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[Abstract] Non-alcoholic fatty liver disease (NAFLD) is currently the most prevalent chronic liver disease worldwide, posing a
significant threat to human health; however, its pathogenesis remains incompletely understood. Research on regulatory cell death has
opened new avenues for disease treatment. Among these, ferroptosis is a form of iron-dependent non-apoptotic cell death, which can be
triggered by disturbances in iron metabolism, redox imbalance, and the accumulation of lipid peroxides. Given the liver’s critical role
in iron storage and lipid metabolism, recent studies have established a close association between ferroptosis and NAFLD. Abnormal
lipid accumulation within cells can lead to redox imbalance, which may be a key factor contributing to lipid metabolism disorders.
Consequently, inhibiting ferroptosis has emerged as a potential therapeutic strategy for NAFLD. Glutathione peroxidase 4(GPX4) is a
pivotal regulatory protein in ferroptosis, capable of binding glutathione (GSH) to degrade reactive oxygen species (ROS) and hydrogen
peroxide, thereby mitigating lipid peroxidation damage. Current research indicates that active components from traditional Chinese
medicines, such as astragalus membranaceus, green tea, and coptis, can modulate GPX4 through multiple targets, thereby influencing
NAFLD. This review explores the mechanisms by which GPX4 operates within the ferroptosis pathway and identifies herbal extracts
that may offer therapeutic benefits for NAFLD through GPX4 regulation.
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AV A P IS 7 1 JH 9% (non - alcoholic fatty liver
disease, NAFLD) /& — Pl 4 0 , 280 R IE A T
151 AEPAS M 4l i 107 T (non-alcoholic fatty liver,
NAFL) W] LAYy A 395 8 M4 i 197 1 28 (non-alco-
holic steatohepatitis, NASH) , H i — 7 i & 1] LK
J& 9 AL, B 22 98 A8 D I 48 Jf 9 Chepatocellular
carcinoma, HCC)'" . NAFLD [ & 99 ML 1 1 A~ B 4ff
O A2 W50 R B, NAFLD 5 I i 4k 20 X
AT O, B H AT M JCE % NAFLD IURFRCZ Bk
HETE R — MRS R R T i gn AR T 2, R I
0w i 5 e S A ) R R AR R R AR A IR A Y
AT BEFRE], BRI TA SRR, i bt
H K S A AL Y 4 (glutathione peroxidase 4, GPX4)
W BRI I o S A A A T e o e A
9 M R A RIETS, T BOH 5 R 0TS T 4 (reactive
oxygen species, ROS) IR &, MM {23 NAFLD [ JE
B e GPX4 A BRBE T 1 SRR 15 R, ml o Ak
Wi J5 O AE L R, B 1E RO AT B3 IR 5T ROS 1Y
FEA DRI S T AT . R GPX4 T EUR &
SRR, BB K E . R HATX NAFLD
RS T P AE AL ] e AN B B A, (5 AT DA 7€ 1) 2
i L GPX4 i R 0 ) kAL T, W] LT BT AR T
NAFLD. GPX4 Rifi =i FEILT- KA, 03
FNAFLD ¥ B 40 M 2k 40 T 1 i R /T g 51 R
NAFLD A g 5 A2 1% » 347 K, F 78 R Bk AT T4
NAFLD H A% B B4, 0Bk AE T B RONIR T
NAFLD ]R3 Rt

T2y BoA 2 AL A AR AR S R AR X
R g MIAS RS N AH 0 800 1 A A, R I R4 1Y
BITHT R . AR Z MR T 25 R R 7
T W E R E S R AP, fe %l il T
JeE R 28 22 G T R BR B8 T T R 4 S AR Y
SR, F R B8R A R 24 T U8R AL T B2 i NAFLD
AR AL Sl R B2 B R G vRAY . S0 B AE R
P NAFLD £k 3E T2 3 1% oh GPX4 #9AE AL, IF 25
Wi EIR IR EIR ST NAFLD [ b 25 5 B 6 A 5%
W .

