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[ ABSTRACT] Apelin/APJ system, a new G-protein-coupled receptors (GPCR) system, is wide distributed in human

and animal tissues. Apelin/AP] system could affect many mammalian biological characteristics, including the neuroendo-

G-Protein-Coupled Receptor;  Angiogenesis;

crine system, cardiovascular system and so on. Angiogenesis is described as the sprouting of new capillaries from existing
microvessels. lts process is dependent on the proliferation, migration, and capillary-like tube formation of vascular endothe-

lial cells, which plays a critical role in physiological and pathological conditions. Here, we reviewed the function of Apelin

in the angiogenesis.

Apelin 5 72 A B oy Es ok gt FE 420
Rk, RO S R MAREEY B
(1 G R BRI Z 1 APY, & —Fh 5 Mmook & 1/
ZARE AR E A, EREH S )Tz o A
Apelin/AP) 55, Zj 5 K 8L T Apelin 194 3
SUife, TR0 AT RS, Apelin AT 50 L 46
FIREAR B Bkt £ {H Apelin B 3 Fh J 85 M RE
FEEIFE APT = (/N BP s R AR R, FEd
HRHI 25 22 48, Apelin R85 18 35 1 - 5| 48
B IS 5 L KR B R IR AR AR

Apelin mRNA #l AP] mRNA 7E Il 45 2 4t i 3K,
JEHAEN B AR Apelin BE G5 FRAE AR
PR AR A R B, APT BFA I B BRHIBKAS R 48
H LR P9 R AR R P B AR A A, S RIS, 78
RS E LSV INAT AP) (G e363k AR O

[ BHE]
[(E&TWH]
[fEEEN]

2013-06-25

JE B AR A 2 R GE AT s L BRILZ A
WFFR R APY TE N B2 A rh 2Rk 18 w5 A DKE R 4e,
A TR A A TIRE . Cox 5% AFEMBATTHY
W5 Apelin ZEIEH AR T M3 A i &
HERERTVERIHS 5 E R M mE AKXt
¥R Apelin/ AP] 1557 N F AHff rh AT GE B B2
THREMEAERT ; A8 A5 TN B R DAH DG, B 244K
TN B AL LA 25 05 G BRI AH B4 I A
M NI e ZIE OB LA 1 AT I, Apelin 75
M8 A A HA] RE HA 2

1 Apelin/AP] FEHLAME L EFHIER

1.1 Apelin/AP] 54/ fE£H 4R
HAI, Apelin/ APJ 2 4t 1 i 5% 2= 4R 7 L Y

1P 48 BT RS H (2013FJ3133) I RG24 WF 55 A= BRI 30 H (CX2013B399)
BEE, WL A, FEEM S 16 A IR LA 0 RO FI I RE S | E-mail i 695764259@ qq. com,, 18 A AMEEUiF

Wi, s, FARBEIN, Hoz LA A T S I 1 B CH A Dy R R 1 i BIL A 25 IR B E S, E-mail D

652797262@ qq. com,



CN 43-1262/R W EBHIKAEL 245 2014 4557 22 B4

31 305

5% Apelin/APJ {55335 BFFT W, 740 99 fIEE 1f.
IR R, AP 2 R4 4 s 400 I B e Jk 1) A i
FAPTAPT B mRNA 5 1l BT BUAH 5, AP] mRNA
BECSR T REKE R A NN R R,
A Apelin ) mRNA HAETE A4S 19301 2 22 35 1,
Apelin & RGN 40 90 A5 1 45 A TR A RESR T f
— B BYRFSEEE | Apelin/ APJ 2 G216 P B2 40 8T
ATl R AT R FEIG RN, Apelin REAE{E
AL R S 20 6 1% 8 7, L5 0 i A0 T B A 1)
R L LU ERFSE R, Apelin/APY {5 5 1] g &
G (K= R s 8 1K= 04 o 1 P B = S %
Apelin 259 BRI J5E 1l 45 26 B, B AR AT R ALK
ETTRE PRI PR DR S i A 72 AR At B 35 % s 1 —
ASB AT A
1.2 Apelin/APJ] 5 BEZHEZR

