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~'fI~'J'VIu11~~~n1~ 

'VIU'J!I~1'lJ 

[/] 1~~1LUU\l1UI1l1~Lle.JU\l1U~1~'J1\111'Vlmh~m~, 

[] 1~ ltl~tJUlltl~\lllt.JU\l1U~1~'J1\111~\ld~'il 

t~fl LU1~,)1U (Dia betes mell itus) LiJU~~\llUldflfl'J1~n~t1n~"lJ'il\l~~UU l~'Vl1U'fl~~~~\I~m~ 

~1lUUldfl ~'flf\lll~~i:hr~n mn~~:tU"lJ'fl\lt ~fl'fl~1\1~'J ~ l~,) 1u~u')tJ~ LiJUt~f1 LU1~,)1U'"l~'V'lU~ 1~Jl1,)~~~~U
" 

J1~1~lul~'il ~~\I (hyperg Iycemia) e.J~'"l1 nm~~~~~UJ1m~lul~'El ~~\I ~'ilf\l ~\I e.J~1~ lfl ~Jl1,)~ll'Vldn~'flu 
lu'Elrj'tJ,)~~1\11 t~tJl'U'V'l1~'flti1\1~\I~~~'il~l~'il~ ~U'JtJlU1~'J1U'"l~nm~1~~l~tJU"lJ'fl\ll~'fl~~~~\llti'fl\l"l1n 

~~~lJJ1m~lw~'fl~~~\I~\le.J~1~ln~m~~tl.Jl~tJ~i),1~"lJ'El\l endothelial cells ~t.J,x\l~~'fl~l~'flVl (endothelial 
iJ if I '11 I '11 

cell dysfunction) ~,)~'Vl\lnm~~~~\I"lJ'fl\lm~~'f1\1~~'fl ~ l~'fl ~1~~ vnlih~'flVl1t1l~tI\lVi lU'EllU'Elu1l'J ru,xu 
I 'iI I 'II 

~~~\I ~U'JtJLn~Jl1,)~"lJ1~ l~'El~ (ischemia) LL~~l~tJ\I~'fl m~~~l~'fll~~~U ~\le.J~~'flm~U'Jumd~1tJ"lJ'El'lLLe.J~ 
, , 

(wound healing) (Loomans et aI., 2004; Sivan-Loukianova et aI., 2003) Jl1'J~LL'Vlm~'ElU'flti1\1WW\lVi'V'lU 

1~~1nlu~u'JtlLlJ1~,)1U~'flmnnVllJ1~llt.J~~ lVl1~1'fllJ1ml..l lower limb t~tltld~~1ru 15% "ll'fl\l~U'JtI 
, " , 

llJ1~,)1Uvr'Jt~mnVlJl1'J~ foot ulcerations ll~~JJn'"l~n~1tJdJUlle.J~ ~'flf\lluVl~~ (Chew and Leslie, 2006) , 

