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W E BB AR ER A AR T (UUO) AR /) BB A R4 ey B EAE R, PR TR KR TR 24X EF2
(Nrf2)/ 8- H kT B At B 4(GPx4) 15 5 B HA-F 094k 8 THT HAE A AU . ik 330 R AL, ABF KA A2 4 )T
3y e A ([P RT IR, 20 mg/kg) Ao Mg BAAK, . Z 7  20.(10.40 mg/kg) , 4206 X, RAEF RS, A &0 0]s R 39 8 i 45 3L 8 47
Jg 2 UUOBRR, KRG, 48580 R IZHRA 8 4 BT R A4 AP ERFARAERLR HAR1IR,ELT I,
Mo s R 7 P UUET (Cr) |\ fk & RU(BUN)K-F, & =8 (MDA ) 4% , A8 RACH B ALHEE (T-SOD ) 7 /) Ao B IELL LR F Fe* U 5 77
ARH#-4741.(HE) 4 & 4= Masson F2 &I R B MR R TG 570 4 e ALt 0L 5 S0k 404l s RUB IR 2 4Fi£ % & (Fn) \a--F7F
WUILF) % & (a-SMA ) \GPx4 Nrf2 89 £ 3A , Western blot 3% Fe 52 B 52 2 5 444 K (RT-qPCR) 4] > 5 B Ik 28 2% F Fn . a-SMA |
Nrf2 .GPx4 72 # A K3 7 11(SLCTALL) & & % mRNA ¢ &k K-F ., &R 5RF Rarbi A2 0 Ko7 F Cr.BUN K
F MDA 4%, B B0 2% F Fe i & VA & Fn.a-SMA & & F2 mRNA #) & ik K-F 3 2 F 535 (P<0.05) ; o i% F T-SOD 7 77 , ¥ fk2a
22 Nrf2 .GPx4 .SLCTA11 % & #» mRNA # & ik K39 B F BAK(P<0.05) ; B AR BB 3K BRI B, 4 e fe k4
FEFGER, TR KR M EAR R, 2%MTHUS, DR iE R G IR 2P Lk 3547 (S A BRI 240 SLCTATT mRNA
TP ) RT3 B3 i# 45 (P<0.05) , B IEZL LR BB A IR ITARA A TR SR, B 408 -7 5 & UUO AL AL K64 B I Jh 4F 4
A4, BARAR AL 7T 48 5 3376 Nrf2/GPx4 12 5 18 9% 7|4k e A % .

AR K ARER ; ) R LF YA s S 4y B R AR L Nrf2/GPx4 42 5 18 % 4k L T

Effects of obacunone on renal interstitial fibrosis and ferroptosis in unilateral ureteral obstruction model
mice

QIU Sha', YANG Li', TAN Ruizhi’, LIU Jian"*(1. Dept. of Nephrology, the Affiliated Hospital of Southwest
Medical University/Nephropathy Clinical Medical Research Center of Sichuan Province, Sichuan Luzhou
646000, China; 2. Research Center of Traditional Chinese Medicine and Western Medicine Integration, the
Affiliated Traditional Chinese Medicine Hospital of Southwest Medical University, Sichuan Luzhou 646000,
China; 3. Dept. of Nephrology, the Affiliated Chinese Traditional Medicine Hospital of Southwest Medical
University, Sichuan Luzhou 646000, China)

ABSTRACT OBJECTVE To study the improvement effects of obacunone on renal interstitial fibrosis (RIF) in unilateral ureteral
obstruction (UUO) model mice, and to investigate its mechanism based on ferroptosis mediated by nuclear factor erythroid 2-
related factor 2 (Nrf2)/glutathione peroxidase 4 (GPx4) signaling pathway. METHODS Thirty mice were randomly divided into
sham operation group, model group, irbesartan group (positive control, 20 mg/kg), obacunone low-dose and high-dose groups
(10, 40 mg/kg) , with 6 mice in each group. Except for sham operation group, UUO model was established by ligation of
unilateral ureter in other groups. After operation, administration groups were given intraperitoneal injection of relevant medicine,
and sham operation group and model group were given intraperitoneal injection of constant volume of normal saline, once a day,
for 7 consecutive days. The levels of creatinine (Cr) and blood urea nitrogen (BUN), the content of malondialdehyde (MDA) and

