WA KRFFHR (BARFRMDA8(2) : 265—277,2025
Journal of Shanxi University(Nat. Sci. Ed. )

DOI: 10.13451/j.sxu.ns.2024172

ST LRI 55 Difkstra BB HLITRSE

Em FSAE, e AT

(L FBERIRS: 29%BE, 74 T M 510515;
2. (PR 2E B SRk Be , (Lpg KR 0300315
3. VYR RERAGEAHIR L, ILPE KR 030006)

T B URAAE A Ly R WS N R A R R T R ET o BT AT AL, SR B T R
b, AR SR A A X2 A ) AT R dm R 3G 2 SRR am B T, R, SRIAARARMA SR AT 8 5T BT R 6 4 R A ek
5 1E A AUH] & AT B 2 AARANNBT R . KB 5 R ik AR &3 FT 3% A 3 R (Liquid Chromatography—mass Spec-
trometry, LC-MS ) A7 48 $A MM SRIZAL 5 R 2, FF 45 A P 25 25 38 5 15 % 48 %% 12 L % (Dijkstra) 4% 35 A2 7 AR AT 58 47
AR BRAE T i K 4 o~ e B 2 M 4%, UG 38 3T o F 2R B 22 S AR M SRS XA R o S e SR ZAE A .
R D, SRR AR 3 S 35 MU R 45 BT M 26 25 2 4§ i “hithubs” ¥e. 5. 40 A, £ % R R @5
JE P& G B Tk % 1 75 (Kaposi Sarcoma ) 48 5% J8, 597 25 & 4= Bk g BEUBE -3 B~ % & % B4 B 18 % (Phosphati-
dylinositol-3 Kinase—akt Protein Kinase b Pathway, PI3K-Akt )13 5 i 35 b3 S AE A — 2 RS, s— ik
¥ “hithubs” & e, 5 470 1B 34 P 69 20 F 0 8 B 3 AN R A R 4EeY e & 646 Ok 4 K B -F %4k (Epidermal Growth Fac-
tor Receptor, EGFR) . A& JiT & % % & B4 (Matrix Metalloproteinase , MMP ) #2135 #5 5 5 3% 3% % B -F 3 (Matrix Metal-
loproteinase, STAT3) ., Dijkstra /& #5457 25 R R 7 5L SAAKA ML P 2240 % bk 8(RB-8) (253 % B 4(RB—4) e S 30 235
TG A RGERIT RS 5T 34 27 L% T G5 EGFR,RB-8 . RB-4 4w 3£ 3] 2% 7T G 55 STAT3 EL A 1R 3% 44
FAh, ALLERAYIRB-8. RB-4 4w 3¢ L3 7T G 7T A 5 SAARMLIE 342 09 £ %351 R 4 F , 833 [T EGFR #9
ik, #7%) Janus ¥ B 2 (Janus Kinase 2,JAK2)/STAT3 i@ %, m R EAT 09 A K 5 4645 . AT 1A fAk b B 06 77
T 6 AU RAR T A, A SR 9008 7 TR e R R 25 BAR 5% 25 4l ) A1 T R SRR SRR3R

SRR S5 P % 2592 5 s Dijkstra A5 AR 0 5 o T b4

HE %S R285.5 SRR SRS A MEHS:0253-2395(2025)02-0265-13

Investigation of the Mechanism of Bupleurum Against Liver Cancer by
Integrated Network Pharmacology and Dijkstra Model

WANG Peng', XU Wengian?, GAO Xiaoxia®, QIN Xuemei®
(1.School of Pharmaceutical Sciences, Southern Medical University, Guangzhou 510515, China;
2.8chool of Food Science, Shanxi Normal University, Taiyuan 030031, China,
3.Modern Research Center for Traditional Chinese Medicine, Shanxi University, Taiyuan 030006, China)

Wrks B : 2024-08-31; #32 H# : 2024-12-30

BEEWA B HRFFEFE 4T H (32174099 ; 82304457 ; 82174099) 5 Ll PG 48 Ffil i FH H #1357 H (20210302123432) 5
AR 25T & 1L PG48 1A S22 30 H (202104010910001) 5 #67 Fh 245 B30 BRI ST 5 0] 1 LU S 45 T 05 5256
ZEIH (202105D121009) 5 L PH 48 o 22 25011357 41 BA (2yytd2024020) ; 11 PG48 “1331 TR "5 5 Wb E Q03 Fhocs 5 1
PUARHE AT BN s fbe A= W2 5 40 F TR E T E S R0 2 i - e Rl ae 3k 42 (2022M721531)

