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Total flavonoids from Maclura cochinchinensis inhibits proliferation, migration
and angiogenesis in hemangioma endothelial cells by suppressing VEGF/
VEGFR2 and PI3K/Akt/HIF-1a pathway

TAN Faming'-2, ZHAO Zhiwei?, ZHANG Ying?, LIU Jie?, SHI Mengqgiong!, MENG Ziyuan®, YANG Wenyan?,
LI Haoran?, TAN Yanging?, XU Jie?, ZHANG Jihong?, PAN Zhaowang*

RS EHER: 2025-09-14

EEWmB: "HENETAEMTHE (A22-2059, A23-1-066): WHLAFHETESHIREE (2025BCB067); LA RHEL T E st K g R I H
(2022BCE017); $#bAE TAEMREZ RS RIEZG S IR (ZY2023Z015); b PAfdREz i o h a2 LIH (ZY2025M038); LR}
FT ERRIAREEIE (2025AFB805, 2025AFB839, 2025AFD301, 2025AFD294, 2023AFB600, 2022CFB357, 2022CFB427); b A
FRZACRHAEIIIE (WI2023M153); WA DIREPEE L RGN IR IGIRIE S i O S (SXZ202303, SXZ202308, SXZ202311)

TEEEN: WKW (1971—), ARE, FARAIN, FENF AL MR LI 50, E-mail: 826266152@qq.com

HBIEEE: A&RE (1971—), @BEmn, FENFHAZI M 5. E-mail: shmq0212@126.com
WRARE (1973—), Wid:, EI#ER, FENFPZZAIH Y. E-mail: 455128707@qq.com


mailto:shmq0212@126.com

« 9028 « F8 B 20255128 $56% B248  Chinese Traditional and Herbal Drugs 2025 December Vol. 56 No. 24

1. Basic Medical College of China Three Gorges University, Hubei Key Laboratory of Tumor Microenvironment and
Immunotherapy, Yichang 443002, China

2. Traditional Chinese Medicine Hospital of China Three Gorges University, Hubei Clinical Research Center for Functional
Digestive Diseases of Traditional Chinese Medicine, Yichang 443002, China

3. Hubei Key Laboratory of Natural Products Research and Development, Yichang Laboratory of Development and Utilization of
Health Products with Drug and Food Homology, China Three Gorges University, Yichang 443002, China

4. Medical College of Ezhou Vocational University, Ezhou 436000, China

Abstract: Objective To investigate the effect and mechanism of total flavonoids from Maclura cochinchinensis (TFMC) on
proliferation, migration and angiogenesis of hemangioma endothelial cells (HemECs). Methods Control group, TFMC (40 pg/mL)
group, phosphatidylinositol 3-kinase (PI3K) inhibitor LY294002 (20 pmol/L) group, hypoxia inducible factor-1a (HIF-1a) inhibitor
LW6 (30 umol/L) group, TFMC + LY294002 group, TFMC + LW6 group, PI3K agonist 740Y-P (15 umol/L) group, HIF-1a agonist
DMOG (0.5 pmol/L), TFMC + 740Y-P group and TFMC + DMOG group were set up. After 24 h of drug intervention with HemECs,
the supernatant and cells were collected. MTT assay was used to test cell viability. Clony formation assay was utilized to detect the
colony formation ability. Cell scratch and Transwell was used to test cell migration and invasion. AnnexinV FITC/PI double staining
was utilized to detect cell apoptosis. PI staining was utilized to test cell cycle. Immunofluorescences were used to detect mitochondrial
membrane potential and reactive oxygen species (ROS) level in HemECs. Colorimetric and ELISA methods were utilized to test the
level of lactate dehydrogenase (LDH) in supernatant and levels of vascular endothelial growth factor (VEGF), vascular endothelial
growth factor receptor 2 (VEGFR2), fibronectin (FN), matrix metalloproteinase-2 (MMP-2) and MMP-9 in cells. Angiogenesis assays
was used to detect the anti-angiogenic ability of cells. qRT-PCR and Western blotting were used to measure the expressions of
migration, invasion, VEGF/VEGFR2 and PI3K/protein kinase B (Akt)/HIF-1a signaling pathways related genes and proteins. Results
Compared with control group, TFMC, LY294002 and LW6 significantly inhibited the proliferation, migration, invasion and
angiogenesis of HemECs, promoted cell apoptosis, LDH release and Go/G1 phase arrest, elevated intracellular ROS level, reduced
mitochondrial membrane potential and VEGF, VEGFR2, FN, MMP-2 and MMP-9 contents in HemECs, down-regulated the
expressions of migration, invasion, VEGF/VEGFR2 and PI3K/Akt/HIF-1a signaling pathway related genes and proteins (P < 0.01).
Compared with TFMC group, the combination of TFMC with L'Y294002 or LW6 could further exacerbate this change (P < 0.01). On
the contrary, 740Y-P and DMOG could worsen the above changes; The combination of TFMC with 740Y-P or DMOG could reverse
this change (P < 0.01). Conclusion TFMC could inhibit the proliferation, migration, invasion and angiogenesis of HemECs, and its
mechanism is closely related to the inhibition of VEGF/VEGFR2 and PI3K/Akt/HIF-1a pathway activation.

