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Abstract: Angiogenesis is the formation of new capillaries from pre-existing vasculature, which plays a critical
role in several diseases. Under the normal physiological conditions, only about 0.5% of endothelial cells (ECs)
undergo mitosis, while the most ECs are in a resting state. Angiogenesis is a dynamic process in which ECs shift
from resting to activated state, including three basic steps: (D) excessive vascular endothelial growth factor (VEGF),
basic fibroblast growth factor (FGF), platelet-derived endothelial growth factor (PDGF) and other pro-angiogenic
factors secreted by ECs can promote the germination of ECs in the original blood vessels; @) the sprouts are contin-
uously elongated through the proliferation of ECs and the degradation and migration of basement membrane. At
this time, the ECs present two phenotypes with filamentous feet and strong proliferation ability; 3 the buds are
continuously elongated to form a tubular structure and connect with adjacent blood vessels, and the junction is
wrapped by wall cells and basement membrane to form new blood vessels. Nowadays, angiogenesis has become a
target for clinical treatment of multifarious diseases. On one hand, anti-angiogenesis is used to treat various diseases
with excessive angiogenesis, such as cancer, atherosclerosis, and diabetic retinopathy, etc. On the other hand, the
diseases caused by insufficient angiogenesis, including myocardial infarction, myocardial ischemia/reperfusion
injury, stroke, wound long-term healing and other ischemic diseases can be improved by pro-angiogenesis therapy.

Large numbers of researches have shown that many active ingredients of traditional Chinese medicine can effec-
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tively treat the previously mentioned diseases by regulating angiogenesis in different ways. Therefore, the anti- and

pro-angiogenesis effects of some active ingredients derived from traditional Chinese medicine and their mechanism

were summarized in this manuscript, arming to provide theoretical basis for the development of new drugs for the

treatment of angiogenesis-related diseases.

Key words: traditional Chinese medicine; active ingredient; angiogenic regulation; vascular endothelial

growth factor; endothelial cell
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Figure 1 The active ingredients of traditional Chinese medicine (TCM) regulate angiogenesis. VEGF: Vascular endothelial growth factor;

FGF: Fibroblast growth factor; PDGF: Platelet-derived growth factor; HIF: Hypoxia inducible factor; TGF-f: Transforming growth factor-f;

HGF: Hepatocyte growth factor; TSP: Thrombospondin; IFN: Interferon; PEDF: Pigment epithelium-derived factor; TIMPs: Tissue inhibi-

tors of metalloproteinases
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Table 1

Mechanism of anti-angiogenesis of TCM components. VEGFB: Vascular endothelial growth factor B; NKAP: Nuclear transcrip-

tion factor kappa B acting protein; NF-xB: Nuclear factor xB; VEGF: Vascular endothelial growth factor; COX-2: Cyclooxygenase-2; BMP:

Bone morphogenetic proteins; ID-1: DNA-binding protein inhibitor ID-1; HIF-1a: Hypoxia inducible factor-1a; HSP90: Heat shock protein

90; STAT3: Signal transducer and activator of transcription 3; JAK: Janus kinase; MMP-9/-2: Matrix metallopeptidase-9/-2; EGF: Epidermal

growth factor; VCAMI1: Vascular cell adhesion molecule 1; Ang-1: Angio-poietin-1; ERK1/2: Extracellular regulated protein kinases 1/2;

CDK2: Cyclin-dependent kinases; EPC: Endothelial progenitor cells; PPAR-y: Peroxisome proliferator-activated receptor-y

