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Based on the Nrf2/GPX4 pathway to explore the

mechanism of Lithocarpi folium in

improving non-alcoholic fatty liver disease by

regulating ferroptosis

¥ i A 1T A REE2

B S H MK A & H

E I & W 2

B iFg F L X8 = Nk

it X & s H H 2024 % 5 A 31 H
b EILE &S

2024 5 A



IR

H¥: 2T Nrf2/Gpx4 (5 5@, SR RSN STIR T A 22 Al - 368 i 101 il
BRIET, ot AT 14 R 107 2 s (4 4 R AL
ik

L BWsesi: (1) #%H NAFLD £ MG 75 245 & 5000 = T s i 4 5,
K RS 5 s e kL 3k 24 J5 k155 SD K NAFLD #2, H4 3 Bt il
SRR IE R 2 B AR ZE R . R R R XU, A 23
JEL TSR HR 0 43 AL B A DG 24 W 36 9 ) B 3 S 8 oo D 71 B T F % 4K B,
BEATFRE, DA ENIAE.  (2) A HE Gtk i 5t SD K R4 21
w7 (0 HE AR AN SR A IRk . (3D SR AR AR TR S AR ) B A 1t 3 1
feg. WEEE/KF: TCHO. TG. HDL. LDL; VPLKATFIhAEIESR: ALT. AST %
Y. (4) BELASA ¥ 3 SD KR & K F: TNF-a. IL-6 Fl IL-1B /KF.
(5) A=A AR ) S vk AG ) 5 28 K BUBF AT 4 VR AL B8 B : MDA F1 GSH.
(6) MLk LL (A U & 40K BRUHIEAH 241 Fe?™ & & . (7) Western Blot 74l
SE SR HAFE NRF2. xCT. GPX4 EHHKIEE. (8) qRT-PCR LA %4
KEBAFALZI NRF2. xCT. GPX4., HO-1. GSS fil ACSL4 mRNA [JFRIEKF.

2. AR SEEG . (1) SRIORSZMART AL UMK B & 25 i . KA CCK8
ARSI P52 AR P A 22 AT I AR — R BUNIE 55 24 1MLV B o X HepG2 4 AEE VA FH
(2) KM 1mM S IENTR (FFAD 53 HepG2 41 A= g T HEAURAL, NAFL
D ARAMERL, I AN N A 22 A R B RUNIR BR324 I 37 0 3 B 4 A i3 AT VA
JT o THIZL O YLt kar U4 2240 M R 107 i R AOIRAS IRl &€ TG TCHO
W . (3) KA 4 A n) & ke I & 41 HepG2 40 /il MDA . GSH & &.
(4) R F 4 A S A A TS 75 i 52 5 LA R 2k /K P (5) Western Blot 7246
MERH A NRF2. xCT Ml GPX4 FHHRERI . (6) qRT-PCRIZENIE &
2H HepG2 4Hijifl NRF2. xCT. GPX4. HO-1. GSS 1 ACSL4 mRNA EI/KF.
SR

L (1) W] e A el 1 et A B0 A 98 K e 9 vy M) I35 L 1 KRR
T A 22 AT I 2H R B U2 E AR S B K 35 v T IE R RIS TN . (2) H
E Je (025 BRI, MIEH A, NAFLD #5825 kBRI B30 7 W 5 F s A 1



O, AR SE BV 2 4 A R IR A . AR ML RERIE LA,
T 25 T A ZE A IR0 HOOUNEF- T (K BRI BDR SR B B . (3D
Xt A 2H K BRI IS AR AL TR AR IR R B, NAFLD AS A 41K & A S i g . e
BEFtr . FFDIREFRFR Bl . 45 TR MR A — OIS, & fahs
W F W (P<0.05) o (4) EHSIHRAIIEL4 2 Fe?*. MDA, GSH K
B, SEAAxE, AR Fe'. MDA W KiE ETH (P<0.05) , GSH B
BN (P<0.01) 5 TSI L, A2 ] 5 771 B 4 R BE 2 24 41 340 i K
& T8 Fe> 1 MDA W% (P<0.05) , JE3FH$E R GSH KF (P<0.05) .
(5) Western Blot &3, NAFLD #8420 K 5 IE+ NRF2. xCT. GPX4 HH
(R IEAKTA BZERPEK (P<0.05) o 145 T A2 M) R0 FE SOOI 350
R A RE S EHE T REFMRS (P<0.05) . (6) &1t qRT-PCR &
W, RIAE NAFLD #ERIRFIEZH 4, ACSL4 mRNA fIREEZE A= (P<0.0
1D , NRF2. xCT. GPX4. HO-1 P\ GSS mRNA 51k 22 F B (P<0.0
5) o L TARFZMHAFHA ZHXNTHGE, SR, A2 Hf]rF
&2 R ACSL4 mRNA 3Rk (P<0.01) , T8 EFHE T NRF2. xCT. GP
X4, HO-1 LK GSS mRNA [5RIEKF (P<0.05) .

2. (1) CCK8 4 R3EH], ARZEmFImyiE, A R 48 — FXSUNTRA 24 25,
F Y MTEXT HepG2 4Nty LH B8 MEAEA . (2) HepG2 4R 2H 21 4 fig %
I, H TG F TCHO W& &EH WEMTHE (P<0.01) , 1A ZEH-F % 7]
2 A A BN RE 24 40 35 3 08 Hep G2 AR I AR UTAY,  iH HepG2 i =
REHERUEAY TG Al TCHO M ERIE & (P<0.01) o (3) lFl& b taykasill H
epG2 4l MDA, GSH & &R, A MDA SEMEF & (P<0.01) , GS
HIKFRE T (P<0.01) , SERIALE, ARSZHRT5 24 i 0 7R
20 MDA 1 GSH HI £ 5% (P<0.01) . (4) HepG2 2 ity i A kAR AR TR AH X6
TIEHAMM BB EMTEE S EMZIMER (P<0.01) , (MAZEHfTHF1H
SO IH 24 245 24 1t 375 7T DA S5 25 BRI Hep G2 1o i A RS 700 4 it it Py 40 0 4k s 25
&8 (P<0.01) . (5) Western Blot 1l & 8l, SIEH4IMEL, AL HepG2
AL NRF2. xCT M1 GPX4 t H R IA KA PIEIL (P<0.05) o ARZEHAT
&G MIE TG, M TEEAA, KRZHAETHH NRF2. xCT fl GPX4 HH
JREIE ARV i (P<0.05) . (6) qRT-PCR BAMHTKIL, SIEw4

i}



LT ZH () HepG2 @i, ACSL4 mRNA & EH KIEKTHE (P<0.0
1) , NRF2. xCT. GPX4. GSS fil HO-1 mRNA [{J& & 45 B & F#A% (P<0.0
5) o TEAHFHAZE Al ik R0 BH 1 25 M5 T8 7 fa A ZE TR HXUNPH 24 g
A A W 2 Hep G2 H Xt FIR P mRNA ik (A F s, AAK
BN KRS R 7 ACSL4 mRNA /KF (P<0.01) A2 EVH T HepG2 7= g
FABEAY NRF2. xCT. GPX4. GSS Al HO-1 ) mRNA Fit/K T (P<0.05) .
ghp

1A ZE et B 8 F2IC NAFLD K B 105 LIS A 208 NAFLD K B - Dl g
IKFRIGERE L, [, AT PR A BRI > NAFLD K 5 A 2T
MYER . JIF AT REIE IS Nrf2/xCT/Gpx4 15 5 il % 22 fif NAFLD K BRI (1 2k o8 T
Kk 3% NAFLD.

2 ARZEM A /> FFA % 509 HepG2 AR R HERA B, BAIK HepG2
24 0 O Jo E ARUAE R 1 Fe® ok o 35 4 0 I o i 44k, AR 22 i A I T i 0% i i
Nrf2/xCT/Gpx4 FH i % 4% NAFLD 4 4M R AR AR o

XA AEERBMAER TS ; AREMAT; $K3E1T; J|ALNE; NRF2/GPX4 {5
SiEE



Based on the Nrf2/GPX4 Pathway to Explore the Mechanism of
Lithocarpi folium in Improving Non-alcoholic Fatty Liver

Disease by Regulating Ferroptosis

[Author]Song Zhen Zhen (Pharmacology)
Directed by Zhang Changhua

[Abstract]

Objective: Based on Nrf2/Gpx4 signaling pathway, exploring the effects and
mechanisms of Lithocarpi folium on improving nonalcoholic fatty liver disease by
inhibiting iron death in vivo and in vitro experiments.

Method:

1. Animal experiments: (1) According to the classical modeling method of NAFLD
combined with the previous laboratory modeling experience, the NAFLD model of
SD rats were induced by long-term continuous feeding of high-fat diet for a total of
24 weeks, and randomly dividing animals into control,model group and high, medium
and low groups of Lithocarpi folium and metformin groups according to the grouping
from the 23rd week until the end of the experiment. Rats in each group are weighed at
a fixed time each week to determine their body weight. (2) HE staining was used to
study the accumulation of fat in the liver tissue of SD rats and the changes of
inflammatory lesions. (3) Using biochemical kits to compare serum lipid and sterol
levels: TCHO, TG, HDL, LDL; and liver function indicators: ALT, AST levels. (4)
Inflammatory cytokines: TNF-a, IL-6 and IL-1p, these inflammatory level of rats in
each group was compared by ELISA. (5) The oxidative stress indexes of liver tissue
were detected by biochemical kit method: MDA and GSH. (6) Ferrous colorimetric
method was used to detect the Fe?" content in liver tissue of rats in each group. (7)
Western blot method was used to showed the protein expression levels of xCT, NRF2,
and GPX4 in the liver of rats in each group. (8) The mRNA expression levels of xCT,
NRF2, GPX4, HO-1, GSS and ACSL4 in liver tissues of rats were detected by qRT-
PCR.

2. Cell experiments: (1) Extracting the medicated serum of Lithocarpi folium and
metformin rats. CCK8 was used to detect the toxic effect of graded concentrations of

Lithocarpi folium and metformin-containing serum on the activity of HepG2 cells. (2)



HepG2 cells were induced by 1mM free fatty acids to produce lipid accumulation to
simulate NAFLD model in vitro, and the model cells were treated by adding the
medicated serum of Lithocarpi folium and metformin rats. Oil red O staining was
used to detect the accumulation state of fat droplets in each group, and the
concentrations of TG and TCHO were determined by kit. (3) The contents of MDA
and GSH in HepG2 cells in each group were detected by using a cell kit. (4) The cell
ferrous detection kit was used to determine the level of ferrous cells in each group. (5)
Western blot was used to detect the expression of NRF2, xCT and GPX4 proteins in
each group. (6) The mRNA expression levels of NRF2, xCT, GPX4, HO-1, GSS and
ACSLA4 in HepG2 cells in each group were determined by qRT-PCR.

Result:

1. (1) The weight growth trend of the model rats fed with high-fat diet were significan
tly higher than that of the rats fed normal diet, while the weight increase trend of the L
ithocarpi folium group and metformin group was higher than that of the normal group
but lower than that of the model group.(2) Compared with the normal group, the liver
of NAFLD model group showed obvious pathological changes, including impaired h
epatocyte integrity, obvious lipid droplets filling, obvious vacuoles and inflammatory

infiltration which were showed by HE staining. However, the pathological state of rat

liver was significantly improved after the intervention of Lithocarpi folium and metfor
min. (3) The test of serum biochemical indexes in each group of rats showed that the r
ats in the NAFLD model group had obvious increases in blood lipids, cholesterol and

abnormal fluctuations in liver function indicators. After the intervention of Lithocarp
i folium and Metformin, the indexes were significantly reversed (P<0.05). (4) Detecti
on of Fe?*, MDA, and GSH in liver tissue by liver homogenate revealed that Fe** and

MDA concentrations in the model group increased dramatically (P<0.05) and GSH de
creased significantly (P<0.01) when compared with the blank group; whereas all dose
groups of Lithocarpi folium and the positive drug group were able to down-regulate t
he concentrations of Fe?* and MDA dramatically (P<0.05) and significantly increase t
he GSH levels (P<0.05). (5) Western Blot revealed that the expression levels of xCT,
NRF2 and GPX4 proteins in the livers of rats in the NAFLD model group were signif
icantly reduced (P<0.05). Whereas, after the intervention of administration of Lithoca
rpi folium and Metformin, there was a significant (P<0.05) increase in the expression

levels of liver proteins in all the groups. (6) After qRT-PCR, the expression of ACSL
4 mRNA was found to be significantly elevated (P<0.01), while the expression of N



RF2, xCT, GPX4, HO-1, and GSS mRNA was significantly decreased (P<0.05) in th
e liver tissues of NAFLD model. After the intervention of administration of Lithocarp
i folium and metformin, the expression of ACSL4 mRNA was significantly down-reg
ulated by Lithocarpi folium and metformin (P<0.01), whereas the expression levels of
NRF2, xCT, GPX4, HO-1, and GSS mRNA were significantly elevated, compared w
ith that of the model group (P<0.05).

