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[ Abstract] Objective: To observe the effect of Shenling Baizhusan on the intervention of the nuclear
factor erythroid 2-related factor 2 (Nrf2) signaling pathway by regulating ferroptosis in rats with alcoholic liver
injury. Method: Forty SD rats were randomly divided into model group, polyene phosphatidylcholine group,
and high, medium, and low-dose Shenling Baizhusan groups, with 8 rats in each group. Another 8 SD rats were
taken as blank group. The model group, polyene phosphatidylcholine group, high, medium, and low-dose
Shenling Baizhusan groups were given 10 mL-kg' liquor by gavage for modeling, and the blank group was
given equal volume of distilled water by gavage. After 4 h of daily alcoholic administration, 143.64 mg-kg"' of
polyene phosphatidylcholine group was given to the polyene phosphatidylcholine group, 15, 7.5, 3.75 mg-kg"
of Shenling Baizhusan were given to Shenling Baizhusan high, medium, and low-dose groups, respectively,
and the blank group and the model group were given equal volume of distilled water. The gavage lasted for 6
weeks. The levels of alanine aminotransferase (ALT) , aspartate aminotransferase (AST) , glutamyl
transpeptidase (GGT) , total cholesterol (TC), and triglyceride (TG) were detected by automatic biochemical
analyzer. The levels of tumor necrosis factor-a (TNF-a) and interleukin-8 (IL-8) were detected by the enzyme-
linked immunosorbent assay (ELISA). The levels of lipopolysaccharide (LPS) , malondialdehyde (MDA) ,
superoxide dismutase (SOD) , glutathione (GSH) , and Fe' were detected by biochemical assay. The
pathological changes in the liver were observed by hematoxylin-eosin (HE) staining and oil red O staining. The
mRNA expression levels of Nrf2, heme oxygenase-1 (HO-1), glutathione peroxidase 4 (GPX4), ferritin heavy
polypeptide 1 (FTH1) , and nuclear factor-kB (NF-xB) were detected by Real-time polymerase chain reaction
(Real-time PCR). The protein expression levels of Nrf2, HO-1, GPX4, FTH1, p65, and phosphorylation
(p)-p65 were detected by Western blot. Result: As compared with the blank group, the levels of liver function
(ALT, AST, and GGT) and blood lipids (TC and TG) in the model group were significantly increased
(P<0.05). The liver showed obvious steatosis, with a large number of fat deposition, the oxidative stress and
inflammatory factors were significantly increased (P<0.05), and the level of Fe' was significantly increased in
model group (P<0.05). The protein expression levels of Nrf2, HO-1, GPX4, and FTH1 was significantly down-
regulated (P<0.05), and those of p65 and p-p65 was significantly up-regulated in the model group (P<0.05).
The mRNA expression levels of Nrf2, HO-1, GPX4, and FTH1 were significantly down-regulated ( £<0.05) ,
and the mRNA expression level of NF-«kB was significantly up-regulated (P<0.05). As compared with the model
group, the levels of liver function (ALT, AST, and GGT) and blood lipids (TC and TG) in the high-dose and
medium-dose Shenling Baizhusan groups were significantly decreased (P<0.05) , liver steatosis was
significantly improved, fat deposition was significantly reduced, oxidative stress and inflammatory factors were
significantly decreased (P<0.05 ), and Fe' level was significantly decreased (P<0.05). In the high-dose and
medium-dose Shenling Baizhusan, the protein expression levels of Nrf2, HO-1, GPX4, and FTHI were
significantly up-regulated (P<0.05), and those of p65, p-p65 were significantly down-regulated (P<0.05). The
mRNA expression levels of Nrf2, HO-1, GPX4, and FTH1 were significantly up-regulated (P<0.05), and the
mRNA expression level of NF- «B was significantly down-regulated (P<0.05). Conclusion: Shenling
Baizhusan can effectively reduce liver injury in rats with ALD, regulate steatosis and fat deposition, and play an
antioxidant and anti-inflammatory role in the liver. Its mechanism may be related to the inhibition of ferroptosis
in hepatocytes by up-regulating the Nrf2 signaling pathway to improve oxidative stress
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M), Xof FCAE ML AT PR AR 5E
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1.1 3hY)  fdEREAEYE SD KR 48 H(SPF4 ), 8 Jilid
KN R HE(220+420) g, W F R S5 50 K V0 R A=
W ARARA A, S8 3 Y& M UE S SCXK (i)
2019-0014, 4358 18 37 T % ik (2242) °C .12 h o 4
R AW SR IR R IR AT T8, AL
28 5N T s 24 R 2 S B A0 R A 2 0L S Ak,
R A L5 20210061 .
1.2 255 ZEAARBCA R EBR 15 g, it 5
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20030194 ; 1R K 15 g, b5 21090124 ; £ 45 i ki
18 g It 5 20060043, H F i ki 6 g it 5 20050054,
i 4 RS 10 g HE5 20130013, 3% 7 Hik: 18 g 4t 5
20040106, A = i ki 9 g k5 19090194, &b {45 ki
3 g #lb+ 20080197, 1l 25 i ki 30 g k5 20090157,
BT ORL 18 g 5 21100215, | 3R 25k ¥4l
U SR Y T R B SR D e 2 BB BR A
2 W W I ot AE i Ji 4 (] 24 9 % H20059010, 4it =
CBJDO53, ¥iL#% 228 mg/hi , €1 E Hil 2547 BR A w1 )
1.3 R 2 Bk (bt e B R A BRA A
it =5 2021113008) , y- 7 2 Mt 5L 455 7 [l (GGT) 12t
& N (MDA) IR 5 & A A b W B AL T
(SOD) X7 & (WST-1 %) .GSH i 7l & (iR %) |
HEFRAF & (k) N #E R0 & (# iRk
(Fg o g pUAE W) AR WF ST, 52 5 43 5 C017-2-1 .
A003-1-1,A001-3- ,A006-2-1,A039-2-1 E039-1-1) ;
RITE AR AR B (AST) IR F & N & R A&
MR W (ALT) A & H i =B (TG) i/l & . B
[ (TO) R & (K F I BB A R A | L 1R
5051 C072-a,C073-a,C019-a,C048-a) ; T £ 7
B U A4 Nrf2 I 21 5 & -1 (HO-1) kAR (1 55 1
(FTH1) .p65 . % % 1k (p) -p65 (Affinity Biosciences
o T, W5 4 Bk AF0639. AF5393. DF6278.
AF2006 ., AF5006) ; % 2 3¢ B 5t {& GPX4 ( ABclonal
o] B A13309) ;5 2 v BE TR I -3- 0
Jiit Bl (GAPDH, LM 5 = AW A BRA AL 1855 AB-
P-R 001) ; 25 1 Marker (20~120 kDa) ( GenScript 2y
"), 545 M00521) 5 R o 446 ) i (HRP) #7 1C F
o/ B =90 CHRP Al £ bt s =40 (R -8 4=
Y TREA WA, 525 55y BA1051 . BA1054) 5
TRIzol( Ambion /A A , #it 5 15596-026) ; HiScript” 1l
Q RT SuperMix (+gDNA wiper) (Vazyme A ] , it 5
R223-01) ; K B R IR 56 T -a( TNF-a) . K LA 4l
Jfl A -1B(IL-1B) fiff 3K 0 92 W B I 5 125 (ELISA ) ik
e (FHREEYREHRAA, 'S 50K
ELK1396 .ELK1272) ; 75 K % (3¢ [# Sigma 2\ #] , 1%
5 H9627) s AL Y (K M) (H 251, 7 5
71014544) .