1 $kJET-5 NAFLD

BRIET R — el ROS 3o &7 2 Ak A it 1 i
AR R G BIRE e PEAR AT, 3 — BE & 1 2012 4F
HIXSEHS . GRSt T LA, ST
FE PR WS S 40 A% 1 45 232 DN A 388 5 > i
IR KA H R = E{7J(ﬁ§@§(cysteinyl aspartate spe-

cific proteinase, caspase) i , 3 H. caspase il 55170
VR X — R . BRAE TSI 3 R AR 2 40 i A T
Ji i S AL AR BRI SRR R R AT AR, A AL
R IR AR 5 H 5 NAFLD 2 [A] 47 76 % V) Bk &
2011 4%, W5 N ORI NAFLD fEE R A R R .
J& SR FUAESE, NAFLD S8 25 ik o 5 ad A7 7R 2K B
B I v T, 4 Bk T S R R R I
A HEIE i NAFLD ) 42 22 J5 R 22—, A0 Ik o 2k
B IGN 20 E 4 A K L SORE A ET AR, AT
IR NAFLD #7855 8Os sk ' A 2732 0
TR VU I R 1 i 21 B DO RE AR Th e
PRSI BEAT 1 Il PRAIT 7C, A I 20 W] 51 i
T RIKE BRER BN BT, P
NASH & M FF 455 17 NAFLD &2 (1 S i
B mr LU 2 Bk g . i Y, R 2
AIAEZ 5 NAFLD )R B AR . EZRAE T AR, 26
RLAA A AR /)N 5 FF B A W9 9/ R A/ 5 A 2 T e 4
X R R R R PO S AR R T A 2%
BRI SRR B 7R RN BR S T2 S AT ) 77 (ferrostatin-
1, Fer- 1) W] LASCE i o S8 A6 AH SR FE R
X R AE T8 R 45 T BE BOATR T NAFLD F T 5
W&o FEPRE 53 M IR T VE I 28 /N BB o, RS
AT DAY D A0 AR T, S 5 IR R AR B B/ BROAH
EE, R = IEBHIF AP 78 200 2B REL AR /0 B o
BRBC TR AR MO , R IE T W] R AL U5 Rl 07 1R I %
MR 2 —e J3A 7 R B Bk BE T 4 ) 7 w]
DA 4% o 24 R A A 2 R IH B = (methionine-cho-
line-deficient, MCD) ZX £ 51 & 1 /)N 5 IS 197 22 12 |
JEHAR 0 R ET 44K, 2R W BR AU T2 7E NASH 2 i 4
FHEER" . PUEAFIFNEREE 5 7R BRI 4] 2B
PR MR TR/ SR 240 B R SR T | e 2 4 R IR 11 AT 48
P PR 5~ 208, T A A5 S M SR HE A U T 400 ) 5]
ToiEH AR AE T2 X e A T g R, Bt
BRI UL A AL SR R BRAE TS AT BEZ 55 1 NAFLD
FR s BEL AR, SR AL T AT BE B VR YT NAFLD HOHT
Mg . CEE AT R TE R b GPX4 1B 1%
HIRIT NAFLD HIAH S 7T o

BRICT (R R AE LI OBk B 7 AR 8RR T
LB GPX4A RS, HAZ OAE T 40 A BR 2 1
i B VR B S A P 0 AR B . RS TR —
T R e 32 B A A 25 W (Fenton) 5N R FEAE H
Fenton J N # J 8k 5 ¥ 5 1 S 46 & (hydrogen perox-
ide, Hy0.) [ [N, A2 G PE R s (2 E 2k (- OHD
F& H R AR e, BE 51 K i B Ak )
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82, 5 1) E 4 O M 4 i 2 I, 5 B AN A
I 107 PR 48 A, A BRI B A e X S IR B 4R
WA R IR A0 N R ) S5 M AT e S B 2% 3300
AMIAET . EIX L FEH, GPX4 i 5 o B 22
(K . GPX4 BE 6 45 38 J 2 45 I H K Creduced
glutathione, GSH) %% ft, 4 %24 1 75 bt T K Coxidized
glutathione, GSSG) , AT 2% B4 Af Mg B 48464, Ik
P40 e 2 | AR T (AR TE R, GPX4 1)
TP S BIER BT K R . BEFUR T, BRE T
(AR B2 RT3 O ] GPX 4 P 3k Bl AR AT G v 12k, sk
— IR R B A R B T BRSBTS
RAM R, BB T IR FUS AT GPX4 Z [T
BT AN BRI R R 2%, B 1 A RIE I Fen-
ton J2 SN i J5E 3 S8 A 4 B A 1 TS GPXA U3 i
o At X 26 g o o AL D R AR B SE T R A .
XA R S TN 5 200 AN 7 S b o ) R BB T