endothelial progenitor cells (EPCs) ~\I~lJ'VllJ1'Vl~1~n.llum~~'f1\1ll"lJU\I~~'El~l~'El~1~~ (angiogenesis) 
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r.nnntJ"ll'W~U~l ~U'JmUl~'Jl'Wi"l"llU~~ 1 ll~:; 2 '"l:;ilml-JlnJLL~:;th:;~'Vlfi1l1~1'Wm'j'~1"l1'W'll'fl"l EPCs ~ 
~~~"lln'em.rftJulVltJunu~'Wtln~ LL~:;illl-JlnJ'll'fl"l EPCs ~~V1~'1il~'Jll-J~l-J~'Wfil.'W'Vll'1(?lNn'W~lwlu'j':;~U 

'll'El"l hemoglobin A 1 c (HbA 1 c) (Loomans et aI., 2004; Tepper et aI., 2002) ilntJ"ll'W~u~l~U'JtJ 

lUl~'Jl'W"llU~~ 2 ~il m 'j'~'JU ~l-J'j':;~lJ~ll?ll ~1'Wl~'fl ~1~~'"l:;ilml-Jl rw LL~:;tl'j':;~'Vlfi1l1~ l'Wn 1'j'~1"l1'W'll'fl"l 
I I iI I I iI• 

, 

EPCs V1L'wl-J~'Wd~'flLmtJulVltJunun~l-JVlfl'Jufll-J'j':;~utll(?l1~1~hj~ (Churdchomjan et aI., 201 0) ll~~'11-tl 

l~'W~l EPCs 1'W~u'JtJ lUl~'J l'W~'1il fl'Jll-J ~ ~tl n ~'fll'"l~'1 e.J~ 11l'fl m'J'lnV11l1'J::: LL'Vlm~'fl'W'll'fl"l~~'fl~ l~'fl ~ ll~:; 

m'j'~ltJ'll'El'lUl~LLe.J~ l'Wu 2003 Sivan-Loukianova lL~:::f1nJ:;~u~lm'j'~~ CD34+ cells ~"lVhWW1~dJ'W 

endothelial cell progenitors l'Wlle.J~'ll'fl'l~~~ ~n l~titJ'Jtll1-tl dJ'WllJl~'Jl'W ~'1 e.J~~11-tlilm'j'~~1'1~~'fl~ L~'fl~ 
I ~ iI ~ 

1mJ l~l-J~'WLL~:;m'j'~ltJ'll'fl"l LLe.J~ L~'J~'W !?l'lu'Wm'j'rmj'l~'JtJ EPCs ~"liltl 'j':;LtJ"lll1l1l'elnl'j'~ltJ'lJ'fl"l LLe.J~ 

, 

m'j' degrade extracellular matrix (ECM) LL~::: proteolytic enzymes VlkWl'W1A'fl matrix 

metalloproteinases (MMPs) (Sottile, 2004) MMPs 'fl~1'W family 'll'tl"l zinc dependent enzymes ~'1 

~1l-J1Hl degrade 1~'Vln~'J'Wtl'j':::n'flu'll'fl'l ECM (Ravanti and Kahari , 2000; Armstrong and Jude, 2002; 

Lobmann et al ., 2005) il~~n~l'Wm'j'~n1il~U~l MMPs 1~LLri MMP-2 ll~::: MMP-9 ilU'VlUl'Vl~1~qj1'W 

m'j'fl'Jufll-Jm'j'~~1"l~~'fl~l~'tl(711mJ'll'fl"l EPCs 1'W in vitro model ~u~lm'j'l-tl statin r'Jl-JrlU SDF-1 LLri .. • 

I I " • 

LL~::: MMP-9 ~'1~U~l MMP-2 Ll~::: MMP-9 l~l-J~'W 3.5 LL~::: 6.5 Lvll(?lll-J~l!?lud:j'fllmtJulVltJunUn~l-J• 
mU'"!l-J LL~:; EPC tube formation L~l-J~'Wln'flU 50% (Shao et aI. , 2008) 

~l'W~l"l'"l'j':;l~ (Aloe vera) dJ'W~l-J'W1~'j'~tllwIH1'Wm'j'rn1irlhfllUl~'Jl'W Lti'fl'l'"llnil~'j"j'~flnJ1'W, , 
~ ~ 

m'j'~~'j':::!?lutllm~l'WL~'fl (?l (Hamman, 2008) 'W'fl n'"ll ntH~m'j'tll ~1'W~1'19'j':::l~l-Jl1~1'Wm'j'rn1ilUl(?l LLe.J~ 
~ " 

r;l'lll~~lJtJLun nJ Lu''fl'l'"ll n~'J'WVI dJ'W~'W1~1'W~ 1'W~1'19'j'::: l~il ~'j''j'~ fI nJ1'Wm 'j'rn1ilUl ~ LLe.J~ il m'j'~ n1iln'l, . 
e.J~'ll'fl"l~1'W~1'19'j':;L~!?l'fl m'j'~ltJ'll'fl"l LLe.J~i'l1'Wfl'WlL~:;1'W~[?l1'Vl~~'fl'l l'Wu 1998 Chithra LL~:;f1nJ::: 1~~n1il 

, , ~ 

e.J~'ll'fl"lm'j'l-tl~l'W~l'l'"l'j':::L~l'W~'WVldJ'Wlul~'Jl'WVlillle.J~llUU full-thickness excision/incision wounds vl"l.. 

~ 

'll'fl'l epithelialization ~~~'1 ~'le.J~vh1-tlue.J~~lm~'J~'W 

m'j'~n1j'1~U~lml-JlnJLL~:::tl'j':::~'Vlfi1l1~1'Wm'j'~1~ih~~~1'l~~'fl(?lL~'fl~1~aJ'll'fl"l EPCs ~(?l~'l1'W 

~U'JtJ LU1~'Jl'Wi'l~'fl'l"llU~ LL~:::m'j'~~ml-Jl nJ~J'fl'l EPCs 6'lilfl,)1l-J~l-J~'WfI.'W'Vll'1I1lN rl'W'iill-JrlU'j':;~U'lJ'fl"l 
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" 	 ,,>­

~'JU ~~~~rA'u~~llw11.'l1 'W ~~tl ~Il~~ '"l1 n d1tJ\l1'W~U~1~1'WVl1\1'"l~~ ~~~1~1 ~(ll.'l !?I~::::rA'u ~1 l?ll1.'lL'WL~tl !?Il~ rA'\li!'W, 
" ~1'WVl1'l'"l~::::L~!l1'"lil e.Jl.'ll?ltl circulating EPCs 'Wtln'"ll nm'W~1'WVl1'l'"l~::::L~~\lil zinc dj'W~,)'W1.h::::ntlu 

" , >­

(Shelton, 1991; Yamaguchi et al., 1993) MMPs vl\l MMP-2 LLI.'l~ MMP-9 ~\lilUVlU1V1~1~C1JL'Wi'Wl?l'el'W 

m~~~l\1V1l.'ltl!?lb~'el!?llV1lJ~'el'l EPCs ~'el\l!l1f'1tJ zinc L'Wmn11\11'W rA'\lJ'W~1'WVl1\1'"l~::::b~tl1'"l~\lb~1~m~Vl1tJ 
'IJtl\l Ue.J1.'l b!?ltJlt1 ~~~ m~~~l\1V1l.'ltl!?l ~~'el!?llV1lJb!?ltJ EPCs ~1'WVl1\1n~ln~'el'l MMP activity ~'tl2;l1.'l'"l1 n\ll'Wfj4'tJ 

~1\1 ~'W~1~1 nH'lrtll~~1~1'WVl1\1'"l~~L~-rl'JtJ~\I L~1~mrVl1tJ'IJ'el\l LLe.J~ LLI?l~'lllJilVl~n31'Wm ~~mt1L!?IL'W 

\l1'Wfj4'tJ~U\lU'elnn\le.J~'lJ'el\l~1'WVl1\1'"l~::::L~~ili?l'elm~Ln!?lVll.'ltl(?H~'el!?llV1lJ UI.'l~ circulating EPCs (vf\llfdmru 

bL~::::ur::::~Vlfi[l1~L'Wmn11\11'W) ~')~n\l nl.'lln m ~vl1\11'W~-rl'J tJ ~i!u~'W'Wm ~vl1V1ib~ ~~l\1V1l.'ltl!?l ~~tl!?lLVllJ 'lJtl \I, 

EPCs L!?ItJ ~1'W MM P activity (MM P-2 ~~I.'l~ M M P-9) ~ ru~~~9tJ9\1~'WL'"l~'"l~~ n1!t11'W~tl\lrA'\ln~1'J \l1'Wfj4'tJ 

" " ,
~f\luil'"l !?IJJ\lVlmtJVi'"l~~ n1j-1 nl.'lln m ~vl1\11'W'lJ'el\l~1'WVl1\1'"l~~ ~m'WmrLn !?IVlI.'l'el!?l L~'el !?I LVIJJ ~LI.'l~m~Vl1tJ~tl\l. , 

circulating EPCs ~'J~n\lnl.'lln~'1l'JtJ~\I~~1~m~~~1\1V1~tl!?lL~'el!?lLVlJJ'IJ'el\l EPCs ~1'W MMP activity (MMP­

2 UI.'l~ MMP-9) 

LllitJ1JLVitJunun~~~l~ exogenous EPCs 

• 	 ~m~l e.J1.'l'IJ'el\ln1rn'W~1'WVl1'l'"lr~L~19i'ilm~l ruUI.'l::::t1r~~Vlfi[11~L'Wm~Vi1\11'W'lJ'il\l ci rcu la ti ng EPCs 

l'WVI'W~ dJ'WLU 1V1'J1'W 
'IJ 

• 	 ~mj-1nl.'lln~'1l'JtJ~\ll~1~mrvl1V1iJ.1~~~1\1V1l.'ltl!?l~~tl!?llV1JJ'IJ'il\l EPCs ~1'W MMP activity (MMP-2 

U'tl~ MMP-9) VI~\I'"llnL~~1'WVl1'l'"lr~L~ 

tUJ~~~1'l.1 w~::ni'el'UI.I.'l.I'JFl'J1~AfI"lJ'eI~tFli~n1i~~!1 
• dol 

, 	 " " 
~thtJVi dj 'Whfl ~U1V1'J1'W'"l::::il~~rA'U~11?l1 'tll'WL~tl !?I~\I tn (?l11.'l'"l~ltJVi1tJBmtJ14'unuLtI~~'Wl'W 

extracellular matrix U'tl:::: plasma Vi1L~Ln!?lmr~~1'l~1~~')n advanced glycation end products 

(AGEs) ~\I~lJ'l!il!?ld'vl11ihn!?ln1'J:::: oxidative stress ~\I"'l::::ltJm::::~'WmJvl1\11'W'lJ'el\l NFKB Vi11~Ln!?l, 