1.4 X#F HI1-16 KR # & = & il v ok 50 AL (il
AR AR 13 4 B2 ] ), Multiskan FC S fiff bR X
(2% [ Thermo Scientific 2 7 ) , Chemray240 %! 4 H
Bl A= 4k 43 BT A (Rayto 28 ] ) , Tissulyser-24 7 2 21 b
JEE S (WS E ) L EDC-810 % PCR AY (4R i )
B AR A B 7)) 5 7Y 300 B K - B Bk . TY 028



529 B 5 W HEXBAFZRS Vol. 29, No. 5
202343 H Chinese Journal of Experimental Traditional Medical Formulae Mar. ,2023

RV ARy A (AL B B AR Ik & HBRAF ),
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2 Ak
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17 LSRR RO E | E AR W] B3 DA )
T, ALDBRARREEAWNES 4h)5,2%
5 7 N =N N [ o =+ = 1 &/ S S TN AN
3.75 mg-kg' WY 25 W HE H L 22 0 Wl A IR IE AR 2 3 LA
143.64 mg-kg' Z AW IE LIS R E S , IE R A5
B AL 20 T DA ] PR B 25 0 K (I A 7 e 4 AR B
(S50 Bl 2 ) 7 E AT S5 RO i 53, 2 IH 60 kg A
NG ), R H R T R LR 462 IR AL
6 JF . ALD B K BT VE 15 A R B 38 3 )
BT 3 d T L4 mL-kg R AW E LR
4~7T KT LL6 mL-kg", % 7 KJ5 LA 10 mL-kg"s

