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Abstract: Objective To investigate the protective effects of Kangxianling Formula (KXL) on 5/6 nephrectomized rats and Erastin-induced

human renal tubular epithelial (HK-2) cells. Methods (@ In

(3400 H ] E5 ERENE 34 0 H (82405251) ; i 4 vivo experiment: A 5/6 nephrectomy model was established using
S ~ P8 2B S o 5 N

- . . . male SPF-grade SD rats. Successfully modeled rats were randomly
Ly DXL JA 0 B 2 e B eI H (JSZK2023H04) 5 |
X225 (R BE B b v B2 45 5 & RHRE 1 S JH it |
(QJZXYJK-202408)
(AT A ) DRI, 55, ) AR U, 52 o B2 Bl gavage, respectively; the sham and model groups received equal
PR I T 9 1A volumes of 0.9% sodium chloride solution; the Fer-1 group
GBEAEEE ] 5 &, FIR B ; E-mail: jj664758895@qq.com

assigned into five groups: sham, model, low-dose KXL, high-
dose KXL, and Ferrostatin-1 (Fer-1). The KXL low-dose and
high-dose groups received 10.5 g/kg or 21 g/kg of KXL via oral
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received 1 mg/kg of Fer-1 via daily intraperitoneal injection. After 6 weeks, serum creatinine (SCr) , blood urea nitrogen (BUN) , and
24-hour urinary protein (24 h-UPro) were measured. Ferrous ion (Fe®") levels in renal tissues were assessed. HE and Masson staining were
used to observe pathological changes and the degree fibrosis of kidney tissue. Protein expressions of nuclear factor-related factor 2 (Nrf2) and
glutathione peroxidase 4 (GPX4) were detected by immunofluorescence. @In vitro experiment: Cell viability was measured by MTT assay to
determine the optimal KXL concentration. HK-2 cells were divided into Normal, Erastin, Erastin+KXL, and Erastin+Fer-1 groups. Levels of
glutathione (GSH) , malondialdehyde (MDA) , and Fe** were measured. Protein expressions of collagen I (Col-I ), a-smooth muscle actin
(a-SMA) , Nif2, and GPX4 were detected via Western blot. Results (D /n vivo experiment: Compared with the model group, KXL
significantly reduced SCr, BUN, 24 h-UPro, and Fe" levels, while increasing the protein expression of Nif2 and GPX4 (P<0.01). @In vitro
experiment: Compared with the erastin group, the erastintKXL group exhibited increased Nrf2 and GPX4 expression and decreased Col-I

and a-SMA expression. Furthermore, KXL treatment reduced MDA and Fe?" levels and increased GSH level (P<0.01). The effects of Fer-1
were consistent with those of KXL. Conclusion KXL alleviates renal fibrosis, potentially by inhibiting ferroptosis through the regulation of
the Nif2/GPX4 signaling pathway.

Keywords: chronic kidney disease; Kangxianling Formula; renal fibrosis; ferroptosis; nuclear factor-related factor 2/glutathione peroxidase

pathway ; rat model; Chinese materia medica research
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1.1 A#
111 5@ SPF it SD K 50 K, 6
14, AR T i (200+20) g, W B RT3 50 SC 80 s A
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fit 5 : HY-100579) . % 7 #r {7 (Erastin, it *5 : HY-
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1:1.000) | H i P -3- 9 112 6 & B (GAPDH, it % -
GB15004,1:5 000) B i A AL Y B (HRP) A5 12 Y
W30 1gG (% 3K H1 G, it %5 . GB3303, 1:
5000) . Alexa Fluor 594 #7511l F BT % 1gG (L5 -
GB28301,1:400) , I FELE /R AW R B A TR A 5
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1) JRE HIRF & (L5 . €035-2-1) \GSH ik 7 & (4t
5 A006-2-1) T EE (MDA )R] & (1L 5 : A003-1-
2), B I A YIS T

