- 1850 » PER 202338 B54% B 6 Chinese Traditional and Herbal Drugs 2023 March Vol. 54 No. 6

ET MR AR F M5 FXHER T IS FiaTr G E M= E RS

ABR, EOM, TEF, Bk, RamET, AW
BERREE CEERE ER, E AR KRR 130022

W E: BW CRAMSAEEES S TRERERRAE, AT Brucea javanica 1697 45 B WS LR . R
PSR SEAER U] Fsk AN SEEOE B Aok 2 S R A I 7 (1 3% P G 4 TGS L PR 388 s DA 2 5 B W A DG R 4
JE I X 2% 24 B A A AT RS I TR 9T 45 B MR PR RSy A - IR A SRR SR DL T RE S IR . I A R T
PEROY SR AL A Re T, I A Py SRR — P RIS I TS T RO IR TT 45 B s A IR FA LS. 255R TR E
AR 15 AN R AL A IR T B . KRR E R BT B -7 8B 4 NSIRTAYE s & 32 M IRFiRIT
SHMEAERE A, RIZETFAEKSZIE (epidermal growth factor receptor, EGFR). R R KX Z MR E AlF-3 (cystein-
asparate protease-3, Caspase-3) MANAUEHIE A D1 (cyclinD1) ZFSAHFIHIT 45 B g o< 40 /5, EGFR/BE AR BRULEY 3-34
f# (phosphatidylinositol-3-kinase, PI3K) /&5 1M B (protein kinase B, Akt) {55l A EE AN T-I097 45 B e h RIE &
SRR . TR REOR 4 MM IERG T EUFES &, OISR IS 3 AN S P S S R B ROR, HiE iR
FasE, WREEANE THis B e e SIS S SRae st SRR, SR b, FfH 775 B0 S5 30 AR BR A4 P RS AR
ARIRG & (P<0.01), FiREL4L4{H EGFR. PI3K Fl Akt {14 ([IRIAKTF (P<0.01), TS Gi/Go HALH B AH <
K cyclin D1 AL i & 385 (A 4 i 14 385 4 (cyclin-dependent kinase 4, CDK4) HJZRiE (P<<0.01), &5 8 40 fa i 1A <
i) cleaved Caspase-3 321k & B #kEE 4N R -2 #H2< X B (B-cell lymphoma-2 associated X protein, Bax) /B itk 41 AjE-2 (B-
cell lymphoma-2, Bel-2) {f (P<<0.01), 5T AR BAHCH B H 5 &% 5 A5 9 (matrix metalloproteinase 9, MMP9),
MMP7 £ik (P<0.01); F9MH-FE BB ThAE. B DhAE LM Fein ok R R EME R . &t BT Reigmd 28 .
ZEBRIGYT A B, LR ENE TR NI T, L R B 40 ] EGFR/PISK/Akt 15 5@ B8 T 51 A2 Gi/Go HHIRELH,
TG 1REAITERE, (R A K
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Mechanism of Brucea javanica in treatment of colorectal cancer based on network
pharmacology and molecular docking

ZHAO Wei-xin, WANG Qing, WANG Meng-qi, JI An-xuan, ZHENG Jing-ying, ZHAO Shu-hua
Department of Obstetrics and Gynecology, Second Hospital of Jilin University, Changchun 130022, China

Abstract: Objective To explore the active components, key targets and potential mechanisms of Brucea javanica in treatment of
colorectal cancer by network pharmacology combined with molecular docking and in vivo verification. Methods The active
components, corresponding targets and colorectal cancer-related targets of B. javanica were retrieved and collected from the public
database. The active components, component-disease intersection targets and possible signal pathways of B. javanica in treatment of
colorectal cancer were analyzed through network pharmacology. Binding ability of active components to target protein was predicted
by molecular docking. The effect and mechanism of B. javanica active components in treatment of colorectal cancer were further

