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~ ,, 0 1d • I d~ ,, ~,, ., .J'-=1 
[] bli1Lur1cJ'WLLur1'1LLi:.J'W'11'W'VI bli1')1'1 b')li1'1'WR'fl' 

., I ., d 
~1 b'W'W tt111 ~reit'"! LLr1~i:Ji1P1t1 mtL~iJ~'W'll'fl"l LtR'flt.!1'1nli1 L1r;i 1 'W~U')cJ'VI LU'WLtR LU1Vl')1'W9~V'lu~1i:Jf11r;i~t~iu 

f d:I ,=I Q/ f d:I J' Q/ 2.1 ~ 2,, 

'W11P11r11'WL~'flli1~'1 (hyperglycemia) i:-i~roi1nmtm~li11J'W11P11~1'WL~'flli1~'1L~'flN~'1i:.Jr11mnli1fl1')~LL'Vltn6Jl'fl'W 

1 ., I 'i' I .,,! d ,=j ,, • 'I ... ~ ... ,=j d 
'W'fl')cJ')~!Pl1'11 bli1cJ b 'ilV'l1~'flt.l1'1cJ'1'VIVlr1'flli1 br1'fl li1 f.ju')cJ LlJ1Vl')1'W9~iJn1f bVlr1 L')cJ'W'lJ'fl._'j L~'flli1r11i1r1'1 L'W'fl'191n 

., f 1 -=1 d ..J. 1,,.. ... ,, d . d ., -=1 ( 
t~li11J'W11?11~ 'WLr1'flli1'Vl~'1'6'l"!i:.Jr1 mnli1n1f~'1.Jb~cJVl'W1'Vl'll'fl'1 endothelial cells 'Vli:.J'W'1Vl~'flli1L~'flli1 endothelial 

!: ... ,, ,=I 1 I O 1" ,=j ~.I .J' d ,J' d .. !: 
cell dysfunction) f')iJ'Vl'1iJn1rnli1r1'1'll'fl'1n1f~f1'1Vl~'flli1L~'flli1 VliJ 'Vl1 VIL~'flli) blJLr1cJ'1'VIL'W'flLcJ'fl1Jn')ru'W'W 

r11i1~'1 ~U')cJLflli1fl1'J~'ll11i1L~'flli1 (ischemia) LLr1~L~cJ'1!fl'fln1f~li1L{'flL~iJi'W ~"li:.J~!fl'flm~lJ'J'Wn1~'1'11cJ'll'fl'1Lbi:.J~ 

(wound healing) (Loomans et al., 2004; Sivan-Loukianova et al., 2003) fl1')~LL'Vltn6]'fl'W'flt.!1'1Vltl'1~V'l1J 

~ ,, 1 ,, . 'I ,=j .. d ,, ,=j .. 'i' 0 I ,, 0 'I 
bli1mn 'Wf.ju')cJL1J1V1')1'WR'fln1nnli11J11i1LLi:.Jr1'VI L'Vl1Vlf'flUnr;iru lower limb bli1cJut~iJ1ru 15% 'll'fl"lf.jur:lcJ 

L1J1V1')1'Wv1'r;itr1mnli1fl1')~ foot ulcerations LLr1~l1nroi~n~1mU'WLLi:.Jr1~'flf'11'W~~li1 (Chew and Leslie, 2006) 

."I' ., I ,=j d "' ,J 'i' .-d... I 

u9',1J'WV'l1Jr:l1 endothelial eel Is 'll'fl'1Vlr1'flli1 L~'flli1'V11J1 li1 L91J~1mtmJn•n'fliJLL 6JliJ bli1cJL6lfr1~'VI btcJm1 

endothelial progenitor cells (EPCs) zj"li:J1J'V11J1'Vl~11-l')J1'Wn1t~'i1'1LL'll'W'1Vl~'flli1L~'flli11mJ (angiogenesis) 

91m1cJ'11'WV'llJ~1~1J')cJL1J1Vl'J1'Wi'1'll'Wli1~ 1 LL~~ 2 r.i~~mmruLLr1~Uf~~'Vlfifl1V'l1'Wn1~'Vl1'11'W'll'fl'1 EPCs ~· 



J .F.! ~ ., .I "' .F.! d ~ %. ., !:61 ., ,., ., ., 
'lW)~..:J bl-.J'el LumUL'Vlt.l'lJn'lJ r-!'WlJ n[?] LL~:;ufl-.J1nJ'JJ'el..:J EPCs 'Vl~~~..:Jl-.JM1l-.J·c·MV'l'Wfi b'W'Vl1..:J [?]Nn'W'JJ1l-.Jnut:;~u 

'JJ'il..:J hemoglobin A 1 c (HbA 1 c) (Loomans et al., 2004; Tepper et al., 2002) iJ11m1'W'\l'l'LI~1~tlr;ic.1 

~ d ..J.::::1 v f ~ V1 2,,..:::1 ,c;:l ~ o 

b'lJ1'Vi'l1'W'lf'W~'VI 2 'Vll-.Jn1rn'l'LI"}l-.J1:;~u-w1m~1'WL~'el~ b~~9:;i.Jmmruu~:;tlt:;~'VlfiJl1'\l'lb'Wn11'Vl1..:J1'W'JJ'el..:J 

d .,! d' J . F.! ~ .., I d ., J' ~ ,.,~ .~ '1 ,., 
EPCs 'Vlb'\l'll-.J'JJ'Wbl-.J'elbutt.11JL'Vlt.l'lJn'Lin~i.i'Vlr-i'l'lJ"}l-.J1:;~'}J'W1[?]1~b~bl-.J~ (Churdchomjan et al., 2010) bb~~..:Jbvl 

L~'W~1 EPCs 1-w~tl'lt.1L'LI1'Vi'l1'W~..:ii'.lr-ir;i1i.i~~tln~'il1r.i~..:ie,i~r,i'iln1nn~J11r;i:;u'Vlm~'il'W'JJ'il..:Jvl~'il~L~'il~U~:; 

'] ~I I ~ d O ,., d .f'I 
n11'Vi1t.l'JJ'il..:J'LI1~bbe-J~ b'Wu 2003 Sivan-Loukianova LL~:;r,iru:;'\l'l'lJ'l1n11'u~ CD34+ cells 6Jl..:J'V11vl'W1'Vlbu'W 

endothelial cell progenitors b'WbLe-J~'JJ'el..:J'Vi~~Qnmtimtl11~LU'WL'lJ1'Vi'l1'W ~..:ie-i~vh1~i'.lmt~~1..:Jvl~'el~L~'el~ 
I 2J 2J 9J 

1mJ L~i.1~-wu~:;n1m1t.1'JJ'il..:J ue-i~ L'h~-w i..:ii!-wm1fo'l!t1~r;ic.1 EPCs ~..:ii'.ltl1:;fo'l!ufil'eln1t'Vi1t.1'JJ'il..:J LLe-J~ 

d o ., """" • mt degrade extracellular matrix (ECM) u~:; proteolytic enzymes '1'1~1fln.Jnr-i'il matrix 

metalloproteinases (MMPs) (Sottile, 2004) MMPs 'fltj1-w family 'JJ'il..:J zinc dependent enzymes ~..:i 

~1i.11ni degrade L~'Y)n~r;i-wtl1:;n'el'LI'JJ'il..:J ECM (Ravanti and Kahari, 2000; Armstrong and Jude, 2002; 

Lobmann et al., 2005) ilmtn_J1'Wn1t~n'l!t1'\l'l'LI~1 MMPs L~mi MMP-2 LL~:; MMP-9 iJ'lJ'Vl'LI1'1'1~1fl'1Jb'W 

mrn'l'LI"}l-.Jn1f~~1..:Jvl~'el~L~'el~b'Vil-J'JJ'el..:J EPCs b'W in vitro model '\l'l'lJ~1n11b~ statin tr;ii.inu SDF-1 mi 
d ,J' '1 ,., "' 'i' '1 ..J d. A ,., "" '1 ''i' .,! 