2 GPX4iATIEKSET=FINAFLD

2.1 Xc-/GSH/GPX4 % %4

GPX F A 8 1 i1 (GPX1~8), Ji 1 GPX4 5
BRFE T B YA OR, GPX4/GSH il B 1R Bk AL T 1 72 o
RIFRBEIE . GPX4R—MEWERD, FKEN
— i GSH K Hg It BT AL, e 9% R 1 GSH # 1k A
GSSG. TEIEFIRAT, Al 41 )t 2B S5 4i i Y 1
BRI HEAT 2T 4, HEN A0 M 1) 25 Bt o 20 B A S Ay
PR, IR F S B = BR AN ZA RS BT R
GSH. GSH{E GPXA AR T A 1 S A, 5 A
Jiid AL SR O TC T IR BT, T R/ I I
EAIRR R, DRI H R S 32 o S ™ 2t
AR -B AR L R G Xe- R G A2 HHE 5T A
4F2hc (solute carrier family 3 member 2, SLC3A2)
B 5 7 3% xCT (solute carrier family 7 member 11,
SLCTALD il it 41l 75 — 24k, T A
2 i %o D PR 10 5 AN 2 U P o S A B T 4 R
2 N AN R S D R 2 e = R 1)~ 4 e
IR Xe- RGPS, 223 — R A Bfie S b
AL R R A Xe- RS H5 38 7T
T GSH B A= B, AT Vil 5 40 F) S8 A 2938, R 47 4
WG 32451007 . AR, S 2 5 38 4 23 a2 GSH A=
F SN A0 i A AL, B 2 BN GSH & U T
B, 3 il I EAC AR B AR AE TS . AN GSH
7K -F BELERE I GPX4 D RE . GSHId BV FES
BUGPX4 KiE g i id AL AR R, 5 40 i A A Bk
FET=M o WK I R EART R AE S AR I F T o i

S SN SR s LA RR ), FE IR AR PRORAE R, AR
FR A S S RTIE SR S SR PR, Rl 2 AEBEAR
AR FACEHE AR . GPX4 RERFAR RIS #0554
JE A HLO0 ML A3 26046 /N 23 5, B 1 ROS 1 & AR
2,08 80D BAE TP GPX4 R iE 2 SR N
RS AW B BE 0 32400, ToVE A R kI 5
S, B2 51 R ROS R B, A v B =17 [
T, GPX4Z 5HACHI AR B QB 72, #0H) GPX4 /Y
HEESEPILT R A . B, BRIET TR T —
A B EEDR] AR U IR AR IR B AR 2 i) &2
Fe A2, AR e AN i o i S PT RE A R RS T
¥ LR 3R, 1M Xe-/GSH/GPX4 BifEIX — i i rhile %
EREEMEM.
2.2 AT E248 % B F 2(nuclear factor erythroid 2-
related factor 2, Nrf2)/GSH/GPX4 % %4

