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Abstract: Objective To investigate the effect of Dange Jiecheng decoction in improving alcoholic liver disease (ALD) in rats, as well as
its mechanism of action based on the tumor protein P53/glutathione peroxidase 4 (GPX4) signaling pathway. Methods A total of 36 male
Sprague-Dawley rats were randomly divided into normal group, model group, Dange Jiecheng decoction group, and compound Yiganling
tablets group, with 9 rats in each group. The rats were given gradient intragastric administration of 56% alcohol to establish a model of ALD,
and meanwhile, the corresponding drug was given by gavage for 12 consecutive weeks. After the experiment ended, serum and liver tissue
samples were collected to measure the serum levels of alanine aminotransferase (ALT) , aspartate aminotransferase (AST), and triglyceride
(TG) and the levels of malondialdehyde (MDA ), reactive oxygen species (ROS) , glutathione (GSH) , and Fe**; HE staining was used to
observe histopathological changes, and oil red O staining and Prussian blue staining were used to observe fat and iron deposition in liver
tissue, respectively; RT-qPCR and Western blot were used to measure the mRNA and protein expression levels of P53, glutathione
peroxidase 4 (GPX4 ), NADPH oxidase 1 (NOX1), prostaglandin-endoperoxide synthase 2 (PTGS2) , and ferritin heavy chain 1 (FTH1)
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in liver tissue. A one-way analysis of variance was used for comparison of continuous data between multiple groups , and the least significant
difference -test was used for further comparison between two groups. Results  Compared with the normal group, the model group had
disordered arrangement and incomplete structure of hepatocytes with inflammatory cell infiltration and a large number of fat vacuoles,
significant increases in the serum levels of AST, ALT, TG and the levels or activities of MDA, ROS, and Fe?" in liver tissue (all P<0.01),
significant increases in the mRNA and protein expression levels of P53, NOX1, and PTGS2 (all P<0.01), and significant reductions in the
content of GSH in serum and the mRNA and protein expression levels of GPX4 and FTH1 in liver tissue (all P<0.01). Compared with the
model group, the Dange Jiecheng decoction group and the compound Yiganling tablets group had ordered arrangement of hepatocytes with a
reduction in inflammation, significant reductions in the serum levels of AST, ALT, and TG, the levels of MDA, ROS, and Fe?* in liver
tissue,, and the mRNA and protein expression levels of P53, NOX1, and PTGS2 in liver tissue (all P<0.05), and significant increases in
the content of GSH in serum and the mRNA and protein expression levels of GPX4 and FTHI in liver tissue (all P<0.05) , as well as an
improvement in hepatic steatosis and a reduction in iron deposition (all P<0.01). Conclusion Dange Jiecheng decoction can effectively

improve disease progression in rats with ALD, possibly by regulating the P53/GPX4 pathway and inhibiting ferroptosis.
Key words: Liver Diseases, Alcoholic; Dan Ge Jie Cheng Decoction; Ferroptosis; P5S3/GPX4; Rats, Sprague-Dawley

Research funding: Ningxia Natural Science Foundation (2023AAC03210) ; Construction Project of High-Level Key Disciplines in
Traditional Chinese Medicine by the National Administration of Traditional Chinese Medicine (zyyzdxk-2023209) ; 2022 National

Famous Old Chinese Medicine Experts Inheritance Workstation Construction Project (Guo Zhongyiyao Renjiao Han [2022] No. 75)

TR YE AT (ALD) #8 & A 45 1 30 R 2 i 2% DT AH
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RS i TR 1 SR A R I SR PE T, KT
FERW PRIET I ALD KA R AR O HETR 30
FE AR 25 77 A K P 4 (reactive oxygen species,
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Sl HERK], S0 ROS £ BURIERIET Rt A2 . A B ik
EAL Wi 4 (glutathione peroxidase 4, GPX4) ZERIET- 1 %
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Fos JFUR HE R 45 24 5697 ALD') 33 o 2y i 83
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P ERIET IR M A T . ORBIFIE LARRIET LA,
T P53/GPX4 (5530 B, BRI PHES i 17 038 ALD R4
B, LA R P EE 2B A ALD 42 HETH A i SR

