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(F8Z) By o150 M e T8 T 37 54 3 0 A5 M B B M AT (NAFLD) /N RO %o, SR R AP ey e B LR, JoiE 4%60}% SPF %
CSTBL/6 /MR N R B 4 AL S 0T 118 I 41 mg-kg YA B REFE AT 7 & P KR B 41(13.30.6.60.3.30 g-kg'), #itE
7~ 12 JE 7 g7 FH(HFD) #50 NAFLD A2 AL M ik oh J5 , G 414 Ko sl e vt i iy 254 % 4 6 B, R SE1Aeil /) LL\.Jﬁlf%“Fﬂf?x%ﬂaﬂﬁ
B (FFA) . =B (TG) . R TA & @?%%%%%(Asnuﬁﬁ% } 4, 3 4 % B (alanine aminotransferase, ALT)#4& ;% i
410 B8k Fn HE 22 A0 I T % A6 B I AR g 22 4R 45 1% 0 ; ¥ 3 RT-qPCR AU T 41 42 P B B 5 E2 Al e B F 2(Nif2) it & B
AEBEZE G (SLCTALL) At H Ikt & o 4((7PX4)E’J mRNA % 3k ; # 3 Western blot #:3| JF 41 4 % Nrf2 SLC7A11 DA
K GPX4 WEBRKGN, R 55 UMl EA LN IFIEE EF L3 EA(P005), 2 8 ALT AST #5847 £ (P<0.01,P<
0.05), FF i 4 B8 B 4 g i 7 1, AR/ eh 2549 25 8L Nef2 SLC7A 11 F1 GPX4 & 1 % mRNA 53k B 2 T H(P<0.01), SH A A M, 4%
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Study on Jiangzhi Ligan Decoction inhibiting ferroptosis and alleviating
non-alcoholic fatty liver disease in mice
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(Abstract] Objective To investigate the effects of Jiangzhi Ligan Decoction (JZLGD) on non-alcoholic fatty liver disease
(NAFLD) mice and explore its mechanism of action. Methods Sixty SPF-grade C57BL/6 mice were randomly divided into blank group,
model group, ferroptosis inhibitor group (I mgkg?), and high—-, medium—, and low—dose JZLGD groups (1330, 6.60, and 330 gkg™).
The NAFLD model was established by feeding the mice high fat diet (HFD) for 12 weeks. After successful modelling, each group
was given the corresponding medication daily for six consecutive weeks. In this experiment, the serum levels of free fatty acids

(FFA), triglyceride (TG), aspartate aminotransferase (AST), and alanine aminotransferase (ALT) were determined in mice, the hepatic
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lipid deposition and pathological damage in liver tissue were examined by Oil Red O staining and HE staining, the mRNA
expressions of Nrf2, SLC7A11, and GPX4 in liver tissue were checked by RT-qPCR, and the protein expressions of Nrf2, SLC7A11,
and GPX4 in liver tissue were determined by Western blot. Results Compared with mice in the blank group, the mice in the model
group exhibited increased liver weight and liver index (P<0.05), elevated liver function indicators ALT and AST (P<0.01, P<0.05), obvious
steatosis in the liver, disordered hepatic lobule structure, and significantly reduced protein and mRNA expressions of Nrf2, SLC7A11,
and GPX4 (P<0.01). Compared with the model group, mice in the ferroptosis inhibitor group showed decreased liver weight and liver
index (P<005, P<001), clear liver lobule structure, reduced serum levels of ALT, AST, and TG (P<001, P<005), and increased protein and
mRNA expressions of Nirf2, SLC7A11, and GPX4 (P<0.01). Mice in the high—dose JZLGD group showed decreased liver weight and
liver index (P<005), significantly improved liver function, reduced blood lipids (TG and FFA) (P<005, P<001), and upregulated protein
and mRNA expressions of Nrf2, SLC7A11, and GPX4 (P<0.05). Mice in the medium- and low—dose JZLGD groups also showed
decreased liver index (P<0.05, P<0.01), improved liver function, and reduced serum levels of FFA and TG (P<0.05, P<0.01).

Conclusion JZLGD can reduce blood lipids, improve liver function, and alleviate NAFLD, potentially through inhibiting ferroptosis.