EPCs 'VI L~t.1..:i b'VIL[?]'lJ b[?] b'W Matrigel r.i:;·ll'lt.1'6'l..:J L~tl-.Jn11'M1..:Jvl~'il~ L~'il~ b'Vil-.J b~r.H'Y'li.Jmm~~..:J'il'iln'JJ'il..:J MMP-2 
1 I 2J I 

LL~:; MMP-9 ;..:J'V'l'lJ~1 MMP-2 LL~:; MMP-9 b~l-.J~'W 3.5 U'Cl:; 6.5 L'Vl1[?]1l-.J~1i'lJL~'elLlli't.11JLvit.1'Lifl'Lintji.1 
I 0, 

fl'l'LI"}l-.J U'Cl:; EPC tube formation L~l-.J~'WLfl'il'lJ 50% (Shao et al., 2008) 

I ,., .f'I ~ d O '1'-''1 a, 'i' J ~ '] 
'l1'W'Vi1..:J9t:;L'JJ (Aloe vera) Lu'W~~'W b'V'l1'Vl'W1l-.J1 b'l! b'Wn1nn'l!t1 b1r-lL'LI1'Vi'l1'W L'W'il..:J91nl-.J~tt'V'l"}nJ b'W 

Q..I : 61 .di ..J'~ 0 ' 9..1 6} 2"61 Q," 

n1rn~1:;~u-w1m'Cl b'WL'Cl'il~ (Hamman, 2008) 'W'ilnr.i1n-wi.in1t'W1'l1'W'V11..:J91:;L'JJl-.J1 b'l! b'Wn1nn'l!t1'lJ1~LLe-J'Cl 

:: ' .., 'i' J d. d .f'I ,., 'l 'l I ,.,~ 'l ., ~ ~ ~ 
[?]..:JLL[?]~l-.Jt.l b'Linru L'W'el..:J91n'6'l'l'W'Vl Lu'W1'W b~ b'U'l1'W'Vl1..:J9f:;L'JJl-.J'Mf'\l'l"}nJ b'Wn11'i'n'l!t1'lJ1f?ILLi:.J'Cl l-.Jn1tr1n'l!t1CM 

,, 
e-i~'JJ'il..:J~1'W'Vi1..:J9t:;L;fil'iln11'Vi1t.l'JJ'il..:J Ui:.J'Cl'Vl..:Jb'Wfl'WLL~:;1-wl[?]'J'Vlf?l'Cl'il..:J 1-wtl 1998 Chithra LL'Cl:;r-iru:; 1~~n'l!t1 

i:.J'Cl'JJ'fNn1t1~~1'W'Vi1..:J91:;L;b'W'Vi~~LU'WL'lJ1'Vi'l1'W~i'.lLLe-J~U'lJ'lJ full-thickness excision/incision wounds vf..:i 

Lf?lt.1'5'iin1tn'WLL'Cl:;'1'11~Ui:.J~ 'V'l'LI~TY111~ collagen synthesis LL'Cl:; wound contraction L~i.i{-w ~r;i-w1:;c.1:;L'l'Cl1 
,, 

'JJ'il..:J epithelialization 'Clf?l~..:J ~..:Ji:.J'Cl'Vl1b~Lbi:.J'Cl'Vi1m;r;i~-w 

,, 
~U'lr.H'lJ1'Vi'l1'W'Vl..:J~'el..:J'l!'W~ U'Cl:;n1j'~f?llll-.J1nJ'JJ'el..:J EPCs tl'..:iiJr-i'l1l-.Jil-.J~'Wm'W'Vl1..:J[?]Nfl'W;1i.inu1:;i'lJ'JJ'el..:J 

.J'.. f,! • I :'it "' 0 ,., d 'l '-'.'I .,! d' ~,., ~ 
HbA 1 c 'W'iln91n'Wu1l-.J1illbL~:;uf:;•~'VlfiJl1'\l'l n11'1'11'Vi'W1'Vl'JJ'el..:J EPC13 b'Wr_ju'lr.H'lJ1'Vi'l1'Wb'\l'll-.J'JJ'W bf?lt,nni.imt 



., ., ., 
fl'.lUf!iJ1!;~1J'W1 !?l1~ 1 'Wb~'fl I?) 1~~ 91n11tN1'W'V'1U~1~1'W'\,11s'191!;b~~1l-J1n7~1?11!;~1J'W1!?l1~ b'Wb~'fl I?) 1~ ~s'li!'W 

I ., ,,l I J.i I ., ., ,,l • .?I ,J • I 
'J1'WVl1s'l91!;b'll'fl19l-lt-l~!?l'fl circulating EPCs 'W'fln'"l1n'W b'W'J1'WVl1s'l91!;b'lltNl-l zinc bu'W·61'J'Wur:;n'f1U 

., I ., 

(Shelton, 1991; Yamaguchi et al., 1993) MMPs 'Vis'! MMP-2 u~:; MMP-9 'Ds'liJU'VlU1'Vl~1~'1Jb'W'JJ'W!?l'fl'W 
., 

mr~~1s'IVl~'f11?1b~'f11?1LVlil'll'fls'I EPCs iJi'f1s'l'f11f'11:.l zinc 1umt'Vl1s'11'W ~s'li!'W~1'WVl1s'19t!;b~'f119~s'IL~1iimrvi1u 

'll'fls'I bbt-i~ l1?11:.llLl b ~iimr~~1s'IVl~'fl l?1L~'fll?11mJ11?11:J EPCs ~1'WV11s'ln~ ln"ll'fls'I MM P activity ~'fl¾J~91 ns"11u,j(u 

~1s"1iJiu~1ii1n1~1tJt~~1~1uvi1s"1r.ir:;L~'ll'J1:J~s'IL~liimrvi1u'll'fls'ILLt-i~ LL~cJs'!lililvilnj1'Wmr~m~n11?11u 

s'l1'W')(l:J~Us'IU'flnns'lt-i~'ll'fls'l~1'WVl1s'l91!;b~~il~'fln11bfl1?1Vl~'fll?)b~'fll?)bVlil bb~!; circulating EPCs (i'Ys'lill'iJ1ru 

0 I '.;;l ._ 'l O ,'I ~ 0 .d..i Q/ 0 I,, J ., ,'I 'l I 

bb~!;u1!;'6'1VlfiJ71'V'1 b'Wn11Vl1s'l1'W) t'Jl-JtNn~ bnn1tVl1s'l1'WVl·JJ';Jl:J~'WU~'W'Wn11Vl1Vl'W1Vl~11s'IVl~'fll?) b~'fll?) bVll-l'll'fls'I 
' 

<;' I .,._ Q/ ,'I 'l J ~ 'l J Q/ I ._ o, 

EPCs bl?11:J t-l1'W MM P activity (M M P-2 bb~!; MM P-9) fl ru:;~';J91:J9s'l~'W b 9Vl9!;V'Jn1!1'1 b'Wbt'fls'll?)s'ln~1';J s'11'W'J91:J 

;; ,J'.,i I J ~ ~ 0 I .,'l ._ ,o!j 'l I 

flN'Wl-J'°jl?1~s'!Vll-J11:JVl9!;V'Jnl~nn~ bnn11Vl1s'l1'W'll'fls'l'J1'WVl1s'l91!;b'll b'Wn11Ln1?1Vl~'fll?) b~'fll?) bVll-J bb~!;n11Vl11:J'll'fls'I 

Lbt-i~ 1 uvi~~ LU'W LU1Vl'J1'W L1?11:J ~m11 t-i~'ll'fls"1~1uvi1s"1r.ir:; L ~ ~'flmii 1 ruLL~:;tJ r:;~VJ fiJ71'V'1L um t'Vl1s'l1'W'll'fls'I 

,'I ~ J.J ,J ._ ., "'I 'l I I ( 

circulating EPCs nmNn~ bnV1·JJ'Jl:.l•6'1s'IL~riimr~r1s'IV1~'fl1?1b~'fl1?1 bVll-l'll'fls'I EPCs t-i1'W MMP activity MMP-

