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This study investigated the accelerating effects of the acemannan on oral wound healing in the 

rat m~del. Eighty Sprague-Dawley rats were surgically made deep circular wound in the hard palate using a 4 rnrn 

biopsy punch. 'The 5 experimental groups were set of 16 rats each; negative control (distilled water), oral base 

(carbepel), 0.5% acemannan, 2% acemannan and 0.1% triamcinolone acetonide groups (KenalogTM). Each group 

was tepically applied the chemical once daily for 14 day. Four animals of each group were sacrificed at 3, 5, 7 and 

14 day past-wounding (dpw) and the palatal tissue was fixed in 10% buffered formalin. The result was evaluated 

by wemd area measurement, histopathology and immunohistochemistry using primary antibodies against a- 

srneeth muscle actin, proliferating cell nuclear antigen (PCNA) and transforming growth factor b1 (TGF-PI). The 

result showed that the wound area of the 0.5% acemannan group were smaller than others and significantly statistic 

difkred b4 .05)  from the oral base group at 7 dpw. Histopathology of the wound did not differed among the 

grups at the stme dpw. Immunohistochernically, the average number of PCNA-positive cells in the epithelial cell 

and prepria-submucosa layers of the 0.5% acemannan group was higher than in other groups at 3 and 5 dpw. and 

the average number of myofibroblasts of the 0.5% acemannan group was higher than in almost groups except for 

the negative control group at 5 and 7 dpw. At 14 dpw., the 0.5% acemannan and 2% acemannan groups showed 

the highest number of myofibroblasts than others, but they were not statistically differed. The number of TGF-b1- 

positive cdls was fluctuated throughout the end of experiment. In addition, the negative control group had higher 

TGF-$1-positive cells than the others. The comparison between the average number of myofibroblasts and TGF- 

PI pesitive cells did not correlated. This suggested that TGF-PI was not the major factor for the myofibroblast 

transfermation. In conclusion the 0.5% acemannan could be accelerate the oral wound healing by increasing of the 

epithelial cell proliferation at 3 and 5 dpw. and promoting of myofibroblast transformation at 5 and 7 dpw. ' I b is  

study mfirms that acemannan extract from Aloe Vera could accelerate the oral wound healing in the rat model. 
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Y i A  ~ua~uocnuaflu6au6fldniru~~8a'11o~~aad (proliferating cell nuclear antigen; PCNA) 

n154u~flunit?qu~3~nmrrp~.~ (experimental study) ~nwinitdouunu 

~inuwnlude~dinvynia (rat) ;luau 80 dh &ie~vdua~ini?~~nuwn~ina.~C/~wniuua'~ 



C" a" J' 
(hard palate) 6x1  qdntrwmnau~uaaCn~q1:: (punch biopsy) nuim~Arujiuquhn75 4 

Y J  i?nkunt ~~i::~nij~iTu~uaq~nt=myn (periostium) udwyaan~ilu 5 ndul n:: 16 61 ubin:: 
J' n ~ u ~ = : ~ m " ~ n i ~ i u u u n h ~ u f i i t ~ d u  fii.ra::iuuuuuunaiu~#du 0.5 ~dai~a'uw' un:: 2 

rdaira'uw' btueu3lulnu o::%lmluai naiu~%u#u 0.1 ~dai~a'uw' (0.1% triamcinolone 

acetonide; ~ e n a l o ~ ~ ~  in OrabaseTM, Bristol-Myers Squibb) f i i t h i ? i ~ ~ l ~ f l  (carbopol) 1314 

nit?& (base) d~ufiu5ufiita::iuuuuuu un::ntju&iuliwliinku lmudinitiliuui3unr I 

n h  Rnoianiruiu 14 i u  ~urrydini~nruinun~~n'uw'~au'i~~~fiiuu~.~n~un:: 4 ni lu id  3 5 
2 J 

7 un:: 14 haadnimmnad d ~ d u u n n i m i ~ a a ~ ~ u n f m u ? ' m ~ u n a ~ ~ ~ u n n i d u ~ n ~ n ~ n u i  

?nwuii;?nui ~ t i n i r u ~ . m f i ~ d u ~ i u ~ u a ~ . ~ ~ ' 1 [ n 6  (PCNA) unmitufim.raanra\1ldtiu 

TGF-f31 un::ldT&d a-smooth muscle actin Bi?~~~nih~uylu~fiCrnLnij 



~IMV~IQ~T:L$ (Aloe vera) $lo Aloe barbadensis Miller ( M ~ Q  Aloe Vera L.) 

