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HWE AN RAAThARZALIZEEZRF - E2 X EF 2 (Nf2) /B AR L &AL 4 B 4
(GPX4) 1% 5 18 3% 4 4] I 2 Lk 50 T BB AT 41 4 AL (HF ) K R e94E A L4, 7 i%.40 2 SD K A A5
A5 28, 4 A A 3F FE2E (Control ) (FEALZH (Model) \ P 2528 (TCM) | ¥ 25 + £k 5t == 49 ] 5 22 (TCM + Fer —
1) P25+ h A + A H FZL(TCM + Fer -1 +3 —MA) , #4208 R, # 4R A 50% W 7AL
B (CCL)MAEES (1.5 mi/kg) , B 2 0k B4 4 B, BRr &ML THpty, b s A% afl KRG
WL F 425 (2 mL/100 g) k58 47 6] ) (Fer — 1,1 mg/kg) Fofa it & #2375 7] (3 — MA,15 mg/kg) i@
AR ESRSH BB LR, FLE4 R, EAALTH AR LRKRHS, HE F» Masson 3 & ULEAT 4047
PR AL A b P R IT AR B R A A B (AST) A AR AR A48 (ALT) MHEBRLEF o
(TNF - o) A AAL B AL B (SOD) 7 — 85 (MDA ) A & fn ik Fe AP 2B 42 Fe’ " 4%, & & 2R P ik &
(WB) #a ] FF 20 2% GPX4 Nrf2 JE R BARFE 4% 7 M R 11 (SLCTAIL) 264k % & 4K 1 (TFR1) .\ FRZ 1
(Beclin —1) \LC3 I /LC3 | &AL ; Fot b2 &R 484 XA (qPCR) %0 Nif2 . GPX4 #) mRNA
FEWEN, 4R .5 Control Y638 Model AF2LR BRI K Z Gt om X 4F LA R R R AR EHF A,
ASL ALT MDA \TNF - a . Fe’" 942 2 F % (P <0.05),S0D & %A (P <0.05),GPX4 Nif2
SLC7ALl &8 &£ FZ (P <0.05) , TFRI Beclin -1 & & & A7 3 (P <0.05) ,GPX4 Nif2 4 mRNA &
KR FEAL(P <0.05) ;5 Model Fbix, 425 F T & AT AR 40 22 9% 32 2 2 5 &, ASL  ALT MDA | TNF -
o iE BATBE Fe?* 4% TFRI #= Belin — 1 & & &£ 3 RE A2 E A& (P <0.05) ;S0D 4% GPX4 #»
Nif2 % & % ik #» mRNA & ik SLCTAIl 9 & O R AR FERRAALE EA(P<0.05), £+ LC3 M /LC3 1
FOREEFAGITFEN(P>0.05), 4k, 5 A& o) K78 FIE N2/ GPX4 15 5 18 5549 %) 4%
ST R EMF LR K

KEEIR T AL R A E A KT 4550 T s Nif2/GPX4 ; 4o 2L B 7

FESES . R285.5 X EAFRINAD : A M EHS 1002 —2392(2026)06 —0018 - 07

DOI;10. 19664/j. enki. 1002 —2392. 260113

HF£F 44k ( Hepatic fibrosis, HF ) /2 4% Fl J5 [ 5| i
A0, S O BAR AR (HSC) S #0164k , LS i
IR TR s ME BB IR S U 8 54 1) — R 3 — 1652
JRE S LT A AR S R 2 A AN AT 36 17 S A

MRS SRR BTG HE BFE T A A
K e o B LB ST I AT 2 Ak P RE A A I UE R4
FERT B 5T O 2 UE 52 25 A 1l R K 1 W1 A AR
JERFET AL (B AR HIBLHIATI SR AN W8

b, B2 R R g JF R PR kg K e 7 B0 AT R AR R
SR — D R R AR TE N, eI AT
HEAL 7 THA FRFE L, AR P 25 7R BT i i HE 2
R NI BRI, h A LU 2 @t 24

s B #2025 -01 - 07 f&E B #2025 - 10 -24

EETB VLA B H ITRAHRIFZI H (6112200944 )

