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[ Abstract] Objective To investigate the effect of astaxanthin ( AST) intervention on the pathological process of mice
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with non-alcoholic fatty liver disease (NAFLD) and its molecular mechanism.Methods This study was conducted from June
to November 2023 at the Animal Center of Xinjiang Medical University. A NAFLD mouse model was established using a high-
fat diet, and mice were randomly divided into four groups: Control group, NAFLD group, NAFLD+Erastin group and NAFLD
+AST group, Immunohistochemistry was used to detect the protein expression of SLC7A11 in liver tissues. Hematoxylin-eosin
(HE) staining was performed to observe inflammatory responses and structural changes in liver tissues. Enzyme-linked immu-
nosorbent assay ( ELISA) was conducted to measure the levels of blood lipids and inflammatory factors. Additionally, quantita-
tive real-time polymerase chain reaction (RT-qPCR) and Western blot analyses were used to assess the expression levels of
ferroptosis - related molecules ( GPX4, HMOX1, SLC7A11) and autophagy - related molecules (LC3, p62). Results Im-
munohistochemistry showed that, compared with the blank control group, the expression of SLC7A11 protein in the NAFLD
group decreased (P<0.05). Compared with the NAFLD group, the expression of SLC7A11 protein in the NAFLD +Erastin
group decreased (P<0.05), while the expression of SLC7A11 protein in the NAFLD+AST group increased (P<0.05). Com-
pared with the NAFLD+AST group, the expression level of SLC7A11 protein in the NAFLD+Erastin group was lower (P<0.
05).The results of HE staining indicated that, compared with the blank control group, the inflammatory response in the liver
tissue of the NAFLD group was exacerbated. When compared with the NAFLD group, the inflammatory response in the NAFLD
+Erastin group was further aggravated, while that in the NAFLD+AST group was alleviated. AST can effectively reduce the in-
flammatory response in the liver tissue. The inflammatory response in the NAFLD+AST group was significantly milder than that
in the NAFLD+Erastin group. The detection of serum indicators showed that, compared with the blank control group, the lev-
els of triglyceride (TG) , total cholesterol (TC) , and low-density lipoprotein Cholesterol(LDL-C) in the serum of mice in the
NAFLD group were significantly increased (P<0.05). Compared with the NAFLD group, the levels of TG, TC, and LDL-C in
the NAFLD+Erastin group were all increased (P<0.05) , while the levels of TG, TC, and LDL-C in the NAFLD+AST group
were all decreased (P<0.05). The levels of TG, TC, and LDL-C in the NAFLD+Erastin group were significantly higher than
those in the NAFLD+AST group (P<0.05).Compared with the blank control group, the level of glutathione (GSH) in the
NAFLD group was decreased (P<0.05), while the levels of reactive oxygen species (ROS), malondialdehyde ( MDA),
tumor necrosis factor-a.( TNF-a) , and interleukin-6 (IL-6) were increased ( P<0.05).Compared with the NAFLD group, the
level of GSH in the NAFLD+AST group was increased (P<0.05), and the levels of ROS, MDA, TNF-a, and IL-6 were de-
creased (P<0.05). In the NAFLD+Erastin group, except that the level of GSH was decreased (P<0.05), the levels of ROS,
MDA, TNF-a, and IL-6 were all increased (P<0.05).Compared with the NAFLD+Erastin group, the level of GSH in the
NAFLD+AST group was significantly increased (P<0.05) , and the levels of ROS, MDA, TNF-a, and IL-6 were decreased to
some extent (P<0.05).Molecular - level analysis revealed that qRT - PCR results showed that, compared with the blank con-
trol group, the expressions of GPX4, HMOX1, p62, and SLC7A1l in the NAFLD group were downregulated (P<0.05),
while the expression of LC3B was upregulated (P <0.05).Compared with the NAFLD group, the expressions of GPX4,
HMOXT1, SLC7A11, and p62 in the NAFLD+Erastin group were all decreased (P<0.05), and the level of LC3B was in-
creased (P<0.05). In the NAFLD+AST group, the level of LC3B was decreased (P<0.05), and the expressions of GPX4,
HMOX1, SLC7A11, and p62 were all increased (P<0.05).The expression levels of GPX4, HMOX1, SLC7A11, and p62 in
the NAFLD+AST group were higher than those in the NAFLD+Erastin group (P<0.05) , while the expression of LC3B was de-
creased (P<0.05).The resulis of Western Blot showed that compared with the blank control group, the expression of LC3B in
the NAFLD group was upregulated (P<0.05), and the protein expressions of GPX4, HMOX1, p62, and SLC7A1l were all
downregulated (P<0.05).Compared with the NAFLD group, the expression of LC3B in the NAFLD+Erastin group was upregu-
lated (P<0.05), and the expressions of GPX4, HMOX1, SLC7A11, and p62 were downregulated (P<0.05). In the NAFLD
+AST group, the expression of LC3B was downregulated (P<0.05) , and the expressions of GPX4, HMOX1, SLC7A11, and
p62 were all upregulated (P<0.05).The expression of LC3B in the NAFLD+Erastin group was lower than that in the NAFLD+
AST group (P<0.05) , and the expressions of GPX4, HMOX1, SLC7A11, and p62 were all increased (P<0.05).Conclusion

