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[Abstract] Objective: To investigate the therapeutic effect of Linggui Zhugan decoction (LGZG) on mice
with nonalcoholic steatohepatitis (NASH) and its impact on ferroptosis mediated by the Hepcidin—Ferroportin
signaling pathway. Methods: Totally 65 mice were randomly divided into a normal group (n=10) and a modeling
group (n=55). Mice in the normal group were fed a standard diet, while a NASH mouse model was established
in the modeling group using a methionine and choline—deficient diet. The 50 successfully modeled mice were
then randomly assigned to model group, silibinin (SFJB) group, low-dose LGZG group, medium—-dose LGZG
group, and high—dose LGZG group, 10 rats in each group. Each group received the corresponding drug at
different doses via gavage. After six weeks, body weight and liver weight were measured, and the liver index
was calculated. Serum levels of alanine aminotransferase (ALT) and aspartate aminotransferase (AST), as well as
liver levels of total cholesterol (TC) and triglycerides (TG), were detected. Liver histopathological changes were
assessed by hematoxylin-eosin (HE) staining, and the NAFLD activity score (NAS) was evaluated. Frozen liver
sections were stained with Oil Red O to observe lipid distribution, and the average optical density (AOD) was
calculated to assess hepatic lipid accumulation. Levels of total iron (Fe), reactive oxygen species (ROS),
4-hydroxynonenal (4-HNE), and malondialdehyde (MDA) in liver tissue were measured. The expression levels
of acyl-CoA synthetase long—chain family member 4 (ACSL4) mRNA, transferrin (Trf)y mRNA, iron-responsive
element-binding protein 2 (IREB2) mRNA, ferritin heavy chain (Fth) mRNA, hepcidin (Hamp), and ferroportin
(Slc40al) mRNA in mouse liver were detected by qPCR. The protein expression levels of ACSL4, Transferrin,
IREB2, Fth, Hepcidin, and Ferroportin in mouse liver were detected by Western blotting. Results: Compared
with the normal group, the model group showed significantly lower body weight and a higher liver index (P<
0.01). Compared with the model group, the SFJB, medium-dose LGZG, and high—dose LGZG groups showed
significantly higher body weight and lower liver index (P<0.01). Compared with the normal group, the model
group showed significantly higher serum ALT and AST levels and hepatic TC and TG levels (P<0.01).
Compared with the model group, the SFJB, medium —dose LGZG, and high —dose LGZG groups showed
significantly lower serum ALT and AST levels and hepatic TC and TG levels (P<0.05 or P<0.01). HE and Oil
Red O staining showed clear liver structure and orderly hepatic plates in the normal group, while the model
group exhibited obvious hepatocyte cord derangement and significant steatosis. Compared with the model group,
liver injury was alleviated, lipid droplets were reduced, and hepatocyte structure was more intact in the low—dose
LGZG group. Liver structure was markedly improved, hepatocyte arrangement tended to be normal, and
steatosis was significantly reduced in the SFJB, medium-dose LGZG, and high—dose LGZG groups. Compared
with the normal group, the model group showed significantly higher NAS and AOD (P<0.01). Compared with
the model group, the SFJB, medium-dose LGZG, and high—-dose LGZG groups showed significantly lower
NAS and AOD (P<0.05 or P<0.01). Compared with the normal group, the model group showed significantly
higher hepatic Fe, ROS, 4-HNE, and MDA levels (P<0.01). Compared with the model group, the SFJB,
medium—dose LGZG, and high—dose LGZG groups showed significantly lower hepatic Fe, ROS, 4-HNE, and
MDA levels (P<0.01). Compared with the normal group, the model group showed significantly higher relative
expression levels of ACSIA4, Transferrin, IREB2, and Hepcidin, but significantly lower levels of Fth and
Ferroportin, in the liver (P<0.01). Compared with the model group, the SFJB, medium—dose LGZG, and high—dose
LGZG groups showed significantly lower relative expression levels of ACSI4, Transferrin and IREB2, but
significantly higher level of Fth, in the liver (P<0.05 or P<0.01). Compared with the model group, the SFJB,
low —dose LGZG, medium —dose LGZG, and high —dose LGZG groups showed significantly lower relative
expression level of Hepcidin and higher level of Ferroportin in the liver (P<0.05 or P<0.01). Compared with
the normal group, the model group showed significantly higher relative expression levels of ACSL4 mRNA,
Trf mRNA, IREB2 mRNA and Hamp mRNA, but significantly lower levels of Fth mRNA and Slec40al mRNA,
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in the liver (P<0.01). Compared with the model group, the SFJB, medium-dose LGZG, and high-dose LGZG
groups showed significantly lower relative expression levels of ACSI4 mRNA, Trf mRNA, IREB2 mRNA and
Hamp mRNA, but significantly higher level of Fth mRNA and Slc40al mRNA, in the liver (P<0.05 or P<0.01).

