- 1110 « FA9EE4H 202654 8 ¥k A Drug Evaluation Research  Vol. 49 No.4  April 2026

[ 8RR 1
ET 2R =2 i ERRD & 82 £ I AT 2 4E B AL SR

A, LR, Rk 2, EWIE2, F OB, KK, KARKD, AEEY
1. HiERY BEERALDAER, HiF AT 810001

2. HiERER, HiE T 810001

3. HlERY IWIRESR, Hig AT 810001

4. FlERY #i¥b, HiE AT 810001

W OE: BN WADEMSAYI (TA-SM) P oMU F1E R ZAERMLE]. 3k Ashsig Bl HepG2 F1 Huh-
TR R, R CCK-8 ¥, TEFEEASks . AARPRSEL . 1222 LI AR A AT TA-SM X 2 Fft 3 4
W ER. 228, TRTRGHN A B RR R SIS R R A AR AR ICR AR (DIAD R AR 7 T e R )
B RESTFR, R TA-SM X} HepG2 41N & A FRIA /K2 ma HAR T AT BB A5 5 18 2% N H Western blotting F152H
¢ 5E f PCR (qRT-PCR) 5246 46HIF TA-SM X Hippo i B S #E 4 28 T WW BEFRTEA 1 (WWTRD) | #%
SEBRIA T 4 (TEAD4) . 225 R/7F R BRIRESY 25 (STK25) « % MR/IFEMR-E (A 38 (STK38L) MM . R
37 HepG2 4HH A NIERRA0HE R B R (CDXO RAL, M. Aa4bds e 32 B 2895 PG I IFAY TA-SM (50 mg-kg™!)
AP 2t IR E . MR, Mg E451; Westernblotting. qRT-PCR. JEH b GIE 7k
MR ZH 2 WWTR1. TEAD4. STK25. STK38L ik B4k FueH R vt M4 4! CD31. CD34. A& A R4
KT (VEGE) Rk, s el Rt i (Kie7) #ikAth. 4558 TA-SM il it ik & At 18] 41 3¢ 7 230
il HepG2 #1 Huh-7 40 HI5E . T8 K258, &7 LU BH# HepG2 B9 Giv G2 WA Huh-7 4HHIH G2 #1, 5540
FT: (P<0.05. 0.01. 0.001) . |EAFAELERER, TA-SM 1EHT HepG2 4l 5 TNF {558 . Hippo 15 Z@ % p53
HEEEAIC. A TR R TR TA-SM F 4 B EBEAEM GESH. S SH. FERBMAFEH) 5 Hippo s 5%k
#A (TK25. STK38L. WWTRI Ml TEAD4) WISEAIJELUF, RARMMEEGIGTE. SHIRAE, TA-SM fEEIM 53
I STK25. STK38L. WWTRI 1 TEAD4 M F KX (P<0.05. 0.01. 0.001) . 7EHH CDX #&f, TA-SM Fifilys
LM RIT, SXIBANE, MOgAR SR (P<<0.001) , STK25. STK38L. WWTRI1 Fll TEAD4 ik &35+, CD31.
CD34. VEGF. Ki67 &L & E MK (P<0.05. 0.01. 0.001) . &5 TA-SM JEL¥#IE Hippo 15 S i@#, ] HepG2 A1 Huh-
7 AT . TR AR ZE, IESAET . thAh, TA-SM B RS UMEI B HepG2 A1 Huh-7 400 FE 57, 306135 A M 4 A6 Rl
AR 7 DA R A R T Rk, Z B R BUTEIER

XHEIR: WAL A Hippo (5 5 2@t mbue; ANEMEARARMBE: 8N EEKEF: AMEHEDUERE
FESES: R285.5 XEkFRERE: A NXERS: 1674 - 6376(2025)04 - 1110 - 20

DOI: 10.7501/j.issn.1674-6376.2025.04.003

Evaluation of anti-hepatocellular carcinoma effect and mechanism of action of
total alkaloids from Sophora moorcroftiana indicus based on multi-pathway
synergistic effects

CHENG Yagqing', KONG Xianmei', NIANG Jiaxian?, WANG Lijuan?, ZHANG Yong3, CHEN Yongjuan',
ZHANG Fabin', HU Chunhui*

ks HHER: 2025-10-31

ESWB: HFiFHRSEEATE (2025-21-9651)

e &N BHE (1998—) , &, ALTAEMEBRAE, WRFRAEHREG.

ML 1R fLEME (1998—) , o, AILDAEmIL:, BT R .

HBEEE: ook (1970—) , 5, #IR, WAL, W7ot il SISt E-mail: FB.Zghmezfb@126.com
HIRIE (1984—) , 53, P, @I3dR, WAES0m, #FJ7moe 2. E-mail: CH.H chunhuihu@qghu.edu.cn


mailto:qhmczfb@126.comCH.H%20chunhui
mailto:qhmczfb@126.comCH.H%20chunhui

FA9EE4H 202654 8 ¥k A Drug Evaluation Research  Vol. 49 No. 4  April 2026 . 1111 -

1. Department of Public Health, Qinghai University, Xining 810001, China
2. Qinghai Provincial Tibetan Hospital, Xining 810001, China

3. School of Clinical Medicine, Qinghai University, Xining 810001, China
4. School of Pharmacy, Qinghai University, Xining 810001, China

Abstract: Objective To investigate the in vivo and in vitro anti-hepatocellular carcinoma effects and mechanisms of total alkaloids
from Sophora moorcroftiana (TA-SM). Methods In vitro experiments were conducted using HepG2 and Huh-7 cells as the research
subjects. The effects of TA-SM on the proliferation, migration, invasion, apoptosis and cell cycle progression of the two liver cancer
cell lines were evaluated by CCK8 assay, colony formation assay, cell scratch assay, invasion assay and flow cytometry. Subsequently,
proteomics data-dependent acquisition (DIA) detection technology and molecular docking technology and other bioinformatics
analysis methods were used to explore the effects of TA-SM on the protein expression levels in HepG2 cells and to discuss the possible
signaling pathways. Western blotting and real-time fluorescence quantitative PCR (qRT-PCR) experiments were used to verify the
effects of TA-SM on the key target proteins of the Hippo pathway - WWTR1, TEAD4, STK25, and STK38L. A human tumor cell line
xenograft (CDX) model of HepG2 cells was established in nude mice. The safety of TA-SM (50 mg-kg™") in vivo was evaluated by
blood routine, biochemical indicators, and pathological examination of major organs. The changes in body weight, tumor volume, and
tumor mass of nude mice were recorded. Western blotting, qRT-PCR, immunohistochemistry, and immunofluorescence were used to
detect the expression changes of WWTRI1, TEAD4, STK25, and STK38L in tumor tissues. Immunohistochemistry and
immunofluorescence were used to detect the expression changes of CD31, CD34, vascular endothelial growth factor (VEGF), and
tumor proliferation antigen (Ki67) in tumor tissues. Results TA-SM inhibited the proliferation, migration, and invasion of HepG2
and Huh-7 cells in a concentration- and time-dependent manner. It also induced cell apoptosis by blocking the G1 and Gz phases of
HepG2 cells and the G2 phase of Huh-7 cells (P <0.05, 0.01, 0.001). Proteomics results showed that TA-SM acted on HepG2 cells and
was related to the TNF signaling pathway, Hippo signaling pathway, and p53 signaling pathway. Molecular docking results showed
that the four main alkaloids in TA-SM (matrine, oxymatrine, sophoridine, and sophoramine) had good affinity with the key targets of
the Hippo pathway (STK25, STK38L, WWTRI1, and TEAD4) and had strong binding activity. Compared with the control group, TA-
SM significantly upregulated the protein and gene expression of STK25, STK38L, WWTRI1, and TEAD4 in vitro (P < 0.05, 0.01,
0.001). In the nude mouse CDX model, TA-SM had good anti-tumor safety. Compared with the control group, the tumor volume was
significantly reduced (P < 0.001), and the expression of STK25, STK38L, WWTRI, and TEAD4 was significantly increased, while
the expression of CD31, CD34, VEGF, and Ki67 was significantly decreased (P < 0.05, 0.01, 0.001). Conclusion TA-SM inhibits the
proliferation, migration, and invasion of HepG2 and Huh-7 cells by activating the Hippo signaling pathway and inducing apoptosis. It
also synergistically disrupts the cell cycle in both cell lines and suppresses the expression of tumor proliferation and angiogenesis-
related factors. These findings suggest that TA-SM exerts anti-hepatocellular carcinoma effects through multiple, complementary
mechanisms.