2.2 PRACREE SRR E A K AL
AR E 12 h, 7 DAME 0 S BRI , DA = 30 Dk A 1
FERRAS 5 mL; fff FH 2o £ BRI 22 SR P8 R B, K b # A
W B I IEBR A4S, I JFF WA A 43 Sy 3 38 43, JBOAH ] 8
57 JFF JF 20 20 2 B 53 2% B T 4% 22 B W O R I A 1R
T T A% 1 e () 350 07 JHF I 41 20 B T —80 °C VKA PR AT
2.3 WEHR bR BT vk

2.3.1 JFUIAE AR VERES F (Fe' )Ml I 4 4R
] 2.2 TUHEAT , R BUM I J5 16 3 3h ok 2 0 SR o, it 4%
ZE R E 20 min, Z R 2 500 remin” &0 20 min( &
DA 45 om) R A FIFWE T 5 mL U8 &
OB W L4 A 2 AU &I ALT \AST .GGT .
TC.TG % ¥ %5

232 RAEHETFIE Bl R 2.3.0 W T, 4%
W TR G ft P U I R 5 R i R F- (LPS . TNF-ax.,
IL-18) K-

2.3.3 AL AR AR KRB I E FREAR AR R AR
EEAE ] 2.2, K U 45 1 B 6 JHF IE 4 23 58 43 oK F
B A 3 W3 000 remin” B 0 10 min ( B O 2 £
4.5 cm) , B E G R, BEAS b BRGS0 AR R R L AR
12 ) & 15 B 2 17 45 4F DU %€ MDA . SOD . GSH #!
Fe',

234 HFIEAZURE ML JF K K- (HE) 4
o UK B — 300 AP L 20 1 8 12 A 4% Z R H

T 3 R T 48 h, R UK AL YD RS L HE B
&, B RUBE T LER T RS B AR AL 5 S 21 O Y £ - UKV
Y1 R R H 45 [ 52 10 min, 2818 K Uk 5 60% S 179 i
TR I AT O YL W YL 10 min; 60% 53 P4 % 73 (0 2= 15 5
oo, Z5 1K ¥ s Mayer 75 K 2 &2 Y 500 #h , B R £
2% Wil (PBS) 12 1 (15 1k ) 3 min; 2818 /K Uk J5 7K I8 o
BRI B R, A O SR A B AR AL

2.3.5 S OL E R A G 4E 2L R ) (Real-time
PCR) £l #H ¢ mRNA £ iK1 0L HL-80 °Cyk4H
TRAF 18 3 6 VK R I IE 20 20, i A TRIzol i 7] 1 mL,
FH2) 3 28 B 3%, #2 22 JC RNase A9 1.5 mL fif Y &5
O 248 10 ming A = &0 %t 200 L, R Z1 AR
B R 5 B, & R I E 5 ming KR (4 °C)
12 000 remin™ &.0> 8 min( B0} 13.5ecm, FIH);
R I JZ/KAH (29400 pL) T 1.5 mL 08 B0 v,
T 5N 400 pL, IR A0 )5 % IR E 10 min; fIKIR
(4 °C)12 000 r-min” & .L» 10 min; 7 ¥, A TG
RNase ) 75% & 1% 1 mL, % i€ TR 21 5 1% (4 °C)
10 000 r-min” &5.0> 5 min; 3% LW, 25500 T8 RNA
UPE 5~10 min, K5 YLIHE R T DEPC 20 wL /K 5 BUA
fift J 1 RNA 2 WL FH A6 0 06 0% 3 3 D0 7 i ok
Ao Ay B Ao/ Ao T, 715 RNA I 4l J A1 BE 5 K
AL RNA BT -80 °CUK AR N AR FE LA s FH o i 0
W AR & & L cRNA, FF f# H Real-time PCR §~
e S R NG BT 7/ SN NI
W1,

x1 s5l9F7
Table 1 Primer sequence
519 Fr31(5-3") K /op
B-actin 1 J# CACGATGGAGGGGCCGGACTCATC 240

