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B OE: BW THRHNINKFRIT )= WS A (senkyunolide A, SenA) JEILH S AT 2 IRUNAY (hepatic stellate cells, HSCs)
FEZUDNSGEE 4L FE R VLE] . F53%  FIF SwissTargetPrediction (4 FE Ml GeneCards $U4f FE 35k 75 SenA 8 & M 4F4E1L
PRFARICHE 55, I 3 S AT 3R AR (gene ontology, GO) RE MK st#l A SRR A FFI4T (Kyoto encyclopedia of
genes and genomes, KEGG) & /31T, B Metascape 73 #7285 1 5 - 25 A UAH EAE A (protein-protein interaction, PPD
W%, TR IEINMZ O, HXTZ O RUT R IR & T, IR LSS SenA #HT /0 T4, RAIIR G E&H AR
SERFEF AL /N AR, 43551 K F #5640 25 K K F-B 1 (transforming growth factor-B1, TGF-B1) Al /MRATAE A= K K -F-BB (platelet-
derived growth factor-BB, PDGF-BB) #5537 AW A R LX-2 40 Ak U AR HSC-T6 iF LA, 457 SenA T
Ja, GEHREEZMK B-2LILEEEF (senescence-associated-B-galactosidase, SA-B-Gal) Jeffi. EdU 4eff. qRT-PCR ZRALFEE
Bhn. G5R MZZEEEREIR, SenA 5HA4ELA 39 MO, TEBAEETHREZAHECERE. H—PHT
PPI 453845 19 AN EEK AT BB SenA VRS A 4 A0k e A% O BT AL, FF R I 41 M 38 22 A DR A% OV B0 B 7E HSCs W iRk
GEE TR, KIL SenA 5 Aurora ¥ A (Aurorakinase A, AURKA) MIZ5&RE 1855, #78 AURKA Al fESE SenA
1E HSCs BAFAEF IR T #055  ARPAMSEI0 A5 LR, SenA 3515 HSCs IU3EE (P<<0.05. 0.01. 0.001), &35 i
HFEAE B R 4E M A & D1 (Cyclin D1, CCNDID> FJE A FKHPE SIS 2 (cyclin-dependent kinase 2, CDK2) [F3Ri%
(P<0.05. 0.01), [AIlS _EIAEEZAHSIER p21. BB IRFEIR F-a (tumor necrosis factor-a, TNF-a) Fl [ 4HAE S %-6 (interleukin-
6, IL-6) ML (P<<0.05. 0.01), HETEZEME] HSCs WAL 5BIRTIR (P<0.05. 0.01. 0.001). £5if SenA il 5T
HSCs & LU HSCs ik, AT e T 44K .
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Effect and mechanism of senkyunolide A against liver fibrosis via inducing hepatic
stellate cell senescence using integrated network pharmacology
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Abstract: Objective To explore the mechanisms by which by which senkyunolide A (SenA) ameliorated liver fibrosis via inducing
hepatic stellate cells (HSCs) senescence in vitro and in vivo. Methods SenA targets and liver fibrosis related targets were obtained
using the SwissTargetPrediction database and GeneCards database. The intersection targets were used for gene ontology (GO) function
and Kyoto encyclopedia of genes and genomes (KEGG) pathway enrichment analysis. Metascape was used to analyze protein-protein
interaction (PPI) network, core targets were screened and confirmed, functional enrichment analysis on core targets was performed,
and molecular docking with SenA was performed. A mouse model of liver fibrosis was established using common bile duct ligation.
Human hepatic stellate LX-2 cells and rat hepatic stellate HSC-T6 cells were induced using transforming growth factor-f1 (TGF-f1)

and platelet-derived growth factor-BB (PDGF-BB), respectively. After SenA intervention, senescence indicators were characterized by
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senescence-associated-p-galactosidase (SA-B-Gal) staining, EdU staining, qRT-PCR, etc. Results The results of network
pharmacology revealed that SenA and liver fibrosis shared 39 common targets, the common target genes were enriched in cellular
senescence pathways. A total of 19 genes obtained based on PPI network may be the core targets of SenA on regulation of liver fibrosis
progression, and it was found that core targets related to cellular aging are highly expressed in HSCs. Combining molecular docking
experiments, it was found that SenA had the strongest binding ability to Aurora kinase A (AURKA), suggesting that AURKA may be a
key molecular target for SenA in HSCs. The results of in vivo and in vitro experiments showed that SenA significantly induced HSCs
senescence (P < 0.05, 0.01, 0.001), significantly downregulated the expressions of proliferation related genes Cyclin D1 (CCNDI) and
cyclin dependent kinase 2 (CDK?2) (P < 0.05, 0.01), and upregulated the expressions of senescence related genes p2/, tumor necrosis

