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Abstract: Objective To study the anti-angiogenesis effect of Jianghuang (Curcuma longa) by model biology zebrafish, and predict
the mechanism based on network pharmacology and molecular docking technology. Methods The inhibitory effect of volatile oil of
C. longa, curcumin and decoction of C. longa on intersegmental vascular growth of zebrafish were studied by model biology
zebrafish. The number of intact vessels was counted and inhibitory rate of angiogenesis was calculated. Network pharmacology and
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molecular dockingtechnology were used to predict the anti-angiogenesis mechanism of C. longa. “Drug-component-target” and
protein-protein interaction (PPI) network were constructed. Gene ontology (GO) enrichment analysis and Kyoto encyclopedia of
genes and genomes (KEGG) pathway enrichment analysis were performed. AutoDock vina was used to verify the molecular docking
between active ingredients and key target. Results The volatile oil of C. longa, curcumin and decoction of C. longa significantly
inhibited zebrafish angiogenesis with dose-dependent (P < 0.05), and curcumin had the strongest inhibitory effect on angiogenesis.
Network pharmacology predicted that there were 21 main active ingredients in C. longa, which regulated phosphatidylinositide
3-kinases-serine/threonine kinase (PI3K-AKT), vascular endothelial growth factor (VEGF) and other related signal pathways by
regulating key targets such as prostaglandin G/H synthase 2 (PTGS2), vitamin D3 receptor (VDR), AKT1, and albumin (ALB),
thereby inhibited angiogenesis. Molecular docking showed that main active ingredients and key targets could be spontaneously
combined. . Conclusion The volatile oil of C. longa, curcumin and decoction of C. longa had different inhibitory effects on
angiogenesis of zebrafish, anti-angiogenesis effect of C. longa has characteristics of multiple components, multiple targets and

multiple pathways, which provides a reference for prevention and treatment of angiogenesis dependent diseases.
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Table 1 Identification of ingredient in volatile oil of C. longa

FF5  trimin wEN CAS & X FhE Al 5 He/o%
1 4635 TSI 586-62-9 136 CioH1s 0.43
2 6.229 ek 99-87-6 134 CioHu4 0.41
3 6.351  o-FATHIEE 98-55-5 154 CioH1s0 0.18
4 11398  p-HEEM 515-13-9 204 CisHas 0.12
5 11.745  a-bergamotenol 88034-74-6 220 Ci5H240 0.35
6 12204 BRI 87-44-5 204 CisHas 1.96
7 13322 B-E&EWM 18794-84-8 204 CisHae 0.52
8 14240 FEER 644-30-4 202 CisHz 7.81
9 14661  EW 158848-19-2 204 CisHas 9.83

10 15066  p-FHEZE 495-61-4 204 CisHz4 2.02
11 15614  B-fERKANE 73744-93-1 204 CisHas 8.95
12 1689  Sal-EfEAE 40716-66-3 222 C1sH260 0.11
13 17.468  methyl 3-methyl-3-phenylbutanoate 25080-84-6 192 C12H1602 0.61
14 17601  EMAETE 1139-30-6 220 C1sH240 0.52
15 18.323  7-methoxymethyl-2,7-dimethylcyclohepta-1,3,5-triene 73992-48-0 164 CuHi160 1.84
16 19.056  (=%)-trans-nuciferol 39599-18-3 218 CisH220 0.45
17 19876  P-EEMG 6753-98-6 202 CisHzz 0.44
18 20581  F5EHEH 532-65-0 216 CisH200 29.52
19 21453 KGR 28231-03-0 220 CisH240 0.60
20 21719 EIHER 87440-60-6 218 CisH220 11.58
PTK787 0.200 pg-mL* PTK787 0.025 ug-mL !
F AR R

100 pg'mL™* 50 pg'mL™t

100 pg-mL™*

FHOKPE

100 pg'mL*!