the activities of total superoxide dismutase (T-SOD) in serum and the concentration of Fe* in renal tissue were all detected. HE

staining and Masson staining were performed to observe the

AELTE WA S LRI H (No.2022YFHOL18) ; Pi R
[ o} R 2 - 4 g B R K 2 B b I IS e BB A 0 H (No. 75 B 5 R A%

morphology and the fibrosis of renal tissues. Immunohisto-

chemical staining was used to determine expressions of the
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quantitative polymerase chain reaction (RT-qPCR) were used
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to detect the protein and mRNA levels of Fn, «-SMA, Nrf2,
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GPx4 and SLC7A11l in the renal tissues. RESULTS Compared with sham operation group, serum levels of Cr and BUN, the

concentration of Fe* in renal tissue, the protein and mRNA levels of Fn and a-SMA in model group were increased significantly
(P<0.05), while the activity of T-SOD in serum, protein and mRNA expressions of Nrf2, GPx4, SLC7A11 in kidney tissue were

significantly decreased (P<<0.05) ; in the kidney tissue, the renal tubules were dilated, the collagen deposition was obvious, the

fibrous bands were thicker and darker, and the renal interstitial inflammatory cells infiltrated significantly. After intervened with

obacunone, the levels of above indexes (except for mRNA expression of SLC7A1l in obacunone low-dose group) in serum and

renal tissue were reversed significantly (P<<0.05) , and pathological damage and collagen deposition of kidney tissue were

alleviated. CONCLUSIONS Obacunone can improve renal interstitial fibrosis of UUO model mice, the mechanism of which may

be associated with activating the Nrf2/GPx4 pathway and then inhibiting ferroptosis to relieve RIF in UUO model mice.

KEYWORDS obacunone; renal interstitial fibrosis; unilateral ureteral obstruction; Nrf2/GPx4 signaling pathway; ferroptosis

12 V"5 B (chronic kidney disease , CKD) 1) & Jk %
BAE T, ©BOh ARV S AR [l () ST 2 4
L2 T A CKD #F i 2 2R M i [l i 44, S22 5
(5] Jo 2T 4 A i R 27797 CKD [ e 8™, BT R I 4F
K e IR AR AR T AR T A T =
¥ e SR TR F- 20 & 2 A & [ F- 2 (nuclear factor erythroid
2-related factor 2, Nrf2) .25 B H ik i & AL ¥ 1§ 4 (gluta-
thione peroxidase 4, GPx4 ) /& k58 T #) Je s R 45 (R 1,
WG AR I, K28 CKD & 23 A [F F2 B2 Ay
ZEFHELAAR BRI AL , A R ZEL o] S B0 B A L

L, HETT SR AT T 5 B A QI 25 L T 2 30 52 g o iic
e B Ak, i — 2D gt T,

BRI AT | B R SR ) SR U KR &
Y, )@ TS 2R = e, AR e
PRI 2 A 2 PR . PR I IE A B, SRR R —
PG Nef2 387, nT DARESE # Yo o fR i it L 22
2 g v B I SR A AR A I A AR 2 4
AN AE B ) 5T 21 2 Ak 00 5 A T SRS AN O
H o I ASHIFFE IR B BRI X A0 4 bR 84 FH (unila-
teral ureteral obstruction, UUO ) 1 7 /]\ B[] Jiit £F 4 fb
ISR, I8 1F Nrf2/GPx4 {5530 BEAR AR AL, A
1A VAR R ) 25 BRI 9T ST AR R S

1 #F#
1.1 FE{EE

BT AL E AL 4G LightCyclerd480 1T FYSZRT
B¢ 6 5E B A WEEE KL% (PCR) X (Fi -+ Roche 24 7 ) ,
Mini-Protein Tetra System %I &% [ it HL Uk 75 B R ¢ B it
A% # 5t (9 [H Bio-Rad 23 H] ) , DM500 %4 4= 4y i %
( H Z Olympus A 7] ) , Synergy?2 1 £ I GEEEAR 1Y (3L
Bio-Tek 2] ) o
1.2 FEHRBSRAF