inefluat 6 Liliaceae & ~ u i n n i i  300 riim ~IUMI~~~:LU~~QY nqiuiiuu ~~a:I4n'uaBiq 

~~rriv1aiulu~niullt:~nfi ~~a.r~in~fiowurlmluni~Qnwivlniuhiu ~ d u  uwnIv(b6 i i h u  

mnn~a\jZq~Cqriin?n fi?YWlldi~n:nm:, 2538) rYnwiiIi fiTwtdi~n:nm:, 2534) ~ ~ u a l u  

ns:ni:niv1io ( f i u l ,  2537) t t ~1~~2dd~4d in ' l l ~  Apthous ulcer (Garnick et al., 1998) 
Y 

ni?h~fiU ua:LflufiioL~un~iu~uruLLri~q~C4 (Choi and Chung. 2003) ~111111993:~%~n 

~ I ~ I I ~ L ~ ~ L ~ ~ I ~ ~ ~ I ~ ~ P I ~ T T ~ ~ Y  k~~~~ifiu'u~~u'u~"s~riau (Coat and Ahola, 1979) lu f l~qcuz  
4 4 4  Y 

n i w r i w u i ~ ~ ~ n i o ~ ~ ~ ~ u ~ ~ u ~ ~ : n ~ u ~ u ~ n ; S ~ ~ i i ~ i ~  ~~n:~nrreqnu~waqaniwuin'~~u i i u~ i c  
*rl w ~ a L $ L f l u ~ r d ~ d i h u  ~d?ud~ f l u~uu inn i i d i hu  ~uiiu~ic~~:~auanam:~~vnun6iu~u"u 

IurifiuAu (niwd i ) 

ko.rahtas~' ludtm~~n"~uCn~.~f i$i~ 2 dqu (niwi 2n-a) Ao rdijanuanutl: 
Y rlrl rl 

LuQ dqu~dijnnuenignwm,wuiun:~~ia UAL'UU? (thick epidermis ~"sa outer green rind) un:: 
Y I44 4 

d?uLua (pulp) i ~ n ~ ~ : L ~ ~ 1 7 n l i a n f i  (mucilaginous or liquid gel) h u f i  L U S I L ~ U Y L ~ ~ M  

Y 
~UimT~qMumaaq1uiiuv1i4qo:Lu" ~ u i i d ~ u ~ u o ~ f l u d ~ u ~ ~ f i u i m ~ ~ i n d ~ n  L L ~ : L ~ U ~ ~ U ~ W  

2.4 &A. Y B  dt:Cu~~.lG~nion'iu L ~ Q ~ ~ ~ ~ ~ ~ ~ L ~ ~ U ~ ~ ~ ~ Q Q ~ ~ M B ~ ~ ~ ~ ~ ' ~ H ~ ~ O L I . ~ S B I  ~ A M ~ ~ $ I : ~ ( P ( ~ ~ ~ ~ U L U Q  WQ 

de.r~h~lnkaqnnt t f i r i f i~m~?O~ ~ : w ~ ~ ~ ~ f i h ~ ~ r r n n i / s u v a i u ~ u ~ u ~ ~ i ~ n ' u ~ ~ u ~ i ~ ~ ~ v 1  



( n ~ d  2n-I) riundi iifqfn (mesophyll) ~ ~ ~ ~ w ~ ~ i i Q i i u v ~ ~ ~ ~ : ~ ~ ~ i u ~ t ~ ~ ~ u ~ i ' ~ m "  

d r n v l ~  98-99 d a M u 6  (~emenia et al., 2003) ~tfl iuiro~q?(yl~b~u~amau~u v?aufiq 

uihltn" (~emenia et al., 2003; Ni et al., 2004) 

d niww 2 ~ ~ a m s ~ ~ r i i u v i ~ ~ t : ~ % i m m i % ~ " u a i s  (n) Lba:miuuia (.a) dasmsaw%aun&~a 

~ansr f l~a~ma?la  (o) niw"uuiu1~4iuvis~t:~%daubda.diu (Ef7f14~df44) ~~a:d?u~dbanu~n 

(qwisd~r) (4) n i~au iudauL6aLLamd~mf~a~ i~~dvnLv~uuva iu~u~u~ian 'u  (Km~dnmin Ni 

et al., 2004) 

3 * 
Y d o  a .~A i l t znau~ i~~n i j aa~d~u~ua j i uv i . ~q t z~a  ~u1~3ua~nilt:nauuinn?'1 99 