Key words: total alkaloids of Sophora moorcroftiana; Hippo signaling pathway; multi-pathway synergistic anti-cancer; xenograft of

human tumor cell lines; vascular endothelial growth factor; Ki67
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ZJE (CAS 5 75-05-8) « HIiR (CAS 5 64-18-6) .
HEE (CAS 5 67-56-1)  FAEE (CAS 5 67-63-
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& (185 12418-1-AP) . Z R IR/ ARG 25
(STK25) Pifk (175 25821-1-AP) . L& FR/IN A
W& -2E 10 38 (STK38L)Fifk (5 12697-1-AP)
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(VEGF) fitihE RN = EAEFE ARG R AR 3
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HMN 1 mL 4HM0E, A AR AT L € 5 P TR B
I, SZIRZH RIS TA-SM 52 485775 (HepG2
Yf: 2. 4.6 ug'mL~', Huh-7 4Hffd: 1.2 4 pg-mL™"),
X HR ALK TR SRR AR 5 A 3 QR B8 3% T~ 14,
WilaAE 3 RIR, FHEBUIMERAMMIRES . KiRdh
5, H 4% 2 RHEEE 4 15~30 min, FE)5
FH &5 S5 g th 20~30 min, Fiei A KR PBS s
ZRGE, XTI S & AT AR AT 4
223 ZMKRIJRSEES ¥ HepG2 1 Huh-7 4 figdi
FEAL 1X 105 MRV BT 6 fLERCT, =40
IEF] 90%IC A, SKH 200 uL Jo R Sk AT ALK
KR (BFFL 3 " FATRIRD , [81B& 1 em, #4)5 FH PBS
VRV 2 Ko B Fh AN [R] 245 4 o Bk R N 24
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2. 4pgmL™") , BEEHEETFR, TE 0. 24, 48h K
EXIREE, H Image J 704 .
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B 20%IME IR IR AL . FFAIRIGEE S, 23 I E
NEFHEAGTHEARFRRERE TA-SM (HepG2 4
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[RREFRAE, IEAE 37 CHRAMFTWEE 24 h J5 2 LR 7%
8 H PBS IE¥E 3 IRk, F GBI HUA 2 B i L
RN, BEER 4%2 5 H R [ e 40
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IR 5=
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HAT TP 24 h JGWCEEAMIREA, 4% Annexin
V-FITC/PT ATl sl ) & v BHIEAT Je s, Befa
A AR AT AT
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T=20 CHAF TR A 4 ) S WA R )
B DIR, R A A AT 204
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SM, #4k4:Ri9% 24h. ] PBS JlETE 1~2 3, BREIT
It ET EP BN, IMAMRRMEIR, 1Kk
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10 min, W& BIGWRINE R EWE, JHT-80 CLk
1F o KA I A5l BIRE S 1) 2 VR 0 3R A5 B Ik Btk AT
Vet 2 B0, B E AT RS KB 0.1%H
FRE W, FHT LC-MS ¥, R&EHE, E2H
Spectronaut F{-%F DIA 4 #4704, AT J5 42
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nciferf.gov/) X 22 7 R IEFE R AT W5 B 04T,
AR R A (GO R S i R PR 5 R 41 i R
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228 HTNHE B TA-SM K 4 FAMI 5
5 16 H A5 5 8 B R DG B TY AU AT A TN

M Pubchem ##% Fg 1 3545 & A= B 7 () 3D 4544
) MOL XCf, FFi#id Openbabel #f#: 4y PDB
#30o i PDB £0#E % (https://www.rcsb.org/) 3k
8 A% O 5 1) B R S5 M1 PDB X (43
HER <2.5°) , FRfEH PyMOL {4 X #E 8 (1 HE4T
TRALEE, 3G ZBREE AR 2Bk K2 F AnE
EeEMS], S AutoDockTools1.5.7 ¥ 85 A A5
4 PDBQT #%3, it boxd R il iALs i, &
BXHESH, ik SIETERC 4G B R
AWM G HeT 2R AW AE S 2R 46 e
1. BHEEERE<OKI mol™!, IFFl=F 2 ALl E Kk
Ghitr A A RE<-20.92kI-mol ™!, iEB] —F 2 alfH)
TR MR UT s #5745 A RE<—7.0 kJ-mol™!, B R
5O s B VA R IE M 4 SE . 18 PyMOL
WA R AT AT .

2.2.9 Western blotting ¥ 4l i Fl I 25 2545 4E [
“22.6”7 Wi, Z5)G 24 h JGUCEEYIM. i RIPA
Lysis Buffer (% 1% PMSF) #2HUSEAH, HFH
BCA V% 8 R FE AT 2 &« B Je il i s kol H b
HA¥E PVDF L, B S%BRRZE 9 1 h 5
BTET P, B3 STK25(1 £ 6000) . STK38L(1 :

1500) « WWTRI (1:6000) . TEAD4 (1 : 4000)
FI GADPH (1 :40000) , BE/EHHLET 4 CHIH
B E . IkH, S PVDF & T 1 X TBST
RIS L, AREMEE PRI 2P % IgG-HRP (1 :

10000 1h JEFFHEME 5 K, 3£ 30 min. R
R KN, Tmage T %F %55 A 46 K JE
HIHAT 0T

2.2.10 qRT-PCR 5236 45l J2 45 25 84 1)
“22.6” T, 4h%j)5 24 h JEEELTHE . N RNAiso
Plus, EIE#HE Smin, 4 ‘C. 12000 rrmin! &>
10min, ¥ IS 20 EP &b, BEEIMAYS Higss
RFRET, IRAIEEEIR FFFE Smin, 12000 min!
B0 15 mine 4 R ZFI EP B, IS
PRFRIA SN EEDTIE RNA, SRE7E 4 “C. 12000 r-min ™!
AT 10 mine 7725 BIER, H 75% ORI
RNA2 K5, 7£4 ‘CTFEL7500 rmin' &0 5 min.

7k BEWR, BT G AR T R K R

RNA. i 0% 357 G 4% L i DNA. e, 8
Fi Roche 96 PCR X #5347 #& . qRT-PCR 5|¥7
B 1.

*1 51895
Table 1 Primer sequences
FHEH 5175 (5—3)
STK25 F-5-GCTCTGAGGACTCTGACATTGATGG-3'
R-5-TGCATGCCGCTCTGCTTGTGCTTCTC-3'
STK38L  F-5-AATGACGGCAGGGACTACAACAAC-3'
R-5-TCTGGACCAACCGCACCTCTC-3'
WWTR1  F-5-TGACCGACGAGCTGCCACTG-3'
R-5- CTGCTGCTGCTGCTGCTGAG-3'
TEAD4 F-5- CTGGATGTTGGAGTTCTCTGCCTTC-3'
R-5-CCACCACCTGCTTGCCGAAAG-3'
GAPDH  F-5-CGGGAAACTGTGGCGTGAT-3'

R-5-CAAAGGTGGAGGAGTGGGT-3'

2.3 BHYSIE
231 AWM R R A2 A (CDXO A 1)
S Y HepG2 e 4 f 2 FE ik 5.0 X107 /> mL™!
B, FEVKI IR, #4505 HepG2 4 i &l
101 R S), HI R EEY. @it
sc HAKEEWENER LT, FHEFE TR
100 pL (55 2X 100~5X10° MHHLD
2.3.2 A AMEARUAE] 100 mm? [5E4,
P RARE BN S RIERE AL IR (5T
0.9% NaCl ##) + SOR (50 mg-kg™!) #1148, TA-
SM (50mg-kg ™) H*), 2 6 X, &2 Kighdh
1 K.
2.3.3  HERMORATI ST AR H IR R AR
TR, W HICR B E MR AR A, i
BEEE 20 K, MR S22 SR, 4 B s e
PR TSR AR

V=0.5XaXb?