2 bb~:; MMP-9) 

-Jut tl'LI'a~~.:i ~"ll'el.:i 'i:1-1i.:in1i'ia~~ 
q 

• ~m.t1mnn1?1Vl~'fl I?) b~'fl I?) 1viil bb~!;n1rVl11:J'll'fls'I bbt-l~ b'WVI~~ bU'WbU1Vl'J1tiVlls'191n 1~n'W~1'WVl1s'191!;b~ 

bUfoUb'Vll:.lUnuntjiJ~b~ exogenous EPCs 

• ~m.t1t-l~'ll'fls'ln1tn'W~1'WVl1s'l91!;b~~'flill'l-J1nJbb~!;Ll1!;~VlfiJ71'V'tb'Wn11'Vl1s'l1'W'll'fls'I circulating EPCs 

b'WVI~~ bU'WbU1Vl'J1'W 

~ ~ J.J ,J "" O ., J I,, "'I 'l I I 

• r1m~nn~ bnVl·JJ';JE.1·6'1s'lbMl-ln11Vl1Vl'W1Vl~11s'IVl~'fll?)b~'fll?) bVli-l'll'fls'I EPCs mu MMP activity (MMP-2 
o,, 6} 9,, I 2/ 

bb~!; MMP-9) Vl~s'l91n bVl'J1'WVl1s'l91!;b'll 

~:J.J:J.J~ijTtJ bb'~~n'a'el'Ubbt.1-a1-1-a1:J.J~~-n'el.:ib1-1'a.:in1i~~~ 
q d.9 

~U'JEJ~ LU'Wltfl Lu1vi'J11.Jr.i:;iJr:;~utl1 m~ 1w~'f11?1~s'I 
., 

tl1!?l1~r.i:;\tJ'V11tJfiITTm(unu1tJr~u1u 

extracellular matrix Lb~:; plasma r111~Ln1?1mr~~1s'l~1t'V't'Jn advanced glycation end products 

(AGEs) ~s'l~11'llil1?1il'Vl1b~Lnl?1J71';J!; oxidative stress ~s'l9!;lLlrn!;~'Wn11'Vl1'31'W'll'fls'I NFicB 'Vl1b~Lnl?1 

vasoconstriction LL~:;Lnl?1n11LL~1?1'3'fl'fln'll'f1'3 adhesion molecule LL'l'l!; procoagulant LL~:;cT..:i1tJrn:;~un11 

,., t k' J 0 'l ., d h 1· I b'I' ..: .J' .J' J AGE .. n. ,J ~11..:i~11 cy o me "ll'3Vl1 bvl en ot e Ia permea 11ty L'V'tl-l'll'W 'W'flnr.i1m.m11V1 s Ln1?1n11~:;,,l-J'flfJVl 

0 'l ., .. ., ;; .1',.1 'l ,., .. ~ 
basement membrane Vl1 bVILn(1]n11vl'W11)l';J'll'f1'3 basement membrane Vl'3Vll-J(1]'W~..:it-i~ bvlbn1?1n11~q.JL'Cil:J 

,., J J ., ,ii 0 'l i, .ii ~. I .J' J ,J' J "' ;; "•'I .,. 
Vl'W1Vl'll'fl'3 endothelial cells Vlt-l'W'3Vl~'fl 1?1 L'l'l'ell11 Vl1 bVIL~'el(1] bu L'l'lE.1'3Vl L'W'el LtJ'elUrb'JnJ'W'W'l'll?1~'3 ~u'Jl:JLnl11J71'J!; 



'll'WH~'eWl :t'"la-J~b~r.J..:J"1'eln1:i'~(?)b/ren~a-i(u ~..:ii:,i~1~m:tVl1r.J'll'el..:Jbbi:.J~~(?1~..:J (Chew and Leslie, 2006; 

,J' <al ., i' 'l ,,. ,J 'l .... ~ 
Goldin et al., 2006; Jakus et al., 2001) U'elnronnum:rm:;(?11JtJ11?11~ bhlb~'el(?)~..:J·ti..:Ji:-l~ bVl1J:i'a-J1n..lbb~:; 

tl:r:;~Vlfill1Yibhln1:i''Vl1..:J1U'll'el..:J EPCs ~(?1~..:J 'Vl1b~~m1~~1..:ivi~'fl(?)b~'el(?)bVfl-l~(?1~..:J ~..:ii:,i~1~m:tVl1r.J'll'el..:Jbbi:.J~ 
., ., ., 

~(?1~..:J ~1vifom11-n~~Ul'Vit~1uvi1..:ir.i:r:;b-iitl'u ~61J'el~~'fl~1mrn~(?)t:;!Kutl11?11~1m~'fl(?)l~ !K..:itl'u~..:idju1tl1~ 
I ., ., 

~1~1uvi1..:ir.i:r:;b61J'el1'"ljj i:.J~ 1-t, circulating EPCs b'W3-J~U('Vl..:Jilla-J1 rwu~:;tl:r:;~Vlfill1Yibhln1:i''Vl1..:J1U) ~..:ii:,i~ 1~ 

., 
t:rfl bu1viri1u'V111,t, bn(?1111ri:;tl11?11~ 1ub~'el (?1~..:i btlubri~1u1u ~..:i i:,i~ 1~ bn (?1111ri:; brnm-ii'elu1u 

'i' J o, I .J 11 "''l •' ,!j J i' 'l b:i'flb1J1Vl'"J1UVl'el'"Jr.J'"J:;1?11..:J7 b·JJU 1?11 bi?l Vl'"J b'°l 1:;1J1J1J:t:;~1V1 bb~:;:r:;UUVl~'el(?)b~'el(?) bhl'el..:J'"l1nll1CJ:;'1,J11?11~ bhl 

,,. .J' ., o 'l ., "" ., "" ,J' o 'l ., "" . ,d 11. I ., 
b~'el(?)~..:J b:i''elNVl1 bVlbn(?)n1:i'M1..:J~1:i'Yi'"ln AG Es ~1:i''J1'1,J(?1'1,JV)1 bVlbn(?)ll1CJ:; oxidative stress 6ll..:ir.i:; blJn:i':;!?j'l,J 

n1:i''Vl1..:J1U'll'el..:J~1m~a-i pro-inflammatory transcriptional factor ~'el NFKB 'Vl1b~bf1(?1 (1) vasoconstriction 
I 

(2) b'vla-imrn~(?)..:J'fl'eln'll'el..:J adhesion molecule "11..:J1 b'l1U intercellular adhesion molecule-1 (ICAM-1), 

vascular cell adhesion molecule-1 (VCAM-1) 'Vl1b~bf1(?1n1nm:;~(?1'JJ'el..:Jb~(?)b~'el(?)'JJ1'"l ~..:ii:.J~'Vl11i,bn(?)n1:f 
Q/ .J .c::Y .c:! .. 2.,, 2.,, ~ 0 t., ,. 

