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[fBZE] BH#® EUHSMHBE(glutathione, GSH) /73 Bt H Akid AL Y1 4 ( glutathione peroxidase 4, GPx4) -5
HYERTE T (ferroptosis ) 3l I TEAT 4012 ST BT /) BUHE 8 T 200 3 S A48 403 P R VR FIAIL R, vy sl T s 2 ApE IR
RIS RLAR BT AU S A% 52 A SPF % CSTBL/6 MEPE/NRR 20 S, BEALAN A A X BEAL (EC 41) I
B (EE 41) 540 10 K, 16 s mf P25 iz 3h (1 ~ 2 8 14 m/min,3 ~ 4 J& 15 m/min,5 ~ 10 J& 16
m/min, 11 ~ 16 J& 17 m/min, &K 60 min, Y5 K 0°) . FHESIKEERE , BUF MU AH-HI/E HE YR 4 H5 59 WU e
YIF . ELISA Kl FFZe Rk 8- 52 i 42 2 1 ( 8-hydroxy-2 deoxyguanosine ,8-OHdG) | HA % 6(interleukin-6,11-6) 4-#%
FHET A7 (4-hydroxynonenal , 4-HNE ) , b 875 I 3 i W% J5 | H 9 = B8 ( wiglyceride, TG ) . TN . F¥ ( malondialdehyde,
MDA) JHFAE UL £ F 2k (non-heme iron ) | KF I i A 18204 — 4% 45 BR B BR ( nicotinamide adenine dinucleotide phosphate,
NADPH) .GSH, Western Blot K& i GPx4 | Fiit A LA 5 1 ( NAD(P) H: quinone oxidoreductase 1,NQO1) 4 A% i
W04 — A% R i TR S8 fL T8 2 (NAPDH oxidase 2, NOX2) i BR 2K K % 7 i 51 11 (solute carrier protein 7 family
member 11,SLCTALL) RibfE, &R (1) FH Fis 3w A 5E S LAF/ N BRIEAF % 18 1 0 S 40 i ad S (e Bl 4, AR T
N LR A TE s SR R IR i A Bt (2) 5 EC LML, EE 41/ BUIF GSH I NADPH W34/ (P < 0.01) . (3)
5 EC AR L, BE 4170 BUF LR (R 8-OHAG H1 4-HNE MDA | #k & 4t LTS R AE 7 116 7 ik B3 T RE (P <
0.01), (4)iZshIEHNATF GPx4 NQO1 . SLC7TA11 Fik# (P < 0.01) ,[F{K NOX2 £ikm (P < 0.01), it FHEHEE
Zyil it SLCTALL I GSH 455, 2 GPxd $AUE T8 I 9 S W) , ¥ GSH/ GPxcd 8 fi6, iR R AL T HERR , 038 1 e
1% BT AN S A 1, 2T A 1 2 5 A BT BE
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[ Abstract] Objective To elucidate the role of the glutathione ( GSH ) /glutathione peroxidase 4 ( GPx4) -mediated
ferroptosis pathway in preventing age-related hepatocyte peroxidation injury following aerobic exercise in mice, and to
provide a new target for improving liver aging and metabolism disorders. Methods Twenty specific-pathogen-free C57BL/6
male mice aged 52 weeks were divided randomly into an elderly control group ( EC group) and elderly exercise group ( EE
group) (n = 10 per group). The mice performed moderate-intensity exercise with incremental loads (1 ~ 2 weeks
14 m/min, 3 ~ 4 weeks 15 m/min, 5 ~ 10 weeks 16 m/min, 11 ~ 16 weeks 17 m/min, 60 min/day, slope 0°) for 16
weeks. After perfusion of the ascending aorta, the lateral liver lobes were harvested and sectioned for hematoxylin and eosin
staining and ultrathin sections were used for transmission electron microscopy. Levels of 8-hydroxy-2 deoxyguanosine
(8-OHdG) and 4-hydroxynonenal (4-HNE) in the liver and serum interleukin-6 (IL-6) were detected by enzyme-linked
immunosorbent assay. Hepatic glycogen, triglycerides (TG) , malondialdehyde (MDA) , nicotinamide adenine dinucleotide
phosphate (NADPH) , and GSH were determined by colorimetry. Hepatic GPx4, glucose transporter (GLUT2) , NAD(P)H.
quinone oxidoreductase 1 (NQO1), and solute carrier protein 7 family member 11 (SLC7A11) were detected by Western
Blot. Results (1) Oxidative damage to hepatocytes was effectively delayed, normal mitochondrial structure and glycogen
storage in hepatocytes were maintained. (2) Hepatic GSH and NADPH contents were significantly increased in EE mice
compared with EC mice (P < 0.01). (3) In addition, liver levels of 8-OHdG, 4-HNE, MDA, and non-heme iron were
significantly decreased in the EE group compared with the EC group (P < 0.01). (4)Expression levels of GPx4, NQOI1, and
SLC7A11 in the liver were increased (P < 0.01) while NOX2 expression was decreased (P < 0.01) in the EE group
compared with the EC group. Conclusions GSH synthesis was increased in aged mice following aerobic exercise, providing
reaction substrates for GPx4 and activating the GSH/GPx4 pathway. Ferroptosis was inhibited, thus improving hepatocyte
peroxidation damage caused by aging, and maintaining the normal structure and physiological function of hepatocytes.