SR L ORGSR 7 AT A1 ) 0 Bk
FETCAH R IE I R IE , TR BRAE TR AR . Nif2
& GPX4 i i 1) Ll 7, 7E E AL RLR 0 T 5 Nif2
BENAHMIRZ , 456 B2 AN AH SR B S 37 X $t
S SN e B, AT AR 3E GPX I 21 38 I 450 i 1
(heme oxygenase-1, HO-1) 2+ & 1R V- it & IR 1E $2 1
AL I 2 (glutamate-cysteine ligase catalytic, GCLC)
SERLIL DA A R84 R A L B0 A A A P A Y
REEAE e 20 P i B A A R AR 6 25 52 Nef2 1
. FEIEFEEOT, Nef2 5 H A0 557K Keap 45
& B S R AR RO AR AR, BRI LB
3 Nef2 7] LA Keap 1 HBE TR0 e 42 2 40 i iz
R 3R I Ui A R TR ) A s Ak, N2 3 0 R 4%
GSSGPX4. GCLCSLCTA11 %5 #H ¢ 5 [R] 4 45 %Ak
T AT [R] I U 5 K A A B R DN ) 2 e %
P72 Nef2 iR R B A 1 SLCTA11.GPX4
Ko B W AH S B H I R OE, I8 5 T E R R
SLC7A11 5 BECN1 H&5 &, ML SLCTALL JEEH%
FH1 GSH & B, S &N BRAE TS . Nef2 U A] Uik
Nl HO-1. GSH Al GPX4 ) 335 , A R0/ JH I
ROS A &, P& A A — ¥ (malonaldehyde, MDA) ]
IKFP, S6F Nef2/GSH/GPX4 R 4%, 2 MU F #1IE %
T HAEGIETE S P EH o« Liu %50 58
KI5 Glyphosate 18 1= BH B Nrf2 (1) 1% B2 A4 F1 A% 5 AL
KA GSH B A=Y 5, 530 GSH WS AR5 5 (1 H- 41
MR FE T, 3X J2 28 — 48 78 Glyphosate 38 i 4171 ]
Nrf2/GSH/GPXA Bl 111y 5| 5 BT 48 R A6 T T o] -2 2%
RIS . BRI, Nef2 A2 BRAE T B S i 35 R,
T Nef2 B35, 7T RASZHE T i R 5~ GPX4 7K -F, #E
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TS BT R FE T 32 ) 5 . GPX4 IS8kt T 2.3 GPX4 %4 5NAFLD 498 &

73T AL LI 1 2 NAFLD % il AN 24 I, 5t 43 18 22 Jy NASH.
... @ Fe” Glutamine Glutamate ~ Cystine
\.. ./ © Fe*
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The figure depicts the molecules and pathways involved in ferroptosis, a form of regulated cell death characterized by the inhibition of the systemic
Xc-/GSH/GPX4 axis or the accumulation of Fe® and lipid peroxidation (created with Biorender.com). TFR1, a regulator of iron metabolism, plays a cru-
cial role in the regulation of ferroptosis by enhancing the labile iron pool-mediated Fenton reaction. BSO, a specific inhibitor of GCL, plays a crucial role
in inhibiting GSH synthesis and decreasing GPX4 activity, ultimately leading to ferroptosis.

DMT1: divalent metal transporter 1; STEAP3: six transmembrane epithelial antigen of prostate 3; GPX4: glutathione peroxidase 4; GSR: glutathione-
disulfide reductase; GSH: glutathione; GCL: glutamate - cysteine ligase; GSSG: oxidized glutathione; GLS: glutaminase; BOS: buthionine sulfoximine;
TFR1: transferrin receptor 1; SLC1AS: recombinant solute carrier family 1, member 5; Nrf2: nuclear factor erythroid 2-related factor 2; ROS: reactive
oxygen species.

1 GPX4iB#=$k5t T RIHLH
Figure 1 The mechanism of GPX4 regulating ferroptosis

NAFLD M\ W12 Wi BIFE T, I 0 FEA M
NAFL 2 NASH FEF 4 A1 ~F A2k I8, 1 /2 B8 i ) T
TEAF A 5IHIR 2 [0 28 & 5O RIEMI SR G 85 5
NASH 35 M 2k 8 K F s A S 50 ™ B A2
FEAT 5%, B 5 RFERITRAT 9%, LiZ " #E MCD IR &%
T/ BRNASH 588 Ak B, 38 A6 AR DY 9 1R AR s
AT AR /N RO i R BRI R AR . Bk Ak, TR
RSL-3(—MFE T35 F 77D 2 I/ R L35 4 B /K
SPT i < FEAE FE J0 A8 1 98 RE R4 B T K F 8
T s FH P AP R 1 (—Foer GPX 4 S0 771D AL MCD 1Al 37
(49 /I8 B B 73 B 452 45 W S 9 6, 0 GPX4 ] LA |
NASH R FE T R AR . WF 5030 B, AR
A 53 A 4 20 i A= K BRL - 21 (fibroblast growth
factor 21, FGF2 D) REW {2 3 HO-1 (132 AL /R, M
T 36 3 BT N2 388 5 4100 i PP A B R BB T, 0 A 4
YA, b, BRIE T HI ] Fer-1 A0 A2 9% B &
041 55 I8 A Chigh-fat diet, HFD)ME 3% 5] % 117N iR