YEB T : TMS(1994—), J 1A R ITIA EFgE A AR5 05 10 R TR 25 25884 . E-mall: wp940420@smu.edu.cn

* BIEIEE: mHEEE (GAO Xiaoxia) , E-mail : gaoxiaoxia@sxu.edu.cn; 25 5 #f (QIN Xuemei) , E-mail : ginxm@sxu.edu.cn

BI3zagE: MG, 4SO, e, A R T R4 24 B2 5 Dijkstra B8 4SS RE ML BT ZE L], Lo K230 ( A SR

2ARR) ,2025,48(2) : 265-277. DO1:10.13451/].5xu.ns.2024172.



266 PR 224 (H SRR R 48(2) 2025

Abstract: Bupleurum is the primary medicine in traditional Chinese compound prescriptions such as Xiaoyaosan, Sinisan, and Xiao-
chaihu decoction, commonly used to treat liver cancer. Previous studies have demonstrated that Bupleurum possesses anti-liver can-
cer properties. Specifically, the low-polarity partition of Bupleurum (LPB) significantly inhibits liver cancer cell proliferation and
promotes apoptosis. However, the material basis and mechanism of LPB in treating liver cancer have not been systematically stud-
ied. In this study, liquid chromatography—mass spectrometry (LC-MS) was used to analyze the chemical components of the LPB.
Network pharmacology combined with Dijkstra model were used to investigate the key component-target network of LPB against
liver cancer. Finally, the interaction between the components and targets of the LPB was verified by molecular docking. Our results
identified 35 chemical components in the LPB; 40 "hithubs" targets were screened by network pharmacology, and mainly involving
pathways such as pathways in cancer, proteoglycans in cancer, kaposi sarcoma-associated herpesvirus infection, PI3K-Akt signaling
pathway, and chemical carcinogenesis-receptor activation and other pathways. Based on the number of "hithubs" targets in the core
pathway, the three most critical targets including epidermal growth factor receptor (EGFR), matrix metalloproteinase (MMP) and
matrix metalloproteinase (STAT3) were selected. The Dijkstra model results indicated that RB-8, RB-4, and saikogenin G are key an-
ti-liver cancer components in LPB. Molecular docking showed a strong binding affinity between these components and targets. Our
findings suggest that RB-8, RB-4 and saikogenin G are the main active components in the LPB, which can inhibit EGFR expression,
block the JAK2/STAT3 pathway, thereby curb liver cancer growth and metastasis. This study offers insight into the potential mecha-
nism of traditional Chinese medicine in the treatment of liver cancer, and provides a scientific foundation for the clinical application
of Bupleurum and the development of related pharmaceutical preparations.

Key words: Bupleurum; network pharmacology; Dijkstra model; liver cancer; molecular docking
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Fig. 1 Total ion chromatograms (TIC) of positive (a) and negative (b) ions in low-polarity partition of Bupleurum (LPB)
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R EPRMEI AL UPLC-MS/MS A5 R 5 4
Table 1 Analysis of chemical composition of LBR by UPLC- MS/MS

