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One of the main criteria for success in exercise, especially endurance exercise, is
increases in maximum oxygen consumption (VO,max). So increase in the maximum
oxygen consumption has become one of the most important goal training for athletes.
One of the factors that caused this increase is the process of angiogenesis.
Angiogenesis is the processes of vascular remodeling in response to endurance
exercise that it refers to the formation of new capillaries from existing capillaries.
Formation of new capillaries (angiogenesis) and thus the increase in the number of
capillaries per muscle fiber occurs under physiological circumstances during exercise
training as part of the adaptive responses of the cardiovascular and skeletal muscle
systems to improve O2 transfer to myocytes. In this retrospective study, the methods
and types of vessels involved in the process of stimulating angiogenesis (hypoxia,
shear stress, stretching, and muscle contraction) during exercise will be reviewed.
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3. Vascular endothelial growth factor (VEGF)
4. Vascular endothelial growth factor receptor-1
5. Vascular endothelial growth factor receptor-2

S Clad g o549 (b yd Bl Hl sBS o

PhD (aLd,90 01 p0 p5°5

Ol QRS st e oSl (15559 S35l 50 09,5
MSe "yt 3l (52 (s

LJ‘)"‘ sJ.a.'>).u s»).u olKuisly ‘u"))ﬁ d)}]}\)ﬁ J»J)‘ U»L..»)K
MSe p2di) JWS

U‘)‘i‘ ‘Olm ‘ulm oKl ‘P39 Lg)}Jy).d JJB)| U»LJ.JB)K

04

4 (8)y9 el > Cubge S gl B)lae oy 5 Lol I (S
Gran opeSl Sl Gl il bt ok
4y pan i) 1Sl Sial3al s psad 4 el (VO,max)
S el 0ad b GhISS559 (s yed slaian p e Sl (S0
Sile 5595l aul8 sedce case |y Sl cul o JLelss |
S sl 8 Spge ) Spge o o0l 929 4 (ixe & Fil
9 N> S pge SS9 o0 dhae (Spge JBo (Rl cage
& ol St uytere o Srse S LRI cale
@ e Coles el cnl g a0 (o 5y hips clld (b
adllleo Qe.l P S e SHace b« u).m.fl),m., 9 Y2 Jas)
PSR S gl s Goye xS USS bl w9
(Boye smortiS gladl oyt (Sgnle) Hipsl Ll
o e By gbedld (b (Mae (olal 5 s
8,8 salgs )8

iy b g 3500 )] 35T 1S o5l

1y /) taslogy &= L3
1V /¢ :O”"HJ—! &= L3
E-mail:kh.taheri_62@yah00.com: Jstus ot~

o

dodbe
WYY Jlo g 45 Wy Sl sl '@ (Ko g ol
OIS By b dly 3 1y dlae Spge il
sl daw Gl sk J) (S pge JBe Gl V]S
Sl (palfy il g o8 o 5 ploj (Il cage
DIl oy Sl cpl e dgde (iems] L]
il Lslaie Y] (S alw — (5 5 p 55 (] B30
P g 4y (VOIMaX) Bpas i) Sl
Silocse puwo Iy 5YL B b S5y sl polss 5 (S
CMae & B o3 op AV 2o coliwl el )5 [YF]
o Mae el e 3 85 b ol olais] il
@ 0 e ool Joo [0] bee Rl e Yo Y- jlade

1. Vanotti A & Magiday M
2. Maximal oxygen consumption (VO,max)

Q Horizon Med Sci Vol. 18, No. 5 (supplement), winter 2013



OhyKon g 2L e oo o YAA

S90S 4 WPB e b Jolw byl cpl jd ojlil e
Sl e sl Ll 53 [YO Y ¥ wins gy e
=Sonl 5l (o3 )pSe MRNA 5 (359 53 5 pSeia
sbedl glgl & e & [v84Y] YHIF-1)
ole [FA] (Sl eMae 3 adl jslay 5 [TV] oyt
HIF-1B o HIF-1a soly ,5 55 5| oo ol s
BUsS jor day HIF-10L a5 [¥2 D ¥ sl o0 LS5
2 Gl olus ooladl 358 5S4 g 3l (aids & by ,a)
b5 Comlur @3St Vb g 4 HIF-1P &7 Jb
1y oo, HIF-1 (glo Jlb dusy o o5 45 [9E] 5l
&5 okt VEGF 55 ol comamarn) &35 o) 4500 56l
e 2 e Sl &S (o 5 SIS la sl
uly 55 [¥5] 2050 IS 1y (uS5le b o0 (56515
ol s 3) kS gy Gl I HIF-10 oSl s
(o Sople lylys cov bl [Y#] 3550 426 (OH ol
"o e deeSyn 05 095 oSk HIF-la 450
sl wSenle bylys > HIF-la gy cplply e
HIF- & HIF-10 Jlal o) o515 ial3dl ol 5 95500
I¥¥] Syl walp 1) HIF-1 SleS LS5 5 1B
S8y polis Wy 5p5 JSS I HIF-T Sl
Gud 3 Ban sboj g9y & (HRE) uSapls 4 oaimd
g HIF-1 o S2ls Y8 OF] 8 lolis |y syl 8
Gaa 55 [P b [YO Y] Ve wsgis, plslw HRE
St <9y cnl J S e SEL L) (VEGE & bgyje 5)
HIF-1a &y L MRNA VEGF ol Lial5él o YU
VEGF 555 o 5 [¥+] MRNA HIF-1B 3 mRNA
ool ods o)l55 [YFTHIF-1 545 b

ueasuie dad 0 VEGE ol Coge (S aula a5 glas
gyl 5 [NV Slax soaiss om e johar 9 Cons
ooy P L (YY) e 5 K5l aglate [FY] 8l
Sople bulyd )3 (e Jlge> sladigel el ¥ (0 )3
MRNA VEGF )3 (s00,0 WY 58] oy Ao yd )
Caomd )> 039 20 > VEGF 59y 3 (sdoy> WY
(V++5) “cllon 5 ool (ol 31 L¥Y] 05 el g
oMae ;> MRNA VEGE pobaw 3 splp 90 (i)l
¥ x5)lE L CSTBL/6 (b ige (J 5 ool &5 sl
NS (i) 20> F) uSonls (2yme 3 wisl
V] s