113 FEMNE  COHFA (M5 . CBG-80S) , #i
LIRS RHEA PR ) 5 B (-5 : Synergy 2),
5% [ BioTek 23 Al 5 £ 15 ) AL (B 45 : RM2255) , 1l
Leica /A ] 5 Y62 B fd5E (05 . BH200M) , #i V1. 4%
Wk F AR AT B R FLIKAL (1451 1658001 )
FE AL (145 :1703935) , 55 [H Bio-Rad 24 A ; OGS
BB s (5 . LEXT OLS5100) , H 4% Olympus
ONEL AR SR RO R A (B . YP-HFG) , I A =
T O HL R A R 2 )l O AL (A5 Optima
XPN-100) , 2% [E Beckman Coulter 22 H) o
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1.2.1 oA 53 I Plan 8 57 CKD K R
AR50 HSD KRR, 40 BT AR 10 H, #4544 40
Hoo 1A 58 5 T AR DD B A2 B e Y 273, 1 8 s
TRoE I BRAT I U, (R B8 24 1/6 B ohRe . RTFAR
(Sham ) {4k 1B X AL R, 2 55 B Ok, S 170 6% 55 Ok
A, 2 e KR H LB SCr, #5845
Sham ZAFFEGE T2 22 5, VAW BN D) o A i AL
IR BB ML AT (Model ) 2H B 2F R 7 (%5
(KXL-L) 20 . $14F R Jy e ) (KXL-H) 20  Fer-1 41,
10 H,

1.22 T 60 kg AR 10 £5 20 f5 3055,
KXL-L . KXL-H Z 4 K735 L4 10.5 g/kg KXL .21 g/kg
KXL# H . Sham 41 Hl Model 41 K B4 K DL S5 4 FR
(1) 0.9% FALENZ BHE H , Fer-1 K LI 1 mg/kg 7]
it Fer-1 IS 1k, Tt 6 Al . TS o5 LA
0.1 mg/kg Zoletil 50 JBR [ K B SBOB (HURA Ri 1 K2
£r8h),EESIKEUML, 4 CEETF 3 000 t/min 2.0
15 min BRI RSO0 B T RE , 7] AR Sl gk o R B
FE B A B WE B — 2 2 B AL ZL S T 4% 2R
SR W T, A 4138 ) A T HE . Masson . Prussian
Blue Y 8 S g 9O YL s Iy — P22 B A 4UE T Uk
G PR R TR, FFPEAT Western blot Kl .
1.2.3 wWFEmRE 7 &

1231 KRE—MEN  WEK B E B ek
A R EAR A O B XORPEAG 5/6 B U BR AR R
B 5 A  EEAE A

1232 KEUEIIRE K Fer /K F  BUR BRI 35 A6 0]
B DIHE (SCr BUN) , ELAAKG I A5 B4 G v B 45
WO 24 h FRIECREI 24 h JRE 1 (24 h-UPro) o BUK
FUBE A ZUREAR $ IR () AR B (mL) R 1:9 EL A
TN 9 5 AR B SR IBUR, VKK I 2140 1 4l 45 1 10%
94937 ,10 000 X g, 8.0 10 min, e FIG W TG
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SR | BCA T 2 PV 0 6 T e
BRRERRRE. Fe7E 593 nm A OO | 0052 V20 K
WO A i
1.2.33 KREEFHLURMULE HEY 6. B8 %
[ K A E RSB, FHUTR HLYI 3 ~ 4 pum
W R B R R R T A K TR AR Gt
B, 3R IR oAl EOKGR BE L G 5T, A B
KB, R R o S BB, A0 A% Bk
T ARG Gl )0 5, 20 AR BT R DY R A5 A 2T e
EAN S

Masson e 6, . ' 20 40U 5 V) i i 220K, IR K
K UA% 5 min, KSR EE . FREBEHIR AL I, T
BRLLYL AL KIS PR W G IR I, 19% VKSR 734k
B BER K ZAEB] R B o BN 4
R €, M ST ILET A 20 €0, B SR 4T 4 s €5