No. Tin.le Name Fomula IonType Cal.m/z Mea.m/z Error/ MS/MS

/min (rg/g)
1 1.39 b CygHppOs [M—H] 503.1617 503.1623  2.943 341.109 5, 179.055 6, 89.023 5
2 142 A CH,0p [M—H] 1510611 151.0606  3.104 151.060 56, 101.023 5, 89.023 4
3 181 o CioHy 00, [M—H] 193.0506 193.0501  2.638 193.05, 178.026 7, 134.036 6
4 181 E N 4] CyH,O [M—H] 161.0971 161.0966  2.984 131.096 6, 83.049 3, 79.956 5
5 208 ELIES CpHpO; [M—H] 235.0611 235.0611  3.695 235.0611, 163.0759, 78.958 1
6 237 AR R 2l CpH,0, [M—H] 221.0819 221.0818  3.833 221.0818, 177.0917
7279 A IR T T CiHO, [M—H] 277.1445 277.1442  2.520 277.144 2, 233.154 5, 165.127 9
8 4.29 P CiHi O [M+H] 1531275 153.1275  0.414 153.1275, 135.116 9, 81.070 4
9 558 S, 22, 438 T CiHi O [M+H] 1531275 153.1275  0.850 153.127 5, 135.117 0, 93.070 3
10 10.74 SRR Ci:H,O  [M+H] 2191743 219.1744  0.388 219.174 4, 177.127 5, 121.065 0
11 11.22 SE A A CpHgOyy [M—H] 779.4587 7794591  1.750 779.459 1, 617.406 3
12 11.68 AR R T 18 CiH,0, [M—H] 277.1445 277.1444  2.168 277.1444 ,233.1546, 165.127 9
13 12.74 RB-1 Ci;H, O [M+H] 215143 2151432  0.511 215.143 2, 159.080 6, 107.086 0
14 13.49 SEH AT B2 CysHy0p [IM—H] 779.458 7 779.459 1.274  779.459
15 15.19 R CHO;  [M+H] 153.0547 153.0548  0.892 153.054 7, 125.059 9, 111.044 4
16 15.86 SeRAT D CpHgOy [M—H] 779.4587 779.4589  1.030 779.459 1, 617.406 5
17 16.28 RB-2 Ci:HiO  [M+H] 215143 2151432  0.778 215.143 2, 159.080 6, 107.049 5
18 17.45 6,6- HIEXGRBE-2-M-2-Z g C,H, O, [M-+H] 1951379 195138  —0.036 195.1380, 149.132 6, 125.059 9
19 17.5 AT TT CyHiO, [M—H] 471.3479 471.3484  3.555 471.3484
20 18.97 EPE] CyoHyO, [M+FH] 471.3468 471.3484  2.778 471.348 4, 453.327 0, 187.148
21 19.43 RB-3 CyHpO  [M+H] 2431743 243.1744  0.031 243.174 4, 159.080 6, 107.070 1
22 20.3 RB-6 CpHypO, [M-+H] 257.1531 257.1522 —3.828 257.1522, 159.080 6, 91.054 7
23 21.83 RB-4 CHpO  [M+H] 2431743 243.1745  0.527 243.174 5, 159.080 6, 107.049 5
24 23.99 RB-5 Ci:H O [M+H] 215143 215.1432  0.618 215.143 2, 159.080 6, 107.049 5
25 24.35 RB-8 CyHpO  [M+H] 2431743 243.1745  0.613 243.174 5, 159.080 6, 107.049 5
26 24.71 S CpHyy  [M+H] 154.0777 154.0779  1.120 154.0779, 128.062 5, 113.964 1
27 25.54 RB-7 CpHyO, [M-+H] 2571531 257.1524 —3.360 257.1524, 159.080 6, 91.055 1
28 26.19 e RO G CyHyO, [M—H] 471.3479 471.3483  3.255 471.3483
29 28.74 2S5 TN 5 H ] 7 ik CyHO [M—H] 163.1128 163.1123  3.190 163.1122, 119.049 5, 91.018 1
30 31.27 Longikaurin A CyHyOs [M—H] 347.1863 347.1867  3.154 347.186 6, 329.176 2
31 31.27 BIATHTA CiH30, [M—H] 279.2326 279.2333  5.310 279.2332
32 32.92 B R CH30, [M—H] 255.2329 255.233 4.014 255.233
33 34.46 MR CiHy,0, [M—H] 281.2486 281.2488  4.092 281.248 8
34 3547 BIATHE: Y7 CyHy0, [M—H] 307.2642 307.2645  3.575 307.264 5, 83.049 2
35 38.99 TR S R CuH,0, [M—H] 227.2016 227.2015  3.761 227.2015, 130.9828