VNIRRT a AR b R AR .
234 IMHEH. AffEbR. EEATSSREAI R
PR BRSSO 27 VA R AR MVRREAS . IR
A#HE 30min J5, £ 4 CZ%MFF, 3500r-min' &
O 10min, Y8 BIEBIFAFT-80 CUKFE&EH .
W E TR RS DR & 2 b (NEUD « B4
fie (WBC) . #E4EME 7 (LYM) | FERRMERL
MM E St (Bos) « FEBPERIZIME 40 tL (Bas)
rh R 266 5B ONEUT) < 94k B 4t 48 5B (LY )
WERR PR A A LA (BOD « WE BRI £ it 466 i
(BASO) . ZI40ffl (RBC) . M4 &EH (HB) . Il
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AT (PLTY ] K IfiLi N & R & R e B 1
(ALT) . BRPERERRES (ALP) . RITXRREILHE
Fol (AST) « MAHZL K (TBIL) « BT (TBA) .
V-RABEESE (GGT) . K& (UREA) . JLAEF
(CREA) FIJREE (UA) WI7KFo BT F 4w (1Al
TAE B S R AR A PR A A W Bh 5E . 75
AAG-PHLL (HE) Qe g0l FEIE. e, A
BN AR A .
235 PR ALY B A E AN
WAV, RE¥I RS —$ (Ki67. CD31.
CD34. STK25. STK38L. WWTRI1. TEAD4) 7
4 CPmEIHR, A5 HRP [EEHILED &
IgG £ 37 C R H 50 min. i F & 3L B2 i
(DAB) R0, YA, B R s it4T
BE .
2.3.6 MR K R A A )
KA B S AT HURME R, RETEYI R EhRichs
SEDXIH, A B KZCEKFIER 5 min 578
ERE AR B IAN—dT, 754 CHRMHETHE
R BN 80, L E 50 min. B 518 H DAPI
T, B, Bk, .
2.3.7 Western blotting 2 {8 41 23 4 85 (A 14
RIPA Lysis Buffer (& 1% PMSF) 28, %] BCA
EXTE AR EITE S . Western blotting 3L HAK
BRI “2.2.107 T,
2.3.8 gRT-PCR 4% MR mRNA #2HUK
qRT-PCR 3258 HARERIER] “2.2.117 T,
24 GOtESHR

K] SPSS 28.0 F1 GraphPad Prism10.1.2 #f}
BTG, T IES AR AR R, S50
X +8 7N o A1) LSRR 3577 2293 1T (One-way
ANOVA) X} THEIEA 730 ¥ , £ ] Mann-Whitney
8y Kruskal-Wallis A5 561 1 75 2H 2 [A] (1) . 35 22 ¢
3 #R
3.1 TA-SM K450 HepG2 #1 Huh-7 ARV
MEITH
3.1.1 TA-SM k&M HepG2 F1 Huh-7 £ [ 18
B BRI, TRARE RA CCK-8 VEIRDT
TA-SM XF 2 Ff A\ JEPE AT 40 40 A &2 (HepG2 Al
Huh-7) 3RS S50 . 455 58 TA-SM X 41 i
TE IR B A R EAH T (B 1-A) , TA-SM X
HepG2 1 Huh-7 BI-EEMHIKEE (ICs0) 1H 7304
737, 4.81 pg'mL™!, TA-SM X Huh-7 FIHISCRE

T HepG2. fa #5556 i+ TA-SM 1 T HepG2 #Hl
Huh-7 FRERE BN 2. 4. 6 ugrmL ' Fl 1. 24
4 ug-mL™'

ik — L PEAE TA-SM X 41 B 3 5 RE 71 520,
HAT TEHEE L RSES . XTI, HepG2
Huh-7 W5abEE A HBBEE TA-SM LSRR E 1)
B> (B 1-B) , {ERH TA-SM #0412 Fh4i A
WA I R IIREAE M, ER ARSI RN
(P<<0.05. 0.01. 0.001) .

TV TA-SM X4 FE e s, it
ITHRRRSEE (B 1-C) o« SXIRAMLE, AHE
JE IR TA-SM -7 HepG2 i), 7 24. 48h
XoF 82 B ] B P 248 i 1R I % 2 4 3 BRI (P<<0.05) 5
T Huh-7 4000 J5, 7F 48 h X N7 i [B] B P 41 A 1)
TMERERIL (P<0.05) . 50htHEL, AF
PR E (KRS B TA-SM 43 HepG2 Fl
Huh-7 48 h J5 L #2533l 8 (11.4940.02) %Al
(36.96+0.03) %. (8.85+0.01) %Al (22.89+
0.04) %. (7.69£0.03) %AF1 (20.83+0.03) %.
45K, TA-SM n[H0iffi] HepG2 1 Huh-7 4 it
TRe, HEA I TR A S

AW FCIE R Transwell S5 EAS T TA-SM X}

2 P4 M des 40 BAR 22 R 0 s m (BT 1-D) o 5%
MBAAHLL, TA-SM 2. 4. 6 pg-mL ' 41 HepG2 42
1R E K (P<0.001) , 1. 2. 4pugmL 4
Huh-7 4112 2505 E L (P<<0.001) . S53%
BH, TA-SM X 2 Fhat i 12 28 0 30 7 I 29K FEAR 0%
PE,  HXF HepG2 4 M r 4l 4 FH 58 BF &
3.1.2 TA-SM %} HepG2 1 Huh-7 4 & TR 5
WA A5 F Ul R AR R T TA-
SM 0t JH-Je 40 B T R0 40 B ) 39 93 A ) s (B 20 6
HiRKH, TA-SM EWRFEAHCHETE S HepG2 A
Huh-7 F T, HS5XHRAML, mREikEdE
FREAGIEE Y (P<0.01) . 45 EKRE TA-
SM AbHE4i 5, HepG2 HITEAT- R EiEid 50%, i
Huh-7 fH 14.5%.

It S AAS W40 B & A A g SRR, 5
STELZHAHEL, TA-SM 4. 6 pg-mL! 4 ¥ HepG2 41
24h )5, Giv G IEE B &N (P<0.05) , H
HAWREFINE; TA-SM 2. 4 pg-mL ! 47 Huh-7
5 G BignfsE BN (P<0.05) . KB TA-
SM il FH¥ HepG2 1 Gi A1 G2 3, FH Huh-7 48
HLIRT Go AR HEF RIS TE R
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x4t "P<0.05
*P<0.05 *P<0.01

*P<0.01

*P<0.001;
*"P<0.001 vs control group; *P < 0.05 vs 0 h group.

1 2 4
TA-SM/(pg-mL™")

Hon4ltbk: *P<0.05,

E 1 TA-SM 45N %] HepG2 #1 Huh-7 4ARERYIETE (A). RFEFRK B). & (CO) FRZE (D) (X x5, n=3)
Fig. 1 TA-SM inhibits proliferation (A), clone formation (B), migration (C) and invasion (D) of HepG2 and Huh-7 cells ir
vitro (X s, n=3)

SEBSZ B, TA-SM 7] L] HepG2 Al Huh-7 4
MEAIIETE  SERRIZ2E, 175 S AN T DL BE 4 i
JEIA, IFSE TA-SM TEAR S BA 0T L 4 s 1
M. BT TA-SM Xt HepG2 ZH A HI0H1F F 5y
i, BT EE HepG2 4 I#EAT 5 425256
3.2 HAEXMSN ERREERAEESINTRS
F XL E

FERMME T R BIR, FEAMIG REUIK
T 0.7 (B 3-A) , HERSHHT (PCA) KK

Bl (B 3-B) , RAFEAR TSR, wH TS
WEFT . Bt i AHIE 7R DIA 58 88K A 4 A BRI
%7 TA-SM {EFH T HepG2 4 i ()2 5 38 K (it
(B 3-C) , KIMLGHHEIA 816 MEAMKERL I
W, 391 FREEEERIA T, X T GO YRk
BT, FREGT 20 N EE AT GO BHE%
HEHT R, FEAEENR 2, TCUEH B E
H R ES 50 22 7 A A BRI AR . 0 AR A T4
AMACEE NS X DL AR AR S AR et fE, R
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x4t "P<0.05 P<0.01 *“P<0.001.
*P<0.05 "P<0.01 "P<0.001 vs control group.

2 TA-SM %} HepG2 1 Huh-7 VAT 5 FMSHAIFM (X £5, n=3)
Fig. 2 Effect of TA-SM on apoptosis rate and cell cycle distribution of HepG2 and Huh-7 cells ( X £s, n=3)
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A-REARKNE, B-PCA FEE: C-EREAKLELERER.
A-Sample clustering heatmap; B-Schematic diagram of PCA; C-Volcano plot of differential proteins and quantitative results.
3 HAERKREAEREES
Fig.3 Enrichment analysis of differentially expressed proteins in samples
#2 BRATRERFTEERAWE 20 1 GO E£%H
Table 2 Top 20 GO enrichment entries of up/down-regulated differentially expressed proteins
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WEATES SR, AN . Atk
JRERTEPE . ANANIAA . SRR A P s AR 2T R
22 ik EA NIRRT KEGG @i
EEMT, BHEATT 20 MLREBIEAT 08T, SiRE
B TA-SM = ZEi@ i IR IR LR 7 (TNFOAE 58 B
Hippo {55, p53 155 8B AR 45 2 4% 08
HREPUEER . BARERILE 3.