'elnb~UVIVl~'el(?)b~'el(?) u~:;b'Via-Jmrn~(?)..:J'fl'eln'll'el..:J procoagulant (3) m:;l?JUn1:tM1..:i~11 cytokine 6ll..:JV11bVI 

endothelial permeability b~a-i/u U'elm1nilm:r~ AGEs 11.l~:;~a-i'eltj~ basement membrane 'Vl11i,bn(?1 

n1:i'VIU1"1'"l'll'el..:J basement membrane vf..:ivia-i(?)il~..:ii:,i~1~bn(?1 endothelial cell dysfunction vh1i,~b~'el(?)LU 

bfrn~btl'elb~'el~(?)~..:J ~..:ii:,i~1i,m:rVl1r.J'JJ'el..:JUi:.J~~(?1~..:J (Chew and Leslie, 2006; Goldin et al., 2006; Jakus 

et al. I 2001) ~1J'"Jr.JblJ1Vl'"J1UlTmn(?)bbi:.J~ b(?)r.Jb'u'Vi1:;~ bYl1Vl1'flU1b'"Jn..l lower limb u~:;bUUbbi:.J~~V11mnn 

tl:r:;mrw 15% 'll'el..:J~urimu1viri1ujj foot ulcerations bb~:;"1CJ1a-Jb~r.J..:i1umn;ini,i'(?)'el'flm~a-i(u 15 bVh1u 

~urimu1viri1u Sjtfr.i~r.JVl~1r.J'elU1..:J~'Vl11i,m:rvi1r.J'll'el..:Jbbi:.J~Ll-l~ b'nU mn~a-Jm:rvii..:i'll'el..:J cytokine ~..:i'Vl11i, 

bf1(?1n1:f'1lm~rnb~:;n11~~1..:ivi~'fl(?)b~'el(?)bV!l-Ju'elt1~..:i (Wu et al., 2007) 

~ I ,!j J ,;, ..J 'i' ,-
:i'1r.J..:J1Un1:trim.t1Yi1J'"J1 endothelial cells 'JJ'el..:JVl~'el (?1 b~'el (?1Vl1J1 (?1 b'"llJ ~1a-J11'1Q n·Jl'ela-l bb 6Jj3-J b(?)r.J b 6Jj~~ 

J.,l I , , .d ,al ., JO ., 'l ., ,!j 'l I J 
V1bmm1 endothelial progenitor cells (EPCs) 6Jj..:J3-JVIU1Vl~1fl!]J bhln1:i'~:i'1..:JVl~'el(?)b~'el(?1 bVl3-Jbhl'el..:J91n EPCs 

~1a-i1rn differentiate LUbUU endothelial cells 1~ EPCs bUUb6ll~i~~~1..:imr.i1nL'llm:;l?Jn EPCs ~1mrn 

bbtlnL~r.i1nL'llm:;l?Jn peripheral blood bb~:; umbilical cord blood 'Vi1J~1 EPCs 9:;Sjmrn~(?)..:J'fl'eln'll'el..:J 
., 

surface markers 'll'el..:J'Vl..:J hematopoietic stem cells b'nhl CD34, CD133 (AC133 vi1'fl prominin), CD45 

bb~:; endothelial cells b'l1U vascular endothelial growth factor receptor-2 (VEGFR-2 or KOR), platelet

endothelial cells adhesion molecule-1 (PECAM-1 vi1'fl CD31 ), vascular endothelial-cadherin, von 



Willebrand Factor, c-kit, Tie-2 LL~~ VEGFR-1 b'WJ11r;i~tln~1~!?l'LI'll'a-:! circulating EPCs roi~i'.!ratj1-wminru 

~~1 (Ll'J~l-nru 0.01 % 'll'a-:IL'li~~,'Wn1~LL~L~'a(?l) ui;lL~'aLn(?ln1'j"IJ1(?ll~'IJ,'W'J~!?l'IJ'JJ'a-:J circulating EPCs 9~ 

.J'.d .JO .J.', .J' = .J., 
~-:J'll'W l'W'a-:191nn1'JQ,nLVl'Wm'W1roi1n growth factor Ll~~ cytokine 'VlVl~-:imn'll'W91n'Linr;iru'Vl'IJ1(?ll'"l'LI l'l1'W 

granulocyte macrophage colony-stimulating factor (GM-CSF), vascular endothelial growth factor 

(VEGF) ~-:itrnm~~'Wn11'1'11-:11'W'll'a-:J matrix metalloproteinase0 9 (MMP-9) ~u'hr;iru membrane-bound 
I .., 

stem cell '1'111ihn(?ln1'.i' migration 'll'a-:1 EPCs LL~~i'.lmrniJ-:i!Kr;iLvh-J~1'W';J'Wl-111:J-:Jn1~LL~l~'a(?l uranroi1ni1m1 

migration 'll'a-:J EPCs 1:J-:Jln(?lroi1nn1'.i'~~1-:i nitric oxide (NO) ~'LI1Lr;iru stromal cells EPCs 1-wm~LL~l~'a(?l 

'"l~ln(?ln1'j' homing ~'a n1'Jl~'W'Vl1..:J'JJ'a-:Jl'li~~,tll:T-:iu1Lr;iru~ln(?ln1'j''IJ1(?ll~'IJ b(?lc.Jn1'j'n'.i'~~'W'JJ'a..:J angiogenic 

growth factors l'l1'W VEGF Ll~~ differentiation lU'W vascular endothelial cells ~'LI1Lr;iru~'IJ1(?ll~'LI (Urbich 

and Dimmeler, 2004; Fadini et al., 2005; Zammaretti and Zisch, 2005) i'.ln11~f1:.1~'1J~1Lrlml1 EPCs 1-w 

.;i "• 'I = .J = .J o .J' o 
n'.i'~lL~l~'a(?l'JJ'a..:J~lJ';Jm'IJ1Vl';J1'W'l!'W(?l'Vl 1 LL~~'J!'W(?l'Vl 2 l-11'Vl1n1'Jl~1~l~l:J-:J 91'W';J'W'JJ'a-:J EPCs ~(?]~-:) 44% ll~~ 

o ., ,d • ~ "" ., • I = o 'l "" "•'I 'i' 48% (?)1l-1~1(?1'1Jll-l'alu'j'l:J'!Jl'Vll:.l'Linrn1-wun(?) ll~~'"l1'W')'W'JJ'a-:J EPCs b'Wn'.i'~LL~l~'a(?l'JJ'a-:l~lJ')l:J b'Jfl L'IJ1Vl';J1'W9~ 

lltl1t-1n tr'Wfl'IJ'j'~(?)'IJ Ltlraf l']'W~ fl')1l-lVl'W1 ll 'W'W'JJ'a..:Jtl1(?)1~ 1-wd'.l(?l L~'a (?l ll(?l-:JVl1ra~ rf1:.1n~1 hemoglobin A 1 C 
.., .., 

(HbA1c) (Loomans et al., 2004; Tepper et al., 2002) -wranr.i1ni11:T-:i~u~1~tlr;imu1vir;i1'W'Vl-:J~ra-:i"Jlil(?li.i~i'.l 

tl1~~'Vlfill1~1-wn11'1'11-:i1'W'll'a-:J EPCs ~(?l~-:J~r;i1:.1 EPCs ~1~r.i1n~tlr;i1:.1Lu1vir;i1-w'l!il(?l~ 1 i'.ltl1~~'Vlfill1~1'W 

n11~-:JL~1l-l endothelial tube formation ~(?l~-:J'ac.h-:ii'.!,!1:.1~101t1jldrallli'l:.l'LIL'Yll:.l'Lifl'Lifl'Wtln~ (in vitro 

• • ) ( ,.,/ .J~.., "•'I "" .J I ._ angIogenesIs assay Loomans et al., 2004) 'c-i';J'W EPCs 'Vl b(?l'"l1n~ur;imu1m1'W'l!'W(?l'Vl 2 ~'IJ';J1a-Jn11~(?1 

adherence to human umbilical vein endothelial cells (HUVEC) ~Q,n activate ~r;i1:.1 tumor necrosis 

factor-a (TNF-a) (Tepper et al., 2002) ~tlr;imu1vir;i1-w"Jlil(?l~ 2 ~i'.ln11flr;i'Lif)m~iutl1m~1m~ra(?l1~~roi~ 

""· Fr n I ~ = 'l O .J ~ .J' .al • ~ ._ ._, I .J ., l' 
l-lu'Ja-J1rulL~~lJ'j'~•C'i'Vlfill1~ b'Wn1'J'Vl1..:J1'W'll'a..:J EPCs 'Vl l~a-J'JJ'Wla-J'a lu'j'l:J'IJ l'Vll:J'IJ nun~a-J'Vlfl';J'!Jfla-J'j'~(?l'IJ'W1 (?)1~ 

1~1l-l~ (Churdchomjan et al., 2010) Ll~(?l-:Jbi,L~'W~1n11~(?1~-:J'll'a-:Jill'l-11ruLL~~tl1~~'Vlfill1~1'Wn11'1'11-:11'W 