Key words: total flavonoids from Maclura cochinchinensis; hemangioma endothelial cells; proliferation; migration; angiogenesis;
VEGF/VEGFR?2 signaling pathway; PI3K/Akt/HIF-1a signaling pathway; axifolin; naringenin; artocarpesin; isocudraniaxanthone B;
kaempferol; quercetin
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— B SRS VEGF/VEGFR2 4330438 B4 7 9 i
FENLEE 3-3% (phosphatidylinositol 3-kinase, PI3K) /
H W B (protein kinase B, Akt) 155 18 K 1%
ik, (Rt 78415 2+ -1a Chypoxia inducible
factor-1a,, HIF-1a) #ZFEA7, AT 12 24 o 384 5 A1 1
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DIF%, #EH VEGF/VEGFR2 I PI3K/Akt/HIF-1a
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HREMAEDRIEARAR; FLRMEAR (lactate
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A0250315. A0250318. A0250320. A0250312.
A0250311. A0250317. A0250310. A0250309) K
DEPC /K (it 5 20250229 ) TRIzol (#t 5 12236752)
WA TAEY TR (Rl B A FR A ] ; Tag DNA
KA M (5 603524). Prime Script™ RT reagent kit
(#t5 602637) T H HA TaKaRa A 7; VEGF. p-
VEGFR2. VEGFR2. p-PI3K. PI3K. p-Akt. Akt.
p-mTOR. mTOR. HIF-la. FN. MMP-2. MMP-9.
B-actin. GADPH #ifk ({55054 sc-16324. sc-
3478S. sc-32267+ sc-2738S. sc-20254. sc-2547S.
sc-23561. sc-31839. sc-3047S. sc-24250. sc-10435.
sc-4623S. sc-2074S. sc-4368S. sc-2542S) W H 3
CST A #]; DyLight™ 550, DyLight™ 488
DyLight™ 405 %6 =41 (k55 nl0y 25034718,
2523492S . 2503218S) 4 H 3£ E Thermo Fisher
Scientific A F]; HLH K (H'5 20250324) 1
HIL R ZEERH AR AR HRP trid 1gG difk
(fit'5 ab35479) MW HIL[E Abcam AF; HHBEH
Ril&E (IS P0267) M ECL KGA#A& Gits
P0358) T H e il E o RAEWIHE ARG RA A
1.4 Y5

VORTEX-6 2 JiE{X (3£ [F Aoran A 7] ); MAS4
R R MR R 2 R (R ED FRR A
5427R B idE AR E 0L (P8 1E Eppendorf A F]D;
MCO-18AIC % CO, ¥i##4# (HA Sanyo AF]);
HVA-110 % & K 4% ( H A Hirayama /A ] ); SW-
CJ2FD Mg T/E S R MNL & A R A F]D;
Infinite 200PRO YA A% (Ffi +: Tecan A ] );
FACSCanto™ IT A4 040X (3E[E BD A#]);
MA200 245 & B 435E (H 4 Nikon 2 7] ); OLS3100
O REERME. (HA Olympus A F]); Nano
Drop One ZUAZ BRI 7€ 4 (32 [E Thermo A ] ); CFX
Opus 96 5L 2 & PCR X (3[H Bio-Rad A );
DYCZ-24A/B B I H1JKA# . DYCZ-20G B FLikAX
DYCZ-40S 44 B KA (b — R AR
/3] ); Tanon MINI Space2000 A EEfL A% 73 4T R4t
(B RaeE Rl A RARD.
2 ik
2.1 TFMC §IHIEMEENE

EUCT ) B AHDRY 1.0kg, I 75% .05 28
L [FIRHRE 2 K, Bk 2h, ¥EE, AIF 2 IRIEH,
[EUS 2. B%, 3 RIRE 87 g. NARTK RN HBIRIZE,
Jeit . BUUEW, R pH4~5, & AB-8 B K FLIR B