1 #MREFE

1.1 ##

L11 4 36 M SD K, )5 i 180 ~ 200 g, i
TR ERR A SLG sh Wy o SR R [ 5250 3h A P 1V AT IR
5 :SCXK(77)2020-0001 , S50 2 Hy fff FH/F AT UE-5 : SCXK
("79)2025-0001 ], 3 T 7 HERRFEL RSP hl,
H ORI

1.12 #HH 54 PEBEG DTN AT
HERKERR P EER " W& T S
2.8 ¢/mL, R AEAE £ o BT a8 IR GE AR 245)1
ey A BRZAS H) L #HE5 £ 222025133) 556 “CiliHG (AL a4 2
e A RN 7L, S5 . SC11511160310087) 5 AST iR 5 &
(P s AR ) TARFFE T, 15 : CO10-2-1) ; ALT IR &
(P Bt @A) TR WESE i, it 5 £ C009-2-1) 5 N i
(malondialdehyde, MDA ) I 2 35 751 & (R 5 i A 9 T 4%
WFFERT 5 : A003-1-2) 5 H i =R 55 & (R s i =4
TARRFFEIE, S - A110-1-1) s ROS TR £ (e 5 B A 9
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ARG A5 : E004-1-1) 5 61 e 43200 & (b it
FK AT G1422)  PS3HUA (5 [ Affinity A ],
#4552 AF0879) 5 GPX4 HL {4 (SE & Affinity 23 7], it 55«
DF6701) ; 7 7 Ik = N i | AL ¥ & il 2 (prostaglandin-
endoperoxide synthase 2, PTGS2)FT4A (€ [# Affinity 23 7] ,
HE5 - AF7003) 5 0 It i Ji W8 e A% Y 1 e I L 16 18 1
(NADPH oxidase 1, NOX1)FifA (32 [H Affinity 24 7], #t55
DF8684) ; & ih M F 4% 1 (ferritin heavy chainl, FTH1 JETIREN
(2 [ Affinity A &, #t5 . DF6278) s RNA 42 Bk (I 3§
IR B A FR 2 7], #5 0 G3013) 5 SweSeript All-in-One
RT SuperMix for ¢PCR (One-Step gDNA Remover) (X7 5§
%4 SR B A B2 A, 5 0 G3337) 52 X Universal Blue
SYBR Green qPCR Master Mix ( #07 $E 4 /R BL A R A
AL iS5 :G3326),

113 ME  Leica RM2255 BUA U1 T L (LA
MEAFA AT ; Aperio LV1 ) B A (P2 Leica
ZNT]) 3 Amersham Imager 680RGB R R 2 IHE 1%
I (ZEE GE > 7] ) 5 Stepone Plus i 75¢ Y6 12 8 5B A 4% 2
BRE(PCRX (S [E ABT 22 ] ) ; JXFSTPRP-CL 2 ¥ VA
BEML (b3 15 ) 3 Neofuge 13R A5 I 55 80 25 .0 WL (i
Eppendorf) ; LF-600T %! Western Blot HL ik S % I 2 4¢ (b
e 5 BHECA BRZS ) s ETC811 8 PCR A (Jb 5% 7R 42

AR A RRA D .
1.2 7k
1.2.1 ##EAH5m 36 HSDRFEMMEMRES )G, %

FH (87 BB AL 53 25 5 0 I # 4 RS R 2 P 5 i e 3 41
ME TR A4, HHo X, B IERHS TEN &
MIZEIRKIE S RS AL T 56% WIHHES (551 ~3 K
4 mL‘kg_l'd_l; B a4~7 K6 mL'kg_l'd_l; N N =
10 mL-kg ™'+ d™)™M BRI HE B A 25 (ARG 8 h),
P Sk T V7 A g R A R B B 2 12 g/keg W B P F 58 fidf T
VW, 27 3 I R 7 2L R R A B I R KA R R BT it
21 mg/kg HE B, 1EH AU AL R FRUE 15 SRR B ZR IR K
YESoxk B R4 12 J8 (A 37 S AR H (S 50 3 2% ) 31
TSRO ARG, 2 60 kg BUAFIEL)