HAAER (HE5 PCS-211109, 46 Ji =989% ) W [ il #R e
PRl E Py AR A BR A B 5 IR AN -1 (HE ) Y2 23711
& CEPU R ERE A G (L5431 24 C0105S , A0208)
W A KRR A FRA A Masson G (371 & (41t
5 BA40T9A) Wy 1 2k 1 DL 2R AR W0 R AT FRAA =) 5 LI
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(creatinine ,Cr) . Ifil /% 2 % (blood urea nitrogen ,BUN) |
S E ALY AL (total superoxide dismutase , T-SOD) |
PN % (malondialdehyde , MDA ) i1 £ 2410 [ B 5T £k
A=) TREFSE A B 28 7] (44543931 C011-2-1,CO013-
2-1.A001-1-2 ,A003-1-2) ; Fe" ¥ A 50 &5 ) 3 A
=B (g ) A PR A/ (4145 1291) 5 G e 41 1k 7
% DAB B3R5 & W A AL 2 S A AR R
) (154351 PV-9000 . ZLI-9018) ; %3t GAPDH £ 7%
BEBTIAR I A 2 = 8 A 9 H R A B W (5 60004-
D) Pt/ D ERNC2 a8 WUILE E F (a-smooth muscle
actin, a-SMA ) HL5g FEHTIARIG F 3¢ E CST A R (54351
h 12721T . 192458) 5 # 4t /) B 4F 3% & 19 (fibronectin,
Fn) .GPx4 ARSI 7l b1 11(SLCTALL) Z it
PRI [ 92 [E Abcam 23 7] (16543714 ab2413 .ab125066
ab216876) , AL RT 1Y i A= T A TR (i)
TR BRON T A 1, 51 P50 B Y P K B L3 1
x1 SIUFIIRTEFHKE

1R A -3 T KE b

Fa 3514 : CCCTATCTCTAGTACCGTTGTCC 145
i1 TGCCGCAACTACTGTGATTCGG

a-SMA T45147: TGCTGACAGAGGCACCACTGAA 138
N 147: CAGTTGTACGTCCAGAGGCATAG

Nif2 [-1i#31#): CAGCATAGAGCAGGACATGGAG 107
Fi147: GAACAGCGGTAGTATCAGCCAG

GP [0 CCTCTGCTGCAAGAGCCTCCC 144
N 147 CTTATCCAGGCAGACCATGTGC

SLCTAlL 414 CTTTGTTGCCCTCTCCTGCTTC 136
147 CAGAGGAGTGTGCTTGTGGACA

GAPDH [-5141: TGGCCTTCCGTGTTCCTAC 178

i 147: GAGTTGCTGTTGAAGTCGCA

13 ¥

AHIFSE I FH 3h 4 Ay et e SPF 2 Ik CH7BL/6 /N KL,
A5 22~25 g, 6~8 Jliy , I A AR 2 R AE MR A
BN SERG s A =1 nTUE S SCXK (J11)2020-034,
/NELF 12 hoBHE 12 h SRS IAEE R R MU 3R, A e
OK o ARSI AR e HR S 00 3 A R A o A 4
i (GB/T 35892-2018) YER $UAT , 2874 e R K27 S 5
SIS DI AL HEUE S swmu20220107,
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2 FHik
2.1 oA EBER5%EY

¥ 30 HUNRBEHL A BT AR AL B JE DLybia
ZH (FEHE XS B, 20 mg/kg , 75132 Ry I R ARG 2 ) FTEOAA R
% A A1 (10 .40 mg/kg, G2 SCHR[ 111 ) ,
T 6 Ho BRIERTFARAS, Hoa s /N8 o 45 L
% R4S 37 UUO BE AR BARTE B J5 1 27 SCHR[12]
/N ERUE s VR 5T 19 13 B G241 7 R, LA 75% & B3
BEATINTS BB R S IR, DA/ B 3508 A A0 30 o7
VI 1~2 em WY1 1 538 )2 009 B2 K LR 45 )2, 2R 68 O
3 B A O R B R AE et FH TR R 4-0 X iy PR A
Ui AT LGS FL, TR BT, B2 A . T RAIBR AL
FL AT RSN, AR e . KRG A4/ R
i s R S A N, 2590 AR TR 2 R /) BN s 1 S 45
PR ERE K B R 1R, 4827 ds
2.2 TEARRE