VEB R X5 (1996 — ), 2z A1, A ZH AT RE B 55 6 AH SR SE

* BISIEE BFT (1970 - ), L A BB, AT BRI, DS R
A AT

BRACT I — Pl BEARAS R B R e P AR S T
JraM HURRAETE T 40 P9 IR S 4 4 (ROS) 1 3
SEHERURIDE H I AP 4 (GPX4 ) Y BRARH A 4
FEANIL i (4 2R 0% BB 7 I 2T 2 Al K T B T A
i B R rp BRAC O W — RO T 2 A fE B A
2, PACHPF T AR 0 B AL S A 4
IR FEgh i 9csrh AT WOl L ek
FITE =5 IR 6 75 3 1 JHF 4 4 Al A I S fk ik ( CC, ) 5
S U R 4R fe ol 5 2045 0, 5 B B A8 T e BT
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YIS B RLE , BFEE R B I S Nef2
L GPX4 B3R K-, 40 i P A8 A N K - I 3
I, NI T FHBRFE T35 555 ( RSL3 ) 175 5 19 JUL 4t
BRAET; — HUBUIK (METFORMIN ) A _F 38 3F T 4 1 iz
o P P A R R BRI L 23 Nef2 1 GPX4 11 635 5 HL
brusatol (—# Nef2 #f57 ) fig . % [ % METFORMIN
XT Nrf2/ Gpxd {5538 B A 30 AF LA RO SR TR 14 iR
o A P A 78 RS BRUE I () #5240, $7% METFORMIN 7]
REIE AT IS Nef2/GPX4 {5 5 30 0%, I st T, 2l
JFRESAG ), FERTINEREBFSE v, A IR A 2 5 ] 0 4%
P B2 P B AR IR R Th 25 R IE TR YT AT
AeAbn 25 ML) B, 515 Bl o X 2 5 R4
HIGIE 15 R SIS R YSET IR AT 4Rk
EEP M E - PSR A RK G %0 2
XFo R, AR E— 2D PR 5 A R K T T
LA TR, LR FE T 76 T 27 4k AL BT 41 i 9 &
FEAEIT RO YIS, 5% 25 A0 A 7K X% A9
2ETT R R SR OGS # b, Ao LT e &
A R SRRV E AR A, IR PRI RIS 5 100

1 Mel5H%E

1.1 %

SPF i FE M SD KRR, 745 i 200 ~ 220 ¢, I
Tt 42 B A Wy BB B A A PR [ SCXK (32)
2019 -0008 ], 1AFEIAE  EE 20 ~26 C ;1R E40% ~
70% , S5 2 WA SR 1 R IR SR, ARSI
TLVG Hh Bs 24 K 2 S 56 B ) 48 B 25 51 4 ik i [ SCXK
(#)2018 - 0003 ],

1.2 FEF AR

BRET-IMHIF (Fer —1,J22HS189147 , | iP5/
VR B A PR A 4B [ mE S E R (3 - MA,
J22HS188439 , I i Y5 i A= Wy BF 47 A BR 23 7] ) 5 Masson
=AY {5 0 ( G1006 , Servicebio ) 3 AST X £ (70110,
IR RV )  ALT 5050 & (70111, L ZR TR E ) ™
A BRZA T 5 MLVEER (Fe) 71 &5 (70142, I AR R E
YIrE A BRA ) s TNF - o i) & (E - EL - R2856¢,
Elabscience) ; MDA i #] & (E - EL - 0060c, Elab-
science) ;SOD 7 & (A001 =3 -2, i st & ik T
FEBFSE ) s B 46 RNA 2 BU ) & (CWO581M, CW-
BIO) ; Gsafe Red plus #2448} ( GK20002,GLPBIO) ,