[ Keywords] glutathione; glutathione peroxidase 4; aerobic exercise; ferroptosis; elderly mice model
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BRBET™ (ferroptosis ) FEHE — P AR 8 (1 E P8 T
PEANARAET, EE LR T Sk W RRIE . A 2012
GRER/ G AN Sl IR VK S Y A
5 ) 8] 4 A e 4R A 450 1 T O G 959 By ¥ Hh 1Y
VEFHE A B R sT #0  a i k BB AR 1
Fenton Sy J& ROS 1 FZORIE 5| KERILT- 1)
TN FTA0 R PR A A N i A Y 32 2 i (13
~ 15 mg/g) AL NRACH AR AL, i,
JT 4B S il 2 3 Fe R R R AE T, Bt S AL
107, BN TR A o S R A
H K ( glutathione , GSH ) i izt 24 45 JDE H- kit 4846 40 iy
4 ( glutathione peroxidase 4,GPx4) PRt S Y AR
MRISRIET R E ZAER], GPx4 L GSH J94HIH ¥
Bilg S E ALY (R-O0H ) 5446 M il i ( R-OH)
TR 1k BRAE T A T M e T2 e A% T R W TR
(' nicotinamide

dinucleotide  phosphate,

NADPH) J& GSH HY##it , A B T4EFF 40N GSH /K
—TIZ“ﬂ o BIREBARZIE T MG 11(solute carrier protein

adenine

7 ,family member 11,SLC7A11) 7] A 4 ffd $2 {1t 2 b =
MR T4 0L GSHY o FRE MU R K A S 28 8
W e et P i o) % R EZ—, RSt
T PN T U A T AR VE 2 B S B BT iR 1Y
BB o EGZ S AR AR LA T AR T 4 A
Bl G B R i A R A AR
BB B2 75 2352 W 9K o 52 0 A% vh T 200 1 PR Bk 3
T | F) 3 48 408 A i ke 2 5 L 118 5 6 HIE A
W A S kX A 9K A R N B AT
A 2 3l , WLEE GSH/GPx4 T 1) £k A8 T~ s 1Y
AL, s SRS 5 | R A B D AR IR S ks
GRS R K T Bl S AT AV A

1 #MR57AE

1.1 #8
1.1.1 ZE8sh¥y

20 H 52 JE# SPF gt C57BL/6 fEEE/NERL,
RHE 30.65 + 3.27 ¢, T RAE¥LE YT



o [ S2I B AR 2023 4F 12 A5 31 545 12 W] Acta Lab Anim Sci Sin, December 2023, Vol. 31, No. 12 1583

L[ SCXK ( #)2018-0002 ) , FEAd4n) Rl ( AIN-93G ) iy
AT AR B2 SR sh Yo (B4R HE (2019)
05073) , MFRIGL: A RO, A oK, 3R R E
20 ~ 25°C ,MRJE 50% ~ 70% 3% AR i K2
WERE B, BT W) S50 1 22 46 B Il R 2
B R 2 B BEE (e 3L/ 41 22 51 23 it i ( SCNU-
SPT-2019-002) ,