122 #ARE HAZKRE, A RKEEEEAREK,
3% NG 240 (1 mL/kg) 8 VRS, 7 = Sk, &0
WA LT , T -80 ‘CUKAHPRAT 5 AP T I s, B
HATF WA T ORAE , 53 BUE BRI L2853 53 4%
LW REEE . B ER 6 R 75 826 0 o4
1.2.3 o 7 AT 2 a6 Fw o g K P A0 ARlob i A K B
I35 7 AST #1 ALT ; GPO-PAP B A6 TG &

1.2.4 APkt AL IR SRR G
o 45 2 20 21 ROS 7K s TBA YA A TN MDA % 4 5 3L
S AR VR A I A 2 b 23 I R (GSH) & 5 L (i A
M Fe ik,

125 W 0Fe KA R, B vk #
JE R ATHEZL O Jey h et Z8IR/KIR VD) i, Bl s DR AR
R YL YRGB R, T B WK R E A g o
BB OL. {8 Tmage J AT IAT O Yot miAl bl
12,6 H£&Xige WAL MR K, S
WG IR Y ZR IR W SRS A T G TR
W QU 7 @4 SR R ah S T A 6 U
G AUk 5 U L o

127 RT-qPCR i # @ if 28 4% ¥ P53, GPX4, NOXI .,
PTGS2, FTHI mRNA & i /K P WA T 41 40 v i B B
RNA , SR J ff 300 5% S BRRE mRNA 5% 558 cDNA |, 5 15
qPCR A HEAT 938 5 B, eI 5 14 (BRI PR 4k 7R
BHEABRAF), FHILE 1, LLGAPDHAE N NS M,
i £ RT-qPCR {4l P53, GPX4 . NOX1,PTGS2.FTHI1
B SN Z B CTAE, 1T H A ZE ] mRNA A X3R5k
. LIEAE 3R,

x1 5l¥F5
Table 1 Primer sequences

B J¥51(5'—3") K (bp)

NOX1 F:TCCTAAACTACCGACTCTTCCTCA 141
R:ACTCATTGTCCCACATTGGTCTC

GPX4 F:AGGCAGGAGCCAGGAAGTAATC 212
R:ACCACGCAGCCGTTCTTATC

FTH1  F:CGCCAGAACTACCACCAGGACT 184
R:TCAGTTTCTCAGCATGTTCCCTC

PTGS2 F:CGTTTGAAGAACTTACAGGAGAGAA 94
R:AGCAGGGCGGGATACAGTT

P53 F:GGCTCCGACTATACCACTATCCACT 151
R:CACAAACACGAACCTCAAAGCT

GAPDH F:CTGGAGAAACCTGCCAAGTATG 138

R:GGTGGAAGAATGGGAGTTGCT

1.2.8 Western Blot #& | Jf 20 2% P P53. GPX4.NOXI.
PTGS2.FTH1 & & & & K- BORERUFZHEZ, I A 246
WARBUS E A, 0P B0 BRI EAWE, T
100 “CHVAR PR o iE AT R RS HRL UK VR B I — L
4 CHE LR, MAZIEIRGE 2 h, ECL B3¢, 3t H
Image J FM#-47 041, SEE R 3R,

1.3 %its sk @it SPSS 21.0 B AT b B,
B xts R, 2401 O AR FH LR Ry 2250, it — 2
PP LR FH LSD-e A . P<0.05 MESFA G228 L.
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2.1 HEBBEAHSALD K A ARRKRELEFHH W
SIEH AR L BRI A M HES 25050, S5 A A 88 A R
i A B RO K S i 7 25 0 5 SRR ZE AR LY, P R
AN 7 5 I R R L 2R I HE 51 8 5, S22 HES ) 25
FSERE /D RAEANME = A B AR s 1 (18 1) o

22 FEMELH AT ALD XK R g fe T ik ed¥em SIE
B LA R R BRI T H TG CALT A1 AST 7K P27 i
FhiEs (PEY<0.01) s SR H AR, 4545 25 41K R
TG . ALT FIAST /K40 2 R (P {H<0.01) (£ 2).