AST intervention may regulate the ferroptosis and autophagy pathways by upregulating the expression of SLC7A11, thereby
improving the pathological changes of liver tissues in NAFLD mice, reducing the levels of oxidative stress and inflammatory re-
sponse, and providing potential new targets and innovative ideas for the treatment of NAFLD.
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RS 1 18 105 P JHF 95 ( nonalcoholic fatty liver dis-
ease, NAFLD) VE Ry 4Bk 1 £ 2L 5 2 — 2021 48
SERIC BRI N 32.4% , HiT3] 2030 4G iF— 23
It NAFLD S50 B b IR 95 25 1R 5 0 2 VI ¢
W BRI A ZE L AR AR M SO B A R 538
S, T RE R O IR Ak TR, SR R R
FE L R HR B AL A A%, PR bR i B A e
SFARFIRARE . B EIARZE 7 B 11 (solute
carrier family 7 member 11,SLC7A11) 1 57 iy A2 B4
i A A R 38 A 11 AR DD R A S R RN AT A
TR B4 3 4 L SR, H T S& T SLCTALL 7
NAFLD 1 3k f T e A 52 85 b, WF 75 % (astax-
anthin , AST ) HA H &AL TG PE, 760 158 590 A IR S
FVERIE Sh P BAL h 7R AT i 1, PSRRI M A A
P 3 Ul AP e 7 , I T R e JHE AU g o
HMER R, (HHAE NAFLD Hixt SLCTATL 2 AH 5% 40 i
I R PR AL M AN A0 BT TV R Yk
WM T Ak, 5 NAFLD B9 & 9% ML %5 B0 48 67
AN, A W] AR S B A i A R S AT g A
A i) JFF 0 9% P 2 R R £F 4k Ak, 9828 NAFLD () it
JRS ZRTFFSYIE o 7 NAFLD /)N UL W848 AST
TR FAEALUEAS BB AR R APERE T
BRICT-F A WE Y5200, 5 7E48 78 AST ¥697 NAFLD (1)
AyFHUE, Rl PR AR G BT R0 A Hi A0 s e I 0, i
mr,

1 #R5AE=E

1.1 #E (1) 31%.C57BL/6) f /ML 40 H | T
PR 18 ~20 ¢,6~8 JEi%, W [ B i B B K2 5))
Y[R ATIE S SYXK (GBP) 2023-0004 ], A 58 7™
& AT [ B S 96 sh 4 48 B 2R 20K O B 3R A e I R
A — B IR 15 e 2 = 4 B 2 B3 45 11 o 41 ( K202309-
11) . (2)25% 5385 . AST (b 9 A= My Bl A7 FR
OS] BT 472-61-7) 3 —HEAR ( DMSO, |3 2 K
ARG B B, 575 . ST038-500ml ) 5 ZRAET-15
7 ( Erastin, 2[E MCE 24 F], 5845 :571203-78-6) ; IliLfg |
PR -0 ) (R e A W TR 5 T A FR
ONED S TEPER(ROS) M il & (L LB R oA
FRA T, 525 :ab279910) 5 & RNA $25UK 5] ( TRIzol X
A, 3L Invitrogen A H], 575 : 15596018CN ) ; i¥fi % 5%
150 & ( H A Takara, 555 : RR430S) ; TB Green Premix
Ex Taq Il ( H A Takara, 5%*5; RR820A ) ; BeyoBCA %
P B D I R0 £ ( RV R AR AR R
A, B85 . P0398S) s B AR I i i & (B AR