Conclusion: Linggui Zhugan decoction has a therapeutic effect on NASH mice and it can alleviate hepatic lipid

peroxidation. Its mechanism may be related to regulating the Hepcidin—Ferroportin signaling pathway to ameliorate

ferroptosis.
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MK 5%, INA L mL TRIzol Reagent, 142 ELRNA, 5
Nanodrop 20007366 EETHA3 BT ELuk B, e IS St ) & Ui
B, B RNA UG S ieDNA L SV AR & :2x qPCR Mix 7.5 plL,
2.5 wmol/LEEF G 1.5 L, S5 #2.0 pL, BFEK (ddH,0)
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A R SRR B A R AT 18 35 A8 S LGZGAIG ) i 4/ BT
AT LR 53 T 448 B P R SR A (EL AR A AL 20 A T Ui
LGZGHHI AL MILGZG R e 4H /N Eﬁﬂ?ﬂﬂﬂ’@ﬂﬁ?ﬁﬁa\ﬁlﬁﬁﬁ
A AU B ETE AR (LRI ARV /N AOD R T IEH
(P<0.01);SFIBAL \LGZG I &4 \LGZG & ¥ & éH/J\L'?Eu\OD
ﬂﬂf&ﬁiwﬁ( P<O osdzP<o 01).( DE%%)

LCZGRE AL

LGZGEPff‘JEQE

TGZGIEH IJ
&2 %zﬂzleamﬂ LML O & (x200)
k6 REHMNENASK AOD LEER  (xs)

5 n HUFHIE/(gkg)  NAS/HT AOD
IR 10 0.0020.00  10.66+1.00
AL 10 6.60£0.92*  193.12+53.97*
SFIBA 10 0.04 44021200 91.7742.75°
LCZGIRA 4L 10 3.70 5.60x1.11  167.21x46.38
LGZGHFI&ELA 10 7.40 5.20+1.47"  140.92+31.91
LGZGREFIREA 10 14.80 4.80+1.54°  120.94+49.20°

F 37.865 37.274
P 0.000 0.000

WRHEBA e 5 AR ZH /1N BRUFF AL 20 o B0 1A S 194 JHF 400 s 2R HE 371 S
B AR P BRR ID A , F543 DX A A /N v S RE A
ABRBEAR s SEYBAL/INBRUTT 200 M 45 ¥ B AST Y 201 B B 20 | g
AR KA ERFEAS RS , S RE A0 M I B R 1 5 LGZGAIRR
ZH/INEUF A AR T2 AT AT U, S8 B2 17 4 AR AR 2 M % A o
LGZGH R FMLGZG = 4/ N R R &5 8 52 %, g

I 7 o 4 i R W) b i, A L/ 5 T 4 L 4 SRR A
(DL 1) o BT 20 /N BRONAS 5 F IE 8 41 (P<0.01) ; SFIB4H
LGZGT I B4 | LGZG = & 41/ BUNASIIIL TR ( P<
0.058%P<0.01) . (W.36)