verified by in vivo experiments. Results Among the 15 components that met the screening conditions, four bioactive components
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(brusatol, luteolin, bruceoside B, B-sitosterol) and 32 therapeutic targets of B. javanica were screened. The epidermal growth factor
receptor (EGFR), cystein-asparate protease-3 (Caspase-3) and cyclin D1 were the key targets of B. javanica in the treatment of
colorectal cancer. EGFR/phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt) signaling pathway may played an important role
of B. javanica in treatment of colorectal cancer. The results of molecular docking showed that all four bioactive components could bind
well, and average binding energy of brusatol with three key targets was the most negative and the binding was the most stable, which
may be the most effective active component of B. javanica against colorectal cancer. The results of animal experiments showed that
compared with control group, brusatol significantly inhibited the volume and weight of transplanted tumor in nude mice (P < 0.01),
down-regulated the protein expression levels of EGFR, PI3K and Akt in tumor tissues (P < 0.01), down-regulated cyclin D1 and cyclin-
dependent kinase 4 (CDK4) expressions (P < 0.01), up-regulated the expressions of tumor cell apoptosis related protein such as cleaved
Caspase-3 and B-cell lymphoma-2 associated X protein (Bax)/B-cell lymphoma-2 (Bcl-2) (P < 0.01), down-regulated the expressions
of migration and invasion related proteins such as matrix metalloproteinase 9 (MMP9) and MMP7 (P < 0.01); There was no significant
difference in liver function, renal function and blood indexes of nude mice in brusatol group. Conclusion B. javanica can treat
colorectal cancer through multiple targets and channels, and its main active component is bruceol. Its mechanism may be related to
inhibiting EGFR/PI3K/Akt signaling pathway, thus causing Gi/Go phase block, inhibiting proliferation, invasion and migration, and
promoting cell apoptosis.
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2 —Bl, A& g8 25 IR e AT A B T 2
S TV Nz W REH TR IR
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F3HE-F Brucea javanica (L.) Merr. &2 J5i 4 T3 [
IREE S S HA A . I RHTHBIX )R EREAR . A
FERH 7 Sy JFOR A P h 2 MR v E SR, 2
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Yol ei@ L B ps3 FHiM#I#% K T-xB  (nuclear
factor-kB, NF-kB) HiL A\ &5 iz HCT116 4 A= K151,
SR, I TENLE M ATE 2 .
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D TAEAERIF SRS G 7. BT AR R
RS E T U RIS TR R 1, AW Tt — DA AR
B AT R AR Y FR IR AT CRC I g B X 3% 24 1L 2
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1.1 B4

12 H SPF ZiMME BALB/c-Nu /MR, 6 %,
R E 16~20 g, WHILFEEFEAEVRIE RN E
FRAT, FEAHIESS No.110322220103372262,
JREVFAES SCXK (51) 2019-0008, 44 FHF
AMES SYXK (#) 2018-0001. M4 T A1 %HE &
45%~55%. WRFE (22+1) C. 12h JEREIEHIFR
B, ENMHERSE LR, BBEEETmOK. SisL
ZHEMRRFEA E R ACHE R RS (LS
202073).

1.2 4Apm

HCT116 Al 5 S E F84 R A PR A ] .
1.3 AR5

PRI EE (HiLS B26016, i &7 30=98%)-
B-HBIKE (A5 T66291) W H M AYRH A
PRAT; —HIEWM (dimethyl sulfoxide, DMSO,
fIt5 D8418) I HE[E Sigma /A 7; RIPA ZLAW
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BCA HEFRENE W& (S P0006C) MWHE L
E R RAEMEARAR AT 4%~ 15%ELLRA R
A s e T e (45 DG101-01) 1 H bRt 4304
EMEARB A AR A A KR AEKZE
(epidermal growth factor receptor, EGFR) HifA& (it
5 AF6043 ) . B fIF Bt WL B 3- B Mg
(phosphatidylinositol 3-kinase, PI3K) Hifk (s
AF6241). HE ¥ B (protein kinase B, Akt) fiik
(#6'5 AF6261) 2 i J& 3 2 AR it e B 4 Ceycelin-
dependent kinase 4, CDK4) $ifk (Hit5 DF6102).
4N F BAEE (1 B1 (eyclin BD) Hifk (L5 AF6168)-.
cyclin D1 Fipfk (HIb'5 AF0931). BIYIRL Kt B K
K H BR B -3 (cleaved cystein-asparate protease-3,
cleaved Caspase-3) Fiff (#it'5 AF7022). B itk 24
Ju98 -2 (B-cell lymphoma-2, Bcl-2) Ptk (5
AF6139). Bcl-2 fik X #H (Bcl-2 associated X
protein, Bax) ik (iS5 AF0120). AR LR
B 7 (matrix metalloproteinase 7, MMP7) Hiik
(#IL5 AF0218). MMP2 $iifk (4lb5 AF5330). Tl
i -3- 1 TR it & B ( glyceraldehyde-3-phosphate
dehydrogenase, GAPDH) #ifk (#t'5 AF7021). H
W RICAFE S KF00D) ¥l BT kA
Pt s R A E] ;. HRP FRidHIEPi R Pt (it
5 SA00001-2) 1 H K =LV ARG IR AT
14 X8