'JJ'a-:1 EPCs b'W~1J')l:J l'IJ1Vl';J1'W'a19~-:J t-1~ i;lra n1'Jln(?]Jl1')~ll'Vl'Jn61l'a'W'JJ'a-:JVl~'a (?l l~'a(?l ll~~n1m11:J'JJ'a-:J'IJ1(?1 LLt-1~ 
.., 

i-:ii!-wn111~n11fm11~'J1:J EPCs 9-:itl1r.i~i'.ltl1~fo"ll'l!i;lran11in1:.1'llra-:Jllt-1~ t.mr.i1n-:i1-w~f1:.1~1'W'J'Wmn~u~1 

m1fm11 b(?ll:.l m11~ EPCs 'll'J1:.1~-:i L~1l-lm1~~1-:ivi~ra(?l l~'a (?l 1 Vil-I ll~~m1vi11:.1'1Jra-:i ut-1~ i-:i1-w-:i1-w~f1:.1'1Jra-:i 

Sivan-Loukianova lL~~flru~ (2003) ~-:i~n1!1'1t-l~'ll'a-:J human CD34+ peripheral blood mononuclear 

cells (PBMCs) ~-:J'l'l1Vli11~lU'W endothelial cell progenitors b(?ll:J~fin1'.i'~(?l~bM wound bed 'll'a..:Jllt-l~Ll'LI'LI 

full-thickness skin wounds 1-wvi~ nude mice ~Q,nmtimi'h1i,Ltl'Wl'LI1Vl'J1'W~'Jl:.l~11 streptozotocin 
I .., 

~'IJ~1'll'W1(?l'JJ'a-:J llt-1~~ (?]~-:) i'.J n')'j'~~1-:JVl~'a(?l l~'a (?l bVll-1 ll~~ re-epithelialization lYla-J;'W n')'j''V] (?l~'a-:Jb'W'IJ1(?1 llt-l~ 

• I "".J~ •~ " .f'I "''l " .J "" ., ., .J = ., 'l , .J"" 
Ll n (?)'Vl ba-1 b(?l lu'Wl'IJ1Vl'J1'Wn b Vlt-1~ L·ll'Wl(?ll:J'J n'W (?]-:) l·ll'W-:11'W'J91:.l b'W'VI~ nude mice 'Vla-J'IJ1 (?l llt-1~ ll'IJ'IJ full-



thickness excisional wound (b~'W~1~'Wtl"rnn:i 0.5 cm) 'V'l1J~1Vl\4~Hifo EPCs (roi1n human umbilical 
,,, 

cord blood) 'vi'..:i'i:viurifi implant inside the wound bb~~ intradermal injection roi~ilmt~11..:JVl~'elvlb~tvi1mJ 

~ ,d' J . f:l ""' ., , d11 •lj ,,,., ~ ( 
b'V'l3-J'll'Wb3-J'elbutl:.l1Jb'Yll:.l1Jnun~3-J'YI b3-J bvlm EPCs (Kim et al., 2009) mtV'ln'l~1'11'el..:J Kung bb~~~ru~ 2008) 

'V'l1J~1Vl\4 mice ~ilu1v1bbi:.J~bb1J1J full-thickness excisional wound (1 cm
2

) ~1~fo human skin substitute 

seeded with EPCs (human CD34+ PBMCs) ilmt~11..:JVl~'elvlb~tvi1V1a-Jmnn~1n~3-J~L~fo human skin 

substitute bY1u..:it~1..:Jb~m 

m~1JCJ'Wn1t~11..:JVl~'elvlb~tvi1V1a.Jil~~13-J~1r1'1.Jrfl'elmrn1u'llt..:Jbbi:.J~ mt invade 'll'el..:Jb'll~ibtl'W 

.ffw,1t'W~~1r1'1)t~Vl~1..:Jn1t~11..:JVl~'elvlb~'elvllVla-l~..:i~t..:it1Pi'u proteases (proteolytic enzymes) L'Wn1t 

degrade extracellular matrix (ECM) mt degrade ECM 'i:viu proteases bU'Wn1t~vlblP111:.l3-J~..:JbbCJvl~'el3-J 

d '1 ,,, .. "" 11. I ., "" J 'l ,,, ,,, "" 'l 11j ,,, :: 
b'V'l'el bVlb'll~mnvi sprout bb~~ invade b1Jl:J..:J1JnCJrutt1J7 b'V'l'el bVl~1mm~t1..:JVl~'elvlb~'e)v) bVl3-J bvl 'll'WM'el'W'll'el..:J 

mt invade il~r;i1mr3-J~'WfitCJ3-Jfl'Wl71J proteases ~b~l--l{'W EPCs il~CJ13-J~13-J1tti1'Wmt differentiate 

n~1mu'W mature endothelial cells bb~~l'W~~v19~~W-l'W1bU'WVl~'elvlb~'elvl i:..i~roi1n..:i1'Wri~1:J'V'l1J~1 proteases 

'Vl1VIU1~~1r1'1.Jl'Wn1t~r;J1J~~mt~11..:JVl~'elvlb~'elvllVia.J'll'el..:J EPCs bb~~ proteases ~~1er'1)n~'el matrix 

metalloproteinases (MMPs) (Sottile, 2004) 

MMPs tzj1'W family 'll'el..:J zinc dependent enzymes ~..:i~1mtt1 degrade L~Vjn~CJ'WUt~ntlJ'll'el..:J 

ECM (Ravanti and Kahari, 2000; Armstrong and Jude, 2002; Lobmann et al., 2005) MMPs m.1..:i 

'el'elnbU'Wn~3-J~'ell:J 1~url collagenases, gelatinases, stromelysins bb~~ membrane-type MMPs (MT

MMPs) (Woessner, 1994; Kiihari and Saarialho-Kere, 1997; Ravanti and Kahari, 2000) l'W~r;im!..:i 
,,, 

MMPs i:.J~M~'W'i:vim'll~iVl~11:J'll'Wv1b"ll'W ·fibroblasts, keratinocytes, macrophages, endothelial cells, mast 

cells, eosinophils bb~~ neutrophil (Kahari and Saarialho-Kere, 1997; Armstrong and Jude, 2002) iJ 
t11:.l..:J1'W~1'WCJ'W3-J1m'm~1 mt~11..:JVl~'elvlb~'elvllVla-l'll'fl..:J EPCs ~'fl..:J'fl1Pi'l:.l activity 'll'fl..:J MMP-2 (gelatinase

A) bb~~ MMP-9 (gelatinase-B) l'WU 201 0 Wu bb~~~ru~'V'l1J~1 MMP-2 "llr;im~3-J VEGF-stimulated 
,,, 

differentiation 'll'fl..:J EPCs LUbU'W capillary-like tube structures mnrrnr..:i MMP-2 bvll:J MMP-2 Inhibitor I 

'Vl1l~n1t~11..:i tube structures ~vi~..:i (Wu et al., 2010) l'W in vitro model 'll'fl..:Jb1J1VICJ1'W'V'l1J~1 

hyperglycemia ~..:ii:..i~1~ilmt~vi~..:J'll'fl..:J MMP-9 activity ~..:ii3-J~'Wfifl1Jmrnvi~r;i13--1~1l--!1rn'll'fl..:J EPCs l'W 

mt invade Lb~~ incorporate bU'W tube-like structures ~CJ1l--1~13-J1nl'll'fl..:J EPCs ~Liu..:i1'W high glucose 

medium (12 mM D-glucose) l'Wn1t invade ECM gel bb~~ incorporate bU'W tube-like structures ~vi~..:i 

d .F.l ""' ., d.J' '1 , .1 "" . , 'i' 
50% b3-J'flbum1Jb'Yl1:J1Jn1J EPCs 'Ylb~l:J..:J b'W control medium mtut~b3-J'W MMP-9 actIvIty bvll:.l gelatin 



' ..JJ 6l , , d "" ., ..JJ 6l 
zymography 'Y'l1J'J1 EPCs 'VlL~cM b'W high glucose medium ~(?!~..:! 44% Lil'eH'Vlt.lUnU'VlLmM b'W control 