WNFE]) o (B3)AUER S £ Leica RM2245 7 W) Ao AL ( 74
FEk R BMAGARATR) , IEE RHE (HARKE
W], ABI 7500 Fast SEH %€ 6 G 3R A B 55
AL ( FEER € /RBHE A A]) |, Amersham Imager 600 1k
RGBSR E GE AH) .

1.2 NAFLD /NEFBIHEE 5404 T 2023 4F 6—
11 7 768 i BE B R 22 sh iy hoo A7 S 06, 3k R
C57BL/6J i R MEME /N 40 H3E PR SR 18 (Gl EE
22~25C BJEH 40% ~60% ,12 h HEHR/12 h B REHE
) JETFUR E L, KN ERBEAL o 4 4. 7S O IR
(IEH/NEZAT DMSO i) \NAFLD 4 ( NAFLD /)M
45T DMSO T1i) .NAFLD+Erastin 2H ( NAFLD /) EL45
¥ Erastin T 7 ) . NAFLD + AST 4 ( NAFLD /N 45 T
AST T1i0) B4 10 H Bras % IR 4 25 7385 30 1) k)
WEFRAN , Ha/ NI 45 T BE AR (IRDRLC J7 - 88 % %k
BlARRE 109 5610 2% B [ ) PSR R 2R % 12 4,
V5P HE ST NAFLD /)N USRS (Dl 45 4. 2 8 12 JA )5
REBE/NEL, BUIF 421 4 HE Y 46 0 2 16 B 22 R AE
NAFLD 20 AT U JH- 248 e o3 B i 0 AR, 358 43 Big Vi B i =5
T AN ARG ) il A5E 0 ) g o] W /s R
VRE A, TR . N SEER T IR A 12 A,
NAFLD+ Erastin 41 /> B & & 3 WKIE 7 §) Erastin
10 mmol/kg, NAFLD+AST #/Nl A H 1 WEH 4T
AST 30 mg/kg,

1.3 W bR 5 0k

1.3.1 ALK T2 SLCTATL ik K- BUM
FUHFAEZHZY 4% 22 5 I [ 58 24 h J5 AT K %
Bl RIS A VIR 2 4 wm, K] R Rl 2K E
KRR R TPREE , H 3% H,0, EiRET
10 min DAREIT PP Ik S8 A0 M il 0 P TR LU SF IS
1141 30 min, MIA—HT(SLCTALL LA, 1:200 FkE) |
ACTHEFH IR, HIBERRERZZ vhEh /K (PBS) ¥R F 3 IR, 4
Y5 min, A 40 (1:200 FiBé) , FiEIFE 30 min,
PR PBS PE R 5 , i &SR i ( DAB) a3
& 0, D AR B YL A A, BB BEIRS ik , —HI 2R
BT, PR B e 7R R TSI R AR EIR
1.3.2  HE 34 (005 H2H 2L 98 1 I hiy R 235 44 228 Ak« 4%
FR/NERAFEH 2] e 2 FR 2R e | R T RS Ak Ak
FHIRARE GG 5 min |, /KPEE 1% 50 B0 AS 531k
3~5 s, P YL G 2 min , BiK B B A
FE IR ST 2L s BUE A 2 A8 b, A 46 4
JHLRE 0 AR PR M 200 92 i 15 490 LA B /N i 2544
SEREMESE