AIZH

LGZGARF I EH LGZGHiadH LGZG R a

B 1 fKENRFHESE HE £8  (x200)
{Elaélo et N, IR 4/ N RIFHSULF-R WAG L G

S, T A D 25 e R 5 AR 2 /N URT 40 i oA T DL R A 21
28

5 ORI AR, 0P<0.01; 5 AR AL 28 L &L, P<0.05,P<
0.01.
3.4 B4 RAFPEFe MDA .ROSZA4-HNEKF f#x A
ZH/NEUFAEFe (MDA \ROS I 4-HNEACE = FIEH 2H(P<0.01) 5
SFJIBAL \LGZG 7 =4 \LGZG i 775 41 /N U EFe \MDA
ROS K 4-HNEKFHE T ( P<0.058, P<0.01) . (ML37)
*7 BENFBFAE Fe.MDAROS B 4-HNE 7K FLbE:  (xss)

il n SEREgky)  Fell wglapot) MDA mmolimgprot) RS 4-HNElpgfmgprot)

&4 10 UAL1285  196:04 100002 7109:12.29
A 10 DRLARY 602103 215:036 177002116
SFIB4L 0 00 175983288 205:070 142027 9956+ 1027
LGZCIEAE 10 370 WIALTH 360095 183025 1554423003
LCZGHAIEA 10 740 197582603 490+ 106 1742031 1400542067
LCZGEAEA 10 1480 18985+ 2248 433£119 1642025 130882874
F 173 0941 46810 R4l
P 0.000 0.000 0.000 0.000

5 R AIAR 2 PO01 5 5 AR 21 AR P P0.01,°P<0.05
3.5 B RS RTARE G LR AR R
351 #S4H/NEITFAZIACSLA  Transferrin JREB2 \FthE [ 4H
XfFRB R ARBIZ /N R4 ZUACSLA \ Transferrin JREB2
AN R RS T IER 4 (P<0.01), FthZE X 2k A%
FIEH 4 (P<0.01);SFIBA LGZGHHI B  LGZGE FE4H
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INEATLHZACSLA  Transferrin  IREB27E X A B KT
PRI, Fih /K- 25 AR Rk s 4 TR, 2 R a4
2 L (P<0.058% P<0.01) . (WLIEI3 . 328)

ACSI4 -— ——— 79 kDa
Transferin P T T T e— 77 kDa
IREB2 e — 105 kDa
Fth — " D —— — 21 kDa
B—catin i —— — — — 42 kDa

IEH 4 BUNA SFIBAL LGZG LGZG LGZG
(T REAL Rl bl skl

3 HBA/NRIFHAL ACSLA, Transferrin IREB2.FTH EH
FRiE Western blotting
+x8 RLA/NBAFAEEAEL ACSLA.Transferin IREB2.Fth

EAEMRIEELE  (xss)

bl n BHHE(gke)  ACSIA Transferin IREB2 Fth
Ex4 10 100£024  100£045  100£015 1.00£0.09
| 10 6104062 11.09:094 3884027 035005
SFIB4L 0 004 173202 232£037  106£012" 076 0.6
LGZGIERIEA 10 370 474£02  810£045 272011 0392004
LGZGHAIRA 10 740 229:024" 732068 2022021 0452002
LOZGEAEA 10 1480 15420200 416£066  141£017 053007

F 81 74811 U8 1440

P 0,000 0,000 0000 0.000

E 5 B LR, P0.01; S AR 48 64K P P<0.01,P<0.050
3.52 F4UNFHTFHZIACSIA mRNA Trf mRNAJREB2 mRNA .
Fth mRNAMIX AR RAS SR/ NRUFZHZIACSTA mRNA
Trf mRNA . IREB2 mRNAFHXSFRik & & F1EH 41(P<0.01),
Fth mRNAAHXT R AL FIEH 41 (P<0.01) ; SFIB4L . LGZGH