ARIGHE 8 K, /N U I 5 1% 13 T8 LG ZAMRR IR , o0
BRI , =5 HR & 30 min, F+ 4 °C 244 F LA 3 500 r/min
50 10 min, BB Z 103 , TR Cr . BUN ZKF-, MDA
P T-SOD i g o Bl 58 i , SR FHS00AE i 3 Ak
HE/INBR, F0k BUA 00 2 Ak 6 S O P Wl 1 5k 2% o
(PBS) Mk S oo 240y« — A0 il A 10% H 5 i
[ 52, T B R e €0 R G e 41 A6 0 BT 5 — 10 PR AT
T —80 °C, HF Fe* ¥k & & S Western blot , 52 5} 1 1
PCRAG
2.3 INR'BINEEREARAIE I

H2.2” WUT 45 210N BRUALTE FF 325 o, AR 4l AH 1
UL 7 EERAE R Cr BUN (7KF-o
24 INRBHEALRIERSFENE

Wee2.27 10N £ /I E T 109% W Vb i
WELHZY, K Wk , 20 BEVRRG /K L I 2R3 B A 0
WS, U A U8 4 wm) & H . BB 9) /7T 65 °C
HERE 2 1 T ORGSR BRI RS &K, 4 HE 4t (U5
AKEYL 5 min, PHLI YL (0 40 s) Yo {0 )5 70624 W AEE T
WL B JIE 2L 2 1 BT 2 2 R AR 5 FRIBUER 43U B 22 Mot ity
2K G2 BBULIH 45 5 2 3517 Masson Je 8, , LLPPAR 1B I
HALFAEALTE L
25 IMNREBHEALAFFRERMER MDASE T
SOD i& 71 K94 i

42,27 IS 4 /N BRI A7 0 B R 4H 2 1 (29 100
mg) , LAY PBS Pk, M4 Fe ¥k P 46 38 70 & 136 B B 0y
R TR B LUh Fe W L AL 2.27 T R 454
/IR LT R 3 B, AR B8 MDA T-SOD i85 & 136 HH 45
DA TR/ BUMLYTE H MDA & 2 )2 T-SOD i /7 o

+ 556 - China Pharmacy 2023 Vol. 34 No. 5

2.6 /INRBBEALA D Fn.a-SMA Nrf2 GPx4 EEHE
FIXHH

SR B AR TR AT, B 2,47 3R 4% 2 /N R
TR, & W RIS KRS IR RR —4h
PiJFEAE E W (pH6.0) B & 10 min, fF U] F IR E K 2=
5, MRS S 28 AR & B B HE T4 SRS TR
Fn(Fi BJE 9 1:200) .a-SMA (R B 4 1:200) Nrf2 (Fs
FEREA 1:100) (GPx4(FRBEREN 1:200) 404K , 4 °CIFER ot
&, DAB B & B 6, & B aFHLUHAR
YY) A3 min, 28 OWEREEE MK L W RE I | A PR
W AR SR F A B A TR A R R W H B R
BTy S 4l
2.7 INRIEREALAF Fn.a-SMA Nrf2 GPx4 SLC7A11
FHSE vy Sal: t gl