4 4 4  ~doPi4um' (Femenia et al., 2003) o~nilrznau~~vnaan 0.5 ~ d a f t g w ~  ~flue~6dtznou 

~squr '~  (solid component) (mW. 2531; Femenia et al., 2003) d ~ d t m a u ~ d i i ? ~ l f l i t d i ~ ~  

Muri fw~uannil'ls6 fds~w ~aulad nwaso~ (sterol) nom'oun+o' ?miGu L ~ ~ Q U $  

u~unnni fuu uunmlriu7 (Lna?, 2531 ; Choi and Chung, 2003) fnenufwi/uannilrn' 

~~uetlilltznauv6n1.u solid component ~~1~nl inr~zu~ndi~n'u '1dmiu~~nin (mat, 2531; 

Femenia et al., 2003; Ni et at., 2004) haih'ldiidtruinr 0.3-0.8 ~dllei~Tiuiira.r~sn RI?~W 

i/urnn~lm6dwu ULri UUU~UR (mannose) d k n  (tucose) nqkn (glucose) unmiunnh~  

(galactose) u~ini t fw~wnni l6vn'ndw~ iie uuulun d ~ d f n ~ n i l q ~ f l u  acetylate mannan 
J dJ o 3 ~ a d a n i l  nl?e:~u~uuuuu ~~~ii~flu~i?a~nqnsnni6sy~ud9u~u~iiuviilqf:~a" (Femenia 

et al., 2003; Ni et al., 2004) 



t A  n ~ ~ u i i l u ~ ~ a a r i ~ u ~ ~ . ~ ~ ~ ' : ~ % a ~ q f i m n u ~ ~ n d ~ u ~ d ~ ~ n ' I ~  ~uaaqinCfi7t 
A J 

l)?:nalli7w?n anthraquinone idu emodin um': aloin rn4riluflimria'lCi~mn??ulflu%w~ 

(Avila et al.. 1997) $4qinn?ti i l lbu%~zn?u n??ul~u%~l~m9?nnit?ydzn7u~iuri 

fia4~lu niq~~ilun9irmu~nnfmdi4 (electrolyte imbalance) n i ~ i 4 i ~ a & ~ n ~ h t  un:: 

aiq~Rnrlj~ui<usia3duhfihun'u (conventional drug interaction) ~f luh n l i u f i u h  
4 A  ~~Rminni t f iut f i  Muri wuumd nithianitu4ufi.j (phototoxicity) um: : t9~6i~n~f i~ inn i t  

&u$ (contact dermatitis) (Boudreau and Beland, 2006) 

fiim::iuuuuuu~ilufii1"~~n~nfu~nidih'~~ud~uiiuui~t::~ii fiinzay'lu 
J 

d9unstamrma (liquid gel) (ninn 3) ~mthnnh4ni.nnii ;a p(1,4)-acetylated mannan 
J 4 A d A  i 

(~IWYI 4) '~~U'IIQ~~~~Q~I'IIDUM~ ;a aduuuuuu (acemannan) a4uiqinii i i  azijhnn 
J 

(acetylat - d) unz~ in in~u ~n~n~nu9uuuuuu (mannan) fiim::~ttuuuuu~iiiH~nhLn~n 

(molecular weight) dt::ulw 1,678.46 mi~kil (NIH, 2007) 

(Gal 

Cell wa 
* (Gala& 

--cmeretea cellular- .>V\ / \  

1 
nlrrd 3 uf lm~lud~a4f i i~a: :~~uu~uu~ud9una4~9n~u~9na4~iuui4~ ~ 1 %  (Ni et at.. 

2004) 

qrudtzhi6no4flimdwuuuu '1Xuri nitd4fluiuuwn (Thomas et at., 

1998; Poor et at.. 2002) n i t n m n ~ i u f U ~ t ~ w ~ d ~ ~ m i % i ~ ~ ~ u ~ ~ ~ ~ u u ' ~ n a ~ ~ ~ d ~ n ~  (Robert 

and Travis,l 995) nitnt::[ijqijqufi (Womble and Helderman, 1988; Karaca et at., 1995) 
2 n i t ~ i u ~ a f i u n u u n  (Yate et al.. 1992; Stuart et al.. 1997) Un::ni~Ui4nit 

~q?cybliu~~na4~nn6~ziO;l (Peng eta I., 1991;R amamoorthy and Tizard, 1996) 



m~ff 4 uf imqn?btddidnid~n$n~d~~tf le"a~~uuuu (NIH. 2007) 