1.3.3  ELISA il ifn 75 BE A AR 2 M oK
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KN RURAE7E R ERE 2 h 5, B0 B U TS £F
W g ELISA 32000 & (ra a dE a0 ) 23 S A 0 AIH [
B (TC) (=W HM (TG) (I B2 N8 25 1 JH [ B ( LDL-
C) A MEH K (GSH) \ROS TN 5 (MDA) | filJi 3K 4E
KT o (TNF-a0) | F14M -6 (IL-6) KF- TAE IS, 78
37°CHFE 2 h, itk 3 UK, BRI 1~2 min, 44T 5 M
ABEFRBUIA, FRLE 37TCHEE 1 h, TeAJE I AR Y
W, B 8 15 min, DAL IR, FEREHRAL LI 4%
FLAEREE AT RO FE AR, ARl s o ith 4 3153045 4
Frby &,

1.3.4 RT-qPCR faHFZHZI b ERAE T | H EAH A8 bR
mRNA 3k BRIE T AH CHE b B 45 A e H IR k)
fiti 4(GPX4) ML ZE M5B 1 (HMOX1) SLC7A11, H
WA A ARG LC3B . p62, K TRIzol 7 2 B/
FUFAZUR & RNA, 2583 606 B 71 a2 RNA 1)
e BE M4l A260/A280 1E 1.8 ~2.0 Z [ N & H#s . HL
RNA 1 pg #F 47 36 5% 5% ) pp, Al H 336 5 5% ik ) &
(Takara) 5 B cDNA, ¥ % 5% ) W 7€ 37°C % & 60
min,85°C JI# 5 min JFZ B, gPCR WK R 20
pl:SYBR Green PCR Master Mix( Takara) 10 wl, [T i
519145 0.5 wl,cDNA #5472 wl,ddH,0 7 pl, qPCR §~
B Sy TS HE 95°C 5 min 95°C 15 s JB 4 60°C 30
s JEfH 72°C 30 s, 3t 40 MR, 519F 5. GPX4
514 5'-GCCAAAGTCCTAGGAAACGC-3', FiiF 5]
¥ 5'-CCGGGTTGAAAGGTTCAGGA-3' ; HMOX1 i3]
¥ 5'-CCTCACAGATGGCGTCACTT-3', F % 514 5'-
TGGGGGCCAGTATTGCATTT-3"; SLC7A11 [ % 51 %
5'-AATACGGAGCCTTCCACGAG-3', Filf51¥ 5'-CTC-
CAGGGGCAGTCAGTTAG-3"; p62 51 #) 5'-GGAC-
CCATCTACAGAGGCTG-3", T #5149 5'-ATCACAATG-
GTGGAGGGTGC-3';L.C3B L5 |4 5'-GGGACCCTAAC-
CCCATAGGA-3", T Uit 51 ¥ 5'-GGCACCAGGAACTTG-
GTCTT-3";B-actin [ ¥iF514) 5'-CTTCGCGGGCGACGAT-
3", F #5149 5'-CCACATAGGAATCCTTCTGACC-3', LA
B-actin NNSEL SR 22T B iy SE AR X 2
ik,

1.3.5 Western blot % FF 412 P RFET - . H WEAH C T8
PR AT DR/ N B 2% 1210 InA S A & A B
il 700 B R T 1 77 () RIPA 24 i b R B B
fifi H BCA 8 11 5 105 £ ( Biosharp ) & 28 VR B
B30 wg & AREMPEST SDS-PAGE Hi ik ( e 4 s e Ji
R 5%, 57 BRI 12%) 47 5, BRI SR AR R
R (PVDF) I F o FH 5% B NG 95 % 28 il P4
FE T h, INAFE 1:1 000 L #5 B 09— BT T 4F W

(GPX4, HMOX1 , SLC7A11, LC3B ., p62 K M £ %
B-actinﬁ"ﬂ’)iﬁg) LACTFE %, W H H TBST ¥R 3
W, EER 10 min, MIAFE 1:5 000 Ho 40 H B v — 30 TAF
W, I E 1 h, R H TBST ¥R )n . i ECL k2
IR (REE) B, FEEER RIR R 5 P IR
LG, T Image) #4538 H 88 1 5% 9 K (A,
L B-actin NS TR I RARXT RIE &

1.4 G227k RHA Graphpad Prism 4.0 #0451 %
PTG AT . IS TR ORI A H e hnifE 25 R
7,2 I HEBER T ¢ K, 224 R) FL AR FH B R )y 22
3T (ANOVA ) 5 THECFR IR A i L (%) Fe, 4
] AR X2 K636, P<0.05 H2E A Giit X,