factor-a (TNF-a) and interleukin-6 (IL-6) (P < 0.05, 0.01), thereby significantly inhibiting HSC activation and collagen deposition (P <

0.05,0.01, 0.001). Conclusion SenA induces HSC senescence to inhibit HSC activation, thereby improving liver fibrosis.

Key words: senkyunolide A; senescence; liver fibrosis; hepatic stellate cells; senescence associated secretory phenotypes
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1.2 w5

SenA ({it*5 B21461, i #=98%) W H L
HHEM AR EERAA: R (S
20250912). Jo/K ZEE (5 20260511) M H LR
IEFRAE R AR AF]; SA-B-Gal Jeil & (it
5 20220412) M EIERZRERHLARAF; BdU
ARG ks 20221122) 9 E3&E APEXBIO
NHEl; BARE-L (hematoxylin-eosin, HE) 4Lty
A& S 2509E045). Masson Fetaifki & (it
7 CR2605010) 14 B iR 4E /R AV RHEA R A
A p2l Hifk (LS 10355-1-AP) W BRI =4
MEAREGRAF; a-FENILBIEE (a-smooth
muscle actin, a-SMA) Fifk (b5 19245S). %t
Pt (AT 8889S) WH L CST Awl; #fLEK
[A-F-B1 (transforming growth factor-p1, TGF-B1, it
5 CAS59) W [ 75N I 5 1 A B RH A A TR A 7 5
MR AT A2 A K A7 -BB - (platelet-derived growth
factor-BB, PDGF-BB, fit'5 HY-P7278) JiH & H
MCE A#]; SYBR gPCR iX7& (5 Q412-02).
WS & GIES P611-01) T [ 7 5 i MERE A= 40)
BB ARAF .

1.3 (Y&

8000 RFNEMI CO, WH A (EEIFEH T
IRBHE A F]); Centrisart® D-16C B4 B0 (fH [F 2§
Z R A 7]); C1000 Touch % PCR 1% ([ BIO-
RAD A#]); FV300 BUILEAE BT CKX53 B
B RMEE (HA OLYMPUS A#]); R500 B FREEHL
RN B PR AE A A B PR A 7]D5 Nano-800 74t
MEZREENE CREFZMRHEARAD.

2 B
2.1 SenA ¥EDEESRTAHELAVEE S B EIREUR
AIARAL

DL “senkyunolide A” AJEBEIATE SwissTarget
Prediction Chttp://www.swisstarget prediction.ch/) i
TR, RIGAHSCHE S . N Uniprot 8 KA
KU S N 4. DA AR 4R bR i 55 S0 44 K
“liver fibrosis” A5 & 1A 7E GeneCards Chttps://www.
genecards.org/) HEFEFHATRR, WEMEXM
Relevance score>8 45, 15 EHF4F4E 45 AH O HE
o B FT3R SenA 5 4R 4EAL IF#E 5T Venny 2.1 1£
LT AGWERREE, 153 SenA W EAEHE S5
AP A ER LA 24 W0 R0 ] 1)) 5%
R R,

