¢2 cells GPX4
DOX 4b# HL-1 41 i ;
Cinnamon and cassia twig DOX-treated "HL-1 cellsigr 7011 Gpx4
DOX-induced C57BL/6

mice

DOX #bFE H9c2 4 Jifl s
DOX % SD K
DOX-treated H9c2
DOX-induced SD rats

DOX 4b# ACl6 4ifiL;
" DOX 1§ CSTBL/6 /M \py
DOX-treated AC16 cells;TFRI
DOX-induced C57BL/6
mice

fitr-

Aconitum carmichaelii cells;1. SLC7AI11

S GPX4
Ophiopogon japonicus

mitochondrial injury

Wi Nrf2/GPX4 JBEE I R ACSL4, BHLRhifk )
fig, HHIBRAET:

Activates the Nrf2/GPX4 pathway and downregulates

ACSL4, improving mitochondrial function and
inhibiting ferroptosis

4% AMPK/mTOR J& Nrf2/GPX4 jfill, W5 H
W K B

Regulates AMPK/mTOR and Nrf2/GPX4 pathways,
reducing abnormal autophagy and oxidative injury

WiE Nrf2/GPX4 JEEE, AN, AR il
R, fisgkat:

Activates the Nrf2/GPX4 pathway, alleviates oxidative
stress, lipid peroxidation and apoptosis, and inhibits
ferroptosis

P Nrf2/SLCTA11/GPX4 i@, /b ROS K Fer &
AL A7 A

Activates the Nrf2/SLC7A11/GPX4 pathway, reduces
ROS and Fe?* accumulation, and inhibits mitochondrial
ferroptosis

BT Nrf2/HO-1 F:40fi] NF«B {55, KRIEFAN.

USSR

Activates Nrf2/HO-1 and inhibits NF-kB signaling,
exerting antioxidant, anti-inflammatory and anti-
apoptotic effects

] Keapl FHE Nrf2/HO-1 JBE, IAREALN B

Keapl. Nrf2. HO-J fig i id 44k

Inhibits Keapl and activates the Nrf2/HO-1 pathway,
alleviating oxidative stress and lipid peroxidation

Wi SIRTI/Nrf2/GPX4 i, JRARPEE LG
i

Activates the SIRT1/Nrf2/GPX4 pathway and reduces
iron overload and lipid peroxidation

il TLR4 FFif4% SLCTA11/GPX4 @M, W% RIE
SRRk B AR

Inhibits TLR4 and regulates the SLC7A11/GPX4
pathway, reducing inflammation and iron accumulation

BOE Nrf2/GPX4 K HO-1/SLCTA11 iBEK, Biatdhi

Nef2. GPXA. HO VRSN HE R A3 B X i

Activates Nrf2/GPX4 and HO-1/SLC7A11 pathways,
improving mitochondrial function and gut microbiota
imbalance
WS Nrf2/GPX4 i@k Tl TFR1, Rk EH LR
i S

" Activates the Nrf2/GPX4 pathway and downregulates

TFR1, reducing iron accumulation and

peroxidation

lipid

32 HHEFH

LAk IR (N AME RS )
A 1137 BT 474 NCOAA-Z RifA %k 85 4 (ferritin mitochondrial, FTMT) 45 fI4 ki 4k 85 (A 1 W,
NCOA4 &i&, Ll FTMT. FTH1 J GPX4 /K*F, /> Fe* &5 ROS Ak #& & GSH /KF,

HIRIBRAE T 36 503 DOX ¥ 510/ BLG D452 51491,
SUHIEAS. TR, AAEMR. 25 E BT, W T 0 5838 S AL T 0

ISR, AR, RAAERKIh. BHREY, HH

A
NI
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WEB A B IR « B RESEWIRE SR L, S iz vl Red I H ] Janus & AR Z IR 2-15 5 5 5 ML
B ¥ 3 (Janus kinase 2-signal transducer and activator of transcription 3, JAK2-STAT3) 155 i@ i,
T PTGS2 FRiA, JEREIET A, NI ZEf# DIC.