PERRZEML, LFE, ABRE 4~5mL/min, FFEEHE
1k 12h, e 3 M ARIATR 30% L BB, T fs
H 4 R AR 70% OEEVERL, AR E 2~3
mL/min, YEE 70% CEERIGE, I CRE S, I8
B4 T . R HPLC %17 & &€, GL
Sciences InertSustain AQ-Cs i #£ (250 mm X
4.6 mm, 5pm); VAIHNOHE (A) -0.1%RK
T (B, BEEEVEML: 0~25min, 5%~15%A; 25~
55 min, 15%~25%A; 55~60 min, 25%~5%A;
60~65min, 5% A. AFFEN 1.0 mL/min; Al
PKAN230nm; FEIEA 30 C; #FEREA 0L, 4
RN, R MR AR R R
B. WLiZEMy . Mt & I E A Hr e (15.81+
0.24) %. (2832+1.25) %. (3.06+£0.51) %. (4.63+
0.49) %. (9.084+0.13) %. (17.85+0.40) %.
2.2 TFMC. LY294002. LW6. 740Y-P. DMOG
BRAVED

F& S FREGE B TFMC. LY294002. LW6. 740Y-
P. DMOG F¥ i, 737 FH 4044 ) DMSO #Hi# A 20
mg/mL. 40 mmol/L. 10 mmol/L. 30 mmol/L F1 10
mmol/L B, 4 0.22 um MALIEREERL, T4 C
WENCARAE, A6 P S R 3 MR
2.3 YHBEEEFE

HemECs H & 10%/i64-1fiE . 100 U/mL 5%
FM 100 pg/mL 55  RPMI 1640 #5780, 1£
37 C. 5% CO ¥5 720 8595 . FRARH 1 IRKE TR
oA K BB KN, TR LA, )
BCERE, AT EE IR T S AR
24 HRSESNE

¥ HemECs LA 6 X 103 4N/ L3R T 96 LR 135
7% 24h J5, H TEMC (5. 10, 20. 40. 60- 80 pg/mL)
AbFE 24, 480, XTHERAMAN G ARG, T
FB1E G PR EREREFLINN 20 uLMTT 39 RN
BrIRFEARSERE TR 4 h, FH 200 pL B BAGIRURBE FR
LI 150 uL DMSO, FHfLIRE R LA 500
r/min JEEHRY 5 min, KABEARAE 490 nm P
AEEWRCRE (4D 8, TR,

MITFTER =A 9ue/4 2
25 FiREESXRE

405 A KA HemECs BL 1X 103 AN/AL
R 6 FLRT IR 24 h, WEXIRAM TFMC
(10, 20. 40 ug/mL) 41, TFMC 2NN AH R 259 4k
HRAHM, XTHRZIIAA S s R0k, #5397 24 h
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Jo, BN FRE AR 14d, B3 REHR
1 REEFRdE. BFRAENRE, KR 4%2 5 H
B 0.1%45 R et PBS VEWUEVEE, M,
Image J BT

2.6 XIJJRFN Transwell {FZELLG

2.6.1 KPJRESLES  KpabFx E A K I HemECs B
I X103 AN/FLEEFNT 24 FUBRH 3RS 24 h, WEXTIE
411 TEMC (10. 20. 40 pg/mL) #H. H 200 pL #
SkARuEREANREFRAR AR A A 2, iRk
KR, FEERIRIX AL E M prid. A PBS ik
F PRI AL S , TEMC 40 R R 265 ) Ab FE 40 i,
XTRRAMAAR S AR TR, ERPRE 0.
24 h, BETHEESHETEMEBERF, H
Image J B AFTHE 0T RS 2 .

JHLERZE =0 h YRR —24 h RYREAR)/0 h KRN
2.6.2 Transwell (2285250 Kb T X084 KM
HemECs LA 3 X 105 NAFLEFFT 24 FLAR 1R 7% 24 h,
W E X IR ZH AT TFMC (104 20+ 40 pg/mL) 4H, TFMC
HINNHH R ZG YDA FRAN D 24 h, KRR A 52
Vs IR . AR, G IS 5 77 R A
FERTTE 2X 1054y /mL AR [ 24 fLIRT
FEHHIIA 600 pL SEAIEFRAEE, = 100 pL i
AR, A HEEE 5, Transwell £ 200 uL
BRI (2X 1054 mL), TRHFEM T3 240
Ja, BUR/NE, PBS BEE, T 4% EHEEEE
20 min G, FH 0.1%45 S ekl detn, B T5E
WA TSI, ] Image ] AR ES AR
M.