2. (1) The results of CCK8 showed that the medicated serum of Lithocarpi folium had
no obvious toxic effect on HepG2 cells in the high, medium and low-dose group and
metformin positive drug group. (2) The red lipid droplets in the HepG2 cell model gro
up were obvious, the content of both TG and TCHO were markedly elevated (P<0.01),
while the lipid droplet deposition and FFA content of HepG2 cells were significantly
reduced in the HepG2 cell group and the metformin group (P<0.01). (3) Kit colorimet
ric detection of MDA and GSH content in HepG2 cells showed that MDA content wa
s significantly higher (P<0.01) and GSH level was significantly lower (P<0.01)in the
model group.The drug-containing serum of Lithocarpi folium reversed the trend of ex
pression of MDA and GSH in the model group (P<0.01). (4) Compared with the norm
al cells, the high-fat accumulation model of HepG2 cells showed obvious ferrous cont
ent (P<0.01). while the drug-containing serum of the HepG2 high-lipid accumulation
model could significantly reduce the intracellular high-density content of ferrous in th
e HepG2 high-lipid accumulation model (P<0.01). (5) Western Blot assay revealed th
at the protein expression levels of NRF2, xCT and GPX4 were reduced in HepG2 cell
s compared to the normal group (P<0.05). The NRF2, xCT and GPX4 protein express
ion levels were increased (P<0.05) in Lithocarpi folium groups after the intervention o
f drug-containing serum compared to the model group.. (6) Analysis by qRT-PCR rev
ealed a substantial increase (P<0.01) in ACSL4 mRNA and a significant decrease (P<
0.05) in NRF2 , xCT , GPX4 , GSS and HO-1 mRNA in HepG2 cells of the model gr
oup compared to the normal group. After the treatment with Lithocarpi folium and po
sitive drug serum, Lithocarpi folium and metformin positive drug were able to effectiv
ely reverse the deleterious regulation of mRNA expression of the above mentioned ge
nes in HepG2 cells of the model group, which was demonstrated by the drastic down-
regulation of the level of ACSL4 mRNA (P<0.01) and the significant up-regulation of
the NRF2, xCT, GPX4, GSS and HO-1 mRNA expression levels in the HepG2 high f

at accumulation model(P<0.05).



Conclusion:

1. Lithocarpi folium can reduce hyperlipidemia, improving liver function and inflam
mation in NAFLD rats, at the same time, resisting oxidative stress and reduce ferrous
deposition in NAFLD rats' liver, and may alleviate iron death in NAFLD rats' liver thr
ough Nrf2/xCT/Gpx4 signaling pathway to improve NAFLD.

2. Lithocarpi folium could reduce the lipid accumulation of HepG2 cells induced by F
FA, reducing the Fe?* of the lipid accumulation model of HepG2 cells to improve cell
ular lipid peroxidation, and the lipid metabolism of the in vitro model of NAFLD may

be regulated by Nrf2/xCT/Gpx4-related pathway.

Key words:Non-alcoholic fatty liver disease;Lithocarpi folium;Ferroptosis;Oxida

tive stress;NRF2/GPX4 signaling pathway
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HDL-C High-density lipoprotein cholesterol B 25 1 g 2 1 1E [
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TNF-a Tumor Necrosis Factor a Jeg SR HE R 1

TritonX-100 T-Octylphenoxypolyethoxyethanol itz X-100

NASH Non-alcoholic steatohepatitis RS 1 R 7 1 46
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TBA thiobarbituric acid WA b2 R
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2L Z %8S 1 (Heme oxygenase-1, HO-1) FIFELER (143451, [F] It L5 A%
SV AG 2 () I3 i S A T8 — % (Malondialdehyde, MDA) & . 1H
R M2, Nrf2 385 PR E A 7 T 280G% NAFLD SAGE J5 1
Blo BEETFLMERAN, HAPIEM RGBS RICTH L, ARG Rue
AN 2 BRI AR 48401 Gl i A 3 D 2 R B GPX4 W16 Uk I 50 System xCT-
GSH-GPX4 JlEHRMFEERIET)  BALTHIHI R 1-HilE Q10 ARSI — &
LI R P S - A2 BB PR 0253 GE i 3RS AR 1 1 eh S 40 M 1 g o o 4
WIKFP AR ERIET:) 1 GTP FK ARG 1- DY S @ B 54 (i i it
SRS ERIETD .
4 RZEM#J+5 NAFLD $£3E 1=

NAFLD 2 Z K FZKIAMEH LR, B AT AR % sk = AR IT 24590
Horpr, JEsbfe gy BE 25 7R BT i NAFLD J5 T B A MAE . R g T 5%
LRV SR Y[ Lithocarpus litseifolius  (Hance) Chun], 7K 2 ] SCH 4 Bk A i



T Nrf2/Gpxd BB IR FOAZ M -3 1 TR 42 8K 58 T T 3R G 1 Ha i 1 A B 1 I AL

RELZ AN, 2017 FHIA “HEAE” ZE—HD. EAMUR K E
2y, &n DAE BRI R BN AR A, £56 dARE Bl s A BUACE
FORDL, AZr R REREME S . EREN . BEME, Xk =m. iR
& THRPUBL PRSI, HEEICN, NAFLD N “BRRE” , GEfELL “Afse”
N, LLCBRIBAAE . AU MR Sy 3 B AL, AT T AR R IR T
i CGHFZE) (EEPEGICG) 0Ek, AR HTIRIT R
g, WRAVER], EME” , JERBNEH. MR R T, IR
WEFCMAE B, RZRRT & A £ 8 RSO B2 28, RAPA. 5t
JEE R R PURAS AN . ks, [ R [l I DA 2 GRS D28, O 22 A
WEA “KAEM BR R [ SeE006s) p sk JIEIR, A ZE A 2
WEVEDD T AT DA BEAR I AR HE AR, W N AR A 2 (Alanine
aminotransferase, ALT) . [ ZIRAIEFLTEHE (Aspartate transaminase , AST )
S, NI PSR b 51 R IR FUS Ef, dERFIFE IR DR, R KR
FEF YA R 0070, o, JHERE T DAE s RIS f R Rk, S Re g k47 I 1y
a5 oA, Horp— SR B B AL B IE IR I B AN T A R [
b, MERBE T AR IR T 22 AT 4 AP RS 14 AR 7 1 s (R A R B, R g e
Y2 2 @420 NAFLD R (g g, X AA -+ EE K& L.

PR, AT 78 T SCHR A A, TN A 22 it AT i X5 NAFLD Bl H
Hid AL B35 NAFLD 8k30 1. 45 4 3h Wit e 2, Blikis
3T A AR 7 VA T K SR NAFLD # AL A HepG2 41 fig iy i RS BRI AR N
AFLD 355, 18 7 TAYFEHAREET Nif2/xCT/GPX4 5 Sk, #t— 2 0ir
ARZE T NAFLD [RR2M, £ R P S50 AR S 52 56 XE IF S AC 22 Aol it
Bii¥a NAFLD FI{EH I B2 f FE I 30 E S b /B ML, AR 2=k 4k,
G PR R SR 2Rk 3R, F & TP ER 2B NAFLD 30 ik 44 AT 7t JL %



T Nrf2/Gpxd BB IR FOAZ M -3 1 TR 42 8K 58 T T 3R G 1 Ha i 1 A B 1 I AL

F—F AEHAHSESERRIFFHARIEEBMEREB MmN
SHE I
515

HH T S50 5 B M A i S ARG 7, ORISR B A TH VR F S B ==
ISR 0 G AR BR03-651, e i PR ] e IR )R 57 SD K Bl NAFLD A5 AY,  JR AR
S ST Dy J A A W AN ()R B R 2 BT iR i VAT 25T, SR R AT
MRS R B TR FAR A . IR AR R AR S SO R AR L, JFig IR
FR ARG I 5 2H K BRIV AR A AR AR AN K BRI SR BT T A K FR AR, 40T NAFLD
MR BET 5 5B B A 2 13 & mRNA FIEACTH 2L, MR FoA 22
R[5 NAFLD A SRR
1 SIABHRY
1. 1 S5 5hY)

N [|]— 4 55 75 1) SPF 2% fi fE SD (Sprague-Dawley) K, 348 H, 4
FUABE AT 150£10g 2 8], H1#l pg 736 0 b sk sh A IR A w34, HvFm]
IEZ5 4 SCXK. Gl 2019-0004. Bh4) 357 56 A N AETE E 1) 2242°CH B,
PRAE S A KA B AT B . ARAIE — 2 1038 XURIR SR (13 v, ARIEsh i :
KA R AR, ERES BB EE . 7 L SR AT 13 R KR
Bl 3R R R 2 /D — PN TR PTG SRR . SIS A R AR A0 B ) SR A0 B R
W, it JZSYDWLL20200507
1. 2 LA

O\ F) AR A R R AR S BT o S i (R R 2 A I 22 S22 DA ()
TR IR, PR R R RZZmR] K B0, e 28 R 1 07 A4
Wi, ABRAENREN | gmL ! BHF RS K45 B FIRAE R T-20°C N RA7H:
R se e, AT R Gk BV VR . PHE 26 R FH 3R — F U, Il
A5 FH A P VR B AR A A 7R R A ok 2R 289 T 28R TG B R ROk ) A 1

= 1-1 LY

Tablel-1 Experimental drugs

4% N

I

fits




T Nrf2/Gpxd BB IR FOAZ M -3 1 TR 42 8K 58 T T 3R G 1 Ha i 1 A B 1 I AL

AR I IH FRIL T ARZH PR MIF AR A= 20211211
IR AT Sk RS R R A ABZ8809

S R 2516 G ST LA L 8 P R A7 2, B AR S ol
E BB B AT A A B B TR, IR T S A A T
H,

% 1-2 IR

Table1-2 Experimental feeds

(ZEETLES A 7R A FEYE ]

BLml e R A THEMXAEVMRE AR A sexk (5 ) 2021-0011
|

e A e TR K T USSR E WA BR 4 SCXK (M ) 2020-0006
|

1.3 SEIG P s FERT). {98
%= 1-3 LG FEiR

Table 1-3 The main reagents of the experiment

A A L5
TG M & NJJICBIO 20220303
T-CHO Wit & NJJICBIO 20220304
ALT/GOT ik & NJICBIO 20220307
AST/GPT il & NJJICBIO 20220224
HDL-C i & NJJICBIO 2020303
LDL-C Wit & NJJICBIO 20220226
MR Solarbio BC5415
BEHK (GSH) Wik & NJJICBIO 20230322
B (MDA) ik & NJJICBIO 20230324
KRB RSER 7 (TNF-o) Elisa

NJJICBIO 20220408
WA
KB A% 1B (IL-1p) Elisa k7 & NJICBIO 20220408

KEEAMNZE 6 (IL-6) Elisa it#&  NJICBIO 20220408



T Nrf2/Gpxd BB IR FOAZ M -3 1 TR 42 8K 58 T T 3R G 1 Ha i 1 A B 1 I AL

PBS Solarbio 20221021
0.9%4= 7 £ /K [iZR = 2110272
5 [ 24 45 B Ak 22 A PR A 20210514

TK L HEE [i]ZR 2= 2205119
—HIZR FE ) 33535
IIARFE G A B W i S0 a8 M A PR A F] 211206
AR 3T T 2 Y R S 4 A PR A 211206
el 15 Leica 2 A 39601095
rh AR R IR A R A IR A A 20200624
RIPA H2/40 Mo 24 CWBIO CW2333
PMSF (100mM) Solarbio 20211208
BCA HHE &l & CWBIO 13722
10%PAGE Bt (Zth) EtkH Pk

Servicebio G2043-50T
i 1) )
12%PAGE Bt (Zt0) EtlH Pk

Servicebio G2044-50T
i 1) 1)
5%Protein Loading Buffer Solarbio 20210417
X i G (4 Marker (15-150

b1 02691880
kDa)
SDS-PAGE HL ki Beyotime 122120210506
Western F A5 Beyotime 123120210420
i [iZR = 1901041
BioECL UK G & IOCHEM B915EL
PVDF Ji& Millipore 0000268267
It g WA % BD A #] 8032502
10¥*TBST CWBIO 20220207
PRI P Servicebio G2052-500
B-actin antibody ABClonal AC026
GPX4 antibody ZENBIO R24461
NRF2 antibody proteintech 16396-1-AP
xCT antibody ZENBIO R382036