2.2 SenA-FFAHNREHESEEIN

M. A David Chttps://david.nciferf.gov/ ) X F
SenA- JH £ 4 1k 22 45 ¥ pi AT 2 L R 4R (gene
ontology, GO) e S i #R L K 5 R R 4H B RH 4= 15
(Kyoto encyclopedia of genes and genomes, KEGG)
WK E LS. G (hitp:/bioinformatics.
psb.ugent.be/webtools/Venn/) X GO Zhfg) 3 />
| (AWt (biological process, BP). 73T-4H i,
(cellular component, CC). 4> IZJHE (molecular
function, MF) JHH] 10 FZEAT T AAER] . H
Metascape 245 FE it — 0704 GO BP LA LR -2
1 5UAH HAE F (protein-protein interaction, PPD) 4347 .
LA R 1 54T ATk KEGG 2k H HF T 20 4@kt
AT AT A « M\ EE )53 B4 J# (Protein Data Bank, PDB)
PAK ZINC /Ny 4l (ZINC database, ZINC)
SRBEEA SNy T )5, JTREDTRH%, &8 PyMOL
Iy T AT AR AT 3 W s S R S S5 A RE
23 HPYZR
231 . w55 RABENL G HEH
C57BL/6T /MR BT AL BRI SenA 1K
i, IR (104 20, 40mg/kg!D) 4, FH 6 R
BRATFARASL, HAR/NRK IS GRS
YR . NG A N BRI S, I
HEHBEITE, rERSERE, RETFAREEGE
BEATWE L . T ARANATIEEYIIT. 005
HaGHAE, ANEIHAE . TR 3 d FFiETS
2y, REWE 2 d JF984575 4 do 45254 ig AH
NZ5%) (0.0093. 0.018 7. 0.0374mL/kg), TR
SRR ig A= ERK .
232 FFHZREARNNEE Kk s, BUTA
2, T 4%Z BKHERETEEE, Bk, A, )
B AT R R -4 (hematoxylin-eosin, HE)
Al Masson 4uff, TGRS ST,
2.3.3 qRT-PCR I fFAHZUMH G R Rk BUF
MY, IR & B B ILE RNA JF & R
cDNA, #17 qRT-PCR 7412l 5I¥F 5 WK 1,
KM 2788CE TR H B EE R A SR
234 RPEIOCHORINTFAL p21 Fl a-SMA £
15 MHAHLSAREDT R B, I 1 mmol/L $itJ&
BEWT 85 CHEHE 40 min; = IEVA 41 30 min )5,
IS 10%LL 2 1M1« 0.2% Triton X 100 ] 2.5%%F
I35 82 1 PBS B PR P 30 minG #I0—$t, 4 C
B E IR PR — 4T S i H » DAPIL 247
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Table 1 Primer sequences

EH g P (5°-3)
Hprtl AN F: TATGGCGACCCGCAGCCCT
R: CATCTCGAGCAAGACGTTCAG
Hprtl /MR F: CCGAGGATTTGGAAAAAGTGTT
R: CATCTCCTTCATGACATCTCGA
AURKA KR F: ACATCACGGAGTTGGCGAAT
R: CAGCAGGTTCTCTGGCTTGA
AURKA /MR F: CTGTTCCCTTCGGTCCGAAA
R: GCTTCTGACCTGCTCCAAGT
CCNDI K§. F: GAGGCGGATGAGAACAAGCAGATC
R: GGAGGGTGGGTTGGAAATGAACTTC
CCNDI AN F: GTCCTACTTCAAATGTGTGCAG
R: GGGATGGTCTCCTTCATCTTAG
CDK2 KR F: GCCCTATTCCCTGGAGACTCTGAG
R: ATCCTGCCGAGCCCACTTGG
CDK2 AN F:CCTGGGCTGCAAATATTATTCC
R: TGGCTTGTAATCAGGCATAGAA
TNF-o. K& F: ATGGGCTCCCTCTCATCAGTTCC
R: CCTCCGCTTGGTGGTTTGCTAC
TINF-o. AN F: CGAGTCTGGGCAGGTCTAC
R: GGGAGGCGTTTGGGAAGG
p21 KM F: TCCTGGTGATGTCCGACCTGTTC
R: GGCTCAACTGCTCACTGTCCAC
p21 AN F: GATGGAACTTCGACTTTGTCAC
R: GTCCACATGGTCTTCCTCTG
Colla KR F: ATCCTGCCGATGTCGCTATCC
R: TTCTTGAGGTTGCCAGTCTGTTG
Colla N F:CCTGGTGATGCTGGTGCTAA
R: ACATTACCAATGGGGCCAGG
IL-6 KM F: ACTTCCAGCCAGTTGCCTTCTTG
R: TGGTCTGTTGTGGGTGGTATCCTC
Fn KB F: AGGCACAAGGTCCGAGAAGAG
R: TGAGTCATCCGTAGGCTGGTTC
Fn AN F: AATAGATGCAACGATCAGGACA
R: GCAGGTTTCCTCGATTATCCTT

Hprt1-UX K VENS S IE AT FR A% B L #5 75 1; AURKA-Aurora B
A; Fi n-é‘T’ﬁE Iil °
Hprtl-hypoxanthine phosphoribosyltransferase 1; AURKA-Aurora

kinase A; Fn-fibronectin.