Prussian Blue 42 {7 . "B IE 20 2047 1500 A Bid o5 22
KRB DR . RA G OE 2 ALH+ER R )
B KU B L Qe A% o B BRI K, R
B, PR IR R BT Sk B R S, 2
MIRZLL (5 5k

o P2 oM < B E IS B U 1 I i s K A, e
JRAE S, 1] PN e SV IR A W, LY BSA J 4]
30 min, Nrf2(1:1000)F1GPX4(1:1 000)—4iiFH ,
4 CIP R, W 2Ot Pt il mE ot 1 h i F
J5 .47, 6- K HE-2-FR B3| (DAPT) &2 YL 41 g % , Pl
WAL A &5 ETKGR B, 3 R T 78 W s
T RAEEL, I Image] BAFTHE DGR E
1.3 RS FE
1.3.1 HK-2 40 3% 5 X o 4 H MEM+10% FBS
137 °C.5% CO, BYE5F240 P 1% 3% HK-2 410, 20 i 255
PR 80% J5 IHAL AN . Erastin 155 HK-2 21 ffd A9
TRy 1 R T UR A A S S e N S S
MK 10 wmol/L Erastin 47 T 1l BEFEXTEA4:
T A 20 1, IR Ak J5 FE A e 96 FLAR b, Y 40 i
G FEE R 60% ~ 70% 1, F KXL Erastin Zb 3 24 h,
1E % 20 (NG) . Erastin 4H . Erastin+KXL 21 . Erastin+
5 wmol/L Fer-1 2043 5| HEA T AH LY. Tt .
1.3.2 sl & 224 pHAE R ] pH THI
G 00 I PH A 9 2% e RS AN BN 24 Ji5 o1 4
37 CHYSEFREE 4 A AR B8O 8 J i sk, B4
FEA 2 /DG 3 YCIBCF- Y A, 5 0 DRoAS: D 235 2R Ak 1
HK-2 41 ffg 1% 57 2638 B pH VB [ (7.2~7.4) 5 1B 15 R A
FHAS 375 F ASCR I, 4S5 4 17 e o J R B3 o % 5

FE A AG W h  H U W AR AR O 0 S BOE (A
mOsm/kg) , 52 Kz 3 YR il i 22 |, 7 0 O A 0 245
JAb F HK-2 i i 85 37 3 1F F 12 3 R 3 B (280~
320 mOsm/kg) , Feidi vii [ 24 (300+10) mOsm/kg ; PN B
R A 1 CBE RS TL BBl APk BT ), ™ 4 S A
TR IA A5, BT B AR B A i 24 15 35 5L 5 )
FNE , T B B BH X e DR 8 R mT A 5 ff RS 45
AT A S50 N R R A 2K GBI <0.5 EU/mL)
FEPEANTE S BRI S . e 2R F I KXL 257
B 9% 3 pH H M 7.4, 78 15 JK 305 mOsm/kg, N 5 R
0.3 EU/mL,

1.3.3 RS F &

1.3.3.1  MTTHfik KXLEAE Tk st
189 HK-2 4188 LA 5x10* N FLEEFP 2] 96 FLAT , 7741
TRE S, IS [ EE (9 KXL(0.1 g/L.0.2 g/L.0.4 /L.
0.8 g/, 1.6 g/L..3.2 g/L) B3 5% 24 ho W2 i, &
ANV B 3 AR AL, I AHT R 3R 5L K MTT 47
EE L4 h 5 A5 LW RS SR I i A Z H T
B (DMSO) J5 IR & I #2 KR % 10 min IR 2], B bR X
490 nm FEHUROCEE (A) o AHMIAEIE % %=[ (L5 fL-
25 FHALD/CR IR FL-25 FFL) 1x100% . B 8 KXL X
HK-2 40 i JC 85 5T TSGR S v B, F T e 22
S