T Nrf2/Gpxd BB IR FOAZ M -3 1 TR 42 8K 58 T T 3R G 1 Ha i 1 A B 1 I AL

Goat Anti-Rabbit HRP Conjugate Abcom 12522
Goat Anti-Mouse IgG Proteintech SA00001-1
PUA TR Solarbio A1800
TRIzol Reagent Ambion 343702
=AH L KESHI 2020103001
5t PHBEAL 2109292
o o F K Solarbio 20211227
PrimeScript RT reagent kit TaKaRa AL61877A
TB Green Premix Ex Taq TaKaRa ALS1421A
514 BT RE PR A

a® 1-4 SRS

Table 1-4 Experimental equipment

e ~HE
IR kTR
Neofugel3R & & AR I =7 &5 0L Heal Force A ]
[EpER AL Ty TR Z AW
F6/10 F£F 3k 5 AL EHEAE SR AR B
ELX800 bR Bio Tek a7 R A7
Leica AEN ] A PSS
Leica A4 Y] AL (RSB SS
Leica fL3H 41 (CIEE S S
DMI3000B #5 1 [E] £ F 45

DMI3000B {51 & 7 ) i it
DZKW-D-2 HL#E IR K i 44
VARIOSKAN FLASH % 3 GE AR A%
HLIKAX

KRR IR

TS-100 ORBITAL SHAKER

B G 2 45

NanoDrop ZY 1% & 7 B I 72 4%

Veriti 96- Well Thermal Cycler

8 [E Leica A7

AL 7k B BT AR A PR
Thermo Fisher

BIO-RAD A ]

Bl A A

11T HC AR DR AR ) T PR A 7]
BIO-RAD A ]

Thermo A ]

Applied Biosystems



T Nrf2/Gpxd BB IR FOAZ M -3 1 TR 42 8K 58 T T 3R G 1 Ha i 1 A B 1 I AL

QuantStudio 5 % %€ & PCR X Thermo Fisher
o R 28 VRCK TR A TIANLRTT 3 A PR A 7]

2 XWHE
2.1 G527

SD KR4 | FREN 2 G, #BEFRENEREL, M 48 KR
BEAL N 8 RKRAENIEH AL (Control) , MEFREEIAEL, & F 40 L KR4
W] TR A R AT IS AL B . 22 TR O, FRCKE BLAR B Y 40 KO R
ITRENLA AL, 2 BIONBERLAL (Model) « ARZFEMFTH . . KFIEL (TC-
H. TC-M. TC-L) FIFHXUIMHMEZE (Met) , B 8 X Hrr, AKR3FEmf
s H s (RAL A R 3 i TR Be 77 & LU 9 A RE Ak 2.5, 0.83, 0.28 g/kg-d EH %4
2y, BAYEZGA Y% 54 mg/kg-d 45T Z ORI 7 1 ZE FMASE 2R 20 D 4 A [ I 2 15
MR LMK, vk 2 . SREGHIR], A [ B AL K BRZEAT AR Il
SR BRI AR
2.2 FEAWUEE

T2 24 SR BE — W, A R AU UK 12h, #2704 E — IR
MR ZGE TR Lh JG EAT BN SE06 o T I3 B L 2 AN I s ST JRR IR A B /5 A
KR FZBKEL, A3 200 R E T 250 T # E TF 1 2he B0 Z I M HL
TE B S 9 I IR B 3500 rpmy/min 850 15 min, 45 500 HUH B I3 4 2 Ab
B, -80°CLRAFE#% M, BERIBEHE. TEVKE MRS 5B 70 B OB IR 2 21,
I B 9174 19 0.9% NaCl 05 BE b BE AT IEH 23R T, BEALIE HUAE R K BRFFE
R R — 3B DI TR, B TR ATACAT I 4% % 5 A R e, 3T 5 4k
D) Gt gt . FIAR AL RRE I EIEE T1J5 70 2 B T-80°C & H .
2. 3 JH R 2H 2R3 7 2 L ¢

A L3 U] R B /E A HE Gy 677 AR 4 S0 56 % ji 3 7 i AR Al EARHE I
A G AFREAT AR S R O375],
2. 3. 1 A uEY) Fr (il 2
(1) [ : K HOb S5 A BENLYIBR T ok 1 FFBERE S0 5 R H 4% 2 SR W A
W 8, PRIV 0 R I IR 4%, 22 /0 DY R 3 W 5 77wl R AT 1) 1 1 )
o



T Nrf2/Gpxd BB IR FOAZ M -3 1 TR 42 8K 58 T T 3R G 1 Ha i 1 A B 1 I AL

(2) ke AAE—2H K BT IR 52 v BE AL B — B IR, AR IE 5
DIEIH KHE 0.5cmx0.5cm=0.3cm IS 7 RATIESLE TR Eh, B THRKFA
[ DT P et AR o 3 A i A IR T PBE AN B R RS At DA B %o IS e s 55
(3D JBi7K:  ECHR i — 1A P H 5 T A (R0 A FEE o 8 (0P A > R iR VBB K o %
60% . 2 h—75% £, B 1h—85% £, I 1h—95% 4. 1h—95% . 1h—Te/K 4,
B Th—JE/K LB Th RKIKIK o

(4) FEW: BEMKIORN ZH R —S M ZHRX ZSEEY, FE8RN
10min .

(5) A RGN I RS AR, W AEYRE, REIREAE
60°CiAT, Rl e o IE ST ERIRAS 5, F A3 G S A S TN s o
R A/ 3h, BT R A R R YU AR LR R
TP AR G A A LR i . LR IO SURE R B T 4°CRETE

(6) Yl Ry g 200 REY) BT AT 7E 4°CUKAEIE — . ekl Fr
JE R R 1S pm Ao A5 AR ERE S EATRD) A D) e D) 58 46 R H e Y
4L 2R T B U0 WU R TR A dum SHHZURE AT AT . kAT e B AL
T FRJEES Py BB TR 5 B L P R AT e 88 R BT

(7 B 1B BERTAR e I B T 1BV (0K, R IR e 38 L 2 )5
FHLETHE, ORI 43 73 15 21 40°CH1 60°C, FRiEE FAHEIRAS RIAT A . 24
Fr 56 A R KB B R A F A 2 i, B R ke, AT
THI 7K A3 T G AR S, BT Ao il B

2.3.2 HE (1,

(1) i & rAausY) Fr BORS T, RESEAE 60°CHEAR TRt T 2he BEJS, T
N5 ZHZER 5 2R %IR i 30min.

(2) K. BT HIK: ZfE=1: 1 TR Smin, M 100 %T/K L EE—5 2
TorK Sl = 5oy R Smin, LAERRUIR U9 ZH2K, BEJE, % 95% L
—%5 3min—95% LB 5 3min—75% % 2min—70% £ B 2min &K . &
J&, FERAKMSE 2min.

(3) FFARRGM: fEREGH IR 3-10 min, FARE ] DL AR5 &
AU FHVRETT 8 1 R KPS 30RD B 25 W 52 31 0) 1 0 6 5 20 Dy B 58 (8 £y

10



T Nrf2/Gpxd BB IR FOAZ M -3 1 TR 42 8K 58 T T 3R G 1 Ha i 1 A B 1 I AL

ke BEJG, FIH 1%3RE 854 2 #IFRGE T HRK T e Imin, 3 E3N1E
TR, T R
(4) frerdet. TEQf b YR 10s, B JE A A SRKFS k.
(5) WK, B LA “2.3.17 F5 0B UL 34T B KRN % B AL 3,
g5 i AKRZ B I (8] 4330 Y %24 1min 1 Smin.
(6) 3 Jr: FEWEMYI T HIR BRI T, B I & b R e 85 3 &
PR, R IE . A EE R, T 200 550 RS R A EAR AL .
2. 4 M35 A=A AR bRt Il

i 96 FLAL, 2Bt AL, AR e 4, W dn hIEFH (O
BRI (M) , KREMHFEHE (TC-H) 4, AREHFHFE (TC-M) 41,
ARZHATEF R (TC-L) H, ZHIIL (Met) .o BAEZMR &4 fmiEH
M= (TG) . JH[EEE (TCHO) . /MK ENEE AHEE (HDL. LDL) .
BB ELEN (ALT. AST) , &AiMiEMBEHRIEE T (TNF-0)  EH4H
A& 6 (IL-6) « FAMANE-1p (IL-1p) /KFH ELISA Bl s iAa . Bk
AR D R 2 IR0 S 48 FH U B AT PR 5
2. 5 FEZH 2 S RO E A A

M-80°C UKAR IHGE L H I, T 4°C ik & o FT074 B AR 3 EE /K Bk 14 I
75, WKAE 2 Z RIK S EATIRE . WHFHZIREHZ) 100 mg FIREA, #IL
FEAMBTRE NI B Y o DATIA B AR B B K BT BT MR AL 20 (B a2l AP dh
K=1: 9>, IMAPRUERER, FEAGRSAME N SR U 75K
BB HFIE S AR 2 O 5 VK T ARAE S . o dIRIARTE “2.47 35, fARFIE
¥ TBA ik ill MDA & &, fiRER Il GSH & &
2. 6Western Blot £ A & FFAEH 21 NRF2. xCT Hil GPX4 & A MRIAE I
2.6.1 P ZUE A HEEL

M-80°CUKA R HL H HFRELE LR, F 4°CHRR % o A8 RS 257k B R T PR AL
KAME 60mg FIAL SR o 4% 2. R =1mg: 10pl LGB IN N T4 a5
1% PMSF ] RIPA 2R . R ERIEZRMBORBCILH o 4 5 25 STRIE S Rl 2 24
A%, ETUK EZE 30min, R T LAZ IR FENIRG %R UL R AR BE)S,
e ARG 35, 7 33 2900 /L LA 12000rpm/min , 4°C 850 30min , WRFITIE, [Elik B
H. ¥ EiEH PBS 1EIE & H0M R 5 A BCA 5 i A7) & I o B

11



T Nrf2/Gpxd BB IR FOAZ M -3 1 TR 42 8K 58 T T 3R G 1 Ha i 1 A B 1 I AL

FARN R M 15 2 &R S B IR EE . BT A FE SRR A — R AR, 1%
FEMAAR: SRR RR=1: 4JR5), FAKHH 100°C/KHE 10min, KIS
HC S PR R By B e, B RIR Ed va A ot B o JR T 17 A7 7K 28 RUE N il
SEIREA B G800 . RIS, 3EREM, -80°CIRAE& M.
2. 6. 2 VI

(D5 SRR GRS . 3 5 4% B i B i) W 15 20K A VR B iR
SEEIRAT, IR LRI R R RN N &

(2)IxTBST: 10xTBST (% Tween20) 75 FHZ&M/KHBE 10 4% 7 Al 4 1]

G)IxHLVKIR: Ul B8R, I SDS-PAGE HLJK A AR FH 28 1B /K 7 Al
HERZE 1L,

AHIxBFR: U BN, 8RN R TGK 28 200ml, I
2K R IF e R 2 1L,
2. 6. 3 fillfig

RAE BArE A0 TRTEE, %5 10%M 12%19 0 5. HIL%E. IR
MEHFfE, Ka BB RSEEANEN G, oK O sGE KT R, 1R
i N EFE 15~20min HRKGRE CRIR AU, 5 ZAERrEACKE D MilfE iR
KAy BRI, R K AR T 42 BRI o IONIR A 4 AL E 1L,
B, WA, TR IR SIRA IR T, B IR, RIS
1E 15~20min B 2kt .
2. 6. 4 HLJK

HEFE S AT AN-80°CE B T 4°CHBVR, FHIREA IR IE LA A/ IR SIRE fh e 4
PERTECLF (1 D L PRRB0 2 2E 2 0 X O DKl ,  ORUEARE P TE IR 35 4R R T
R, REH A VKIE AR AL, PN Marker AR & H 70 7 &R0
flo REHMEIKE LA R DR HERE . SREEEE, JaH 9ov 1H &4
VKTE (PR i HUKAE [R] — R M 2 b B A S B R AE IR, K H R &
120V {HE T, 4k8iryk, BERRMEN SR, 153K
2.6.5 HiFE

PVDF L FT FH H BV OO - FIH Marker #1€ HAR SR A IALE, V)
N BARE AR E TR b, VEAGEF ) PVDF BT A TR 2 b, Rk
FEANEE A0 HLN Z0 7 L A T B S /NN a g 4R, JEARH B L=