E A R B OHL(HI750R , 5 R AL S0 56 2%
INERTE A RAF) AN AR ( NP80, Nano-
Photometer) ; ¢ PCR 4%, S B8 1 R 808 Ak 22 k6
W% % 54 ( CFXConnect™ Chemi Doc™ XRS + ,{H 5%
At BEE A BRA D) 4 A SR (WD -
2012B .DYY -6C,dbmiN—I4#%) ) ; & B ahfb2a k0t

K& 4550 ,%Zji( Tanon —5200, I REERHE A TR A A,
1.3 23

fit G AN KA T B 50 g, IR 30 g, fR%
30 g, R 15 g, $% 5230 g, 240915 g, =-£ 10 g, F}
%20 g, HHEE 15 g, 551 10 o, 14 10 g, 5% 30 g,
5 20 g, MRE2 10 g, 2 ST LA 7K 37 N B H IR 24
TN 295 g (ARUEIRTE 70 kg) . HRHE (245 B S ik
270 RN B 4 1A 3% T R A A5OR) B AT AR b AR, KRR
AR NIRRT Y 6. 3 1%, A R RUh =
FHGZ RN 26.5 g/kg, $ 2 SIE MA K70 8 ~
10 f55 Z€ 18 /K 12 0 30 min 5, 2%k & 3k, S0k T
30 min, JExE ; 25 N 6 ~ 8 ff /K 4K L2 R 20 min,
UEI , A I PR ETR , LIK T B ol e s 25 R AN 4 2 24
220 mL, BIAS& 242529 1.33 o/mL 25, 45
1.4 Zh¥ndH ks

¥ 40 2 SD KERBENLS R 5 41, 451 R xT B4
(Control) BERIZ (Model ) \FH 254 (TCM) 2 + Bk
FETAM R 241 (TCM + Fer — 1) (W24 + BRI T il
I+ FAWEIHIFIZH (TCM + Fer — 1 +3 — MA) , B4
8 H, MR H 50% MU fk ik (CCl,) & fs i 5
(1.5 ml/kg) B8 2 Wk, 5582 4 J8, % B4 MG s 1
R AR K A A G T AN 25, e 35 R
AR 7452577 KO BEE 45245 (2 mL/100 g) , BK4E
oA ) (Fer — 1,1 mg/kg) FNAHAE F w55 (3 -
MA) (15 mg/kg) 325 1 N IR 5, B H 1 Ik,
FRLk 4 J8 % HR A RIR IR 20 LA B AR R KA R
1.5 JHHZURBER

HIARE - PHL(HE) Y. KR EUFNIEHZUA 8500 A
FEA GBS AR R e A B ik oAb, IR R R
W A 5 RR G K B R B S PR T B
BRIE 0 BFLF SR BRI AR N .0 Sk
NTCI BRI ET A ra Az T e Fon SRt Y /b i s |
Fh B ORI bk XA /0T 2T 4 2% 4B A (B G ] B
TR s TR s I D 2T 24 B 44 A o e o ] ik X
B LY g i J5 B eI A 58 2 R b TTRs
W SR AR e R A AR BN A IV 387K 56 4[]
P8 R RN B

Masson Y& {6, K FUFFIE 20 23 47 5 1) 3 7K 4b B
JE, RIR A BRI M ERIK HE
30 min, HFAREY (A 1% LR K 01k, R 5 et
VIR WK G =R AREN Y R B A5 s T s
IEREREAZ,
1.6 IfLE HAHSCHE Al

4 B S A A A0 R 454 K BRI ¥ D REFS
B 9 28 R 5 2 g ( ALT ) F1 K A B R % 24 i ( AST) 5 %
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P A A7) GG 0 K BRI T T S R (MDA 25 A
1 ALY AL (SOD ) 16 1, AR 4k Ud B 5 25 TR X R A
PEAT AL R BEEAR AN 2 . AR ELISA 255 & hd B 45
B, 48 RS T K BRLINL T H R E R - TNF - o 936
KK
1.7 I FFHSY Fe® 5 b AG