L2 EEAH S

ELISA i 71 £ : 8-7% J& i 40 2 ¥ ( 8-hydroxy-2
deoxyguanosine, 8-OHdG ) ( i T); HM & 6
IL-6 ), 45 H T W& B (4
Hydroxynonenal ,4-HNE ) ( B 5t ##h%) o A=Ak i50 & .
JAEE R TR & | H I =g (triglyceride, TG) | FIE I
21 2% 2k (non-heme iron ) . ¥ . [ ( malonaldehyde
MDA) \GSH i & (B 5L A ) , NADPH Il i &
( Beyotime ), % ¥t /N f $T #&. NOX2 ( Abcam
ab131088) ,NQO1 ( Abcam,ab80588) , GPx4 ( Abcam,
ab125066) ,SLCTA11( Thermo, MA5-35360) . 3-Biik
H o B B = B¥ ( glyceraldehyde-3-phosphate
dehydrogenase , GAPDH) & N 2 (GAPDH % £ i &
PUR) , FHi% 1gG/HRP (4%, YI0189 LAEAM) .
kiR 7725157 & ( Beyotime ) ,

R P A LR R AN (T R R AR A
Synergy H4 2 U1 el 451X ( Thermo scientific ) , HL 3K
%% I 2 48 ( Bio-Rad ) , PVDF Ji# ( Bio-Rad, Immun-
Blot) , Y% i {5 ( Leica DM1000 £k BIMER S ( -
W) AR B 5 B (JEM-1400HC H A

( interleukin-6,

HF) .
1.2 Ak
1.2.1 s or e R Scse 1+

INEBENLAY Jg 3 B4 (EC 41) FIE4E 8 3h 4
(EE 4H), 4 10 H, SLwE&E NIz 1 ARG, /»
REAT 16 J8 hAEsR MR i fariz gh (1 ~ 2 JA
14 m/min, 3 ~ 4 i 15 m/min,5 ~ 10 J 16 m/min,
11 ~ 16 J& 17 m/min, &K 60 min, ¥R 0°, K2
YT 70% ~ 15% e KIBER) ", A sz
TR H GEs s, NERBE S 69 A,
KAMHY T AW 65 %,

1.2.2  sh¥ict

H 1% E 2409 (40 mg/kg) B8 T SRR B /N
B, ZNERUBRRE S, B, == R & & 30 min J5,4°C,
3000 r/min #.L> 10 min , BULE 43265 E T-80°C
KA. TEESIIKE 0.9% NaCl #EW S, T vk 4%

HUIFZEAMIIH 0. 9% NaCl #5365 e 4E0 22K 43,
WA AR R, 533 G fr T -80°C vk & H. Ui
BT AEAMI2H20 0.5 em X 0.5 em X 1 em & A
4% ZRHEEE T 4CKM&EH,
1.2.3  JHF4nHE 41845 Fy iisg

B 49 22 5 FP S 11 2 1) I 2L 800045 0 5 2 T it
K, H R A S HIEA YR (6 wm) HE Y3
JE e WAEE T 10 x 40 f555 N M AFH LB AR
A, B2 mm x 2 mm /NERETF 2. 5% % " + 4%
B R 4°C B2, 1% MR 75, B0 2
WK 5 RN e A 4 B, Spurr #1235 J5 2R
AL E L, WEE R Y) h ., B R BN
F BRSO AR A L 2 AR AL
1.2.4  AAb$abrfain

SR FHERRLAAR J3 88 1 0] & 25 o 2 0 AR AR T AL 2
LEOR R ELISA 3 I %8 W 48 ki /& 8-OHdG,
4-HNE 4 450 nm A5 OGIE ,  Fb 6 gl b
Jt,620 nm MM OGAE, TG A 546 nm, MK OSEAE
e a3 %2 T 3E ML 21 & 2% ( non-heme iron) , 520 nm
S, NADPH T 450 nm W YGAE
1.2.5 Western Blot #:l| fFEAET-A#H 85 H Fih

B 20 mg FFLHZUIA 200 wL 25 [ 2400, R s
MRS 25 A 2573, B BCA W 7 B vk
JINkE 50 g, H IS LUK ( Bio-Rad) , ¥ B 5 5% M I 0%
BT, A —PL 4°C W F 2 B, LR B A
1:500, VRS A IeG/HRP (# B Jy 1:2500) ,
ECL %5655 5 F Tmage T 520 M 4515 JK B (.,
4 H 5 NS GAPDH HA
1.3 Zit=Hh