BT MRt . e A P i AR 2R A S
PRI AR ARG, AHE 7L IS S 4% Hippo 15 58 %
AT FC . S HAEYE B4 H Hippo 15 58 2%
(ISR AR, 55 STK25. STK38L. WWTRI,
TEAD4 (kK 4) .

¥ Fi& Hippo MEEHCHER M5 MT.
OMT. SPC. SPD #477; 7%, L4335 16 Hor 1

®3 8120 MEARFKELAREER KEGG SER
Table 3 KEGG analysis results of top 20 genes with upregulated protein expression

KEGGE 1 % Pit%lway Pf KEGGE f£iB#% Pfﬂ\lway PIH
FRIRFT FRIRFF

M st L 4 BB e I hsa04610 5.21X10712 | fCiHess hsa01100 0

S B O ] TR R IR hsa05150  6.54X10°6 | “EAbBEERAL hsa00190 0

[EREL hsa05133  4.83X10°¢ | H&RRm hsa05012  8.68x107!3
JEPR hsa05144  0.000 171 Jieis 539 hsa05020 523X 10710
TR T 97 hsa04936  0.000 254 T 1 4 B hsa05016  5.01X10710
ZAR A5 0 O B4 R hsa04914  0.000 507 AYITEEN hsa04142  4.30X 10710
PG HERCARSZAM E/ER hsa04080  0.000 474 A HAER hsa04714  1.44X107
AR PHAHE HUR hsa05143  0.000 775 R e S W o i hsa00531  1.38 X107
p53{E55 il hsa04115  0.002 282 B PRI LI hsa05415  2.99X10°°
Hippofs 5 il % hsa04390  0.002 201 WA TR R hsa01240  4.28X10°°
ZYIRE T hsa04215  0.002 129 5 S0 1 R -E A hsa05208  1.02X1078
RAMETPIRIE hsa05322  0.002 879 R IR Pk BR hsa05010  3.11 X108
FIN hsa04145  0.003 152 il =32 hsa05014  3.07 X107
PR B hsa05134  0.002 047 SN hsa03050  7.24X1077
Jifi &5 1% hsa05152  0.003 505 WIRME KRR W {5145 hsa04723  2.11X10°®
44 6 S 4 hsa04110  0.005 538 LRI -HAIR TR AEK hsa05022  5.12X107°
IL-17{5 5@ % hsa04657  0.005 464 PR 14 R D hsa04932  7.49X10°°
TNF{E i #% hsa04668  0.006 872 O 4 hsa04260 1.24X10°°
B0 K AT B Ik e hsa05130  0.008 155 RARUE A hsa01200  4.53X10°°
TollFfE 24445 5 iE % hsa04620  0.006 673 Pl L5 2% hsa04612  9.26X10°3

% 4 Hippo B XEHSEH

4-B) , 4EiEHE9-29.04 kJ-mol'; SPD 5 STK3SL

Table 4 Key target proteins of Hippo pathway

ESEAS RS log2FC PIH
STK25 AO0A0S274Y2 7.273 0.008 36
STK38L QI9Y2H1 1.036 0.001 72
WWTR1 Q9GZV5 1.061 0.001 17
TEAD4 AOAO0AOMREF3 1.164 0.028 78

WHEGR (B 4-A) o 7P EERER, 4 F TA-
SM 5 Hippo i i I JCH#E#E 2 (0 45 & BE 3 /N T
—20.92kJ-mol™!, FH TA-SM 521K 5 AT I
RREBAR, AR S .. A PymoL KM EH
L5568 AR W 4 R A A Rk AT nT A, AT A
FH MT 5 STK25 £ LEU-100 &b J¥ sl & 4 F (B

£ PHE-117 IR U (B 4-C) , 458N
-29.41 kJ-mol™!; MT 5 TEAD4 7£ TRP-10 4bJE %,
SEEEH (K 4-D) , 45668 8-27.87kJ-mol™!; SPC
A WWTRI1 7£ GLU-20 Al ASP-21 Kbz i S 44
(K 4-BE) , 45468 8-36.82 kJ-mol ',
3.3 Hippo #EX#EERF mRNA FRiLKF
Western blotting 45 2R 27, FEA& /M i Sz gs
ExtiHAMEE, TA-SM 4. 6 pg-mL™' 41 STK25.
STK38L. WWTRI Al TEAD4 4 Ft & [ fAH X ik
w=EF LA (P<0.05. 0.01. 0.001) , £ TA-SM Jii
BEIREAE M EAHES (B 5-AL B) , HA STK25
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] TRP-10 Z5&#0E; E-SPC 5 WWTRI [¥] GLU-20 A1 ASP-21 £ & 7o BRI, 4 EI9REILE, BIH R stick /by
T A cartoon AEH, WOLIRARIEM.
A-Heat map of the binding energy between the alkaloid and the key target; B-Binding mode diagram of MT with LEU-100 of STK25; C-Binding mode
diagram of SPD with PHE-117 of STK38L; D-Binding mode diagram of MT with TRP-10 of TEAD4; E-Binding mode diagram of SPC with GLU-20 and
ASP-21 of WWTRI; The left image is an overall view, while the right image is a partial view. In the images, the sky blue stick represents the small

molecule, the silver cartoon represents the protein, and the yellow line indicates hydrogen bonding.

&l 4 Hippo 1§

SRR K RIS E MR S FRHEER

Fig. 4 Results of molecular docking between key targets of Hippo signaling pathway and alkaloid
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et = 2] g v
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pupy 2 6 STK25 STK38L WWTRI TEAD4 SIK75 S'/K38/ WW'IR/ TEAD4
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S5xf e "P<<0.05

*P<0.05

**P<

“P<0.01 ""P<<0.001.
P <0.001 vs control group.

ok

0.01

5 Hippo BIZXHER (A. B) M1 mRNA (C) FiAKFE (X £s, n=3)
Fig. 5 Expression levels of key proteins (A and B) and mRNA (C) in Hippo pathway ( X Xs, n=3)

AR N B3 (P<<0.001) . Z55%EB, TA-SM SEIE, ZREAERITFEX (P<0.001) (H
YEAT HepG2 #fifff5 v LLSGE Hippo 18 @ 5-C) . iX5 Western blotting H45 R —3, 1ESE TA-
MR A MEIE, IESE TA-SM 1] fg B 3 Hippo SM HiiTFEAE 1 5 Hippo 18 53l 455 23] .

{555 308 3 Ot P 4 e ) 32 P2
qRT-PCR

SE R, TA-SM IR 2 pg-mL™!
BINZ 6 ug-mL '}, STK25.STK38LWWTRI mRNA

FAMESRMRZ 2 TN
ik 6 fi, 45 25301 S AR IR R E R
EItEss, HEARTG R S2giE, K

34

(IR R IE K43 A 0.8240.00. 0.77+0.12 Fl
0.7740.03 B IN%E 1.7740.03. 1.30+£0.24 fil 1.72+
0.11, HxHEAAAMLIL, TA-SM 6 pg'mL™' STK25.

STK38L. WWTRI. TEAD4 mRNA KX} iAK T

RV IR AR RN (147.51+£11.17) mm?® N E
(960.59 +150.89) mm?3, SOR ZH 1] il J83 1 £ M\
(149.51 £ 18.74)mm? 4 11 %2 (385.97 £ 178.70 )mm?,
1M TA-SM IR AR (141.4347.10) mm? 3
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% (264.81+168.82) mm?, SHEAIAH L, SOR

ZHAT TA-SM AL R (P<<0.05. 0.001) ,
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AR/ mm®

TA-SM [IHT -4 e 2R AT SOR 4.
#R 5. 6. 7TEERERY, SHEAAMEL, TA-SM
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ﬂg dokk "
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A SOR TA-SM : @,
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i FF i ‘
SRR "P<0.05 *"P<0.001.
*P<0.05 *™P<0.001 vs model group.
El6 TA-SM FRIAFEMNZEMITMN (X L5, n=6)
Fig. 6 Safety evaluation of TA-SM against hepatocellular carcinoma in vive (X £s, n=6)
#5 BREILEENRNIER (X £s, n=6)
Table 5 Routine blood test parameters in nude mice ( X *s, n=6)
I WBC/ NEUT/
H) NEU/% LYM/% Eos/% Bas/%

(mg'kg™) (X10°L7Y) (X10°L7Y)
it — 51.20+7.58 2.38+1.17 41.83+9.3 1.474+0.49 0.73£0.93 1.09+0.44
SOR 50 69.231+10.54  1.484+2.08 29.39+742 3.07+1.91 0.43£0.06 0.90+1.16
TA-SM 50 47.33+3.57" 2.23+£0.95 38.93+8.14 2.07+0.84 0.17£0.15 1.06+0.48