Mt

12



T Nrf2/Gpxd BB IR FOAZ M -3 1 TR 42 8K 58 T T 3R G 1 Ha i 1 A B 1 I AL

WA ¥A I 5 St R AN e 4RSS LT S o« R A 7 Tr) 42 B RS PO TS o B
A I N A A% R T2 FR) 1 P 2 YR 8 AR 25 D e A1 A P o 2 R v, s o oK T
U R, R IERE SN TR FH VKK . T H K ACIE TR 350mA #E4T HLFG
2. 6.6 £ P, PR

FERRSERE, KT B AR A I PVDF B8 B T35 47 Pk B R I pL ki &
TP dt b 10-15min, B A AR )5 SR 1 DU AN bR S ARG P BT €« 3
WA TR EEIR T . HHERE, ¥ PVDF JEBRARA 1xTBST 41
R E &, JFERRIR kAT 3 RUEME, HIRHFEE 8min.
2.6.THE P

W — LB T 2 HE 0 B 5 91 2 1 1) LU LR BERUTR 5, AR5 L
BT 4°CHEIKY, WFE 12~16h. #5r—dinl LLRSCRI A .
2.6.8 Pefi, Wi

PR R Z S5, NAZERR IR FE4T IXTBST (i, LT 3 K%,
FRRIFLE 8min DB 2R IIEA 456 1 —Pibuk. K5, JCHBIGEFsE i B 4 1
ZHUAT, =R TRAEWE h, NREAEEDEAR, MiZE 4 n=
YU B IR —Hual B RISCoR A
2.6.9 P, HBROL

THIE SRS, POZIERRIR FHET IXTBST Misesk, LT 3 BIK
FFEE 8min DLE 25 R IHBA 455 1 —Piiik . WEG 8 50 i & 3040 B 1 A
ROGCRERGWT SHEAQE M -, R P68 MR a R RIS, A
KECR I WTERAT T Sk e 5 AT 40 HT
2. 7 SERF 26 € B PCR (qRT-PCR) HARKG M HFNEHZY NRF2. xCT. GPX4 %%
mRNA £k /K-F
2. 7. 1 f£4t Trizol VAIREILAH LS RNA
(1) M-80°CUKFEIRE I H FFAT ALY, T 4°CHEVR & o KGR B K P AR
HUKARE 60mg HIZH 23K . 60mg [ ZHRE fh o in N 222> 1ml ) Trizol, T
EN SRR 5 BT K B SIRE S 2 TG W A AU He .V RAITEE AN [F) ZH
T it I 5 R DR ST BT T B
() RSP IO 02ml VKT, T ETHRES . = TN E 3min
FFRe ARG R B oty N R . BE S R o L

13



T Nrf2/Gpxd BB IR FOAZ M -3 1 TR 42 8K 58 T T 3R G 1 Ha i 1 A B 1 I AL

12000rpm/min , 4°C B§.0» 15min, /NOWH EZER a6 B, UIZWERIF T
JE VR UATST i Pl £ BRI RNA 4l 52 535 %

(3) AEFRHH) _LIEW I 0.5ml 5 EE, = IRFFE 10min i RNA 15 L7870
3B, % RNA VIVE N RJGKIE 12000rpm B0 10min, HUE BE RNA TTE.

(4) FEFHITEFMAN 1ml 75% LBE GRIE S Hrai 2o oK OB : T 8K
=3: 1ACE)D , PAWCGEAE A WREITE A B X U #ATIE T, FIREL 4°C,
12000rpm &0 10min, 72 FIHW, FEA0FEREMME N OEBERREEKT
Je, JE G RINA B il (140 3 s s o

(5) FHRHUR 2 4L RNA FF il )R T8 J5 FH O & T BE/K A8 70 Vi . B 1l W
J& B RNA # i 7 NanoDrop 2000 {325 1 HE4T RNA ¥ FE 5 46 5 19 € o
2.7.2 SEW G E B PCR R

(1) ZBR gDNA: $RATHZ U1 EE B LBk gDNA ERACTE. BRIl b
BN 1-5. RINA FF 5] 32 0O FR 9 B8 S 70 B8 22 G — VR 2 R 0EAT )i R 1 25 Bk
gDNA M. =i E &M 10min.

(2) Jlsg: HRATH U 0 LE B Sl sk ie o . AR R L tn ke 1-
6. Bt JE s B SR B C 25 5 eDNA [ B o 5% 58 5 Sr B B T & %
SRACHEAT 5 SR

(3) 3L BT IEAF I 51 4 U B A F E R K MR R E IR, A
SRIRA] ACIRTERR T, IR AN EE 1-7. et 35 10 EL A6 47189 s S8k 7 7C 5%

(V& TB Green Premix Ex Taq e RS B ) o HARMPRG LH L 1-8. 7
EAURT S RS O UK S BE R (RE R0 R k. RER 19 WERT .

DA A IR RS R AR UK B, b G o) i AR B SR 2
3 1-5 KRR ERFEER AR

Table 1-5 Removal of genomic reaction solution

D% gDNA M (10ul £ )

5%l AR CuD

5xgDNA Eraser Buffer 2.0

gDNA Eraser 1.0

RNA (HJamAD 1pg/C (C JyMike )5 i RNA M

RNase-Free dH20 AN EZ 10ul

14



T Nrf2/Gpxd4 BB IR FOAZ2 M M358 1 R 42 8K FE T8 R R 1 N8 1 14 A B 1 I L)

SR 10

(FEFHE 5-10 min)

®1-6 REFRKEZR

Table 1-6 Reverse transcription system

@R gt AR QQ0pl K F)

%l R CuD
B ROI SRR 10
Primer Script RT Enzyme Mix I 1.0
RT Primer Mix 1.0
S5xPrimer Script Buffer 2 4.0
RNose-Free dH20 4.0
B 20

(RN Z&AF: 37°C 15min; 85°C 5s 5 4°C 1min)

= 1-7 ZRA5|F5)

Table 1-7 Gene primer sequence

S AAFK el
FORWARD TCTGACTCCGGCATTTCACT
NRF2 REVERSE AGGCCAAGTAGTGTGTCTCC
FORWARD AACCGAAGGCCAGAGAATCA
X REVERSE AGGTTCAGGACCTCGAATGG
FORWARD ATACGCTGAGTGTGGTTTGC
opxs REVERSE CACGCAGATCTTGCTGAACA
FORWARD AACTTTCAGAAGGGCCAGGT
Ho- REVERSE GAAGACTGGGCTCTCCTTGT
FORWARD CAGCTGAAGGACAGTGAGGA
05 REVERSE ACGTGCTTGTTCATCACGAG
ACSLA FORWARD ATTGGCTACTTGCCTTTGGC
REVERSE CAGCCATAAGTGTGGGCTTC
B-actin FORWARD TGTCACCAACTGGGACGATA
REVERSE GGGGTGTTGAAGGTCTCAAA

15



T Nrf2/Gpxd E R FUA L A I8 5ot i Rk T T e R DR 1 S B M B O HE P WL 381
R 1-8 WHEE PCR RMN{KE

Table 1-8 Fluorescence quantitative PCR reaction system

(3 Applied Biosystems 7500 434 Je ik £ (20ul 4 5D

el R CuD
TB Green Premix Ex Taq (2x) 10

PCR Forward Primer (10um) 0.4

PCR Reverse Primer (10pum) 0.4

ROX Reference Dye II (50X) 0.4

DNA #ifi 2
RNase-Free dH20 6.8
SSUA 20

R 1-9 KNEE PCR R NEH

Table 1-9 Fluorescent quantitative PCR reaction conditions

PCR 4" 3 P25 I AR RE /5

Reps: 1
Stage 1: AP
95°C 30's

Reps: 40
Stage 2: PCR MV
95°C 55 5 60°C 34s

Reps: 1
Dissociation stage
95°C 15s ; 60°C 1min; 95°C 15s

SR, SR AR CT A, RN E AT R & A H
FRFEEDR ) mRNA A5 Ik .
2.8 Giit2E 4T

K152 (1 S50 $04E- S\ GraphPad Prism 8.0 %, 20 5411 FLECR A ¢ K
. #P<0.05, #P<0.01 £n5IEFHAMEL, BRHZERGRITFE L **P<0.0
1, *P<0.05 R SHAAMLEL, AU ERESITFE L.
3 LINLER
3.1 KA &= 1AL 10

SIEF AR EAL, BORE K RAREIG I, AEMEIAR, M 3 AT aasy
ZH K B EE P 38 KR R e T IR AL, ALK R K T R K L A A R
B K, — ERREE RIS 20 FITT IR R K22 5, FRIEEE 22 ARSI T, 1M
H 5 23 R4 T AW T H0ESE 2 Lk, SHEAIHMLL, ARZZmfi-2 R —
FARUIEE K B PR AR S kN s, DA 2 AT i e 77 e 2H A o B o A 2
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HEAEETIEHHRES . AR AT A E KT FOTAL. ]
1-1.

c

800 e 18
_ TC-H
i - TC-M
g y
2 . - TCL
2 -0 Met
@
£ 2004

Ofrrrrrrrrrr T T T T T TTTTTITTITITL weeks
0 10 20 30

1-1 LI HAB K R AR R 2 MBI ( X+S, n=8)
Figure 1-1 Body mass monitoring in rats during the experiment ( X+S,n=8)

E: IEFEXTHRARRR “CY s BUAAIRIAR M7 RZRAIH GEEED SAELAFER “TC-
H” 5 ARZHAH (FHZD FRIEHTEIR “TC-M” 5 ARZEHFI (EEED KFIEH FRR
“TC-L” 5 “Met” Ny HIXUMPHPE 2541

3. 2 AR I3 K BT 2 2003 227 F R

R B ) 25 R B, IR P H A M HE B O 4 B, 4t i ) 3 7
T, JREBEHN, g0z E TR, ARG, HIoW] R E b
ARG DT AR, A R IR IR0 . AR A BOE W AU L, 4
MO TERR PR AT, A0 B DR W T A AT S8 B % B 5 DX - IR 4, I8 A BRI
HE Tzt s AERAEAR . JRRTARTE AN R R AR A IR o Mo SR AT AL, AR
R A IR A A0 R BUIRH 259677 Ja R K BT 4 B 25 A AN 25
BONSEEMIES, RIENT 0 ERE B> . RERFEAR S 2o, JOETE
BT WA . LSRR, ARZH X = 555 NAFLD K SR AE 5
AR PRI A 51 2 14D I 2 1 R 2 i P 0 4 HE AR Kk #0 BR B i E . B
PRI 1-2,
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TC-L
1-2 RKEFFARRIEENE (X200, n=3)
Figure 1-2 Histopathological observation of rat liver (x200,n=3)
VE: IEHOHRALRIAR “C7 o BOALALRIAR “M” o ARERHRIIE (R EREA R “TC-
H” 5 ARZFEHA[H R BRIEHFEFR “TC-M” 5 AR G KFIR A FFR
“TC-L” 5 “Met” A HOWARPIMEZGH . W GdoR: AR, Bafn. <ok
RE: AtiER: BRI,
3. 3 ARZZEIART 6] KGR 493 A7 1 5
TG. TCHO. LDL. HDL & H 42 J ¥ Ifil fig 7K ~F 0 I 8 [ B 5 & () F8 4%

ALT H1 AST Gef% [ B Dh e iF AR B2 o S8 5256 1-3 WEW], SD KR & m /i
WHE, SIEEXIEAME, A4 TG, TCHO. LDL & & Al ALT. ASTi%
PERZE TR (P<0.01) , HDL & &E W EC (P<0.01) . XHIE Y] NAFLD
BRI AL . FE4s TARZMA 15, SHEAAMEL, KREZHRTH
%5 ALY RE % B E M R {K TG . TCHO. ALT. AST Al LDL fJ /K °F
(P<0.05) , ARSI EIME A+ HDL & & (P<0.05) . — B WT4LF R
BE % S % F U NAFLD K R A TG. TCHO. LDL. ALT. AST & &
(P<0.01) , [FEF i NAFLD K BA HDL [7KF (P<0.01) . LhRg5H%E
BH, R 2 ] I RO U BE 5 330 % NAFLD K BRA 4 (1 7 L g A v fIE ] e
B3 NAFLD K RSB AT ohaedade. WA 1-3.
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TCHO HDL-C LOL-C
1.5+

o é«o:b&#«o» & O RN

UL

¢ AR ¢ S RAE
1-3 KRR MLERF IR B FIRT ThAEAE (L ARFRKE ( X+S, n=8)

Figure 1-3 Levels of serum liver injury and biochemical indices of liver function in

rats( 5&8,n=8)

VE: IEHXTRAMRR “C” 5 BRI “M” ; KREHFH GHK) SAEHARRK “TC-
H” 3 AREFH (B2 hRIEARR “TC-M” ; KRZEHFTH GHE) KRR
“TC-L” : “Met” N _HXUMAMEZG 4. HIEHEXIAL, #P<0.05, #P<0.01; S

., *P<0.05, **P<0.01.