T TAAAGACCTCTATGCCAACACAGT

Nrf2 3 ACCTAAAGCACAGCCAACA 347
T TCTTCCCTCTCCTGCGTAT

HO-1  [if GAAACAAGCAGAACCCAGTC 225
T AGAGGTCACCCAGGTAGCG

GPX4  Liff ATTCCCGAGCCTTTCAACC 182
¥ ACGCAACCCCTGTACTTATCC

FTHI L CCAGCGAGGTGGACGAATC 304
Tif CAGGGTGTGCTTGTCAAAGAGAT

NF-«B  _Fiff GCATTCTGACCTTGCCTATC 183

T TCCAGTCTCCGAGTGAAGC

2.3.6 & 1 %%E B3 v (Western blot) ¥ I 8 [ 3%
5B TR 4L U0 RS A 2 mL AR R 0 A rh gk
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TTUE U, SR 5 B4 A 2407 W 200 wL & T A 8 519K
BLH A1 20 3% 58 U B BP A4S B T ok b 78 4 2 i
30 min; B 2R AL 1.5 mL O B0 L e 4 °C
FA# A 12 000 remin B0 5 min. B HFEECH E 1
W S<EA LFEZ R (A% R4 1IREG) i
A K v BEAT R KT 10 min B R (A PE L K MR
M 40 wg WY REA 4 5 bR 5 JE4T HL Pk 60 min; H
Tk 5 BLJR AR 4 Marker {3 B i F| PVDF 5% f 17 A3 5%
% 8 H & 5% W6 BE W5 k3 19 TBST (& MW ) 2 i
PVDF I 28 5 15 PR 355 [ 2 by 5 A V0 T8 AV ) —
B, i PVDF B T —$ W a W b, 4 °CiEF o
W ; TBST 7843 Ve ¥4 PVDF fi5 5 ¥k, I TBST #i B A ic
HRP A =41 (1:10 000) , {ff PVDF i ¥ i T — H1 i
HFW P, S IRFERM T 2 h; TBST 7820 ¥k % PVDF Jii
5, ¥ ECL R v 18 9 v 55 e i 2 S04k ) 1
WAk 121 e BHR A T AR W T PVDF B L, 21
Bt ootw e s, HER% XL R/NIEY
W, ORI X ORI R R T KU 5 T
WOERWER W R . BT R R A
JHIPP 437 ¢ v R B4
2.4 itk R Graphpad Prism 8.0 % {4 X}
JI AR HAE S5 5o B, 25 i x5 om AL RN L BECR
FH AR 2R 7 22 0 B, Z 4L n) e B0 £ & H g 4y
Br, LA P<0.05 KR 22 % A Ge it 78
3 &7
3.1 XF ALD K BRI 995 35 1Y) 5 )
3.1 JFAEHE Y0 I F 4 40 M 2 45 6 58
R, T 200 0% R VR O, R) BT PN R UL AT ARG AR R L
g VAN AR IR I 5 A RN A AN O S A o A, K
JHF 448 B A% 315l 1 45, A B N T A R S 5 A48 i A T
FEAS M M 0T Y, 8] 05 9 R DL £ 4 b g A L ok LR
PR IR 5 2255 1 R BT 41T 20 % 25 2544
SE R, R T 0 AR A% S Rl 4 TS 0T R R T 4
JI TR AR P O 9 G, R) BT PN R L AT ARG AR R
DL 5P 40 MR, 22 1 R B 7 20 40 L 25
S50 S8R, /b ik I A0 B AT A A L S 5T 4
R TR AR M ML 5T v G TRD T N R L 2R 4 AR A
UL A&V 20 2 5 225 1R Bl AR B 4T A I T
A G5 A0 e A T AN AR e G T B, 2D R SR R
sk, ey B i 5% 1) 5 B B 3R A R AR AR TR
PR DL 2F A Ak 0 A R DL AR I A IR T 5 2 0 W AR
ok JEL 6 261 - 440 B T 25 &5 ) 50 | B 4 IR 6 3 AT
S D) Joi i 5% A /0 B O 52 47 5k 8] 5T P9 R L £ 4
ey R LR R . DL 1
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3.1.2 R O e 5 IE R A AR, B A
£ L P 200 L P PR B D R A 21 6 1 R L R TR
O LR SR AL LA, 2 R BT = 4L
JHF 240 0 P9 24 5 P i 8 a2, AEL A B O 478 T DL oK
B , 228 EARHECT R R 4 22 0 W R T IR e 4
JHF 240 11 i 40 i P i e mT L BH S o2 o LI 2.