5 Fli=v) LY/ EO/ BASO/ RBC/ HB/ PLT/
H 5

(mg'kg™) (X10°L7Y) (X10°L7Y) (X100 LY (X102 LY (gL™ (X10°L7Y)
Y — 0.93£0.82 0.02£0.01 0.00£0.01 8.31+047 142.00£13.75 591.33+5.86
SOR 50 0.47+0.69 0.02+0.01 0.00+0.01 11.18+2.27 144.67£9.50 604.33+49.54
TA-SM 50 0.92+0.52 0.04+0.02 0.00£0.00 8.224+0.92 129.33+17.47 607.67+6.66

5 SOR #H b "P<<0.05,
*P < 0.05 vs SOR group.
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6 BRBRITTHEENIERR (X s, n=6)
Table 6 Liver function test indicators in nude mice (X *s, n=6)
1 7l &/ ALT/ ALP/ AST/ TBIL/ TBA/ GGT/
(mgkg™) (UL (UL (UL (umol-L™) (umol-L™) (Ui
Rt — 27.7315.66 25.33%£10.07 115.87£450 6.60£3.00 9.87£0.61 30.67+8.33
SOR 50 32.6710.46 21.00£1.00 147.03+8.43" 4.574+0.21 13.50+0.89" 12.33+1.53"
TA-SM 50 28.401+2.80 13.33+£6.11 144.004+6.80° 5.53+1.42 10.80+0.00% 14.00+2.00"

MM E: "P<0.05; 5 SOR 4ltbE: “P<0.05.
P < 0.05 vs model group; “P < 0.05 vs SOR group.

K7 RRBIBERNIERR (X s, n=6)

Table 7 Renal function test parameters in nude mice

( X is, n=6)
UREA/ CREA/ UA/
ZH 5
(mmol L) (umol-L7) (mmol L7
it 7.01+0.89 110.60%+1.40 150.00£22.00
SOR 6.70+0.07 17.004+0.53" 471.33+9.87"
TA-SM 7.32+1.19 112.00+6.80* 208.00+12.00™*

HFERMA L "P<0.05; 5 SOR ALLE: *P<0.05.
P < 0.05 vs model group; "P < 0.05 vs SOR group.

TRVREA R AR TR Lg% (P>
0.05) . ff. BIhREIF 2R, SOR 4 ALT. AST.
TBA & & & T TA-SM 41; TA-SM 41 UREA &
BHHAMHMZET )L, CREA BT, UA K
SPKT SOR 4, ¥FEIEH L N . & HE Jefi)q,
O FEBE BRBE. WS, B AR AR 52 2 B
B (B 6) , R TA-SM IR N A=) %
MR

FKiz H Western blotting 1 qRT-PCR 743K 5
ik Hippo {55182 5 7] LLE TA-SM T K
RAIFFUT MM VE ] . SOR 4LA1 TA-SM ZH 7E il
S LR STK25. STK38L. WWTRI1 £ TEAD4
T A FRIA R4 1.0940.35 F11.99+0.48.
1.660.17 F12.5740.57.2.13+0.31 F1 3.68+0.86 LA
Fe 1774025 F12.1740.27, SR AL, TA-SM
M EERIN (P<0.05) . 5 SOR 41, TA-SM
MR ZH 4% STK25. STK38L. WWTRI1 3 FiiE (A
FFIR ) BRI (P<0.05) o FIREKI, Sk
BAMLIL, & TA-SM Wb# 5 STK25. STK3SL.
WWTRI F1 TEAD4 mRNA [FIAHX R 1A =354 B in
(P<<0.05 0.01 0.001) , 5 SOR ALk, TA-SM
LAhH 5 STK25. WWTRI A1 TEAD4 mRNA [f) 315 5.
FH (P<0.05. 0.001) . 4HEH, TA-SM Af

DUMiE it Hippo 15 58 % o AH G 8 11 R R I 3Rk
(F 7-A. B) .

B 5 xof b e ZH 23 bRy e MR R AT T S A
RGN gett . Gy A ta s IR EIR, 5
MEZHELHL, TA-SM 4H STK25. WWTRI1. TEAD4 ]
FIEH N (P<0.05) , (HAR &I STK38L [1)3RIA (
7-C. D) o Syt ta g R 5 s A A —3,
{H I STK38L #Ak R IA BRI, HAKIL TEAD4
[MERL (B 8) o IXTIHERAN A S8 J7 Al R
AR FTEL

T 2H BT IR FIESE TA-SM TEAR AME R oh H,
A PURT A ML AR B AR FH, DR ARt 42 R SRk vE
fli 7 TA-SM FEAA& A 22 75 [RIFE A Pl 8 28 AR
Mo a5RER, SHHBALLE, TA-SM 4 n] % [%
ik CD31 DL K& VEGF 315 (P<<0.05. 0.01) (&
7-C. D A 8) , Xigk—HIESE T TA-SM A L]
R AR I AR R, 3R WU AR A A A P AT R A
TA-SM HoJH9 B AL 2 — o AN 52 SO0
Jigg 2123 Ki67 1 & AT TlE, 4R ER,
22 TA-SM A3 J5 Ki67 HIRIE B MNA B E T
F% (P<0.01) , LT SOR A (K8 , K
TA-SM #ii JiJed 40 B 3G 5 ¥ e /I8 T SOR.

4 g

JFFE0H s A2 — iy DLk e, O KR AL
SERRI, ZRRSSAI AR B ORI 1 F 052,
A TR, MT i # & B B (Ake /4R
A B EE-3p (GSK3PB) /B IR (B-catenin)
ST, PR P-catenin FIFESIETE, M0 0T
Jeb 0 B PRI B 55 SR T2 /N T S AR 5 R B
MT 5 S A0 T S0 40 58 v #e 5 P38,
2 ZFIEALE R (MAPKD . c-Jun &35 K b
g (INK) {55@%A <. b CERSESIRT LRI,
OMT "] LU T y TH0E (IFN-y) K&, #)



F49EF4H 20265F4H8 AT TN Drug Evaluation Research Vol. 49 No. 4  April 2026 + 1123 -
A
- L w =T
B
Jd‘g = ** iy
= H#HH
5.0~5.5
TEAD — < L.
GAPDI M W (0

Pt SOR  TA-SM

STK25 WWTRI1

TEAD4

STK25 STK38L. WWTRI TEAD4

< :3‘)‘3 ':\l

3 AT
ST “g.’ X \Wa. -Q.&t»

%
"

A: -‘_)‘4&;’ ) SR
o B TS
. ' e B W SR
g %%igu’q e i e
. s B o
ZARE DR NOS L
)

e

o)

X RIER

CD31 CD34 VEGF

HEMANE: "P<0.05; 5 SOR ALLH: “P<0.05.
P < 0.05 vs model group; “P < 0.05 vs SOR group.

E7 BB Hippo BERXRER. EEREKTE (A, B) REEHEL (C. D) & (X x5, n=6)

Fig. 7 Detection of key proteins and gene expression levels (A, B) of Hippo pathway in tumor tissues, as well as

immunohistochemistry (C, D) (X s, n=6)

HI AN P R AL T L AR-1 (PD-L1) ¥ i3k
EF G SLCTALL (xCT) FIA B H Il AL
Bl 4 (GPX4) SFERACT- ARG LIRIERIA, dEmife it
PR R A AET . A BT 7T R BI08, SPC it
BE LR T 88 (MyD88) KHI&4EM Toll £f5% 14k
(TLR) 4@#% 7T, N4 ERK. JNK. p38 Al

IKK PR KT, BRI 2 4R 28 P4t R
TNF-o F1 IL-6 321k, s/ 40fafE & E D1 A
FAAEMRZ DR RIS, SRR A MR s, gk
MR A 4EA . RENFEE@E B e R I, SPD
TV REFN I s A RS T R 51228 . ANHFFUAE
FARSMHMI SIS . RIS B 22 AT BRI R AR Y



- 1124 - FA9EE4H 202654 8 ¥k A Drug Evaluation Research  Vol. 49 No. 4 April 2026

B

e

SOR--. -.. ---
TASM.-. --- .-

STK25 Merge STK38L DAPI Merge WWTRI DAPIT Merge

SOR

TA-SM

CD31 DAPI Merge CD34 DAPI Merge VEGF DAPIT Merge
80+ Y 25
iy e
oo p O 204 sor
2 60 # ;; © TA-SM
w15
ﬁ 404 ** ﬁ
EE k% E ]0
20 #iHt 5 &
Kk %k s * %
T T r 0 T T T
STK25 STK38L WWTRI1 CD31 CD34 VEGF
204
= 154
ﬁ
= 10+
S
- *%
M -
3 #H#
TA-SM . I T
% SOR TA-SM
100 um