K HH Western blot tEEA 4G . BC“2.27 11 R 45217
FUZRAER B 2R 4UE B (29 100 mg) , BTRE VK HAFEE , 7%
TRV 00 B 1 R vk L 24 20 min, 8 7 (T) % 200
W, 513 20 kHz) AbFE 2 s X 5K, T4 °C 45444 F L4 12 000
r/min 5.0 10 min; W E 5, >R 175 5 W5 85 k00
BB G, B AR, HET T e SR R - 2R P s Tk
¥z V6 S LYK 5 % TS 5% MR A W 3t P, 43 i In A F
a-SMA Nrf2 .GPx4 .SLC7A11.GAPDH Hi A (Fi Bt 14
S 1:1000),4°CHFH o 7% ; TBST Y 3 ¥, in A — ¥t
(FRBERE R 1:10 000) , EJEIFE 1 h; TBST PR 31k, 7
IMECLAb22 RO W52, B T RER SR RS P R . R
JH Image J 34T IR BEEAE AL HT , LA ER S
GAPDH WK FEAH FLE R B 198 215K
2.8 /INRIESAEALAF Fn.a-SMA Nrf2 GPx4 SLC7A11
mRNA FiX7K F BN

SR FH SC) B PCREJEA TR o 2,27 301 4520
/N ERVRAF 1 B I 2 2 i ] Trizol X500 2 1L/ B
HZUH Y S RNA, 28 il AR S0 & e, i sk o
cDNA, Fi#EfT PCR W . PCR AR Z Ny L FiE514
%1 uL 2X 13857 10 pL .cDNA AT 2 pL 7K 6
pwLo PCR SN 454420 95 °CHZE P 10 min; 95 °CAE M 15
s,60 °CIR K 15's,72 °CHEAH 20 s, 40 DMEH, fHH]
GAPDH/E NS IEN @ it 27 ik T4 H R 1Y
FIRKI,
29 HitEFE

% 1 GraphPad Prism 9.0 2/ X0 B #4748 11747
B B LR x + s T o S USRI PR 2R 22
Sy AT, ZH 18] P L R A LSD- K 3 o K 56 UK i
a=0.05,
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3 H#R
3.1 EHERY/NR S ThEEE AR R
SEFARL L, BRI/ Rl 3 H Cr . BUN ZKF
i 255 (P<<0.05) s HSRIRIA L AL, & 4 25 4/ R
1L 7 1 Cr. BUN /K °F 35 1 3 B AIK (P<<0.05) . 4
W2,
x2 BANMRSIHEEIEFFMHRNER (x+5,n=6)

415 Cr/(mol/L) BUN/(mmol/L)
BFEA4 19534193 3921057
i 3993209 840+094
JEM A 3058+ 1.46" 4312087
R 205711500 481£0.60°
HHERR RN 2681£2.66° 468008

a: S FARLL AL, P<0.05;b: S gk, P<0.05
3.2 EMEX/NRSIEARRERSERRN

HE e 45 58 Bon BT AR/ R IE 205 % o
o7, B /N R s SR AL /N U L 2L B N K
BN T B2 20 B RT WL A B B RN s s AR P | B[R] T R
i AT 35 0 B 5 22 DL VB E R T U, /N BB /)N
YK | Rz A s AR B )5 S A 20 IR T X 8K
BT L /L i 2 i el A, L B AT T v ) e A el e A
I, Masson Y a2t R s R F AR/ N EUE AELI 2R
SERSEAE  FEARTO W (0 I 5 BE A € DXk AR 2 /N B,
B BT A IR £ 4 SR R HL 3 B R
U 2 DUV CEORAER T 300, /N B e SR AR 5
G5 iU S R E s & T B e S|
L HIRRAC ) t 20 ) o
3.3  EAHERXT /R S A4 4R b Fe 3K EE AN M5 R MDA
48 T-SOD i /1 HI &

ERF AR ek, SR /N R B E 4 40 Fe™ YR
AL o MDA & 5 3 1 2 7 5 (P<<0.05) , 1L T-
SOD i 1 B F &A% (P<<0.05) ; SHIRIA F A%, Ju Dl 7bIH
ZH RN RO 5 700 i 2/ N BRUR IR 20 LR TR A 1 B 3
Wik (P<0.05), Z5R I3,

Masson Je{f,

BRI

T2 2023 44 34 545 5 1)

R3 BAHAKRRSHALA T FeRMiZEMDASE T
SOD FEAHIKMER (x+5,n=6)