IR FE L I T, Apelin 2835 32 (UM A8
N2 FR 1 , Apelin Z2 1K Agtrlb F7 78 T N fZ 4 g v,
TEVEZ KA 72 G0 09 - e A0 A R Co AL 55 40 i o
WA KM Apelin K H Agtrlb Z2 K1Y IF H ik
SHOAER & & B AR K0, tLoh, Apelin/APJ Xt
RO S A PR AP VR T, B AR O WIURE BE 1Y B I
WU, 38 3 388 it 48 A R K R0 IE B R B 4
FLe s I Ah, Apelin 36 2 A5 Bt 3h ik 56 & 6 1L 4
FHESL SR L Apelin B4 A 2 2 B0ME PR 95
A KRR LAY BV R 71 220 ) Ape-
lin mRNA 78 A8 0 U s 54 5K P00 AL H Y
FEIRIEME! ) X LR ST E B Apelin 7 I 45 A BTG
PE BRI 78 A B ) 38 0 7E O 30 WL O
WSS R R EREEAER . AL AR
IR L, N B R R R S, R sE T
Apelin 760 WUEESS 40 B L& R rp g4 1S9
1.3 Apelin/AP] 5RER¢EL

NE W A0 M AEAE Apelin &2 APJ] mRNA By ik, 78
NN BRI B 107 A M 7 £ #1436 Apelin, Kun-
duzova %57 KB Apelin 78 JE Wi 4140 09 T eV 1 4
W A e A P 2 A VE A O X ROk IR T g
WHZHZU) Apelin BE W% 78 Bl 480 1Y 245 14 T 3k LA,
WF5E W, Apelin-13 AbFRR S 400 R Ao 18] 5140
JRKE 18— A S IR B PR I ik L BeAh,
WF9E % PR 5 15 2 S AE P 2 7] 13 Apelin (46
P Rz, Apelin B LU 3R 5 2 A9 43, I H
Apelin RT3 3o (- 100 A5 R bk 0489 114 56 B MR 1 o 2
BEAKE AT SRR E T ) Dray 45612 58 5 A P A0 i 56
DR A A2 RN 2 2 UE 52, A6 TE 5 /N B, A0 A 2tk
k4T Apelin BERE Il 4 LL H £ JULER HUR 268 B 5 76 10

JHERIER 555 RARHT A /N B, Apelin 78 BE A2 £ /55 X Ji%
By RBURH L w WE R B, K% 25T Ape-
lin, 25 5 B 78 P AKX Apelin 38 3 — %46 & ( nitric Ox-
ide , NO) JR A 18 55 74 4 W 0 ~F- 7, JF 48 X 2 —Fh
B AR BRALE] 2 5 M IE RS AR R S
Fx—id A0 A0, Apelin R 38 a2 A1 5 A0 A X 5
B2 5 AT R DA T R 52 0 14 A
1.4  Apelin/AP] S5hx4H 4R

TEHP XA 28 RGBT, Apelin/ AP] R GEAE N
I AU IX N TR i R T SR RS A A A
HELZ I3 A0 o BRI MR TN 8 IS s, i
A2 Apelin FERBM= ) e B LS
HEM 2R B LLAE ( Amyotrophic lateral sclerosis, ALS) fY
SODIGI3A /N F it rf Apelin B 2 540, #R i it
Fr Apelin 5& K (/N BROULZE 46 1 ALS H1 ik — 20 %
A6 ARG BRI A B 5T, Zeng 2P BIFSE T Ape-
lin 7E K B2 E #h 2 oe AU FR OB 08 o /E T AT ]
W R B Z P20 & T T MU 5 77 b, 155 & 40 i
WA T, FH Apelin-13 ZbBHS | B B 1k 7 4
ZICHIHTS . (S I256 | Khaksari 2512 A i
15 FHZA A ZE I B RN v 2l Bk, il 36 Jay ¥ Mk
FP Sl Ik A ot TS 2R A G ke L T 25 00 i % 45 T Ape-
lin-13 #4711, K& B Apelin-13 7] 43 20 i 15 5E | fili
K P AR ] 3 i 0 T A PR AR AP i iR 4 21
AN, Apelin-36 ] 8 iof #4037 WA i 1 UL e -3 -4 i/ 22
12 R H I ( phosphatidylinositol 3 kinase/ser-
ine-threonine kinase, PI3K/Akt)) {5 5 i ¥ ik />
Caspase-3 Fl Bax 113 35 DA TTT & 44 %tk 1l M fiki 452 £
APRAP A O X5 I T LB T Apelin
A g 2ok 52 e L4 & AR TR T R 28 5T Y IR B
T,
1.5 Apelin/AP] SEHAMAHLR