Merge
ERUMA . "P<0.05 *P<0.01 *“P<0.001; 5 SOR 4% #*P<0.05.
*P<0.05 "P<0.01 *P<0.001 vs model group; *P < 0.05 vs SOR group.
B8 MEYRNEERAER(X £s, n=6)

Fig. 8 Immunofluorescence images of tumor sections ( X X5, n=6)

WL T TA-SM Xt AT IVER, KB TA-SM XF B B B S ER, XK TA-SM M aEiE
HepG2 Al Huh-7 2 Fh BT40 & & Balb/c #R50 CDX i 4% Hippo 15 5B B K IEDUAT 40 e /e . b



FAOEFEIH 2026 F48

{;35"«?&?53{ R Drug Evaluation Research

Vol. 49 No. 4 April 2026 « 1125 -

W R LR —PUFL T, TA-SM I ZH5, £
TG 2 3R F R FE S A VR

R AT 72 45 .28 W TA-SM % HepG2 Al Huh-
72 PRI R A ) B BB RAEER, X5
Zhang IR RE5 18—, #—P 3k TA-SM 1E
TEAEDUTHE 254 B Rk - AR(EAS T R 2, TA-
SM %f Huh-7 4 SRR AR AR, X v RS
HepG2 4HH ) “/NEpIR 7 Az KA T 204t [5) 5 Bt
JI A K AIRIRBEZ A5, HepG2 401
TR IR D, L R AR B 2 b B )
S A ], TR R TR AT
2 i R A TR T A AR SR RCE TR S, A
T AR P 29 o 24 VA i 2 P A FE 4
)5, HepG2 AT R L 50%, 1 Huh-7 {04
14.5%, HElll TA-SM 5 il HepG2 41 /¥ DNA
P R E RIS T2 . TA-SM X HepG2 #fifl
G WA Gy HI1 00 BH i 1 FH T B A L 5 R i 4
FARIDCBEMLE]; 1 Huh-7 40MAEIN G WIRH
PEon TA-SM AT R ik A~ [7 4 it ) H3 T 42 2 R el
1 S R

& A B O R A Y B T LTS
LW 2 AR Rz S, B R AT 40
G, UL LR H A EAE R M, 45
ANAE ARG SN 2 L0, DIA K F A 41 %
PR AT A1F DIA HEERTER A AW S dni 2
6] (P AL 5 T A T2 B AT S, GO &
FEI MR KEGG 73 Mr s kI, TA-SM 7] ggid i
Wi+ Hippo {5 Z 1@ B4 e . B O a7 uER,
Hippo BERMMEAR/ N A RE. REARES
<8R 587, Hippo &% 178 ] S 808 I
JFF VS99 (0 8 g 7 PP 9 R 4 e 021 24
AR TR 2 47 3E 8 T LIS Hippo 15 518 B o il
JFF 4 B e 1 i 245 1R (03 . AR U 8 Western
blotting Al qRT-PCR 258 M 85 5 DA K FE [R] 1) 77 Th1 i
1T 73AE, Z5EM, TA-SM #isza] LU Hippo
G H A WREANE, o FXHRRIESS R
7R, SM AW 5 Hippo 8 % <4 4 55 STK25.
STK38L. WWTRI1. TEAD4 5 B RIFIEE & 17,
W] TA-SM AT LA HE G40 e 1Y D28

PRE CDX ARALFER 5T 251000 3 g () 1
rh B R S RS AL 2 AR 38064, A S
IR AR R T CDX B SE TA-SM A A HLAF
YfE e, AR 2 SR X FE 2454 SOR 464K,

REfg 135 AL 2% R 1) A4 1 SOR FEVRTT I FEH 2 5]
EATIhRE T H, RBUH AST ACPTHE, XAlRESHY
Wi JEF RGBT BRI & i i FDHEIE T e, S 3UH
THERALE MR IR FE T 55 - SOR YA TT 4L AR I 3
JREGIKF-EH s, R TREE T SOR 2 F#IK
B/ NERE IS 2 BT B NS BRI RE R, R
JREQIEHHEME, RZn| RIS =& . M, TA-
SM VAT & R B R H R A L

AR BT EAE 7 AR TA-SM B B
A AER, SOR AT Ld ik Hisf A8 i A e i) i
JEAEBT, PR, ARHIE ST SO I AR RO G TR
CD31. CD34. VEGF #47 7 fxill. CD31 R IME
N R A PR e 1 R B 1, SRR T I T B
I P R 52 B 8S), 1] VEGF A 94 i A8 i 0
VPR, HOKSPFRAR R A 25 BEL T P 1 4 i 1 B A
S G006, PEAE TA-SM AE N B0 [F) 1 41 50
%, PR TA-SM ARG T 7 VEGF/ /MR P 52
MAZELFT > 1 (PECAM-1) 1554, HEAEA M
BRSO A R AR R A 1T S I T S
KEEEY IR . CD34 1E N R AHA 8l bR &
YIFRIE NS, BB AEIE TA-SM AT 2 8
T 790 FL W I % ST A R 5 1 4 4 B R T,

Ki67 A& — Pz T VPAl 4 3 5 0 1 1) %
WA TAREY), HAEYZ 6 S 40 R iR %
YIAHRI8), Ki67 Fa0lk &, HE 7 I8 4 i 14 5 v
PR, EE SRR REE AR BUSH
KT, 225 TA-SM Ab# 5, MR ZH 2 Kie7 3R
LEHE TR, BB T SOR, X ik TA-SM
TE AR PR 170 1] e 290 P 3 B 0 R B 0o

EW: FERFHFR AATLERUAATEMERS
tBREDFAHRBEERFS

MBEFRR PARNEHNEAREGLEA G R

&

[1] SungH, Ferlay J, Siegel R L, et al. Global cancer statistics
2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries [J]. CA Cancer
J Clin, 2021, 71(3): 209-249.

[2] Jiang LL, Liang R, Luo Q, et al. Targeting FTO suppresses
hepatocellular carcinoma by inhibiting ERBB3 and
TUBBA4A expression [J]. Biochem Pharmacol, 2024, 226:
116375.

[31 Zheng SH, GuY X, Qi WY, et al. Traditional Chinese



« 1126 -

FAOEFEI4H 2026 F48

‘Z;Kf"«iﬁ'tﬁt ER Drug Evaluation Research

Vol. 49 No. 4 April 2026

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

medicine for liver cancer treatment: Network
pharmacology research [J]. Curr Top Med Chem, 2025,
25(26): 3027-3041.

Li K X, Xiao K M, Zhu S J, et al. Chinese herbal medicine
for primary liver cancer therapy: Perspectives and
challenges [J]. Front Pharmacol, 2022, 13: 889799.

ShiJ F, Cao M M, Wang Y T, et al. Is it possible to halve
the incidence of liver cancer in China by 2050? [J]. Int J
Cancer, 2021, 148(5): 1051-1065.

Chen S'Y, Siedhoff H R, Zhang H, et al. Low-intensity
blast induces acute glutamatergic hyperexcitability in
mouse hippocampus leading to long-term learning deficits
and altered expression of proteins involved in synaptic
plasticity and serine protease inhibitors [J]. Neurobiol Dis,
2022, 165: 105634.

XuAX, Zhao Z F, Zhu L, et al. Promise and challenges of
traditional Chinese medicine, specifically Calculus bovis,
in liver cancer treatment [J]. World J Gastroenterol, 2024,
30(40): 4380-4385.

Rose M G, Kennedy E B, Abou-Alfa G K, et al. Systemic
therapy for advanced hepatocellular carcinoma: ASCO
guideline update clinical insights [J]. JCO Oncol Pract,
2024, 20(8): 1035-1039.

Wu L, Zhang Y M, Ren J. Targeting non-coding RNAs and
N(6)-methyladenosine modification
carcinoma [J]. Biochem Pharmacol, 2024, 223: 116153.

Xia C F, Basu P, Kramer B S, et al. Cancer screening in

in hepatocellular

China: A steep road from evidence to implementation [J].
Lancet Public Health, 2023, 8(12): €996-e1005.

RMEH, 18T, BAW, S R Hu R i
WTIURERE [1]. WS R AR
Jii, 2022, 37(1): 26-29.