HR AT G UL B A5 TR 8 7, 43 3G 0 i 375 R 2

dlFe’ Fig,

1.8 [ Houe B0 v I R B0 T AH G 2 1 AL E A
KEHKE
SKH RIPA 2 i 2 i 0 45 SO I 2H 2086 11, BCA
PE R P, A S a0 B VR S F AT Western
blot #3477 £ A X 55 d2 o BT A FH A 40 Ak Bk 1z
IR A AN R 1 s,
£1 WBHEKIE

Bk 2R iR FE AL
Mouse Anti — B — Actin( HC201 , TransGen Biotech) 2 000
Rabbit Anti Nrf2 (ah92946, Abcam) 2 000
Rabbit Anti SLC7A11(26864 — 1 — AP, Proteintech ) 1 000
Mouse Anti GPX4 (67763 -1 - Ig, Proteintech) 2 000
Ribbit Anti Beclin —1( A21191, ABclonal) 2 000
Rabbit Anti LC3(A5618, ABclonal ) 1 000
Rabbit Anti TFR1 ( AF5343, Affinity ) 1 000

1.9 qPCR &l Nrf2 .GPX4 Y mRNA Rik/KF-
K Trizon 12551 $2 BOK BURFIEZH 2L (9 5 RNA,
PRI Y mRNA I 2 v B R 4l i, 306 7 S 5 Il

cDNA 2R %56 % PCR X #4796 e & & PCR, DA B -

Model

Control

actin VE%W%,%I%??U%@ 2 iR,
*2 BWEHESIYFES

R 315" -3") FIYIKIE/bp
B —actin F GCCATGTACGTAGCCATCCA 19
B —actin R GAACCGCTCATTGCCGATAG 20
Nif2 F CTTCTGGGGATACAGTACAGCC 22
Nif2 R CTCCTTGGACATCATTTCATTG 22
GPX4 F CCGTCTGAGCCGCTTATT 18
GPX4 R CACGCAACCCCTGTACTTAT 20

1.10  GEil2go#r

SEYS AR AR Y + A2 (v £5) Fon . R
SPSS 20.0 #AT4EIH2% 4317, R ANOVA FLR R Jr 2
SR, 7 2255 LSD 3% 7 22 855 W Tamhane T2 725
P<0.05 £ ERALGIE XL, KM Graphpad9. 0
AT HATVERL,

2 H#R
2.1 RFORBRUHZH 205 3L U2 (14 52 k)

25 7R, Control K FRUF 20 23T B I s BE AR £k,
K F /N T 2 2540 1E %, IF A0 i HE B 26 5% 5
Control HL#5%, Model T4 7)™ & , I 40 fL HE SR &L, 53
NG IEH S50 SR s ai L B R i 2, A i/t
F NG ZS WRELE MY A B 55 Model 3L, 45 25 8- 4L A (.
Up i | 2R MHER R 0 AR/ ISt 2R B BB 7 25 Y0 R i
KA ARRFEE S, Hd TCM + Fer — 1 fi5 #3572
FEAET TCM, TCM + Fer — 1 +3 — MA 5 kg 36 72 B A
T TCM + Fer — 1, [R5 SR 21 4k AL K R A 1
BRI, 25 05 LA K 7 X HF AIGIFERH, WWE 1
M3,

TCM+Fer-1 TCM+Fer-1+3-MA

Bl 1 SARRALZURE2EIE O (HE, x400)

®3 BHEAXRFALREZFSESH(n=8,2
o I T AR A

2651
02 1% I g N4t
Control 8 0 0 0 0
Model 0 0 0 3 5
TCM 0 4 2 1 1
TCM + Fer - 1 0 4 3 1 0
TCM + Fer -1 +3 - MA 0 5 2 1 0

2.2 XK EUFEF4Eb 52

KT HE 214 Masson Y I8 R 2F 4 5 s 4, 5
7 S BT T WS K € ST 2 TR T LA A S K
ST 4L R PR 0 P2 AR . Control K BT P G
B S5 6 €558 S50 5 T Model SR R €058 JEL 3T AR W
5 Model b3, 45 25 1 1045 41 R 28 B35 W I T %
(P<0.05), /27 4t 4k 15 2] B 2 o 3%, Hop TCM +
Fer — 1 £ 4EAL G EE AT TCM, TCM + Fer —1 +3 —
MA £ 44k ol 2 A2 LT TCM + Fer -1 (P <0.05) ,
LEIRLE 2 Figk 4,
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Model