Fi A S0 B e Y R on O E = bR 2
(% +s), R SPSS 26. 0 XFEHEHEAT IS AEA ¢ K6
¥, VAP <0.05 FREFHAREE,

2 #R
2.1 HEEH AT RN R AT BN
R

JEBE R A UL EC 41/ B 40 A — & 2 K
Jifr, 43 JHF 1 5% A2 57 PR AR A B A 2 (LI 1A B 6
k), AR AR B A 0 A AR 1 (LI 1A 216
Fi3k) , A /0 5 BT 40 M P02 A T 46 R G (DL IR
1A B EFk) , FRHFIEA, EE 4/ BUF42
HE Je € n] 20 ff 55 50 %, B afn 552 785 B ( 018 1B 3
k), R HES B35, 40 B g i BE AR 55 /0
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ML (ULE 1B S aE k) . BT HE
TN H R W], BC 20 /0N BURT 200 i PN 2ok Ak 4
4 DT R (JLIE 1C gRE k) Ay il
PR TR, A A I 2 (ILIRT 1C S sk ) e

EC4] EC group

RS G (ULE 1C B EETk) . EE 4/
JHF- A L S 1R 06 HE 1) 458 3 55 | R AR i 5 3 (D &
1D ik ) , AU MR I e (WL 1D 2R ATk )
et A (WLE 1D B Eafisk) .

EE4. EE group

TE: A, B TASUHE e (0 C, D B ST B B8 R T UMM (X 5. 0K) o
B 1 S AR/ R A 2 2 H e Al

Note. A, B. Histological structure of liver using HE. C, D. Ultrastructure of liver tissue using transmission electron microscopy sections( X 5. 0K).

Figure 1 Changes of hepatocytes histology in each group

2.2 BEREHMBEARAREIRERBEFERFES
=M

H5ECHMLI,EE HAMFEME FHE(P <
0.05) ,iF GSH & B EH (P < 0.01) , HHEE
B ERE (P <0.01), EE 40 TG & & FIHE ML
RYES BB ELT EC 4/MR(P <0.01) L 1,
2.3 BEREHMBERTE/IREBFFHETRL
15 =20

5 EC ML, EE A FLRK 8-OHAG & 1 B
W TFFE(P < 0.01), iF40 4-HNE & & H1 MDA
FREIE(P < 0.01), EE Z41Jif NADPH & i 5
F EC 4/ME(P < 0.01) , W2,

2.4 FHRIEBHX BRFTE/REE M 7FE K EF T
&R

5 EC 4iAHLL, EE ZH 4 A DG K+, Al % 1L-
6 SHUB TP <0.01), EE 4107584
16774 4-HNE Fl MDA % it i E (X T EC 4/hEL(P
< 0.01) , Rt A LB 7= 9 8-OHAG 1 & X
FECH(P<0.01), %3,
2.5 BRIENNEARAETZ/NREEFKIETHEX
EARIENZIT

5 EC 4L, EE 4H0T NOX2 ik W& PR (P
< 0.01),NQO1.SCL7A11 Fll GPx4 Fikh § F 1
(P <0.01), LK 2,

®1 AA/NFUTE GSH SRR (n = 10)
Table 1 Changes in liver weight, GSH, iron and glycongen in each group(n = 10)

2051 IFE (g) B (pmol/g) Bl (mg/g)

Groups Liver weight(g) GSH(pmol/g) TG(pmol/g) Iron( pmol/g) Glycogen(mg/g)
EC 41 EC group 1.52 £ 0.22 15.04 = 3.23 23.17 £ 3.65 25.84 +2.79 11.83 = 0.81
EE 4 EE group 1.27 £0.197 39.42 +9.87™ 11.49 + 2.85™ 18.10 + 1.47™ 15.60 + 1. 13™

.5 EC 4, “P < 0.05, ™ P <0.01, (FE/FER)

Note. Compared with EC group, *P < 0.05, * P < 0.01. (The same in the following figures and tables)

®2 AAUNRUIF I SAB A (n = 10)

Table 2 Changes in peroxidation damage of mouse hepatocytes in each group(n = 10)

éﬁfﬂs Mlﬁfﬁﬁi&}%ﬁggﬁ/ n‘szng) 4-HNE(ng/s) MDA (nmol/mg) NADPH( pmol/g)
EC #41 EC group 6.74 = 0. 81 54.77 £ 8.49 29.74 £ 5.01 0.35 +0.04
EE 4 EE group 2.46 + 0.69™ 28.36 + 4.86 ™ 18.29 + 4.72™ 0.78 + 0.09 ™
R3S/ AR S E A (n = 10)
Table 3 Changes in serum inflammation and peroxidation damage in each group(n = 10)
215 Groups IL-6(ng/L) 4-HNE(ng/L) 8-OHdG(ng/mL) MDA ( nmol/mlL.)
EC #1 EC group 152.36 + 16. 87 198.42 + 22.07 16.59 + 2. 64 17.56 + 1.37
EE 4H EE group 107.26 + 11.42™ 148.39 + 12.94™ 11.35 + 1.82™ 9.24 +1.61™
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EC# EE4A
EC group EE group