ChemiScope 6000 Touch %% A5 A% ( L8]
AIRPEEAIRATD: SC-412 AL 4 CArsA IR
(5 BT R A BR A F]D; PowerPac3000 %Y Hi ik
¥ (3£ Bio-Rad A 7]); MOV-112F L4 5 77 4
(HARZ=ZFATD; VISR AUm AR Ol Gii b
Dynamica /A 7] ); BETS-100 R RKIR 45 (R
HI DR AF]D; Hemo 3600V AU Shinova LK -4
e CREgZ AR R R AR,
2 7
2.1 PBREFRIMEHBF SRS FXIE
2.1.1 T HRETERCS KA MR EE R G124
PREEHE B (TCMSP, https://old.tcmsp-e.com/tcmsp.
php). HEEZFEZE (http://tem.cmu.edu.tw/) LK
SCHRAS 2 B 7 R WA I IR 1) 2 R Ry, e
f£ PubChem IS [ CAS Z Al SMILES 5
(A AT W o [RIENE, X WSC SR 1 Rl o i3k AT 25 30 2%
GREAZE, DLOARAEYIFIFE (oral bioavailability,
OB) =30%. K%Mt (drug-likeness, DL) =0.18

i 126 2% A

212 CRC M8l KX L AR £
GeneCards Chttps://www.genecards.org) H', LL“CRC”
REEFRIE, PIFBRE N “Homo sapiens”, XJH AT
TR o SCEEAH S MEAE T 1 IR R AR
#E 5. 7E Venn 2.1.0 | E*F-& (https://bioinfogp.cnb.
csic.es/tools/venny/index.html) £l CRC 575/H-F
RIATEEAE R

213 “GEHER-CRCT MM E @
Cytoscape 3.7.2 (https://cytoscape.org) AJ AL “iE 1k
B3 -CRC” W%, BERE T RUBE AR, S22 101 1
B RZ, RINZ 2S5 CRC EH
BOEYERSY -

214 HHAM-FEEFAMHBEEH (protein-protein
interaction, PPI) [P {4 22 S O HREAE AU I 4%
CRC #1155 N STRING 11.0 #5045 € Chttps://cn.string-
db.org) AT MY, A E N “ZMEQ” , Pfd
PR E A “Homo sapiens”. T 5, HAREHM
BIEE=0.99, 5 HARE AT R E A 28
JEHIEE PP M %%, H0RE RN 04, HIBARF &5
(FIHEAT . FIFH Barplot £zl eR %, X H BT A
PN ECHAT AR I BB, FHRAZ 0 A
2.1.5 JEPFIAKR (gene ontology, GO) IhRE M HL#
R 5 FE R 4 H 415 (Kyoto encyclopedia of genes
and genomes, KEGG) s £ 74T FIH R3.6.0
ATHAT GO Thife & &5, MEEAHML ) 731 T RE
SR RS S A AE YD AR SR R R R ThRE, P S E
ERZRIEAHK. H R K R RO R BT B
AR, EIRERIEG P<0.05 @A K. F
H KEGG 142 & 57 Wik I 4158 sV FH IR 42
2.1.6 xR AN mol2 # KL
3 N\ AutoDockTools (Version 1.5.7), XJ/INpr1%4
ViitAT -~ i gar o R AR SR S A R ik S
TE I MR 3D 454, SR 5 %48 PDBQT #%
KA. MWEAEEAEZE (https://www.rcsb.org/,
Protein Data Bank, PDB) 3H{ EGFR (ID: 1M17).
Caspase-3 (ID: 4QUB). Cyclin D1 (ID: 5VZU)
I emARgb . it AutoDockTools X 52448 4T
22K AL ST FL e S AL BE S #2469 PDBQT #%
3. FIFH AutoDockTools /Ny 254 HITC
WE EBAT 7 TRHE, 2GR PDBQT 3¢
3N AutoDockTools, HJEM 42 4%, /£ K71 |
WEHO, HFEE X YA Z WSEURIESE AR
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SEAMETE G . R R R S AR U B 20,
TR R AR RE YRR A, R A AR A
B SiE RN UE RN T AR T DL 2
REE B E R, S B Re /NI B 45 SliAR
4 4 Be <—17.782 kJ/mol B Jy RE B 4 45 & .
OpenBabel ¥ X247 1) SCHF 46509 PDB A%, 1@ id
PyMOL (3D, Version 2.2.0) Fl LigPlot (2D) X1
B AT AT AL, NG, 1X 2 PR
2N AT e R, AN S O e
SN O A 2 [ fR) e 7 55 RN AU B A ELAE AR R
2.2 FBRBFEEEATT CRC H{ERfAR