Classification Source Active ingredient Mechanism of anti-angiogenesis Ref.
Promoting blood Curcuma Longa L Curcumin Inhibition of VEGFB and NKAP expression further inhibits the [32,33]
circulation and activation of NF-xB, and inhibits the expression of VEGF and
removing blood stasis endothelin-1

f-Elemene Targeting gastric cancer stem cells and down-regulating the expres- [34]
sion of Notch-1 and Hes1
Ligusticum Tetramethylpyrazine Promote endothelial cell apoptosis; down-regulate the expression of ~ [36-39]
Chuanxiong Hort COX-2 and break the balance of thromboxane A2 -prostacyclin to
destroy the integrity of blood vessel wall; blocking BMP/Smad/ID-1
signal pathway
Eliminating phlegm Tripterygium Celastrol Inhibit the activity of HSP90, prevent the binding of HSP90 and HIF- [41, 42]
and dampness Wilfordii Hook. F la, and then promote the degradation of HIF-1a; reduce the secretion
of VEGEF in vascular endothelial progenitor cells
Ecklonia Kurome  Fucoidan Targeting STAT3, inhibit the phosphorylation of JAK, down-regulate  [43, 44]
the expression of HIF-1a and inhibit the expression of VEGF
Clearing heat and Sophorae Matrine Decrease the binding activity of NF-«B to DNA, and decrease the [46]
detoxification Flavescentis Radix expression level of MMP-9, MMP-2, EGF and VEGFR1
Oxymatrine Down-regulate the expression of VEGF [48]
Indigo Naturalis Meisoindigo Down-regulate the expression of VCAMI, then block the autocrine [49]
and paracrine circuits between endothelial cells and leukemic cells
Indirubin Inhibition of JAK/STAT3 signal pathway [50]
Artemisiae Annuae Artesunate Inhibit the activation of ERK1/2 and thus inhibit the activity of [52-54]
Herba VEGF and Ang-1; reduce the expression level of VEGF and MMP-9;
inhibition of vascular endothelial cell proliferation
Tonify deficiency Ginseng Radix et Ginsenoside Rg3 Down-regulate the expression of MMP-2, MMP-9 and VEGF; [55, 56]
Rhizoma delaying the accumulation of cyclin E and CDK2 in G1 phase inhibits
the proliferation of EPC and inhibits the expression of VEGFR2
Ginsenoside Rb1 Interaction with PPAR-y increases the expression of induced pigment [57]

epithelium-derived factor protein

3 {REEMEFE R EEME RS R EERLE

28Uk 22 99 AR T 5| RS0 I R, 2 BRI )
IR T k2% 2 v, S S0k 48 B 1 5, K294 B, I 938 <
i, QOB A . DU G BER Y, 35 AL S 24 (4L
TS R 45 B R G B HUEE R IR R L
1 A TR R A 3 R O A R A R D N, RO L
0, Moy B, RBEAE L, MEEE R . RLAE, 8
17N, S BH A, Bk 2% 2k 250 IR, BRI . 2t
AR I 24 0 9 T 2 AL, O of A R 2R 4R B fR B
LB R BT R, K RANGE, BB R, AT i, i
ZRIR BT, I IR SR 25 R B 21 X, e Bk 4T, fie
BERKZS IR RAETEIA . B A 2, O BKCR TR, AT ASF;
BB RE, L BN, AT TE T . PRI 20 m] S 0 I B
i, Do KA o AR AR SR ZGREANE BB, R
K, RIS AT, k2@, R3O I 10,

e E LA A st W PRV 7 LA R P #6053

Z—o PR RUE T MRS | 2 RN L 37 AL B A Ah
M [ A 2 24 (355 12 ik 43 B 8 e e AN R A FH AL Ak 41 3k
I8 A 1, A 06 9T & Bl el T I8 A A JE - B
L4