3. 4 ARSI o) K B, 28 A BT 1 PR SR i)

TNF-a. IL-6 . IL-1p fF AL SR LR 7, BEWS ELOLA S MHLAAR () 28
fHol. B 1-4 %Y, fdmFike)E, BAEHKRIMES TNF-o. IL-6 A1 IL-
1B & RRIEFHEZE T (P<0.01) , kA 22w ff -1 = B SN T
A 22 I AR I 5 751 B 4 R R R R 4 35 e B R PR NAFLD KB TNF-a  IL-6 Al
IL-1B & & (P<0.05) ; RZEMFIHACH) 2 2H 5e % B B FRIK NAFLD K BRUIfLiE H
[ TNF-a 1 IL-6 /K7 (P<0.05) ; —FH XUt BERS 53 PR IL-6 /KT (P<0.
01 . BAESSREY], SRR E AMUAET 75K NAFLD KRR & i A5 /K-F,
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I B TR ™ FL 1K) JOME SO o A 22 WA IR FOOUBICEE B2 i PR [RT IS 5 3 e % ik
f# NAFLD BRI BB IR 2 e bz o

TNF-a IL-6 IL-1B
2500 _
1000+ 250
800 2000
» 1500 #
_, 600 ## o - .
6 g’ *% k%
€ 400 1000
200 500 . .
0- T T T 0- T T T
R I PV O RN e O RN Ve

1-4 KR IUER KPR ( X+S, n=8)
Figure 1-4 Comparison of serum inflammatory levels in rats ( X+S,n=8)
vE: IEEXTHRARA “C” ; BRARR M7 s RZIIH GEHED SRR “TC-
H” 3 AREFH (B2 hRIEARR “TC-M” ; KRZEHFTH A KRR
“TC-L” : “Met” N _HWXUMPAMEZG 4. HIEHEXIAL, P<0.05, #P<0.01; S
#E, *P<0.05, **P<0.01,
3. 5 ARZE AT o) K BRI S8 LR A W T 4
MDA H1 GSH 73 A1 9 g it i E A VAR S T AR ) S ik o3 1 i FH R A
VAR AR R AL T K I FR bR . SESR I, AHXSTIER A, B
HARBAFAHLA S MDA IR MR AP (P<0.05) , GSH MR &2 A P
T (P<0.01) o R4 FARZEHFIA ZHXT IR, SHEAMAML, K&
I ] P 2% 7] 8 2E R — FROXUICZEL 2 e 9% 2 3% % (K NAFLD K B [) MDA (P<0.0
5) , JHE GSH & &t (P<0.05) . UL E45H KM, NAFLD KRB FIEA 2 5]
TEALE I U BB A IR AR T IR, 1T A 352 A 10— HBUIICRT BA R4 N
AFLD K, BEEANEIIER, BRI . W 1-5.
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MDA GSH
1.5+ 1.5
° o
E 0.5_ =1
0.0-
(€]
o @‘«o‘i‘&\“ R é&oioé«o\’ éev

1-5 KERAFLAL MDA 7K E LR GSH Z 2 ( X+S, n=8)
Figure 1-5 Changes of MDA level and GSH content in liver tissue of rats in each
group ( X+S,n=8)
e IEEAIRARR “C” s AR M7 s RFEHATH G SfIELER “TC-
s ARZHFIH R HHRIEARRR “TC-M” ; KRZFFTH Gt AR EH R
“TC-L” 5 “Met” N_HXIMHMEZ 4], SIEH 4L, *P<0.05, #P<0.01; SHEH
#tk, *P<0.05, **P<0.01.
3. 6 A I3 K BRUFIE Fe 7K T 52
AN P AR TR R BAE T AR S 2 — . W&l 1-6 Prow, A
Fe AN T IEH AA R T =RES (P<0.01) o 3XKH NAFLD KA IE
AFAE W] AR TORR o 1745 T R S ] IR0 PR SO 3, A 22 P A P57
AR XU SRR AR B, WY R IR T NAFLD KRR IE Fe* 35 &
(P<0.01) o ARl i FOGUIT fE 92 100 e NAFLD K U (9 S B JUAR
Z&fif NAFLD K IBRIET LS

Fe?*
0.8
0.6 T
o H#
© ]
£ 0.4
3
0.2 I
0.0- T
& ‘Z‘ \&‘
SA\Y

E 1-6 KERBFALATESELLE ( X£S, n=8)

Figure 1-6 Comparison of ferrous content in rat liver tissue ( X+S,n=38)
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VE: IERTIRAMIAR “C” 5 BRI “M” 5 KL EIZE SRR “TC-
g ARZTEMRIH GHZD PRIEAFRK “TC-M” 5 KR GHEZD (KA ELLFRAR
“TC-L” ; “Met” H_HXIFHMZH . HIEH XA, #P<0.05, #P<0.01; SHAY
ik, *P<0.05, **P<0.01.
3. T ARZEMRT XK R AFIE Nrf2. xCT. Gpx4 5 HRIE R MM
XCT/GSH/Gpx4 fll /& Bk A0 T d5 9 B 2L 1) — SR BR MOV IR DUk SR T B% . Nof
21F N B SRR 2 5 s il B AR R Rk . Wi 17, SIEWAAL, B
RUZH R U IFZH 23 b Nrf2. xCT Al Gpx4 & A KI5 KA Fr &% (P<0.0
) o MR, ARZZH AN O UL Y B 3R T NAFLD K BT Nrf
2. xCT #1 Gpx4 EHKIEE (P<0.05) . HEXEHESH NAFLD KRAERLE
WERUTRR I [F ), FEHTEkFE T R GeAE 018 204N B (00 M 55, 10 A 22 AT i —
P U . i) 00 A 3 a5, IE 5] 4% xCT/GSH/Gpx4 Bl i 85 (A 83k, 1958 7 4
PUSRBET-ME R EIS, s 7 Nref2 I8, 38R MIs iR E S A Ea R

%
NRF2? "B e SEnaERan s 110 kD3
xCT - —— — = 0L D3
GPX4 [ S . o) kD2
B_actiﬂ — o — "42 l{Da
C M TC-HTC-MTC-L Met
1.5 #
1.5- 1.5
# s -
. g 10 l _ .
£ 1.0- . 7 £ 1.0- -
® * * @ ©
& E e |#
N * 0.5 x
@ 0.5+ & 17
0.0- i T
(¢} é‘ ‘2‘ 0@ OV ée, < Q&OQ:\C;& 0\/ @0 (IR i «0 @0

B 1-7 RLEAXRRAFLEL N2, xCT. Gpx4 BEAFRIAKE ( X£S, n=3)
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Figure 1-7 Expression levels of Nrf2. xCT and Gpx4 protein in liver tissue of rats in

each group ( X£S,n=3)

Ve IEHOERAFRR “C” ; BIAARR “M”  RZEMRI GEEZ EAEARRK “TC-
H” o RSERRI G dREALER “TC-M” » AREMFIT GHEZE) {575 4L H K
“TC-L” ; “Met” N HXUMFAMEZ 4. HIEHXIAL, P<0.05, #P<0.01; S

ik, *P<0.05, **P<0.01.

3.8 K HZHZI NRF2. HO-1. xCT. GSS. GPX4 il ACSL4 Z:[X mRNA ik

B

ACSLA TENERIE T bR & —, RS R IE TR R A . B4 ACSL4

) mRNA RKIEACP AR IR X AR Z T (P<0.01) o SEARAMLIL, Kz

H- ] I 25 7] B A0 — FF X4 ACSL4 ) mRNA RiA S EW A B E N
(P<0.01) ; 5IERAME, #AH Nrf2 1) mRNA £ ik K F & 2% B AK
(P<0.01) . HHERIAAMLL, AR ARG & 4R — XU Nef2 ()

mRNA RIEGEEE L (P<0.01) . Nrf2 mRNA [{FRiE i — 5§ K i HO-

1 f1 xCT/GSH/Gpx4 fh 5. 5= AAMLIL, BAZ HO-1. xCT. GSS Al

GPX4 ) mRNA Rk EHEHIEZE THES (P<0.05) . SEMAML, K=

H-A I R LR — B XA HO-1. xCT. GSS F1 GPX4 ff] mRNA % ik

BF BT (P<0.05) , ARZEMHFTHEFIE A K HO-1 A1 GPX4 mRNA ik /K-

2E i (P<0.05) , xCT ) mRNA RIEKFWHAEHEHTE&H . ikl

%, =R %S 1 NAFLD KERARE T IEH KR, H ACSL4 mRNA £k 2%

Bk, XRY NAFLD KRB AUAN SH £ 8 WS a )ik, A aLm

B B N 2 R HERAE T, ELAEHI 59 NAFLD K R A P 31 A0 S B A4 28 41k

FETIRIRE ST o T AC 22 AT IR0 — FR UM A B 2 1 ) 1425 1 6 B 0 mRINA (1% 5%

Tk, BCEBIET. WE 1-8.
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ACSL4 NRF2 HO-1
4+ 4 59
o 4
3 3 B
< < 1 <
4 4 4
o 14 o 34
€ [3 €
g 21 £
& s - & 24 *
€ | # - € |4
1—1 14 - ; *
o- TM (= o o- o
v 3 PR o > P o X PR
\&/\0%&09&0 « é«"io'é«‘-' w e «0‘@«0 W
Xct GSS GPX4
2.0 6— o 15—
1
1.5
§ § 4+ x § 1.0
x (4 % [
[ £ £
$ 109 S S
B k| 5
S S 2 s S 0.5
0.5
0.0- 0- - 0.0-
O N RN v O N RN v O RN M
&0 P 40 A\ «0 &0 .g(-' I\ «0 «0 4(1 A\

1-8 Z4A AR ATLELE NRF2, HO-1. xCT. GSS. GPX4 1 ACSL4 mRNA %
EKFE ( X £S, n=3)
Figure 1-8 NRF2, HO-1, xCT, GSS, GPX4 and ACSL4 mRNA expression levels in li
ver tissues of rats in each group ( X £S,n=3)
E: IEFSTHRARRR “C” 5 BALLIRIAR “M” ; RFERIH GHED SAELRAK “TC-
H” 5 ARZEMFIH (FER) RIEHERR “TC-M” 5 ARZHAFIM (FR) IR H FRR
“TC-L” 5 “Met” N WXL 4], S1IEH 4L, “P<0.05, #P<0.01; SHEH
Lk, *P<0.05, **P<0.01.
4 g
NAFLD iz £ Z I AERFIE R, LR A A B R A % 1 3 SR A A A 11 3 2
MR AT EHSZ K NAFLD “ 2 BEATE” RImILHIA g, IR0 5t
HEM BN B —EITE” o Bk, AR FUER N & NAFLD &%
1% — 23K, H AT NAFLD % (& 0775 £ 20 USRS, il &
B SR EE R IR, () S AR P T S i FOR Ve T 2 BT 20 0 45 24 Wi R
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Y, A I I R A R o i DR e R DR 2T R A T AR AR R R Y, DA
KA, WFFLRIN, NAFLD fA & 57 & S B IR KA e, HAEREA
REHY NAFLD A0 3R B i IR | AR B X —HiA, A SCR A Y]
FaE M4 SD K R s f ki 751555 5 NAFLD KRB . B T HR B 5,
BB F5 KR 5 110 38 4 5ok K R 3 A 1 25 AN BT BB T R LR, B BE 75 A NAFL
D 1B — R AR M 08 R (RS . FORUIAE S i 7 = B0 JR e 1) — 28
ERr, AURERM, XU T 2 Fhig it i NAFLD fF40 515
BT, FSUNCRE % 5 A 2 23 40 o JBRe i 3 B SRR PR AR ATL AR FO B By 3R IR0 A
T e PR A B 7% DR 7 R 5 S LUK P 1 982> NAFLD JH 5 7R B 781 e
Ab, BEFRIR, —HXUIRENS I8 B0 TR 2% NAFLDU-SU, [Kth, Ak
BT DL E BB R AE T AN NAFLD FRAIESE R — R XUIAE Y FE 424 . NAFLD 1k
NAERYENS VR B P F B, B 7@ IE RSN RLFE RS, NAFLD &3 3%
A T 1 R R PR A B R IR Y i S AR N, PR S B A RAR T ST PR AR
P AU S5 G AR DU B MR 2590« B Ml B R 24 el i A 25 W R AT T 1. R
MM, LRI BAE 22 47 DR IR A 3 ST PR AT TR0 T OR3020 A Kb T 5 2 i v B
HME LS IR HE N 21, TG I 259006 7 BAR RS T ok — & IR IT RBCR, BEF
SRR AT RE 2 1 R IT BUR DAMW L E P E I EEA . SR RRTY)
DAL 22 4 (0 2 H D s A Jo 2 22 s 2 90 1) 80 ) 2 3 T BB 5, IR, IR N2
RKARF=P)TE TN NAFLD J T8 78 JE BE .

