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protein 1, Nckapl) K AF4EALARICEE R AN EEH o2 (actinalpha2, Acta2). 1 R JEEE al ## (collagen type I alpha 1 chain,
Collal). & BEABHALINFIF] 1 (tissue inhibitor of metalloproteinase 1, Timpl) FikEZ il (P<<0.05. 0.01. 0.001),
FEBE F-actin W4 R B IR LIS — 4% B2 (nicotinamide adenine dinucleotide phosphate, NADP*) /NADPH {EFt /& (P<
0.01). & TRz TG, UM B2 Fina. Myh9. Myhl0. Nckapl B FFEF4EAC ML K RIA B3 Tl (P<<0.05.
0.01. 0.001), NADP'/NADPH fH .k (P<<0.05), MMHRIESKE. &t AUV rlmsd G E g TAA 52
) BT 4 P XU A8 L 4R P AT A Bt R, DA DGR B 3 RRE A I PR YA 9T SR A B K 478

KPR MR lUWrzs FFAF4Etl; WERET:; R4 Z0ME 4 F-actin

FESES: R285.5 YRR : A NERS: 0253 - 2670(2025)18 - 6632 - 12

DOI: 10.7501/j.issn.0253-2670.2025.18.013

Mechanism of Taohong Siwu Decoction in inhibiting hepatocyte disulfidptosis and
improving liver fibrosis

HUO Zixuan, LI Jianan, DOU Yuanfeng, XU Zhe, QU Jiaorong, LI Xiaojiaoyang
School of Life Sciences, Beijing University of Chinese Medicine, Beijing 100029, China

Abstract: Objective To investigate the mechanism by which Taohong Siwu Decoction (BkZLVU#7%) ameliorates thioacetamide
(TAA)-induced liver fibrosis via intervening in hepatocyte disulfidptosis, a novel model of hepatocyte death. Methods High
performance liquid chromatography was used to analyze the components of Taohong Siwu Decoction. TAA-induced mouse liver
fibrosis model and AML12 liver cell model were established, and after intervention with Taohong Siwu Decoction, the mechanism of
Taohong Siwu Decoction in inhibiting hepatocyte disulfidptosis was investigated using transcriptome sequencing, bioinformatics, qRT-
PCR and immunofluorescence methods. Results TAA could induce the up-regulation of disulfidptosis marker genes such as solute
carrier family 7 member 11 (Slc7all), solute carrier family 3 member 2 (Slc3a2), filamin A (Fina), myosin heavy chain 9 (Myh9),
myosin heavy chain 10 (Myh10), NCK associated protein 1 (Nckap!) and fibrosis related genes such as actin alpha 2 (4cta?2), collagen
type I alpha 1 chain (Collal), tissue inhibitor of metalloproteinases 1 (7Timp1) expressions (P < 0.05, 0.01, 0.001), accompanied by F-
actin contraction and nicotinamide adenine dinucleotide phosphate (NADP")/NADPH value increased (P < 0.01). After intervention
with Taohong Siwu Decoction, the expressions of cytoskeletal genes Fina, Myh9, Myhl0, Nckapl and liver fibrosis related genes were
significantly down-regulated (P < 0.05, 0.01, 0.001), and NADP*/NADPH value was significantly reduced (P < 0.05), the morphology
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of cytoskeleton was restored. Conclusion Taohong Siwu Decoction could effectively alleviate TAA-induced hepatocyte disulfidptosis

and delay the progression of liver fibrosis, providing a theoretical basis for the clinical treatment of related diseases and complications.