FEH LGZGR & /N FEITF4ZIACSL4 mRNA Trf mRNA .
IREB2 mRNAMEXS R A= HML THIAIH , Fih mRNAAHXT
Y TR, 2 5 A SR L (P<0.058 P<0.01)

SFJIBA . LGZGIKF =4 .LGZGH I = K LGZG 7l =41/
FUFH A Hepeidin R X R E XK THAYH , Ferroportin
FEOMXFRA RS TRAY, Z2F¥A5ITEEL (P
0.053% P<0.01). (WLIEl4 . 210)

Hepcidin | - - O ee—" w— I 10 kDa

| T ——— — |63kDa

Ferroportin

| 42 kDa

B—catin | — i c— —
B4 BOA4L SFIBAL LGZG  LGZG  LGZG
MR REAL Rl Rl ) it

4 BHEPMRIFAER HGlele‘FeITOpOI'[ln EA=F.$v
Western blotting [
F 10 FHH/NRIFEL Hepcidin,Ferroportin &R
W RIEELE  (x2s5)

bl n %755/ (ghkg)  Hepceidin Ferroportin
ERH 10 1.00£0.07 1.00£0.08
AL 10 1.660.06° 0.340.05*
SFJB4L 10 0.04 0.96+0.07" 0.78+0.12"
LCZGIRAZA 10 3.70 1.48+0.06¢ 0.57+0.06"
LCZGPEA 10 7.40 1.2120.11° 0.90£0.03"
LGZGRARAL 10 14.80 1.09£0.11" 1.1220.11"
F 5.633 27.842
P 0.006 1.000

E 5 BRI P<0.01; 5 B A 48 1L 4% ,PP<0.01,°P<
0.05.
3.6.2  FH/NRIFNEZHZ Hamp mRNA .Slc40al mRNAFHXT
ik i BERA/NEFIEA 2 Hamp mRNAFXS KB
AT IE# 4 (P<0.01),Slc40al mRNAFHXS Fh AL T 1E # 41
(P<0.01);SFIBAL . LGZG I 41 KX LGZG =i 7 & 4/ INR T4l
ZHamp mRNAFHXF IR EIL T , Sle40al mRNAKH
Ko ik 3 TR, 22 K A ST L (P<0.055% P<
0.01).(WFE11)

® 11 JBAMNRFEAL Hamp mRNA,Slc40al mRNA

(W29) HXMRIEELE (xss)

xR9 HBANRIFFALR ACSI4 mRNATf mRNA, ikl n HERE/(gkg) Hamp mRNA  Sle40al mRNA

IREB2 mRNA.Fth mRNA f8X5Ri%8 (xs) ER4 10 1.00+0.04 1.00+0.04

ikl n AR (gke) ACSLA mRNA Tf mRNA IREB2 mRNA Fth mRNA BRI 10 1.95:0.08°  0.68£0.02:
ERd 10 100£004 1005005 100£0.04 100004 SFIB4 10 0.04 1.34:0.06"  0.87+0.03"
ER 10 200£008  189£007 188006 0.68+0.03 LGZGARAIEA 10 3.70 1.75+0.09 0.75+0.03
SFIB4 0 004 1304005 1332005 137£0.04 0892002 LGZGH A 10 740 1.69+0.03  0.79£0.04°
LGZGIA 24l 370 190£007  170£009 1724009 0.72£003 LGZGH A 10 14.80 1.58+0.04" 0.84+0.04"
LGZGHT Jiz 740 1745007 162£006 1580100 081£003 F 65.523 6.357
chch%%ﬁ 10 1480 163£006° 1495008 1512005 087+003" P 0.000 0.004