vasoconstriction LLI.'l::::Ln!?ln1JbL~!?I\I'el'eln'IJ'il\l adhesion molecule LL~:::: procoagulant LL'tl::::~\lhJm::::~'Wmr• 
I 	 • i.> 'iI r I 

~~l\1~1r cytokine ~\lvl11~ endothelial permeability L'W~~'W 'Wtln'"llnumJVl AGEs bn!?lmr~::::~~tltJVl 
'IJ 

basement membrane Vi11~bn!?ln1rVl'W1[;]'J'IJ'il'l basement membrane vf\lVl~!?Id'~\lI:,JI.'lL~bn!?lmr~ruL~tJ
'IJ ~ 
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i,.t • .d I II I 'V I '" 

VI'W1Vl"llt)-.l endothel ial cells vh.J'W-.lVl~t)!?l b~t)!?l Vl11ih~t)!?ll1J b~t1-.lVl bUt) but)u1'b'J ru'W'W~!?l~-.l ~lhmn!?l!lI,):; 

"1Il!?lb~t)!?l ~,)~.,J'i-lb~tJ-.lI?lt)n1 ~~!?lb:[t)b~l-J~'W ~-.l(:..J~l~nl~'VIltJ"llt)-lbb(:..J~~!?l~'1 (Chew and Leslie, 2006; 

" " 
Goldin et aI., 2006; Jakus et aI., 2001) 'Wt)n91 n\1n'ldi:J~:::;I?1UUl m~1'Wb~t)!?l~-.l~'1(:..Jrl1~ml-J1 ruLb~:::; 

th:::;~Vlfi!ll~l'Wn1~Vll-ll'W"llt)'1 EPCs ~!?l~'1 \Illl~i:Jn1~~~I'1V1~t)!?lb~'ll!?llV1~~!?l~'1 ~'1(:..J~l~n1~Vllmt)-.l LL(:..J~ 
• " " " ~!?l~-.l ~1V1fUn1j'1~~l-J'W1~1~I'WVI1-.l9~:::;b~'W'W i:J~t)~~'il~lm~nrl!?l~:::;I?1UU1~n~1'Wb~t)!?l1~ 1?1-.l'W'W9'1dJ'WhJ1~ 

q 

I .'11 'iJ 

~1~I'WVll-.l9~:::; b~'il19i:J (:..J~1i1 ci rculating E PCs bYll-J~'W(vT-.lml-J1 rubL~:;lh:;~Vlfi!ll~l'Wn1 j'Vll-.ll'W) ~-.l (:..J~1~ 
, " " 

n11~~1-.l'VI~t)!?l b~'il!?ll'V1~ bYll-J~'Wu~:::;-rl,)tJlil bbt:JrlVll tJ1~ ~~'W 

" t~fl bU lV1,) 1'WVl l 1il Ln!?l!lI'1:::;Ul(;11~1'Wb~'il !?l~'1 bU'Wb'1 ~1'Wl'W 
, , " 

t~flLU1V1,)I'WVl'ilim:::;I?lI-.l1 b-rl'W (;II 1(;1 ~')19 ~:::;1JU1h:::;~IVl bb~:::;~:::;UUVI~t)!?lb~t)!?l but)'l91n!lI,):::;ul(~n~1'W 
" " ,

b~t)!?l~-.l~t)f-.lvl11ihn!?ln1~~~I'1~I~')n AGEs ~1~1!U!?l\1Vll1ilLn!?l!lI'1:; oxidative stress ~-.l9:::;1tlm:::;~'W 
~ . 

n1~Vll'11'W"1It)'1~lm~l-J pro-inflammatory transcriptional factor ~t) NFKB Vll1i1bn!?l (1) vasoconstriction 
, 

(2) bYll-Jn1~LL~!?l-.lt)t)n"llt)-.l adhesion molecule 1?l1'11 b-rl'W intercellular adhesion molecule-1 (ICAM-1), 

vascular cell adhesion molecule-1 (VCAM-1) Vll1~bn!?ln1nn1:::;~!?l'llt)'lLij!?lb~t)!?l"lJ1,) ~'1t:J~Vll1~bn!?ln1~ 

'f)m~U~VI~t)!?lb~t)~ bL~:::;L~l-Jn1nb~!?l-.lt)t)n·nt)-.l procoagulant (3) m:::;~'Wn1~~~I'1~I~ cytokine ~'1Vll1~ 
I j,I iI I I 

endothelial permeability LYll-J~'W 'Wt)n91n\1n1~Vl AGEs 1tl~:::;~l-Jt)~Vl basement membrane Vll1ilbn!?l 

" " 
n11'V1'WllPl,)"ll'il-.l basement membrane 'Vl-.lVll-J~\1~-.lt:J~lilLn~ endothelial cell dysfunction Vll1ili:Jb~t)!?l1tl 

iJ I 'V I 

"" ""...... do 1"L~tJ'IVlL'Wt)btJt)~!?l~-.l 'bi'lt:J~ Vlnl'i''VIltJ"1It)'1bb&.J~~!?l~'l (Chew and Leslie , 2006; Goldin et aI., 2006; Jakus 

et aI., 2001) ~thmU1V1'11'WlJmn!?l bbt:J~t!?lm'U~I:::;~ LVllV11t)u1'b'J ru lower limb LL~:::;dJ'Wut:J~~VlltJm n 
, , " 

tl~:::;l-Jlru 15% "llt)'1 ~thmU1V1,)I'Wi:J foot ulcerations U~:::;fl,)ll-J L~t1'11'Wn1~QnlPl~t)t) mYll-J~'W 15 bvh1'W 

~thmUl'V1'11'W i:JU99tJ'VI~ltJ!1tJl-.l~VlI1iln1~VlltJ"llt)-.lbbt:J~1~~ b-rl'W n1n~l-Jn1~Vli-.l·nt)-.l cytokine ~-.lYh1il 

bn!?ln1~'f)m~UbL~:::;n1~~~I'lVl~t)!?lb~!1!?llV1~Ut)tJ~'1 (Wu et aI., 2007) 

~(ftln~1 endothelial progenitor cells (EPCs) ~-.li:JVlUl~~IAtlJl'Wn1~~~I'1V1~!1!?lb~t)!?llV1~bti'il-.l91n EPCs 

~1l-Jl~n differentiate 1tldJ'W endothelial cells 1~ EPCs dJ'Wb'll~;~~~I-.ll-J191nbm:;!?ln EPCs ~1l-Jl~n ... 

LLtlnl~'"lln1"lln~:;~n peripheral blood bb~:; umbilical cord blood ~U~1 EPCs 9:::;a:ln1nb~!?l-.lt)!1n'llt)'1 
" surface markers "ll!1-.lvl-.l hematopoietic stem cells b-rl'W CD34, CD133 (AC133 Vl1t) prominin), CD45 

Lb~:; endothelial cells L-rl'W vascular endothelial growth factor receptor-2 (VEGFR-2 or KDR), platelet­

http:t~flLU1V1,)I'WVl'ilim:::;I?lI-.l1
http:1~I'WVll-.l9
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endothelial cells adhesion molecule-1 (PECAM-1 'Vf~''fl CD31), vascular endothelial-cadherin, von 

Willebrand Factor, c-kit, Tie-2 LL~:: VEGFR-1 1'W11'J::,Jn~~::""J'lJ'fl'l circulating EPCs 9::i:J'fl~1'Wtfhnru 

• 


~~1 (lh::~nru 0.01 % 'lJ'fl'lL"l!~~1'Wm::LL~L~'flt')) bbl?h~'flbn!?lm~UI!?lb9U~'W~::"'U'lJ'fl'l circulating EPCs 9:: 
'V 'I I 1 'iI 1 

~'1~'W LU'fl'l"!lnm~Qm~ntJ"n1191n growth factor bL~:: cytokine Vl~~,nnn~'W91nu1L(H1..I'VlUI!?lL9U L'll'W 

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

(VEGF) ~'1~~m::IJ1'Wm~l11'11'W"lJ'fl'l matrix metalloproteinase-9 (MMP-9) ~U1L'Jru membrane-bound• 
stem cell l11Hhnt')m~ migration 'lJ'fl'l EPCs ll~::i:JmdLbU'l!?l'Jb~J-.l91'W'J'W,..nU'lm::LL'I.'H~'fl!?l 'W'flnr.'l1nrl'm~ 
migration 'lJ'fl'l EPCs U'lLn!?l91nm~~~I'1 nitric oxide (NO) ~U1L'Jru stromal cells EPCs l'Wn~::m'1L~'fl(;l 

9::Ln!?lm~ homing ~'fl mn~'W'Vl1'1'lJ'fl'lL'l!~~1UU'lu1L'Jru~Ln!?lm~UI(;ll9U t!?ltJmm~::~'W'lJ'fl'l angiogenic 

growth factors L'll'W VEGF LL~:: differentiation LiJ'W vascular endothelial cells ~U1l'Jru~UIt')l9U (Urbich 

and Dimmeler, 2004; Fadini et aI. , 2005; Zammaretti and Zisch, 2005) i:Jm~,)9tJ'\"Iu (hd~m'h EPCs 1'W 

" " m::ll\;'ll~'fl!?l'lJ'fl'l~thmUIWJI'W'1!U!?lVl1 LL~::'1!U!?lVl2 J-.ll'VhmdL'\"Il::l~tJ'I 91'W'J'W'lJ'fl'l EPCs ~!?l~'1 44% Ll~:: 

48% mJ-.l~I"'Ul~'flLtfhJUlVltJunUfl'WUn~ LL~::91'W'J'W'lJ'fl'l EPCs 1'Wm::LL\;'lL~'fl!?l"lJ'fl'l~thtJhflLUI~'J1'W9:: 
" ,

LLU~~n~'WnU~::"'ULU'flfLiD'Wl1lfl'JIJ-.1~'W1 LLtl'W'lJ'fl'lUI11l1~l'WLij!?lL~'fl!?l LL!?l'l~1'flVl ~tJn~1 hemoglobin A 1 c 

" " 