415 Fe* YK &/ (nmol/mg prot) MDA/(nmol/L) T-S0D/(U/mL)
[BFA4 007£0.012 565020 117,09+ 1.64
A 031£0.008" 11314027 7118+159°
JEN 0.22+0.008° 9.76£0.17° 99.80+1.94°
HHECEA 0.14+0005° 7624056 10551 £3.06°
FHERR RN 0.10£0.005° 655027 11554274

a: I ARA LA, P<0.05;b: SHEFIZ 14, P<0.05

34 EHEI/NRSEAELF Fn.a-SMA Nrf2, GPx4
EAMRMERIENRIT

PR /N BE 2 /D & Fn.a-SMA %35,
A R Nrf2 . GPx4 ik ; SIRF ARG L, B2 /N R
"B I ZH 21 R T DL K3 Fna-SMA 363K, /D& Nrf2 . GPx4
Feik s SRR A EL , T UL b HH 4 RN R A 45 5] o 4]
FUBF L2 Bk B SRR I B i i . 25 R LR 2
(RS B AR ) o
35 EHME /MR EHEALH Fn, a-SMA, Nrf2,
GPx4 .SLC7A11 EERIERIEE

SFARM e, SR /N BB L S0 F
a-SMA & 1R /K -3 i3T5 (P<<0.05) ,Nrf2 .GPx4 |
SLCTALL £ A ik K-35 13 35 PR AR (P<<0.05) ; S5 7
A A, T D YD I A R AR A5 70 2 BB 2 40
IR (JE N VP2 Fn GPx4 [ 40 ) Fi8 K T2 i 3%
WikE(P<0.05), ZEHRIIK3 £ A4,
3.6 HEMERNI /RS EHELA S Fn,a-SMA, Nrf2,
GPx4 .SLC7A11 mRNA RiXHI S0

S5 F AR M A, SR /N U 4L 4R F
a-SMA mRNA [R5 /K-35 1 3 T 55 (P<<0.05) ,Nrf2 |
GPx4,SLC7A11 mRNA [ 32 ik /K ¥ g F FE AR (P<
0.05) , AL A, T DL ybHH 20 FEp i 45 55 s 4 /s
BB 2H 25 7 Fna-SMA mRNA 3834 7K - 34 1 22 [
(P<<0.05) , GPx4 mRNA % ik /K 3 i & & (P<
0.05) ; B 4% 75 2H Nrf2 mRNA FlE 541 SLCTALL
mRNA kK 25 (P<0.05) . 4553035,

R TR . o
) ‘I \-.. N e T
0
1 \
3
]

-

> ’
% .
e i
w N 3
LS - P
- e

ThIHg

D.Jell

C. B it
1 SHENRSHALRERSFENELE R (x400)
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AARFARLA B. I

C. BRI 5 7] k2 D.JEN bR

2 HZBHNREPEHLA Fn.a-SMA Nrf2 GPx4 & A FRiE 2 E AW E (x400)

a-SMA

SLC7A11

BFARL g

WAEIE  EAAEE ey
flEelil Fuliezi) L

B3 KA/NR'BHELEL S Fn,a-SMA . Nrf2, GPx4.,
SLC7All EBRIEREKRE

x4 BAHNMR'BEAZLZ S Fn.a-SMA Nrf2, GPx4 .
SLC7All EARIEKFEHNELE R (xt5,n=6)

a5 F/GAPDH  o-SMA/GAPDH  Nrf2/GAPDH  GPx4/GAPDH  SLC7AI1/GAPDH
BFAA 0224005 022002 LI4£001  142£003 127003
fiR 086002  LOSE004  039+001°  079£002  048+002
JER b 072£008 0763002 079002 0642002 0552002
BB R 0382007 0774002 084£001° 1012003 0.65£003°
FHEENEA 034£007 0623005 1122003 10820048  094£001°

a: ST AR LE, P<0.05;b: SEIRIZ H, P<0.05
®> BEHANR'ZSIELHL F Fn.a-SMA . Nrf2, GPx4.,
SLC7A11 mRNA FiEKPEIMNELER (x + 5,n=6)

ik FamRNA  oSMAmMRNA  Nf2mRNA  GPxémRNA  SLC7AII mRNA
BFAH 1065008 1042005 LO3E003 1024006 1010.1