Control

TCM+Fer-1 TCM+Fer-1+3-MA

Fl 2 UK ERTHE LT e AL 0 ( Masson, x 400)

T4 FHAKXR Masson fBEEN T (X +5,n=8)

ZH 5 Masson 7€ &

Control 0.04 +0.03
Model 0.57 +0.22*
TCM 0.26 +0.09"
TCM + Fer -1 0.09 +0.01*

TCM + Fer -1 +3 - MA 0.06 £0.04"

. 5 Control L#X, * P <0.05;5 Model H45,#P <0.05,

2.3 XFREIMIEH ALT ,AST  TNF - o \ MDA #l SOD
P 5% )

5 Control 5, Model K B I H ALT. AST,
TNF - o MDA B & EFH(P <0.05),S0D itk
FEAIR(P <0.05) ;5 Model H%Z, TCM  TCM + Fer — 1 |
TCM + Fer —1 +3 — MA =4 ALT AST TNF — o\ MDA
)& YR FEE R (P <0.05) ,TCM  TCM + Fer —
1 W52 SOD & EFH(P <0.05) , TCM + Fer — 1 +
3 - MA [ SOD ZR T8t X (P >0.05) , HrPh44E
K (TNF - ) fEAR 2 T A e i 3, WAk 5,

RS HHAKXRMF ALT AST Fe TNF — « MDA ,SOD FRiEKFE (x +s,n=8)

21531 ALT/(U/L) AST/(U/L) TNF - o/ ( pg/mL) MDA/ ( pg/mL) SOD/ ( pg/mL)

Control 58.77 £6.01 112.20 +0.66 58.93 +4.67 461.84 +20.13 55.95+2.03

Model 77.69 £0.48 * 138.07 +25.17 " 77.05 £12.94* 546.46 +61.46 " 45.53£0.46*

TCM 59.32 +5.28" 111.02 £4.22% 51.04 +9.32* 473.48 +21.15* 51.32 0. 66"

TCM + Fer — 1 51.14 +4.09*% 106.57 +6.70% 55.61 +6.41* 480.54 +25.37*% 58.31 =1.00%
TCM + Fer — 1 +3 - MA 49.47 + 14. 46" 107.59 +6.40* 43.41 +8.66% 488.44 +£23. 85" 48.81 +0.35

.5 Control H#Z, * P <0.05;5 Model HE:,*P <0.05,

2.4 XK BRERACH 5w

5 Control H.%, Model K ML FIF2HE Fe** 7K
T (P <0.05) ;5 Model 4, TCM  TCM +
Fer—1 TCM + Fer -1 +3 - MA =#H¥ B E T (P <
0.05) . BSIMERFET A 700 A [ g il 7] T HRCR 5
aih 25 TERCRAHR . W6,
2.5  XFREAFAHZUH GPX4 Nif2  SLC7A11, TFRI |
Beclin — 1 LC3 1 /LC3 T & H #E A A

L5 Control %, Model K . GPX4 Nrf2 SLC7Al1l
TR K BB (P <0.05) , TFR1 Beclin — 1 2 1351k
BETHR (P <0.05); 5 Model HE, TCM, TCM +
Fer — 1 P2 GPX4 Nrf2 SLCTA1l EHFEATHE (P <

0.05), TFR1, Beclin — 1 # 4% ik W FFIK (P <
0.05) , Hi & 2HA0 LC3 1 /1LC3 T I Fk LIS TCM +
Fer -1 +3 - MA /1 GPX4 TFR1 fEH# A EF L5
FENL(P>0.05), WET KK 3,

x6 BAARMBMFAR S EE(x2s5,n=8,U/L)