(HbA1c) (Loomans et aI., 2004; Tepper et aI., 2002) 'W'fln91nnU'l'\"lU~I~thmUI~'J1'\,,1'~1'1\;'l'fl'l'1!U!?l9::i:J 

u~::~~finl~1'Wnl~l11'11'W"lJ'fl'l EPCs ~!?l~'1~'JtJ EPCs ~1~91n~U'JtJLUI~'JI'W'1!U!?l~ 1 i:Ju~::~~finl'\"1l'W 
'IJ 

m~~'1L~1J-.1 endothelial tube formation ~t')~'1'flth'li:hrtJ~I~b1Jl~mmtJLlbVlmJnUfl'Wun~ (in vitro 

angiogenesis assay) (Loomans et aI., 2004) ~'J'W EPCs ~1~91n~U'JmUI~'JI'W'1!U!?l~ 2 '\"IU~Ii:Jm~~!?l 

adherence to human umbilical vein endothelial cells (HUVEC) ~~n activate ~'JtJ tumor necrosis 

factor-a (TNF-a) (Tepper et al., 2002) ~U'JmUI~'JI'W'1!U!?l~ 2 ~i:Jm~fl'Ju~J-.I~::~U1ill?l1~1'Wb~'fl!?l1~~9:: 
I I " , I 11 

i:JmJ-.llruLL~::U~::~~finl'\"1l'Wm~l11'11'W'lJ'fl'l EPCs Vll~J-.I~'Wd~'fl LmtJU LVltJ1J nunriJ-.lVlfl'JUflJ-.l~::~UUII?l1~ 
q q 

l~hl~ (Churdchomjan et al., 201 0) LL~!?l'llih~'W~lm~~!?l~'1'lJ'fl'lm~lruLL~::u~::~~finl'\"1l'Wnl~l11'11'W 

'lJ'fl'l EPCs 1'W~U'JtJLUI~'JI'Wm9~'1~~lil'flmnnt')nl'J::LL~mejj'fl'W"lJ'fl'l~~'fl!?lL~'fl!?lLL~::nl~~ItJ"lJ'fl'lUI(;lLL~~ 
" ~'1'l!''Wm~1~mj'¥m~1 ~'J tJ EPCs ~'1tlI9::i:JUj'::ttJ'1!ulil'fl m~~ltJ'lJ'fl'l LL~~ ~~91 n'lI'W,)9tJ91'W'J'W~ln'\"lU~1 

m~¥n~t!?ltJmj'l~ EPCs -rl'JtJ~'1L~1J-.1mj'\;'l~I'1~~'flt') L~'fl!?ll~~ LL~::m~~ltJ"lJ'fl'l LLtJ~ "''1l'W'II'W~9tJ''lJ'fl'l 

Sivan-Loukianova ll~::flru:: (2003) ~'1~m~ltJ~'lJ'fl'l human CD34+ peripheral blood mononuclear 

cells (PBMCs) ~'1vhm'.b~dJ'W endothelial cell progenitors t!?ltJ~fim~~t')~Hi wound bed 'lJ'fl'llLtJftLLUU 

full-thickness skin wounds 1'W~~ nude mice ~\lm~tim'l11l~dj'WlUIV1,)I'W~'JtJ\;'ll~ streptozotocin 
, " 

'\"IU~I'lJ'WIt')"lJ'fl'l LltJ~~!?l'1'l'l i:Jm~\;'l~I'1~~'fl(;lL~'fl!?ll~~LL~:: re-epithelialization L~J-.I~'W m~~(;l~'fl'll'WUI!?l LL~~ 
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, 

mice 
.. =l 

'Vl~'lJ1~Hbe-JfHb'IJ'IJ full-

thickness excisional wound (L~'W&,h~'W~mn-1 0.5 cm) ~'IJ~1~~~UWU EPCs (91n human umbilical 

cord blood) i'll~tJ~fi implant inside the wound LL~~ intradermal injection 9~i:Jn1~~~1-.l~~'el~L~'fl~1~lJ 
I iJ I I 

b~~~'Wdj'fl bmtJ'IJ LVltJ'IJ fl'IJ nfiuVi1J.J1~f1J EPCs (Kim et aI., 2009) n1~~n1!t1'1.1'fl'l Kung LL~~f'HU~ (2008) , 

~'IJ~1Wl~ mice ~n'IJ1~Lbe-J~bb'IJ'IJ full-thickness excisional wound (1 cm 
2

) ~1~f'IJ human skin substitute 

seeded with EPCs (human C034+ P8MCs) nn1~~'f1'1~~'el~l~'el~h.,lJ~1nn~1n~~~1~fu human skin 

substitute lYimmh'l L~m 

nd~'IJ'l'Wn1~~'f1'1~~'el~l~'fl~1".,lJnfl'l1~~1~n.Wi'eln1~wltJ'1.I'el-.lLLt.J~ n1~ invade '1.I'fl'll'll~~lU'W 

i'Wtn'fl'W~~1~fk!~~~~1'1n1~~~1\l~~'fl~l~'fl~1~lJ~'1~'fl'l'fl1~tJ proteases (proteolytic enzymes) 1'Wn1~ 

degrade extracellular matrix (ECM) n1~ degrade ECM L~tJ proteases lU'Wn1~9~Ltn1tJ~~'Hl'l~~'el~ 
, , 0­

l~'el1ih'll~~\n~ sprout ll~:: invade 1tJl:J'I'lJ1mu~'fl'IJ1 l~'el1~~1m~f.l~~1'1~~'fl~l~'fl~1~lJ1~ i'W~'el'W'lJ'el'l 

n1~ invade i:Jfl'l1~~~vr'WM,)wl'Wf11J proteases ~l~~6lf'W EPCs i:Jfl'l1~~11.J1~f.l1'Wn1~ differentiate 

n~1mu'W mature endothelial cells ll~~1'W~~~9::vrl?J..J'W1lU'W~~'el~l~'el~ e-J~91n'l 1 'W~9tJ~'IJ~1 proteases 

Vh~~1~~1~fk!1'Wn1~fl'l'IJ'1~n1~~'f1'l""~'el~b~'el~1~lJ'lJ'el'l EPCs ll~:: proteases ~~1~fk!il~'el matrix 

metalloproteinases (MMPs) (Sottile, 2004) 

MMPs 'fl~1'W family '1.I'el'l zinc dependent enzymes ~'1~1~1m degrade 1~'V1mh'WtJ~::n'fl'IJ'lJ'fl'l 
ECM (Ravanti and Kahari, 2000; Armstrong and Jude, 2002; Lobmann et aI., 2005) MMPs mJ'I 

'el'elmu'Wn~~ti'fltJ 1~LLri collagenases, gelatinases, stromelysins ll~:: membrane-type MM Ps (MT­

MMPs) (Woessner, 1994; Kahari and Saarialho-Kere, 1997; Ravanti and Kahari, 2000) 1'W~'l~U-.l 
0­

MMPs e-J~tn~'WlVlm'l!~~~~1tJ'lltlVll'll'W fibroblasts, keratinocytes, macrophages, endothelial cells, mast 

cells, eosinophils lb~~ neutrophil (Kahari and Saarialho-Kere, 1997; Armstrong and Jude, 2002) i:J 

ntJ-.l1'W41'W'l'W~1n~'IJ~1 n1~~~1-.l~~'elVll~'el1111~lJ'1.I'el'l EPCs ~'fl'l'fl1~tJ activity '1.I'el-.l MMP-2 (gelatinase­

A) ll~:: MMP-9 (gelatinase-8) 1'Wu 2010 Wu ll~::flru::~'IJ~1 MMP-2 'll'lm~~ VEGF-stimulated 
0­

differentiation 'lJ'el'l EPCs 1tJLU'W capillary-like tube structures n1~I:J'lJI:J'I MMP-2 lVltJ MMP-2 Inhibitor I 

l111~n1~~'f1'l tube structures ~Vl~'1 (Wu et aI., 2010) 1'W in vitro model 'lJ'fl'l b'IJ1~'l1'W~'IJ~1 

hyperglycemia ~'1e-Jf'l1~nn1~f'l111~'l'1.l'el'l MMP-9 activity ~'1~~vr'Wfifl'IJn1~f'lVlfl'l1~~1~1~n'1.l'el'l EPCs 1'W 

n1~ invade LLf'l:: incorporate L1J'W tube-like structures fl'l1~~1~1~n'1.l'el-.l EPCs ~ bitJ'l1'W high glucose 

medium (12 mM O-glucose) ~b'Wn1~ invade ECM gel LLf'l:: incorporate LU'W tube-like structures f'lVlf'l'l 



8 


50% LnllLUhJWVltJUrlU EPCs ~LitJ'I1'w control medium nlnh~Li'ju MMP-9 activity l!?ltJ gelatin 
, ~ I I ~ 

zymography Y4U11 EPCs VlL~tJ'Ilu high glucose medium ~!?lfl'l 44% LiJllLVltJUrlUVlL~tJ'Ilu control 

medium ~'1n11JW.J~91n matrigel assay ~'1ilih~U11 MMP-9 activity i'J~'Jl~~a.J~ufl!?ltJ(1l~'1nu 
~ru~wjiilunl~ invade LL~~ incorporate "ll1l'l EPCs nI~~uJ'\l MMP-9 l!?ltll~ MMP-9 inhibitor I vhl~ 
MMP-9 activity LL~~ invasive activity ~!?l~\l (Krankel et aI., 2005) lu in vitro model Y4U11n1~1~ statin 

i'Ja.Jrlu SDF-1 uri EPCs ~litJ'I1~L&iUt(1l1u Matrigel 9~'ll'JtJ~'1l~1a.JnI~~~1\lVi~1l!?ll~1l(?11Vi3Jt(?1tJL~a.JnI~ 
I I i;' I 

LL~(?1'1lllln"llll'l MMP-2 u~~ MMP-9 ~'1Y4U11 MMP-2 LL~~ MMP-9 LY1a.J~U 3.5 LL~~ 6.5 L'Vhl?lla.J~l~ud'jll 

