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Effect of aspirin on angiogenesis and endothelial progenitor cell mobilization in rat
ischemic myocardium

ZHOU Jian, HUANG Lan, JIN Jun, WU Xiao-jing, FANG Yu-qiang, SONG Ming-bao, ZHAO Gang, ZHAO Xiao-hui,
ZHOU Yin-pin (Department of Cardiology, Xingiao Hospital, Third Military Medical University, Chongging 400037, China)

Abstract: Objective To study the effect and mechanism of aspirin on angiogenesis and endothelial pro-
genitor cell mobilization in rat ischemic myocardium. Methods SD female rats were randomly divided into 5
groups: control group, sham operation group, only myocardial ischemia group, myocardial ischemia + aspirin
of large dose (60 mg « kg™' + d™') group and myocardial ischemia + aspirin of small dose (5 mg » kg ™'« d ")
group. On postoperative day 7, endothelial progenitor cells ( EPCs) and plasma VEGF were measured. On
postoperative day 28, capillary densities were also detected in ischemic myocardium and normal myocardium of
left ventricle. Results In only myocardial ischemia group and sham operation group, plasma VEGF [ (101. 51
+16.97) and (94.67 +11.78) vs (80.07 +10.32), P<0.05] and EPCs [ (46 +9) and (38 +8) vs (20
£6), P<0.05] increased on the baseline of normal controls. In myocardial ischemia + aspirin of small dose
group, EPCs increased more than that of control group [ (42 £7) us (20 £6), P <0.05]. In only myocardial
ischemia group, capillary densities increased as compared with that of control group [ (600 = 104) s (431 +
73), P <0.05]. The increase of plasma VEGF, EPCs and capillary densities after myocardial ischemia was in-
hibited by large-dose aspirin but not by small-dose aspirin. Conclusion  Aspirin of large dose (60 mg + kg ™'
+d™") can inhibit angiogenesis and endothelial progenitor cell mobilization by attenuating VEGF in rat ische-
mic myocardium.

Key words: myocardial ischemia; aspirin; angiogenesis; endothelial progenitor cell; rat

BRI DE AR )2 P T R A O E R R DL AR 36 T D R P O G RO SE 6 . {ELAT R 5 4 1 ol )
DC Ak B LA R Sk g 2 o0 JUE A S8 1L h VEGF 1 &
HETE : (55 A FFREEHT LI (30270568 ) S AR L0 e g R 045 A R R R R S 4 1

Supported by the National Natural Science Foundation of China (30270568 ) pte pp (b [2,3] N e85 ) EL 0] T
BT o O LIS A U O LR A 1 T B AL 22
fEE@A A (1964 - ) 5 NI BT A BRI, {

MRS TNTSY, 51564389001 — O ULEESE 8 & ok Al 55 i 4 R R S S DA G
BIRER 00 15 (023) 68755601 REAE DX PN 2 5 A 00 0 o A G, 610 IURE 26 I 2t 37

KA 1302005 10-24 8 5] B 4 :2006-03-24 (LA PO S 0 A LA, oA 5 A X I 80 A 1 B A A X0 UL



559 1 J&

fide, 45 . BT ) D ARk K ol gk oo AL 0L 5 A4 RS B oM B AL 440 i 3l B A 5 i 917

A7 G AT R R M L. CH VEGF fE 14 4E
A EPCs s i3 SR TE AR L Ak, FRATHE
{0 e &3] DC AT BE X o UL L A5 B AN EPCs 1Y 8h 61 A 52
e, A FGEIREE 1 AN [] 77tk 14 BT ] DG AR dike oo AL i
A BRI EPCs ()8l 53 i 4F I 4 Bal =] DCBRCFE Bk il P
o T 5 B4 FH B LRI 58 e