Key words: Taohong Siwu Decoction; liver fibrosis; disulfidptosis; hepatocytes; cytoskeleton; F-actin
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ECM) TR LERYRIL OVRFE, HFR e
R FAEB IR RS . R E AR 4L
FEA IR LR IR T 262 5 4k 173021, fE 21 4
WwwtsEd, CafREV R BRIt
HLAIEA, 2023 4, —Fmgr A4 AE T 3 —
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fift. DRI, MEERERFE IS B R BRI 7 iR
11 (solute carrier family 7 member 11, SLC7A11) X
WK FEE 3 Bt 2 (solute carrier family 3
member 2, SLC3A2) HIE#KIA. NADPH HIFE%
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AT])); SHE-3000 BYEgARAX (FE/RAR ST BHE LA
HHRAF]D; C1000 Touch % PCR 1% (3£ [H Bio-Rad
vF]D; Centrisart® D-16C 4 B00HL (f[E 25 2 F1) 1y
AE]D; 8000 R EH MR CO, HF F %% (3E[F Thermo
Fisher Scientific A#]); F6/10 B2 AX ( FHHEE
SR AR AT ) Nano-800+5L B i & 1% W2 5 1
MEAC CEEgZMRHEARAFD.
2 7k
2.1 RO UAR T EIHIE
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it HPLC-UV XKLL VU073t 47 B 73 53 T » Ultimate
AQ-Cig tAiltFE (250 mmX 4.6 mm, 5pum), S
N 0.1%BEER K (A) -2 (B), BB 0~
15 min, 1% B; 15~25min, 1%~14% B; 25—~65
min, 14%~40% B; 65~75 min, 40%~60% B;
75~85min, 60% B. AR E 0.8 mL/min; BEFEAR
10 uL; KPP K 203 nm.
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/INRIESE 6 F ip TAA ST AF4ELR, 25 1 F
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1 h 5 ig BKELVU%, XTRRAIAIR YA ig S AARFR Y
ARTRERIK, 1R, ARG 6 . AR, R
WE/NER, N REERAKEUM, 53 B2 .

(2) JHEELEFL (bile duct ligation, BDL) i
SR YA AL, CSTBL/6T /N RBENL 4 Fuxt iR
A2, Fp2H 8 H o BEAYZH /N BRI e e <
RIEATIRIEE, £ E 1 om ABYFF RO, B
MERsIERS, B, H 5-0 FAREEELLTLH
M, SREHEESZHE . XTI R TIEE
HRYIIT R 4EE, BASGIIMELSE . BHER)E,
R /INER, R RS ERIKIL, 73 B AR 21

(3) VUE A bB% (carbon tetrachloride, CCly) %
SHIRTLF AL AELRLNA: CSTBL/6T /N BRBEHL 43 F %t 1
HFIRETZH, &ReH 8 N BRI/ ig CCly (1.6
mg/kg) 5 FHAA4EMBA, & 3 K 1k, EL: 4
Ji o XA ig SEARARI AR LK, BRI S, R
BE/NER, N REERAKEUM, 43 B ZH 2.

232 HHEWREAZAMNSE BHHFEHRT 4%%
RHEREE G, MoK, AR, Yk, ol
ITHARZER-FL (HE) FRIREL G, THFEM
BT mR.

233 AMME RSN FEREN & U R EL
ANERFREZHZUE RNA, 3R 7 Be ik, fn b
W4k, R AT (L7 RSP . 8/ Tllumina
WP 6 AT B 77, AR A 15 21 1l e 22 B &
S, %M P OE RO /NR L S A 1 SR R I 3 N
DAVID ##&/% (https://david.nciferf.gov/), EHFY
F o Mus musculus ”, 3175 [F A& 44 (gene ontology,
GO) Tife Kot # AR 5 R B R4+ (Kyoto
encyclopedia of genes and genomes, KEGG) i &
o, s PAEAY, ik R R At
A5 5%, GO 43 HrEHT 10 7. KEGG 74T HL
A 20 frgs e X HdE AT AT AL AL B, FIH R 35
5 221l GO 4r i 2 L B Xt KEGG ‘& S0 M Kl .
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2.3.4 QRT-PCR fillAH R R RIE 44 MR &
Y BARBUIF IR ZUS RNA £ cDNA, #EAT
qRT-PCR 73 #7. 51¥0F551: WEh&EH o2 (actin a2,
Acta2) L5 5°-GCGTGGCTATTCCTTCGTG-
ACTAC-3’, T3 5-TCAGGCAGTTCGTAG-
CTCTTCTCC-3’; 1 BJKJE al HE (collagen type I
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alpha 1 chain, Collal) Li#51% 5-TGAACGT-
GGTGTACAAGGTC-3’, N5l ¥ 5-CCATCT-
TTACCAGGAGAACCAT-3’; %5 4@ & A4 21
FMH#F 1 (tissue inhibitor of metalloproteinase 1,
Timpl) L5519 5-GCAAAGAGCTTTCTCAAA-
GACC-3’, N34 5-CTCCAGTTTGCAAGG-
GATAGAT-3’; Slc7all EJiF51%) 5°-CTATTTTACC-
ACCATCAGTGCG-3’, 514 5°-ATCGGGACT-
GCTAATGAGAATT-3> ; Sic3a2 L 35 514 5-
CTATTTTACCACCATCAGTGCG-3’, Fil#54¥) 5°-
ATCGGGACTGCTAATGAGAATT-3"; ZH4EH A
(filamin A, Flna) L5 5-GGAGTGCCAG-
CGGAGTTCG-3’, Fif#5|%) 5°-GCCACACCACAG-
GAGCCATC-3’; WIEKEEHESE 9 (myosin heavy
chain9, Myh9) LiiE51¥) 5°-GATCAATGTGACCG-
ACTTCAC-3>, N if 51 % 5-AAAGTCAGCCT-
GCTCTTTAGTC-3’; ALERE A E%BE 10 (myosin
heavy chain 10 , Myrl0 ) L& ¥F 51 ¥ 5°-
TCGAGTGGAACTTTATCGACTT-3", Filf514 5°-
CCTGAACCAGCTTTTCAACAAA-3’; NCK
FH 1 (NCK associated protein 1, Nckapl) #5114
5>-GGAAGCTAGCTCTTCAGAGTAG-3’, Fiii5|4)
5-AGTTCTTTTAGTGCAGACCGTA-3’; Hprtl L
5149 5°>-CCGAGGATTTGGAAAAAGTGTT-3’, F
514 5°-CATCTCCTTCATGACATCTCGA-3’. LA
Hprtl {ERNNZ, K 278 RS SE R IR AR X %
.y