23 FFEMEZHATALD K AL A X I AR H "
5 IEH 2 b WA K RURFZH 20 GSH 7K - B B IR (P<
0.01) ,Fe* 7K MDA 7K Fil ROS -2 5 3 ik it i 15

A1

o O MR o
THra, IEHH b BRI s o, PEES AR IA 2 5 d, ST 5 i R R 4
E1 ALD KRAFHELREFER(HEZE, x100)
Figure 1 Liver tissue pathological sections in rats with

alcoholic liver disease( HE, x 100)

1 E T (P4 <0.01) s HEIRYA L8, P 5 i e 7 40
S 7 35 R A 2K BRUF2H 21 GSH /K-35 B & 7 v (P
{5 14<0.05) , Fe** 7K MDA 7K F-Fl ROS -1 98 it F ik
58 1) W S BRI (P (E34<0.01) (K 3 2) .

24 FEBELHNALD KA ALRIGRERGHw 5
TEH AR L AR ZH K R4 M P i 35 2 (P<0.01) 5 5
BRI AR L, PHE R I AU T 2 IR 7 T 105 K BT
L P B B k2 (P 2<0.01) (6 4 81 3) .

2.5 JHEM@ELAH A ALD X SAF AR5 B T IR Yk
5 IEH AR b AR 20 R SRR 2R 20 PN ] DL B S i G ke,
FEMARR B TR I AR N (P<0.01) s SR A L, 4% 45
22 R BRI EH 8V s DT AR m AR B f i/ (P (B #5<0.01)
(F£5.K4),

26 JtE fEEZH A ALD K ST 48 2% PS3.GPX4.NOXI
PTGS2.FTH1 mRNA £ A 69 %0 5IEH 4 b, B4
K EUITFZH 27 P53 .NOX1.PTGS2 mRNA % 26 5 & 2 B i
N (P{E}<0.01) ,GPX4 FI FTH1 mRNA A X} 22k 1 1
B> (PEII<0.01) ; SR LA, FH 58 i A 4L RS
7 %5 BT R A 20K BT 4H 4L P53 .NOX 1 . PTGS2 mRNA Af %}
Feh ] AR (P (E14<0.05) , GPX4 AT FTH1 mRNA A8
X ik a ] i T (P <0.05) (6 6) .

2.7 JFB MELH *T ALD X AT 4142 PS3 . GPX4 NOX1 |
PTGS2 . FTH1 % & .k k69 % vk S IE W4 s, B Rl 4
KT ZH 2L P53 . NOX1, PTGS2 75 (£ 3k 14 i (P {H 1<
0.01) , GPX4 Fil FTH1 £ [ 3Rk 98/ (P {H 4 <0.01) ; 51
RIS, P B I v A AN ARy e I R A 4K U 414

#R2 ALD XRMASFOAFIhAETE R

Table 2 Blood lipids and liver function in rats with alcoholic liver disease

215 SiE(R) TG (mmoL/L) ALT(U/L) AST(U/L)
IEH A 6 0.0420.01 10.24%1.35 33.23+0.92
EFRIZH 6 2.84+0.22" 43.05+1.13" 60.99+0.51"
FrE IR HH 6 1.29+0.01% 13.02+0.92” 35.93+0.87”
B R A 6 2.2440.02% 34.35+2.33Y 35.97+3.68”
F§ 356.20 440.70 132.70
P14 <0.000 1 <0.000 1 <0.000 1