A WAL 20991090 0.06+001°  024£001°  021£001°

JER A 5094099 896104 0143002 042£002  02840.03

BB R 1915373 9764029 0641004 0475002 0343003

HHEEA R 1565017 545£043  073£006 078011 0424003

a: HEF AR, P<0.05;b: SHAIL i, P<0.05
4 it

AR R, CKD P EAT B0 IR RAR ST AE
B BORE AL T O 2 BRI [ N S SRR A A 3
TR ), e ) B 2T 4 Ak S CKD (14 32 255 3R
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B, HAT, I R L0 £F 4L i) w BLAL 24 25 W) A g
YN o A UL N S 0 A R e R 25 W M N ERTE
AR BIAYY , X B CKD — R 1BiRY7 T A Al ok
BRAHFEIRTT TRz 1,

BRI 2 DA R | 1 R AR ) rh AR BN R SR A
Wy, A BEFEUE I SRR DO SRS S R AF AL 1
KB RO LA BA YRR, BtR] A,
BRI X AT 44 BAA B E I o BT I, A5
HENT 22 LAY UUO /N BB TR, SO B8 A I 6T /)N i (1] Joi
LFAEALRISE R, Foj—Fh B LA E RN, 5
LR AR B VDA G, FLR IR KO 5y, 41 4 AL B
5 -SMA S LB ZF 2 4 i 1) R AR 2R 1, R VR R T
LT AR AR BE I EE AR AR AT B R A AN
AHSEFE ARG 45 5 R , 4 MR T TS, UUO B /)N
SV AU ZH S 3R 28 Sse ST RR B S i3 , ml Asf /) B
i1 Cr . BUN ZKF, Fn a-SMA K [1 fil mRNA ik /K-
Pl 2R . IR, B X UUO BN B B A
DyReEA GRAP R, BT e B (] B 2F 4 AL

BRBET V) SALFE R O I P 2R AT AR |
JHH 5 Z2 R B B R A B R I R 2 NG T
PRI IR AR T ARG I, BB T S b
9o A B /NS AR R AT T AR G R R AR T AT DA
UUO BEAL/IN B B 2R 446", BRIE T 1Y 2 B4R LR
f 5 Fe* ¥ B Tt L 76 M %A (reactive oxygen species,
ROS)HERL G i S AL P R 3R, Horh ROS SE R 1A
MDA 7 i 34 Jin A1 T-SOD ¥ 1K™, Nrf2 J&— Rl
SERTRBL S K, Y A2 B A A B R
J& WA E A AR REAZ , AT 5 B A R N Te RS A R AR
PrEALAE ™, Nref2 38 0] LS 3 H T il 5 5L T % )
AR O B #0 3E  SLC7411, GPx4 %™, SLC7A11 X %
xCT, J& T 5% 18 Z e , Hogfith i) e s R/ 4 2 B2 1]
H:32 {4 (cystine/glutamate antiporter, System Xec-) il o 4ff
Fi AR T ) A8 R IR AR 38 2 BRAE T Y 71 1w 95 5
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System Xc-i4 ] 415 I 2 R A 2 R 7 UM 9 A RO 38
YRR, e rb b IR A 40 i P9 AT Sl RO ~E IR R , 7
B AR BEH K™, GPx4 X2 Wi AL S A48 B H kit
ALY , 2 TR B ME— BB BRI BRI P e
Bt , ATAEATDE H IR BOAR B VR TR A 3 A i o Ak
Wy J5 o T 3 B W B, DA TR BEL BRI A o i R S B Y
A BRI RIRFET™, ARBFFEEE R W B2 /N B

P IEZLZUHD Fe' e B2 AT o MDA 75 145 1 35 THi , 1fiL

15 P T-SOD 5 ) 25 FAR , S 7m BRAE T 1Y K AR s 2 B0 AN
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