IR SEAG . A RE R 1) ) H 2635 38 , NAFLD AH
K HCC A0 2 B H g K, 3 8os i 78
H, B AR —MEHTHRITHIAHCC 125,
HAE AL 3 2 4] SLCTATT1 K5 50 4
WU AERIET o X — A ML 32 250 [ P62-Keap -
Nef2 PLEAMAS 5 BB, SR1T, Nef2 (30 2 9> R hr
AR B 1E HCC 4t M 5 1S 1) GSH AEAT, T 0 il 44
AR BB T, 5 B0 40 i &R B AR JE R AR i 24510,
AR — MU R 2547, FeUNIR UE 7 e % 3 1 52 1
Nrf2 HO-1 F1 GPX4 2518 42 i 1 e 40 ff ) 2R 3E T,
It HLRE 8 LA OHIG I 77 5 3 5 2 4R JE 75 5 i 4
MIgET-BY, [k, GPX4 3@ B nl T 2 A0 T, X
A HEACN NAFLD Y — /N TE A 2067 5

3 1Bid GPX4iETIERL T FFi NAFLD B Fh 2532 BN

3.1 # & F 3 (astragaloside IV, AS-IV)
AS-IV o — Tl DA B v AR 1) B A 00 1
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a5, RS T AL, B % % RE R 7 Bt
R PURAC N PLEEE, A% AR 7K, U BT
B UTAR LA S ORI A 5 22 Fh 25 38R B . AS-IV
RTINS 2 24, 3 a T 2 <, i AS-IV AT U
ZARAS, Y AR AL DR A K AT I 98 R
P28 TR, NITIARNATT NAFLD 1 H . LUEREF
KW, AS-IV ] DL 53R I A5G B R IE R T 15
5 AR T AR G R, AT R BT R A .
Liang ™ H AS-IV 7E A [R5 45 8 o idf 47 WK,
B AS-IV 0] LR ARAT AR AL R ) LO2 40 A _E3E i
ROS F1 MDA /KF, ¥k &2 GSH-Px 3P . 1M GSH-Px
AT MDA 14 2 48 Ak 5 NAFLD %5 Y] # 5%, ROS A1l
MDA 7t 155 BA S GSH-Px 3 P4 19 &2 2 IH 41 il ¢
AL BE 045 3 T 3G S, A S A A BT 2R AR . AH
b B 32917 GPX4, AS-1V 7] DU 3 1 15 GPX4 1)
U R R Nef2 SR AR E T . A E E W
P B /) B8 11 508 il Y6 HE 0 3N I 375 SR A
IS4 L AN 40 B R, K B AS- IV 38 T Nief2/
SLCTA11/GPX4 B 5 kA0 T A5 5 il 2%, G S A0 B
BOKF, S GSH K, BEARIBZH 2 ik Y
(Rl , AS-1Vid@ it E i Nef2. GSH Al GPX4 FE K], 4141
BRBETSI R AR, 2 NAFLD 51 E 1 IF 245 5
BT A AL, 48 N NAFLD TR 1R Tk 3% .
3.2 R ERTILEFE X T B E5 (epigallocatechin
gallate, EGCG)