KRR E AR IR RS S SD KR NAFLD B, A2 KRR A
BRI 5 AR 3 AT B T IE R . R E 2 e 22 AIA BT, 1A
IH- ] PR FE U AR ¥R 97 RE A% B4 NAFLD K BRAR S KOH 1, HoRZE M)
- AR AT U o IR EAT P B S AL, NAFLD KR AR Y ZH
iR ViR I V17 S P SR 28 = i 11 A WA NN AN =< AN AN =T TR & o S =
[ R APER IR0 . [RIEI E %20 K R TG 1 TCHO /K°F, KRIEERIAH KR TG
1 TCHO & &AM T IEFAA W& EF, TG F TCHO 1E 1Pl i i 7K 1 (1) 5
bR, FIAFAZUREEAR L — [FE R NAFLD K SRR ) s M g 32831, T4
ZLHAE T 2 B AR B 2H i TG K B RIS s B SUBRAE AR A0 T 107 HEAR LA A
PORERIE I G AR TR AL G 2 B 2% . HDL /R 9 UF IR A B, Befs i om
I FRIARE RE 77, LDL AR 52 58 AR89, ARseii g, NAFLD #7820 AH
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BT IEH 4 HDL B3 N, LDL B35 by, AKRIZmf7et 5 = H XU 25 00
TIXFpES, XU AR ZE AT RR A Y SR IR A BE 1. ALT 55 AST —ii2fE
N W ZRAE S TR IR 5 1048 bR, 24 40 i 32 3] 40 S5 40 DR 3R 1T R AR IO
2Ly, ALT A1 AST Mo KSR MBS, PRk, NAFLD #5812 K B
ZFK IR MH TN S5 ALT A AST #9376 35 s 53 & T IE w4, X
B NAFLD JHE52 2™ B 478, AR Z2 ] ik 2H AT — UL ALT A1 AST )
T IS T ) 350 A A 2 AT R R OUNCRE % R o e Ah, RS 4 56 R KT
W TR A, RO A I3 8 R A0 g Kl TNF-o,  IL-6 F1 IL-1
BRIl BT, WA AT — XIS 2 )5 BT R %, 31X 5
P R 25 252 B R kD T FIE 28 MR A A W B, I 3 B K 2 A TR BE RE A2

3% NAFLD 4 E /K.
Rk 2 T ST R B, NAFLD 583ET- % DI K. W R, GPX4
(861 —F s WL BR AL T 48 bR, 1 H s e i B SEXFIE IR A . BT

T —MoHr Y 1 X0 4% G 4 i A8 T8 IR SRR P A R SE T2 7720, H Dixon
SETE 2012 AR ORISR KRS, BRI AR, BRAE TN £ 2 DL #oR 4R
PR 5 i o S B o BT

IR IR LR — AR BT . S8k E T o AR, S AE RS2
REAMLE S, WA, W, =MEssFoN —mekt g S8 E A
B AR BB B Bt ” ), B2, UK NPAPETHT I, N
MNPt 20, B Bk DL M Bk AR T4, IR
A RE 2 1) B L, X8 B 2 H0E T EU JsORE B 2R S TR
Ji, R AR I 20 M B IR O 1), R AR, SRSt . AR AT
K, G m R E A B S, A2 K R IRk 2 - = B R LU R A
Thi, XU NAFLD FHIEA o) BRI 2, 1M A= A i BE % IR NAFLD fif
NEVEL S &, > NAFLD JFFAEZR &R, el b DRI 4051 K 0 IR AR T

B 7R, 51 R AR T I A A 3 R T 4 R 4 85 P 4 A 45 A5 T
B A TR RE T R 07 FEF 3 5 P 2 TR 3R 800, IR 20 Ak 2 — o Bl 2 AN AN T i
fig (Polyunsaturated fatty acid, PUFA) FEHIB, EE{LE PUFA /E AR
AT SR RE W 3 — R B BT AR BE (2 S B AR TR o7 i A, AT X 4
FEL AN 2 A RS R IR o IR T S A 1 ) A I A SR 2 B 2R
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AL MDA 1 4-F2 55 TG0 . MDA Rl 4-32 38 LI IEHE )2 B IE T bR BP0
U, 3@ HTE MDA R & B, NAFLD #%14] MDA & B4 1 H 48 2T
1, MDA {E R &AL IR L 1) F 4845, MDA ZK-Fillim, HlksZ 2
A SO R . A ZEm i PR MIK T NAFLD K MDA Fhaii & &, Xt
I A 25 - ] P 1 g i 0% 38 1 2 NAFLD IR 3Z B (A0 45 0, AT IA B A 4
FFRERIVE . BESE4HES A & LS 4 (a cyl-co a synthet a selongch a inf a milyme
mberd, ACSL4 ) 5V I T3k i Pk B ok 25k 2 7% i HA AL Thse, e AT mT DA
B T 7 B P AR, AT R G o 0 IR 2R o o SR IR ). 4] ACSLA
R R 00 ) I e B A T 0 1 00 L R R RSB T2 . ARE R I, NAFLD
P ZH K B TFIE ACSLA mRNA 2 2 T iy, 1A Z AT - RE 2 B 5 [ (I ACSL4
mRNA Rk &5, XUt NAFLD 558K B i 00 S 5 B 4 L T 2R 45
ZIH PV, R AR FEAIC NAFLD BALK BRUIR i AL .

System Xc/GSH/GPX4 Ji i B AL T = EB I RS- System Xc & —RE
IR R - SRR SR LA IR, 8 A ) A R A S R B T R,
FRE AR B OCE E N TR . xCT vJ UG Ackh 7 25 R SCAm Al Y 1 4 2
[ I B DLE I 43 bk H Ik & B (Glutathione Synthetase, GSS) HIEAL, {4
M A R R AR, X LS 2R wT AR 0 A A D R, AT A1 a2 4 i ) A2
KRB, BEHK (Glutathione, GSH) HZME LML, HHOFEE
M. REBNERER. ©iLtS GPX4 I E, HFEEIIRMESE H R
fEF . 4 xCT R 57, iR LR (tumor suppressor gene, p53) K
AL, p53 i xCT ik I HERBI 2 BR H N00), {45 GSS V&1~
V&, GSH & A& R Z M FEE, 350 GPX4 Kk = 4 B K 111 Joik K 3%
Hpraimtt, RASBE L EZP s E B ik, 4R 4 2R
oo MR, HE5TREMIEHE System Xc-GSH-GPX4 3 I & % H 2k JE T35
Mo Nrf2 FE R F I — AN EEH G, W TR AN I R G W
A A e E E AR O7, Nrf2 A DAFE IE & B4 23R 55 Hp AR B E
CH #H5%3£[A 1 (Kelch-like ECH-associated protein 1, keapl) TEmfazS K44,
BEE AR AR E— PR, Nef2 B2 Fef, SR, — B2 2Rk Pt
YIRS, Bt N keapl oy Bk, 3 ATURAL ORI AR, 5 H At 4
BRI BT A BAEH, 2SR T — M A E S R I RIS
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Nrf2 & —FhE B A E RS xCT. GPX4. M FRMA
i 1 (Heme Oxygenase-1, HO-1) . HFiHfLIXLELHE, Nrf2 GEUA R i Hil 4
WL, 33— ROS MBI, A 24085 b4 R B 40 P T

ARG RBoR, SIERAMLE, NAFLD KRR 4IATIE GSH & &%
fiX, B S IR RIR IR NAFLD KUK 1 M BE ) GSH #63%. k4h, NAFLD
BRI ZH B xCT+ GSS. GPX4. HO-1 mRNA ik & % 35 FE%,  #a] DUHE D
NAFLD e % i i B8 U8 Bk 58 T2 1) £ 2217 180 & 45 3 SO 20 M 2R B8 T m il o %
NAFLD % T B AR ZHFTH J5, xCT. GSS. GPX4. HO-1 ] mRNA ik & &
EHN xCT. GPX4 EHHREME ETF, ARZEHFIHYE T NAFLD X80T+
LIRS A NEER, FhE TN RE S E, W TPt Ry
RGEMIER . LAk, ARZ0F R A 1545 T NAFLD % NRF2 FJR{R/EH,
Wi T NRF2 %S FIER (IR0, BOm NRF2 AH OGS 5@ 8% R, 0% 7
NAFLD fHiA b ag
5 I\gE

(1) RAFEMRFERMEE SD KR 24w Jo, #REHT HE Y1 i i A4 1 ik
FIGHAE, i NAFLD B, RS A fa £ B AIC SD KB NAFLD
TS A B (158 34 035 NAFLD IR BB DU MIPE o g, AR 2 Al ik g
VA I3 o g AT E BE (TG. TCHO. HDL. LDL) , diEATIhfEfa%l (AL
T. AST) , BRAEKRVERT& &8 (TNF-a. IL-IB. IL-6) , iBHARZEMF] RS
B3 SD K ) NAFLD.

(2) ARZEMRTHFEWIE [F 75 AL BEESR (MDA GSHD , J8 i /b
FFF I 302k 5 ASURT B4 ACSL4 mRNA 7K P 56 FHF 4 SRR AR 1 g s it 81k . K
M RTHERE 0 BB T H S HT A LA B NRF2. HO-1. xCT. GSS. GPX4
mRNA /K°F, #0 NRF2. xCT. GPX4 HAEK, HEM L] Aeim il gkt
LA RGKIE NAFLD.

28



T Nrf2/Gpxd BB IR FOAZ M -3 1 TR 42 8K 58 T T 3R G 1 Ha i 1 A B 1 I AL

FEF AEHAH SHMENE FFA %538 HepG2 HRaARRIE M
HLEIEAS

3

il

AT TR FRAT T 4380 SD K SR A MR = IR 1A kK 7 U3k 45 NAFLD 444k 5250 5
B, IFE I HE B AN R B B R AR 2 A K 524, 45 R Z2 iR i R 25
NAFLD ) L Jig & M IR ) i o AR 0, A7) 200 40 i R R S AT o B A Je i
S FFIE A5 00 16 I R S A 23 A e 0 RIS AT B S8 A i 2, PRI R IR RS 2K
o

N, ATAREER IO K B E 5 AR Z2 T K SR 1 77 2UERAF AR 22 4
S MLE, RGBT AR 2 T . HepG2 4H R A 540U 44k S 52 2L
BREiE, AEATERMMLHA . X HepG2 4 fu T FFA 4bH, 4
NAFLD HIRSMERL,  FF45 T AN RIVR B (AR 22 Rl i 25 25 L3, 4R oK 22 i faf i
E 2L X NAFLD 7ML 45 F AL o
1 SIABHRY
1.1 SEEG A A K 20

HepG2 4l 1 36 & AR A i @ A A g 4l i R ia R . B
N PWE-HU004.

SPF i SD KA 30 X, & R EELE 200+20g 2 (8], $5 B 11 FE
KA RAFMER, IF3RTE T SCXK G 2019-0004 5 ¥F Al ilE . IFE# ik & it
K, PRIEAEAFEER 22+2°C .