5. Hypoxia inducible factor — 1 (HIF-1)
6. Hydroxylation

7. Hypoxia responsive element (HRE)
8. Gavin et al

YL LB L b oyme )3 398 (3] 29008 4 ol
Oygo Sy Ll 53 3590501 (S)le & Atn (3]
s BLST S5 colld Glie o Vb Y] 2,5 o
Jsbo 5 Sl i 5 [P D] (ENOS) Jubigu
2 ¥V %] TMMPs) S ple clajlmepellio bawss
S SaSy b GBI e Aisd S 5595 Al
€5 5 Piyg el e 4 (S eyl b b
(Voo7) ToliSen 5 S o gpghr 3,b (8559 ol
oW Gl Si g b ol pus & W55 518
bl e 5505 G S sl Ghlgw 45 200 9 555
& yo g D o Bl ol olyus pl &S
LIV] cnl Sl eMae S 5L il

P Sop a8 Gl de2g o ) (Bge gy onl b
285 (6305 sl oyl yadd g M YU 3 by (o pme
ey ol 5 S o o8 |y sl 35290 So 68 slacy )l
Sl asly (65505 )8 g5l Baye cpl (D Sty o0 sl
Cap oS wmsly oagds (Vo oV) T Sen 5 ) dej ol 5
ol Ul 53 Jahs (Ggye cnl 3 JUbgul Jsho s
- el g by 5l Jiee puslle S5 Lo Bgpe 0y
DS 86 (Byye puisyge p Sl e mubdl ] 5 350
sge Job 3908 JUigul Johos s ca 51487 55k
oz Sl g asde Bos Job oAb b el Wil Ggpe
256 Bgye yhab (g 590 yokay Al 3950 jome Jobo b (g5lge
(V+o¥) ohler 5 55 5385 (ke @ [IT]euslis anlys
JsSs oi)'l:'j Jolpe g Jl,,l:yﬂ sl ol &8 widhy lis
e Ca (5968590 SBS e 4 Gl D Sg> (59ye
[IYT A58 o s 1y JUbs gl Jolas

~asgome (Sin sl slaS e 1S 3T S S e
Hgd o B9x¢ S S50 g & Wit Jalge I ]
ol e g Sl dlas b Bgye col il Jolse
delse ol ne Ngde iy b plSa
woiS glusl dacudglio ¢ Sualisdgon (clogys ¢ ouS3psla
bt glyl 5 S gul Jl 5 Mas G3LEl gy
polas joib iB)S Djgo oS (g LIS 2929 b iiun
SBore a3 |y et a2 Jelgs ool Sl ST o s
Wyl

b (Sl lacasdse & wSsnls i owSoula (I
o,ble 1) (8L ()5S jlgen oS 358 0 GBI oo

1. Endothelial constitiutive nitric oxide synthase (eNOS)
2. Matrix metalloproteinase (MMP)

3. Huonker et al

4. Zeng et al

WY lano ) (4ol 0329) & o5l IA 090 1S 331 aelibuad



YAR o codlad g (b9 (b 50 i 3T SLS yo0

g il yond) (Spoliadgon (gbog i (2

SR P B0 g by Co g (Il o (oliul o ye
OF 0k 2 plp T U Y QLI caw ()8 Cloyel
Seeldgyied (Gop (yieled I jgate [YF] wgd
oz b ogs ol SBhol ) oS cul gse s b (silse
Olye & (Sealidgyin gy (i [Y0] 2350 Jol>
g pine oS 15 pasde Sy (Seindl sl e
Ot & Sl e 3 (Bgye el juin Na
s 00 yshay ool s [VE] Wgh o Sl iyl 1, L
i 4 3530 [FV] (b9 ot 359251 5 [¥F] 55505
ThF Gage il oyl b (6998 9 3 ol & s e
Sk ol 3l g 298 NO oy (S glaosiss glusl
o sl e (peje ORI Ll Kgdige quie B9y
Tt B9 Pormle g had (I oher «g)lidle Ol
ohis s SBUUS o3l s, 51 oyl [FA] 365
Koy ST Al (BB W)y cage el sla U
oS Gillld Cage Sy cpl w9 [FA] (NO)
5 VEGFR-2 o5 (gud) slojgSh (gl g
MRNA ]38l b gd oo [0+] Tie2 0058 s ab yausd
e 2 & g pSil i [0V] (S8 sloossyS (g0 9
-oad garr Jubghl Jobo Jinoshl g 59y (mdg0 odipur
S 4l o] Jlail g olallad b g o (s 5ldleb o
o5 Findl magly) Salid Jolo @b pSiple 13 0
23 3 JSite sl youlg i o pKai] sloos S [OY] 258 0
- Jsb > AVBS 5 aVP3 085S 93 g ditwa B g O slassly
5 @l ae ol [OV] Nese olo JUbssl b
03555 b j oyl b a5 woby olas (VooY) )
al Cudligrd gady 4ol ol cage AVB3 oS
S Jop 09l o B Jubissl slasls ;I (DFGF)
2556 ol s Sl o g OSPL iy Sal oS
(VooV) " osSils 5 culy el dgg b [OF] 3)lu g,
e oS 0> Lt o s Site |y (6,500 od b el
S oy JWbgul Joho S5 4 olawdly (slid oyl
[¥0] 595 o0 clitd (Stiver (ialS 4 jxie 5 WS o0

- (BFC) (g ol cub s Jaalidl cogo (839 (o5
03l (L5 (V%) T o)) 5 el cabasly ol )3 [5] 95
wlogngeil Sl )5 aop YO ass byl BFC &
3 YU 35 (VorA) Polen o dls [00] cusl Jgene

1. Gloe et al

2. White and Frangos

3. Blood flow capacity (BFC)
4. Volianitis et al

5. Walther et al

L oS anle oSy as Wlodly lis b)) diuej ,0 ladss
ofox o [FY ¥ ] MRNAGL: 0 oo (5555 (e
bylyd o oy yed aan cudn a5 Wb ol (YOY) o) K
goaw e YV LIl el So)bgeygm uSonla
°5)§ 20 Gdo Cpped yd S ‘_Jl> FRRA P VEGFuﬁ.:ﬁ)J
(i ol pd Y] s edmlie ol581 VY s Ll g
WoeSonle bojie Y¥er i)l b Gillae (uSonle Ly
&S 058 ) donl pliste pl Gl s g 0l paddld duoyd
9 VO2max sems coge olitwl Glyyed a5 (005 b
S e (g 5l (o @l 5o s @ |y dgme ool Mg
Ol el & Col Sl Ginpl auld gsyd gl o