3.1 RIEFEMARERARFEMER S

3.1.1 SR FEEEAMSEEB 206K E
W EE MAGR R R 2 2 —, BREGRIHTA MR
FH, & H 9697 O U AT < O LR I/ P 8 v 4514 < O fa
I RO WUA 44 55 O MU R« PF 2 1025 K PE Rk
5 (FFS 5 FHR R A PR R B) BA Sra b b .
PUB A PUah B AR RN T TS E 62, PSR
ST S & PP IR I HE AL 2 4 0, R I R 4T
O MG . — 5T, P2 nl i B o ) R A 20
TR R Akt IR A A Co UL A PR R T, P R
IR R B O A R 5 53— 7 T, FH S R EeS
2 B AR Y B AH 4 B A 265 5T 4 B YR P TR 7 -1 (stromal
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cell-derived factor-1a, SDF-1a) 7K ¥}z C-X-C #&{b A ¥
%2 & 4 (C-X-C chemokine receptor type 4, CXCR4) &
1%, Wil SDF 1a/CXCR4 Hifr, {3 P B AH 40 Ha 1T 7% JF1E J&)
R I X B4R, 3 — 2P 5 5O WLZH 2L 3 AR L TR ik,
S hngh i 2 2R, DT a2 o JUL SR AL PR A5 45 1 20
D figtel,

FHEY IR A L REVE ] TN R AH 40 i, (e gk g 5
T, 180 A R AH 4 e 75 52 40 00 of A v SRR I ELR N
ATV B RR FA PN Rz 4 g, ) B R dE 0 ILZH 2 P9 VEGF/
VEGFR-2 1 MMP-9 & ik, 7 545145 /0 WL A 37 22 1
HITE B9 TP R B BR T e % 39 N VEGF £ ik |k
N Rz 41 AR R 98/ KBRS O ULRE BE TR 22 RS, ik
R 5035 M PR3 /N B2 0 2 D R R, Jsk 2D o I g SR
o, TR I 38 5 R AR 25 2 T HUVEC 48 i P9 R 5 R A 2R
K 7 45 & & A 3 (insulin-like growth factor-binding
protein 3, IGFBP3) J& #l) + ] F 54k, 5 5 IGFBP3 #%
AL, ¥l VEGFR-2/VEGFA 15 5 # S i@ %, {218 4=
LA T8 R, CAC3E W IR s 1 Lo LG /) BRUFR 0o JUE Ty i Loe)
3.1.2 RENEBMVEAEBK REHEAHERA
FH3E A RE 77, BERZ S O B LI I PR v 53 4 e . g
WA s g R T RA N ER SR A R E
BEME RAE W, & — PRI LN A R RS BT,
HARAT W IE B AR TE i, AT 2 AR,
W TR WU BE L 06 2 rp A i e o JUE 9 S5 92 97
BT PN IR B AN BR A P9 R AH 4 Bl e 52 H,0, 15 F (1 48
MR T, 3 B DASR & S e R O X R AKTY
eNOS M MAPK/P38 {5 5 % 1% 3, {2 ik P K2 AH 41 i
WA TR FNRE B, a3 — 2D (R A A e

LA P9 R K2 AR A i S ) — Rtk & 4,
EHERA NEEB WAL (H2E, R THEA N EEB,
HRAT A iR KA B 9 1R 0 S R TEORT ik 22 DR AP 1
& fE i (2 i JAK2/STAT3 {5 5 i % (¥ 4% 3 _E i HIF-
1a/VEGF [k, 1 — 35 (R #1405 0 K¢ Joa A SOIRAR A
ol LA A S, S O LA, A i o £ 1 7 A2 ) e 260 B
FEUVR, AT IR /) BRI 308 1o 28 Th e 443108
313 BREAHREEGRA REIWHEEA (hy-
droxysafflor yellow A, HSYA) s& L1t @ EY 4 e B
AR R E Ry, ZR I 5 35 1P B A2 i
AEREYE . PEIRGE, HSYA vl il 2 Bk &6 0T Sk
PR ML P59 o 1 4G, HSYA AE BH I3 o6 38 Bt af O LA
MR Bl 73 %, A a3k Sk if 0 UL A% A7 2 1 VEGF-A #
MMP-9 [P FR 1k, 38 0o LR 2 P9 I A 387 A2, E — 2P
B0 VAR A7, B2 AE 0 210 R, HSYA RE$i i IfiL 21
F A 1 (heme oxygenase-1, HO-1) i 4. HO-1 —
77 THT Be A A ML AT 3R A 1l — S A ik A T SR O L4 5