2 % R

2.1 H4/NEIFAHZ SLCTALL BEKFeE 528
FI%F R b4, NAFLD 40 SLCTA1L 8 AR5 N (1/
P=6.225/0.003) ; 5 NAFLD 41 [t %%, NAFLD + Erastin
2 SLCTALL 25 £ 5 R (/P = 2.852/0.046) ,
NAFLD+AST 41 SLC7A11 FEH £ LT (/P=3.111/
0.036) ; 55 NAFLD + Erastin 20 [ %, NAFLD + AST 41
SLC7A11 #E 1 3RIEKF T (1/P =5.595/0.005) , UL
Kl 1.3k1,

B AU/ BUF4140 SLCTATL ZKF H 48 (s Ak e £, x
100)
Fig.1 Comparison of SLC7A11 levels in liver tissues of mice in

different groups (immunohistochemistry staining, X 100)

22 HUA/NRFHLZRMER N 555020 551
X HREH HL 5, NAFLD 20 R4 20 b R 1 2 o7 26 30 )™ o 5
5 NAFLD 41 %%, NAFLD +Erastin 2H %) 48 14 52 o 37F—
AN, NAFLD + AST 40 B 4 % I 7 W) A5 T ok 4%
NAFLD+AST 2H i 4 P J W 3 NAFLD +Erastin 2 B {2
W, LKL 2,
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T BRI AN R4S SLCTATL EEH
K (as)
Tab.l Immunohistochemical detection of SLC7A11 protein levels

in liver tissues of mice in each group

NAFLD+AST 41 TG . TC .LDL-C /K ¥k T NAFLD +
Erastin 41 (t/P=16.438/<0.001,8.104/0.001,10.049/<
0.001) , L& 2,

§§X ¢§§zﬁ z i %2 AY4UNFULIE TG TC LDL-C AP HAL (s, mmol/L)

NAFLD 41 10 0.1140.039° Tab.2 Comparison of serum TG, TC, and LDL-C levels among

NAFLD+Erastin 21 10 0.037+0.025" different groups of mice

NAFLD+AST 4 10 0.238+0.057" 45 n TG TC LDL-C

F/P{H 32.352/<0.001 25 HA IR 10 0.545£0.023  1.425£0.047  0.761x0.016
525 I IR L 42, P<0.05; 5 NAFLD 41 k45, P<0.05; 5 NAFLD 41 10 0.983+0.071* 2.290+0.186*  1.684+0.006"

NAFLD+Erastin £ H48, ©P<0.05,

B2 S/ ZUR MO S S5 8L LA (HE B x
100)
Fig.2 Comparison of inflammatory response and structural changes

in liver tissue of mice in each group ( HE staining, x 100)

2.3 A4/ IR BRI s Ar th g 5 P iR
ZH 4, NAFLD 41/NERIMLYE TG TC , LDL-C /K44 i
FTHE (1/P=13.087/<0.001,7.813/0.001,119.520/<
0.001) ;5 NAFLD £ He3¢ , NAFLD +Erastin 241 TG \TC .
LDL-C /K275 (1/P=8.176/<0.001 ,4.649/0.010,
7.914/<0.001) , NAFLD + AST 41 TG . TC.LDL-C 7Kk F-
YIR&A% (1/P=4.747/0.001 ,4.073/0.015 ,26.863/<0.001 ) ;

NAFLD+Erastin 41 10 1.272+0.034" 3.172+0.271"  2.469+0.222"
NAFLD+AST 41 10 0.791+0.056™ 1.737+0.145" 1.460+0.045"
F/P 18 190.889/<0.001 53.781/<0.001 198.534/<0.001