() Jhrged) 398 0 VEGF ooy

450
— 400 ’i
£
L f
2 300
w250 I
2 200
> B g
€ 150 i
(SR DINS )
2 100
]
v 50
0
Jyus e S

Group
ot " pg/ml) Sy (225 sloegsS )3 VEGF i (1) jloged
5 S 0955 (ouSlasgi 0g)5 b puSpole 09,5 )l ine SIS okin
S5 095 b uiSloygi 09)5 o ine SMS okt L

Lo @xS)l3 opme j0 & wiledhy i p3) awled
sos,S (olpwl MRNA VEGE gobw ((wSsula
l, Ui 4 b > VEGF mRNA )58l 5 VEGF
ool baas ud (See ials cpl bl s o ialS
2l 6% Jelgs cnlple [YYFB] dns b S 1) (555
,\m]y.: ..\.\.M:L JA.} dlac u,\uo g;)i}‘ Jel L;“Sy_:lm » 09)19
plsl )b 5o b e (Jud o3l sk & a3 s
oIl e a1y GhesT D98 lulyd (S el
2 oSonlr U 5l glo (pl 9 035 S S (mglSgen
VEGF 5,35 ;%5 )b | Js 035 VEGF 55 ol
0533 gl Jlb M Ggye JLbignl slaglo )5 syt
s Lz (WAR) e 5 yuo Lol )y 7Y 3955
oo oyl pyw VEGF e Jlsb ye 5 Jleb 31,30 a5
& ub ool Ll B cpl 2 eiomed Cwl ply o b
SYob adn pj culld &zl > VEGF olposs e

IFF] sl o ol VO2 max 7 Ve oud b e

Q Horizon Med Sci Vol. 18, No. 5 (supplement), winter 2013



OlyKe g oaliygi m e Yo

s om 2 3290 Jbianlye b sl 5 JLbsul
Qil &S Lloaly uqu Oldles [5VY] Lo oo guiy SMas
5 38y oyesl ol {FY] by meal o OlS s
Tobw 5 pp baSgliugy )b 5l 0,8 [FA] Siepl
clld CBlie b Bigy gshw ) ea 9 MRNA
O Vb a8 39y 0 oS plplo [FF] bl oo (a8l o559
Tokaw GRl3l g Glo cage By Cullsd > 0 LS 5 )l
Ol dsol S wmled S5 Bl anld 1S sl yes
MRNA 1 3l 51 baggiliugy 45 Casl oi ool 5Lt
rSsly Sl alas S8 Sy 5 26 VEGF
S by 5 VEGF suisljl ol 4l gohw Lol 15 o
2S5 g 0a] )3 (6 i SlikioS i

2 ] col ATP qudglio Jgamo cpjgnl 10y 93]
ey B hEe (SMas olal b insT dgeS balyd
ool a5 Wlooly L Clisiss [FA] 295 0 A5 g5l
oMae Bgye s pdy gl Gl ORIl el al ()38
by oS lo il (V] 5l Jols <yl V-]
Db e clize ol )3 [FA] s Baye LSt Lyl
3 el b oy Yo b e oS oy olis (Yoo0) pbl
1] 30 55 2ke il g Sole Ll
21y A2A 0y pe i (Y+0R) gl 5 joniise
oSl Mg g olp mey (Bl mey S Fin
IY¥] wsls s ko 25

g Koo dhwyy SSY dacglie plo L alalyys
5 Jubsnl clashs buwg bewdgyud s VEGF
Aoy cpl y3 [VO] amd oo dnwg ) 3MS i dajlég Sl
-y ok SLSY a5 Wby ol (Ve8) T Ken 5 @)
Jubsul Jsho @ jalee VEGF sl ial5él 50)b ) uiins
2o g ol 18 b alaly 3 [VF] A8 e 55l
ok Sinl cl)ssh b ead miy clacdpbe
sl 0 ol i gl 59 Called

oS lns] LS g 1Sy LSS (5

ly GBoss Jbon] slaolo s & ujiulpd pSe
Gl 4 e dS L b Jlesl by o )8 50 cow
(SISl dlae claciwgs dox I by Jolo I amwg il
lodghe (Bl on slacwdlyymd sl o)lsale slasle
Sgbose Jubighl glo sk dacyles 6y ¢ Bgye Blo dlae

3. Montesinos et al
4. Beckert et al

DS 1 03,5 aped hlgws 45 y2e0 3o wMas 5 BFC
o0 Ol Cage o5 lse 1 USe ulply [05] wles S
81 s s 03, (2503 381 )yt g0y VEGF gglaws
dae (b ol cudil (g SYL 0gde 03,5 (pyed
@ Sy (o plied Jlosl Carge o5 Cunl 03,57 oy ye 313
ety glgs (WAR) (5 palo disly cpl 3 2980 B9ye sl
ok cop Gl Bk ) sleesilely (j)y collad oS
o GRIE e wip o OB Ll 5 5
[OV] 55 o 0w VEGF

Sy o o Wb gl (Yeo¥) olSen g 9565
gLl (Il Carge ((Byan ()jans] S 203 0+) Lawgie
o Lol Bgd e oy glusl Lilate 5 By (slaorsS
B gl ((Bpas (3] Sl 203 VO) el b
YU &S 5yl 039 Jloxsl ol gy cpl 51 [OA] 5,8 05 &jao
NSl (Son bamgio (ojed Cbd ) oytulyed (29
oMLl (glaygSl @by g Gge gludl 2 S Jolse
3L 3gye

P9y oS gludl (¢

by (mdge jokar Kot 2081 HNO) Sy i dpandS|
25 o3kl b ) GMae (sla)l 5 SMas Gy polisy]
[VF] o pasl o G381 (Goke 0 b YL (93 o> 4 el
buog o5l = L dl gical 51 la8T o5 2500 ey
ST Mg ol g [D] 90 i (Jobo ilises gl
b > a5 sl eNOS (Bgpe JLisul slaslo )5 S35
b oyl [5] 2900 JUb (poyslind 5 (5559 e
(S sLJUS G — g ) (Sl slo S s 59, 33U
il 8 Juligul ladslo slis o &8 (o8l
ERK 7 (slojue (o (S5lSe ply JUai] e ¥ (5200
;ep ¥ £V] ¢ =Src {#Y £Y] MEK / Raf / Ras
Wl L5 s s o J5Y] (HSP-90) b Ssi
cage [5+] VEGF _ulil | (HIF-1) Sy _uSsule
b 1FY] 3350 NO sy Tl 5 eNOS (g3lulles
VEGFR-2 5 VEGF _iyl58l malass (5535357 adsl ol
G ol 3 Lol ol aanlg NO yais sl g o il s 40
VEGF /I Jite 35951 0% 5 NO (5,5, 53l
ERK1/2 oo &b jl NO 4 [V¥] cwl VEGFR-2
p[Fo]e-Jun g ERK — C jlus’ (559, (s5ludled b g [#Y]
Sede yS 5 Als )