L HIER A A, 1) P<0.01; 58I A, 2)P<0.01,

#£3 ALD XRAFHZ MDA .ROS.GSH #l Fe*' & 25 iF M E R
Table 3 The levels or activities of MDA, ROS, GSH, and Fe?' in liver tissue of rats with alcoholic liver disease

211531 SIYE(R) Fe”* (mol/gprot) GSH (mol/gprot ) MDA (nmol/mL) ROS %58 5 (%)
IEHA 6 3.60+0.91 21.82+1.92 9.77+0.53 0.06+0.03
PRI ZH 6 10.67£0.77" 6.76+1.33" 20.38+0.38" 32.75+2.19"
P i A 6 5.74+0.32% 16.96+1.13% 10.77£0.38” 8.46+2.70”
Bt R A 6 7.83+0.66% 11.70+1.63% 12.44+3.36” 20.58+1.59”
FE 55.63 54.03 23.52 167.30

P1H <0.000 1 <0.000 1 0.000 3 <0.000 1

S IER AL, 1)P<0.01; S8 A, 2) P<0.01,3) P<0.05.
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Figure 2 ROS levels in liver tissue of rats with alcoholic liver disease (immunofluorescence, X 200)

F4 ALD XRHELERERER
Table 4 Lipid accumulation in liver tissue of rats with
alcoholic liver disease

&5 ALD K RAFHARKTRRAIE
Table 5 Iron deposition in liver tissue of rats with alcoholic
liver disease

215 SB(H) L O Y (%) 215 FPE(H)  HFELEREmA(%)
IEH A 6 1.05+0.11 IEH 4 6 0.175+0.002
T2 6 6.51+0.22" TR 2 6 0.201+0.003"
FHEREEAH 6 1.7740.11% FHEREERALH 6 0.17620.001*
Rt R R d 6 3.22+0.04” Bt R A4 6 0.186+0.008%
FH 988.70 Fi& 24.06

PIH <0.000 1 PiE 0.000 2

W S IEW A, 1)P<0.01; 5L AT, 2) P<0.01 .,

2 Pind
4

© ©

Wra, IEF AL b, B s o, PREMRRALL;d, BT 23R 4.
3 ALDKRAFALRBERERER (ML ORE, x200)
Figure 3 Lipid accumulation in liver tissue of rats with
alcoholic liver disease (oil red O staining, X 200)

P53 \NOX1,PTGS2 £ 1 234 34 B I FEAIK (P {H 39 <0.05) ,
GPX4 M FTH1 & [ 2 ik K FE ) 8 T+ & (P {E 14 <0.05)
(F£7.45),

T SIEWALHH, 1) P<0.01; SR HAs,2) P<0.01,

Hira, IEWH b, BV ;o FHE IR A d, BT s iT R 4.
B4 ALDKRAFEAHKBEFRRER(EELIE, x100)
Figure 4 Iron ion deposition in liver tissue of rats with
alcoholic liver disease (prussian blue staining, x 100)
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£ 6 ALD X P53.GPX4.NOX1.PTGS2.FTH1 mRNA 3t KA £
Table 6 The mRNA expression of P53, GPX4, NOX1, PTGS2, and FTH1 in rats with alcoholic liver disease

ZH 5 P53 mRNA NOX1 mRNA PTGS2 mRNA GPX4 mRNA FTH1 mRNA
E#H 1.0240.24 1.01+0.13 1.0140.17 1.01+0.13 1.01+0.13
TR 2.17+0.29" 1.93+0.06" 1.49+0.13" 0.60+0.06" 0.62+0.05"
FEE fR A 1.34+0.25% 1.38+0.10% 1.08+0.08” 0.81+0.05% 0.83+0.02”
B RAA 1.63+0.09” 1.67+0.07% 1.1940.08” 0.80+0.04” 0.79+0.02%
F{H 13.68 54.49 8.96 13.35 15.54
PiE 0.001 6 <0.000 1 0.006 2 0.001 8 0.001 1