1.3.3.2  HK-24ig GSH.Fe** MDA /K-FllE 6 1L
M 3% % HK-2 40, 24 h 4320+ 11, NG 41 | Erastin 21
(10 pmol/L. Erastin) . Erastin+KXL ZH (10 pwmol/L
Erastin + KXL f /¥ ) | Erastin+5 wmol/L Fer-1£H
(10 pwmol/L Erastin + 5 pmol/L Fer-1) 43 5l 47 #H i
T 24 ho S8 BUG W RE SR, TO T K R SR %
3R, A I 5 GSH  Fe** \MDA ., HK-2 4 il
WG, KRR 1104 N 300 ~ 500 L #EBUR
AT 510 s B BRI L 10 000Xg BS 0> 10 ~ 15 min,
25 VG W 5 SR, i BEAS [R] 1 38 0 551 0
GSH .Fe* MDA /K-,

1.3.3.3  Western blot £ Jlll 2k 5. T~ K 1 4 {1k #H ¢ 7K
13327 M5, MR 3R 5L s TR 46 9% v
& (PBS) V4 A 2 U, i A 2 W S OB 1, BCA
JEHE . R SDS-PAGE 73 8§ %5 2 1, fH IR FE i =2
PVDF 5, % T 5% BERG A4 W3 P41 1 b 35 —41
Col-I(1:1 000) \Nrf2(1:1 000), a-SMA(1:1 000),
GPX4(1:1 000), GAPDH(1:5 000) T 4 ‘CYKAH % K
IR B2 K, TBSTHERE 3 WK, il A HRP A1 (1l
FHR G Pt (1:5000) EJIFFF 1 h, TBST PEAR 3
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NN ECL 2 8 1 B 6 U , Image) B 135 H 1)
HEHINZ A,

1.4 %it5 %% K GraphPad Prism 10.5.0 5 {4
Gt IR R L ves RoR . AT AIESD
A, P [R] AR LSD K 56, 22 41 1) 25 57 b AR
FHEAR 25 22931 (One-way ANOVA) s RFFAIEAS
AR HAES Bk 5 . LA P<0.05 i 22 R A g1t
2 #R

2.1 HRAERLER
211 AR —MBEIAE E  Sham 4K FURE M
R4f, W shid, g B 55 IR E N . Model 41 .

KXL-LZH KXL-H £  Fer-1 ZHK5 MR 28 A4, 9 B 20
L, 1 s g b AT A R AR R . S
gt fE e, RS D e 20m %Ak /N R B Ak 5 a] i
LR i, KERAET 6 H, iAW A G i1 K R
A Sham 41 10 2  Model 41 8 H \KXL-L 41 8 H .
KXL-H#A19 2 Fer-1419 H .

212 MHAREHEREFALRFIATHEY 5
Sham £ L% , Model 21 K Fl SCr.BUN . 24 h-UPro &
B LR 2 Fe KB B FH R (P<0.01) . 5 Model 41 [
%, KXL-L. KXL-H. Fer-1 #H K fl SCr. BUN,
24 h-UPro J2 ‘B 4 21 Fe* 7K - ) 2 T B (P<0.01) .
KXL-L4 5 KXL-H 4 #H LA, 45 48 br 22 55 4 12
= (P>0.05), W1,

Tl BAKXRAENIEIREFHLE Fe? KT IR (7+s)

25 n SCr/(pmol/L) BUN/(mmol/L) 24 h-UPro/(mg/L.) Fe*/(umol/L)
Sham £ 10 12.41+1.29 5.76+0.23 11.29+1.12 12.45+0.83
Model £ 8 48.45+2.98™ 17.24+2.217 29.38+3.37" 38.79+3.06™"
KXL-L#4 8 32.12+2.35" 13.18+2.03" 24.43+3.03" 29.18+2.56™
KXL-H 4] 9 26.64+2.26™ 10.35+1.65™ 20.54+2.06" 26.24+2.14™
Fer-141 9 23.83+1.74™ 11.91+1.71% 22.94+2.79" 25.43+1.89™

1 : Sham R FA , Model AR KXL-L AHLEF 2 05 K57, KXL-H FHLF R 7 7, Fer-1 AKIET- #1157 Ferrostatin-1, SCr A IfiL LT,
BUN NJRZE A, 24 h-UPro N 24 hJRE I, Fe* AWK T 55 Sham 41 FLAE, #%P<0.01; 5 Model 21 HLHZ , ##P<0.01,