4151 I Fe?* L Fe?
Control 22.35£1.27 319.40 £0.20
Model 39.19 £0.55" 378.19+0.44 "
TCM 24.05 £2.59% 336.87 £0.24%
TCM + Fer - 1 24.86 +£4.39* 331.58 +0.42%

TCM + Fer -1 +3 - MA 25.04 +2.59* 313.01 £0.22%

7.5 Control 6#2, * P <0.05; 5 Model H4,#P <0.05,

*x7 KBHAKR N2, GPX4 .SLCTA1L TFR1 Beclin - 1 BEARIKKFE (x £5,n=6)

21 5] N2 GPX4 SLC7AL1 TFR1 Beclin -1
Control 0.52 +0.02 0.50 +0.07 0.78 +0.08 0.41 +0.06 0.37 £0.02
Model 0.24 +0.02" 0.26 +0.10 " 0.23+0.12" 0.61+0.09* 0.77 £0.08 *
TCM 0.26 +0.02* 0.64 +0.09* 0.68 +0.07* 0.37 £0.05* 0.40 +0.05*
TCM + Fer — 1 0.39 £0.02* 0.52 +0.14* 0.69 £0.03* 0.58 +0.02% 0.33 +0.03*
TCM + Fer — 1 +3 - MA 0.53 £0.04* 0.13 £0.11 0.57 £0.04* 0.68 £0.05 0.52 +0.06*

5 Control FE#X, * P <0.05;5 Model 45 ,#P <0.05,
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i mWEmE BRI 7 U 11 (SLCTALL) /2 System Xe - &5
o e e s oD T, R AT 48
SLOTATN [ = e am]  LC3I el (GSH) A Uk 445 4 f 48 Ak 3 JF~F- A, i/ A 758 I
s HERUTTIRT - BFET= BP9 B, ISR G 25 L

Beclin-1| s . — e —
B-aCtin | e——— B-actin | D DS & |

N D N LD N
Q' () . QO (4) .
STCEN SECE X
Oo @ X x“’ QQ @ X x'\"
S N S N
& & © &
S &
«C <C

B3 BRFETMIEHR B WA 562 [ 72 IR B I
2.6 XFRBUFAZIR Nef2 . GPX4 mRNA Fik (15200

5 Control 4L, Model K B Nrf2 #il GPX4 11 mR-
NA £k KV B EFEML (P <0.05) ;5 Model %,
TCM .TCM + Fer —1 TCM + Fer — 1 +3 — MA =4 Nif2
F1 GPX4 mRNA RiEH B EF (P <0.05), Hrf
TCM + Fer —1 +3 - MA THIRUEREE, WES,

8 HBAKXR N2 ,GPX4 mRAN RiEKF (x +s5,n=6)

20 531 Nrf2 GPX4
Control 1.00 +0.04 1.00 +£0.11
Model 0.36 +0.03 " 0.55+0.05"
TCM 0.65 +0.04* 0.71 +0.06"
TCM + Fer — 1 0.53 +0.03* 0.83 +0.11*

TCM + Fer —1 +3 - MA 0.66 +0.03* 0.93 +0.07*

5 Control FL#R, * P <0.05;5 Model Hb45,#P <0.05,

3 g

HF 78 By 5 v 5 JC 6 s 44 , (EAR 5 e B
HF [ )& T FFAL “ Whpim < BUR  Svams ) How
PR AIL AT SRS A AR S, DU S = IE D RE 2k M
AR DUASCHR IS | A 9 0 A B LR R b, 2 LA
i I L RN T AR5 BT A9 g5 A A K
I B8 A0 I BB A M AL, I HLAE LU IR RIR YT
W WA R, TE BE2AIA R HEF 2 4% S8 AR i
B RAE RO AR EAE A it #2129
i 50% CCl, @57 HF KA, 25 IR, Model K B
JHREZEAHES ZEL, BRI D s 28 | T 4Rk B
i, FFUIREFE bR ALT AST W& Fhi , RAEZKF ALK
52 T, R U] HEF SR T, 45T g8 U I
FIAKGIGTT I5 20 25 728 WY b el 38 | I 27 44k 5l 2 0
/b ALT AST B8 B, 48040 I 0K ST F A RE 7K SF-
AITEGE . WIPUESE T 28 S0 LR K7 ] LA 41k
I AR O AN A AE 4507 , A I £F AL