W SIEEAH R, 1)P<0.01; 5L 4, 2)P<0.01,3) P<0.05,

%7 ALD AR P53.GPX4.NOX1.PTGS2.FTH1 ZE AKX ER
Table 7 The protein expression of P53, GPX4, NOX1, PTGS2, and FTH1 in rats with alcoholic liver disease

2H 5 P53 NOX1 PTGS2 GPX4 FTHI
IEH 4 1.00+0.00 1.00+0.00 1.00+0.00 1.00+0.00 1.00+0.00
FERIZH 6.31+1.19" 1.57£0.08" 1.99+0.01" 0.49+0.01" 0.16+0.04"
FE A 2.39+0.55” 1.20+0.04% 1.33+0.07” 0.7240.03” 0.5740.05”
It R 3.83+0.627 1.29+0.16” 1.60+0.12% 0.58+0.01% 0.34+0.06”
F{i 169.10 19.62 58.82 613.60 115.20
P <0.000 1 0.000 5 <0.000 1 <0.000 1 <0.000 1

S IER AL, 1)P<0.01; 5B A, 2) P<0.01,3) P<0.05.

PTGS - ——— o |

— == 1 PS3 LR
o - -
FTHI ”. 21k0
GPX4 .— -
—

,@v}% 4@}\3‘% P

% v
é& @% é‘“& @"ﬁ vt %@
& &5
7 P
E5 HAAXRFELPS3.GPX4.NOX1.PTGS2.FTH1
EARIEER
Figure 5 Protein expression of P53, GPX4, NOX1,

PTGS2, and FTHI1 in liver tissue of rats from each group
3 Wit

Fh B ALD J& T TR TR T R A . R
R 255 ZAFE IR IR 50, TA A ALD J2 PR U g 5 350
TR 2R AE PR Y B3, R i it DU WL AN B
TRAEE WP N A . [FIRHE BRI 4 I s .
TULHE H ALD AIEYT I 00 2T I, 3 ACAR AL, 355 1
I Al PR R . PLE R LR B AR 7 PR (g
J ATHIPEIE A AR IS 203 1 LA S i Ak
I, B AR , SR RSB IINIE s 2408 AT A
FRIMZENF o 407 R AR 36 A6, 5 ALD S AILAH W)
Bro AMFIER TR HEREG 2 35 ALD B 25 5 iR K
BRI 1 AST ALT TG & s34 7 i THZL O Yt i /RS2
2 PR S0 S AR 1, B 4 T B HE R R B T T

FE | I AR U HERR T 7 5t 35 Tt , 3R 9] ALD A5 3 i oy
5o GPHEMREEAIRYT G LS D AR M B
AST ALT.TG % it i FFEAR , 3R P15 g2 1 % ALD B
H—EEGEER
BRIET 2 — PR i B ik b= AR 5 1 & 1Y
MMEFE T AP P 5  ROS 1 B 2 &%
BT A SR A KR O S B T A,
P IFAI AR N A BB B A, 7RG S5 5 R T kR
FIBEE A VR BEHAR R Fed IR R Fe® , B E 40 5 v
SHEEAMHN Fe? 3G 2T KA Fe? ST SR B AL
Jig ik AL e A i R Sk B R 3R] T ROS 1Y
A2, ROS B B 2 MUt A AR L Z AN AR IR , 51 &
BT AL, A AR MDA %57 4 % A S A B SR
IEH BT, GSHTE GPX4 AEHT , il LA R AR i ad 4
16, 2 p 240 B N AR A ST (EIRDRS AR ) L 1 25
5 GSH S5 A, S HL I RERE I, 412 N et 28 Ak iy S g 7
PRI, R 30 GSH FEMB W JC A 208 b g il 4
e, TS R BRFET=1) . FTH1 2 580t , nl 172k
BT M FTH DR S8 i, 2 3040 M il 25 — ks
T EAMIFSE o i SRR T FTH R IR A
R BRIE T AR AL 2 . AR S R S —8, 5
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