TE AR 4L B BRI C. 2B BEAR BEAR BN AL ; D. 2% FIR
MR AL E. 2% OR BT AL 5 F. 228 1R w70 i 4 (2
& 3 [n])
B 1 2% AR ALD X B AU E #9800 (HE, x200)
Fig. 1 Effect of Shenling Baizhusan on liver pathology in ALD
rats (HE, x200)

B2 SXBAAREX ALD X RFFAEREE ML 0,%200)
Fig. 2 Effect of Shenling Baizhusan on liver pathology in ALD
rats (Oil red O, *200)
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3.2 X ALD KRAFIEE (MLARRY = S IEH 4
Mk, B 2H K L ALT .AST.GGT.TC.TG % %5 #r

e 2R NE BB P 4H ALT .AST.GGT . TC . TG
SEFE BRI B B (P<0.05) (BB 25 AR B ) 2 41

B 5 (P<0.05) ; SECALA LU #, 7% R A 7 TG Z R LG 2#E L (P<0.05). W32,
Fx2 BEAAREXALD KRAFINEE . MASAI N (Xx+5,n=8)

Table 2 Effect of Shenling Baizhusan on liver function and blood lipid in ALD rats (x+s,n=8)

21 51 # i /mg- kg ALT/U-L" AST/U-L"! GGT/U-L" TC/mmol-L" TG/mmol-L"
w4 31.460+7.306 51.110+8.336 73.020+18.620 2.469+0.601 1.844£0.541
H IR 241 79.870+6.797" 152.300+8.437" 209.670+19.420" 6.237+0.570"  4.432+0.526"
22475 W N 19 AR 6k 241 143.64 44.040+4.402% 69.970+7.484% 99.990+12.950% 3.130+0.513%  2.501+0.417%
S AR WL 2= 4l 3.75 66.430+5.251” 121.60+8.027> 170.900+12.110% 5.104+0.570”  3.841+0.457
SR PR B AL 7.5 56.300+8.915% 90.580+6.111% 125.600+12.780%  4.299+0.559%  3.090+0.555>
S AR e ) AL 15 39.480+5.060% 61.570+5.834% 87.640+13.330  2.961+0.510”  2.170+0.323%

T 5 IE# 4L U P<0.05; SRR L §5 2 P<0.05(F% 3-% 6 )
33 X ALD KEREEHW F W 5I1E% 4
B, B8 H K Bl LPS. TNF- . IL-18 W & 14
B, 25 A G T L (P<0.05) 5 SR A L

R3 SEEAREX ALD K RKRIEREFH

Table 3 Effect of Shenling Baizhusan on inflammatory factors in ALD rats (x+s,n=8)

B, SEAARBS A 2 %8R B 6 41 LPS.
TNF-a IL-18 B I FEAIK, 22 5 A B W G122 3 L (P<
0.05). W33,

S0 (x+s,n=8)

21 51 il /mg- kg LPS/U-mL" TNF-a/ng-L" IL-B/ng-L"

EH A 0.789+0.089 32.860+4.122 24.660+3.474
Hi 70 2 1.614+0.271" 54.260+5.985" 44.850+5.059"
22065 W i T AL ik 241 143.64 0.985+0.075> 37.670+7.880% 26.610+3.332
S AR WU 21 3.75 1.326+0.081% 45.640+3.539” 38.630+3.782%
ZE AR A 7.5 1.02140.126% 38.560+4.262% 29.590+3.843%
2 AR HGE 2 15 0.899+0.060’ 34.820+3.288% 26.350+4.033%

3.4 XFALD KREUA R M Fe B2 SIEW 2% HORHCS 0 & 4 2 5 o I8 B8 IH 5l 41 GSH.

4 b, B AL 2 K B GSH . SOD #5 A5 7K S B 8 R AIK SOD #& t5 /K ¥ B] i 7+ , MDA Fe' % it ] 1 F% fik
MDA Fe' % &t W] 1t 3 & (P<0.05) ; 5B 2 [k, (P<0.05), W4,
R4 SEAREXALD KR EWEHE Fe+HI M (3£s,n=8)
Table 4 Effect of Shenling Baizhusan on oxidative stress and iron ion in ALD rats (x+s,n=8)
21 51 il /mg- kg GSH/pmol- g MDA/pumol- g SOD/U-mg™ Fe'/wmol- g’
A 198.500+23.440 6.438+0.716 111.800+5.736 11.190£1.094
A7 2] 115.400+15.980" 9.817+0.898" 54.650+9.091" 22.310+2.985"
2247 Wi R 1k E el 21 143.64 160.500+20.410” 6.082+0.551” 95.640+5.736% 12.880+1.546>
2225 AR U ) 4 21 3.75 127.000+15.400 8.450+0.688% 64.630+9.122 19.430+2.517
S RPN R 7.5 142.500+15.770 6.792+1.115 84.750+9.027% 14.880+2.657%
S RO ) 15 181.300+17.820” 6.150+0.441” 103.200+14.220% 12.480+1.541%