(Keywords] non-alcoholic fatty liver disease; ferroptosis; Jiangzhi Ligan Decoction; Nrf2; SLC7A11; GPX4
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BRI BRAET IR ZH (1 mg-kg™) FIRE G BT
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i 7= N RN (3511 2 A N 2 s 71 7 = 2 2]
13.30.6.60.3.30 g/(kg-d), FERICT-H0HIFILH A/
SR I ESS 1 mg/(kg-d) Y ferrostatin—1, %5 FH ZH Fl
B2 B R 1 A AR R K, 7k 6 A,
2.3 Mufs.BFIhseeil

RIS, X /N BREA T R BRI A7 %
FHRAAE T, HE 2 h 5 XTS5 0HL T L
3 000 remin” #HEL 15 ming, B0 BE
JE MBI, R4 A S A AUk I it 785 e 25 Mg
W& (free fatty acids, FFA)  H il =M (triglyceride,
TG) FFHIREFE IR K | 14 E IR Z HE A% i (aspartate
aminotransferase, AST) N2 M2 22 3L 5% # il (alanine
aminotransferase, ALT) )&,
24 HLOFE

WOB /N BRI 20 208 T [ 8 W ilcE 7 4 C
[T 24 b, BCHS [ S B AL ZUBCT 10% A7 T
HBK IR , #2582 XA L BRIG I 28 7E20%
30% R P AREEBUK DR . SR EFT OTC A3,

VKR, VKRR T 60% 3 BEHIZPE 2 min,
ML O Pty et 10 min, BHEI AT 60% 5-R z
R RARZEE YL 1 min, 1%ERR 2T 4ME 3 s,
KRG B H R A BRI R
HHL NIRRT
2.5 HE #f&

W /N UL SUUTE 4% 1 22 58 W 5 3
FE L AR LA ISR R R 4 um,
PEFT HE Y0, B AP R 2 YOicE T oK
T SRR MRS T E 1 (70% ,80% ,95% ) itk
TR WK G HEAT IR AR R Yot 245 1%40TR £
34k, K MR W S A TR AT gt B T TR
LK VIR 2 OBCEF RS S I
Je R R BRI A B R OER
2.6 RT-qPCR

e/ P A Trizol S AR BT
21 RNA, FF4140 RNA B 5 5% cRNA,
WikE P g T E & RT-PCR 23 #Hr, RT-qPCR 9"
HEA .95 °C 15 min FUEYE 40 4~ 95 €15 74
PEFI60 C 30 s BAMER, 5IYFHIER 1,0 B-
actin 4 PN HEIN i ] 2200 3540 f0 5 DR A A o
Fika,

1 ERE3IWFE

Table 1 Primer sequences of genes

I 514 K bp
B-actin 1E] ACATCCGTAAAGACCTCTATGCC 223
Jz ] TACTCCTGCTTGCTGATCCAC
Nrf2 1EM] GCTCCTATGCGTGAATCCCAA 143
JZ 1] TTTGCCCTAAGCTCATCTCGT
SLC7A11 1EA] CATACTCCAGAACACGGGCAG 172
Jz i) AACAAAAGCCAGCAAAGGACCA
GPX4 1E M CATCGACGGGCACATGGTCT 138

J2 15 PCCACACTCAGCATATCGGGCAT

2.7 Western blot

TE/N B ZUR A RIPA Sk $2 U2 21
SR, [ BCA & kit A vk s, ek
A FREGE P, & RS PE . B 10% 53 B e
4.8%WRARNE , LA 75 V HE HLEHLTK 130 min, FFHR
13 A B 2R RGBS 1R HL vk . A 300 mA H 22 FEL AT
RN, IRk B, —Pi 4 CEER. H K
PBST VEMR 3 YOS —HiH 9 E 1 h, BE/5PB-
ST PRI 3 ¥k, A ECL fb2: % Y6, BER S F 5t
5, oM A KA
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2.8 SEitESHH

i1 SPSS 27.0 Bt #EATEAE 0, A BiE
P “xes" R o HEIRAT G IEASYER ) 2255 VRN,
ZAH BRI LS 8 One—way ANOVA 34T,
AFF A IEA M 257 SR A Kruskal =W allis
H K%, P<0.05 Fm2EmAgiit222 L,

3 #R

3.1 NERFERE PR EBAEREN T

5525 41N SRR L, BRETR 20 /) BRUAG) JFF O J 12
SRR N (P<0.05) , SERIA/INEAR L ERAE T
PR ZH AR AR B b AR R ZH NAFLD /)y
B4 T IUE 5 B A (P<0.05, P<0.01) , FEBE BT 155
FIE AL AERAE T 3057 20 NAFLD /)N BRI B i
B (P<0.05) . PRI AR A 2 0] 25 7 g2 5 X
(P>0.05), HEWL#E 2,

x2 MREFE FFREREMATBEE (ves,n=7)
Table 2 Body weight, liver weight, and liver index

in mice (xxs, n=7)

215 Wpittrg  FFREBTRg  FREREEU%
234 2836+3.44  1.09£0.12 3.830.15
I 31.04+4.69  1.31x0.18"  4.23+0.26°
BAET 72 26.5024.34  1.00£0.17*  3.77x0.17*
VEREBRATZ a2l 28.5625.60  1.10£0.16°  3.87+0.26"
FsERAT PRI 30212542 1.19+0.20 3.96+0.18%
FEIEBAFAMCRIRA 30.2624.79  1.150.19 3.79+0.25%