1 #R5FZ®

1.1 ## 5 A

FITC Fric i) G S 2 [ FITC-UEA-1) 14 [ X [E Sigma 2y
) 3 Dil $ric (1 £ B AL (1% % 1 R 3 (A (acLDL-Dil) )+ 3% [ Mo-
lecular Probe %y ] ; BT & DG AR UKL 24 b 94 199 i 25 45 PR 25 R) 1%
R L O A M 4 55 1S-1083 W 13 b [E] B2 2 Rk 24 B A 4y 1 2
AT bR B CD31 fipfkmg B st i+ 84 ) B 2 s A
ik B VEGF Fiiikmy A 8§45 TR & 88U 24 il 18 B
F:[H HyClone %% #].
1.2 F&
L2010 KB JULRE B 455 5Y (1 2 57 48 M SD Mt AR, (K
Mt 220 ~ 270 g( W T4 = F BRI e sh ) b ) | H 2 sk
ABREE, Z2 B R a5 U IF BB, T 3 ~ 4 hla), Co J0E 49 30 f 0 &g Ak
FH AL i 3 B s, 5% T b O i, A6 A2 s HE 5 il 20 Bk (58] 8 (]
ZECHTF 1 mm b FHF LR ) G (4% O 4L o0 it A el Dk i B 4
FL, SR e T T O JUE 57 L O PA e B, A Bl SR BF TR R B B 0F
W, LA EF AL T & F b, RENAESEEE
#9340 x 10° U/d, 45 3 d HURHE, LA H B R K 1K ST B
] AR L 30 min DL A R SRR Y At 3 oh ) b A
BFARL 16 2 SD Mtk KR, REd K T 948, Aa Lk,
HAE IR
1.2.2 SC5s4n4 A5 SD it A BB AL 23 A0 LB i Ain K
FA B BT R DEARZH (60 mg - kg™ = d ') O LR Lo/ kB )
VCHRZL (5 mg - kg ™' - d™') 0 s g LBt 41, 1R T AR 4LA
IEH AT B (R 4% 16 B1) . Bl W] UTAREH F AT 3 d 25 Pl ] DT
MEEE. L kd HEARE M
1.2.3  EPCs (194388 K537 %0 Bt AJg 7 d #yshi,
B b B PR A L, FF 2 R, A B b BN R S T B S ek [ 7
- 10 | ikt

12,4 40 i 8 % HE RGN A5 28 d B RL AR SERS , I HR

AT L T 0 58 A A Xy 2 09 5 1 X, R R ) A e ot X, B
FEAER I 2 mm G i DAY Co UL, T 10% AR 18] 8, PAL KR
CD31 HFARF ABC 3875 £ o sle 41 404k 27 Jr v K 00 N Fiz 400 i, {7
21 Y AR PLERLC LA " I HE 3@ 0 rc AILER i 13
M. dR/ANT 25 pm WA R B ANMA , 45 4050 A SO 3 L AT
ZH 20 O JUL A it B I 0040 ] 53 24 11 PR . 400 O R 1A 1 4
AR L — 1 AL RO B A . DG o T TR 200
fEAET b i) B M R, B — ) B A Y 4 S PLEF,
SRR, LT A 1 BT e s B il
1.2.5 i3 VEGF A5 T AL A4 3 o il G G095 S BT
B ARG 3% VEGF, 54 pg/ml
1.3 %itsaH

PR s, R ERNES T IE 25 20 A K6 3%, B3 2 (8] BTk
L] g K46

2 &R

2.1 BZdbF VEGF &9 %4k

RO LG I 2 (101,51 = 16.97) {2 F AR 41 (94.67 =
11, 78) o WLk i A ) 751 45k B ] UC AR AL (87.91 £7.79) 50l
Sl ofiL o0 K A ik BT ) PE KA (70, 76 = 10, 15) o #4213 VEGF 8
WG (P <0.05) , S UL 4 (B AR 4L TF 5 B
(80.07 £10.32) [L&e, M3 VEGF (15 FEH (P <0.05), H
R 2 (0] B 2 (P >0.05)
2.2 RE 4G ALE e A AL

ALl JULER L2 (600 + 104) S5 T ARL1(471 £69) | iEH
RPMEA] (431 = 73) W, AL EMM B HEEW R M(P <
0.05) , gfrfCx LR i A 750 Bk BT =] DEARZH (431 =80 ) 5 g aqi0 UL
Sl o £ A T A0 R E b (P <0.05) , MRz (A] B
K EHZEF(P>0.05).
2.3 EPCs 9 A& FEETHERALMEPCs ) T4