' ~ ~ 

medium u..:in~1U'Wt:-!~91n matrigel assay tl'..:i-n1i.'fo~'W~1 MMP-9 activity n~'J13-J~iJ,,r'Witt(?lt.li?1NlllJ 
~ 

")n..!~3-Ju1i1'Wmt invade LL~~ incorporate "ll'iN EPCs n11tl'utl'..:i MMP-9 L(?Jt.Jb-il MMP-9 inhibitor I 'Vl1b~ 

MMP-9 activity u~~ invasive activity ~(?J~..:J (Krankel et al., 2005) b'W in vitro model ~u~1n1t1~ statin 

¾'J3-JfllJ SDF-1 LLrl EPCs ~Lit.1..:i1~LMULl?lb'W Matrigel 9~'Jl'Jt.1~..:JL~13-Jn11~~1..:i~~'fl(?JL~'fl(?lb'l,nJt(?lm~3-Jn11 

~ I ~d' I OIV.J 

LL~(?J..:J'fl'fln"ll'fl..:! MMP-2 LL~~ MMP-9 6]j..:J~lJ'J1 MMP-2 LL~~ MMP-9 m3-J"1l'W 3,5 LL~~ 6,5 L'Vl1(9]13-J~1(?llJL3-J'el 

' ~ 
Lufornv1t.1ununtj3-J~'JlJ"'l3-J LL~~ EPC tube formation L~3-J~'WLfl'ellJ 50% (Shao et al., 2008) b'WU 2007 

Cheng LL~~~ru~L~'Vl1n1t~nM1b'W In vivo ~U~1 capillary density LL~~ blood flow b'W ischemic 

hindlimb "ll'fl..:J MMP-2 deficient mice ~(?J~..:J Lb~~tl'..:i~u~1 bone marrow-derived EPC-like c-kit cells ~ 
~ 

L~3-J191n MMP-2 deficient mice ~'1JL~t.l~'J13-J~1mrn1'Wm1 proliferate LL~~ invade l?l..:JU'W MMP-2 'el19n 

~'J'W'Vl1b~Lfl(?ln1f~~1..:i~~'fl(?JL~'fl(?lb~~t(?lt.1n1t~..:iL~13-Jn1t proliferate LL~~ invade "ll'fl..:J EPCs 

' ~ 
2005) ~1'W~1..:J9t~L"nQn'W13-J11-il1'WmtfnM1 LU1~'J1'WLU'fl..:J91n~13-J1rn~(?lt~iKuu1 (911~ b'WL~'fl(?l 1~ 
( ) 

~ 6l ~.'I "' ..J 6l ..J ..J O 6l ~ .fl "' ..J Hamman, 2008 n1tV'lnM1 b'W~LJ'Jt.lLU1~'J1'W'Jl'W(?l'Vl 2 LL~~ b'W~¾\'VlQnL~'Wt.l'J'W1 bmLJ'WLlJ1~'J1'W'Jl'W(?l'Vl 1 
~ 

LL~~ 2 ~lJ~1f~l?llJ'IJ1M1~b'WL~'fl(?l~(?j~..:J~i..:J91n1~n'W~1'Wm..:J91~b'n (Ghannam et al., 1986; Can et al., 

2004; Rajasekaran et al., 2005) 'W'flm1ncl'~1'Wm..:J9t~L"ntl'..:in~'Vli~1'W'el1-i\¾\~~M~ ~1'Wn11M(?!Li'el 

uu~v!~mL~~Li'flt1 ~1'Wn1t'ilm~u LL~~fnM1lJ1(?JLLt:-J~ (Habeeb et al., 2007; Hamman, 2008) 

'i' "' ., ,J' .fl 'i' ' d ';;"1 ' ?I ., J b~Nn1f'J9t.l'WLLJ'Wb~Nn1f(9]'flL'W'el..:J 2 LJ LL1J..:in1f'Vl(?l~'fl..:!LLJ'W 3 'Jl(?l (?l..:J'W 
q 

..J ~ "' di 6l , 6l ..J ?I ., 6l ~ 
D11'Vl(?l~'fl..:J'Vl 1: V'lnM1n1nn(?l~~'fl(?JL~'fl(?l b~mL~~mm1t.1"1J'el..:JLLt:-J~ b'W~¾\'VlLLJ'WLlJ1~'J1'W~~..:!91n b~ 

"' ' ~ • F.l .. ., ' ..J6l ~ 
n'W'J1'W~1..:J9t~L"1l Lumrn'Vlt.1unun~3-J'Vl b~ exogenous EPCs 

..J ~ "' ' ~' .~ .I "' "' 6l o D1f'Vl(?l~'fl..:J'Vl 2: .. ,nM1t:-1~"1J'el..:Jn1m'W'J1'W~1..:!91~L"1li?l'elLJf3-J1n..!U~~LJf~~'Vlfill1~ b'Wn1t'Vl1..:!1'W"1J'el..:J 

circulating EPCs b'W~¾\~ LU'WLU1WJ1'W L(?lt.l 



,., 
91:;L'JJ 

• n111?11r.l9~'El1JU1:;~'VlfiJ71~b'I.Jn1nh-:rn.J'JJ'el..:J circulating EPCs 1im11 form capillary-like tube 

structures uw Matrigel vY..:irit1'WLL~:;vil..:iroi1n1ih~\4~LU'WL'lJ1Vlr.l1'Wn'W~1'W'l,'11..:J91:;L~ (Matrigel 

tubule assay) 

.,j ~ '1 d..i ,J <=, 0 ,., .,j ,., di 'J I < 

n11'Vl!?l~'el..:J'Vl 3: Y'lmnn~ bn'Vl·nr.Jt.h:'l..:JLMa-Jn11'Vl1Vl'W1'Vl~n..:iVl~'el!?lL~'el(?l bVla-l'JJ'El..:J EPCs tn'W MMP 

activity (MMP-2 LL~:; MMP-9) vil..:iroi1n1~~1'WVl1..:J91:;L~ b!?lcm111?1n9~'El'lJ MMP activity b!?lt.l 

Zymographic assay 

il?l'l'Vl!?l~'el..:J~b6Db'Wn11'Vl!?l~'E1..:itl~'E1 Vl\4 nude mice (BALB/c nude mice) L~l"l~ 'El1tj 7-8 iU!?l11'1 

" '1.11vit!nu1:;a-i1ru 20-25 g b!?lt.lLLU..:Jil?l'l'Vl!?l~'el..:JLU'W 5 ntja-i 

(1) n~:J.JA'J'I.Hi:J.J~1~ru fibrin gel (control + fibrin gel) (N=15) l~LLriVl\4~'a!?l Citrate buffer (40·mg/kg 

" " .,j 
body weight) b!?lt.l'a!?l'Vl1..:J'11'El..:J'Vl'el..:J'J'W~:;f'lf..:J~!?l(?]'elll'W 5 'J'W LL~:;vh wound model roi1nt!u1~ fibrin gel 'Vl 

.., ,.,di,J' .I"" di.,Jo o ~ 
unr.iru wound bed LL~r.J9..:JL~t.1..:ima-iun1?1r.i'Wri..:ir.i'W'Vl'W1a-J1'Vl1n11Y'ln'l!l'1 

Vla-J1t.lLVll?l fibrin gel LU'WL~~'el'W vehicle 'JJ'el..:J EPCs 

(2) n~:J.JA'J'l.Jf>l:J.J~1~ru fibrin gel bb~~ Aloe vera (control+ fibrin gel+ Aloe vera) (N=15) l~LLriVl\4~ 