2.7 AnnexinV-FITC/PI U4 4R AR 1=

B A T3 HAE K I HemECs PL 5 X 105 AN/4L
R T 6 FLB 5% 24 h, WERHBLL. TEMC (40
ug/mL) ZH. PI3K ##7 £Y294002 (20 umol/L)
4. HIF-lo. #1417 LW6 (30 pmol/L). TEMC+
L£Y294002 (40 pg/mL+20 pmol/L) A TFMC+
LW6 (40 pg/mL+30 pmol/L) ZH121, HHY 6 LR
MY R 24 h J5, WEXNMA. TFMC (40
ug/mL) 2. PI3K ##h7] 740Y-P (15 umol/L) 4.
HIF-1a #2307 DMOG (0.5 umol/L)+ TFMC+740Y-
P (40 pug/mL~+15 pmol/L) ZH A1 TFMC-+DMOG (40
pg/mL~+-0.5 pmol/L) ZH120211, 254 FRALINAAA N 24
VIAb3E, RIS B 25 EE 7708, 1598 24h )5,
W B2, %18 AnnexinV-FITC/PI 77 & it ] B
B, R A I 4 M A ks 0 240 A T 0

2.8 PI & NZAEHR

40T A K HemECs BL 5X 105 AN/AL
BT 6 FLBP SR 240, %M “2.77 TN Jikidk
ITor AL BE, S ERAHMT, $% B8 P a7 & i B 1o 4
1, SR A A A S U 248 e A
2.9 G R TRE AR I 4 Bl 2% R 4R BR ER L A0 4E B A
ROS 7k

B4 T3 E A K HemECs P 5X 105 4N/4L
PeRhT 6 FLIRHPBESE 24 h, $%08 “2.77 TRyt
AT AR, Wi, #%/8 JC-1 A1 DCFH-DA
For TR 0 150 B A, G N % 2 4 i b A e v
KA1 ROS 7K-F22,
2.10 #HAE EJE&S LDH JEMEA

Pl “2.77 TR 7R AT o AN AR B, TR
TEWR, i HRAR) Gl W P kil - H 48 e LDH % 1
211 [MEHE KK

B AL F B K HemECs LA 5X 105 AN/AL4%
FiF 6 FLIRFREFR 24 h, $I8 “2.77 TR ikt AT 4>
HRALEE, WHEXH FIEW, REFMRRE.
HemECs LA 3X10° N/FLEET 100 pL AN[FE P54
BRI )s, FERT Matrigel GLH%I 96 FLERH, 595
10h, F3/E DdE T, @it Image J AR
BSOS MR AR A B A R,
2.12 @89 VEGF. VEGFR2. FN. MMP-2 X
MMP-9 & 4G

40T 5 A K HemECs BL 5X 105 4N/AL
FERDT 6 LB B 9E 24 h, HRIE “2.77 TR ik
AT dHANARER, BRI, F2 AR & 1 B A DU
VEGF. VEGFR2. FN. MMP-2 Al MMP-9 & f&.
2.13 ¢RT-PCR#1 HemECs 1 VEGF/VEGFR2.
PI3K/Akt/HIF-1a BT . FREBXERRIA

PR “2.77 TR AT o AR AL 3, USSR
i, #%H TRIzol H7H& Ui H#2H HemECs /&
RNA, H] PrimeScript RT 4 H ¥ 5/y cDNA J5,
F SYBR %64k, mixk PCR BETESLH 2 & PCR
X E3EATY 1, L GAPDH AW S, ¥ HERI4E R
272 RIR, ST FI AR 1024,
2.14 Western blotting &7 HemECs 1 VEGF/
VEGFR2. PI3K/Akt/HIF-1a BEMITH. ZZEH
XERARIE

FHR 2,77 TR kAT o RN 3, WSO
i, R U B RS B, AR A
e 8 A& & AR T e mmR - R A
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Table 1 Primer sequences
H LiFsI MRS (5°-3) TSI (5°-37)