F 43 15321 565 596 5 L, P<0.01; B AR A 1648, P<0.01,P<

P 0.000 0000 0000 0.005 0.05,

25 EF A, PO01; SR A P0.01,°P<0.05,
3.6 &4/ R4 R Hepcidin-Ferroportinid #48 5% & & & &
Ak AR
3.6.1 4/ 2 Hepeidin Ferroportin [ A X 235 &
e AR/ N R 2 Hepeidin B (A AT F 8 = FIE R
24 (P<0.01), Ferroportin [ A X FRIE AR T 1EH 41 (P<0.01);

4 it it

Ff R 2 TENASH 1Y 8 12 28K o AR 5 AR 905 15 RF 43, NASH
J& T B b R R A (SR - T ASHE) =
ZRL A B B BN H B R L 2 i R 2
MBS E R A B, R R TS B AR,
AR ES , w itk R BR, DU RS R B 2 IR | 38 A2k 7 o KA

29
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TN BE TE & 4 A0, ROAR A 38 O, & AL, I < i
FE” PR B4, Sz AT A, W LR o S RER B T
AR IR BA IR 2 2 M5 7 TP AR B I, DA A=
PR Z U5 FERIR B AL, ABI IS 252 1k 5 (IR NG | LA 3G
Wz id bz 31 WS 2y, 9 2 akdm . 2 & L 25 fe
JEE TR PR AR TR = 3,

AR FE R MCD IR £ F4 B NASHAR A MCD T e} 25 fifi 4
SRR NABR G Z | 1 AR AT 3 B 2 11 G ST 440 B ] 3 17
5 A R T NASHBI G 7 %, MCDELA 1 A 1]
S AR S SRR A AR, A e S A R B, MCD I R 1Y
NAFLD B (A BT 10)8 P9 23 T 40962 R I , ARBF5E
S5 SR AN ASH /IS BUAR 5T d A T g 5 i A5 kA 6 AL
TIH/NFHFEE0S T IR 4L, HTEALT AST/KFE X AFAETC
TG FIEH 4 N L] A HEFI A O (i, A8
TUZE /N B JEF A7 B 08 16 g 7 2 M B 42 ) S LGZ.G B ik
FHUGENASH/ N R LIRS o

Bt A AL R AN R SE T AR P ) — A SRR AR X —
TERRT A0 A P 1 22 i T 2 R A T 3 U, AN RE S
SN I B, Q0 S R 3 T AR AR AR A 3
SIXTDNAFIER 1T S5 A ) 533 i , Sre T4 4 i i) 1E
AR P RE . ROSYE A AL & LR RE ™= , LA 0 1Y
ST M, T A AN A g S R S
DAL, 3 o, 200 6 SR 40 L R S5 114 3 S DA T A B0 45 4
T, 4-HNEAE R —Fh£e R T Ak s s o AR B 7% SR
TRUREE S, 380 5 TR A R N RS 2 IR AR R 7K T S SR, 24
A= AR T I &1 S5 SRS fh e SR A L 38 2 0 5, 4—HINE A ¥
23 BT MDAYE A i T ok A AR I e 24 =) , Ay et
AR S SR 0 B A B AZ B R B 1) — A T B AR AR, A
FRAERFM, LGZGT] LU MENASH /N R HE A Fe (MDA .ROS
K A-HNEK- o LGZG W LA 3 i B AT IR 30 il g o ik
AL ENASH/ N A5