213 MAREALREHLANTH HEGRMEL
RPN : Sham A JC B /NE 248, B RN AT, Je Rk
i 240 JfL 35231 5 Model ZH /N - K2 240 Jif 2 Y AE AR M | il
RGWLTE , E Y9k, 24 B, [ U 98, Bk
R YEAV I A ) BERE S Ry kR 2 A WA 18
SRAE A IR 5 11 KXL-L 41 KXL-H 41 \Fer-1 415 2
AU PR3 710 R 5 5 728 B 3 0 3 A, ) o AR

HE

Masson §

Prussian B3
Blue g

ShamZt. ModelZH

S A 2 1 ACF W R (P<0.01) o LRI 1 3R 2,

Masson 4 8,45 5 5l 7R : Sham ZH 45 #4952 2% | 15 /)N
B VB NEREE KT T, T AT 4 AL S 5 Model 2 R
AR PR W T B/ NEK R X AR A b B
AR Y 5 1 KXL-L 4 KXL-H 41 | Fer-1 4 ' 41 2V
JE 2T 2 TR 5 5 Model 28 B (2 sk 20, £ 4 Ak B4
Bifg B R % (P<0.01) . W1 F 2,

.....
Y oy

KXL-L#4 KXL-HA Fer-1¢4H

1 : Sham BT, Model M5 EL, KXL-L HLEF R IR, KXL-H FHTEF R 7 = 7 &, Fer-1 AERFET - 7] Ferrostatin-1, Masson Jy Hi#i

Yuft,, Prussian Blue J &+, FrRM 100 pme

B1 AKX RBHELHEHEFILE(X200)

Prussian Blue 4% {0, 25 3 i} 7« Sham 2 7% WA i
FHPEG 5, oK 25 U0 s Model 4L R T8 P B /INE R

DURR, W e PH PR e Ve Bl T R8T KXL-L
2 KXL-H 4 \Fer-1 44 0] WL 4H U8 B T U0 & &



iR 27 2026 4E5 60 455 8 W] Shanghai J Tradit Chin Med, Vol.60, No.8, Aug. 2026

5 Model 41 2 35 1 [ , ' Ik Ak ok OIR 2545 21 ] A2 2

fit, DLIEI1 .2,
K2 BAXKABFALIG A=A & @A LR (v+s)

-77-

4 . B ANERSL B NE HE BTG (4, Masson FH1E

- ) PEA 5 PEGM147 T/ % et IR %
Sham 21 10 1.21+0.05 1.53£0.04 1.89+0.04 1.29+0.06
Model £ 8 4.18+0.29™ 6.21+0.24™ 4.72+0.317" 3.98+0.28™
KXL-LZH 8 3.04+0.21% 4.57+0.16"™ 2.53+0.14™ 3.46+0.21%
KXL-H4H 9 2.21+0.12" 2.29+0.11% 1.98+0.11% 2.83+0.12"
Fer-141 9 2.53+0.16" 3.12+0.13" 3.26+0.25™ 3.03+0.16™

TE - Sham H R TR, Model FEHL, KXL-L AHTEF R I7 R H: , KXL-H AHLEF R I7 wi e, Fer-1  BRAE T 5

Jutt, 5 Sham 2H H#E, ## P<0.01; 5 Model 2H F 38, ##P<0.01 .

214 KRG IENR2 . GPX4EGRHEHEH 5
Sham ZH HL 3, Model 20 K BR Nrf2 &2 GPX4 2 H k7K

Nrf2

GPX4

100 pm
e,

100 pm

ShamZH. Model 4

KXL-L4H

77l Ferrostatin-1, Masson A Eh#8

B R R#, 1 KXL-L KXL-H  Fer-1 T , Nrf2 &

GPX4EFEIKFERE FTH(P<0.01), WKI2383,

100 pm

100 pm
plrt 2

100 pm

100 pm

Fer-17

KXL-HA

1 : Sham FRFAR , Model AR KXL-L AL R G &, KXL-H AP R 7 @5 i, Fer-1 ERFET- 5 Ferrostatin-1, Nrf2 A% 5% 5%