W HEEX R L #,*P<0.05; 5 NAFLD #H b4, P<0.05; 5
NAFLD +Erastin £ H32, € P<0.05,

2.4 /NI EALN B RER KR 5
25 [ R 4H b A, NAFLD 20 GSH /K °F %1%, ROS,
MDA | TNF-a, IL-6 7K F+ & (¢/P = 10.114/<0.001,
6.642/<0.001,33.771/<0.001,20.481/<0.001,8.998/<
0.001) ;5 NAFLD 41 [t #;, NAFLD +Erastin 41 GSH 7K
SR AR, ROS, MDA | TNF-a, IL-6 /K % F+ & (/P =
10.523/ <0.001, 4.365/0.002, 7.222/<0.001, 9. 659/
0.031,2.520/0.036) , NAFLD+AST 2 GSH /KF- &,
ROS MDA |, TNF-a | IL-6 7K - [& A% (/P = 10.817/<
0.001, 2. 805/0. 023, 11. 430/< 0. 001, 2. 618/0. 031,
4.762/0.001) ; 5 NAFLD+Erastin 41 H.%% , NAFLD+AST
2H GSH 7K°F 715, ROS MDA | TNF-a  IL-6 7K - [ ik
(t/P=33.715/<0.001,13.032/<0.001,15.512/<0.001,
6.281/<0.001,4.874/0.001) , .3 3.

2.5 FHA/PNRIFALURIET A CER | [ Wb &
mRNA KR FIRB A 525 FIX IR AL, NAFLD
20 GPX4 , HMOXI1  SLC7All, p62 mRNA ik T ¥,
LC3B mRNA %3k i (1/P=14.896/<0.001,13.147/<
0.001,9.392/<0.001,10.179/<0.001,15.184/<0.001) ;
5 NAFLD 4 %, NAFLD +Erastin 41 GPX4 HMOXI .

#®3  A4/NEUMTE GSH ROS MDA TNF-a IL-6 K FHEL  (x2s)
Tab.3 Comparison of serum GSH, ROS, MDA, TNF - a, and IL-6 levels among different groups of mice

4 n GSH(ng/L) ROS(pg/L) MDA ( ng/L) TNF-a( ug/L) IL-6(ng/L)
25 F X IR ZH 10 1.392+0.200 1.254+0.033 1.051+0.026 1.579+0.055 1.500+0.227
NAFLD # 10 0.472+0.035" 1.717+0.1528 1.943+0.053* 2.195+0.038* 2.415+0.008"
NAFLD+Erastin £ 10 0.300+0.010" 2.030+0.051" 2.272+0.087" 2.682+0.106" 2.622+0.184"
NAFLD+AST £ 10 0.673+0.022" 1.504+0.074" 1.451£0.080" 1.882+0.264" 2.122+0.137"
F/P {8 109.787/<0.001 66.829/<0.001 330.367/<0.001 51.834/<0.001 45.778/<0.001

52 AXHRAL 3R, " P<0.05 ;5 NAFLD 41 He45, " P<0.05; 5 NAFLD+Erastin 41 FL2, ©P<0.05,
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SLC7A11 ,p62 mRNA FiEPJFEAK, LC3B mRNA Rik7K
SETHE (1/P = 5.900/0.004,9.314/<0.001, 12.049/<
0.001,3.830/0.019, 6.922/0.002 ) , NAFLD + AST £
GPX4 HMOX1 ,SLC7A11,p62 mRNA £ ik T, LC3B
mRNA 5 35 &1 (t/P = 6.980/0.002, 3.870/0. 018,
4.263/0.013,3.702/0.021,5.081/0.007 ) ; 55 NAFLD +
Erastin 41 [t #, NAFLD + AST #H GPX4., HMOXI .
SLC7A11,p62 mRNA FRik/KF-F+H,LC3B mRNA ik
TKEREAR (t/P=9.592/<0.001,6.757/0.003,11.494/<
0.001,7.840/0.001,13.782/<0.001) , L3¢ 4,