EPCs (1975 45 K o 0% 5 OLPE 1, o] BLAE 3% 7 d W ¢ f) &
acLDL-Dil (4800 41 9% 3, 5 FITC-UEA-I 254 h k(a9 o
F1 X 4 PE P B T 490 MO B 1 €€ 73k EPCs; 5 1E 35 X B4 (20
+6) FEAE, ol LG M ZH (46 £9) O LG i fin /]~ 770 & Bef &) P
Ml (42 +7) BT AL (38 +8)EPCs W B M4 (P <0.05) ;.00
L i o A 7k o i) DE A2 (23 £ 6) 5 il UL IGR M2 L
Akt ] 7R BE B ) DC A Al T AR AL LR AR EPCs W] i (P <
0.05) , HoAe 5 2 be e B 1k 2 e

A: Dil 4732649 ZAEALARE A A& & (acLDL-Dil) ; B: FITC #7ic a9 2.4 4% % | (FITC-UEA-1) ; C: acLDL-Dil #= FITC-UEA-1 & 3 &,

1 SAEmS B ST EAMETRT d EHNEAREES L EPCs S

(48] £ 2 4 x 200)



918 B = E E

X % %

28 &

3 itig

FALIE (COX) 550 1045 95 9 1) 56 7 A b 37 51)
T, COX2 Ul 70 065 o 0L 5 1 1k 8 A s )
A VAR B T 02 FH T R 0t O O 3 T Y o — — A
COX A7) , & BT /AR R COXT (it 41 il
AR AR % COX2 -t A5 9 4 i . Bl &) DG Ak
A kL O U B L VEGE fy 3 400 ) il
SRR 0L A P R R A D 1L 4 A R s e f
FHAT 0T BE R Bl 16 O JE 7 2 AS B R0

A5 A B LAl LR i BT AR AT LS BOR
BRI VEGE W 5 386 &, 177 UL ot fin K 77) bt ] ]
VEM G IS VEGE J6H A8 4k, O LS i o 2170 e o
A VEARSS Il 2K VEGE Z075 0 0 i o Bl 0 JL R i 41
FIE T AL T S 34 5, Ui T R 1 T AR 405 s L
R M A n) LA 53 VEGF R RR IO £, W98 45 R 5 H
e gEH BT At o LG S i 46 45 5 3% VEGE
MRS R TF AR A 1 a3, (HB A s
S RBIE SR AR DA O KRR BT ] DA JUL
S IS B VEGE (0 38 A 400 6 45 1, i 208750 Bt i e
A VE AR SR AT U 2D VEGE [ RSB0 iV T AS B 2%
W 1L ZH 205 T B0 VEGE (34 i IR 1 AS T 4,
AYWFFEIESE VEGE JEAR A S N F-1a (HIF-1a) (9 F
UL, Gl 1 40 P 530 HIR-1 oo [ 280 130 WA T a4
VEGF iy 55900, 51 VEGF Bl it 4 2 | 5, ik
I3 VEGE (38 m] fE 5 HIF-1a (93635 LA
X H AR Ot v GBS B0k, H VEGE B934 bt o] i
5 HIF-1a (223K 1A 56, (ELB et e 2 i A -7
AT ERRE R o TR Bl & DA | VEGE 44 Fi
gify AT L TRk o) ) DK = S| COX2 4536, oA
A7 05 22 W0 JUL Bk 1ML IS COX2 (1% 2 ik J2 14 g
COX2 LTI LA 3 VEGF ekt ™,

L 28 UESE VEGE 5 1t 45 A4 i f1 EPCs 1) 2 51 1H 4
RS BRI FRAT TR EE 1 ] ] DG bR R 7545 7 e 1 4
A R — A S R i O JUL P ot A A S A A B
EPCs ()2l 1A 1E R o AT AR 75 45 5% 3¢ B0 L e
AT AR % 5 A 14 3 AR F EPCs i) A0 A i 8h
T, AR 0t T LA 77 EPCs, 101 45 - K 57 ek
) PGB A 2 Tl 400 o o i S A1 6 40 ot A (4 1 4
EPCs [a] #hJ 1fi (%) 21 53 , 2N351) bk o] &) DT AK 20 6 B & 1) 5%
Wi, W% VEGF (7% 4k i1 5 1 4 2F i EPCs 196 2,
AL DL Co LBk i A ZH 2451405 S B0 EPCs (938 B 5.0 L
ik I B0 B AN AT 4 A VEGE (1 ek B in 4y ¢,
ol ] DS T LA A i) e o JUL D 1l 5 2 i FN EPCs g 5l
B, B R AR FH Al BB Ak o B 0 VEGF i e 4 1