FTFLLR 2H 5 H T 2, GPX4 A B H KIS S AL W 4. A5H 100 pm,

B2 A2 KR FMEN2 GPX4 & & Ak ik (#0558 k4 & ,%x200)

F3 AAKRBEIEAL N2 . GPX4 & G £k K-F

WA (x+s)

2 531 n Nrf2 GPX4
Sham £ 10 0.67+0.16 0.82+0.14
Model 41 8 0.160.02" 0.1420.01"
KXL-L4 8 0.39+0.08™ 0.22+0.03"
KXL-H 4 9 0.47+0.12" 0.29+0.07"
Fer-141 9 0.35+0.05" 0.41+0.11"

F4 REREKXLAMHK-2 8% % vh

T : Sham BT, Model g8, KXL-L AT R 5 fIEF] AL, KXL-H
APEF R IR, Fer-1 AERFET-HMHIF] Ferrostatin-1, Nrf2 AR5 5%
RIFLLZR 2HICH T 2, GPX4 A IS S AL B 4. 5 Sham 41 L
B4 P<0.01; 5 Model 2H LA, ##P<0.01,

2.2 ARSNFEIE

221 FREKEKXLA HK-2 20 j0 7 A1 B Hzs
I3 20 LA, KXIL Mk B R 3.2 /L B HK-2 24 f i
J1 B TRE(P<0.01) , i £ HK-2 40 g A B 2. T 1%
I KXL A4 A% i e 1.6 o/ LAE J 25 9 1+ i ok & .
L 4,

2.2.2 Xt HK-2 48 i, GSH MDA & Fe* K -F 89 % "
5 NG 4 e # , Erastin 20 40 2 MDA % Fe* 7K °F- B i,

21 5] HePE/(g/1) A NAF T 5 /%
23 L 4 0 100.00£0.00
KXL4 0.1 98.35+0.59
0.2 98.76+0.71
0.4 97.43+0.62
0.8 97.59+0.81
1.6 97.52+0.78

3.2 48.65+0.53"

TE:KXLAHILF R 0y 555 LTS24 L, ++P<0.01,

Ft i, 1 GSH ZKF- B & F B (P<0.01) 5 55 Erastin 41
%5, ErastintKXL 241 . Erastin+Fer-1 £ MDA } Fe**
JKSF B SR [, 1 GSH K SF B 2 E FF (P<0.01) o
s,

223 AMHK-24 & g ki m®E S5NCHA
ML, Erastin 2H Col-1 .a-SMA 25 H FE iR K- i 3
Th i, 1 Nef2, GPX4 3 K P 8 2 F B (P<0.01) .
5 Erastin 41 [t %, ErastintKXL 21 . Erastin+Fer-1 £
Col-T .o -SMA K 4 35 K F- W1 & F [, i Nef2,
GPX4EFIRBAT-E FTHP<0.01), WEI3. & 4,
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R5 Zwzmie GSH MDA Fe* 7K tbdx (x+s)

2H 5 GSH/(pmol/g) MDA/(pmol/L) Fe™/(umol/L)
NG 4 7.23+0.36 1.35+0.06 1.12+0.11
Erastin £ 2.56+0.12" 3.83+0.29™ 2.98+0.38™
Erastin+KXL 41 4.89+0.24™ 1.98+0.12% 1.35+0.23"
Erastin+Fer-1 4 4.65+0.17™ 2.21+0.15" 1.67+0.33"

1 GSH A MEH K, MDA Jy i 1 Fe® JplV ek 8 7. NG WIEH,
Erastin N ERIETZ1H S50, KXL RHTEF 27, Fer- 1 R 4056 1= 1l il 71
Ferrostain-1, 15 NG Fb4E, *#P<0.01; 55 Erastin 41 FLAS, ##P<0.01,