NEMNERFEREH WSNMEEE T, mAE. BE. WHE. BEA. BHREA= LS HH44A
. WFRFEM, %70 Eif GPX4 Fik. Fifl PTGS2. ALOX5 2 ACSLA4 /K-, 4k 5 g it
AL, FEHEGE SOD AL A AR (catalase, CAT) &M, IO IERAEIRE, Mk DOX 5 511
BE L A O ALK SO BRI, R PRS0 UL A A A 8L,

ESPRHFEEK. 3. &8k, 7. S EHRESHR, BA S0 I5HIE KT
WEF SR, #E DOX I/ A HI9c2 A ufi (A v, BESORE AT S Nrf2 {5 = il % IR (2 1 Nrf2
¥, B GPX4. FTH1. FPN K FTMT Rik, 4ERFOARBAPLE N RGP, RSP D)
RE, HETT I ERFE TS 3T 203 DOX Fr SUC WL 425 AL Bh g T FAlel,

OWURFERAEAFR . BB I, BAS. B, 7. =6, 43, 245 14 ik
25 . Yang ZEDOWF R B, AT S Nrf2 f5 538, i SLC7TA11. GPX4 J FTH1 %Kik,
R B R ROS A2 R R i 4k, AT C50 38 286 0r 4k 1) e 9 98 e DOX 15 5 (1O LA 473

AR R (T&ETT)Y , REmam RN, BEMAFHEN. AREKMDIR. vk, H
@ MM RN EE 1 Cheme oxygenase 1, Hmox1) ik, Ui/ 4k #k Mg it 4k, R Eif
GPX4. FTH1 J R TFR1. PTGS2 Rik, Mk LepithThne, #Mlgkibtr: H Z2fE DICBY,

OB ERIBT OIEE AT T, mEF. B8, 25 F4HM. Han BRI, O
S Nrf2/SLCTALL/IGPX4 15538 %, ik GSH &, k> Fer*. MDA K ROS B, ki
EIhRe, MIMAMEIRIET FF UGS DOX SO i . R 28 77 ST T DIC BIfEH L
Hl L 2.
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Table 2 Targets and mechanisms of traditional Chinese medicine formulas regulating ferroptosis in DIC

T . -
i 4k e s L
Composition Model Targets Mechanism
formula
i NCOA4-FTMT /S
ENERINl . BEAAW, L GPXx4,
LI N DOX 7% CITBLI ona . PMEBERRIILIS
Danggui Astragalus membranaceus, Angelica e A Inhlt_’lts NCOA,‘"F TMT-
Buxue  sinensis DOX-mduc;d FTMT mediated ferritinophagy,
T C57BL/6 mice upregulates GPX4, and
ang . .
reduces iron accumulation and
oxidative stress
DOX #b#E H9C2 4
: M. DOX # & ] JAK2-STAT3 @,
B | . 3 A2 L STAT3 i,
Z. M & i ;1B BN
Shenfy A&, HWF C57BL/6 /NEL STAT : i PTGS2, kMg FL %1k

Panax ginseng, Aconitum carmichaelii DOX-treated H9C2 JRBET
. PTGS2
cells; DOX-induced

C57BL/6 mice

Decoction

i GPX4 JF i PTGS2.

M. B # Z ALOXS K ACSL4, Hifilfig

T I B GPX4 o Gl I i
e ppes =B DOX L hroey Upregul e PX4 d
Babao DanBOVis  calculus,  Moschus,  snakeDOX-induced ~ Upregulates G an

ALOX5 . downregulates PTGS2
11bl telope h 1, P ebrafish ’
Eitotjg?:tisiizgagt: Ope horn, pears, fanaxz ACSL4 ALOXS5 and ACSLA4, thereby

inhibiting lipid peroxidation
and inflammation

WK, F1Z. SWIE. T, X5, DOX 4B HIC2 41 W% Nrf2/GPX4 B, Wi
X R A L DOX # & BRE R LR
(491 Astragalus ~ membranaceus,  SalviaC5TBL/6 /)N, Nrf2 ~ Activates the Nrf2/GPX4
Qishen  miltiorrhiza, ~ Lonicera  japonica,DOX-treated ~H9C2GPX4. pathway and alleviates iron
Granule  Aconitum carmichaelii, Scrophulariacells; DOX-induced accumulation and
ningpoensis, Glycyrrhiza uralensis C57BL/6 mice mitochondrial injury