1. 2 25l &

ARZE IR K BRI ) & T VE R3S — & “1.27 5,

1. 3 SEB6 1R A1 A

7 2-1 FERF
Table 2-1 Main reagents
%l /A fits
DMEM % 77 3 MeilunBio MA0212-2

G4 iE (FBS) MeilunBio PWLO001-1

29



T Nrf2/Gpxd BB IR FOAZ M -3 1 TR 42 8K 58 T T 3R G 1 Ha i 1 A B 1 I AL

PBS &l (PH 7.3)

e AR AL (& EDTAD
I (OA)

KRR (PA)

Triton X-100

RIPA buffer

PMSF (100mM)

4%% 5 VAW

EAN ORI F

e it e R R A7 T

TG WM&

T-CHO Mk &

BCA & FIREE I 1R &

Ji o ik 4 Ak MDA A6 AR &
T T BRI

Cell Countting Kit-8
HHEERREAW (100
B-actin antibody

GPX4 antibody

NRF2 antibody

xCT antibody

Goat Anti-Rabbit HRP Conjugate
Goat Anti-Mouse IgG

PrimeScript RT reagent kit

TB Green Premix Ex Taq

B-actin 55 5] 4

Solarbio
Solarbio
Macklin
Solarbio
Solarbio
Solarbio
Solarbio
HAREY)
Solarbio
Solarbio
NJICBIO
NJICBIO
Solarbio
NJJICBIO
Solarbio
DOJINDO
Solarbio
ABClonal
ZENBIO
proteintech
ZENBIO
Abcom
Proteintech
TaKaRa
TaKaRa

B ETAMAR AR

20211210
20220826
C10375483
11258022
82910211
20211118
B915PF
0911A18
331K054
710N0318
20220531
20220606
PC0020
A003-1-2
20211227
TL616
20220912
ACO026
R24461
16396-1-AP
R382036
12522
SA00001-1
ALG61877A
AL51421A

A 2-2 SLIu AR

Table 2-2 Experimental equipment

& AH]
0.22um THFLIEEE SORFA
KA 7K 6B XMTD-7000
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-80°CUK%E MELING 3£
i LA TR
(EN=RAT [ Leica 7]

2 PR R R A R

0.22um THFLIEE SORFA

LK AX BIO-RAD A ]

B R 2 4t BIO-RAD A 7]
NanoDrop ZY 1% & 7 B I 72 4% Thermo 2 7]

Veriti 96- Well Thermal Cycler Applied Biosystems
QuantStudio 5 %)t € & PCR X Thermo Fisher

2 XWHE
2. 1 B 253 M FE BRI i B

SD KR E NG sh¥ s i IEH YOk 1 AJG, %30 HKREEHL N IE
HA, ARZERTR UL, R 10 Ko ARAE KRR 4 2
FIE G, AR 2R 2H K B HE I T S50 7 704% 2.5g/kg AR ZGEER, —FXL
FIRZEL TP — R OBUI e IR 28 TR K A, IR 2. 1mg/ml , ELRHE R — A2
B, HBERORASEOK, 5 RBUMHT Th FERESHN 2. BUlDRigsE—
227 WEAESS, FALER S M IMIE T 56°C KU N KIS 30 a0, KIE GRS
WG N IFE 0.22um ALIEIEIS I8, 435 -80°CIRAE, I FH BT 4°CHE
Ho HEHME T AR RN S W82 2-3 J7 3 FH A R 7 B 1) 25 13 I 37 4 B 1T
o
2. 2 TR
(1) 5E4RFE. %5 DMEM : FBI: WL (100x) =89% : 10% : 1%
LBl FEREAE MRS, REKEE D ET 4°C P47, LUERH .
(2) FFAERE (ImM ) « A2 — RPAEERBOR G IR (OA) FIER
HERE (PA) 0.3756g A10.1718g , 1M Ja i LR TR &5 TR 5 P BEIR &) FF AN
PP E SR AT UL A BRI AL, SEEIMA R A E A S 10ml. Fi)GT
TR 0.22um FALIENRE JERR R, 152 FFA BHRL  IRIG AT 4°CUKAR
WA . R, S 540 sk 7 AR R R i DMEM Rl 2 HARIR
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(3) AL O VR KHELE & A R K i 20 O W KRBTV, TR R
FAEE, BAA3F) Smg/ml ML O &, B S FHOUZ BB 4RI I8 — i LA ; 1k
il 2 T AN TEY o IR ) ity 4 R R AR B ORAT o I FH B P DU K RE
el 2: 3, F45 0.22um FITALIERE IS BE
(4) 1%HIF7iE X-100 ZAEM: 8 FH G H PBS ¥¥# TritonX-100 2 99: 1KLL
IR R 1% i Biid X-100 ZEAEM, I 78 I A AT 4% 7 55 L 491 in X PMSF, R
5, H T AR
2.3 Al RE 7
2.3. 1 iS5

PRI BB KR A 37°CIHIR, W4 3G AR AR A E BRACOKIB Iy, RIS
FEAS W PRI R 52 B3I 82 B URATE AR/ N oK B 5 TG TN 25 AL EL 1200rp
m/s SRS B0 3min. FHRE RIAE R SR A EREER S S L, Bl o
We3F FIER, IO Iml SERTNOIREURE, REFEE, BJEHE2E U0
FRFRARAE T, AR ERE, RS 4H M f8 4 0 A A AR IR S A HUT . 5%C02. 37
°C fHiR# B 77
2. 3.2 ZMHALAR

R 2 B2 KT 80% I, BUWPRABMIAEAR . FEBEFMAP MR, MAE
R [xPBS IZIELIRANM 2 Wk, EEISMERE, HkAS. L PBS. EE
JEEE AN E B A B Imin, TRITIREE, RN GE B R R IR R R LR
o FEVRAS AT AR MR, WA BE SRR ER, WRATENERR 2R, b
AL USRI AR 0, A DR 43 A A AT T Sk S WS 4 v LA
1200rpm 3 fE B50 3min, WRFF_LiEIEA Iml e EE, Bl 1: 3~1: 4 Ll
R TR
2.3.3 ATt 4

MMIE AT “2.3.27 VWEE, WABOEBNE, R TRRTIUD &
A BB R A OB, R 0 T OO 4B M AT U . R TE R
DA T A AR AN, 2 BB T B A Ao B2 35 5
2. 3. 4 dHHIRATF

P R A DO VR AR, AR AR T B “2.3.27 ERAE, WHAESO)E, M
FH PR VR A7 VR B R AT N J5 R A B e B B R A, TR R R R By 1k 4k
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TS QB EENE W . -80°C RITRAE, KIALRAERIERE B A .
2. 4 AR ZEZMA 5 2 135 % HepG2 4 i i) 5% 1
2.4. 1 B 5452

SIS S HT I T/EY, R Immol/L FFA %t HepG2 40 iy TG B 2 40 E AF
H,  ELRESE BTN IR HepG2 4H S A e T HEARBL L), PRI, AR PRS2 40 s FH i
06 =5 0T G AR AR X HepG2 Al BT G458 . ik G HepG2 4H L 5 75 i Vi 4 47
EAREN, WA A E 55 IR 2D AT AT AT JE 2 sk e . i it
HE, AFSERR A FEFI, AR5 LR e 40 AR % 2 . AR 7R A 1 i
MEEE S, WRFEFLAR N R, #23R 2-3 AR FLAR NI AR L) o

7 2-3 AR ZA1E

Table 2-3 Grouping of cell administration

ZH ] NG FFA
EHAHE (O 20%%5 A MLE o
AR (MD 20%% A 75 Immol/L FFA
RLEHFTH EFEA (TC-H)  20% A2 H-f] 2 24 ifn i Immol/L FFA
10% A Z2 ] -5 24 L35 +10% %
ARZEMF] s 4 (TC-M) Immol/L FFA
Mg
5% A ZE ] I 24 1L +15% %5 [ [
ARZEMF] A =4 (TC-L) Immol/L FFA

b

10% — F XIS 24 1175 +10% 7 1 1fiL
ZHBTH (Met) . Immol/L FFA
=]

2. 4. 2 A FZ A £ 24 T35 0T HepG2 4 fu 3 77 (145 e A i
AR BUG HRT 96 LA R, I ROEE S, KAnuiER 2-3 k6 4, IF
S IN—x IR CF R R AT , B—HEE TEIL. AEH
FHAER 2-3 4T, 24hid )5 . WIS R, (M 1xPBS SR Rk 5%
REGFREEY, HE 2 K. BEEMATERA CCK-8 ik, fLIEEE T4/
IR NG IR, RIS T DAL AR o, B IR B LA B R A
iR, BITTZE 450nm FRIg K T 0 52 WO
2. 4. 3 JET O Ye RS I AC 2 A 55 245 i35 o HepG2 41 A H i Jof ME AR fr) 5 i
RIEA T “2.4.17 F5X% HepG2 MG L 25407 24h J5, WFHIEWR, FTH]
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1xPBS BNELZS 1 BE LR AR EEFRHEEY R . N 4% % 5 FH I [F] 78 1 141 52 30min
CEARE R] DA i 240 A Bl e 1 VR A S D, ISR R, TN IE & 60% 5%
N7 o5 A0 M S5 3 25, INONTHAT O Yt P LANIGFRE7E sa4u Ml . et
10min, RBRIML O Jetaill, F T 60% 7 NEENIRYE. BEJGH 1xPBS Jiik
sEH)E, TRME PUEHK. MRCRESRE, Bt — 40 iR T e
BT AL I S A B B LA P N 1 R, S IR R R R _EAEFE 15min,
TRSIIFIRIE VAT 96 FLARC,  7E 490nm K R IO BE AR
2. 4. 4 R ZEMA[H-2 24 375 5T HepG2 28 Mo b H- 1 = Fig & & i 2 0

RAEAT “2.4.17 55 HepG2 A i iis 24403 24h J5, W RW, JFH
1xPBS BNER M 2T R IBEFRIEY) R . HE IR AT AT (¥ 1% fhhid X-10
0 Z4fRAMM, WCHEAN AR RK 247 30min, RLFRH AT DAASWTRE SERE S DL 7S 4y
LR . (A TG MG, Teui B EAE I AT 5 8l &
2. 4. 5 ARZEIRT I 24 3% 5 HepG2 20 i = AH [ B2 2 5

WeFETFIRFRIARTE “2.4.37 Hi. AARES RS E MU,
2. 4. 6 RZEHHHTIH-5 24 ME X HepG2 4 th 4 JDEH ik & & 52

MR LR % VAR AR “2.4.37 . EUAH AR 100l 5 GSH 2
A RkF— S 8RS, JRAIJE 35000pm 2.0 10min, B & W0 0
&, T 405nm A IE K AL B . 53 BU/D Al 2RV E & SR fe T
BCA EEHWKEERE. RN GSHIHEAXF, 75 GSHIRE.
2. 4. T RZFEHFIH-5 25 M5 X HepG2 4 H A 15 & 152

N AR 4% T IR R AR B 2,437 5. {f ] MDA R, d% U
F A R B AR VEREAT HepG2 411 MDA 25 & FIAI
2. 4. 8 ARZEMF[IH-5 245 135 % HepG2 4Rl rh Fe & & K] 5

RIEAT “2.4.17 F90 HepG2 Uit f5es 2540 BE 24h J5, "WFHIEW, FHH
1xPBS ER MW 2 REFFRILEY T . 8 F RBE T A 20 M IR B, 1
1106 AN 20 it in N 400 it 30 2k 904 & rp 200l RF) —, TR21JE B T ok L3R
10min, F§LL 4000rpm £5.0» 10min. J& 485256044 R & 7 AT I 52
2. 4.9 WB & U A 22 il -85 24 1375 6 HepG2 4HAE P Nrf2. xCT 1 Gpx4 & H
FIEIKFHIFE I o

RAEA T “2.4.17 5% HepG2 41 M it B 25 25 4L B 24h J5, WFFIR TR,
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T Nrf2/Gpxd E R FUA L A I8 5ot i Rk T T e R DR 1 S B M B O HE P WL 381
IxPBS Zh{E R vy Wi fo, {# Fi&E & 10 RIPA 24 (NS 1%PMSF HIl

FCIUA D) MR ALAR AR B, R 4t i AR UK | 22 f 30min, I SE3h 4 LA SE 7
R JRERERZE & “2.67 .

2.4.10 qRT-PCR #6 I A 22 i fa 55 24 1L & X HepG2 41 g 4 NRF2. HO-1.
xCT. GSS. GPX4 Fl ACSL4 &K mRNA FRIE/KF 0

MAEA T “2.4.17 7% HepG2 40 i 1545 25 4 7E 24h J5, WRFF IR R,
1xPBS ZIERF M BeGPl )5, FEREANFL AN 600ul Trizol 2L, WA
WTEHMELEN, R ERE—&F “2.77 7.