TEHABLA LI | Apelin/AP] RGBS T M4
KA WP TE AL AR, Apelin BE 54
ARA I TS ORI T LA A R LR R T
A AR HE LTI LR B B 1 5 Apelin/
APJ ZGEAE] ] ke 2 BB AL v BE 8% 3 15 I JIE R
PR F i A5 T B A B e i TR A A Y o
Apelin IK-598 2 AT 0 B JIE e 1L+ 0 VE A5 05, A 2D
fE AL EARE TS  IF B Apelin 7] ZEZEHE IR
5 B R R AR AL 2R Apelin B % 10 il il
2y ok v i B sk P B 0 ML R T e Ah ST
R, Apelin 155 5 I (9 10038 & A A L 7EN
AR /N0 AR it g S A A AR AU ) Apelin B [R5
AT G e ORG o6 SN SN E T B2 1 0 G = 1)



306

ISSN 1007-3949 Chin J Arterioscler, Vol 22 ,No 3,2014

HREERE AR H Apelin SEHEAR A O —Fhiy
SE I P9 B2 2 LR ) 24 2 i R e SR IR
AN, FROE AT, Apelin 25 T 1 2 41 U8 1 &
R,

2 5 Apelin ME X EFBERXHIEF

A SCHRIR T8, A B 1t R 0 R A e B 4R i
SR FRE L, A B  E ImAE A K
AL AE A B A O R 3 PR 3Rk o A A sk I
T FE Apelin Ji 3 F XU 7R B R 5T 1
AP, A 5T Apelin B35, 875 I 1Y
FEANIMAS AR 28 ERRR, BRI S N Tl e
M Apelin F9 L5 A2 B,

B2 A1, ot i e AR D) R 5 A9 3 400 )
SRR , 55 B AORL O 1t A ok 8 U0 A 2, 3 AT B
S H LA PN R AR R R A AR i S A
FE L AEREANA | PN Rz 40 B 0 35 BRI B3 A K RS 6 vp
WESE, M4 N 2 4 K B F A (vascular endothelial
growth factor, VEGF-A ) & — M2 A 5 & 1, ZE MR
ML & A s B VEGF-A 1 25 Fl A7 1% 2 R 1
VEGF 15510 A8 B 145 AF K b % 15 25 3 B4R
., ARKF B A § VEGE @ik ™ #F5%
KB Apelin BCA L N B2 AR KR F, T & 9 R 40
LA 5E AL I HL Apelin 51 41 s 58 2 1%
A VEGF Fl 4T 4t 241 it £F K X (fibroblast growth
factor, FGF) Z 5y SRIM, FERFR Apelin #9/) B
H R oA 5 I A £ 2 R A SR T I 4 PN B A K TR
T A5 R R ARG . Apelin 7 R BE PR 19 /) BRI 45
KA A VER, MAE Apelin #i /NP, 25
VEGF #1 FGF [ 1L 48 5 1. 28 B, Apelin 5211 VEGF
o}, FGF XM i e i

3 5 Apelin IN'E % & AT BE1E <RI &I

Foussal %! A\ BB 5E 48 1, Apelin-13 RE % 1%
sk S A Tl Y T M e 1 2R R B A ARk R AR
Ji%, I H. Apelin R 1k /0 3 PR RN I 1Y % 2
DA B IR B JULAAH v L O S0 g P 3 07 ket
BRI, Apelin 815 P13K/Akt/eNOS ( endothelial
nitric oxide synthase, R PN B2 8 — S AL R A 1l ) A4
MIAME = P55 3 B ( extracellular signal-regulated ki-
nase , ERK) {5 518 B X Co LA 1L 75388 1 03 10 & #5R
PERY . WAE L & AT, Apelin i i

Jagged-1/Notch 3 155 % 3 8 75 CyclinD1 1R
IR RS e 1L A5 F- o WL ML A G 8 . A1, Apelin AT
I3 B W W A0 32 3 ok B 1k 3= 3l Ik R Y OB
A X segE R g R , Apelin ] 3 13 #H & 43 HL il
KA s e o MUY A R B 1045 2B B, Apelin-13
YT 58 RE B I, I 20 58 A PR 1~ 4n b g IR AE TR 1 o
(tumor necrosis factor-ac, TNF-a) ) mRNA 7K, 1,
RE /55 55 1) - T8 JL 40 Y R0 2T 4 B 20 i 1) 8 A 3
JEAKFT ) JFH Apelin BE% 38 i 9 > 15 1 ARG 7
A kiR AL AR C B Caspase-3 [
6 F T N-F BE-D-K '] 4 2 B2 ( N-methyl-D-aspar-
tate, NMDA ) 55 & 09 41 Jifg P9 45 25 19 385 i >k %t it
NMDA HA™ %A PEREIE , DT PR 47 5 J2 0 28 T8 A
Wz o s L EWFSE AT, Apelin 14
KHEAEHFTREY Apelin X477 NMDA 3Z (R4 i 85 1E |
Yol T A 7 A AR T PI3K/ Aky/eNOS il ERK
175300 5 BEL T A 1 P 400 B 58 TR G (H B 7
BLHEA T — 2L