BRIET- RS S HE (i # 2R AH G, A WHoE i
i AEIE B sh W) S0 & B, R T 2 R RERS A i
JH- A LR FE T LIS 98 R S0, AR o7 78 AR 10 5 T 21
Yk DT 2% fige A A 2 0 2 T 118 e A

o3 Bk F AR A T A8k, DN TR AR PR T Y &
Al SRR AT AE — 7 WA LA 1 b 2ok
R 1 (FIMT) \GPX4 Il 2k & UM 2R T i &
A LIS AR A R R B R 07, K LA Fe’*
T RAEAE T AN Mrb LS SO b A% K 8 1 (TF) 45
HIRE G, MEFRE A Z R 1 (TFR1) #4412 2] 41 i
WIRJE g Fe?* | it Y Fe* 38 i 25 0 52 7 A Ak 77 2k
ROS, 51 % R 5 i Sk S I, ik — 4535 & kst 1=
PRI, AR A28 000 IR K 7 5 8 FE T 1 56 &R )
A RS MR /K 17 58 75 3 0 9/ 15 BRBE Tk A
B ek 38 K U RS 455  H B9, 98 % B, Model K K
HERFET-HH 2 2 11 SLCTALL ,GPX4 %3k &A%, TFRI
FeIk TR, BN O S48 AR A I R, R BRI
MDA | IfiL % K 440 Fe* K F-FH 5, SOD 7K VR,
HUCTERA 515 & T IR L2 BkaE T, [l
eI T 25 S AR K T UG , R8T A S B
LI K MDA (SOD 13382/, - HAE[RIN 25 5 rp 25 F gk
FET I 350 024 Tk R 45 i vp 2 1) SRR AR TR
PR 28 NG LR 7K 7 W] B 38 Ao 2% A S a2, i
PLA RGBT E AL BE ) DT A At T ik 2
RAFHT HF 301,

H T R 2 S LR K IR R BT ) B
PRML X BRBE T (%) 8 1 30 % JR TF T AH G 5T, Naf2
NSE 2o e sl A N0 el S [ e
SR, S5 FAARBZ BT LA & AE BT A AL BT 1
FH AU R T I Nef2 3553 B 30 ] 40 o ik
FET, NI P AR AL BAb, 5 —Fh B BBt
SAALME 538 I GPX4 Bt 5EIET BB M
GPX4 ELA MURR 1 i I 52 5 g o v & i A8 Ak 0 1 e
71, A B B RS RS i A P S BV E L BT
RIL GPX4 k= | E AN K2 01 g I, 5 K 5
TR A A S EAE T — H GPX4 R
FE 5 A Wi AR BT ( PL) & 404k ¥ (PL — OOH, 4n
AA - OOH) , ZAXHI R T A k¥ & S 8k sE - |
FFE & B 2 ] 3@ i3 Nef2/GPX4 {5 51 %417 16l
VA I A 2 A0 LA BE T, DT A 3 M M AR O i
(SAE) RIERMIREE . Ik, Nef2/GPX4 FlJE R ik
PET- ISR 2l B, DRI, AR 5% 3 2o G I Nef2
GPX4 #1435 LI B mRNA A 45 58 28 00 LA 7K
VAR L Nef2/GPX4 {5538 Bl st T, WFoR
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SERR I, HF AR K BUAY Nief2 . GPX4 25 14 )2 mRNA
TR WEEL, BRAigs T rhey T Hs RAB ¥, 2
HARIET- A E R 11 SLCTALL  GPX4 3k 14 5 TFR1
FIKREAR, 7300 FE RIS 257 v 25 S5 ERpE T il R
T SR el b 2 R AR RV IT ROR , $2R 28 A&
LA 7K 3 ] BE 38 1 016 Nef2/ GPX4 15 5 38 % 45§ I
BRAET R BGE HE