LmtJULVltJunun~a.J~'Ju~a.J, L(~~ EPC tube formation L~a.J~uLnllU 50% (Shao et aI., 2008) luu 2007, 

Cheng LL~~f1ru~1~vhnl~~n'l!tl1u In vivo Y4U11 capillary density LLfl~ blood flow 1u ischemic 

hindlimb "ll1l\l MMP-2 deficient mice ~(?1~\l LL~~~\lY4U11 bone marrow-derived EPC-like c-kif' cells ~ 
'" 1~mr.nn MMP-2 deficient mice ~r~L~tJw:na.J~1a.Jl~rI1unl~ proliferate Ll~~ invade ~\l'l!u MMP-2 1l19i'J 

~'Ju1111ihn(?1n1~~~1\lVi~1l(?1 L~ll (?11Vi3Jl(?1t1n1~~\lL~1a.JnI~ proliferate LL~~ invade "ll1l\l EPCs 

11UVil\l9~~L~ (Aloe vera) dJu'(;lla.Ju1'V1~~m.num~n~ Liliaceae ~Ufi"ll1l\l11UVil\l9~~l~i'Ja.Jlna.JltJ 
q '\I cu ~ 

n11 360 'llU(?1 (Klein and Penneys, 1988) i'J1u l~m ~tJ\l~llU ~u lu LlVi~a.JViUl~'JU~ L~tJ'Jn\JL'l/l1-L~m l.nll 
'" , , 

1ui'J1u1'(;1l LLVi~\lnl LU!?l~\l L~a.Jll~1u'Vl~tJ llllmnl QnulmH L~ll nI~¥n'l!tla.Jl LUUL'J~lU1U LUll\l91 ni'J 

'i;Ild~'V1 ~ ruVi~ltJlltJl\l '(;Ill d'1l1l n ~'Vl'ihu11UVil\l9~~L~9~1l~vf\l~ ~'Ju~ LUU1U1'(;1l LL~~~'JUltJ~ll n (Rajasekaran, 
, " 

2005) 11UVil\l9~~ L~QnUl~11~lunl~fn'l!tllU1Vi'J1ULUll\l91 n '(;Illa.Jl~t:l ~ (?1 ~~~UUl (1l1~1'Wl~1l (?11~ 

(Hamman, 2008) nld'~n'l!tl1'W~thtJLU1Wl1'W'llU(?1~ 2 ll~~1'WVi~~QmVi~tJ'JU11~lUULU1Vi'Jl'W'llU(?1~ 1 

LLfl~ 2 'V1U11d'~~uJl(1l1~1'WL~1l(?1~(?1~\lVift'l91n1~n'W11'WVil'19d'~L~ (Ghannam et al., 1986; Can et al., 

.::::.I" • 'V v..:::.l ..:::.... 1..t .tr::I. 11 .:::.. d '" 
2004; Rajasekaran et aI., 2005) 'Wlln91n'W'Jl'WVil\l9~~L"lltJ\la.J~'Vlfi(1l1Ull~~~llM~ m'WnI~(1l(?1L'llll 

" LLU~Vl~tJLL~~L~ml ~l'WnI~'1lm'(;llU LLfl~fn'l!tlUl(?1LL&..J~ (Habeeb et al., 2007; Hamman, 2008) 

lm\lnld'fJ9tJdLu'Wtm\lnl~(1]llLtill\l 2 tJ mj\lnl~'Vl(?1~ll\lLUU 3 ~(?1 ~'1d 
nI~'Vl!?l~ll\l~ 1: ~ n'l!tl nI~Ln (?1Vi~1l(?1L~1l(?11Vi3J LL~~nI~ViltJ"llll\l LL&..J~1'WVi~~ LU'WL1J1Vi'Jl'WVift'l91 n1~ 

n'W11UVil\l9~~L~ LmtJU LVltJU nu n~a.J~1~ exogenous EPCs, 

nI d''Vl (?1 ~1l \l~ 2: ~ n'l!t1 &..J~"ll1l\l nI ~n 'W11'WVil\l9~~L~ (1]llill~l ruLL~~tJ ~~~'Vlfi1l1Y41Unld'111\llU'lJ1l'l 

circulating EPCs 1UVi~~6U'WLU1Vi'J1U t!?ltJ 

http:nI~�n'l!tla.Jl
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'"l~:;l'lJ" 

• n1~11l~'l'"l~~Ulh:;~Vlfi1l1'W1'Wn1~.yh'lI'W'lJ~'1 circulating EPCs 1'Wn1~ form capillary-like tube 
~ , 

structures U'W Matrigel l'1'1ri~'Wll~:;VI~'1'"l1 n1-th!!'ldYl dJ'WlU1V1'lI'Wn'W~I'WVlI'19~:;l~ (Matrigel 

tubule assay) 

n1~Vl~~~'1~ 3; ~m~n n~ln~"1l'lI'J~'1l~1l-Jn1~viIV1ih~~~I'1V1~~~ l~~~1mJ'1I~'1 EPCs ~1'W M M P 

activity (MMP-2 ll~:; MMP-9) VI~'1'"l1n1~~I'WVll'19~:;l~ b~I'Jn1~11l~'l9~~U MMP activity b~1'J 

Zymographic assay 

, ~ 

~11l1Vl~~~'1Yl1:n1'Wn1~Vl~~~'1ti~~ VI'ld nude mice (BALB/c nude mice) l'Wf1~ ~liJ 7-8 ~tl~l,r 
~ 

t11V1'11mJ~:;mru 20-25 g b~mlU'l~11l1Vl~~~'1dJ'W 5 n~l-J 

(1) n~:lJfI'l'IJ ~:lJV11~~'IJ fibrin gel (control + fibrin gel) (N= 15) 1~ llriVl'ld~;ui?l Citrate buffer (40 mg/kg 

body weight) bl7l1'J;ui?lVl1'1"1l~'1Vl~'1i'W~~~¥'l~i?ll'i~n'W 5 i'W LL~:;vil wound model 91mf'W1~ fibrin gel ~ 
~ , 

U1L'lru wound bed ll~'l9'1 L~I'J'I [?l1l-Jtln~9'Wn'l1''Wvhl1l-J1vi1n1'j'~ m~n 

Vll-JlmVl~ fibrin gel dJ'Wl~n~'W vehicle '1I~'1 EPCs 

(2) n~:lJfI'l'IJ~:lJV11~~'IJ fibrin gel LL'a~ Aloe vera (control + fibrin gel + Aloe vera) (N=15) l~llriVl'ld~ 

;u~ Citrate buffer (40 mg/kg body weight) bi?lI'J;u~Vl1'1"1l~'1Vl~'li'W~:;~¥'1~~l'i~n'W 5 i'W ll~:;vil wound 

model 91mf'W1~ fibrin gel ~U1L'Jru wound bed t'Jl-Jn1J1~n'W Aloe vera 1'W'lJ'Wl~ 400 mg/kg body 

weight i'W~~ 2 ~¥'1 Vlni'W9'Wn'li'W~':;nm~n'tn
q 

(3) n~:lJ'VI'Mb'IJ1'V1'lI'WV11~~'IJ fibrin gel (OM + fibrin gel) (N=15) 1~LlriVl'ld~QnlVltil'J'lt111~dJ'W 

L1J1V1'lI'W'lli:li?l~ 1 bi?lI'Jn1~~i?l streptozotocin (40 mg/kg body weight) b~I'J;u~VlI'1"1l~'1Vl~'1i'W~~~¥'1 
~i?llii~n'W 5 i'W ll~~vi1 wound model 91mf'W1~ fibrin gel ~1J1L'lru wound bed LL~'l9'lLil'J'll?l1l-Jtln~ 

, 
.:::!itev.::::.lo 0 dl 

'"l'WtN'l'WVl'Wll-J lVll n1 5'fi m11 

(4) n~:lJ'VI'Wb'IJI'V1'lI'WV11~rtJ fibrin gel LL'a~ EPCs (OM + fibrin gel + EPCs) (N=15) b~I'Jn1~~~ 
• OJ 

" streptozotocin (40 mg/kg body weight) Vl1'1"1l~'lVl~'1i'W~~~f'l~~l'i~n'W 5 i'W LL~~vi1 wound model 

r.nmi'W1~ fibrin gel ~nL'll~~ EPCs tIhnru 1x1 0
6 

cells ~U1l'lru wound bed ll~'l9'1Lil'J'Il?l1l-Jtln~9'Wn'l 

i'W~t11mviln15'~m11 (modified from Wu et aI., 2007) 



10 


(5) mhJ\JI'Ubu1'V1'J1'Uv11~~u fibrin gel bb~:: Aloe vera (DM + fibrin gel + Aloe vera) (N=40) L(1l~Jn1~
• OJ 

" ,
Iiinn'W'Wl~ fibrin gel Viu1L'H"W wound bed t'll-Jflul~n'W Aloe vera 1'W"lJ'W1(1l 400 mg/kg body weight YJn 

~'W9'W~~~'W~U1~1~nMl 

VI'WVlnn~~9::;f1nll'lj'Hu'Wn~~tJ'elm~'elUl~1~nM1Ln'el~~U 7 LL~::;14 ~'W (N=5 l'WLL~~::;n~~)
'lI q q qJ q q 

mi'Vh wound model 

~lm~~~UVl~VI(1l~'el~~'lti sodium pentobarbital 45 mg/kg body weight Vll~"ll'fl~Vi'el~ vhm~ 
~ " 

swab ~'ltl alcohol LL~::;vl(1l'n'W~'lVl'W~u1L'l ru~l'W~h~vl~~lt1 LL~::;~1'W"lJ'l191n LL'W'lVl~~"lJ'el~VI~VI(1l~'il~ LL~::;vh 

1~Ln(1lu1~LL~~'l!U(1l full-thickness excisional wound ~'ltlm~1~m~lmvl(1l~'lVl'W~u1L'lru~1'WVI~'11~n 
~ I ~ I 

"lJ'W1(1l 0.6 x 0 .6 cm 
2 91n'W'Wl~ fibrin gel Vl1'el fibrin gel Vin EPCs [;n~m~LLt1~n~WU'il~~'W VllJ1L'lru 

wound bed LL~'ltJ(1l~'lti tegaderm Ln'elmU 7 LL~::;14 r)'W VI'lf~91nvh wound model 9~LliU~'ela,j~::jL~~1::;vf 