A (5158 S 5 slins i giliaws
ool 7] Sl eMae I (b)yg clld (b > o5

1. Goto et al
2. Prostanoids

WY lano ) (4ol 0329) & o5l IA 090 1S 331 aelibuad



YA o called 5 Gijpg sb 5o 3552 5T s 20

s Jog > e Job Il cage SS S 4 o
CS wogMlay 1 g0 SS &y s |y 6yt obaai] Sits
A eel VEGFR-2 5 (65 5Vsb bl papw i3l
oS ¢ JS yokay 0 T2 (pi5gp iul3dl el CS yizmen
Co)l » BppSeda o8 Jng wase (CS) ylé
hIBl wlal coge opeld (g Sedie (69)S
- oo JWgnl slaJobo > mige sl 9 Tie2 VEGFR-2
V) (Slingl a8 b (Y0 oV) ' lSan g g (Shia 29
VF sl Sl e (Bgy09)See bl slaJglo (105>
MRNA MMP-2 4 .59y zolaw il dgie colw
saalis 5,5 MRNA MT-MMP poaws ;5 Jy 545
ole ISoskar (VoV) ohlSen 5 g (oo [T ] 02,5
b s by b Solieg) LidS o amil
o sl > MMP-2 s VEGF 1, cse INK 5 ERK
{7 g5 o0 (B9)595e

s (ilo b @ pocte (o pslied 4 G GRS ¢ S pshas
MMP-2 w35 3k jl (iS Lgdco b sho I (rwg
9 O ol WS (0 CS il (Bgpe (3] Al anlS )
Sz 5l (36 s o S S (0 S |y S gy
iS5 gbien S5 TS plaj aaly 3 &5 cul L
b S el Ll glusl g 05 ) b &S Sl
5 VEGF of5 (Siinl sloysSh o]l olal o
» Tie-1 4 Tie-2 Flk-1 s (pjop slook,s
wlp Gk ol s vsdee Boe JWbssl sladsles
Cage 25 g gl GES WS e e |y Fi3]
S Jsb Gl VEGFR-2 5 ¥k g iy Siul38]
y (Soilin] (iS4 Cand 1) gyt Qlaatdl JSi5 ity
blijl )3 9 S yide pwe S 5l 148 2 (1S 29500 c2 50
oS S o S )lte Biepl dnld o peplpd b
e INK § ERK 4y dtly sl pruno 2 )b 5 Sl
g se (S9xe9)5wn slashe s MMP-2 3 VEGF ol
as ol (o

Oassd] Cus & Wby ol (VerA) "o Kan 5 1gelST
Lol 4 s o ST Sloldl Y uoge il 4 &K
wplple V] cwl 55,5 59l caml Céliie K nils
coge Soymils ololal 4 caws G mst ololal
OBl G ol g 9 O L s S JSis
5 o s LS 01y ol gl 5 ISl L LSt
e (S Glo s L (Y-41) T Ken

7. Milkiewicz et al
8. Nakamura et al
9. Shen et al

iy e Sl las (VoY) o)Ken g usbigy VY]
Sglite w0ad Jlasl Syme g5 4 Aty « Sjp sl glo)sS6
S o5 alae oS Gloj ot MMP gl s 5 5 conl
o e By S el 9] Al )bl 0 S (00 )13
[¥V] 24

Pre 8 ol pede G G 18148 IS
oy > b (98 byl (U (Sesladgen (slagys
SS9 (B LBl s o 5l A6 s e s
V] i saed o YA MV] (Sgials iy j 5b
5 Sl s 5 ] alae oLal JA] sl iy
oo (Slesyp S o Nogy itno (¥++9) " Kon
zhy el s cage plul b ayy JUlsul
clodge o Som 4l coS case) V- sumsndl
PDGF-Bf 5 (3550 Slo alas slasbo 5 JLbss]
ks 5 Blo dlae ladg on s8] Sl cay)
©les wage b ol 15395 (o (3930 Wls> JLlisul
TolSen 5 55 V] Sgdie il i 5 Jbignl Joka
Bl el s IS (RIS &S il oly (Y6-Y)
-Jslw > Tie-1 4 Tie-2 Flk-1 55lS 5 sloosi S
- Jsls Comlas Gy ol 514 3580 (Bgye JLlisul sle
ol 3 s e Ll gady claysss 4y |y JUbsnl ola
ks (7 +9) TS g IVR] 85 e et |y 333l b
- Jsbe (oy3) ) (gls o 2S5 e laailin] 4 ol
b 5l [AY] Ssb 0 ROS iy coge JWsgnl cla
1 obe Glgie a4 ool glackle 3 ROS a8 wshy i
Sl gl s JAF AY] S53 e 55 5503l oyl b
) lad e S 5l b 35e5] ROS a8 5)ls deng
(Vo] a8 (6,5 ke

oS il gl (VeeA) ohSan 5 S35 3 Sl IS
OIS I3y g Gl ORI kS & (Sl S
b (Bl gl Al (gl jiisS) Gl gl
» gl 8] 53 Jobs g (Sl (225) a3,
sledsbs 9y 1) VEGFR-2 0,5 Gl 355 Goios
Sl GRS IS g Jlhe > i) Jubiga]
@ 013 )5 sy 3590 (SS) (Sl S 5(CS)
VEGFR-2 05,5 59y iniS 93y a8 ol ol uios
CS [asS Jy w300 alfl]) Jougy lblasil 5 S

1. Rivilis et al
2. Yunga et al
3. Zheng et al
4. Lehoux

5. Cyclic strech
6. Static strech

Q Horizon Med Sci Vol. 18, No. 5 (supplement), winter 2013



ohles 9 (BLisg paye TAY

Gl GRS e patite S5l gl ol
Fig5 a3 it S lie (Sl GRES 4 cod
SbygS plo 53 il b b (g yiday S pdie jpme 9 )15
s 25y Biepl ald e SMas (lsl )l gu,