16
i - =)
NOX2 65 KDa =
| < 14
~0
T 2
Bz
B T T b
" | 31 KDa S5
NQO1 Bt B oot ?”?E’ 1.0
€2
® g
SCL7A11 [E] 55 KDa a's 0.6
Pg = 0.4
T T——— Gt ’
: 02
—— %
: 17 KDa =
(Pt [ g
M 0.0

EC 4 n EE 4
d EC group EE group

P ———

SLC7AT11 GPx4

B2 S4BT BT T A G 8 F R R Y 22 AL

Figure 2 Changes in the expression of ferroptosis-related proteins in mouse hepatocytes in each group

3 itig

BRIz 2 5K RIS S A A i R
HEFFER 10 3 2 7 H5 4 R O UE LR IE F AR BT RE
AR R B3 2 5 it i K & TG R R BE T %
YIAE S gk 4 4k 58 3 Haber-Weiss 1 Fenton [
N AR TR A (ROS) |, il & 41 i 1) o S Ak B 0, Bl
AR YRS T L Bh M A K N L B AL
G oy IR ) R, B AR R AT R
AR SRS DR IG | BF  HE T) 3E AR 0L e
a6l YRR S 16 JEA R 3 R T AT
AP S, FRK EE /N BRFE & 44
TG & TR, MRS I, S a T
225\ EE ZH/INR I 2 AR | 4 B A i e 48 Zeobr fk
WS HES 2 55, B8 T o] UL R HEF 55k 3 5%, Ui B
EE 4/ MO 4 T 3y i 22U R S5/
Yise, M EC 4100 H B0 T 4 A% B a3, 10 AN T
W, £ AR D7 22 25 L 7R (8 R A6 T T B TE AR 54
A UL EC 4/ BRI & A= T ERFE T T B Y
A, R RBUEAER ROS 5 EC 41/ R
JHF 240 0 A= g & 1 g o s I, S OB B I SIS I g
Y, 40 4-HNE F1 MDA , 3% 264 i 25 it — 20 o 8 A
JE, DNA, BOR 240 i 45, Pt 5230 BC 4/ U
ZRRiIR DNA #1475 ™ 8 (8-OHAG My £ kiiA i A 1k i
PitAsEd) o B Bak AR FHSE e BT A5 B B 3 o3
=i g s I ES TR N WD R S Ry 2 N
BT 22 MDA S5V 5 A O, B JR PR
WG A4 ARG AR O I B W R G Dy
P4 EE 41N RUF4IAE h 4-HNE Fi MDA 3%

ICTF T R, 15 BF HL 3 =7 1) o SR A B i, X
EE 41/NEUFH S P 3D i o2 — 30y, Zekn
TR IE B B 45 74 5 1) B8 J2: 20 25 JHF 400 i A HE ) i e 3
fit, EE 41/NF 8-OHAG 2 & F K&, Ui HH H £ ki 1A
DNA [ S b B 5% , R It iz 3l 4T 4 i 4 R 44
HABTEEWHLIESEM, R T 155 A M)
A, WD g o SR AR BN IR A 45 5 . EE A1
o) A A B S AT T BR L K U Bl A B AN
IXREAR T EE 2140 i i) ik SR A 81 403, 0 oAt 21 28
FA) et A R B T R R AR AR

H R 78 32 8 AH PN 1 sh A Y | 25k i
S D2 FURE , LIRS P om0 AR YR A
FEHCRA T HARE E /N, L B2 Bl % ik
B, HARE /N BURt 80T B 2 09 7K b B %
FERGHGZS 4, GSH A1 NADPH &A%, 5 H A #F o2
K BRI T 2 s R TR0 L B 440 G K A I 5 52
F B ARSI BRI A S — B