B2 E=J|ELRMH. EREMEZFKERN NS EMEFHENFIE (X100)

Fig. 2 Effect of volatile oil of C. longa, curcumin and decoction of C. longa on zebrafish angiogenesis (> 100)
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Table 2 Effect of volatile oil of C. longa, curcumin and decoction of C. longa on zebrafish angiogenesis (x+s,n=6)
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3.3.3
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Xof B — 2242 —
PTK787 0.025 12+3" 46.21+12.33
0.050 5+1" 77.271£4.06
0.100 2+1" 90.91+4.97
0.200 0+1" 99.24+1.85
LEHHR R 1 18+1" 18.18+5.74
10 16+1" 26.52+5.31
25 12+3" 43.94+11.73
50 10+2" 53.03+10.62
100 6+1" 73.481+6.04
1 19+2" 15.91+8.50
10 13+4" 40.15+20.41
25 8+2" 65.15+8.93
50 5+2° 77.27+£9.53
100 3+1" 86.361+4.98
LHKIEM 1 2042 10.6149.81
10 19+3" 15.91+12.44
25 16+2" 28.79+7.42
50 13+3" 41.67+11.99
100 10+2" 54.55+7.04
EX AR "P<0.05
P < 0.05 vs control group
®3 ZATEFEMRD
Table 3 Main active ingredients of C. longa
i 5 Mol ID G2 PubChem CID HRAEFIHEEI% K4
1 MOL000449 stigmasterol 5280794 43.83 0.76
2 MOL000493 campesterol 173183 37.58 0.71
3 MOL000612 (—)-a-cedrene 6431015 55.56 0.10
4 MOL000898 curcumenone 153845 34.17 0.11
5 MOL000900 curzerenone 3081930 57.05 0.11
6 MOL000901 BRN 3094585 167812 87.82 0.13
7 MOL000902 curcumol 14240392 103.55 0.13
8 MOL000948 4-methoxy-5-hydroxybis — 53.67 0.11
9 MOL000949 isoprocurcumenol 14543198 46.11 0.10
10 MOL000953 CLR 5997 37.87 0.68
11 MOL000959 zedoarondiol 24834047 59.37 0.12
12 MOL000960 procurcumadiol 14633012 69.82 0.13
13 MOL000961 procurcumenol 189061 34.4 0.10
14 MOL000969 dicumene 74681 38.08 0.11
15 MOL000945 bisdemethoxycurcumin 45934475 3.35 0.26
16 MOL001603 demethoxycurcumin 5469424 4.37 0.33
17 MOL002581 curcumin 24884282 4.37 0.41
18 MOL000908 B-elemene 6918391 25.63 0.06
19 MOL000027 a-curcumene 442360 4.68 0.06
20 MOL000910 germacrone 6436348 32.50 0.07
21 MOL000950 ar-tumerone 558221 29.47 0.07
332 W EAEAHITI R TCMSP ##m e o A HAMGHE A 1416 . AU Venny ~F- & X 3

BEAT 228, 15 51 106 M7T I E 8 A AR R AV AR BE 5o
LR -BE R 2% R A
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Fig. 3 “Drug-component-target” network of C. longa

REWFBIREVERSY, ORI FHICHE AT,

PR, T RN, BN . “2)-R -
R S 126 AT, HEE RS 106 A4S, 2
W BIGMERY 19 4, J@Id CytoNCA Hiifk /i &
IR 22 BT AE B A e R 8 FhIE RS 73 0N
MR EHEEZEER, AR, WEHEEE
WER. SR HF SN, p-MIE AT £ HE. b
2 5 AL E LI Y 28 AN AR AR DR R, RHE
AIFRZ G/H A 2/1 (prostaglandin G/H synthase
2/11, (PTGS2/PTGSL). 4t4: % D3 44 (vitamin D3
receptor, VDR). 22 524 (progesterone receptor,
PGR). #EH R 52 1&-o (retinoic acid receptor-a,