Dgas

&le
1. Vanotti A, Magiday M. Untersuchungen
zum studium des trainiertsein V {iiber die
capillarisierung der trainierten muskulaturen.
Arbeitsphysiologie 1934; 7: 615-622.
2. Gavin TP, Stallings HW, Zwetsloot KA,
Westerkamp LM, Ryan NA, Moore RA, Pofahl
E, Hickner RC. Lower capillary density but no
difference in VEGF expression in obese vs lean
young skeletal muscle in humans. J Appl
Physiol 2005; 98: 315-323.
3. Nourshahi M, Piroze M, Hovanloo F,
Bigdeli MR, Comparison of the effect of eight
weeks training in hypoxia-normobaric situation
and normal situation on Angiogenesis.Research
on sport science. 2011; 9:161-174.
4. Kojda G, Hambrecht R. Molecular
mechanisms of vascular adaptations to exercis
Physical activity as an effective antioxidant
therapy. Cardiovascular Research 2005; 67:187
- 197.
5. Egginton S. Invited review activity-induced
angiogenesis. Eur J Physiol 2009; 457: 963—
977.
6. Laughlin MH, Roseguini B. Mechanisms for
exercise for trining-induced increases in
skeletal muscle bloob flow capacity differences
with intrvl sprint training versus aerobic
endurance traning. Journl of physiology and
pharmacology 2008; 59:71-88.
7. Heil M, Eitenmuller I, Schmitz-Rixen T,
Schaper W. Arteriogenesis versus angiogenesis
similarities and differences. J Cell Mol Med
2006; 10: 45-55.
8. Leosco D, Rengo G, laccarino G, Golino L,
Marches M, Fortunato F, Zincarelli C, Sanzari
E, Ciccarelli M, Gennaro G, Altobelli G, Conti
V, Matrone G, Cimini V, Ferrara N, Filippelli
A, Koch WJ, Rengo F. Exercise promotes
angiogenesis and improves b adrenergic
receptor signalling in the post-ischaemic failing
rat heart. Cardiovascular Research 2008; 78:
385-394.
9. Adams RH, Alitalo K. Molecular regulation
of angiogenesis and lymphangiogenesis. Nature
Reviews Molecular Cell Biology2007; 8: 464-
478.

L olyan b s b (So Sl S0 4z ¥ a8 wzsl ol
il i Jated Garge G553 3 ) il ol
IAV] 093 (S5dgl oSl gae > VEGE ol
s MRNA VEGF ;5 jalsal (V++)) ' o 5en 5 uS bl
Ji g leto |y &, o513k alae mRNA bFGF
b ags Jos (Slfe ©jgm &5 (SUlgu> 53 9 2535 ()15
opl (39 ods s oyl (ST)3L> L3 5l lacs ) wsls e plol
505 i8Sl dlae oLl (IS ok JA] 05 edalio il
S 5k 0 o5 sl (Bge )b (S (slagys dlex
Sl dlas o 1) 35051 auls alas o8 G Gl
S Jalge (pdionn 00d S5 3)l90  0gMe S (o0 Sy 25
S o8 wlo3)8 85 bjg 5l o2l B35l anlp 5 5,
Bl o Clled 4 ol 53 Sy Sl b o o ptene
o S ]y Finsl auld o e G onstere S S
Oler 5 (aldy55 el 3525 b [A] cosl (1) (90y9 48
G, Lol aly ) a5 Wb oli (Vo))
w3l o3 clab 4y by > (Sl le (e ls Syt

A

S5 o
B0 8 2 LS 50 S e pdin (2359 ol o 50
il walp |y (Sl alae <l 0d (Bgje dinej 4
ok oIl (Sl dlae pSgnla g oSl Lailyd
et (Bgpe slaoriS lusdl o pslpd (Sike 4 b G
das oLl wdl (SSle IS (epelpd SRlH
oSl @by i ol 5l alols slacsbo 5 Sl
gl glite 0rd Jlasl S e g5 4 diuy «S5e 3]
VEGF ;5595 s MRNAVEGF a5 oljl S e )b
b B2k 1 oSl b (oS gple A8l Cgliste Cunsl (S
“ie 5 Sl gy 55 ol > HIF-T )l
Dl oxee 1y c8l ud (Bgye dinej Bo)b ul Sl g 098
o ol ORIB U (Sweludgen g9y oyl e
bug (Bope o)l b (SBhol 0)6p Gk jl & cul
cw Byb Gl g 0980 S50 el el 4 oles 0458
b 3l g 35ml anld 55 b 4 atsly (6o e (53lulld
9 A 4 & Ngda (Bgye slaoriS plud] iy o
Soxs eS] gl Suinsl slygSl ol case
155 VEGF ol 55 45 sl gye oS glasl oy sl
padie (35 laygS (o > laadgilingy (AE g5 0
929 2> Sinpl cloygSl oly 3 sl JE Cuny
22 B9 Callad 5l (LBU (gl B Ll Cunl 0l jasuie

1. Siafakas et al

WY lano ) (4ol 0329) & o5l IA 090 1S 331 aelibuad



VAY o called 5 Gjys b 5o 3559231 sl e

junctions and the regulation of wvascular
permeability and leukocyte transmigration. J
Thromb Haemost 2008; 6: 1453-60.

20.Bates DO. Vascular endothelial growth
factors and vascular permeability.
Cardiovascular Research 2010; 87: 262-271.
21.Van Hinsbergh VWM, Koolwijk P.
Endothelial sprouting and angiogenesis matrix
metalloproteinases in the lead.Cardiovascular
Research 2008; 78: 203-212.

22.Montesinos MC, Desai A, Chen JF, YeeH,
Schwarzschild MA, Fink S, Cronstein BN.
Adenosine promotes wound healing and
mediates angiogenesis in response to tissue
injury via occupancy of A(2A) receptors. Am J
Patho 2002; 160: 2009—2018?

23.Mounier R, Pialoux V, Roels B, Thomas C,
Millet G, Mercier J, Coudert J, Fellmann N,
Clottes E Effect of intermittent hypoxic training
on HIF gene expression in human skeletal
muscle and leukocytes Eur J.Appl Physiol 2009
;105:515-524.