Xu XY, Xu N, Li ] M, et al. Research progress of
antitumor active ingredients in natural products [J]. J Inn
Mong Minzu Univ Nat Sci, 2022, 37(1): 26-29.

Song L, Zhang W, Tang S Y, et al. Natural products in
traditional Chinese medicine: Molecular mechanisms and
therapeutic targets of renal fibrosis and state-of-the-art
drug delivery systems [J]. Biomed Pharmacother, 2024,
170: 116039.

Liu X C, Wang X B. Recent advances on the structural
modification of parthenolide and its derivatives as
anticancer agents [J]. Chin J Nat Med, 2022, 20(11): 814-
829.

WA, EAA, A0AD, S H RS2 R SR I T
HEE [J]. REZ, 2025, 56(4): 1456-1466.

Huang J, Zhang W'Y, Zou C, et al. Research progress of

anti-tumor effect of licorice flavonoids [J]. Chin Tradit

[18]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Herb Drugs, 2025, 56(4): 1456-1466.

IR, RBHE, TR, . SRR BT 2 B
T R AR LB bR (7], PR, 2025, 56(9):
3390-3400.

XuSY, Liu SL, Yin S S, et al. Research advances in
antitumor pharmacological activities and mechanisms of
evodiamine [J]. Chin Tradit Herb Drugs, 2025, 56(9):
3390-3400.

Zhu LR, Li S S, Zheng W Q, et al. Targeted modulation of
gut microbiota by traditional Chinese medicine and natural
products for liver disease therapy [J]. Front Immunol,
2023, 14: 1086078.

Li Q R, Cao M M, Lei L, et al. Burden of liver cancer:
From epidemiology to prevention [J]. Chin J Cancer Res,
2022, 34(6): 554-566.

Liao X, Bu Y, Jia Q G. Traditional Chinese medicine as
supportive care for the management of liver cancer: Past,
present, and future [J]. Genes Dis, 2020, 7(3): 370-379.
BEFE, s, BEEM, 5. AR AR YIIRRL M SE
ML Z R AEEET AR (1], R RS
%, 2020, 32(9): 1614-1620.

Zhao N S, Ji P, Wei Y M, et al. Research progress in the
determination, extraction process and biological activity of
alkaloids from Sophora moorcroftiana [J]. Nat Prod Res
Dev, 2020, 32(9): 1614-1620.

Ji P, Zhao N' S, Wu F L, et al. Mechanisms predictive of
Tibetan medicine Sophora moorcroftiana alkaloids for
treatment of lung cancer based on the network
docking [J]. BMC
Complement Med Ther, 2024, 24(1): 47.

Huang Z C, Li H W, Li Q H, et al. Matrine suppresses liver

pharmacology and molecular

cancer progression and the Warburg effect by regulating
the circROBO1/miR-130a-5p/ROBO1 axis [J]. J Biochem
Mol Toxicol, 2023, 37(10): e23436.

Zhang H, Chen L L, Sun X P, et al. Matrine: A promising
natural product with various pharmacological activities [J].
Front Pharmacol, 2020, 11: 588.

Du Q, Lin Y D, Ding C P, et al. Pharmacological activity
of matrine in inhibiting colon cancer cells VM formation,
proliferation, and invasion by downregulating claudin-9
mediated EMT process and MAPK signaling pathway [J].
Drug Des Devel Ther, 2023, 17: 2787-2804.

Yuan R Y, Dongzhi Z, Guo W, et al. Hepatoprotective
effect of Sophora moorcroftiana (Benth.) Benth. x baker
seeds in vivo and in vitro [J]. Drug Chem Toxicol, 2022,
45(6): 2535-2544.

HHARHE, 5K R K. Box-Behnken Mo [ yE AL ab A4
AR Z [7]. TPz, 2016, 38(9): 2063-



FAOEFEIH 2026 F48

‘Z;-*ff"«iﬁ'tm‘{ ER Drug Evaluation Research

Vol. 49 No. 4 April 2026 « 1127 -

[26]

[27]

(28]

[29]

[30]

[31]

(32]

(33]

[34]

[35]

2066.

Hu C H, Zhang F B. Optimization of extraction process of
total alkaloids from Sophora Japonica by box-behnken
response surface methodology [J]. Chin Tradit Pat Med,
2016, 38(9): 2063-2066.

HERE, HEE, 4%, 5. DR SRk
EVIRTME B pH B e DD VA S 06 [ 2 Bl BT T
. 25V IE, 2022, 45(4): 702-709.

Gan X H, Hu C H, Du T, et al. Study on pH conversion
two-step dissolution and pharmacokinetics of total
alkaloids from Sophora moocrorftiana aqueous solution
and biological adhesive tablets [J]. Drug Eval Res, 2022,
45(4): 702-709.

Zhang X, Xu H, Bi X Y, et al. Src acts as the target of
matrine to inhibit the proliferation of cancer cells by
regulating phosphorylation signaling pathways [J]. Cell
Death Dis, 2021, 12(10): 931.

Wang B L, Wang H H, Zhao Q, et al. Matrine induces
hepatocellular carcinoma apoptosis and represses EMT
and stemness through microRNA-299-3p/PGAMI axis
[J]. Growth Factors, 2022, 40(5/6): 200-211.

Ding Y Q, Li N, Sun J H, et al. Correction to: Oxymatrine
inhibits bocavirus MVC replication, reduces viral gene
expression and decreases apoptosis induced by viral
infection [J]. Virol Sin, 2019, 34(6): 729.

Lou D, Fang Q, He Y H, et al. Oxymatrine alleviates high-
fat diet/streptozotocin-induced non-alcoholic fatty liver
disease in C57BL/6 J mice by modulating oxidative stress,
inflammation and fibrosis [J]. Biomed Pharmacother,
2024, 174: 116491.

Chan Y T, Wang N, Tan H Y, et al. Targeting hepatic
stellate cells for the treatment of liver fibrosis by natural
products: Is it the dawning of a new era? [J]. Front
Pharmacol, 2020, 11: 548.

Yang Y S, Wen D, Zhao X F. Sophocarpine can enhance
the inhibiting effect of oxaliplatin on colon cancer liver
metastasis-in vitro and in vivo [J]. Naunyn Schmiedebergs
Arch Pharmacol, 2021, 394(6): 1263-1274.

Wei S C, Xiao J S, Ju F, et al. A review on the
pharmacology,
sophocarpine [J]. Front Pharmacol, 2024, 15: 1353234,
FEM, R, WikEE, & B UM R 2 1 E
[7]. "PEH2h4%E, 2006, 15(8): 654-657.

Li XM, Wu Y G, Pan D X, et al. Sophoridine is a new
antitumor medicine with new molecular structure [J]. Chin
J New Drugs, 2006, 15(8): 654-657.

Zhao Z W, Zhang D K, Wu F Z, et al. Sophoridine

suppresses lenvatinib-resistant hepatocellular carcinoma

pharmacokinetics and toxicity of

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

growth by inhibiting RAS/MEK/ERK axis via decreasing
VEGFR2 expression [J]. J Cell Mol Med, 2021, 25(1):
549-560.

Wang R, Liu H W, Shao Y'Y, et al. Sophoridine inhibits
human colorectal
MAPKAPK?2 [J]. Mol Cancer Res, 2019, 17(12): 2469-
2479.

FLAEMg, #RVE, BEME, 5. B AT S A YT
ML P9 B 20 1 T A ot A B AR T R VEGEF-AL
VEGF-R2 RiAMm [J]. FE &5 RS 5 R 5 5
&, 2025, 46(1): 23-32.

Kong X M, Du T, Hu C H, et al. Effects of total alkaloids

from Xizang medicine Sophora moocrorftiana on the

cancer progression via targeting

angiogenesis of vascular endothelial cells and the
expression of VEGF-A and VEGF-R2 [J]. Chin High Alt
Med Biol, 2025, 46(1): 23-32.

AR, Mk, ZACF, & AR S AEMAiAL T
2L [J]. i EiZE, 2016, 38(10): 2157-2162.

Hu C H, Yang T, Li Y P, et al. Optimization of the
purification of total alkaloids from Sophora moorcroftiana
seeds [J]. Chin Tradit Pat Med, 2016, 38(10): 2157-2162.
BRI, SRR, T 2%, 5. e Oo G il g e 2
WML T 4 FAEMITGES & (1], 290 Pk, 2015,
35(3): 430-434.