4 LEFRIE

Apelin 7258 %A= 77 TH B/ DT 46 52 2082 T
VEZ R EA, IR ABFSY Apelin 7E Il 8 & 4 77 1 (9 4E
B LA L AL, JE R e i A A 4 B A
PR, AACRAT BIE T S, A m] A s R AH &
P BRI AR 7 T IT T 0 R

[ &% 30HK]

[1] Tatemoto K, Hosoya M, Habata Y, et al. Isolation and
characterization of a novel endogenous peptide ligand for
the human APJ receptor [ J].
mun, 1998, 251(2) . 471-476.

[2] Galanth C, Hus-Citharel A, Li B, et al. Apelin in the con-

Biochem Biophys Res Com-

trol of body fluid homeostasis and cardiovascular functions
[J]. Curr Pharm Des, 2012, 18(6) : 789-798.

[3] Cudnoch JA, Czarzasta K, Gomolka R, et al. The role of
apelin in pathogenesis of cardiovascular diseases and meta-
bolic disorders[ J]. Kardiol Pol, 2011, 69 ( Suppl 3) : 89-
93.

[4] Ishida J, Hashimoto T, Hashimoto Y, et al. Regulatory
roles for APJ, a seven-transmembrane receptor related to
angiotensin-type 1 receptor in blood pressure in vivo[ J]. J
Biol Chem, 2004, 279 (25) . 26 274-279.

[5] Dai L, Smith PM, Kuksis M, et al. Apelin acts in the sub-
fornical organ to influence neuronal excitability and cardio-

J Physiol, 2013, 591 (Pt 13). 3

vascular function [ J ].



CN 43-1262/R " [EShkAE AL 2438 2014 4556 22 556 3

307

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

421-432.

MR M8, . MO G T apelin X K BRUJ B9 119 52
W[ J]. ZRINEEABEFAR, 2008, 29(8) : 599-601.
Kleinz M J, Davenport A P. Immunocytochemical localiza-
tion of the endogenous vasoactive peptide apelin to human
vascular and endocardial endothelial cells [ J]. Regul
Pept, 2004, 118 (3): 119-125.
Cox C M, DAgostino S L, Miller M K, et al. Apelin, the
ligand for the endothelial G-protein-coupled receptor, APJ,
is a potent angiogenic factor required for normal vascular
development of the frog embryo[ J]. Dev Biol, 2006, 296
(1): 177-189.

Saint-Geniez M, Argence C B, Knibiehler B, et al. The
msr/apj gene encoding the apelin receptor is an early and
specific marker of the venous phenotype in the retinal vascu-
lature[ J]. Gene Expr Patterns, 2003, 3 (4): 467-472.
Kasai A, Shintani N, Kato H, et al. Retardation of reti-
nal vascular development in apelin-deficient mice[ J]. Ar-
terioscler Thromb Vasc Biol, 2008, 28 (10) . 1 717-722.
Sakimoto S, Kidoya H, Naito H, et al. A role for endo-
thelial cells in promoting the maturation of astrocytes
through the apelin/APJ system in mice [ J]. Develop-
ment, 2012, 139(7) . 1 327-335.

Lu Q, Feng J, Jiang YR. The role of apelin in the retina
of diabetic rats [ J]. PLoS One, 2013, 8(7) : e69 703.
Lee D K, George S R, ODowd B F. Unravelling the roles
of the apelin system: prospective therapeutic applications
in heart failure and obesity [ J ]. Trends Pharmacol Sci,
2006, 27(4) : 190-194.

Zhang BH, Guo CX, Wang HX, et al. Cardioprotective
effects of adipokine apelin on myocardial infarction|[ ] ].
Heart Vessels, 2013, [ Epub ahead of print].