" 'a!?l Citrate buffer (40 mg/kg body weight) b!?lt.l'a!?l'Vl1..:J'11'El..:J'Vl'el..:J'J'W~:;f'lf..:i~!?l(?]'El!l'W 5 'J'W LL~:;vh wound 

model roi1m!u1~ fibrin gel ~'lJ1Lr.iru wound bed fr.ia-inu1~n'W Aloe vera b'W'JJ'W1!?l 400 mg/kg body 

weight 1'u~:; 2 f'l¥..:i 'Vln'J'W9'Wn..:i1'u~'l.11a-i1~m~n 

(3) n~:J.J'l.ll'Mb'l.J1'Vl'J1'W~b~r'l.J fibrin gel (DM + fibrin gel) (N=15) l~LLriVl\4~QmV1tlc.1r.i'l.111~LU'W 

L'lJ1Vlr.l1'W'llii.!?l~ 1 b!?lt.ln11'a!?l streptozotocin (40 mg/kg body weight) b!?lt.l'a!?l'Vl1..:J'11'El..:J'Vl'El..:J'J'W~:;f'l¥..:i 

~!?l(?]'Elll'W 5 'l'W LL~:;V11 wound model 91nt!'Wb~ fibrin gel ~'lJ1Lr.iru wound bed LL~r.l9..:JLit.1..:i1?11a-iun~ 

di.,Jo o ~ 
roiun..:ir.i'W'Vl'W1a-J1'Vl1n11Y1nM1 

I ~., ,VQJ <;' .,j 

(4) n~:J.J'Vl'Wb'l.J1'Vl'J1'W'VI b!Pl'a'l.J fibrin gel bb~~ EPCs (DM + fibrin gel + EPCs) (N= 15) b!?lt.ln11'u!?l . "' 
" streptozotocin (40 mg/kg body weight) 'Vl1..:J'11'El..:JVJ'el..:J'l'W~:;f'lf..:J~!?l~'Elll'W 5 'l'W LL~:;V11 wound model 

t 'l,., , , J.,, .- • ~ 6 J "" ,., di ,J' • I "" di 
roi1n'W'W bVI fibrin gel 'Vla-JL'l!~~ EPCs u1mru 1x10 cells 'Vl'lJ1Lr.ln..l wound bed LL~r.l9..:JL~t.l..:Jl?l1a-Junl?l9'Wn..:i 

'l'W~'l.11mV11n11~nM1 (modified from Wu et al., 2007) 



(5) n~a.JVl\ib'U1Vl'J1t.!cvt11Pi'f'IJ fibrin gel bb~~ Aloe vera (DM + fibrin gel + Aloe vera) (N=40) LVltln1:i' 
,, 

:UVl streptozotocin (45 mg/kg body weight) V11-.:J-Jl'el-.:J'Vl'tl-.:J'J'W'c:l~r1¥-.:i~V1~'flfl'W 5 'J'W LL'c:l~Vh wound model 

'-l1n,Xu.1~ fibrin gel ~UtL'Jru wound bed ¾'Jl-JflUL~nu. Aloe vera L'W'll'W1Vl 400 mg/kg body weight vin 
., ,,a .,Jo '.;:3 
'J'W'-l'Wn-.:J'J'W'Yl'W1l--11nn~1 

Vl~'Vlnntjl--11-l~QmLtl-.:i tuu.ntjmi'flm~ml1l-J1~nl!l'1 td'flr1m 7 LL'c:l~14 1u. (N=5 L'WLL~'c:l~ntjl--1) 

Vli-.:J'-l1nvh wound model L~'el'Vl1n1nfiu,jj''el¾!'c:lLL'c:l~'lLV'l:i'1~V,i:-J'c:l~'ellU 

n1'a'V11 wound model 

vhm:r~~UVl~'YlVl'c:l'el-.:J!Xr;iu sodium pentobarbital 45 mg/kg body weight 'Yl1-.:J°lJ'el-.:J'Vl'el-.:J vhm:r 
,, ,, 

2.1 wcv.c::i. cv.c::i. 2,1 i,I cvi.l ii cv o 

swab (?l'Jt) alcohol LL~~"1Vl"ll'Wi:-J'JVl'W-.:J1J:i'L'JruV11'W'll1-.:J'VWll1tl LL'c:l~Vl1'W'll'J1'-l1n LL'W'JVl~-.:J'll'el-.:JVl~'Yl(?l~'i)-.:J LL~~'Yl1 

1~LflV11J1VlLLi:-J~'ll'WVl full-thickness excisional wound !Xr;ium:r1-nm:r1miV1il'JVIU-.:J1J1'L1Jru!X1u.mf-.:i1~i1 

'1l'W1Vl 0.6 x 0.6 cm
2 

'-l1n,Xw1~ fibrin gel Vlt'fl fibrin gel ~iJ EPCs "11l--lmrntl-.:intjl--1Ld''fl-.:i~u. ~UtL'Jru 

wound bed LL~'JUV1!X'Jt1 tegaderm td'elr1:i'U 7 LL~~14 'J'W mt-.:i'-l1nvh wound model 9-.:JL!iU-ir'fl¾!~'iLV'l:i'1~vf 

i:-i~~'ellU (Wu et al., 2007) 

n1:i'~1 L'W'W-.:J1'W~1!X~1 L'W'Wn1:i'LU LL~'J~'e) t!Xvh m:rmtimil1V1~ntjl-J L1J1Vl'J1'WfX'Jtl Streptozotocin 

v11r;i1m-irl--l-ir'W 45 mg/kgBW LU'WL'J'c:l1~Vl~'flfl'W 5 'J'W v1i-.:i'-l1m11m:rmtimil1v1~1~LU'WLU1Vl'J1'WLU'WL'J~1 2 
,, .J ,, 

itlV11'1f il1V1~l-J1V11m:r1V1:r~'1i'uil1"11'c:l1m~'flVl V1~'YliJ:r~'1i'uib(?]1~1u.L~'flVll--11nn~1 200 mg/dL '°l~'W1l-J1 

t-ir1ntjl--lVl~L1J1Vl'J1'W LL~'J:i''elL'J'c:l1'-l'Wrl:i'U 8 itlV11vf 9-.:J'W1l-J1~l-JU'el'W treatment (Aloe vera dose 400 

mg/kgBW) 

LV1t11-wm:r~1 L'W'W-.:J1'W'l9t1L'W:i''elutl't!X~1 tilu.m:r1tl LL~'J 3 ntjl--l 1!X LLri 
I .J~ ,,., .fl ., 

1. n"ll--lrl'JlJ~l-J'YlbVl:i'U fibrin gel Lu'WL'J'c:l114 'J'W (CF14D, n = 5) 

2. ntjmu1V1'J1'W~1~fo fibrin gel LU'WL'J~1141-w (DMF14D, n = 3) 

3. ntjmU1Vl'J1'W~L~fo fibrin gel LL~~ Aloe vera LU'WL'J~1 14 'J'W (DMFA 14D, n = 3) 

(1) ~0~101:i'UVl'll'fl-.:JLLi:-J'c:l (wound closure) 
d V O I 9, 0 0 ._, ,J' .J 0, 'i'. I 

Ll-J'elrl:i'U 7 LL~~ 14 'J'W 'Vl1n1:i'n1Wl1~ digital LL~'J'W1l-J1'Vl1n1:i''JVl~'W'VlLLi:-l~Vl'JtlblJ:i'LLn:i'l-J Image 

., '1 • 1.d 'i' d • 
Pro-Plus Vl-.:JLL~Vl-.:J b'Wlu'Vl 1 bVltlVl1 percentage of wound closure 6ll-.:Jf°l1'W'Jlli'°l1n 



% wound closure 

~~D1';i''Vll?1'Cl'el..:Jb'Wn1';i''J(?)_ % Wound_closure_iff..:iLL~(?)..:Jb'Wm';i'1..:J 

14-Day group % Wound closure 

CF14D (n=5) 68.74±2.24 

DMF14D (n=3) 64.60±4.01 

DMFA14D (n=3) 79.59±0.73 

(2) ~n~1mnn(?)Vl'Cl'fl{?)b~'fl(?)b'Vlil (angiogenesis) 