~~~'el1tj (Wu et aI., 2007) 

n1~~1 LU'W~l'W~l~ ~rl LU'Wn1~hJ LL~'l~'il 1~l'11 m~LVltitl'lU1V1~n~~ LU1V1'l1'W~'lti Streptozotocin 

m1~L~~~'W 45 mg/kg8W LU'WL'l~1~(1l~'fln'W 5 r)'W VI~~91nl'11n1~LVltitl'lU1V1'W1~Lu'WLU11r1'l1'WLU'WL'l~1 2 

" ,'" 
'IJ 

~tJ(1l1vf 9::;U11r1'Wl-J1l'11mj~(1l~::;C'lUU11?11~1'WL~'el(1l1r1'WViih::;C'lUU11?l1~1'WL~'el(1lmnn~1 200 mg/dL 9::;U1~1
" " , 

L~1n~~1r1~LU11r1'l1'W LL~'l~'elL'l~19'Wmu 8 ~tJ(1l1vf 9~U1l-nl'11 full thickness excisional wound LL~::;[1~ 

U'el'W treatment (Aloe vera dose 400 mg/kg8W) 

L(iltll'Wn1~~l LU'W~1'W::j~t19'W~~"lJ ru::;dl~~1 Lu'WmjltJ LL~'l 6 n~~ l~LLri• 
1. n~~~'lu~~~l~fu fibrin gel dJ'WL'l~1 7 r)'W (CF7D, n = 4) 

2. n~~Lu11r1'l1'W~lMu fibrin gel dJ'WL'l~1 7 r)'W (DM7D, n = 3) 

3. n~~LU11r1'l1'W~lMu fibrin gel LL~::; Aloe vera LiJ'WL'l~1 7 ~'W (DMAloe7D, n = 4) 

4. n~~mu~~~l~fu fibrin gel dJ'UL'lm 14 ~'W (CF14D, n = 7) 

5. n~~LU11r1'l1'W~1~fu fibrin gel LiJ'WL'l~114 ~'W (DM14D, n = 3) 

6. n~~LU11r1,)1'W~lMu fibrin gel LL~::; Aloe vera LiJ'WL'l~114 ~'W (DMAloe14D, n = 6) 

'" IV ... .. IV, "I A1 ...r 
mibnU"ll'fl3J~ bb~::'J b!Ol'i1::'VI~~~.:I lWei blJ'U 

OJ 

(1) ~m~nn1jtJ(1l"lJ'el~LL~~ (wound closure) 
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d'j'tlfldU 7 U'C1::: 14 <)'W Yhn1j',ht.JJll~ digital bb~,)-wlJ,n';hn1j'<)~Y1"'W~bb(:.J'C1~')t.J'lunmnJ Image 

Pro-Plus ~'1LL~~'11'Wzu~ 1 'l~t.J1.-Il percentage of wound closure ~'1~1'W')ru91n 

'iJ ,I 'iJ , I 

% wound closure = (Y1'WVlbhJ~'W'lJ'tl'lbb(:.J'C1 - Y1'WVl'lJ'tl'lbb(:.J'C11.-1~'1rlj'Ub,)'C11Vlnl1.-1'W~) x 100 

7-Day group % Wound closure 

CF7D (n=4) 51.30±7.07 

DM7D (n=3) 
# 

22.90±3.70 

DMAloe7D (n=4) 41.74±2.90 

~p< 0.05 compared to CF7D 

14-Day group % Wound closure 

CF14D (n=7) 69.75±2.05 

DM14D (n=3) 64.60±4.01 

. 
DMAloe14D (n=6) 77.79±0.88 

*p< 0.05 compared to DM14D 

# 
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% wound closure 


bU 

45 

#30 

15 

o 
CF70 n =J1 DM7D n =3 DMAloe7D n =-1 

ti d 1 .J°1"~E 'VI 2 LL'i'l(1FI % wound closure 'W'VI'\;}L1J1W"l1'WVlVll 'VIbn(?1 full-thickness excisional 

wound bb0l:;1~f1J oral Aloe vera b'IJ'Wb'J0l1 7 i'W (CF70 =control + fibrin gel, OM70 = 

DM -'- fibrin gel, DMAloe7D = DM + fibrin gel + Aloe vera, "p< 0.05 compared to 

CF7D) 

% wound closure 

SlO 

80 * 
70 

60 

50 

40 

30 

20 

10 

0 

CF14D n= 7 DM14Dn=3 DMAloe14D n=6 

EtI~ 3 bb'i'l(?1\l % wound closure 1W'VI'\;}L1J1'V1'J1'W~'Vl11ihn(?1 full-thickness excisional 

wound bb0l::;1~f1J oral Aloe vera bU'Wb'J0l1 14 iw (CF14D = control + fibrin gel, DM14D 

=OM + fibrin gel , DMAloe14D =OM + fibrin gel + Aloe vera, 'p< 0.05 compared to 

DM14D) 
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(2) ~n~1mno~,..m'fl~L~'fl~lvnJ (angiogenesis) 
o ~d~'flfldU 7 LL~~ 14 tJ'W tl1V1~~1[;l~,)'"l'(l'flumdLO~VI~'fl~L~'fl~1V1~t~tJ Yl1 m~'(l~UVl~Yl ~ ~'tJ'l ~')tJ 

" , 
sodium pentobarbital (SO mg/100 g Yl1'l-D'fl'lVl'fl'l) '"l1n,r'WtllV1~Yl~~'fl'lVl'(l~ULL~h)1'l1~'fl~1'Wvhw'f),w 