AR 298 R I, BRAE T 32 AN M [ Wk o= B R i)
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Mechanism of Yiqi Huoxue Lishui Decoction Regulating Nrf2/GPX4 Signaling

Pathway to Inhibit Ferroptosis and Improve Liver Fibrosis in Rats
LIU Jingjing' , ZHOU Xiaoqi®, WANG Lu’, TONG Lijun', DAI Qi’
1. Jiangxi University of Traditional Chinese Medicine, Nanchang 330004 , China ;
2. Guangzhou University of Traditional Chinese Medicine, Guangzhou 510405, China;

3. The Affiliated Hospital of Jiangxi University of Traditional Chinese Medicine, Nanchang 330006, China
Abstract Objective: To investigate the mechanism by which Yiqi Huoxue Lishui Decoction ameliorates hepatic fibrosis
(HF) in rats by inhibiting hepatocyte ferroptosis via activation of the nuclear factor — E2 — related factor 2 ( Nrf2 )/
elutathione peroxidase 4 (GPX4) signaling pathway. Method : Forty Sprague — Dawley (SD) rats were randomly divided
into five groups (n =8 per group) : the control group ( Control), model group ( Model), traditional Chinese medicine
group (TCM) , traditional Chinese medicine + ferroptosis inhibitor group (TCM + Fer — 1), and traditional Chinese
medicine + ferroptosis inhibitor + autophagy inhibitor group (TCM + Fer — 1 +3 — MA). The model was established by
intraperitoneal injection of a 50% carbon tetrachloride (CCl,) solution (1.5 ml/kg) , administered twice weekly for 4
weeks. Treatment groups received their respective interventions: the Yiqi Huoxue Lishui Decoction was administered via
oral gavage (2 mL/100 g), while the ferroptosis inhibitor Ferrostatin — 1 (Fer — 1) (1 mg/kg) and the autophagy
inhibitor 3 — Methyladenine (3 —MA) (15 mg/kg) were administered via intraperitoneal injection. All administrations
were performed once daily for 4 weeks,while the other groups were given an equivalent volume of normal saline. Hepatic
histopathological changes were evaluated using hematoxylin — eosin ( HE) and Masson staining. Serum levels of aspartate
aminotransferase ( AST) , alanine aminotransferase ( ALT) , tumor necrosis factor — o (TNF — ) , superoxide dismutase
(SOD) , malondialdehyde (MDA), and Fe** content in serum and liver tissue were measured. Western blot (WB) was
employed to assess protein expression of GPX4, Nrf2, solute carrier family 7 member 11 ( SLC7All), transferring
receptor 1 (TFR1) ,Beclin —1,and the LC3 II/T ratio. Quantitative real — time polymerase chain reaction (qPCR) was
utilized to determine mRNA expression levels of Nrf2 and GPX4. Results; Compared with the Control group, the Model
group exhibited severe hepatic steatosis, significant fibrosis, elevated collagen deposition, increased serum AST, ALT,
MDA, TNF —a, and Fe** levels, and reduced SOD activity (P <0.05). Protein expression of GPX4, Nrf2, and
SLC7A11 was upregulated, while TFR1 and Beclin — 1 expression increased, and mRNA levels of GPX4 and Nrf2 were
markedly suppressed (P < 0. 05). Intervention with Yigi Huoxue Lishui Decoction and/or inhibitors significantly
attenuated histopathological damage, reduced AST, ALT, MDA, TNF - «, Fe** levels, and downregulated TFR1 and
Beclin — 1 expression (P < 0. 05). Concurrently, SOD activity, GPX4 and Nrf2 protein/mRNA expression, and
SLC7AL1 protein levels were elevated (P <0.05). No significant difference was observed in the L.C3 TI/T ratio across
groups( P >0.05). Conclusion; Yiqi Huoxue Lishui Decoction may ameliorate hepatic fibrosis by inhibiting ferroptosis
through activation of the Nif2/GPX4 signaling pathway.
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