221 YL 3E HCT116 4B & 10% 6 4 1
J%+100 U/mL 2 & Al 100 pg/mL 4% X ) DMEM
Rigede, 37 C. 5% COx Mg 9%,
222 YT % BALB/c-Nu /MR A E M
sc 100 uL HCT116 4Hf0 (2X 106>, A Kk
A 80~100 mm?, /INERBEAL S Xt B 2 AR iH 5
Tl (2mg/kg) 4, B4 6 K. BHFEEET 1%
DMSO 1 20% B-FR#ifGEH, 45254 ip 254, XTI
4 ip ZAAFAH) DMSO Al B-FRMIAG, £F0E 1d 4425 1
o BFRE 1 d 0T RN/ NI R, R
R/NEE] 2000 mm3 B, SR SUHEE ALiE AL BE /N R
WCEERPIRE, DU R R AR R T B, SRR/ BRUHE S 8
ik 5% 4 1.

2.2.3  Western blotting &l 83 21 2L 40 i ) 34 . 1%
7. iT#. 15 EGFR/PI3K/Akt I8 AH I A%
ik BN RS, NN B 1 B 5 R
Tl I Bl 1) 701 R 7074 RIPA 2R EUE A, 12 000
t/min &0 10 min, HEiE, KA BCA & HWEEN
ERFN I E R ARE . EAEME T HAERR
BN M ot i B I LK, %% %2 PVDF I, H 5%/l
JE4- @y = |\ E A 30 min, 450 EGFR (1 :
1000 PI3K (1 : 1000). Akt (1 : 1000). CDK4 (1 :
1000). cyclinB1 (1 : 1000). cyclinD1 (1 : 1000
cleaved Caspase-3 (1 : 1000). Bax (1 : 2000). Bcl-
2(1:1000). MMP7 (1 : 1500). MMP2 (1 : 1000)-
GAPDH (1 : 20000 #ifk, 4 CHELIRH: A=
Pt (1:200000, =EPFE 1he A BT KIEIK
AR, KHBEACK Image J 2.1 B A5 7 6717
IKPEAA -

224 HFEDRE RIS RA Shinova Il
W= T/ R ThREFa 5. B Thie e B
M MiEbr, BFENARAELEE (alanine

aminotransferase, ALT ). K4 % MR & % ¥ 7 i
(aspartate aminotransferase, AST). y-7Z N4 K
(y-glutamyl transpeptidase, y-GT). & HHEVTER (total
bileacid, T-BIL). H#H (albumin, ALB). IIL}K
Z % (blood urea nitrogen, BUN). JJLEF (creatinine,
CREA). JR Curic acid, UA). 4l (white blood
cell, WBC). ZL41}fd (redblood cell, RBC). />
1R (platelet, PLT) A4 25 [ (haemoglobin, HGB).
225 GuitEatr BdEIX £sEoR, KM SPSS
26.0 BAF#AT IR R TTZ 0, A GraphPad
Prism 8.0.1 #AFn] Ak 25