Hu C H, Zhang F B, Ding L, et al. HPLC determination of
fouralkaloids in Tibetan medicine Sophora moorcroftiana
seeds [J]. Chin J Pharm Anal, 2015, 35(3): 430-434.
Davalieva K, Kiprijanovska S, Dimovski A, et al.
Comparative evaluation of two methods for LC-MS/MS
proteomic analysis of formalin fixed and paraffin
embedded tissues [J]. J Proteomics, 2021, 235: 104117.
Balazs A, Millar-Biichner P, Miilleder M, et al. Age-related
differences in structure and function of nasal epithelial
cultures from healthy children and elderly people [J]. Front
Immunol, 2022, 13: 822437.

Mun D G, Vanderboom P M, Madugundu A K, et al. DIA-
based proteome profiling of nasopharyngeal swabs from
COVID-19 patients [J]. J Proteome Res, 2021, 20(8):
4165-4175.

Ren Y, Yu G, Shi C P, et al. Majorbio Cloud: A one-stop,
comprehensive bioinformatic platform for multiomics
analyses [J]. Imeta, 2022, 1(2): e12.

Tian W M, Zhang N, Jin R H, et al. Immune suppression
in the early stage of COVID-19 disease [J]. Nat Commun,
2020, 11(1): 5859.

Mooers B H M. Shortcuts for faster image creation in
PyMOL [J]. Protein Sci, 2020, 29(1): 268-276.

HER, EARE, A, HERME] HepG2 w4l



« 1128 -

FAOEFEI4H 2026 F48

‘Z;!ff"iﬁ'tﬁt ER Drug Evaluation Research

Vol. 49 No. 4 April 2026

[47]

(48]

[49]

[50]

[51]

[52]

(53]

[54]

J AR SR RS AR A A S LRI BT S (D). TR AR OR B iR
&, 2020, 27(11): 848-854.

Du Z L, Cui D J, Wang L P. Inhibition effect and
mechanisms of baicalein on the growth of HepG2
hepatocellular carcinoma cells xenograft model in nude
mice and its mechanism [J]. Chin J Cancer Prev Treat,
2020, 27(11): 848-854.

SCHAME, SKEAME, BRAR, 55, BEMERHIKE Ly294002
X N 440 i 9o R B L JRE ) e I 39 2801 R R (0],
rr AR B IR 28 &, 2023, 30(15): 904-911.

Wen L M, Zhang J W, Chen Z, et al. Study on synergistic
effect of acteoside combined with Ly294002 on
transplanted human hepatocellular carcinoma in nude mice
[J]. Chin J Cancer Prev Treat, 2023, 30(15): 904-911.

Lin Z Y, Niu Y, Wan A, et al. RNA m(6) A methylation
regulates sorafenib resistance in liver cancer through
FOXO3- mediated autophagy [J]. EMBO J, 2020, 39(12):
el103181.

AL, R, KRR, . WD AERR T AR YR MRS
B Py 5 AT R 5 P 24 9 7 4 A/ BRI BR ) 5 £
TR [J]. FEEEES SRR E, 2021, 42(1): 47-
52.

Gao P, Pan R C, Zhang F B, et al. Therapeutic effects of
bioadhesive tablets of total alkaloids from Sophora
moorcroftiana and albendazole on secondary alveolar
echinococcosis in mice [J]. Chin High Alt Med Biol, 2021,
42(1): 47-52.

Cai CY, Yang D J, Cao Y, et al. Anticancer potential of
active alkaloids and synthetic analogs derived from marine
invertebrates [J]. Eur J Med Chem, 2024, 279: 116850.
Wang L, Jiang Q H, Chen S Y, et al. Natural
epidithiodiketopiperazine alkaloids as potential anticancer
agents: Recent mechanisms of action, structural
modification, and synthetic strategies [J]. Bioorg Chem,
2023, 137: 106642.

Zhang D Q, Kanakkanthara A. Beyond the paclitaxel and
Vinca Alkaloids:
microtubule-targeting agents with potential anticancer
activity [J]. Cancers, 2020, 12(7): 1721.

FR#EE, B, T, 55 2 TRHEAE T TR AN
IUR S Bk [7]. o E 25250, 2024, 49(3): 671-680.
Du H T, Wang L, Ding J, et al. Application status and

Next generation of plant-derived

challenges of molecular docking in development of
traditional Chinese medicine [J]. China J Chin Mater Med,
2024, 49(3): 671-680.

WNTT, BRI, SRR, 4w SiEd P38 MAPK
A INK {7 5 38 10 o) e 40 B 484 5 14 20 7 AL B 7
[7]. MR (EERR), 2022, 48(1): 38-43.

[58]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

Xie X Q, Yang X J, Lu L X, et al. Matrine inhibits proliferation
and induces apoptosis of hepatocellular carcionma cells by
regulating P38 MAPK/INK signaling pathways [J]. J
Lanzhou Univ Med Sci, 2022, 48(1): 38-43.

Lei G, Mao C, Horbath A D, et al. BRCA1-mediated dual
regulation of ferroptosis exposes a vulnerability to GPX4
and PARP co-inhibition in BRCA1-deficient cancers [J].
Cancer Discov, 2024, 14(8): 1476-1495.

Qian H, Shi J, Fan T T, et al. Sophocarpine attenuates liver
fibrosis by inhibiting the TLR4 signaling pathway in rats
[J]. World J Gastroenterol, 2014, 20(7): 1822-1832.
REN, IR, Bk, . SRS BT AE A 30 ] e
MNITFE SIREFFA [J]. [ PR R 22 A4 (E AR}
2R, 2025, 43(2): 207-220.

Wu L C, Tan Z K, Qin Y H, et al. Sophoridine derivative
against liver cancer cell migration and invasion [J]. J
Guangxi Norm Univ Nat Sci Ed, 2025, 43(2): 207-220.
Zhang H, Yang LY, Wang Y C, et al. Oxymatrine alleviated
hepatic lipid metabolism via regulating miR-182 in non-
alcoholic fatty liver disease [J]. Life Sci, 2020, 257:
118090.

Shuken S R. An introduction to mass spectrometry-based
proteomics [J]. J Proteome Res, 2023, 22(7): 2151-2171.
Risha Y, Minic Z, Ghobadloo S M, et al. The proteomic
analysis of breast cell line exosomes reveals disease
patterns and potential biomarkers [J]. Sci Rep, 2020, 10(1):
13572.

Cang S, Liu R, Jin W, et al. Integrated DIA proteomics and
lipidomics analysis on non-small cell lung cancer patients
with TCM syndromes [J]. Chin Med, 2021, 16(1): 126.
Driskill J H, Pan D J. The hippo pathway in liver
homeostasis and pathophysiology [J]. Annu Rev Pathol,
2021, 16: 299-322.

Gao R Z, Kalathur R K R, Coto-Llerena M, et al. YAP/TAZ
and ATF4 drive resistance to Sorafenib in hepatocellular
carcinoma by preventing ferroptosis [J]. EMBO Mol Med,
2021, 13(12): el4351.

Stribbling S M, Ryan A J. The cell-line-derived
subcutaneous tumor model in preclinical cancer research
[J]. Nat Protoc, 2022, 17(9): 2108-2128.

Wang Y, Dong LY, Zhong H, et al. Extracellular vesicles
(EVs) from lung adenocarcinoma cells promote human
umbilical vein endothelial cell (HUVEC) angiogenesis
through yes kinase-associated protein (YAP) transport [J].
Int J Biol Sci, 2019, 15(10): 2110-2118.

Fukumura D, Kloepper J, Amoozgar Z, et al. Enhancing
cancer immunotherapy
Opportunities and challenges [J]. Nat Rev Clin Oncol,

using antiangiogenics:



FA9EE4H 202654 8 ¥k A Drug Evaluation Research  Vol. 49 No. 4  April 2026 - 1129 -

2018, 15(5): 325-340.

[67] Diaz-Flores L, Gutiérrez R, Garcia M P, et al. Comparison
of the behavior of perivascular cells (pericytes and CD34"
stromal cell/telocytes) in sprouting and intussusceptive
angiogenesis [J]. Int J Mol Sci, 2022, 23(16): 9010.

[68] Li L T, Jiang G, Chen Q, et al. Ki67 is a promising

[69]

molecular target in the diagnosis of cancer (review) [J].
Mol Med Rep, 2015, 11(3): 1566-1572.

Boughey J C, Hoskin T L, Goetz M P. Neoadjuvant
chemotherapy and nodal response rates in luminal breast
cancer: Effects of age and tumor Ki67 [J]. Ann Surg Oncol,
2022, 29(9): 5747-5756.

[FiEsmit  ZA74]

AT e 2 RIS 1 o o T e e o e o e e e A A SIS T RS

[ ] /L\\ﬁr% L]

thE e )R P ESWIR