VI'l1mL~~'Vhm~ cannulate jugular vein L~'f)LtI'W-D'f)'lYl1'l1~'(l1dL-n1Yl1'lVl~'f)~l~'fl~~1 t~tJ'(l'f)~vl'f) 

polyethylene (PE 10, inner diameter 0.2 mm) ~n 0.9% normal saline L-n1Yl1'l jugular vein LLf.l')m~Yi1 

mdLU ~ ~'JVI,r'l~u1ml.lt~m'f)U'lJ'fl'lLLt:J~ ~'l'lJ Cl.l~Yilm~Yl~~'f)'ltJ'W'"l~Yi1m~VltJ (p)~'JtJ 0.9% normal saline 

'"l1fltJ'Wvhm~'J 1'lVl~Yl~~'fl\lU'W stage 'lJ1l\l Confocal microscope (Nikon EC1) 

VI~lI~ l~'fl~ l~'f) label 'Wm'(l~1 ~'JtJ fluorescein isothiocyanate-Iabeled dextran-1S0 (FITC-DX-1S0, 

Sigma Co., USA) 'lJ'W1~1 0.2 ml (S mg/1 00 ~I NSS) L-nlYl1'l jugular vein l~'f)~n~1V1~'fl~l~'f)~lJ'W~'JVI,r'l~ 

U1L'JCl.lLLt:J~ VI~'l'"l1fll~ FITC-DX-1S0 th~~1Cl.l 30 f)'W1Vl [)1'W'lJ'fl\lVl~'fl~L~1l(p)'"l~tl~1nDi'WLl~~Qmr'WVifl 
t(P)tJHL~'W~\lLtI'W long working distance (CF Achromat) ~nn1~\l'lJ'W1~ 10x LLf.l'JVl1 capillary 

, 

vascularity (CV) t~tJH image software (Image Pro Plus) Vl1i'W~ L'il'Vn~ capillary network Yl~ "'''' 

L~'WeJ1fd,\'W~n~1\lU'fltJfl~1 1S ~m Lvl1tJ'W ~\l LL'(l~\ll'WZtl~ 4 LLf.l'J~'h':bltltl~~Ln'Wt:Jg'l 
% capillary vascularity (CV) = Area of capillaries x 100 

Total area of frame 

'...... 1-·1--1......1- ... 1 
, r .... 
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14-Day group % CV 

CF14D (n=5) 43.67±3.50 

DMF14D (n=3) 31.19±4.76 

DMFA14D (n=3) 40.14±1 .89 

(3) 	 ~n'l!tl'Vl1'1~l'wwmfi'5'Vlm (histopathological study) 

l~'ti01j'U 7 ll'Cl::::14 rJ'W vl101j'~'ClUVI~'Vl"''Cl'ti'l~')tI sodium pentobarbital (50 mg/100 g 'Vll'1'll'ti'l 
'V 'V I 	 I 

V11l'l) LL'Cl::::vllnlnnU~'WlUtlVlU1l')rulll:-.J'Cl LL'lll'W 3% paraformaldehyde d:J'WL,)'Cl1 24 i')'l~'1lb~::::vl101j'rK",l~ 

iJfI,)I~VI'Wlth::::~lru 6 fJm b~'ti~'ti~~')tI~ hematoxylin-eosin (H&E) ~01j'LnVl re-epithelialization 'l"'tll~ 

light microscope (Wu et al., 2007) 

7-Day group Re-epithelialization rate (%) 

DM7D (n=2) 46.51±8.90 

DMAloe7D (n = 4) 68.07±13.56 

14-Day group Re-epithelialization rate (%) 

CF14D (n=1) 100.00±O.00 

DM14D (n=2) 51.33±1.80 

DMAloe14D (n=2) 100.00±O.00 
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a) DM7D 

b) DMAloe7D 
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c) CF14D 

d) DM14D 
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e) DMAloe14D 

.1"" 1 " llJ'Vl 5 LL~~'1 re-epithelialization Conn H&E stained sections 'W'VI~mp.J1J11'11 a) DM7D, 

b) DMAloe7D, c) CF14D, d) DM14D LL~::; e) DMAloe14D 

ronne.J~n1~Vl~~!l\l9::;L~~1~~1 n1~n~ Aloe vera L1J~L,)~1 7 LL~::; 14 t)~ n&.Jm~J.J'fl(;lnn1~tJ~'lJ!l'l 

LLe.J~ ~,)J.Ji\lnbb~')biJJ.JL~J.J epithelialization LL~::; angiogenesis 1~bJ.JL~m"~LU1V1'J1~~vh1ihn~U1~bb&.J~ 
'lIU~ full-thickness excisional wound 

~. n1~~1LU~\l1~1~~,)\l~!llu 

(1) ~mj-1 n1nn~VI~!l~L~!l~1V1:.l Lb~::;m~Vl1rJ'lJ!l\l LLe.J~1~VI\j~ L1J~LU1V1,)1~VI~\l91n1'M~~1~Vl1\l 

9~::;L~ LmrJU bVlrJunun~J.J~1~ exogenous EPCs , 

" sodium pentobarbital 45 mg/kg body weight 'Vl1\l~'el\lVl'el\l vl1n1~ swab ~,)rJ alcohol bL~::;I?l~oft\'!~f)Vll1\l 

" U1L')ru~1~~1\l'0'\l~1rJ LL~::;~h'W'lJ,)191 n LL'W,)VI~\l'lJ!l\lVl\jVl ~~!l\l LL~::;vl11~ Ln~U1~ LLe..J~'lIU~ full-thickness 

excisional wound ~')tJm~1~m~lml?l~~r.lVll1\lu1L')ru~1~VI~'11~n'lJ'W1~ 0.6 x 0.6 cm 
2 LL~,)LLtl\ln~J.J 
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1. n~a.J(PYltJ~a.J~lMtJ fibrin gel LU'WL'H'n 7 rJ'W (L~a.J91U,)U) 

2. 	 n~a.JmtJ~a.J~lMtJ fibrin gel LL~~l~ftJ Aloe vera 1U"llUl~ 400 mg/kg body weight rJU~~ 1 
" , 

flf-:J dJ'WL,)~1 7 rJU LL~~ 14 rJU (L~a.J91U,)'W) 

3. n~a.JLtJ1V1,)IU~1~ftJ fibrin gel LUUL,)~1 7 LL~~ 14 rJU (L~a.J91U,)U) 

4. mla.JLtJ1V1,)IU~l~ftJ fibrin gel LL~~1~ftJ Aloe vera LU'WL,)f'l1 7 LL~~ 14 rJU (L~a.J91U,)U), 

5. n~a.JLtJ1V1,)IU~lMtJ fibrin gel LL~~l~ftJ EPCs ma.Jlru 1x1 06 cells ~tJ1L,)ru wound bed 

LUUL,)~1 7 LLfI~ 14 rJU 


Ln'ElWi'tJ 7 LL~~ 14 rJ'W VI~'l"lln~1 wound model 9'lLnU;'EllJ~'lLrl:i'I~~~~fIl'El1u 


(2) ~ m~1~ fI'lJ'El'l f11:i'n'W~1'WV!1'l"l:i'::L~ fIl 'Elma.Jl ruLL~~U:i'~~'VlfiJll~1UfI1:i'~ I'llU"ll'El'l ci rc u I ati ng 

EPCs bUVlU~ LUUbU1V1')I'W
'IJ 

" 	 , 
2.1 m:i'm,)"l~'Elummru"ll'El'l circulating EPCs vl-:JritlULL~::VI~'l"llnb~Vl1q}YldJULU1V1,)lunU~IU 

t,..q 15"'"1.1 

Vll'l"l:i'~L"ll ,)L(P1n~VI~,)tJ flow cytometer 

2.2 m:i'I?l:i',)"l~tlUU1~~'VlfiJll~bUfI11vil'lIU"lltl'l circulating EPCs b'Wmd' form capillary-like 

tube structures UU Matrigel i'lritlUbL~~VI~-:Jr.'l1nb~Vl1q}~LUUbU1V1,)lunU~IUVlI-:J"ld'~L~ (Matrigel tubule 

assay) 