RXRA) %,

334 PPl Mzt 50 W 4 P, PPI
W23 106 NI, 1181 2%, PSRN
22.3, ‘VHIEHEERECH 0576, T AU, B
R B, RS EAEBOR, AKTL. MM
H & A Calbumin, ALB). ¥ Bt & M & AH-3
(Caspase-3, CASP3). F KK ¥ (epidermal

growth factor, EGF) Z¢&E sifir T4 A% O B,
1 PPl W28t R 4B R /E ] . R A5 i %k
{EHET IR, 53] PPI &0 214, KA R
B S AT AR B

3.35 GO Mfk5 KEGG @i/  fiih DAVID
BT G X PR E ) 28 MZOEES LKL 21 A
PPI #% LR RI#EAT GO & 477, 34453 226 4> GO
%H, LR E 159 4~ g H 27
AN TFIIREScH 40 A AREE P<<0.01, EUHESHT
10 M2k HMER B L 5. ZEREPUME A i S
RNA RE8 1| B FEsidis. B9S2
AR R R 5 (% erbB-2 (receptor tyrosine-protein
kinase erbB-2, ERBB2) {55 i@ M. 41T M4
PSRRI U P R AR K PR 7 52 5 5 Tl B 25
AR, dEMURR. M. dEMRZ . R ERASE
YHMIZE AR, BEZE G RERESEREZAEE. AR
ARSI ARG S BOSE. SR
TGS BETEGES TR

XM DAVID #¥i-¥ £ 8317 KEGG @ #7707,



3264« PER 2021468 B52% H1H Chinese Traditional and Herbal Drugs 2021 June Vol. 52 No. 11

ALB

HRAS
CASP3

KDRET
MAP2KL ;

AR |
NOS3 |
MMP2 |
IGFIR |
CAT |
RHOA ]
NOTCH1 ]
MDM2| 1
CYCS] |
MAPK14 |
HSP90AAL \
ESR1 ]
PTGS2 |
HRAS \
SRC ]
EGF ]
CASP3| ]
ALB| |
AKTL| |

0 20 40
At

4 EFMMEHE PPI MEE K% OEEREIKE
Fig. 4 PPI network of C. longa anti-angiogenesis and core gene column

transcription initiation from RNA polymerase 11 promoter
signal transduction

. . signaling pathway

negative regulation of apoptotic process

positive regulation of cell proliferation

cellular response to vascular endothelial growth factor stimulus
. cellular oxidant detoxification

vascular endothelial growth factor receptor sngnallnﬁ pathway
protein autophosphorylation

response to estradiol

plasma membrane

cytosol

nucleus

extracellular space

receptor comlplex

nucleoplasm

protein complex

Golgi apparatus

extracellular region

extracellular exosome

. enzyme binding

steroid hormone receptor activity

. . steroid binding

protein tyrosine kinase activity

heme binding

~_ protein binding

insulin receptor binding

zinc ion binding

RNA polymerase II transcription factor activity
nitric-oxide synthase regulator activity

= R
S ZE K

R i

0 5

10 15

20 25 30 35

5 ZHEMMEHME GO o
Fig. 5 GO analysis of C. longa anti-angiogenesis

HE R 116 kiEdE, M P<<0.05, HX P {EH&H/»
(PRI 20 258 %, KA R 155 2 <fE, Cytoscape
3.7.1 4| “RES-EEE” W, K 6 FioR, EE
A AE 3 B9 [t VEGF 15 538 . PISK-Akt {55
. FoxO 15 Sl MEgE(E SiEK. mals
GO WG T IE A, R 2
AYiE S5 T RIS . EGFR %S B I 10 1) 771)
i 24 shBkFERE L. FUIRE . B bsE . S M
W SEMESETIEE, ] LZE R m T b
ER NSRS SRR AR REAL . IR S0