EGCG R4 FHR+FEEMIAMAILER, 7E
XU A5 45 O AR B Th e s 1 g T B R
Xo EGCGYEBINHIRR 3 4 15" kAT 3 N84, fEC
IR 37 A0 TR AL I B T BRI 7, i S5 A B
THIEREHRENEASLESEE TR
EGCG ] LI ik 1 5 fig 7 URURT H i = B AR 23k ek
BNAFLDPY, LSRRI, EGCG & —Fh A ek st
TP EGCG AT AR i ) R i 40 R X
BRI, (R BB A ks D IR B P, fE EGCG
FF 0 2 R R R, Nef2 RS IRER T —
FoloRCA% S B, 1 N2 358 R (1) 7 v o] VR R 4 45 72
FE—FEMAREY . Yang 2509537 EGCG 5kt
/N RAESY, I EGCG 1T LA ki 5/ B Nef2
N GPX4 FRIE , MR 5 B AR, Dt 2k 51 e
A AT T THIARRE T X — IS — 5
[, EGCG i@ Id P62-Nrf2 1215 5 GSH 3R 1A; 73—
J7THl, SLCTAT1 FTSLC3A2 M 4+ GSH ¥ 7= 4=, GSH
3 it — B3 17 R GPX4 HIRIE . EHIET
LR, erastin AbF 2 T BUE AL N AN 1 Xe- R St

T AIH] GSH [ & B K, EGCG X NAFLD 1)
WS ST T AT oy ERER
(1) 52 , 75 ZHE 7 & (200 mg/kg, BEIETES) T, X
EGCG 4k B A . 25 Hil 55 91 2 b Th i, 3& B 2 IS
7 Nrf2 #HE R RGE KT, 31X R B EE PR KT
EGCG &M% 51 /2 Nrf2 [ 0UHH e 820, BRI G 7E 87 FH B
T R AR .

3.3 M & (quercetin, QF)

QEZ—MFEE M ZMRII, |z 04T &
LRI BRSNS R KR P A L Y,
Oy TAEZRIR CIR 2 AN 367 2 T4 1 XU, 78 4437
A 1AE, XELE R QF $24E 7 HiE AL I LR,
FH & PP B 51 S IS 7% = NAFLD 77 A2 (1) 3 2
JRIH, QE 7T LAY/ 3 BE bl VR A IR B 5 B0
JE 7 RS AR PR T SR AR ™ . BBk, QE 3 A2 — Fof
RARMVREE AR, © B ILE W4 A2 A H
B2 3L, 1] LUK Fe' 3 J5 O Fe? ™, 45 20 B 1k it &
k9| A AL S B . Huang 25 R I QE £E4K 4 A1
PRGNk D ERAE T AL S A ROS 7= A= FI MDA &5
&, [FI 30 GPX4 fGSH & (/K. Jiang 7L
F W QE XF HFD i & [ NAFLD 2 A5 7 25/ B, Ak
R ERIET, AT B QE B PR i A0 T
JFE ) A e = T A T I Ok D 2Rk A R
ROS. i i i AL AN E BRI & &, 42 51 GPX4 SR UK
P GSH/GSSG HAE . 53 73 i QE 7] LASE hn /s
BRI 18 GPX4 8 K, #HIERSE T, Bk /N iR E
P50, 38 I i G PR BG it A 1R BR3P, 1 80R T
NAFLD. &2, QE 0] LLid i 2 Fh 43 7 AL 13 B
NAFLD 5 AR R , AL FEPT A RORL F1 R st i
FTRRA TR R A E S . R, QE AT 1k
VAT NAFLD B 2254 .

3.4 ) E & (berberine, BBR)

BBR & —Ff A\ K SR A ) B 3% AR 25 B BT
AR, C A 3 000 Z AR 1 ) 5, R R R H
TR RS AN 2 PR G 1 B 0 , A P
W Pug B R SE 25 AR Y. DU SR B,
BBR 38 i 1 5 i 40 i 2E 42 2 R Os A I T I AR 1, AN
AR NAFLD F g BiAC S, Hix —1EH S AE IR
PR FIESE™ . GSH AU AT DL B 235 b E H %,
WAE S GPX 3L F ), i E e it 1T i . A
F2E PR T &AL /D BEB (berberine chloride, BC) Xf
HE IR Ve B 22155 5 AR PR3 K BRUFEE () 2 e, B BC
AR T B GSHL GPX 7K1 1y, 18 3 Pk 52 S8 A I8 Tt
RS ORI A B JEE 5 52 A AL #5145« BBR 1] LUK &
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B3 GPX4 Rt A 14 JEE 5 B4 i (1) GPX4 ik, i 2
800 91 3 g R0 B TR 3 B RE 705 9800 Fer R ROS
(1) F5 5, AT 40 B R FE T Deng %5 HHIIE
BHAE HFD %5 5 1) NAFLD K R AR i, H BBR VR 97
8 JA, AT I 25 A U AR oy 72 R R R R 7 7K
P, 14 00 2H 23 Ak S AR A AL I (superoxide dis-
mutase, SOD) F1 GSH 7K -, F£ 4% MDA 7K1, $& 7
BBR W] il it 0% Nef2/ARE 15 5l B8 K 795 596
7 NAFLD.