3 HR

31 WEHEZESHR S FXE

3.1 FGNE IS TR AR RO REBE S BRI JE i
TCMSP fr Rk 67 MEMEMS, LL OB=30%.
DL=0.18 fE Nfh s sk ik, FL3R48 15 MEIEF
FEVEVERY GR 1o WERTE RS % R HE AT,

ZRESEEILIRG 34 MR

®=1 BEFEERS

Table 1 Active components of B. javanica

Mol ID SEREID Wy OB/% DL
MOLO008073 FAE - B 4569  0.75
MOL000358 2 [ P 3691  0.75
MOLO008077 I B 46.16  0.31
MOLO000006 ANREE 36.16 025
MOL008068 bruceoside A_qt 31.05 0.75
MOLO008089 HIHFH H 6277 032
MOLO008091 FIHFF T 61.13 038
MOLO008093 FEIHFFH T 38.70  0.30
MOLO008097 EFH L 3137 027
MOLO008099 HEFH M 4504  0.23
MOL008105 FHFH P 58.76  0.29
MOLO008108 yadanziolide C_qt 31.80 0.66
MOL008109 T D 55.76  0.65
MOL008110 EFH B 56.54  0.32
MOL008112 7 C 3138  0.66

3.1.2  CRC MFRAIFE /L5 255 B 40 riHI SRR
Genecard ¥ PE P A 2R B CRC AHIK AL 3L
9410 />, 221 Venn 2.1.0 /3.3 32 MSJIHF 5 CRC
I EERE 5 (] 1), fL3E EGFR. Caspase-3. cyclin
D1.CDK4.MMP-9 FHIIL4E A B2 A= K F 7 ACvascular
endothelial growth factor A, VEGFA) 4§,

313 “UEMES A -CRC” WM E i
Cytoscape 3.7.2 AT#AL “IEMER/r-CRC” 2% (]
2), BLE 3T AN AT 97 kR BRIRITY R AR IR
M JTAETT RRIRIETE R, KRR IR TS RUAIA
HAEH.
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Fig. 1 Venn diagram of targets of active ingredients in B.
javanica and CRC
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Fig.2 “Active component-CRC” network
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FEASAA STRING, #% PPI &% (18 3), L3RS
32 AN RUR 152 2571 U TR IEZR . 15 R E T
5 CRC AR RUmmL IR, 5 RMELBE, &
AHEAEHSZ, $EARE B E S MR A
HEL R, @i Barplot tHEIHGuiHAT 30 M £iC
4), HI 3 44 EGFR. Caspase-3 fl cyclin D1,
3.1.5 GO ThaeM KEGG ik &4 mir il s By
N, BEFIRYT CRC F 200 LA T Bk,
PR . AR A R E A g E . B
TGS, FEMEMT PBK/AKt (5510, iR
HEH T (tumor necrosis factor, TNF) {5 Sl % Fl1 p53
IEREpil

3 PPI W%
Fig. 3 PPI network
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Fig. 4 Target analysis of PPI network
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Fig. 5 GO function (A) and KEGG pathway (B) enrichment analysis (top 20)
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Fig. 6 3D molecular docking results of brusatol and luteolin with target proteins EGFR, Caspase-3 and cyclin D1

Fig. 7 2D molecular docking results of brusatol and luteolin with target proteins EGFR, Caspase-3 and cyclin D1
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A, NF-17.782. —20.92 5—29.288 kJ/mol )4k
HRe MR IATCAR S AR Z (B — & 1) G
SRS NE . A5 A RE SO T AR RO AR 2 Al 45
PIPTRENE . 5 G RERAIC, AR SR SE R ),
Mg e, b, MRS EGFR 4556
B (—37.530 5kJ/mol) . 5 fH 735 BEAIA B 51 2%
AL, BIETF B A B-A B E S 3 M AR 4
HReRE, SERIER. SIHFEREY EGFR.
Caspase-3 [ cyclin D1 F145& #8737l 9—37.530 5.
—33.1373. —30.710 6kl/mol, ‘P54 REN-33.792 8
kJ/mol. KRBEH Z 5 EGFR. Caspase-3 & cyclin D1
45 4 ik N—26.652 1. —30.585 0 —25.689 8 kl/mol,
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Fig. 10 Biosafety assessment of brusatol (X £ s, n =3)
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