TR ER R A R T AL A R L S B R AR
J R TR B et R AR R, 328 i Ak 2 A R AT T i RO R BE T
BN NADH IR B4 222 PR 2R 08, o o A 40 i PR P 4k S
CIECEURAR Tl A == U T SO R (AT V& AR - SR SN
PIEFEYITACHS , T S B ZE AL IR ENADHI & R,
7T, A FE P A AT AT ARG AE AR 5 HE AR B | 2 A SR Ak
IR AR 25 AL DT CRAP I 552 N A DH A OG5 99 114 45
ol Tk FEAH A5 U A G (Acyl-CoA synthetase long—
chain family, ACSL) 47 fig 52 X35 H () SC B g , ke R P4 Joi Y
FNZRARLARIR  ACSLAEAEAE T IFIE A i — AR, T 2 59845
BRFET 22 Transferrinid 215 1] (i Fe2 ol f5 2 & BEUR sh 41 A
AR TR & A AR T A, O AR T A
A B o Transferrinde 15 S HR AT & AR IO SCEEIR 22, ] @ 3 Y
BRARIIRIR B AR, T T S AR ZR AR 56 1, AT 3
FEBRIET TENASHAE A & SR A8 rf & # 1E 10 /B 21, IREB2 /&
VAR AR I R 1 DS S DR AR IREB2 634 I , 44l
AHCSE R A kAT AR BB T | SE 7 P i R AE T2+, Fih 32 2L
S5 REIIC, R A Bk AR 1 P v 9 R s - R LA A B

30

RN B ) 5 R 2o AR WF 52 45 28 W 7R, SFIB AL L LGZG v A7) 4
A LGZGE A AL/ FUATZZIACSLA  Transferrin JREB24E F
AR 3K B SR T ALV, Feh 85 FUAR X R 35 7 v T4
T 5 SFIBA \LGZGH M 4 \LGZG i 5 i 24 /) U 2 2R
ACSI4 mRNA.Trf mRNA.IREB2 mRNA.Hamp mRNAAHXJ
TR R THAL, Fth mRNA.Sled40al mRNAKHX %Kik
g TR X R WILGZG AT LA o 845 A it A i 5
R AL IR SE T AL, SFIBAL | LGZGARGHIHE4L \LGZG
FHE 2 K LGZG i 7 £ 41/ U2 2 Hepeidin & 1 AH X 235
PR FRIRIL, Ferroportin£ AT 261k 45 5 TR
SFIB4 \LGZG " 3 1 41 B LGZG i 1 5t 41 /s BUIF Ik Hamp
mRNAAHXS 35 BT REALL (P<0.01),Slc40al mRNAAH
XTFRBEE THREBA , X 3R W LGZC X Hepcidin-Ferro—
portinifl % ELA P4 VE H o Hepeidinge: 20 2394 (4 25 R BT A
Z ik o Hepeidin R ARSI Co 8 45 ] 7, W] 3 -5 40 5 4k
i 4 38 38 2K [ FerroportinZ5 6, 15507 RALE M K A g4
(65 AN B Y R e R S VIR N BN Ferroportin
HESIR 2K A 1B 8 1 o TR A3 40 T 45 1 JUH J ) P2 - H*
SCHBLIE G, TEM b A0 IR 2 £ 5T I BRI, SR RIS
PN R A RIS BSR4 2 VR AR A o Ferroportindei /K P22k
Tt/ (iron responsive element,IRE)—Zki 78 [ (iron regulatory
protein , TRP) 3 Gt A% % I8 #5121, 4 Hepeidin 5 H A 7 M 52 {4
Ferroportinfl# M5 F I ZE & )5 , 7T fil K 312 F 1% H: M TRIM21
A HIKA8NE 22 AL, fE il Ferroportin P AL I 4 1) 75 i
ARG, AR 5 Wk 20 i P B ) 19 1) TS P, PRI , Hepeidlin
S Ferroportin 4 AH FAE X FAEF UL AR BR AR S ELAT A T ol it
HIVE R . FENASHIR ZE i #2 H1 , Hepeidin—Ferroportin i i 1 2%
A AT 5 S5ORT A Ak A, O S5 s 0 3K Sl i B 4R A
IFFBERHICT . AW LI, LGZG AE I 3 Hepcidin — Ferro —
portinid # , B K Hepcidin 1% , FF 5 FerroportingZik -

L8 LTI, LGZGRINASH/IN RBAT IR R AT, AR AIFL )
1] B85 % Hepceidin—Ferroportinil B R ERALT A K
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