B VEGF, i 3t & i P9 B2t 4t B itk N A G2 35— 07
[ 7] B 23800 SDF-1/CXCR4 15 5:4% 5, {23 4 2 #H 40
JH 53 Ak R B U B RN A B T A2 2 O LI TR B, 93K
B, RO RED) RN, kA, HSYA it RE i
HUVEC 41 Jitl 4 Ang-1 F1 Tie-2 [f] ik, 1 5 Tie-2. Akt
AVERK1/2 Wi Ak, f2E 1A 8 £
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321 ASEHRQMASEEF1 AZE1Rel
(ginsenoside Rgl, Rgl) R ASH & EHRFENIEANS
=R, ORI R TS L B R AR 2 ORI 4
LAY TE . Rl ATHEE 251 5 PIBK/Akt/mTOR 5
T, JET S SR M AR R VEGF _E, 2 2 i
il IS Y /N BRI AR R, kR 2 R S R T e
Rgl 18 i ##1 miR-23a 234, W0 JH 40 i A2 B 7
(hepatocyte growth factor, HGF)/1i 75 ft 41 iy 2E K K
Ak (hepatocyte growth factor receptor, MET) {5 5 i
P A8 T, b T A 2 L AR BT, (] S R R miR-23a %)
IRF-1 o $i 4F FH, 38 98 iINOS ¥ %, Jll ¥4t e P9 NOx
M VEGF [ 3k, (& 2E 0% IR 2 1ot 1 H i &0, 2R
T, {233k 40 i N VEGF 2% 3 BE B8 )30 8 A8 g, 123 3
0L 8 1 U B . AR — MR AS
ZEE B NS 21 F1 (ginsenosides F1, GF1) MY Ag
it 3o i 2 AR 4 FD B 5 ZRE AR A IR 1 (insulin-like
growth factor 1, IGF-1) H 7, ¥ IGF- 1/ B R AL
K Al F 1 % 1K (insulin-like growth factor 1 receptor,
IGFIR) {5 5 1% 5 & H. F i 8 H Akt FAK Al MEK1/2
ek, AT AR 148 B0 38 v o7 1 O 7 A s, 185 I R BR K i
B Ik P 2 A 2R %) i ol L A % R, 8 R G LRV, R
i 508 e S Sfe 0L 453 49170, 1T LIS g B R R R 52 4k 4 AL
(nuclear receptor 4 Al, NR4A1) (K] # 5 3% 1k, &K
NRAAT [ 3 PR 2 3 5k Hil 55 6 Py B % 42 B 1 1 bl 1
FH, AT k2> 1 A8 V8 0 1 i A6

322 EERHEIV EEPHIVEEETHEESE
YERLY, A BRI 2 2H 208 A e, e e b 1 i
HALIERLE DR . ikt DG — 18
KB, FEZFHMS S, H 0 U8 40 H 54 5 |
ML A= R0 40 B A1 356 0T T AR A ik B2U7Y . EGF/3R B AR
K K F 5 & (epidermal growth factor receptor, EGFR)
Byl R AL ESEge —, 5508
G2 AW B, B4 SR V3G 5E A VAR A R R
I o #% AL AR . B RS HH TV R 2 i EGFR Al
ERK1/2 [R5, #% EGF/EGFR 15 5@ i1 T, i 5
SR I AR R, 33— DR R 2 LR T B 3
B TV 20 R 8% 410 o] 170 2 DR] 0% 1R I A 5k ) 2 1 )
TRV RIE, WS PI3K/AK (5 5 38 B, {23 HIF-10 2§
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FI M VEGF R ik, KA O NS G M8 A2 i f O
JE LR 1 o800,