3.3.6 TR X EAEHEA AT 8 IS I
L5100 28 ] A BRI AZ L B R DA K PP X 4 H R A% Lo B R

BAT X8, ARG GRERVEIILE 7, BEARKR N
(00 Y LY TS E Sy R D e & N8 TR )
I AR AR R, BIEMIREAERRRES S
RER/N, TR ST I ERAREE A RE/NT 0,
TR 5 2R DL E RS 7 D 10 M08
BSR4/ T-5.0 kifmol, TS 6 MO
B A S RE /N T 5.0 KIimol, B-HIEME. 5%
RS A% OB S S AR s, RS 7 A
0o R 45 B RES /N T-5.0 kd/mol. £ FEEE
FOY 5 O S5 o TR AR LR LI 8, R
5 VDR Migs &Rt Judts, w A SRR
LK 9, FAREE S VDR £ LYS-321 4547 s AL 1%,



¢EH 2021467 $52% FH1UH  Chinese Traditional and Herbal Drugs 2021 June Vol. 52 No. 11 . 3265 °

proteoglycans in cancer | [ )
PI3K-Akt signaling pathway - [ ] )
endocrine resistance - [ ] B /j‘ o
prostate cancer - [ ] e , R
estrogen signaling pathway - ] P fi Thy Q'I'IP l‘ﬂ@ ',/ Kinase
human cytomegalovirus infection - ® 2X10°® -‘6/"1‘"//&/.> o
thyroid hormone signaling pathway - ° 4Xx10°® Y A PdA
FoxO signaling pathway - ™ 6x10°¢ el g
fluid shear stress and atherosclerosis - ® "
breast cancer - ] %.42[
focal adhesion - ° P Eso P
VEGF signaling pathway - L]
EGFR tyrosine kinase inhibitor resistance - ] ® 10
progesterone-mediated oocyte maturation - ® e Bmar tion
platelet activation - ] e
relaxin signaling pathway - ®
prolactin signaling pathway - @
colorectal cancer- @
C-type lectin receptor signaling pathway - e
bladder cancer - «
0.15 0.25 0.35
FE A L]

6 EEMMEHE KEGG HHTFn “#S5-@g”

Fig. 6 KEGG analysis of C. longa anti-angiogenesis and “target-pathway” network
-2.0
EHFR 44 .—4.7 .—4.6 -51 -41 -36 .—4.0

-2.5
p—r ET R

3.0
AR --60 50 53 50 -53 —4.7 . -59 —-49 —48

-35
MEFEFELREK - 44 .—3.8 36 -4.0 .—4.0 -3.7 ..

ZHE--61 -48 50 -58 -54 -47 -52 -45 —48 50

- —45
#HOEH --59 -53 -53 -53 -52 -58 -6.0 -53 58 54
- 50
B-MiF M - 55 —4.3 —43 —43 -46 -50 52 -46 -50 -39
- 55
J7E W - 56 —44 -41 -36 52 —38 -41 -41 —49 —42
- —6.0
RidEE --51 3.7 .—4.4 -49 -53 -58 -43 —42 50
1 1 I 1 1 1 1 1 I 1 l _65
— m ™ [T (@) o x x < b LA BB |b
E 2 & 0o & 9 4o o0 o 9 @ ZHEgH(kimol)
$ T 206 2 5 8 X0
(@) a o

E7 ZRFFEMMSSRRERESEERE

Fig. 7 Heat map of binding energy between major active components of C. longa and key targets

T EE-AKTL # BfH-RXRA 75 2 3H-CASP3 EhEfE-PTGS2

El8 ZERFEEMMNSXERLN FIHERIE

Fig. 8 Simulation diagram of docking between main active components of C. longa and key targets



* 3266

¢EH 2021467 $52% FH1UH  Chinese Traditional and Herbal Drugs 2021 June Vol. 52 No. 11

AR

2.
| J‘I_III_I_IIL
0 | |

-70 -65 —-6.0 -55 -5.0 45 —-40 -35 -3.0 25
SE4r g/ (k) mol ™)

9 FAEE-VDR KR IZEEHES 5 FXHEE
Fig. 9 Curcumol-VDR integrated conformation interaction histogram and molecular docking diagram

ARG FTRAHTRIL, 15-4.8 kIImol b E K%,
BT MR ERe/NF 0, RAFEAREES VDR 45
GRF. EFEER. EPAREEZHRMNE P AREE
TR B E RPN E B A AR S S Ay, E
%O SN S5 A R R, T e KR |
AR BE AR 6
4 1Hig