¥ : RB-1: (2Z, 8Z, 10E)-pentadeca-2,8,10-trien-4,6-diyn-1-ol; RB-2: (2Z, 8E, 10E)-pentadeca-2,8,10-trien-4,6-diyn-1-ol; RB-3: (2Z,8Z, 10E)-hep-
tadeca-2,8,10-trien-4,6-diyn-1-ol; RB-4: (2Z,8E,10E)-heptadeca-2,8, 10-trien-4,6-diyn-1-ol; RB-5: (2E, 8E, 10E)-pentadeca-2,8,10-trien-4,6-diyn-1-
ol; RB-6: (2Z,8E,10E)-pentadeca-2,8,10-trien-4,6-diyn-1-yl acetate; RB-7: (2E, 8E, 10E)-pentadeca-2,8,10-trien-4,6-diyn-1-yl acetate; RB-8: (2E,8E,

10E)-heptadeca-2,8,10-trien -4,6-diyn-1-ol.
MMP2 & B8 45 & (X #4740 <<4) , & o0 5
MMP2 45 4 fE 718 55 . RB-8 . RB-4 fil 4 2
H ot G5 STAT3 43yl R —3.97, —3.97 H
—5.69 kecal/mol 145 4 68 (X 4247 70 >4) , £ W
X R4 55 STAT3 45 & i kA iE .

3 iR

JHF 8 o A L R UL B P R 2 — Ak
T2RAE T AL R GG IR b 2 5 = R R
TR AR, R ERES G AR YT T
R T NI B gy N A UK (SRR ]
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Fig. 2 The screening process of core targets of LPB acting on key nodes of liver cancer

(a) LPB target network; (b) liver cancer target network; (c) LPB anti-liver cancer target network and (d) LPB anti-liver cancer
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Fig. 3 Bubble chart of KEGG enrichment analysis of core targets

Top 15 pathways with corresponding P-values, displayed in a dot plot. The color scales indicated p-values and the sizes of the dots

represented the gene count of each term.

WG T RERHEL . WA HZ, B B
JIF A AR A T 2. BRI, i PR L LA ST o A 25 1
2 J7 50 T IR T TR, G R AL DO S
FI/INSEH 7 45 i 23 W 300 BT 88 6 A R 7

T S 5T B AR A DR A i A 5T
S B, S B AT PO P AR R A A7 i
S0 A s A R0 B B O 42 BE RGO T, AL A
Al RE S H Tl A AU R A G R

A0



EMGAF HET WK 232 5 D

ijkstra B8 4 ST HPRE LA DTS 273

G0:0004713-protein tyrosine kinase activity

G0:0140297-DNA-binding tr.
GO:0

anscription factor binding

019903-protein phosphatase binding

G0:0004879-nuclear receptor activity
G0:0001223-transcription coactivator binding

G0:0061629-RNA polymerase ll-specific DNA-binding tr.

anscription factor binding

G0:0019899-enzyme binding

GO:OO42802—identicaIf
G0:00055

rotein binding
4-ATP binding

GO:0005515—pr0tein bindin:

Description

G0:0042307-positive re%u
GO:000

G0:0045121-membrane raft

G0:0005901-caveola

G0:0005925-focal adhesion
G0:0043235-receptor complex

G0:0000785-chromatin

G0:0032991-protein-containing complex
GO:00

05654-nucleoplasm
G0:0005829-cytosol
G0:0005634-nucleus
G0O:0005737-cytoplasm

lation of protein import into nucleus
410-response to xenobiotic stimulus

GO0:001 0629-negative regulation of gene expression

G0:0043066-negative regulation
C?O:OO1 6

of apoptotic process
310-phosphorylation

G0:0008284-positive regulation of cell population proliferation
G0:0045893-positive regulation of DNA-templated transcription

GO:0010628-positive regu
GO:

lation of gene expression

0007165-signal transduction

G0:0045944-positive regulation of transcripti

=4

ion by RNA polymerase Il

0

20 30 40
Count

10

BUHES I GO & 1T

ZRA A BE RN (O ] TR AE R bR S AR A i e
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The length and color of the bands were used to characterize the number of targets involved into the related biological processes.
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Table 2 Dock scoring of the core components and targets of

the LBR
No. s LS AR Total score
1 RB-4 EGFR 4
2 RB-8 EGFR 4
3 SaikogeninG EGFR 5
4 RB-4 STAT3 4
5 RB-8 STAT3 4
6 SaikogeninG STATS 5
7 RB-4 MMP2 3
8 RB-8 MMP2 3
9 SaikogeninG MMP2 —
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