. 5IEH A, "P<0.05,#P<0.01; S RIZH H A, 2P<0.05
p<0.01,

3.2 INRBFIHAE ALT AST F0M0BE TG FFA BIZE4L
S5 YU e, AL /N RO DI BE SR A ALT

AST &5 5 T8 (P<0.01,P<0.05) . SHRIZHAELL,

BRI ALT & i35 B 3E TN (P<0.01) , BEAIR 2R

JH 37 i ARG AL AR FET- 0I5 4L/ U AST %
T AR (P<0.01, P<0.05) , FERE BTz & o AR
Kl /NS T FFA TG BY7KF-FEAIK (P<0.01, P<
0.05) , BRALT #5741/ BRI i v TG 17K AR
(P<0.05), W 3,

33 INRAFELRETH

ML O Yooz R R  BRIZH /N ERIF L SN g
DA PERR BE NS, AT UL KR R 2 1 SR A
Lt AR BRI L v AR S 2 Ak st T4 il ) 4
/0N BRIV 200 60 i 7 72 e R 8 U I e s 3 ek > |
W 1,

HE et zi iR 25 4NN 254 58 3% |
JFAM I NS 5 IR RS #5525 AR L AR
RIAL/INRIFREEFZE0L , A A S ER R AR , R AN
R INEIRSE 25 25 T 15 , /NNt 45
P [ BT A A PRI . TR 2,
3.4 INRBFAAL Nif2 SLC7A11,GPX4 BEH K mR-
NA HIFRI%

5o LA EE AR 20 /N B Nief2 | SLCT7ALT
GPX4 HEHMFRIAAKT R (P<0.01), SR
AL, FET IR 4/ B Nef2 SLC7A11 ,GPX4
AR F B K B L (P<0.01) , RS HLH 7
FIHEZH/NEL Nef2 SLCTAT1  GPX4 B4 1 F ik K F
PE11 (P<0.05) , i BRI 7 Hh ) e 4/ BRI SLCTA T
HHFRRKF ETHP<0.05), TEWE 3 £ 4,

RT-qPCR 453 % W, 525 4 tH L, BEAL 4 /N
L Nrf2 SLC7A11 ,GPX4 mRNA F3357KF i 25 1%
ik (P<0.01), SHIRIZH A EL , FRAET-H0 I ZH /N B
Nif2 SLC7A11 GPX4 mRNA By kKW #E T 5
(P<0.01) , FEREFRIZ ) 2H /B Nef2 SLC7ALT
GPX4 mRNA 13K iA 42 5 (P<0.05) , B g B 7 1%
FIEL/NREY SLCTATL B mRNA ik [FH(P<0.05)
ks,

#®3 /NRIAE TG FFA RBFIIEE ALT AST BILLES (vs ,n=T7)
Table 3 Comparison of blood lipids (TG and FFA) and liver function indicators (ALT and AST ) in mice (xxs, n=7)

205 ALT/(IU-L™) AST/(IU-L) FFA/(mmol - L") TG/(mmol - L)
2 HA 36.64+4.67 164.44+50.50 0.79+0.09 0.74+0.09
B 55.89+10.06* 262.07+59.53 0.94+0.26 0.7120.07
BRAET MR H 38.39+8.65 181.64+30.814 0.78+0.14 0.59+0.08"
R REFRAT 7 i it 201 35.51+3.74% 152.07+25.09% 0.63+0.12% 0.54+0.07#4
FEAE PRI v el 37.89+5.774 186.04+33.45 0.52+0.07#4 0.43+0.08"42
¥ N PHL I 1R 4L 36.20+5.68% 180.96+50.25% 0.58+0.10% 0.49+0.13#4

. SIEH A A, *P<0.05,#P<0.01; SR AR, *P<0.05,*4P<0.01
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Fig.1 Pathological changes in the liver tissue of mice (Oil Red O Staining, x10)
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Fig.2 Pathological changes in the liver tissue of mice (HE, x10)
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p-actin | - :>:
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Fig.3 Electrophoresis of Nrf2, SLC7A11, and GPX4

proteins in the liver tissue of mice

4 NREFEALR Nif2 SLCTALL #1 GPX4 EBHEIRIE
ERLLE (75 ,n=6)
Table 4 Comparison of relative protein expression levels

of Nif2, SLC7A11, and GPX4 in the liver tissue of mice

(x#s, n=6)
2157 Nif2 SLC7A11 GPX4
ZEHA 0.397+0.005  0.547+0.014  0.443+0.014
IR 0.07320.014% 0.101£0.014*  0.083+0.010%
HBAET-IMHFI4  0.270£0.015%  0.357+0.014%  0.300+0.009%