MRz gets, R BB E I,
2.4 YHRESCLE
2.4.1 AR e 2 A

(1) LX-2 4iffe: & 10%064- s RPMI
1640 3953, T 37 "C. 5% CO» [ FRFE TR 7%
W BN AR SenA K. . EFE (12,5,
25.0~ 50.0 umol/L) #H, fNA 5ng/mLTGF-B1 4bEE
fif LX-2 U iS 03, 1 h J5 %45 254145 AR 259
T 24 h.

(2)HSC-T6 4 : F 55 10%f 2 1fLi% i) DMEM
Bigedt, + 37 C. 5%CO, 7R 9R . WE

XTREZH . BIZHAD SenA ik, . miFIE (12.5.
25.0~ 50.0 pmol/L) 4, HHA 10 ng/mL PDGF-BB 4b
i HSC-T6 4HAuIG1LI4, 1 h J5&545 254045 T+
2T 24 he
2.4.2 qRT-PCR falllHREE R RIL 4% “2.4.17 T
NIRRT A AL 2, RGN, % “2.3.37 TN
N OFERTI A CFE R A
243 SA-B-Gal Yt 4% “2.4.17 TR LT 4
L2y, 15 SA-B-Gal Yl & i W H 41k,
F PBS WAL 1 X, MM B-Gal [E € ML= T
&5 15 min, P PBS Wik 2 WK, OGO,
37 CH#AE 48 h, TR FMEIEIR, i+
SA-B-Gal # YL N5t
2.4.4 EdU MFESEE 1% “2.4.17 TR 75T
HML25, M EdU % F 30 min. PBS Wik, H
FHBEE M 1 h, IO 0.3% Triton X-100 2

FHRFE 15 min. $% M & 3RS EAU Sl R
MR, i N R E 30 min. H¢Jn ] DAPL 4440
Mikz, TR BB TSI,
2.5 GEitEoHh

iR PIX + s KR, KA GraphPad Prism £
AR, 2H A EL R FH SR 32 77 22 73T (One-way
ANOVA).
3 %
3.1 SenA TSI RAIER

HE 368 0] J5 0 R s SN 25 4 HE PP A 2ORE IR
o W 1 BT, XFHRALRT A2 g B HEZ RN, 40
FAZIEAS RUF, KRB SR . S5XREZ
AHEG, AL /N R X A5 B AR, fERE
RPEANIR I S A S R EL. SR
B, AFEFIE SenA TTE ¥R AR A E
LA PRI IR 1

Masson G2 €8 m] RIS I 2 Jik 21 24 AR - PP A% 41
YEALRERE . WA 1 PR, BRI XA KRR
JRUUR, TASEFIE SenA T-F)5 AN [FFE BE ik /b
T ISR PTARYE Bl 5 2% B

WK 2 fios, SxHIEg e, BRI N RATFIE
TRECH R ECR E T m (P<0.0D), FF&FerdE
AABEZRY T R K () BB IR AIE s SR RY A P A,
SenA 1. i EAHHIEEEUR ZFFIL (P<0.05),
SenA & 25 24 20 JBUE 45 22 PR AK (P<<0.01,
0.001), HEFIEM I, £ SenA W H MUEMAT
LRYEA /N BB R
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SenA 10 mg-kg™!

SenA 20 mg kg’

»".‘ \.'

SenA 40 mg kg

1 &/ FEATELE HE 0 Masson & (X20)

Fig.1 HE and Masson staining of liver tissues of mice in each group (x 20)
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x4t "P<0.05
*P<0.05 "P<0.01

“P<0.01

0.0084
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JHEE %

P<0.001; SEAALLE: *P<0.05 #P<0.01 *P<0.001, FEIH.
**P <0.001 vs control group; *P<0.05 *#P<0.01 *#P<0.001 vs model group, same as below figures.