323 AEXEF 45K (salidroside, SAL) /& ML
SR B YRR I R A, BR 2R Y
HRAE ), G FE B sk S A I A A ORI R B AA AR
AR SAL 7T LA I HIF- 1o 338 FE40 1| e A7, (H 20 R
e Bk R S PR 85 TR HIF-1a 5 HIF-15 (1) 45 4 Ok 32 = HIF-
la e 3m e, B3 i VEGF 3RE, #t— s S
8 0] 70 0 200 L L T i, R Y R A T i 2
V) PR ST 167, 3 G B OB A RE P R A8 . I S 2 A0 Bl
25 #4389, 3 (prolyl-hydroxylase domain 3, PHD3) /& SAL
1 —MEFBE S . SAL A8 IE M 52 1K o (estrogen
receptor o, ERa) 5 57 PE 401 il PHD3 75 % 140 f H 4%
SR, AR B B LAH i 1Y) 32 2)) A EGF W HGF . PDGF-
BB.FGF2.Ang-1 5 IfiL & 4= iK1 1) 73 W, 0% FGF2/
FGF2R Fl PDGF-BB/PDGFR-$ {55 5 i i 1% 5 3t 1y 4 5i0
PR 240 R RS- 0 UL A0 PRV 32 30, I S R R I /0 R 1
A LA TR R

33 RETFHBSEARLEPAGRTEER S

3301 MEE CE R EA RN E SR LT D)
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AR TE P R AEL 20 B 3G 5, B 5 LT R 7, Rt 1T
B IR,

34 KRIET BRI PLREMER ST

341 EBIRZF FEHCRETURZEABAEYER
TR AR, F TR I7 R 3 IS Sk RO I 85 205
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MARFAPL AR A YETE . B Ae il &7 7k /) 3 koA
p42/44MAPKSs /1 3 19 1ML A2 F 398 0 A 100 o 4 9, Iz

FH R I AT 51 g 2E 230N 30 ik R 7Kk R
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B AR 2L BB YR 35 1Y 0 i S v R I P 8 VE S HIF-1a
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342 WEH EEEIRITOME R E -, &
B RS ) F A R0k sy, eid i T s ERa K,
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HITEAEIR YT 250, Re8 gk /b van bl 25 A T N BT ik N B2
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Table 2 Mechanism of pro-angiogenesis of TCM components. Akt: Protein kinase B; SDF1a: Stromal cell-derived factor-1a; CXCR4: C-

X-C chemokine receptor type 4; IGFBP3: Insulin-like growth factor-binding protein 3; HUVEC: Human umbilical vein endothelial cells;

HGF: Hepatocyte growth factor; MET: Hepatocyte growth factor receptor; IGF-1: Insulin-like growth factor 1; IGF1R: Insulin-like growth

factor 1 receptor; EGFR: Epidermal growth factor receptor; PTEN: Phosphatase and tensin homolog; PHD3: Prolyl-hydroxylase domain 3;

ERa: Estrogen receptor a; PGC-1a: Peroxisome proliferator-activated receptor gamma coactivator 1a; Nrf2: NF-E2-related factor 2

Classification

Source

Active ingredient

Mechanism of pro-angiogenesis

Ref.

Promoting blood
circulation and

removing blood stasis

Replenishing qi and
tonifying blood

Tonifying the kidney
and strengthening the
foundation

Clearing heat and
nourishing yin

Salviae Miltiorrhizae

Radix et Rhizoma

Ginkgo Biloba

Carthami Flos

Ginseng Radix et
Rhizoma

Astragali Radix

Rhodiola rosea L

Drynariae Rhizoma

Puerariae Lobatae
Radix

Scutellariae Radix

Danshensu

Salvianolic acid A

Salvianolic acid B

Ginkgolide B

Ginkgolide K

Hydroxysafflor yellow A

Ginsenoside Rgl

Ginsenoside F1

Astragaloside IV

Salidroside

Naringin

Puerarin

Baicalin

Enhance the activity of endothelial progenitor cells and up-
regulate Akt phosphorylation to inhibit cardiomyocyte apoptosis;
activating the SDF1a/CXCR4 axis to make endothelial
progenitor cells migrate and gather in the local ischemic area
Promote the expression of VEGF/VEGFR-2 and MMP-9 in
myocardial tissue