Col-1 —J - — pr— 138 kDa

Nrf2 W - —— —_— 68 kDa

-SMA W S W— — 42 1Da

GPX4 - [ —] - 22 kDa

GAPDH WEEEES WEEENS TEEEE A ——— 36 kDa

Erastin Erastin

4 astinZ
NG44l ErastinZl +KXLZ4  +Fer-14H

i Col-1 2l T BB IR 1, a-SMA K -3 LIS 11, Nef2
Bl sk T 20 R 2 M1 6 K 1 2, GPX4 g 23 bt 1 ikl S Ak 9 it 4,
GAPDH 2y H il -3- B B AU . NG HIEH | Erastin AT 155
FLKXLAPLEF R 7, Fer-1 ERAET- I 7 Ferrostain-1.

B3 &4iZmhe Nrf2/GPX4 B35 B4 4 fb
#8 % % & Western blot &4 A

3 it

KXL £ 2454 A P4 SCr . BUN % 24 h-UPro, 4E
2% CKD gF & o HCn] A v 40 ) VR P53 A0 2 41
I fE 0% 3815 Nef2 18 % , {2 9 GSH 4E i, 42 75
GPX4 T, BEAK Fe K, AT i 2R 5E T~ s g

2.0

5

HAEYE /M

Col-1 Nrf2 a-SMA

Jo xS AR A5 455 5 TR) RF ] B 0 ) UL £ 4 40 T
b, 98> Col-1 Fl a-SMA 3k , B2 BH WG B £F 4 fb itk
o ARBFFRIESE T KXLEA 2005 BEARTE ST 545
R RBHE A S RE, W] RE 5 % Nief2/GPX4 {55
A, SLG T Erastin i S5 HK-2 410 AET \5/6
B UIBRAG E CKD AL [R] I 58 B AR BET - F 551 Fer-1,
UESE KXL 5 Fer-1 /R — 2, BiE T “KXL i i
ST R FETLAF AL B LML
BRICTAEAE T 270 B RS0 |, 2B AR i
Jo it S AL O B B R M A AT T N R TR T
AIANRRAET ) B B O i i o i AL 2 & AR
BRAET A A R 2R, A AT 2 A6 U] &40 14 97 5 e
BT IR B ALY MDA LR R R S S
GPX4 125 L B% AR 5 V) JCHK , Tl GPX4 9B/ VR AL T
BRI TR KXLYE Ry, 2y
YI¥ M I R R 2, 24 031 R S BB B0 F 28 4 1
B, HAHE SR S0 52 50 vh A L B0 T 0 4 B 7
Shy LA I PR FH AR AL T B 70 40 1 S AR A , o A
T 2 I SRS ARTEE T AR R
AN PRI B 2 4 A B AR A B B KX 36 Ik
PHE R IS L, JGE A g W TN . BRE TS K
Nrf2/GPX4 fl1 R i 2 3K 51y B £ 2 Ak 1 Jre 1) G5 1 Jie
B2 F IS v Ll w2111 7 0 ol N3 B 2 R A
X PR, & KXL AE#E I8 CKD B £F 4E AL i %
O JRR . CKD FERE b, B 4 G 4A Ak I i 2 1 2 S 50
Nref2 J036 A2, BTl SLC7A 11 A A U 2> GSH
B A, e AR GPX4 TEHE 2 GPX 4 1E 4 T B G
A BOEBENE P id EL Y (L-OOH \MDA ) , F:8( Fe?*
MR 11 i 5 3k AR A T ), i & HK-2 40 i 2k 5t
T2 BRIE T — 05 5 HK-2 4 M 1) ALk 21 2
AL S AL AR HE Col-1 . -SMA 23K , Ik & 6] o 2F

- NG
= [rastinfl
mmm Erastin + KXL4

mmm  Erastin + Fer-141

GPX4

H:Col-I A T BRI 1, a-SMA Ry oI WUILBIEE 11, Nef2 A IR FLLA0IE 2R 2 A G IR F 2, GPX4 S BEH I S AL B 4. NG A IEH,
Erastin AERIET 15 ), KXL APLEF R T, Fer-1 RERFET-#IHIF] . 5 NG FL#E, ##P<0.01; 5 Erastin 21 FL A7, ##P<0.01;n=3 , x+s .
B4 Z0%mh0 Nif2/GPX4 i@ 3 B 4F feiiAa X & & KT rbdx
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He Ak, I AL B I — N 2/GPX 4 Bl e A — R BT T
— LY PRI