B2 BENEAFE. BAEES (X+s,n=6)

Fig.2 Liver and spleen indexes of mice in each group (X £ s, n=6)

3.2 SenA SFFA%L R SAIIREL

PL “senkyunolide A” KB TE SwissTarget
Prediction 4 A 2R HRAF 100 D258 55 LARTFLF
A A6 B bR E DL SC “ liver fibrosis 7 N K &R ] 7
GeneCards #UHlFER %R, W EIMiIEZ M Relevance
score>8 41, 133 1 280 /N5 FF 41 4k fb 70 #H I HE
Mo B SenA HHFAFAEALEE SIS ER, AT 39 DAL
LA (B3, AR SenA #L A 39%,
$&or SenA BA T FFLT4EAL T 77

Sen A iiRak: 2

39
(2.9%)

E 3 SenA S5FFA4KITE S Venn [E
Fig.3 Venn diagram of intersection target between SenA

and liver fibrosis

3.3 SenA SHFAHEMNRZERLSM GOFMKEGG &
EoH

NRE— SRS SenA HUFFLF4EAL I AT REAE AL
fil, X 39 NZHEIEFEAT GO 4, HEEL 3 AN
(BP. CC. MF) 400 10 %6 H . W& 4-A Fir
N, BP BT L. dIHIGiE . g5
LEVIM RIS, CC & TAsM ML, BB
éﬂﬁiﬁﬂﬁ%ﬁﬁ, MF & 4T MAP #EgS 1 &K

TEEAS S MM % DI G 2 . KEGG 451
( 4-B) Bor, EEHET Ras 558K, WASE
M2 K # 8 A (mammalian target of rapamycin,
mTOR) 155 il A A @S, I HIGERAE
SRR R B A T4 2l EE, /K% SenA TR
TR PR I AR AR AR AL
3.4 SenA JRTTATAHIERE S PPI 4R

NRE— D RENT 39 NSRRI E AR, B
FH Metascape FA45%F 39 AN [RI3EAT PP M 4% 55 s 73
ST AR SE s R AR SR, R B RN
ERANR 3, &R ER, EASEANERK 4 F
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4 SenA SFFAUNIZELRA GO (A) M KEGG (B) EEST
Fig.4 GO (A) and KEGG (B) enrichment analysis of intersection target between SenA and liver fibrosis
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FHEN 2R, TR ERBR LML T ER
L, DA S el AR AR MR & PAE, W
Kl 6-B. C.
3.6 SenA JRTTRTAHLIZILEE S TE HSCs FAYSR
B

HSCs EA/KF R 42 2T 4Rt R i A% 0 0%
g , B Human Protein Atlas 24 5081 19 %
HRFERIFE HSCs HRIE, 45K 7 s, 5%

B ®pRKCD OnR Pa—
o
OBRAF—@naPK1 AKT1
ONSR | ®AURKA  @mapkid -
®Gsias ®pARP1
®CDK1

@ccrz-@cnr1 ORET— @y

®ccrs OrGFR4

A-39 NSRRI, B-19 AN OHE S 0 AR

A-interaction network of 39 targets; B-interaction network of 19 core targets.

B 5 SenA SRFA4LZEEH SR PPI 547

Fig. S PPI analysis of intersection target between SenA and liver fibrosis
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Fig. 8 Molecular docking of SenA with core targets
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Fig. 9 Expressions of AURKA in liver tissue of mice with liver fibrosis (# = 6) and activated HSC-T6 cells (n =3) (X £ s)
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p21 is green fluorescence, a-SMA is red fluorescence, arrow represents positive staining area of a-SMA.
10 AP/ RATALR o-SMA 5 p21 HEEWKRMEE G (RERALRE, X100)
Fig. 10 Representative images of co-staining of 0-SMA and p21 in liver tissue of mice with liver fibrosis

(immunofluorescence staining, x 100)
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Fig. 13 Staining of EdU in activated LX-2 cells (immunofluorescence staining, X 100)
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Fig. 14 Expression levels of senescence-associated genes in activated HSC-T6 cells (X £ s, n =3)
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Fig. 15 Expression levels of senescence-associated genes in activated LX-2 cells (X £ s, n =3)
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