3.5 X} ALD Kl Nrf2 [NF-«B {5 23 1% 56 T 4 Nrf2 . HO-1.GPX4 .FTHI mRNA % ik ] & 7t &5 (P<

> mRNA MW 5 1E % 4 b4, #5840 Nrf2 . 0.05) , NF- kB mRNA 3£ ik BJ B % £ (P<0.05)
HO-1.GPX4 .FTHI mRNA ik B & [5{% (P<0.05), WS,

NF-«kB mRNA ik 0 i 8% 55 (P<0.05) ; SR8 4
BLEZEAARBCR i 2 R 2 0 0 I I 662

3.6 X} ALD Kl Nrf2 NF-«B {5 510 % {5 510 §% .
BT M REAM N SE® AR, A
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x5 BEAARHXALD KB Nrf2 NF-«B {5 5@ 88 $KET°- mRNA RiZWFME (¥+s,n=3)
Table 5 Effect of Shenling Baizhusan on Nrf2, NF-«B signaling pathway and ferroptosis mRNA expression in ALD rats (x+s,n=3)
20 51 4t /mg - kg Nrf2 HO-1 GPX4 FTH1 NF-«B

EHA 1.000+0.000 1.000+0.000 1.0000.000 1.000+0.000 1.000£0.000
H R 25 0.420+0.161" 0.226+0.047" 0.434+0.077" 0.404+0.082" 2.794+0.550"
2205 i O T ALk 4 143.64 0.825+0.168% 0.896+0.241% 0.837+0.134% 0.827+0.159% 1.317+0.340%
2% H AR BG4l 3.75 0.716+0.0736 0.573+0.088% 0.578+0.077 0.614+0.152 2.284+0.669
2% AR R Al 7.5 0.788+0.173% 0.745+0.236% 0.830+0.106% 0.796+0.152% 1.632+0.320%
2% AR HLE R AL 15 0.911+0.114% 0.915+0.176% 0.895+0.190% 0.849+0.155% 1.182+0.378%

Nrf2 . HO-1.GPX4 . FTHI1 & (1 % 15 W] W F& ik (P<
0.05) ,p65 .p-p65 1H [ ik B B 14 5 (P<0.05) ; 5 #%
BRI L5, 28 R ECD L 7 i B 22 0 5 1S 1k A

i 41 Nrf2 .HO-1.GPX4 . FTH1 #& [1 32 i W] W F+ &5
(P<0.05) ,p65.p-p65 & [ K ik B i [ Ik (P<0.05) .
L6 &3,

*6 SEZEAARHIALD AR N2 NF-«BESHEBESEE KA THXEANZM (X+s,1=3)

Table 6 Effect of Shenling Baizhusan on Nrf2, NF-«B signaling pathway and ferroptosis related protein in ALD rats (x£s,n=3)
451 fl it /mg-kg' Nrf2/GAPDH HO-1/GAPDH GPX4/GAPDH FTHI/GAPDH p-p65/GAPDH  p65/GAPDH
A 0.738£0.029  0.689+0.035  0.664£0.063  0.611+0.029  0.113£0.012  0.427+0.056
S| 0.335£0.022"  0.106£0.021"  0.203£0.044"  0.199+0.013"  0.502+0.041"  0.761+0.012"
2205 W i Tk L 2 143.64 0.605+0.022%  0.383x0.031  0.530£0.080*  0.465£0.049”  0.238+0.022”  0.600+0.022>
225 AR B i 21 3.75 0.497+£0.007  0.188+0.030°  0.313+0.028 0.271+0.031 0.445+0.044 0.718+0.046
S RO 7.5 0.574+0.025%  0.312£0.059%  0.42240.069*  0.407£0.035”  0.354x0.051”  0.648+0.032”
S AR R 15 0.683+0.028%  0.489+0.018%  0.609£0.079*  0.551£0.032”  0.183x0.008”  0.564+0.027>
4 itig
e _“"”‘Da th T T [ 28 B D & T 5 R S Ak 1 IR AT
ALD K R AL EE AR 1 FE, 6 N BB AR A= 17 f bR
_ o CURZEVEERF GUE L ALD fe gk iR 6 R
S I ORG 1 T 2T 4 Al -3 K5 e AT A - 5 9 K5 A0 G
f T 988 ) W T8 AR IR IT T R HBUE 2 T R
axpd _ 22kbe 85 LS 905 400 PS4 107 3155 44 A2 ) Bl
HHRHAEEE L, fEPhES DI ALD R4, iR
. _ e BEFARE ALDFTE FTHL SRS KO R T
AT R T A AT (R 2 R
W)z W KA, A Z W, AR
_ G LIUATH N, ST B0 D
BT HAA I A Z i AR B Z 05 IR AL
i3 65 kDa B0 TP LR I 59 ML AR 20 00 R 1F 9 35 1 L I
A B B KoK W as A R w) R IR TR B
GAPDI _ D 5, 04 By SAL R 8], Vi D) AS 38, A0 D0 AN o 4 [ 2
X ) BT 4R LT 22, 2 A A B O i il