P e B A AR O AR A, i
ERETET IR, S8 ARENT
EICEMESN AT AL, IF B2 T AN A A i AR 0O,
fIKL-EGFP %5 R B 1 a2 —Fh e IR P 7 41 il 3
[H#15 GFP ZOL(E SR 20, RIS BT
HifnE 24460 FRHANPWR . FREHMmE
TRIBAR N A G WSS, fRIAT R ant A i i — 2 1
IR, 2 S BRI XG RS, B PR EE A B A —
SE B B RE, R PREEFEAS B AL (1) L 22 5w 2
YIfE R E BT E A T8, B FA BFE 2 Rt &
A A S IG 25 SR PRI 45 FAFAE R 2 17,
it L £ [R] 5 N SIS DR 1) v FEE AR AL B HG VR i AR 1y
FEEATEMEE, ORI B A AR ORI A v
B SCRR B . AT TR A
DE S PRS2 T R 220 BN B KR VRN IfiL
EHANEIER, BUSLR R ILZGY) R & FE N 1000,
500, 100 1 pg/mL B}, 25 2440 3500 B 5y £ 1fn
A A IR FH s 2595 &R B2 1000, 500 pg/mL
i 2A B R BOR R 16 BRI B E
PRI, ARH U 1~100 pg/mL D J5 Sk BE A 9 22
TR 2558 20OR 22 0K SRIBOG B 5 £ 1fn 7 37 A=
HIHIE A -

ARWFFEREE - -RE R M, s HT
PRV S AR AR OC R, TR 2] 8 A4
LUPUME R LIy, HpEER, LH

AREEHER, WEFAERERRBTEHERAL, ¥
LM E D B-HEEM . FOREE A,
TSSO S R, BRI, NS A
HAWERME A REEN. 3 FhEmEaiREmL
5y Y188 N VEGF. iM% -1 Cintercellular
adhesion molecul-1, ICAM-1) W8IRI3E 5 4 J& 25 [k
(matrix metalloproteinases, MMPs) Fiklol, |
I3 988 2 20 Bl HemECs . AJifF & ik Y 5z 48 g
HUVEC R395ARY . 22045 K 20 77 e i W] 2 4]
N IAUILAE P R A G 5, LB S50 X R 2% R 3
B L AR A R AR PPN . 5% 22 B g 22 B il
PVRFIEPE Ly, Fo B B v AT IR B R S R 73
i) 50%0221,  BEML M AU N 240 HMEC-1
Ha5E N F R E SR E TR R, BN B £ I iR A
C57BL/6 /)™ BRI IS T2 B350 A7 B S g 4t i 4 FH 230
T L PR A AR A B AT 2 AR R A R e, e
g AR VEGF Rk, i 4% dE N A0 e b s
NCI-H1770 403G AR T4, FOREERERS T 1
NF-kB 1 VEGF ik, M ANl A549 41
B omE RS, & W@ o o O R A B -2
( cyclooxygenase-2 , COX-2 ) [ #f 4 it & E2
(prostaglandin E2, PGE2) /VEGF {5 5@, i
45 B A R AR A K28, B B I e % B S 41
il 15 %8 T4 M GCSCs Mgt il (1 28 e,
B e % N R R R 2K B8 K F -o0 (tumor  necrosis
factor-a, TNF-a) MRNA FIE/KF, /s R
LA A= S R JIE A 4 AL R A K (281,

PTGS2 Hil VDR & “ Z§4)- 54y HE 5507 P2 Hh )
FKHERE . PTGS2 J& COX 1175 5 AL B %) Jso v S [A]
A6 VU I IR & BT 1) i 25 2R JoT 1 % B 1 PR T
By, EESHRMRPL. SRR MREE
&2 ME 58 PR UKL, COX-2 A fg LA VEGF



¢EH 2021467 $52% FH1UH  Chinese Traditional and Herbal Drugs 2021 June Vol. 52 No. 11

» 3267 »