FENEBEATZ S HEE2H 0.187+0.019%  0.250+0.032%  0.213+0.019*
FERsHT RIS 0.110£0.015F  0.180+0.018% 0.110+0.015%
FENEBATZ R HEEZH 0.080£0.009%  0.137+0.005%  0.097+0.021%

L SIER A L, "P<0.05, #P<0.01; SARRILH A, 4P<0.05,44P<0.01 ,
4 1ig

NAFLD I PRI A AT 5% AT HE 20 0 A 7 72
P, 52U ESR S AEASC, “ZEATd 272
H i K 280 & AT 1Y NAFLD &L & AL,
TEA LY A/ ST RIEAT 7 AN [ R JEE 14
20 M BRI A | 22 R NIR BT T B

Fz5 EBFHELR Nef2, SLC7A11 F1 GPX4 mRNA tH3fRiE
=R LB (v£s ,n=6)

Table 5 Comparison of relative mRNA expression levels

of Nrf2, SLC7A11, and GPX4 in the liver tissue of mice

(x5, n=6)
2 Nif2 SLC7A11 GPX4
FHA 0.993+0.012  0.972+0.025  1.002+0.022
ALY 0.162+0.016"  0.078+0.005%  0.087+0.009*
BAETHMEIRIZ 0.797£0.021%  0.617£0.049  0.585+0.038*

FENEBEATZ B ZH 0.474+0.043%  0.339+0.022%  0.326+0.019%
FENEBEATZ R 2H 0.297£0.019%  0.193+0.006%  0.212+0.019%
FENEBEATZRAHEEZH 0.279+0.024%  0.209+0.007%  0.216+0.008%

L HIEHFH R, 7P<0.05,#P<001 ; SAHIZH A, 2P<0.05, 2 P<001,

J&i , EHE R 105 A28 1 e SRR AR 1A B i i el . B
NEHEIT GRS FHS BT A4 i R 6
WP 2GR 2 Oy 20 RIS RERR Ak, PSR
IMARIF , A 24 s Ve R B DB B IFRDK R
B2 s AR 4 1% LA TSRS, AR 2y s fp it TG R, 1)
FNEZG , 2 B EL Tz 2 Fh 25 RV I
“ZHITi" SN NAFLD A3 By 7 R 4 M2 25
00T, IR PRI sh A A ZFG T, ok
ZH KER M R, R R 1t
i 1A 7] i Nef2 F1 GPX4 I 2835, 1/
SRUFFAIARBET ., JIANG S50 5T e 0, 4 iz 25 ] o
% NAFLD /INEUFIERR B it 44k, #2155 GPX4 & 1Y)
FIB  IHIERAET . FEIRPATFZ v] RE LSS I A
FIE ZAMHIERIET S, MEENAFLD,

Nrf2 JEHU R ST R, W R G X e
GPX4 FTL(EEE a4 ) Al FPNT &K% 2k 2
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HEA DFEZSMICT AT, SLC7A1] ZR S
Xe-M RS 2 — , W AEFRAA R I H K (GSH)
K, I 52 Nief2 ()% s %™, System Xc—/GSH/
GPX4 BE IR R AT W 2 MLE % . System Xe—HJ
i A GSH Xt GPX4 1 18%E, GPX4 AJ7E GSH
F 4 B N R L A R E A R IR S A
(L-OOH) ¥4 4.2 Jo # 1Y i B B (L-OH) , Ik /> ROS
AR R, B ET ™, JE Tt A A i 5 A 4-
HNE MDA L} ROS, ROS A 3:hg i &AL &
A2 5t 4-HNE #i1 MDA £3/l1E NAFLD, %k
BIMTENAFLD () % e v & 2 EH . itk
Nrf2 SLCTA11 Fl GPX4 33K 4 386 i ] vk 20> i A 45
AR AR S AR & A 8 NAFLD

TEARYKBIESE H AR /N U 5 BT, 2
AUIR N AS ™, IFUIBE R %, Nrf2 SLC7A11,GPX4
M mRNA Rk & F R, X ULEE T R AR AR
#E NAFLD, NAFLD /NS ZAAE T3 6570 M e 7
VR EL AT 1 WG , 2 68 B s | [RI I Naf2 |
SLC7A11 F1 GPX4 #FH & mRNA &k &t BIF X
ULHHERBET - 7E NAFLD [ & J b e B VR, i s
I RS BT nT I RBE T

ZE L RTIR | ASHIE 58 W5 [ IR BT 4 %) NAFLD
/NEUBIEE IR 55 NAFLD 19 % A4 & JRALH] , 45 5% &
TR R BT 7 TT 20 TR, BRI g , 410 1 2k 5T
T, 2035 NAFLD . SR 1T, FEASFR AT 17 Hh 2 A5 A e Hofth
PAPKIPRIBRBET . 3 NAFLD AT B ABFST,

B 3k
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