Liu XY, Lu Q, Ouyang XP. Apelin-13 increases expres-
sion of ATP-binding cassette transporter Al via activating
protein kinase C a signaling in THP-1 macrophage-derived
foam cells [ J ]. 2013, 226 (2):
398-407.

R 3B, W% Ut M Apelin X AEBERRE 1 55 2 BUBER
R S IR RERE AL R SR [T ], P E Sk Ak
4k, 2011, 19(6) : 536-538.

Kocher AA, Schuster MD, Szabolcs MJ, et al. Neovascu-

Atherosclerosis ,

larization of ischemic myocardium by human bone-marrow-
derived angioblasts prevents cardiomyocyte apoptosis, re-
duces remodeling and improves cardiac function[ J]. Nat
Med, 2001, 7(4) . 430-436.

Scott IC, Masri B, D“Amico LA, et al. The G protein-
coupled receptor agirllb regulates early development of
myocardial progenitors[ J]. Dev Cell, 2007, 12(3) ; 403
- 413.

[19]

[23]

[27]

[29]

[31]

[32]

Zeng XX, Wilm T P, Sepich D S, et al. Apelin and its
receptor control heart field formation during zebrafish gas-
trulation[ J]. Dev Cell, 2007, 12(3) : 391-402.
Kunduzova O, Alet N, Delesque-Touchard N, et al. Ape-
lin/ APJ signaling system: a potential link between adipose
tissue and endothelial angiogenic processes [ J]. FASEB
J, 2008, 22(12) : 4 146-153.

Mottaghi S, Larijani B, Sharifi AM. Apelin 13 a novel
approach to enhance efficacy of hypoxic preconditioned
mesenchymal stem cells for cell therapy of diabetes[J].
Med Hypotheses, 2012, 79(6) ; 717-718.

Boucher J, Masri B, Daviaud D, et al. Apelin, a newly
identified adipokine up-regulated by insulin and obesity
[J]. Endocrinology, 2005, 146(4) . 1 764-771.

Sawane M, Kajiya K, Kidoya H, et al. Apelin inhibits
diet-induced obesity by enhancing lymphatic and blood
vessel integrity[ J]. Diabetes, 2013, 62(6) ; 1 970-980.
Dray C, Knauf C, Daviaud D, et al. Apelin stimulates
glucose utilization in normal and obese insulin-resistant
mice[ J]. Cell Metab, 2008, 8(5) : 437-445.

Duparc T, Colom A, Cani PD, et al. Central apelin con-
trols glucose homeostasis via a nitric oxide-dependent
pathway in mice[ J]. Antioxid Redox Signal, 2011, 15
(6):1477496.

Zhang X, Peng X, Fang M, et al. Up-regulation of apelin
in brain tissue of patients with epilepsy and an epileptic
rat model[ J]. Peptides, 2011, 32(9) . 1 793-799.
Guipponi M, Li QX, Hyde L, et al. SAGE analysis of
genes differentially expressed in presymptomatic Tg-
SOD1G93A transgenic mice identified cellular processes
involved in early stage of ALS pathology[ J]. J Mol Neu-
rosci, 2010, 41(1) . 172-182.

Zeng X, Yu SP, Taylor T, et al. Protective effect of ape-
lin on cultured rat bone marrow mesenchymal stem cells a-
gainst apoptosis [ J]. Stem Cell Res, 2012, 8 (3):
357-367.

Khaksari M, Aboutaleb N, Nasirinezhad F, et al. Apelin-
13 protects the brain against ischemic reperfusion injury
and cerebral edema in a transient model of focal cerebral
ischemia[ J]. Mol Neurosci, 2012, 48(1) . 201-208.

Gu Q, Zhai L, Feng X, et al. Apelin-36, a potent pep-
tide, protects against ischemic brain injury by activating
the PI3K/Akt pathway [ J ]. Neurochem Int, 2013, 63
(1) : 535-540.

Xie H, Yuan LQ, Luo XH, et al. Apelin suppresses ap-
optosis of human osteoblasts [ J]. Apoptosis, 2007, 12
(1) 247-254.

Cui R R, Mao D A, Yi L, et al. Apelin suppresses apop-

tosis of human vascular smooth muscle cells via APJ/PI3-



308

ISSN 1007-3949 Chin J Arterioscler, Vol 22 ,No 3,2014

[33]

[34]

(35]

[36]

[37]

[38]

[39]

[40]

[41]

K/ Akt signaling pathways [ J].
(5):1193-200.
Li L, Li L, Xie F, et al. Jagged-1/Notch3 signaling

transduction pathway is involved in apelin-13-induced vas-

Amino Acids, 2010, 39

cular smooth muscle cells proliferation[ J]. Acta iochim
iophys in( shanghai) , 2013, 45(10) . 875-881.