A B C D E F
B3 EHARNDNF-«BESERESER.KETHEXER
ik
Fig. 3

Electrophoresis of Nrf2, NF-«B signaling pathway and

ferroptosis related protein in rats of each groups
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K OHE O ETF OAS W g EN A
BT EAANS AR RS @EM I ABIE,
LI 24 3 2k Bl A 2 (e A A R, R U e o TR A
PREE R R B W 2 D AR DL R AT
AR AR R A S8 R, K GE R R 2 I
R BAT, fE DA R R R R R 2 i 2 A
L Z2 e g AD AT AT 22 8K, IR R (i, K
AT 1 B R .

2 B Az B0 A B, 4H BN ALT AST .GGT
V5 W T DR 2 R I Y ALS LAST .GGT
FEARAE A IR AR 2 AR EI, & 4
s 7% 5 5 9 K BUIML Y ALT AST .GGT W] i & T 1F
w2 WO R 0 B R s B AR T . E N TR
FEMSEAARETHGE, #440 KB ALT.AST.
GGT TR, XS E F AR BT TR 8 A
BRI 5E 2 W, 0T GG e e A1 4R Ak 4 i AR
B4 5 ) 0 52 AR o (PPAR) 3 P, 32 T 310 sk JHF U 40
JL 1 W, B B UE SRR AR 1 [ B S e A
i 43 fifk A0 g U7 40 B AT T, 5 SO0 B v 4 i I 1R 15
DA K FF B P9 A6 i 0 S R AR AR g A R I 8
T 20 A B PFF I L 44 SR+ TR 0 AR v 9 T
KRR UL TC . TGEMir B & FIEF ., &
S AR WG, E P RE 17 28 PR A5 2K W) R
ek, TC. TGV W T . RUSE AT T
TR PR 45 05 = B0 e AR v B R e
YEH -

Nrf2 JE DL E AN M EZ AT E A R A
BRI AN 25 5 BUR 41 L XF CYP2EL 15 5 1
5, 7= A K 1 ROS, 5 BUOHL AR & A S Ak I 3, 5 30
Jig J53 3k S Ak R BT 200 B A 405, OF L 0TS AH OC R i
YL A AR 2 5 B T8 8 MR, 3
T BRSO, LPS 45 B0 I 2 1 AT % KOG 26 7= 2k
Jo U5 PR B R MR o PN EE R ILGE 23 P00 Kupffer 4
Jid F1l TLR4 2 14, 7E TLR4 {4+ F F NF-«B #4765
S % B T TNF-o F1IL-6 1Y 72 28 FURE > . 3F B
H R 05 S, Bt K 55 A -1 (Caspase-1) &%
IL-18 L2 5 434120 TL-18 75 105 45 105 ) K38 i A
43 W5 I E A A 26 4 B A A i, 9F HLIL-18 7E
Z4 M 2 Je K 8 T TL- 1R 10 5 RS 175 S A9 I G s
ARPE A A DA RSB43 0 S A I S A A
AT A 40 M7 2 ROS 30 48 0E 20 M, 54 43 4
%4 F 455 X (DAMPs) # TLR A1 NOD £ 32 {4 ff il
S BTG 5 ALD AH G Y AR G T8 K [R] B3 58 4 i R
F AR UK B DR 2Rk R T e