2 
nnhnimanqna~nnnuTmu macrophage mannose receptor (MMR) u 6 l  

wnkd-n<u$u&~nqnnadaeiuuuuuu (Karaca et al., 1995; Stuart. 1 997; Lee et al.. 
C I 

m 1 )  q inu'uqe~~nnimt: :~uni~i~ iunm.~~'~~nA~~nTntv( -n  ddun2tirancp'uunbtvli~~t?d 

growth factors unelqfw'lnGdid~ monui (Zhang and Tizard,l 996) 

WY?hiilwi:: macrophage mannose receptor( MMR) L I u ~ ~ n f j u u n b d i 9 i i  
r J u  J wuin~u~u~~udnndnau~ i f~Ln~nna .~  mannose residue (ninn 5) kulubt.r f i . rma 

f i i ~ e ~ u u u u u u ~ e i a d ~ d ~ n m u n a d t u ~ n ~ ~ ~ i w  i n u u ~ u f i  i . r iu~uUUnbtr l lq 9in& 

~unbdidc~nnte~u~fi~iHdid~id~~bb~une growth factors % a f i u u i ~ i u n j n d i ~ ~ ~  
4 J' nifiqquTnunitnnnadna4 Karaca unenru:: (1995) atiinnn'uunbd-n~wie~nu\~firn 

2 
HD11 cell line ~ ~ u ~ l r i t f l e i ~ ~ u u u u  ~ u d 7 ~ ' l l n 6 u u n b d i ~ ~ r ( ~ e ~ n u d l r i u i ~ n w ~ ~  

luninaenlw?Vi udderiinit concanavalin A drilufiircfin~iufi~uitolunitu~i~<u 
J' 

(high affinity) n'udcunad MMR d u n d ~ ~ ~ n R i r u n f n d i ~ ~ w i e ~ n u d n ' a u ~ d f i i ~ e ~ ~ ~ u ~ u ~  
2 

~ L I ~ I ~ ~ ~ L w ~ ~ ~ ~ ~ Q ' ~ ~ ' ~ ~ I ~ I M u ~ ~ ~ ~ ~ ~ ~ B ~ ~ ' I [ ~ %  ~ . r~~uni t~u~unuu 'wj iu~da~i  lrlt  

a~~uuuuuunrn~u~~n6wlnbdiqdiu MMR unsfiann&edfunit~nwflad Stauart une 

n w l u g  n.A. 1997 ud Lee unenwlu?! n.A. 2001 nim?'iuenqin MMR u&?aiqii~lfLIWY? 

duuuuunbtrli~~lriuitn9'un'ufiitfl~uuuuuu~~ ur iw~ida i~ ' lu '~ iu i~m~vi i  MMR 



- - 
Structure 

ontain sig 

CRDs4,S md 7 nqulrad fbr Mgh lmnity binding 
H@h M y  tor compkx mu- wlth terminal manna 

niwd 5 ~~arnT~~ahtaet . i?ui i~wi : '~~Sn macrophage rnannose receptor aaqnnd 

uunhsdiq; iSol~#iu lie i a i ~ i i f  iii tta~~qrn (CRD~) ~~~flu~(~udaiuitniun'u~imia 

rnanose (Martinez and Gordon, 1999) 

i 
a i o ~ ~ O f i  growth factors n ~ ~ n ~ ~ ~ v ~ ~ e e n u i ~ ~ ~ q i n ~ ~ n i o n o : f i ~  

~ I ~ ~ I M ~ ~ ~ M U U M  l h t ~ d  lupPsnaanla6, tumor necrosis factor a (TNF-a), interleukin-1 (IL- 
" 2 Y 

1) tta:: interleukin-6 (IL-6) ~,i]uh ~ ~ u ~ w n ~ n 1 ~ 1 i ~ ~ : ~ f l u ~ ~ r ~ i ~ 1 u m ~ S m ~ i o M " ~ t k ~ ~ r n u a u e ~ n ' u  

niomauauetaactitniuiauhlu frnu%Iua:durnfii (Wornble and Helderrnan, 1988; 

Karaca et al., 1995; Zhang and Tizard, 1996; Stuart et al., 1997; Djeraba and Quere, 2000) 

a Y  V nismzilurruuuuKuni~n~~qup!unu (Immunostimulant): ~ k n o z s j u  

~aa~lur~ksvliqa1::~8u~h~uaim:~uuuurru wuiina~iwi::r8uqq::wZm IL-I. IL-6, TNF-a 
d ua::~urn?naen\a6eanu? ataixn~~vdi&u~uin~unisns::f i~~~un'u (Harris et al., 1991 ; 