Az, WK, £, =k FEA. 4
H. & BT JIE EmES 0

BLOEEE. RE. WK pox i & . I
Panax ginseng, AstragalusHIC2/ACI6/HL-1 41 BOE Nif2 B, W ROS
0 LR Bemembranaceus, Polygonatumffl 5 DOX # Syp | MRBUE AL, AR AET
[50'J ) odoratum, Panax notoginseng, AlliumCS57BL/6J /MR, SLCTA1L Activates the Nrf2 pathway,
Xin-Ji-Er- macrostemon,  Angelica  sinensis,DOX-treated HIC2,3px4 " reduces ROS and lipid
Kang Ophiopogon  japonicus, SchisandraAC16 and HL-1 cells; peroxidation, and inhibits
chinensis, Salvia miltiorrhiza, SophoraDOX-induced ferroptosis

flavescens,  Glycyrrhiza  uralensis,C57BL/6J mice
Epimedium brevicornu, Trichosanthes
kirilowii, borneol

Nid Hmox1 /% TFR1, i

. GPX4, WESIBER LG L
N X DOX BL,
ALK 355, %4, FET DOX BTGB 1L M
Shengmai Codonopsis  pilosula, — Ophiopogon "y Downregulates Hmox1 and
. . ; X . . DOX-induced GPX4. TFRI1
Yin Jjaponicus, Schisandra chinensis . TFR1, upregulates GPX4, and
C57BL/6 mice . . >
alleviates iron overload and
lipid peroxidation
BME Nrf2/SLCTAL1/GPX4
DOX #b¥E HOC2 41 W, > ROS MERE,
s T S AT : DOX # Syyp | EEE TR
Fuxin Aconitum  carmichaelii,  AstragalusWistar X i SLCTAII Activates the
Decoction éMbranaceus, Descurainia sophia /DOX-treated  HIC21pey * Nrf2/SLC7A11/GPX4
Lepidium apetalum cells; DOX-induced pathway, reduces ROS and
Wistar rats iron accumulation, and
improves cardiac function
TCM formula

4 GRERE

BRILTS R DIC RAEKREME IS 2 —. DOX "L PLELERACHS . H 5541 A0 B 48 S g 15 I 52
AR, INE AN AR, AT O NN IET . RN, BRAET IR 5 2R R T fE R i o
T AMEARRIERMNMHIEM, LRZ5 DOX IO MrRIEME . Fit, gkt &
FKAB 5 TR DIC B i) = ZE 0 5T U5 1)
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WAESR, T FAH KRB IE T 7 R I — @ 0 . 2 b 2535 PR Bl o3 J 52 77 W] od o i 4y
Nrf2/GPX4. p53/SLC7A1l. AMPK/MTOR %55 Siliitk, DUCEBRARA KM, MG P S 4 A2 p ik
i, MmEREDEMA. iR LPIESIE AR .. A2l - 2 S- 2 MR 1R s, 5 DIC £
ML Bl [F) 07 195 BEAFAEAH 324, A DOX A < UL 4% T BB AL 1 37 i) S8 2 o

SR, AT ANGAE —ERME. H%, DIC FEFET %O U5 I 4% ok 52 A WA A, H 59
o AW BTSN E SRR TR Kk, IAHAZRET R (E5H#
PREGH VG, AT AR T B AR A B EE A RO AR AL AR A R . AN, S RTIEE
LA R Je s h F, Bz s S IR 5 SRR, AT IR T A A 5 e et Rk — o
BIE

KK TN GG s . ARMTdL S P A NS 2 EH R, RKREHENT DIC FEIET:
F1R) DR B R 475 DX 4% T v 24 22 B AT L o [RTERE S ROIN SRR BE T A O AR Wb B 0 3k 5 e IR I A R
9 DIC FEHESIT MK . Bhoh, G 90KEiE. IS 25 MGREA, FTREHAEE
B> B AE A EE SO NUER R, A DIC B A $E 4 58 A R0 TSR
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