Ld'elrl';i'U 7 LL'Cl~ 14 'J'W 'W1Vl~i.J1(?J';i'r;J"'l~'elUn1';i'bf1(?)Vl'Cl'el(?)L~'el(?)bVlilL(?)t.l 'Yl1n1';i'~'ClUVl~'Vl(?)'Cl'el..:J~lr;Jt.l 
.., ' 

sodium pentobarbital (50 mg/100 g 'Vl1..:J'n'el..:J'Vl'el..:J) "'l1ni!utl1V1~'Vll>'l'Cl'fl..:Jvi~'ClULL~r;ir;i1-:i1~'fltj1uvh'W'fl'W 

Vl'11t.lbL'Cl~'Yl1n1';i' cannulate jugular vein L~'elLU'W'n'el'1'Vl1'1b~~1n~1'Vl1'1Vl~'ell>'lL~'ell>1~1 Ll>'lt.l~'ell>'l'Vl'el 

polyethylene (PE 10, inner diameter 0.2 mm) ~~ 0.9% normal saline L~1'Vl1'1 jugular vein LL~r;Jn1';i''Yl1 
:-1 &\ ., .J .._ <;' ~ 0 i O .., 

n1';i'Lul>'le.JIJVl'W..:J'V1Un'Jn.lbl>'lt.l';i''elU"ll'el'1LLe.J~ 8Jl..:J"llnl~'Vl1n1';i''Vll>'l~'el'1'W'W'"l~'Vl1n1';i'Vlt.ll>'ll>'l'Jt.l 0.9% normal saline 

r.i1n,!u'Yl1mn1-:iV1~'Vll>'l~'el'1U'W stage "ll'el'1 Confocal microscope (Nikon EC1) LL~~ii;i~r;it.J~11~L~1 

Vl~'ell>'lL~'ell>'lL~'el label V'l~1~i.11 ~r;it.J fluorescein isothiocyanate-labeled dextran-150 (FITC-DX-150, 



Sigma Co., USA) "ll'W'Wl 0.2 ml (5 mg/100 µI NSS) b;1'Vl1'1 jugular vein b~'fl~n1!1'1Vl~'flf?lb~'flf?l'LI'W~'JVl'W"l~ 
,, 

u1'rn1.rnt:-J~ V1i"lr.i1n1~ FITC-DX-150 1fa~3-11ru 30 i'j'W1~ J71'V'l"ll'fl"lVl~'elf?lb~'elf?l9~Ut1ni)~'Wbb~~Qrn.T'Wvin 

bf?ltlb'nb~'W~"lbU'W long working distance (CF Achromat) ~iln1i"l"ll'W1f?l 1 Ox bb~'JVl1 capillary 

vascularity (CV) bf?ltlb'n image software (Image Pro Plus) vi1/'W~b'u'V'l1~ capillary network ~il 
,, I 

b~'W~1~'Wtfn~1-:iil'flt1n~1 15 µm b'Vl1'W'W i-:ibb~f?l-'.lb'Wttl~ 2 bb~'JF11tl1ttltlt~b~'Wt:-J~ 

% capillary vascularity (CV)= 

14-Day group 

CF14D (n=5) 

DMF14D (n=3) 

DMFA14D (n=3) 

Area of capillaries x 100 

Total area of frame 

-" ~-·--·------L~,~Co1a~i~l~~-~,19m9 ·~11a09;0 " 
-- M!itVil .«5.&522 4llm:J '3712.28 11"2.17 

Rarge 31$,3043' -450 4361295· 11231137 
" ~ l1HD4 3:81522 13Ql:i::, 37l2.6'2 

Sld.DN 101.00&4 141.9038 ---- ,.., .... 
5~ 3141.JOf .n:31.52:2 37325.42 

0 10 10 

%CV 

43.67±3.50 

31.19±4.76 

40.14±1.89 



A I ... d' 
'6'l'a1J bb~~'J bl"l'a1~'VI l?-J~ • 

v1f-:iLnUJLLl!-J~ 14 'J'W ntja.Jm~LU1W.l1'W~L~fo Aloe (DMFA14D) 'ilffl11n11Vl1\:J'1J'fl,:jUl!-J~ (% 

wound closure) LL~~ angiogenesis il LL'W'J tifai~-:in~1ntja.JVl¾)LU1Vl'J1'W~La.JL~fun11fm~n (DMF14D) 

n1<ac;\'1 b il'l.!~1'l.!i. 'l.!"i!'J~l?l'el 1 tld1V1i\itl~'U'LI'a~:1-J1n1 2557 

,, 
sodium pentobarbital 45 mg/kg body weight vi1-:i-rl'fl-:ivi'fl-:i 'Yl1n11 swab ~'JtJ alcohol LL~~[?]UJ'.n'l..l~'JWW-:i 

,, 
u1 L 'J ru~1'W;1-:i'Vl-:i;1\:J LL~~~ 1'W'll'J1'°l1 n LL U'JVlf-:i'll'fl-:iVl¾)Vl Ul ~'fl-:i LL~~'\111 b ~ Ln UIU 1 Ul Ul!-J~"JjU,UJ full-thickness 

I ..J~ .,., ~I ., 
1. n~a.Jf'l')U~a.JVl bUlm fibrin gel LLJ'WL'J~1 7 ')'l.,l 

2. ntja.Jr-i'JU~a.J~L~fo fibrin gel LL~~t~fu Aloe vera b'W'll'l..l1Ul 400 mg/kg body weight 'J'W~~ 1 
,, 

r-if-:i LU'WL'J~1 7 'JU LL~~ 14 ')'W 

3. ntja.J LU1Vl'J1'W~L~fo fibrin gel LU'WL'J~1 7 iu LL~~ 14 iu (L~3-J~1'W'J'W) 

4. ntjmu1vi,;i1u~t~fo fibrin gel LL~~t~fo Aloe vera LU'W,L'J~1 7 LL~~ 14 i'W (L~3-J~1'W'JU) 

5. ntjmu1V1'J1'W~L~fo fibrin gel LL~~t~fu EPCs ma.J1ru 1x106 cells ~u1L,;iru wound bed 

LU'Wb'J~1 7 LL~~ 14 ')'W 

Lci'flr-im 7 LL~~ 14 i'W v1f-:ilol1n'Yl1 wound model ~-:iLnu;m.i~'hm1~tfa~~'flLU 

(1,1,;iv1i:i1 tr-iNmf1r.ru) 

"' ........... ,./ .. ,, .. , .... ,',,, .. , .. , .... ./ .. "' "'""'""'' 
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82401/2556 23/05/2556 Glucostrip and syringe 

96037/2556 01/07/2556 Normal saline and tegaderm 

65546/655491 09/07/2556 Fibrin gel 

125/2557 · 14/10/2556 Nude mice 

126/2557 14/10/2556 Nude mice 

127/2557 14/10/2556 Nude mice 
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24,000.00 

1,700.00 

350.00 

8,418.00 

9,300.00 
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1u~1r1n.Jfo~u 

7 128/2557 14/10/2556 Nude mice 5,100.00 

8 129/2557 14/10/2556 Nude mice 3,000.00 

9 130/2557 14/10/2556 Nude mice 1,200.00 

10 3181/2557 09/10/2556 Glucostrip and syringe 1,400.00 

11 033/1631 16/10/2556 Insulin syringe 1,337.50 

12 561110 24/10/2556 FITC 15,408.00 

13 69230/6922969 28/10/2556 Fibrin gel 8,861.00 

14 933/46617 30/10/2556 Streptozotocin 4,280.00 

15 933/46622 14/11/2556 Streptozotocin 4,280.00 

16 1051/2557 08/01/2557 Nude mice 6,300.00 

17 46431/2557 06/02/2557 Glucostrip and syringe 1,400.00 

18 1458/2557 24/02/2557 Nude mice 6,300.00 

19 1459/2557 24/02/2557 Nude mice 6,300.00 

20 1460/2557 24/02/2557 Nude mice 6,300.00 

21 1461/2557 24/02/2557 Nude mice 6,300.00 

22 1462/2557 24/02/2557 Nude mice 6,300.00 
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