(3) ~ nMI n flln~'ll')tJ~'lL~1a.Jm:i'~IV1t;,I~~~I'lVl~tl~ L~tlVlbmJ'lJtl-:J EPCs ~1'W MMP activity (M MP­

2 LL~~ MMP-9) VI~-:J"lIf1b~~IUVll'l"l:i'~L~ 

c£. ~U~:i':i'(P1bUm:i'(?)1 Ltl'W'lI'W LL~~LLU,)'Vl1'l LLnL"ll - t11?ld'1 mla.J~1 L'f"l"lltl-:J m:i'LVlntJ,)l:n b ~ ~l?l'r'VlVlfltl-:J (Vl1q}~Vl 

1m!) LU'WLU 1l-1,)I'WU1::m ru~tltJfI~ 70 LL~~~l?l'r'VlVl~tl-:JU1'l1P1,) L~tJ:n'l I?lJl 1 tJV! ~'l LUULU1V1')IUbU'll')'l L,)fll 2 

, 	 I I I iI 

fiU,)lrla.J 2558 ~-:JtY-:JllJ~lmd'f1 rllV1UVl d'~tJ:: L,) fllYl m.lU'ElUbumd'l~ fUV!1q}Yl~-:Jantl 9-:J91 LUU~tl'l"lltl"llmtJ 

:i'::tJ ~ L,) f'l1 m :i'~'ln tJ-:Jl U'l9tJ 'tl.UU ~l-.J\l nudJu L~tlufi'W')1 (P1a.J 2559 

:i'~ . ~C\J.'1h~:i' ~a.JLJC1:I')'l~ 

(~,)Vlt;,ll(P1NfI1:i''l9tJ) 

......~. ~ ... .I.... .. ~~. ~ .~ ... .. .. ? .~............ . . 
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l'l!'l!1bfl'll~ GRB_BSS_c't~3:-b_~o (O)~ 


Lm~mj''l4'tJ ~'i)~ Lfl N mj''l4'tJnfllnm j''fl'i) n ~'Yli'll'i)~~1hlVi1~9j':::b~ ~'flU94'tJ~'dJl1W~ ~1 rr'l! 


~'fln1 nn ~Vifl'fl ~ l~'tl ~lViaJ'll'fl~ LLe.Jfl : L~hlL~fi L~tJflhhL9hllJLl'l'flfLLfl:::mm1n La-J l'll?lflLflL,Jj'~iLhl~ 


" ij n1 j'l-nr.llmL ~'d v1~U 

, 
0 v ". 

fl1~U'Yl 

Lfl'll~11J L~~9 

lu~1A'l!fu ~hl 
1'UlL~'flwlJ j'1tJn1j' ~lhl'dhlL~hl Vla-J1tJLVllJj 

1 lU~1A'l!fu ~l.! 28 n.tJ. 56 rh ~'ll'ltJ'l4'tJ 3,000.00 

2 lU~1A'l!fU~hl 30 n.f'!. 56 rh~'ll'ltJ'l4'tJ 3,000.00 

3 lU~1A'l!fU~hl 30 ~.f'!. 56 ~l~'ll'dtJ'l4'tJ 3,000.00 

4 lU~lAn.Jfu (~hl 27 n.tJ. 56 ~l~'ll'dtJf)4'tJ 3,000.00 

5 lU~lAn.Jfu~hl 30 l'l .fl. 56 ~l~'ll'dtJf)4'tJ 3,000.00 

6 lU~lAn.JflJ ~l.! 28 W.tJ. 56 ~1 ~'ll'ltJ'l4'tJ 3,000.00 

7 lU~lA'l!fu ~l.! 30 fi .f'!. 56 ~1 ~'ll'ltJf)4'tJ 3,000.00 

8 lU~lA'l!fu L~hl 30 a-J .fl. 57 ~l~'ll'ltJ'l4'tJ 3,000.00 

9 lU~lA'l!fu L~hl 27 n.YL 57 ~l~'ll'ltJf)4'tJ 3,000.00 

10 lU~lAn.Jfu~hl 30 iJ.fl . 57 ~1 ~"Il'ltJf)4'tJ 3,000.00 

11 lU~lAn.Jfu~hl 30 La-J.tJ. 57 ~1 ~"Il'dtJf)4'tJ 3,000.00 

12 lU~lrr'l!fu ~u 27 W.f'! . 57 ~1 ~'ll'ltJf)4'tJ 3,000.00 
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, 
o ~ Q 

fl1 VlUVl 

lU~1~'ldfu~l.l 30 n.tJ. 57 3,000.00 

14 

15 

16 

1u~1~'ldfu~l.l 28 n.r!. 57 

lU~1~'1!fu(~l.l 30 ~.r!. 57 

luk)~'1!fu~l.l 30 n.tJ. 57 

I '" I .::.. IV 

rI1 ~'ll'Jm"ltJ 

~1 ~"J!'JtJi){tJ 

~1~"J!'JtJi){tJ 

3,000.00 

3,000.00 

3,000.00 

48,000.00 

, L~'ll~luu<!~9 
~ Q 

~1VlUYl iWL~m.v'tl ntJn1J' ~1l.l'J l.l L~ l.l "'~1m"'(;l•lu~1~'Yfu~l.l 

1 933/46617 

2 033/1631 

3 3181/2557 

4 65546/6554519 

5 561110 

6 125/2557 

7 126/2557 

8 127/2557 

9 128/2557 

10 129/2557 

11 130/2557 

12 1051 /2557 

13 1458/2557 

14 1459/2557 

15 1460/2557 

16 1461/2557 

17 1462/2557 

18 933/46622 

30 (;l.r!. 56 

16 (;l.r!. 56 

9 [;l.r!. 56 

28 [;l.r!. 56 

1 'W. tJ. 56 

14 !?l.r!. 56 

14 [;l.r!. 56 

14 [;l.r!. 56 

14 !?l.r!. 56 

14 [;l.r!. 56 

14 [;l.r!. 56 

8 ~.r!. 57 

24 n.'W. 57 

24 n.'W. 57 

24 n.'W. 57 

24 n.'W . 57 

24 n.'W. 57 

3 n.r!. 57 

Streptolotocin 100mg 

Insulin syringe 1 ml 

" 
Strip !?lJ''J9~~~UW1[;l1~1l.lL~llVl 

Fibrin gel 

FITC-100mg 

Wl;1~Vll~i 

"'~~Vll~i 

"'~~Vll~i 

"'~~Vll~i 

"''\;1~(1]la.Ji 

"''\;1~(1]l~i 

"''\;1~Vll~i 

"''\;1~Vll~i 

"'~~(1]l~i 

"''\;1~Vll~i 

VI'\;1~(1]l~i 

"''\;1~(1]l~i 

Streptozotocin 

4,280.00 

1,337.50 

1 ,400.00 

8,861.00 

15,408.00 

9,300.00 

6,300.00 

6,300.00 

5,100.00 

3,000.00 

1 ,200.00 

6,300.00 

6,300.00 

6,300.00 

6,300 .00 

6,300.00 

6,300.00 

4,280.00 

http:4,280.00
http:6,300.00
http:6,300.00
http:6,300.00
http:6,300.00
http:6,300.00
http:6,300.00
http:3,000.00
http:5,100.00
http:6,300.00
http:6,300.00
http:9,300.00
http:15,408.00
http:8,861.00
http:1,337.50
http:4,280.00
http:1~(1]la.Ji
http:48,000.00
http:3,000.00
http:3,000.00
http:3,000.00
http:3,000.00
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19 75657/7565672 23 YU'l. 57 Fibrin gel 8,861.00 

20 57017 23 YU'l. 57 Streptolotocin 11,331.30 

" 21 85309/2557 23 YU'l. 57 Strip 1?l~,)'"l~:::~U\:nm~l'Wl~ll(?l 1,500.00 

22 181512558 21 l~ . I:1. 58 Y1~~(?I1~i 7,500.00 

23 1816/2558 21 L~ . I:1 . 58 Y1~~(?I1~i 7,500.00 

24 1817/2558 21 L~.U. 58 Y1~~~1~i 7,500.00 

25 1818/2558 21 Ll-.l .I:1. 58 Y1~~(?I1l-.li 7,500.00 

26 1819/2558 21 L~ . I:1. 58 Y1~~~1~i 6,300.00 

'i'UJ 162.558,80 
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