IGFBP3 promoter methylation induces IGFBP3 nuclear
translocation and activates VEGFR2/VEGFA signal transduction
pathway

Up-regulate the transduction of Akt/eNOS and MAPK/P38
signal pathways and promote the proliferation, migration and
adhesion of endothelial progenitor cells

Promote the transduction of JAK2/STAT3 signal pathway and
up-regulate the expression of HIF-1a/VEGF

Promote the expression of nucleolar protein, VEGF-An and
MMP-9 in ischemic myocardium and increase the activity of
heme oxygenase 1; up-regulate the expression of Angl and
Tie-2 in HUVEC cells and enhance the phosphorylation of
Tie-2, Akt and ERK1/2

Activate PI3K/Akt/mTOR signal pathway and up-regulate the
expression of VEGF; inhibit the expression of miR-23a, activate
HGF/MET signal pathway, enhance the activity of iNOS, and
stimulate the expression of NOx and VEGF in cells

Promote IGF-1 autocrine of endothelial cells, activate IGF-1/
IGF1R signal transduction and the expression of its downstream
proteins Akt, FAK and MEK1/2

Promote the expression of EGFR and ERK1/2, activate EGF/
EGFR signal transduction pathway; inhibit PTEN expression,
activate PI3K/Akt signal pathway, and promote HIF-1a protein
aggregation and VEGF expression

Promote the binding of HIF-1a and HIF-1p, increase the tran-
scriptional activity of HIF-1a, and significantly up-regulate the
expression of VEGF; inhibit the transcriptional activity of PHD3
and activate FGF2/FGF2R and PDGF-BB/PDGFR-/ signaling
pathways

Regulate the secretion of endothelin in endothelial cells to
promote NO expression and activate CXCL12/CXCR4-mediated
PI3K-Akt signal pathway; promote the expression of VEGF and
VEGFR-2 and induce the synthesis of inflammatory factors and
growth factors

Activate p42/44MAPKs signal pathway and increase the level
of HIF-1a protein

Promote the interaction between ERa and PGC-1a and induce
the expression of VEGF; increase the nuclear accumulation of
Nrf2 and promote the expression of Akt and GSK3B

[63]

[64]

[66]

[67]

[68]

[69-71]

[72-74]

[75]

[78-80]

(81, 82]

[83-86]

[87, 88]

(89, 90]
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AR (M 0.006 mg-mL"'#& 5 £ 0.12 mg-mL™"), I H
TEBART RNk B8 A S ) &8 4R, R R 71
PR S PO, LR, H A 2 4 A AR R
8 K 215 B AE AV TR A B B, 0 HAR F AL
WA R T3 —E S 1A LME 5 EA
AT I, I L& AT BETEORAZAS 5 18 I £ I8 AR R i) B
B, X 5 R Z I TT R I 2 BN 2 IR AT VB AR
MRGANEAM Y EU040, S8k, 155 2 e FIE 5 R
S R 2 BT L A R R X AR o) B S Qe 2 I A AR
B SRR AR o — W 24 ] ) I B A (R I A RS 4
) I AR OB Y 1 1 2 (NS Rg3 Al Rb1 X I
A RCE A R F, T Rl R0 GFL Ui 2 ifn 5 AR %),
B S A & M 20 E AN (R 751 B 5008 K R ) AN [] B
BT B2 AL H AR AR R KT T

DRI, 2% 0 ) 2 v 6 v 24 355 1P Bl 2 %o L 8 A it
R S HAE AL, ) 7 2 5 AR BOR A 25 & IR
N, 9 FH R AR B AR 3
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