VEGF GGGCAGAATCATCACGAAGT AAATGCTTTCTCCGCTCTGA
VEGFR2 CAAGTGGCTAAGGGCATGGA ATTTCAAAGGGAGGCGAGCA
PI3K CCACGACCATCATCAGGTGAA CCTCACGGAGGCATTCTAAAGT
Akt ATGGCACCTTCATTGGCTAC AACGGACTTCGGGCTCTTG
mTOR GCCGCGCGAATATTAAAGGA CTGGTTTCCTCATTCCGGCT
HIF-1a GAACGTCGAAAAGAAAAGTCTCG CCTTATCAAGATGCGAACTCACA
FN CGGTGGCTGTCAGTCAAAG AAACCTCGGCTTCCTCCATAA
MMP-2 AGCATGTCCCTACCGAGTCT CCCTTGTCTAGGCTCTGCTA
MMP-9 TCTCTACTGGGCATTAGGG GTGTCCGAGGAAGATACTTG
GAPDH AACGGCACAGTCAAGGCTGA ACG CCAGTAGACTCCACGACAT

Wk st F vk, #£4 PVDF B, $HJE 25
VEGF (1 :1000). p-VEGFR2 (1 : 800). VEGFR2
(1:800). p-PI3K (1 :600). PI3K (1 :600). p-
Akt (1 : 800D Akt (1 :1000). p-mTOR (1 : 800).
mTOR (1 : 800). HIF-1a (1 :800). FN (1 : 600).
MMP-2 (1 : 600). MMP-9 (1 : 600) #ifk, 4 CH#
B PR E Mt EiRFE 2h, A ECL
e RARAN R, RAERBEORE, @il
Image J 354 2% 5 IR BE AR 180121
215 GitESh

LIRSS A X £ s3I, K GraphPad Prism 9
AR B AT G b, IR Student’s ¢
K6, 241 L FH B R 2 T M
3 #R
3.1 TFMC % HemECs %8 #5201

WK 1-A fios, S8R, TFMC 1EH 24,
48 h X HemECs I FFEEE IS HIMEA, H
HAR A SR . 28 GraphPad Prism 9 B4t
B, HAEH]T HemECs 24. 48 h FREHENHIE B (half
inhibitory concentration, ICso) 7374 65.90. 34.12

>

©24h ©48h

o
T h
i
#i #it ##
z i
H i
10 20 40 60 80

TFMC/(ug-mL ™)

—
®© 3o}
(=) (=}

CHHLAT I 1%
5 8

D
o O

100+ L

X5

A-TEMC %} HemECs 17i% R HI50; B-TFMC %} HemECs 78 TR SAM ;50 IE 20 b 4«

Xof R

-

g e g
TFMC 20 pg'mL™!  TFMC 40 pg'mL™

ug/mL. AT HEBR TFMC % HemECs 4R 2P/
FAXTENMIT RS . 1228 KA BB ssm, &4 10
20+ 40 pg/mL TFMC fEFH 24 h 47 )5 820 A
3.2 TFMC %f HemECs 72 &L AU S0

Wk 1-B frs, 53 E, TFMC (10, 20
40 pg/mL) A B2 HNE HemECs MR (P<
0.05. 0.01), HEFIEAIME, LY TEMC w4
HemECs M58 .
3.3 TFMC %f HemECs it #1153 ZH9 2200

WK 2-A fis, SXPEEALLE, TFMC (10,
20. 40 pg/mL) 4 HemECs )3T #% Hi AR & 3 /b
(P<0.05. 0.01). & 2-B iR, SxiME4 s,
TFMC (10, 20. 40 pg/mL) 41 HemECs []{2 2241
Jo s A2 22 4R E I B PRI (P<<0.05. 0.01). KB
TFMC #] 1] HemECs iTF% F{Z 28 fE 7.
3.4 TFMC % HemECs JET- 1400 E HAE 2200

WE 3-A fiax, 554 LE, TFMC.
LY294002 1 LW6 +Fin] & (£ HemECs 41
(P<<0.01), 740Y-P Al DMOG #J & 2 40| 40 o 7=
(P<<0.01); 5 TFMC #tk#:, TFMC 5 LY294002

#
I
fiiid
#HH
10 20 40

TFMC/(ug'mL™")

TFMC 10 pg-mL™! 600+

R 500 1
e =
bW = 400

W

& AR 2 3004

@
w 200+
100+

4223
e
[ S
e

X

#P<<0.05 *#P<<0.01, K2 [H.

A-effect of TFMC on survival rate of HemECs; B-effect of TFMC on colony formation of HemECs; P < 0.05 #P <0.01 vs control group, same as Fig. 2.

1 TFMC ¥} HemECs &R (Xts,n=5)
Fig. 1 Effect of TFMC on proliferation of HemECs (X + s, n =5)
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Fig.7 Effect of TFMC on gene and protein expressions of VEGF/VEGFR2 pathway in HemECs (X £ s, n =5)
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Fig. 10 Mechanisms of TFMC restraining proliferation, migration and angiogenesis in HemECs
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