2.4 ‘ARASELS

24.1 BRIz &2 MG & ¥ 4 HEErE
C57BL/6J /INRBENL /N as ARk 2L U7 (18
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Wiz, 2 0d, A 3d. RIREGE )G 1h, Rz
FRKEL . K AT =5 E 1h, 3000 r/min 250
20 min, B 3B, BT 56 CHEE/KIBHF 30 min
PLKIG ISR, FH 0.22 um AL eIt 4T I8 BR A
T80 CLRAFA H o ARHE T IR 25 H K H 5%+ 10%
15% & 25 I35 AT J5 225558

242 AR AMLI2 A0S 10%006E
A i DMEM }i 97258, T 37 C. 5% CO, fHif
RiFEA R B 9% . WE N IRAL . B AR Ui
K. . @AE (5%, 10%. 15% S 25105 ) 4,
FRE B sE 4GB, f5 . N TAA (50 mmol/L) Ab¥
1h, FIIAEZ MG 24 he

2.4.3 NADP'Y/NADPH /KPR % “2.4.27 T
NIERAT A AN G5 2, AR 4 R U B A e
NADP*/NADPH /K-F-,
2.4.4 qRT-PCR ¥l Flna. Myh9. Myhl0. Nckapl
FERFRIE % “2.4.27 TUR kAT A 2,
WCERAHML, % “2.3.47 TUT 7 iEAG I AR S HE R Rk
245 RETOCMBEMMEIILE 1% “2.4.27 Wi
NIRRT A 2, AR R E T 2 R
EEHEE 1 h 5, IARREG P bRid S EE R
JEGetar (102000, M E 2h Ja, THERERME
ISR
25 BFITESH

{5 Ff} GraphPad Prism 8 {44 X S 56 B s 3t 47 b
AT, AR UAX + s RKow, AR LEER A LR &
T Z5 T (One-way ANOVA ).
3 %
3.1 BREUARIR S ST

HPLC 455 87K, FEAW 7T FT ] & k£ iy
Wiz kRIS E 14 FREM AV TR
(B 1), HApBEEREE. higif D 23 iEird
PERCT, FIBRRR A bR SRSy, RHATZE
ATUTE . AT DA REMERSY, A
MAREERS, FEINE AR AL I E 25
BT, BREEAAC R R AR ENE RS . Hibw
B R S B AT 2 IR BR L VUi K IR P T S
EPERLF (R Do

4
1 14
re. VE_ /\_,,'P"\ A'\‘ﬁrﬁ/ . — ﬁk_,ﬁ o e Lv._l IAL._._..,_W
0 10 20 30 40 50 60 70 8 90 100 110
t/min
1-5-FR WP ALRERE  2-FBAAEMET: 3-)1IE R, 4-20JRIR, S5-I

ZiT: 6 AT TREEAANE: 8ATET; 9-FERER; 10-HhEE
D 1M R 122K AT 13-I0 450 14-FE )15 VR A
1-5-hydroxymethylfurfural; 2-acteoside; 3-tetramethylpyrazine; 4-
chlorogenic acid; 5-oxypaeoniflorin; 6-amygdalin; 7-hydroxysafflor
yellow A; 8-paconiflorin, 9-ferulic acid; 10-rehmannioside D; 11-

quercetin; 12-benzoylpaeoniflorin; 13-kaempferol; 14-senkyunolide A.