PoE e, Z UMY R W, B9 N2 3R 3k 8 B AIX
ROS = E , il R A P F #3151, 30 4R ok A BF 9%
T N2 BRAEBU AL B W h R E HEAEHZ
Ab T XS A B 0 DL B Bk R s rh R RE R i R
FEVER o 24 Nrf2 32386 JC B, JH R X I 25 4 o2 1 4
SR A S 3 Y 7R A R, Nef2 00 38
NQO1.GCLC 5 GSTA1 %5 21 ffd P 47 56 A iy % ok, 42
T4 A A B AR A 2 ROS BE J1 o Nrf2 ifs g it
AE LU 2 A I R TS 0 32 KO S iR R AE 4
RSN S, A Nef2 IR 3R B KA 5 1
BMP6 7 I 55 4 J2 240 i 32 3k, DA 52 79 12 240 B 4
() BMP6 fE 1% 34 4B 3T I 40 i (0 Bk 8 A R A7
5 2 B 7 Nef2 5 PR ok O BUGT 4 175 5 1) 4 i BB
T AR B T e TR R BRI HL 2 58 I P 4k
DORR o JHF I K 9] 2R R Bk 2 1 Ak 4 R
13 LA B IRBE 1 R AE

A 5E 45 Rk B, 4RSS K R N2,
HO-1 %57 1122 35 Fl mRNA & £ 8 B8 T 1E# 41 K
i, p65.p-p65 # 1 # ik I ,NF-«B mRNA & & H
Tk 3 WA U A AR A SR T R O A&
JiE 38 % B P0G L IR LPS \TNF-a  IL-18 & MDA /K
FHE®mTERH ;22 FHRBT B, N2,
HO-1% %AW i FiH, p65.p-p65 NF-kB %5 ik F
4, MAD .LPS .TNF-a . IL-18 % /KT [% , R H =
AR HRE 5 A A0 T RS B BT 5 20 R Ak N
LA KR O 55 KT

BRBE T AE S — FhoRs ol A Bt 4Rk S BORY R
AL A I AE TR 5 AR N A B UK R
40 g N Fe' 5 1 4 1k & (H,0,) 45 & 4 A A k¥
(OH-) f¥: 3 (OH- ) % ROS, #F 1 5 8 A 1k N #4 &
Az MR R A 23 TH AR A I N B GSHL, 1 1
GXP4 i1 . GSHEJy— i G2 iy bt E AL 7], fE %
U8 /0 20 i BE VR AT ROS 77 4B I H RE % FI] H NADPH/
H+1E J 4 7K GSSG %5 1L 4 GSH, 28 fit 5 1k [z
Y. GPX4RERS L A FH GSH KR Fiad /AL A
Ak N g B B 1R A R IR T ROS T L 5 L R
FTH1 Ge % i o 410 i 4% 32 A L300 9 1 4(NCOA4)
1Y) % A2 2 e 4 D PN K B 1 A L R R BB TS . AR
TR I ALD AR KRR Fe & & W B A,
GSH.SOD % & W] & 9/, 1 B 1 B d 1) 4K 0ot 488 A
SRR, JF B FTHI 9 2R % 35 fl mRNA 1k 8
WR R RN RE KR TERIET . £S5
AR T #UG , 45 41 Fe' & &8 />, GSH . SOD % &
W Z FTHI1 {25 4 %35 fl mRNA £ 5 & [ .
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TS AR BORE 0% 38 a3 98 15 S8 Ak 1 0 Bk Fe', I
JHFTHI 35 00 0, M Hl st - & 24 . LIU %9
F 5% 2 B, X R 175 5 19 T 40 Bt 2 49 £ Frataxin
Jei B B 410 Tl JEF 200 J PN R BB T, DT K F 3E E E A
i A LR Z AL B . A I kB 1
Fer-1 AE % 1 il A UV A 14 JHF 453 A 5 300 2R 58 7= LA
K ig oot S8 Ak, AT o503 A 45, 5 AR 9 — 3K
BE A0, 7 38 o R A0 T 1 T I VRORS 4 A I T e 1) B
¢ H TR RE & B0, 24 Nfr2 {5 55 38 3% Bt 38005 JHF 4 A o
BRIE TR A J5 o e R U IR 453 495 DA B g Jo A%
R

25 LTk, 2% R R 5 4 &0/ ALD KRR
JEEA5 405, VRV B 0 A5 1 55 R 0 TR OF AR IR N &
FEPUEAL S PR AE T AR IPLHI AT 58 5 F A Nrf2
{5 5 3 % A3 Ak N SR 34 4 T A P9 K AT
T-RERK, RBFRGRVLEEBETSEAREK
PN TRAKR BE T 1 B3R 7 RS M 3 40 P2 1
T2 52 7 LAY MRV 4 R 6 T ELAR 4y B
A K A G 38 % 22 1] ¢ 3R 2 A7) 5 38 o A7 40 1 550 BHL
D 0 e R A B I A5 T O 45 T 4% 24 1
S S R AT NIRRT BB 5T

[FIFMRE] A RAELEEFMHEFE.
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