#x 2-4 ZRA5|HF5

Table 2-4 Gene primer sequence

1A FK gl
FORWARD CCTCTGCTGCCATTAGTCAGT
NRF2 REVERSE CTTCAGTGTGCTTCTGGTTGA
FORWARD GCATGCCACCACTTAGGAAG
X REVERSE TCAGGGAGCTGAACGACATT
FORWARD TCTGTGTAAATGGGGACGATGCC
b REVERSE GTCCTTCTCTATCACCTGGGGCT
FORWARD GAGCGAAACAAGCAGAACCC
Ho- REVERSE ACCTCGTGGAGACGCTTTAC
FORWARD GGGAGGGAGCTTGTCTCTTT
058 REVERSE AGGAGCTTCCATTCCCACTC
ACSLA FORWARD AGACAAACCCGGAAGTCCAT
REVERSE AGGCTGTCCTTCTTCCCAAA
B-actin FORWARD TGGGCATGGGTCAGAAGGAT
REVERSE CGTCCCAGTTGGTGACGATG

2.5 gttt

SEIG K iE ia F GraphPad Prism 8.0 #0446} 5286 45 i AT /0 M HAE . 520
8] bE SR t A B, #P<0.05, #P<0.01 Xox 5 1E 4L, MAHE =S E S
HEE s *#P<0.01, *P<0.05 X 5RMAMIL, AAHHAERHS I FE

P
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3 KIGLER
3. 1 AR ZZ M) -5 24 M35 X HepG2 2 o 1) 7 M A6 )

g R 2-1 PR, SIEEAAME R, RERAIM S, by KEA
AR A MM R E R L R eI m A AE 71, = HOSUIAR i s 1A T 1E
WHA TGS, BERLRTFE . BT, KREHAH G, B, KK
F& & 25 1135 5 — FOOUNT & 24 3 X HepG2 41 AR AOTE 3 m s gem), A2
A I 225 113 - 28 e 6 T v HepG2 4 A ARG 7 o

150 *%
A
© L
— 100
B
:'_5'
o
2 50
<
)
0_

T T
C TC-H TC-M TC-L Met

2-1 & 4A HepG2 HRAVRRE S ( XES, n=6)
Figure 2-1 HepG2 cell viability in each group ( XS, n=6)
Ve EROMBRALRRK “C7  BIAMRR M7 . KEMRIH GHZ EARARK “TC-
H” 3 AKREHTH (G FREARR “TC-M” 5 KRZEMHFTH GHED KR4 R
“TC-L” ; “Met” N _HXUIFHIEZH. 5IEEXBAL, *P<0.05, **P<0.01.
3. 2 ARSI 24 1 i % HepG2 41 P i I AT RR Rl

M O Jetr g5 kI, SIEH AL, AR 2H 20 iyt 30K T AR ) 21 2 i
HERIIL G o T A 22 I A0] I 525 25 A RN — WA AR A A T A, A B Yl Y
LRI R A B B B GE . X #4140 FFA B i KL,
BB T IE W HAM AN FFA B2 TR (P<0.01) , ARZEHFIIH-%45 25 20 A0 —
UM AHEE TR, FFA 823 TN (P<0.01) . BLESREY], FH
Immol/L FFA Bt i HepG2 4 JIg i HEARBIAY, 11 A 22 A it 2H A0 — BB
M RENS W3 [ 1K HepG2 41 flg BT HERRE L) FFA, 3% HepG2 2 id i) i o 4k
FBUE DL o
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2-2 % 4H HepG2 4ABEHZL O 2t (X 100)

Figure 2-2 HepG2 cell oil Red O staining in each group (x100)
e IEEATIRARRR “C” s BBAMIRAR “M” 5 RZRHRIH A &R EL R
“TC-H” ; ARZMFIH CGEZD) PRIEHFIR “TC-M” + ARZHAMH G GTIEA
fEIFR “TC-L” 5 “Met” = HIXUIRBH M 2540

1.5

OD values
o -
3] =}
1 1

O RN ¢

2-3 HepG2 #HBEHLI O E2LEEH ( X£S, n=8)
Figure 2-3 Comparison of oil red O quantification in HepG2 cells ( XS, n=8)
e IEEXHRARERR “C” s BARLHFR M7 s RZErHRIH GRS SRIEAFR “TC-
H” 5 ARZEHFIH (EERD RIS HERR “TC-M” 3 AKRZHAFIM (R R H ERR

“TC-L” ; “Met” N - HXIMPHMEZGA . HIEH IR, #P<0.05, #P<0.01; S
4, *P<0.05, **P<0.01.
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3. 3 ARZEMRT 524 M5 % HepG2 40 TG T-CHO & & {520
W 2-4, MHXFIEFM, BAA TG M T-CHO & & H 8L B 14 7+
(P<0.01) , [ih AT DK — B OUIK & 24 3 00 T TS, A2 AT i
Fom g H AN WXL 2 B2 1 AR VB R4 K TG M T-CHO & &
(P<0.01) o SEBGERHEH, AZZMARIH55 245 1ML3E 7T LA 25 FRAR HepG2 4 i HE AL

R TG A1 T-CHO [I7KF,  IE [ YHT HepG2 41 f) fig i AR i 1t o

TG TCHO
4- 0.5
s . 0.4 l
o o
8 S 0.3+
D 5 2
g g 0.2-
£, ﬂ ﬂ E it .
0— . ‘- T |
(<] é ‘2‘ 0' 0 QQ' (€] &0 «0 \/

2-4 %40 HepG2 #HAIA TG, T-CHO R 2/KFEEK ( XS, n=8)
Figure 2-4 Changes of TG and T-CHO content in HepG2 cells in each group( X=S,

n=8)
e IEEXTRARRR “C”  BBARRR “M” . RZHEIM EEE &EFIEAFR “TC-

H” 5 ARZFM G PRIEHARFR “TC-M” 5 AKZHfI GED K& HRR
“TC-L” ; “Met” H_HXUIFHMEZH . HIEF XA, #P<0.05, *#P<0.01; S
A, *P<0.05, **P<0.01,

3. 4 AR ZEHH] -5 24 M5 X HepG2 200 Y GSH & & ARAk 1 541
R 2-5 718, HIEHAME, #AMAH GSH &8 EFFK (P<0.01) .
M SR A, RS2 S, HhR & A HOOUITZE 33 Re % 2.2 71 = HepG2
Al GSH &5 (P<0.01) , ARZEHFTHALHEL A T = g0 GSH %
SR, RSZBIHRTIH-E 24 LIS Re g & $2 T HepG2 40 i i ot HEAR A Y (1 48
ST
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GSH
100
80 ## B
E puly
g
S 604
o
2 40-
=1
20+
0- T
o X M &
CAY ¢

2-5 &40 HepG2 4ARA GSH 2 8/KFEZTL ( XS, n=3)
Figurs 2-5 Changes of GSH content in HepG2 cells in each group( X+S, n=3)
e IEEXRARR “C” o BBAEM “M” 5 REHFIH GHZED SFIELER “T
H”  ARZRRIH D PRIEHARR “TC-M”  ARZHFIH G AT ELHRR
“TC-L” 5 “Met” N HXUMMMEZAH. SIEWEMEALL, *P<0.05, #P<0.01; SHEA
MLk, *P<0.05, **P<0.01.
3. 5 ARZEMR] -5 24 M5 % HepG2 40l ) MDA 2 & 484k ) 520
g 2-6, SIEW AL, BAU] HepG2 4l 2218 # /5 MDA % & 12
FRE BT (P<0.01) o SEERALLE, i ARZEHRTH& 558 & 24 M54 2
JaALN MDA & EBA3EE NI (P<0.01) . ZREN, ARIZrHFIH5 2510
TR RENS BRI HepG2 2 i A ot HE BB (1 i S AL g2 D 1

MDA
10
8 = ]
° #H
g
o 67
E
o 44
£
c
2_
0- T T |
o N
,\o PN

2-6 &4H HepG2 AP MDA & 87KFEZ4L ( X£S, n=3)
Figurs 2-6 Changes of MDA content in HepG2 cells in each group( X+S, n=3)
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T Nrf2/Gpx4 BB IR FAZ MR M-85 T8 42 8150 1T 3R A 1 e iy 42k A8 44 R Lk
vE: IEEXTHRARAR “C” ; BIRARR M7 s RZIHFIH GEHED SRR “TC-
H” 3 AREFH (B2 hREARR “TC-M” ; KREHFTH GHED KRR

“TC-L” ; “Met” N HXUMFTEZ A, HIERXRA, “P<0.05, #P<0.01; HHAY
#E, *P<0.05, **P<0.01,

3. 6 ARZEA 5 25 MIEXT HepG2 40 P9 V2L & & AR A0 1) 521

RiEE 2-7 MR ER, SIEEHML, SHMEHAR F S ERENIEN (P
<0.01) o TIAEARZZHR] A Z FOOUIE 25 Mg 10, SR, K%
-] 5% B2 DA S — HOOUIZEL R, Fe & &R BEM TH (P<0.01) . X
RKWY, RFZHRTIHE 24 L5 RER8 525 P2 HepG2 4 i i Jot HEAR AR AY o () Fe? IiT

o

Fe?*

*k  kk k%

Fe2*(nmol/10°)
o
N
|
#

T
O RS e

2-7 &40 HepG2 ‘AR T $5 & 87K 2L ( XES, n=3)
Figurs 2-7 Changes of Fe*'content in HepG2 cells in each group( XS, n=3)

Ve IEROMERALFIRR “C” ¢ BUMALRRR “M” ; KREHHRII (D SAEALRH “TC-
H” 3 AKREHTH (B0 hREARR “TC-M” 5 KRZEMHFTH GHED KR4
“TC-L” ; “Met” N HXUMFTEZ A . 5IEWXRAIL, P<0.05, #P<0.01; HHAY

., *P<0.05, **P<0.01.
3.7 WB A A 22 4] 15 24 L35 5200 HepG2 201N NRF2. xCT. GPX4 HEH
RiILKFAA
Rl 2-8 o, HIEWAMEL, A HepG2 411N NRF2. xCT Al

GPX4 EHRIESELBZE WD (P<0.05) . 4hTARZEHFIHA — H XU 24

MiGFHE, SEMAML, AKRZHRIH SR EHAE 22 I NRF2, xCT

M GPX4 FEARILAGE (P<0.05) , ARZEHFIH 784 G823 Tt s NRF2

HAFRIEKT (P<0.01) , ARZFHFIHEFE LA B2 T+ 5 xCT M1 GPX4 &
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HRIEKF (P<0.05) o BHULRE, AKRIZHHRTHS 25 15 B A 1E R % HepG2
ZHMING R AT Iy NRF2 A1 xCT. GPX4 R AR IEMIMEH .

NRF2 S S S S S 110 kD2

xCT - an —— - 55 kDa
GPX4 [ 00 (D3

B-actin e EHD (SN TSN S . ) Da

C M TC-HTC-MTC-L Met

1.5 2.0
2.0
#Ht
c i # £ 1.5+
G 1.0 : £ # g
‘IV ..6 wk ‘I“
oL ? 2 1.0
N @ 1.0 =
L = P
X 0.54 3 o
z * 0.5 © 0.5
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each group( S(iS, n=3)
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Progress research on the pharmacological effects of Lithocarpus

litseifolius (Hance) Chun.

Abstracts:

Lithocarpus litseifolius, whose young shoots are often harvested for tea in the
southern region of China, was included in the catalog of new food ingredients in 2017,
and has a long history of application as a medicinal herb with medicinal value and
health effects.Lithocarpus litseifolius’s Latin name is Lithocarpus litseifolius(Hance)
Chun, and it belongs to the Quercus plant of Fagaceae, the roots, leaves and fruits can
be used as medicine, the identification and chemical analysis of traditional Chinese
medicine show that its main chemical components include flavonoids, triterpenoids,
polyphenols and other compounds.Its taste is sweet and flat, and its folk application is
mainly used to treat lung-heat cough, damp-heat diarrhea, skin itching, carbuncle and
ulcer with its effects of clearing away heat and toxic materials, dispelling wind and

resolving phlegm, lowering blood pressure and tonifying kidney.Modern research

54



T Nrf2/Gpxd BB IR FOAZ M -3 1 TR 42 8K 58 T T 3R G 1 Ha i 1 A B 1 I AL

shows that Lithocarpus litseifolius has the functions of reducing blood lipid,
antioxidation, anti-hypertension, lowering blood sugar, protecting liver, resisting
allergy, resisting bacteria and inflammation.Because of its long-standing folk use
foundation, rich pharmacological effects and sweet taste, Lithocarpus litseifolius has
great development value.However, at present, there are not many studies that can
systematically and comprehensively explore the function of Lithocarpus litseifolius.
In order to better develop and utilize Lithocarpus litseifoliusa, this paper will review
the pharmacological effects of Lithocarpus litseifolius in combination with modern
literature.

Key words: Lithocarpus litseifolius (Hance) Chun; pharmacological effects;

flavonoids
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