Tiani C, Garcia-Pras E, Mejias M, et al. Apelin signa-
ling modulates splanchnic angiogenesis and portosystemic
collateral vessel formation in rats with portal hypertension
[J]. ] Hepatol, 2009, 50(2) : 296-305.

Sagiroglu T, Torun N, Yagci M, et al. Effects of apelin
and leptin on renal functions following renal ischemia/
reperfusion: an experimental study[J]. Exp Ther Med,
2012, 3(5): 908-914.

Day RT, Cavaglieri RC, Feliers D. Apelin retards the
progression of diabetic nephropathy[ J]. Am J Physiol Re-
nal Physiol, 2013, 304(6) : F788-800.

Alastalo TP, Li M, Perez Vde J, et al. Disruption of
PPARY/3-catenin-mediated regulation of apelin impairs
BMP-induced mouse and human pulmonary arterial EC
survival[ J]. J Clin Invest, 2011, 121(9) . 3 735-746.
Kalin R E, Kretz M P, Meyer A M, et al. Paracrine and
autocrine mechanisms of apelin signaling govern embryonic
and tumor angiogenesis[ J|. Dev Biol, 2007, 305 (2):
599-614.

Kawahara H, Naito H, Takara K, et al. Tumor endotheli-
al cell-specific drug delivery system using apelin-conjuga-
ted liposomes[ J]. PLoS One, 2013, 8(6) : 65 499.
Berta J, Kenessey I, Dobos J, et al. Apelin expression in
human non-small cell lung cancer: role in angiogenesis
and prognosis [ J]. J Thorac Oncol, 2010, 5(8): 1
120-129.

Shohet R V, Garcia J A. Keeping the engine primed : HIF
factors as key regulators of cardiac metabolism and angio-

genesis during ischemia[ J]. J Mol Med ( Berl), 2007,

85(12): 1 309-315.

[42] Eyries M, Siegfried G, Ciumas M, et al. Hypoxia-in-

[43

[45

[49

Qiset:

]

]

]

[}

duced apelin expression regulates endothelial cell prolifer-
ation and regenerative angiogenesis[ J]. Circ Res, 2008,
103(4) . 432-440.

Watanabe D, Suzuma K, Matsui S, et al. Erythropoietin
as a retinal angiogenic factor in proliferative diabetic reti-
N Engl J Med 2005, 353 (8), 782-792.
Kidoya H, Ueno M, Yamada Y, et al. Spatial and tempo-

nopathy[ J].

ral role of the apelin/APJ system in the caliber size regu-
lation of blood vessels during angiogenesis[ J]. EMBO J,
2008, 27(3) : 522-534.

Foussal C, Lairez O, Calise D, et al. Activation of cata-
lase by apelin prevents oxidative stress-linked cardiac hy-

FEBS Lett, 2010, 584(11) : 2 363-370.
Zhang 7., Yu B, Tao G Z. Apelin protects against cardio-

pertrophy[ J].

myocyte apoptosis induced by glucose deprivation [ J ].
Chin Med J (Engl), 2009, 122(19) . 2 360-365.
Simpkin J C, Yellon D M, Davidson S M, et al. Apelin-
13 and apelin-36 exhibit direct cardioprotective activity a-
gainst ischemia-reperfusion injury[ J]. Basic Res Cardiol,
2007, 102(6) . 518-528.

Leeper N J, Tedesco M M, Kojima Y, et al. Apelin pre-
vents aortic aneurysm formation by inhibiting macrophage
inflammation [ J ]. Am ] Physiol Heart Circ Physiol,
2009, 296(5) : H1 329-335.

Zeng X J, Yu S P, Zhang L, et al. Neuroprotective effect
of the endogenous neural peptide apelin in cultured mouse
cortical neurons[ J]. Exp Cell Res, 2010, 316(11): 1
773-783.

O’Donnell L. A, Agrawal A, Sabnekar P, et al. Apelin,
an endogenous neuronal peptide, protects hippocampal
neurons against excitotoxic injury[ J]. Neurochem, 2007,
102(6) : 1905-917.

VFEH)