24.Hudlicka O, Brown MD. Adaptation of
Skeletal Muscle Microvasculature to Increased
or Decreased Blood Flow Role of Shear Stress
Nitric Oxide and Vascular Endothelial Growth
Factor. J Vasc Res 2009; 46:504—-512.
25.Ranjbar K, Nourshahi M, Hedayati M,
Taheri H. Effect of Gender and Physical
Activity on Serum Vascular Endothelial
Growth Factor at Rest And Response to
Submaximal Exercise. Iranian Journal of
Endocrinology and Metabolism 2011; 13:294-
300.

26.Djonov V, Bau O, Burri PH.Vascular
remodeling by intussusceptive angiogenesis.
Cell Tissue Res 2003; 314: 107-117.

27.Van Oostrom MC, van Oostrom O, Quax
HA, Verhaar MC, Hoefer IE. Insights into
mechanisms behind arteriogenesis what does
the future hold. J Leukoc Biol 2008; 84: 1379—
1391.

28.Lloyd PG, Prior BM, Li H, Yang HT,
Terjung RL. VEGF receptor antagonism blocks
arteriogenesis but only partially inhibits
angiogenesis in skeletal muscle of exercise-
trained rats. Am J Physiol Heart Circ Physiol
2005; 288: 759— 768?

29.CAI W, Schaper W. Mechanisms of
arteriogenesis. Acta Biochim Biophys Sin
2008; 40: 681-692.

30.Milkiewicz M, Mohammadzadeh F,
Ispanovic E, Gee E, Haas TL. Static strain
stimulates expression of matrix
metalloproteinase-2 and VEGF in

10. Gustafsson T, Rundqvist H, Norrbom J,
Rullman E, Jansson E, Sundberg CJ. The
influence of physical training on the
angiopoietin and VEGF-A systems in human
skeletal muscle. J Appl Physiol 2001; 137:
1012-1020.

11. Korpanty G, Sullivan LA, Smyth E,
Carney DN, Brekken RA. Molecular and
Clinical Aspects of Targeting the VEGF
Pathway in Tumors Journal of Oncology.
Article ID 2010; 652320:12pages.

12. Villaume K, Blanc M, Gouysse G, Walter T,
Couderc C, Nejjari M, Vercherat C, Cordier-
Bussat M, Roche C, Scoazec JY. VEGF
Secretion by Neuroendocrine Tumor Cells Is
Inhibited by Octreotide and by Inhibitors of the
PI3K/AKT/mTOR Pathway.
Neuroendocrinology 2010; 91:268-278.
13.Gavin TP, Westerkamp M, Zwetsloot KA.
Soleus Plantaris and gastrocnemius VEGF
mRNA responses to hypoxia and exercise are
preserved in aged compared with young female
C57BL/6 mice. Acta Physiol 2006; 188: 113—
121.

14.Prior BM, Yang HT, Terjung RL. What
makes vessels grow with exercise training? J
Appl Physiol 2004; 97: 1119-1128.

15.CAI J, Ahmad S, Jiang WG, Huang J,
Kontos CD, Boulton M, Ahmed A. Activation
of Vascular Endothelial Growth Factor
Receptor-1 Sustains Angiogenesis and Bcl-2
Expression Via the Phosphatidylinositol 3-
Kinase Pathway in Endothelial Cells.Diabetes
2003;52: 2959-2968.

16. Bhattacharya R, Kwon J, Li X, Wang E,
Patra S, Bida JP , Bajzer Z, Claesson-Welsh L,
Mukhopadhyay D. Distinct role of PLCB3 in
VEGF-mediated directional migration and
vascular sprouting. Journal of Cell Science
2009; 122: 1025-1034.

17.Sulpice E, Ding S, Muscatelli-Groux BA,
Berge M, Han ZC, Plouet J, Tobelem GR,
Merkulova-Rainon T. Cross-talk between the
VEGF-A and HGF signalling pathways in
endothelial cells.Biol Cell 2009 ;101: 525-539.
18.Chang SH, Kanasaki K, Gocheva V, Blum
G, Harper J, Moses MA, Shih SC, Nagy JA,
Joyce J, Bogyo M, Kalluri R, Dvorak HF.
VEGF-A Induces Angiogenesis by Perturbing
the Cathepsin-Cysteine Protease Inhibitor
Balance in Venules Causing Basement
Membrane Degradation and Mother Vessel
Formation. Cancer Res 2009; 69: 453744,

19. Aghajanian A, Wittchen ES, Allingham MJ,
Garrett TA, Burridge K. Endothelial cell

Q Horizon Med Sci Vol. 18, No. 5 (supplement), winter 2013



ohles 9 (plisg pe e TAF

41.Zwemer CF, Song MY, Carello KA,
D’Alecy LG. Strain differences in response to
acute hypoxia CD-1 versus C57BL/6J mice. J
Appl Physiol 2007; 102: 286-293.

42. Tang K, Xia FC, Wagner PD, Breen EC.
Exercise-induced VEGF transcriptional
activation in brain lung and skeletal muscle.
Respiratory Physiology & Neurobiology2010;
170: 16-22.

43. Tang K, Breen EC, Wagner H, Brutsaert
TD, Gassmann M, Wagner PD. HIF and VEGF
relationships in response to hypoxia and sciatic
nerve stimulation in rat gastrocnemius. Respir
Physiol Neurobiol 2004; 144: 71-80.

44 Ranjbar K, Nourshahi M, Hedayati M,
Taheri H. A Study on the Serum Levels of
Angiogenic Factors in Response to Acute
Long-term Submaximal Exercise in Sedentary
Men. Physiology and pharmacology 2011;
15:124-132.

45. White CR, Frangos JA. The shear stresses of
it all the cell membrane and mechanochemical
transduction. Phil Trans R Soc B 2007; 362:
1459-1467.

46. Van Royen N, Piek JJ, Buschmann I, Hoefer
I, Voskuil M, and Schaper W. Stimulation of
arteriogenesis a new concept for the treatment
of arterial occlusive disease. Cardiovasc Res
2001; 49: 543-553.

47. Egginton S, Zhou AL, Brown MD, Hudlicka
0. Unorthodox angiogenesis in skeletal muscle.
Cardiovasc Res 2001; 49: 634—-646.

48.Loufrani L, Henrion D. Role of the
cytoskeleton in flow (shear stress)-induced
dilation and remodeling in resistance arteries.
Med Biol Eng Comput 2008; 46: 451-60.

49. Cunningham KS, Gotlieb Al. The role of
shear stress in the pathogenesis of
atherosclerosis. Laboratory Investigation 2005;
85:9-23.