NE B RS T A B I A0, H AT RA R
Z RT T WUE B AEwE A, HEFE T
PTGS ¥ ML B2k kgD, ARt — PRI
VDR 5 RXR BRI 54, S I3 i Bz 4
MO T, XIRER A s bR R B — e 1)
RYEFBY, ST 2T ST PPI LS A Y
%%, RKILAKTL Fl ALB 2% 088, AKTL 971511
AT UG TE AN AR, R ARSI R
W AKT FKIE,  HH R B 256 M ik 28 J5HT A2 1L 48 AR
BB, ALB 1 53 I 1 MR M AR5 R, H TA K
ALB BT BB A kiER >, (H ALB et
=AU NIR= ibv2K = (i b I = <l kAt
220 AR PRIR T DA R AR I A R R ) A R R
R4, PRGN BT IR AT .

GO TiRefl KEGG @i & HE T K, LA
@ I E H T PIBK-AKt {5 5 18 i . VEGF {5 51 £ |
FUbE . Bt . S5 Epm SeE, AT EARA
SR B9 NG, RS, maR
SiESEThRe. R EA R EMSCEERH, &
AN R IR . TR, B RENS I Bk
FEREALIERE, (HILBE AL 2 B AR 22 B 0 — Ry AR
—IEEg b, ZESPMZ . 2SR
B R,  AHE FE M RE R M T R GV I # e R
EEPUME £ RIITER -

i LPTA, FEBERIM . FERMEE KR
B A5 B B BB f 0 AR AR, 22 33K
35 Y- s A A £ B2 R 0 T R A 22 B P AL A 2 i
() FEIE MR Y, 7T 5 AKT.ALB. CASP3.PEGS2.
VDR. PGR 5§t pi IESE 455, i RNA i
B EANE SRR . AR IhEEE T PISK-Akt
55K, VEGF {5 5@ H UL m S, i
RS 005 AR R

FBAR FAVHEHFEFARGEA TR

SEEk

[1] Fallah A, Sadeghinia A, Kahroba H, et al. Therapeutic
targeting of angiogenesis molecular pathways in
angiogenesis-dependent diseases [J]. Biomed Pharmacother,
2019, 110: 775-785.

[2] Carmeliet P, Jain R K. Angiogenesis in cancer and other
diseases [J]. Nature, 2000, 407(6801): 249-257.

[81 M, RAE, &, & PSR WS LB E
IR HER [J]. 2525544k, 2020, 55(9): 1995-2007.

[4]  BmksE, M, ARIER, % BTGNS IUAHT

(5]
(6]

(7]

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

T B R AR ED T [9]. HHEZy, 2020, 51(14):
3830-3839.

FREZG 8 [S]. —#F. 2020: 276.

B, skfl, PhREE, S WSS 2 R RME M)
HEBERFEMSEA R ZE R LM P e S e &5
Hr [3]. %24, 2020, 51(4): 1076-1081

EE, BE=E, MEE % BRRURSEENL
I 25 ) 25 B FIHLHI B FE Rt e [9]. 2990 E 4 it 7,
2020, 43(9): 1893-1897.

Li Y Z, Tian L L, Sun D J, et al. Curcumin ameliorates
atherosclerosis through upregulation of miR-126 [J]. J
Cell Physiol, 2019, 234(11): 21049-21059.

Bai Y H, Wang W Q, Sun G L, et al. Curcumin inhibits
angiogenesis by up-regulation of microRNA-1275 and
microRNA-1246: A promising therapy for treatment of
corneal neovascularization [J]. Cell Prolif, 2016, 49(6):
751-762.

Chen W X, Lu Y, Wu J M, et al. Beta-elemene inhibits
melanoma growth and metastasis via suppressing vascular
endothelial growth factor-mediated angiogenesis [J].
Cancer Chemother Pharmacol, 2011, 67(4): 799-808.
TR, FFL, FEEARL, 5. B4V S AP
MR R B (3], FEZY, 2019, 50(24):
6125-6134.