AN e ] DE RO A5 A= R EPCs 3y 53 G I iid 52 i
AT BB SRRV A Bk 1) — s A 8 B, s T il s [
oAy /NIt BT ) DGR S R COX ity A7 5t o] )
VEARA ] COX2 [y gt P, ASAF 5% 4 % 2 /N5 kBl ] DC
PR R S ke ofn 0 JUE 9 4 99T 5 HE R COXT 41
il 390 ] i ST ) e L SR R T

B 30k -

[1] GERRAH R, FOGEL M, GILON D. Aspirin decreases vascular endo-
thelial growth factor release during myocardial ischemial J]. Int J Car-
diol, 2004, 94(1); 25 -29.

[2] YOSHIDA S, AMANO H, HAYASHI I, et al. COX-2/VEGF-depend-
ent facilitation of tumor-associated angiogenesis and tumor growth in vi-
vo [1]. Lab Invest, 2003, 83(10): 1385 - 1394,

[3] WILSON H L, SCHWARTZ D M, BHATT H R, et al. Statin and as-
pirin therapy are associated with decreased rates of choroidal neovascu-
larization among palients with age-related macular degenerution [J].
Am ] Ophthalmol, 2004, 137(4) . 615 —624.

[4] ASAHARA T, TAKAHASHI T, MASUDA H, et al. VEGF contributes
to postnatal neovascularization by mobilizing bone marrow-derived endo-
thelial progenitor cells[ J]. EMBO J, 1999, 18(14) . 3964 — 3972.

(5] Imign, I BREEE 55 . Bl ] LA R R Bl g ke it 13 4t 5
AU IR oA ], o 2 R AR, 2004, 20(2) ¢ 177 - 180,

[6] gk A1, SA™, sl /At fe ] DUAR RS A5 L TNF-oc 119
RIKSHTLD]. dLHCBESE, 2004, 26(3) ; 186 — 188.

[7] HILL J M , ZALOS G, HALCOX J P, et al. Circulating endothelial
progenitor cells, vascular function, and cardiovascular risk[ J|. N Engl
J Med, 2003, 348(7) : 593 - 600.

[8] KALKA C, MASUDA H, TAKAHASHI T, et al. Transplantation of ex
vivo expanded endothelial progenitor cells for therapeutic neovascular-
ization| ] |. Proc Natl Acad Sei USA, 2000, 97(7) ; 3422 —3427.

[9] DIMMELER S, AICHER A, VASA M, et al. HMG-CoA reductase in-
hibitors (statins) increase endothelial progenitor cells via the PI 3-ki-
nase/ Akt pathway[ J|. J Clin Invest, 2001, 108(3): 391 -397.

[10] VASA M, FICHTLSCHERER S, AICHER A, et al. Number and mi-
gratory activity of circulating endothelial progenitor cells inversely cor-
relate with risk factors for coronary artery disease[ J]. Circ Res,
2001, 89(1) . EI - E7.

[11] HO HK, JANG JJ, KAILS, et al. Developmental endothelial locus-
1 (Del-1), a novel angiogenic protein: its role in ischemia [ J]. Cir-
culation, 2004, 109(10) . 1314 - 1319.

[12] HOWARD P A, DELAFONTAINE P. Nonsteroidal anti-Inflammatory
drugs and cardiovascular risk[ ] |. J Am Coll Cardiol, 2004, 43(4) .
519 -525.

[13] k3, ARk Wt 26 . Sl IUVRE ST AR & o 8 14 B A (I
FraiEFEL[ )], P E BRI, 2003, 5(3): 340 -341.

[14] SAITO T, RODGER I W, HU F, et al. Inhibition of COX pathway in
experimental myocardial infarction[ J]. ] Mol Cell Cardiol , 2004 , 37
(1):71-1717.

[15] CHANG S H, LIUCH ,WU MT, et al. Regulation of vascular en-
dothelial cell growth factor expression in mouse mammary tumor cells
by the EP2 subtype of the prostaglandin E2 receptor[ ] |. Prostaglan-
dins Other Lipid Mediat, 2005, 76(1 -4) ; 48 —58.

(%4t HE)