Zhang and Tizard, 1996; Djeraba and Quere, 2000) 11-1 q:ns:~naaiZuTdb w' 
(T lymphocyte) ~ ~ ~ ~ I ~ I u u ~ L L ~ ~ ~ I u ~ u  (Wornble and Helderman. 1992) d l u  11-6 n9:4IJ B 

lymphocyte 'Ifiw'~klui~fluranA~q3ry~w'uTu (maturation) u a : ~ ~ m u e ~ f i u e ~  (antibody) eanui 

a i ~ : ~ ~ ~ ~ ~ ~ n ~ i u i ~ . n " L f l ~ ~ i ~ ~ ~ ~ ] ~ ~  (adjuvant) IUTR~~~IVI?UI~~~::KB~<L~LIQ wudl 
Y ~ : : ~ u n l o m a u ~ u e 4 a e 4 ~ i j ~ u n ' ~ ~ : : u l n ~ 1 ~ d ~ u ~ ~ ~ ~ n ' u ¶ ~ ~ ~ ~ ~ ~ a ~ f i ~ ~ ~ ' I ~ ~ ~ ~ u  (Chinnah 

Y 
et al.. 1992; Usinger. 1997) uen~inuaim:i~~u~~uu~iui~nns:~u~aad~rnu~rnofin 

(dendritic cell) q$mdnMIf i~q?~~f l~~¶af iq?~~f fu? 'o (Lee et al., 2001) 



a,9sduuuuuunirnn~~u~~n1~% (antiviral): aim::iwuuuunirnm 

~ u & n ~ t L i u i i u q u n a 4 1 ~ 0 ' f i u i 4 n i u v ~ ' u ~ ~ ~  L ~ U  i~~l~O'cnamd (AIDS) k u l u i ~  n . ~ .  
2 

1991 Kahlon unznw wuiiuinl~nimduuu~~~hun'uuir~i iul?i is~~e~m~~a HN-1 

unr HSV-1 ~::fiiuim~uffJnitLi;~iu9u (replication) 'IM~?%IM (Vlientinck et al.. 1998) 
J- 2 

' Iuni\r&m?uwnu"unimmn~4~~fiim::~w~~u~~m~~?~m~~'11~ FeLV un:: FW rru?'luu?$ 
A 42 J' 

qn~niw.a?m6lau un::$xu::nitn.r~m (survival time) aduwau (Sheet et al., 1991; Yates 
2 

et at.. 1992) n n I n n i t i i u ~ ~ a I ~ ~ n a . ~ f i i m : : ~ ~ ~ u ~ u u  mniiLiluunqinInTmku~uk.~qin 
Y 

~ '11~6uun fnd i~  d 4 u n ~ i i ~ a n n ~ ~ u T d k 6 ~ ~ u i i ~ ? u u i n ~ u  unm~~fiitrSii~~??fiuirtnu 

(Wornble and Helderrnan, 1992) 

a m d ~ u u u u ~ n m ~ w ~ ' ~ ~ A ~ t : ~ i . ~  ( a m ) :  d a ~ m i r o d w u u u  
Y ~8nia.r~at~d~iunid~nsiiu~anPju:: is.1 ~ u i i ~ a n n i r ~ i s ~ ~ ~ i u ~ i u ~ ~ ~ n i t ~ i ~ ~ ' n m u  

J'J un::~tru::nitn4Sia"?~a~uiuniin(un~u~u (Peng eta l.,1 991) uaminuluali7uinmna4~ii 
J  2 J - Y  

n'u~rinunruu?ndu~ua-~~n~~nmu~a4 (spontaneous tumor) kunlJ iuunkdnk4nv 

TNF-a, IL-1 un:: interferon-7 (Harris et al.. 1991) lug n.ri.1 995 King unznmmm4kw 
J  2 q~nun::w~dd~u~iluu::i~a~m fibrmarcoma rtnnitfnmm0unJinah un::'lainuAau~ua 

Y *  
~7imlua.iniulu 1 iln'aui undiit::u::nim~~m@iuau kriuluikqliunmn4~nm~na4 

dx~nflf4HO'~~luini (United State Department of Agriculture: USDA) ayQi~l6l8f i i t  