1 HREIYi789 HPLC Bl
Fig.1 HPLC chromatogram of Taohong Siwu Decoction
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Table 1 Contents of five marker components in Taohong Siwu Decoction
#ts HBH D/% BT B/ %o WESRETRL) A% PRI B R A%
S1 0.190 0.502 0.655 1.254 0.337
S2 0.210 0.524 0.578 1.223 0.296
S3 0.180 0.537 0.573 1.301 0.315

3.2 HELIPUA A AT A HE LI UER

JHWE HE MIRRE g ta i R (K 2) IR,
55 HR A b, ASE2R AH mT L I S P Y 3 X 5 R AR
W, FEAAEE KE R AR R AR RO 28k
A VUWIAIEIT Ja, LR 2 AN R R B X
o K qRT-PCR Ao il #-2HLJFF ik Hp JFF 4 4 A AH DG
Kl Acta2. Collal. Timpl ZFRIEKF (K 3), 455
TR, SXTHRALLER, AR /N U o A 4L
FIRFEEH Acta2. Collal. Timpl Fik/KFEET =
(P<<0.001); SR LA, Mhar Uiz m e
WM Acta2 Collal. Timpl mRNA Fik/K T i #
B (P<<0.05. 0.01), $E/nBk&r VU417 BE W H ) i
JEA B DA e I 4 4 Ak
3.3 HFRENFSHS5ERNSSEIEIE

Xof 7N BRI 2 AT 2 S 2EL 0 AT e Bk 2 DU 4

X I

el

HE 4t

PN AR )
100 pm
5 -
o a4
E 4
il
K 34
E EES
a 27
K 14
m
I I‘I
0 T

T 1 1
AR BT 425 850 17.00
Bear Uiz (g kg ™)

SxtiR4L s *P<0.05 *P<0.01 *#P<0.001;
P<0.05 *P<0.01 *#P<0.001 vscontrol group; "P < 0.05

ERRIA L "P<0.05
*P<0.01

DU EA A B, #5018 P<<0.05 Jiik t 588
MEFIER, GO g Rz 7R N E LTI
AEEHME SR, MR CEE (K 4-A),
GSEA DM RN, BMZ R TR THA
FRARBHER IR (B 4-B). FEnika Uiz vl i
Z 575 5 R AR T UIAH R ) AR it 2

WAL T A R FHE R Ll B (1] 5-A) S5 R IR,
5500 M 2H L, A5 AR ZH BURR A T IR 0% B 1 TR
Slc7all Slc3a2+ Flna~ Myh9. MyhlO. Nckapl 3%
£ LS (B 5-A). #E (K 5-B) 4iRER,
TR AR IT I, R AL TS ) R B 4 R K]
Slc7all~ Slc3a2. Fina. Myh9. Myhl0. Nckapl 3£
pre 1 i

K H gqRT-PCR RGN 5% 28 /) BRUFF AU R SRR A
PRHEVE R R ek, 45 R 6-A o, Eixﬂﬁéﬂ

BELL UM% 4.25 g kg™! BRLLDUMI% 8.50 gkg™! BRLLIUMI 17.00 g-kg™!

HitH

i

xﬂiﬁ ff,'%i 425 850 17.00
B Ui/ (g kg ™)

RARE LD YT AR

*p<0.01 ***P<0.001, FEM.

**P <0.001 vs model group, same as below figures.

2 BENRIFAEREEN (X20)

Fig.2 Pathological changes in liver of mice in each group (x 20)
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% 44 % £

3

3 310 = 104
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0 T T T T 0 = T 0 = T T

SR R 425 850 17.00 SHHE R 425 850 17.00 850 17.00 WHHE RERY 425 850 17.00
B Uiz (g kg ™) LTI/ (g kg ™) LTI/ (g kg ™)

B3 BENRAFPEAFAEUHEREEREKTE (X+s,n=8)

Fig.3 Expression levels of liver fibrosis related genes in liver of mice in each group (X*s,n=38)
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Fig.4 GO (A) and GSEA (B) analysis results of differentially expressed genes
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Bl 5 WHMETHXEEAKLE (A) RAE (B)
Fig. 5 Volcano plot (A) and heatmap (B) of genes associated with disulfidptosis
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