50.Lee HJ, Koh GY. Shear stress activates Tie2
receptor tyrosine kinase in human endothelial
cells.Biochemical and Biophysical Research
Communications 2003; 304: 399-404.
51.Urbich C, Walter DH, Zeiher AM,
Dimmeler S. Laminar shear stress upregulates
integrin expression role in endothelial cell
adhesion and apoptosis. Circ Res 2000; 87:683—
689.

52.Jalali S, del Pozo MA, Chen KD, Miao H, Li
YS, Schwartz MA, Shyy JYJ, Chien S.
Integrin-mediated mechanotransduction
requires its dynamic interaction with specific
extracellular matrix (ECM) ligands. PNAS
2001; 3:1042-1046.

microvascular endothelium via JNK- and ERK-
dependent pathways. J Cell Biochem 2007;
100: 750-761.

31.Rivilis I, Milkiewicz M, Boyd P, Goldstein
J, Brown MD, Egginton S, Hansen FM,
Hudlicka O, Haas TL. Differential involvement
of MMP-2 and VEGF during muscle stretch-
versus shear stress-induced angiogenesi. Am J
Physiol Heart Circ Physiol 2002; 283: 1430—
1438?

32.Huonker M, Schmid A, Schmidt-Trucksass
A, Grthwohl D, Keul J. Size and blood flow of
central and peripheral arteries in highly trained
able-bodied and disabled athletes. J Appl
Physiol 2003; 95:685-691.

33.Zeng G, Taylor SM, McColm JR, Kappas
NC, Kearney JB, Williams LH, Hartnett ME,
Bautch VL. Orientation of endothelial cell
division is regulated by VEGF signaling during
blood vessel formation. Blood 2007; 109:1345-
1352.

34.Lundby C, Calbet JA, Robach P.The
response of human skeletal muscle tissue to
hypoxia. Cell Mol Life Sci 2009; 66: 3615-
3623.

35.Mounier R, Pialoux V, Schmitt L, Richalet
JP, Robach P, Coudert J, Clotte E, Fellmann N.
Effects of acute hypoxia tests on blood markers
in high-level endurance athletes. Eur J Appl
Physiol 2009; 106: 713-720.

36.Zamudio S, Wu Y, Ietta F, Rolfo A, Cross
A, Wheeler T ,Post M, Illsley NP, Caniggia I.
Human Placental Hypoxia-Inducible Factor-1 ¢
Expression Correlates with Clinical Outcomes
in Chronic Hypoxia in Vivo. Am J Pathol 2007;
170:2171-2179?

37.Uchida T, Rossignol F, Matthay MA,
Mounier R, Couette S, Clottes E, Clerici C.
Prolonged hypoxia differently regulates
hypoxia-inducible factor (HIF)-1 alpha and
HIF-2alpha expression in lung epithelial cells
implication of natural antisense HIF-lalpha. J
Biol Chem 2004; 279: 14871-14878.

38.Pisani DF, Dechesne A. Skeletal muscle
HIF-1a expression is dependent on muscle fiber
type. J Gen Physiol 2005; 126: 173-178.
39.Rey S, Semenza GL. Hypoxia-inducible
factor-1-dependent mechanisms of
vascularization and vascular remodeling.
Cardiovascular Research 2010; 86: 236-242.
40.Gustafsson T, Ameln H, Fischer H,
Sundberg CJ, Timmons JA, Jansson E. VEGF-
A splice variants and related receptor
expression in human skeletal muscle following
submaximal exercise. J Appl Physiol 2005; 98:
2137-2146.

WY lano ) (4ol 0329) & o5l IA 090 1S 331 aelibuad



VA8 (g cadlad 5 (33 b 50 3595 oS o

63.Jasperse JL, Laughlin MH. Endothelial
function and exercise training Evidence from
studie using animal models. Med Sci Sports
Exerc 2006; 38: 445-454.

64.Parenti A, Morbidelli L, Cui XL, Douglas
JG, Hood JD, Granger HJ, Ledda F, Ziche M.
Nitric oxide is an upstream signal of vascular
endothelial growth factor-induced extracellular
signal-regulated kinase 1/2 activation in
postcapillary endothelium. J Biol Chem 1998;
273: 4220-4226.

65.Jones K, Tsugawa K, Tarnawski AS, Baatar
D. Dual actions of nitric oxide on angiogenesis
possible roles of PKC ERK and AP-1. Biochem
Biophys Res Commun 2004; 28: 520-528.
66.Jensen L, Schjerling P, Hellsten Y.
Regulation of VEGF and bFGF mRNA
expression and other proliferative compounds
in skeletal muscle cells. Angiogenesis 2004; 7:
255-267.

67.Hoffner L, Nielsen JJ, Langberg H, Hellsten
Y. Exercise but not prostanoids enhance levels
of vascular endothelial growth factor and other
proliferative agents in human skeletal muscle
interstitium.J Physiol 2003;550: 217-225.
68.Benoit H, Jordan M, Wagner H. Effect of
NO, vasodilator prostaglandins, and adenosine
on skeletal muscle angiogenic growth factor
gene expression. J Appl Physiol 1999; 86:
1513-1518.

69. Adair TH, Cotton R, Gu JW, Pryor JS,
Bennett KR, McMullan MR, McDonnell P.
Adenosine infusion increases plasma levels of
VEGF in humans. BMC Physiology 2005;
10:6793-5-10.

70. Hinschen AK, Rose'Meyer RB, Headrick JP.
Adenosine  receptor  subtypes  mediating
coronary vasodilation in rat hearts. J Cardiovasc
Pharmacol 2003; 41:73-80.

71.Schrader J. Adenosine a homeostatic
metabolite in cardiac energy metabolism.
Circulation 1990; 81: 389-391.

72.Clark AN, Youkey R, Liu X, Jia L, Blatt R,
Day YJ, Sullivan GW, Linden J, and Tucker
AL. Al Adenosine Receptor Activation
Promotes Angiogenesis and Release of VEGF
From Monocytes. Circ. Res 2007; 101:1130-
1138.

73.Feoktistov I, Ryzhov S, Zhong H, Goldstein
AE, Matafonov A, Zeng D, and Biaggioni I.
Hypoxia modulates adenosine receptors in
human endothelial and smooth muscle cells
toward an A2B angiogenic phenotype.
Hypertension 2004; 44: 649—654.

53.Silva R, D’Amico G, Hodivala-Dilke KM,
Reynolds LE. Integrins the Keys to Unlocking
Angiogenesi.Arterioscler Thromb Vasc Biol
2008; 28:1703-1713.