GSH EHUAEZ WP AMIEY, & —F A2
MR P e e FnH 2R 3 2 B ) — K, e iR &=
BUA A R A (GSH ) 1A Ak B 4 BE H AR (oxidized
glutathione disulfide , GSSG) BiFIE X, GSH i 77 4=
BENHE RS, HHEZORFE I F4IM ., GSH 2
HUAXTHT ROS B ER AR 4 fe iR LIRS Ak
WOV FE H A BRI RE b R HEEBAE . AR
WF5E &3 GSH 55 40 a1k 4204k 453 475 11 2 2 %% V) A
Ko VFZ R ORE i SR P 4 B (R R K
EZNINEE o) U N Sl 1 S 611 e )
AR IE GSH 2k s 5% A i 8 Ak 2 45 B 3 & 3t
., EE 44020 GSH & & W& 5 m , i i 41
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LRI DNA 3o S A5 403 B AR 2 i I ok 481k 7= 0 Dl
/B NOX2 J& — ' NADPH % 1k i, & %2 2 L)
NADPH WJEH774 ROS, % 41 g 7 A= i A AL i 13 .
NOX2 FikHgn2sffi -4 M N NADPH #E3 , 41 i
ST A LR B B 4 ik BB T A AR M
NOX2 35 F T P 42077 A B 38 g DA 7,
TERYIK B W R T/ BUIF P NOX2 23k, 1 m ik
NOX2 £ 8l K 40 M 7K - 347 1] 4R S 1 b HR L 1= D A
BN SRR ERS I IE i NOX2 §f 1 nT
PARSAR ot S Ak 40147, o3 JBE S5 B M A 25 R EE
ZH/NERUF A M NOX2 23K T B, I X NADPH
KDL, FIMIF NADPH & &84/, NADPH &4
7 (GSSG) #54k hif JR Y GSH 1Y 22 E 9.,
SLCTALL (2, A 2R 5 1) 32 A ) ml #2412 fi
IR, AR 2B B GSH =K ( Cys-Gly-Glu) fif b
T SR SLCTATL, 2 RE IR0 A N 2 4
FRANZ e H KK -, S 80T 2 A 9% 40 i 3R 2
EE 21 /)N B 40 i 88 2 1) NADPH /5 3R 35 19
SLCTALL AR # T GSH & i # R, NQO1 JE#L
IR E AL R B, |z A7 Tl sl sh ¥ i
Jils B U A 28 2R G v, BE A TR A AR S
BEL 11 /8 7 A= ROS, i % %) DNA i i 48 Ak 431° ,
NQO1 it 4572 B i S5 28, PR 3 P9 IR P A Tk
R EHAEMIERY . NQO1 = 5 NADPH W4 fkif
JR N, EE /NI4T NQOT 7 & g 15
WA BT AR PR L R G T RE , WD 3G i i
iyt A5

GPx4 & — P & H MRk B "Z m
( selenocysteine ) [ fF , 7616 52 W i ik 20 fk 461 473 ke
FEAMEH, A GPx4 B R BLSHIET- M, H
K BRBRAET LA AU T 8 B A 8 i A o 22 A 4 25
ANALIR AR IR A, UL, IR 4 GPx4 BEiA
SRR BRI T B A S i W & 43+, H
FEAE B L GSH A %l K 7 1 & 4 9t 48 Ak A
I, GSH/ GPx4 JEHLIA N IR # 2R FE T 1 4% 0
B3 4 SLCTA11/GSH/GPx4 il S5l 45 5 v
L 4n i & A= Bk 38 1= . GPR116 i@ if #0 il
SLC7A11/GSH/GPX4 Z 5t A 37F Jie B 4iE AT 452 475 v i)
BAET-Y EE 4/ AT KI5 8 GSH/GPx4
BAE T B bt E ARV E R, e T R3E T, Ik,
620 22 8 A0 200 sk 48 f i 4 R 3 B AU, A B T 2
Fr EE /N RUFALZUE % 4 BLIRE

BRIET R — B X T) 8, 78 1E H 4l i, kst

T 40 A 2 LR B BT T, SR T Sk SE
TEUT AR AN B A g 2 400 ) 98 A R Jr 1) B
7l AT R s e 1 i BURI NG e Ak T
09 (hepatocellular carcinoma, HCC ) ZRFET- 1) 3=
BURHIE, BAET A SIS BB o HCC /K
AR

4 #Fig

18 B WA 4B B — 5 T AT Rk R R Y
/NS LR o T I Bk i B O — T i,
iz gl e F SLCTA1L K3k, i NOX2, i GPx4
PR 21 GSH, i & HT A LTI RE , W% 7Bk
VSR BERIE T, W 2% I 240 M g aot R Akt 4, A5 B T
Y5 AN M 45 4 (0 2 B | B 00 A AR BRI
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