5oz {0 B4 e #, NAFLD 40 GPX4 HMOX1 |
SLCTAL1 ,p62 A F I, LC3B H AR5 L (1
P =7.693/0. 002, 23. 170/< 0. 001, 9. 587/< 0. 001,
11.353/<0.001,21.355/<0.001) ; 55 NAFLD £ H %,
NAFLD+Erastin 41 GPX4 . HMOX1 SLC7A11 . p62 EH
Fk T, LC3B B A #£ ik L (/P = 4.169/0.014,
16.906/<0.001, 6. 364/0. 003, 10. 635/< 0. 001, 3. 559/
0.024) ,NAFLD + AST 20 GPX4 HMOXI,SLC7A11 , p62
FHAFRIA LM, LC3B FR R T (¢1/P=3.922/0.017,
11.236/<0.001,4.932/0.008 ,3.342/0.029,5.234/0.006) ;
5 NAFLD + Erastin 41 It %8, NAFLD + AST 41 GPX4,
HMOX1 SLC7A11 p62 & FH ik Tt 5, LC3B & H &k
WA (1/P = 11.255/<0.001, 47.450/<0.001 , 25.612/<
0.001,33.910/<0.001,10.622/<0.001) , L% 5.,
3% i

AT R, AST 3 i s o A AL R R AL, DA

K] REIE R UE SLCTA R R AE T, 1 11 2% it
NAFLD /|~ ERSE Y rv iy I 98 2 s g A A A 4 4

56, SLCTALL £ NAFLD /s BURE &I b iy 2655 |
R S U T ORI A S M S, SLCTATLL /R —A
FENEIMREE N, B AE EAIE R AL if
i rp AR SRR T 7E NAFLD ) S0 Ak R e
I Iy IS B F 4 200 TR, SLCT AL 3R 56 1A
A 38 o 3 5 41 B N BT SRR T, TR i B A, vs
DR IUURR, DT 22 A FFF I Py S A 103 403 N 9 P s 3K
— g RGP TERFSE T SLCTALL X 40 E Ak 35455 B 16 FH
WA AR —AF W SLCTALL 7E NAFLD
R TR n] R E L R A R T iR A R AR
YERL,

AR AST 1R BA SIS T KRS, T
3R 3 YR AR 1 S PR - £ 2 K A R T 24 L 1)
LR JFER S AR T e . AST T A48 B 35 sl /b
JHFIE SR SR, X — 25 SR 5 REAE ST o AST 75 Ik
AR R B PR AE A &Y ARG E— 218
7, AST AJ REIE i 4% SLCTA1L B2 1518 5 40 o i A
fefe s, FEmT G IR Bt AL AR BT RIS, AST 4
S SLCTAN LA ROVEE T 5% W06 1) H v
%, RN LC3IB AKFREAR  p62 KRS, s H
MW S5 A %o JHF A M 3 s A o X — R Bt — 20 W
Wi T AST @i SLC7A11 F3A 45 NAFLD i 4ksET-
0 S ) AR BIL ik — a5 5 A SCER T AST 1Y
YEHPLTRIBS A AS R, S4T30 258 BAENLT A9 B

x4 BA/PNBITHL GPX4 HMOXI SLCTA11 LC3B . p62 mRNA /K- FLAE  (x+s)

Tab.4 Comparison of GPX4, HMOX1, SLC7A11, LC3B, and p62 mRNA levels in liver tissues of mice in each group

M n GPX4 HMOXI SLC7A11 LC3B p62
25 U R 10 1.001+0.028 1.027+0.046 0.994+0.040 0.991+0.017 1.007£0.017
NAFLD 41 10 0.728+0.015° 0.640+0.021° 0.754+0.008" 1.470+0.052° 0.690+0.056°
NAFLD +Erastin £ 10 0.571+0.044" 0.522+0.007" 0.519+0.033" 1.709+0.287" 0.506+0.061"
NAFLD+AST #H 10 0.864+0.030" 0.811£0.074" 0.846+0.037" 1.261+0.048" 0.836+0.040"
F/P 1l 107.201/<0.001 71.308/<0.001 116.120/<0.001 182.037/<0.001 62.329/<0.001

T 52 xR R, *P<0.05; 5 NAFLD 4 H %, " P<0.05 ;55 NAFLD +Erastin 2 H32, € P<0.05,,

x5 BH/NRAFHL GPX4 HMOX1 SLCTA11 LC3B p62 KT L (22s5)

Tab.5 Comparison of GPX4, HMOX1, SLC7A11, LC3B, and p62 protein levels in liver tissues of mice in each group