5/6 "B DR AR 2 A5 B /NG [ o 41 4k A 1) e
H I B 2 BB AR R T AL 1 T RE Ak I, AR
RUSE 15 T AR TR 24 5/6 B 4140, BBl S8 1 B
HR B A K R e IR S HE RS T S B I
PR CKD 5 B — S EA T 1R B D RE B fb E /. HLA
5, A Bl 2 s R 8, S8 s ) 45 o Bl v
SCr.BUN 7K FTH 5, 24 h-UPro 34 i, B /N Bk g i %
RSB DRI 5 TE bR 1) SR U B A T A
e B R B 5 o B, S Y HK-2 1 iR AE T
[] J53 £ A Ak 5 B D) RE AL 1 S SR AR AR L FLix
B 1 5 T e AL AR AR T T MR A L
AN FE 52 B0 R 475 A B TR T i 4 TfT R S T g
AP RERRRAE o PG 27 2 Ak )y T, A5 S I /)N
BREF YA B /INE o] B 2F AL 19 [ 20 P74, S IR
CKD H AR b 1) B Fe = A . iR,
R T RIS S /N SR 40 L 1) T 2T Ak A S A
21 it A1 356 J T AR A5 B /N () I 2T A Ak B R e AR A
T BB BT LS 2] B /NER B Ak | 28 535 J3 34 A4 26 5 /)N
FREFHEfL FEIN , 38 3 HE . Masson G {01 25 5 50 PR AS:
W53, ARG e A0 B R AR AT (b R B, B
INEREF AL 5 B /N TR TR AP e AL AR BEAE G R
M 4 T DA B S AR T Ak Bk SRR AS o BB A,
AT 1) R R A 2 b kR 5 R A S B B
AR OGP , AT (] 25 46 DU D) e 46 b 5 £F 4k AL AE DG 4
Fr (41 a-SMA . Col-1 . TGF-B1 %5 ) , A8 15 Wi #8 7n
HK-2 4l R AU T 75 B D R AL 5 3 1A &F 4 fb 1 i
TR REAE A

CKD 78 BE 2 I Ja oKk b« R 55 7 < A% ™ 45
JuWs B T A HE PR S ZAE 2 o AR e T 9 R
PRACAETF KR JRAA U RN B S de Ay, B
FERFRLR L R IME AR R 2 . CKD &
B MR A T VUK FE R S R R
R 9% LA I DR 2 B, 0 19 ) 0 4, e 2 AR S 2R
W . B R, S 80k
fatiz , B R RBE, B A, ARSI
WA AT AN I P9 A= e BA Ik, B0 OR R L
ZEIBRH . KXLEERA 25 < VB AL MBI 7% i f g% 3K IE
TE L, PFS0E A | ] A 20 R ek Ak 3 o 58
26 YRR I I PR AR B A I kA
BF, HK-2 40 i Fe o 2K, 38 2k 2 i S g ™= A K
TR 5 R AN B, PR R A M R AE T . T KXL

14 37 A AR FH 9 5 G B 6, ek HK-2 48
L PR 3 S5 S S Ak e B R T M S MR TG [
TRERAET KUK -

5 KXL W] £ F T Nef2/GPX 4 {5 53 %, LK
HILT 5 AN B, AR FRAT T4 SR K B B B )
B 2 I R KR 3R HK-2 40 A, o 245 40 B 41 K LT
Fer-1 20 #8 R FHIE G T SR e — 1, FR 2T 250 0
B UE KXL 2 7538 1 45 GSH A A1 GPX 4 1 1
Al HK-2 40 L4k A0 1, Sy FLIlf PR 7 $2 4k 50 56
A
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