3.5 Z%-F % B(schisandrin B, SchB)

SchB J&— M M IR SR S 43 B9 45 B TE M —
IR TIRARIEER, ) N T AME T R R
WA PRI 2 R R R AT R R 2 AR R 51k
(B B A TR R E ™Y . I 4E K, SchB 7R
AR 22 5 H IR O R 78 1k P b S 56 A 45 2
T UESE, SchB 0] LA il Ui B M i R 75 5 140 4 B
LO2 9 (1 Jig 197 28 1, AT DA e 6K v JIEL o] 2 I 9 /) R ASE
YR AF A A H i =R A Y. ML R
B, 4 i €8 25 P-450 /3 19 SchB AR 7] T ELROS 7=
A, Bl kR GSH HLa b e i 28Rt 7 k1
ARG FN % 2B 1y 51 % 1 VI 2 1 ) AR 4
F R WR T A NE 25 0] LBy (b0 2 S B Wy 5
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A: astragaloside IV ; B: epigallocatechin gallate; C: quercetin; D: berberine; E: schisandrin B; F: ginkgolide B; G: tanshinone I A; H: resveratrol;

CH;

CH;

I:icariin; J: curcumin; K: dehydroabietic acid; L: atractylodin.
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Figure 2 Chemical structures of active ingredients in traditional Chinese medicine



BASHBHE I DA, BTN, MK K. GPXAZE RS P AR 7 9 b A £ AL A b 24 5+ Fst 7 L) 1.
202511 A P BB R AR CH AR RO 5 2025, 45(11): 1678-1688 <1685+
F1 PHEET CPX4 ATERILTI NAFLD B TSR
Table 1 Effects of traditional Chinese medicine on NAFLD via GPX4-mediated ferroptosis regulation
Name of traditional Active
Chinese medicine  ingredient Mechanism References
Astragalus AS-IV Inhibiting Xc(-)system, restoring GSH levels [33]
Green tea EGCG Preventing GSH depletion and GPX4 inactivation, reducing lipid peroxidation [38]
Quercetin QE Targeting mitochondrial ROS-mediated ferroptosis [45]
Coptis BBR Activating Nrf2 pathway, reducing lipid peroxidation [50]
Schisandra chinensis SchB Enhancing GSH antioxidant response and reducing cell oxidative damage [54]
Ginkgo leaf GB Activating Nrf2 pathway, reducing lipid peroxidation [61]
Salvia miltiorrhiza Tan ITA  Activating PI3K/Akt/mTOR pathway, inhibiting inflammation and ferroptosis [62]
Resveratrol Res Activating Nrf2/GPX4 pathway, down-regulating TFR1 expression, and reducing [63]
iron accumulation
Epimedium [cariin Regulating the Nrf2/GPX4 pathway to upregulate antioxidant proteins and inhibit- [65]
ing the expression of markers associated with ferroptosis
Turmeric Cur Mediating the Nrf2 pathway to inhibit ROS and MDA levels, thus antagonizing fer- [67]
roptosis
Rosin DHA Binding Keapl to activate Nrf2/ARE pathway, upregulating HO-1/GPX4, and [25]

inhibiting both oxidation and ferroptosis

Atractylodesrhizoma ATR

Reducing Fe’*, ROS, and MDA levels while upregulating GPX4/FTH1/SLC7A11 [68]

to block the progression of ferroptosis
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