Howe K, Clark M D, Torroja C F, et al. The zebrafish
reference genome sequence and its relationship to the
human genome [J]. Nature, 2013, 496(7446): 498-503.
HEEH], KEE S EEP TRt A 0], P
H 2574 &, 2015, 40(5): 822-827.

AER, ERE, BIEE, % NH AR SR E
4 (AMDIS) FIR B FEEHr 3 MRS R A
VERM S ZR [ hEBZ4E, 2016, 41(2):
257-263.

TR, BESeAk, BT, &3 MRAREAR M ] &
UPLC {452 B S NENT T [J]. T E 2y
Z=iE, 2018, 43(11): 2288-2294.

Isogai S, Horiguchi M, Weinstein B M. The vascular
anatomy of the developing zebrafish: An atlas of
embryonic and early larval development [J]. Dev Biol,
2001, 230(2): 278-301.

A, BT H), s BAMAE AR BUETY KR A [].
AYIH A, 2015, 26(3): 421-425.

WMIF, K, T, &3 MEEORIULEL
BRI T RIEVEBETE [3]. P 2iZea, 2015,
40(2): 324-329.

G, TR, BERNG. SERER PUMR IS AR B 1AL
wwE Tt [J]. EPRIREAE, 2016, 16(3): 466-468.
TR, NI, ek, 4. 2o 02 LIS N &



* 3268

¢EH 2021467 $52% FH1UH  Chinese Traditional and Herbal Drugs 2021 June Vol. 52 No. 11

[21]

[22]

(23]

[24]

[25]

[26]

ARG IE . H TR AL 9], E AR,
2020, 36(17): 2086-2090.

TG . 22 B SR o e 24 B B L AR A i
fIEST [D]. HIK: 55 =% K%, 2005.

¥, BANE, TRE % ASEPHZEFRER MK
Ry R HBUEAGTEE [ 2y, 2016, 38(5):
1188-1191.

Yue G G L, Kwok H F, Lee J K M, et al. Novel
anti-angiogenic effects of aromatic-turmerone, essential
oil isolated from spice turmeric [J]. J Funct Foods, 2015,
15: 243-253.

oK, B, B . H S EE AR S g
NCI-H1770 ZHf3G5E. T2 2R 1 1
[3]. " E Gy 2E 4, 2019, 35(7): 819-823.

TR, B, G, S5 FORREXS AB49 AN GE . %
Bl 7-«B S N R AR TR IR [3]. thierh
52474 &, 2013, 28(10): 3024-3027.

WEE, TR, Ak, . FROREET B 4R AR R
ot £ K K H VEGF il COX-2 RikHIgm [J].
[E 5280 7 77 % &, 2016, 22(8): 121-125.

[27]

(28]

[29]

(30]

[31]

(32]

Yan B, Zhou Y Q, Feng S H, et al. p-Elemene attenuated
tumor angiogenesis by targeting notch-1 in gastric cancer
stem-like cells [J]. Evid Based Compl Alternat Med,
2013, 2013: 268468.
Kangsamaksin T, Chaithongyot S, Wootthichairangsan C,
Lupeol stigmasterol
angiogenesis and inhibit cholangiocarcinoma growth in
mice via downregulation of tumor necrosis factor-A [J].
PLoS One, 2017, 12(12): e0189628.
X HAGEE 2 EBNIKORFEAE AL 5 RE A 1) R SORth
TR ] b ESIKRELARE, 2004, 12(2):
241-242.
SeEn i, M, AN, %5 CD105. COX-2 il VEGF
PSS B IR R S MEHENCR [J]. M
B ia W4T, 2007, 34(2): 125-127.
Rk, 2 BUWE PRI & I T B K e B A 1 B X 3R 1 23 A
5 VDR #[H Fokl. BsmlIZ &M KIHSHEATF [D].
W RUIERIRY, 2013.
BR/K WS . 22208 2 ) 2 36 P Jik 2% M5 A 100 A L o
50 [D]. duse: o R, 2020,

[Frfemit F o]

et al and suppress tumor