54.Gloe T, Sohn HY, Meininger GA, Pohl U.
Shear Stress-induced Release of Basic
Fibroblast Growth Factor from Endothelial
Cells Is Mediated by Matrix Interaction via
Integrin avp3. The Journal of Biological
Chemistery 2002; 26: 23453-23458.
55.Volianitis S, Yoshiga C, Nissen P, Secher
NH. Effect of fitness on arm vascular and
metabolic responses to upper body exercise.
Am J Physiol Heart Circ Physiol 2004; 286:
1736-1741?

56. Walthe G, Nottin S, Karpoff L, Perez-Martin
A, Dauzat M, Obert P. Flow-mediated dilation
and exercise-induced hyperaemia in highly
trained athletes: comparison of the upper and
lower limb vasculature. Acta Physiol (Oxf)
2008; 193: 139-150.

57.Taheri chadorneshin H. Effect of short —
term  antioxidant  supplementation  on
angiogenesis (serum VEGF) in active men
[dissertation]. Shahid beheshti university; 1389.
58.Goto C, Higashi Y, Kimura M, Noma K,
Hara K, Nakagawa K, Kawamura M, Chayama
K, Yoshizumi M, Nara 1. The effect of different
intensities of exercise on endothelium-
dependent vasodilation in human’s role of
endothelium-dependent  nitric  oxide and
oxidative stress. Circulation 2003; 108: 530-
535.

59.Powers S, Jackson M. Exercise-Induced
Oxidative Stress Cellular Mechanisms and
Impact on Muscle Force Production. Physiol
Rev 2008; 88: 1243-1276.

60.Higashi Y, Yoshizumi M. Exercise and
endothelial function Role of endothelium-
derived nitric oxide and oxidative stress in
healthy subjects and hypertensive
patients.Pharmacology & Therapeutics 2004;
102: 87— 96.

61.Harrison DG, Widder J, Grumbach I, Chen
W, Weber M, Searles C. Endothelial
mechanotransduction. Nitric oxide and vascular
inflammation. J Intern Med 2006; 259: 351—
363.

62. Wei Q, Xia Y. Roles of 3-phosphoinositide-
dependent kinase 1 in the regulation of
endothelial nitric-oxide
synthasephosphorylation and function by heat
shock protein 90. J Biol Chem 2005;
280:18081-18086.

Q Horizon Med Sci Vol. 18, No. 5 (supplement), winter 2013



ohles 9 (BLisg e YAF

responses. Am J Physiol Heart Circ Physiol
2008; 295: 794-800?

86.Nakamura K, Kitaoka K, and Tomita K.
Effect of eccentric exercise on healing process
of injured patellar tendon in rats. J Orthop Sci
2008; 13:371-8.

87.Shen M, Gao J, Li J, Su J. Effect of
ischaemic exercise training of a normal limb on
angiogenesis of a pathological ischaemic limb
in rabbits. Clinical Science 2009; 117: 201-208.
88.Siafakas NM, Jordan M, Wagner H, Breen
EC, Benoit H, Wagner P Diaphragmatic
angiogenic growth factor mRNA responses to
increased ventilation caused by hypoxia and
hypercapnia. Eur Respir J 2001; 17: 681-687.
89. Rahmouni K, Haynes W. Endothelial effects
of leptin: implications in health and diseases.
Curr Diab Rep 2005; 5:260-266.

90. Nourshahi. M, Hedayati M, Ranjbar K. The
correlation between resting serum leptin and
serum angiogenic indices at rest and after
submaximal exercise. Regulatory Peptides.In
press.

74.Grant MB, Davis MI, Caballero S,
Feoktistov I, Biaggioni I, and Belardinelli L.
Proliferation migration and ERK activation in
human retinal endothelial through A2B
adenosine  receptor  stimulation.  Invest
Ophthalmol Vis Sci2001; 42: 2068-2073.
75.Constant JS, Feng JJ, Zabel DD, Yuan H,
Suh DY, Scheuenstuhl H, Hunt TK, Hussain
MZ. Lactate elicits vascular endothelial growth
factor from macrophages a possible alternative
to hypoxia. Wound Rep Reg 2000; 8: 353-60.
76.Beckert S, Farrahi F, Aslam RS,
Scheuenstuh H, Nigsrainer AK, Hussain MZ,
Hunt TK Lactate stimulates endothelial cell
migration. Wound Rep Reg 2006; 14: 321-324.
77.Haas TL. Molecular control of capillary
growth in skeletal muscle. Can J Appl Physio
2002; 27: 491-515.

78.Zheng W, Christensen LP, and Tomanek RJ.
Stretch induces upregulation of key tyrosine
kinase receptors in microvascular endothelial
cells. Am J Physiol Heart Circ Physiol 2004;
287:2739-2745.

79.Konstantin GB. Cyclic Stretch, Reactive
Oxygen Species and Vascular Remodeling.
Antioxidants & Redox Signaling 2009; 11:
1651-1667.

80.Zhou D, Herrick DJ, Rosenbloom ],
Chaqour B. Cyr61 mediates the expression of
VEGF a,-integrin, and o-actin genes through
cytoskeletally based mechanotransduction
mechanisms in bladder smooth muscle cells. J
Appl Physiol 2005; 98: 2344-2354.

81.Yunga YC, Chaec J, Buehlerd MJ, Hunterc
CP, and Mooney DJ. Cyclic tensile strain
triggers a sequence of autocrine and paracrine
signaling to regulate angiogenic sprouting in
human vascular cells. PNAS 2009; 36: 15279
15284.

82.Lehoux S. Redox signalling in vascular
responses to shear and stretch.Cardiovascular
Research 2006; 71: 269 — 279.

83.Roy S, Khanna S, Sen CK. Redox regulation
of the VEGF signaling path and tissue
vascularization ~ Hydrogen peroxide, the
common link between physical exercises and
cutaneous wound healing. Free Radical Biology
& Medicine 2008; 44: 180-192.

84.Zhao W, Zhao T, Chen Y, Ahokas RA, and
Sun Y Reactive oxygen species promote
angiogenesis in the infracted rat heart. Int J Exp
Path 2009; 90: 621-629.

85.Zheng W, Christensen LP, and Tomanek RJ.
Differential effects of cyclic and static stretch
on coronary microvascular endothelial cell
receptors and vasculogenic/angiogenic

WY lano ) (4ol 0329) & o5l IA 090 1S 331 aelibuad