Al n GPX4 HMOX1 SLCTALL LC3B p62
25 F X R 10 1.000+0.030 1.000+0.015 1.000+0.014 1.000+0.039 1.000£0.029
NAFLD 41 10 0.762+0.044° 0.657+0.021° 0.800+0.027° 1.834+0.055° 0.730+0.039*
NAFLD+Erastin £ 10 0.633+0.031" 0.450+0.004" 0.693+0.010" 1.982+0.046" 0.479+0.012"
NAFLD+AST 41 10 0.873+0.021" 0.816+0.013" 0.882+0.009" 1.645+0.296" 0.808+0.011"
F/P i 69.549/<0.001 786.174/<0.001 183.822/<0.001 182.037/<0.001 296.000/<0.001

0 5o X IR HL 8, 2 P<0.05 ;5 NAFLD 4H L%, P<0.05 ;55 NAFLD+Erastin 20 H %, € P<0.05,
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AR ORI 5% 1 I A 4 2 9 s i e ) o IR
#, H S8 IE BRI ZEHLIE NAFLD 19 & A4 & J i
FEROIERTS ) RIS R B, AST fE Wl 25 038 Wik
ARG AR, B AR 7 P AR K, X — R
AST 38358 9845 B S5 AR G il ke (2 28 Big I o3 A i 1)
YEF—3, 9% H SLC7A1L FI g 2 55 W E i,
BIM RIS AR 54 4 e AHE 0T BE A, Erastin 3%
IR BT bR R PEAE T IX AT RE S Erastin X% 41 A
FRUE AR W R IR R i AT 562 AR S R R
N [ V)56 R AE NAFLD () & i f v AR 8] 772 ¢
TE, AWFSE & B, NAFLD 41/ Bl P GSH /K F T F% |
ROS Fl MDA /KEF+ 5, YUK TNF-o A1 TL-6 1, 3
SeAR Ak 2 I AN U5 4 1 B AR BLAVE T8 G
PEIR B0 (1 JE 224 AST A T 1 917 i 4
FER SR I, 8 2 23 AR PR bR, X 5 Sk B AST (1)
o R P A E A —50

A HF 5T % B, NAFLD /s SRR AU b (1 AR 5 )
LC3B LT p62 &I, R B Wil B A A T 75 M
WG XA AT e IR T A R R e SR A
HE TR . AST T RE 98 A R 5 ix — 24k, I
T I R AR A X — RS DA
T HWELE NAFLD i S R 7 A SEAW ,  hatk
— R A AR R S A M RN ZE NAFLD Hr AR
AR FHARAE TR IR S BRBET AR S —Fh LA AR
I IR B EAE M RR IR I R P A M AE T X A
NAFLD %A= % J& rh g/ B2 812 67, 1
AWFFE R, SLCTALL il GPX4 #3509 F R 5450 T bR
B EFHARV G R AU N RN i B s A5k T fiE
FERRBET RN AST sl i I 8RBT, 18] 4 e
T A WESE R TR HAE NAFLD @Y7 P g 11, X —
FU5 S0k R o6 TR BE T E I 9 v B A A —
OB AR — R T ERIE TS A 2 R A
FHHEAEH , X — & BLAT B8R NAFLD 45 &0)7 #2468

f e
4 & 8

ZE Lk, AW ST Ef T AST v ] NAFLD 4%
AU ERBE T 0 S R O, FEAIL T R e O
SLCTA11 RKIRSLHL, Ak — 4R E AST FI SLCTA11 BE
HIRYT NAFLD 24 7 BB LRl SR, ARFFEATI A
Oyl A ik — ST, 40 AST 5 SLCTALL Z a1
Y532 BAEFABL 6 R 56 42 B B FCAE 4 P ] fig
A S W A B AN T IRA R R,
Hb ABIEGE F BT S WAL 25 A AR 64k
IOV 1R 75 SRS i m R I SR S iiE . AR 5

Kt — 20 A T I BE IR ), LU NAFLD fil PR

TRIT A SR

) 3 52« I AT A 7 TR 25 ik

fEERBKEA

TR S H BT T R ST R e SRS R

Bkl E L B WCEVORE, 2 BTSSR RO 18 SUE R W
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