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ n n i 4 L ~ ~ n u i f 4 ~ % ~ f i ' o u n i ~ h ~ ~ : : ~ 4 ~ ~ m  fibrosarcoma ~uq~iun::uulM 
J 'IIQnithl?'~ ~ a r r a ~ e t ~ ~ c e r n a n n a n  lrnrnunostirnulant (hynqin Center of Veterinary 

Biological Product) 

n~9sAuuuuuu~un~t~i .~niman~~uu~1:  fiim::4wuuuuaanqn% 
2 J nmfiuuun&trli~dal/u%~uimuun~k4 MF-u un:: 11-1 uinnu~ua~$uuCun(unququ 

daun1fiwu~annlr(~ru~if0m'un::~~n6~~~unamdam~%iuitl'~imuunh~u (Bradley. 1998) 
' Y  nnn*lrl&tunin6q::~q3ry~2utm un~.~~uiiu~unit6~~nti::tinanni~q1~w'uau (collagen 

I 
synthesis) n e n n ~ a u d ~ n n h ~ a u q ~ n f i : : n u ~ ? r u u i ~ ~ ~ ~ ~ . ~ n ~ j i  d?unn6davunarn~iamq:: 

6iLiim~n9m~iamltrd (angiogenesis) (Poor et al., 2002) n.ri. 1998 Thomas un::nw 
J  ~ m f l ~ ~ n i t l ~ r d a u ~ ¶ I ~  w nna4du~~n~murtnn~(1u19imr"au~~uuu (acernannan hydrogel 

dressing) . LrljuuL$uuriunitilmuun~i~uw'in"afi~mi~Lnda ~ u d i ~ d ~ % ~ n $ f l u $ i t  
2 eAuuuuuu$dt::3ntnimiilJiuwmuinnii uaminuluiI n.ri. 2005 Dart un::hIU3!i~d 

dt::qndilii~nwuimuunIuu'i &rmnirQnw~uni; 



lug Kfl. 1992 Foglernan ~ n ~ n W n m f i ~ ~ ~ ? i u l i ) ~ ~ ~ ~ . 1 f i i ~ ~ ~ ~ u ~ ~ ~ ~  

Onunnno~iimfiim~uuuuuudini~unam~am ciwda&a~noau$u9'nt (mouse) uy iq  
J -J - J' J unzlCn'lunuimui~di~u ( m m m  1) lu'wun~iu8mdnmn~nm~wn'uuyi~ u n z u y i ~ n n m  

rk r 
PUN ufi~zwuuy 2-3 w"~~$u~?mnmiu U w ' n ~ ~ ~ n w n i m ~ i f i i ~ ~ q n i ~ ~ $ u ~ m d i S z i j , i ~ u q  

u i~ inmni inni r%nui  r%&an iuq inn i~nu i  ~ u q ~ n n u r i n i ~ i t ~ ~ u d ~ ~ u d ~ d n f i a u  ;a 

a i & u  n~irmtzda%iului i~nt t~nmn~ unqq9imlrma njdufi imz~uuuuuu %$nqiu 

dnam6ulunit11riauiii.1q~ 

J R I T I ~ C ~  1: uf imcfi f l lni t~nmn~iu~i lu~~~uu~~uuwKuna~fi im~~uu~uun~nuit7u~iu 

(Foglernan eta l.,1 992) 

qGn unandtln 10 a i ~ h  r i~u~un?  Gnnunnn4 a in i t  

L ' i s l h i U ~ U  2-4 ~ 9 1 ~ 4 ~ ~ 4 h I f l l  

a ~ ~ t u u  riiu~unq G n n w n n n ~  a in i t  
daqn'e4 50 

L~'~~:w~uIu 2-4 i 9 h 4 u k h I ~ i  



~ ~ u i n i s ~ n w i ~ ~ ~ % a i n m n i o o ' n ~ a u ~ ~ u C u a i d a i u i ~ n ~ J ~ n i m i a a ~ ~ u i m u w n ~  dsz3n's 
' Y 

nivrao~nits'nwin~t~z~w'uau (Katayama et al., 2000) 

sza:~aniniolleuuauamuued~a~~un,rlo~dinq:~14noii~fiu b a ~ u d i  

~~wn'Iudo.~dinsnia~7qn?'i unrloniaL?muun~qu~oandi (Hakkinen et al., 2000 cited by 
C C Y 

Van Beurden et al., 2005) ~ ~ i o i ~ ~ ~ ' ~ ~ v r ? i z ' I u d ~ ~ d i n d t z n ~ u ~ ~ a ~ i n i a  di~411i!8~1'1111 

growth factors un:~aa&~umniadl $aa.rr/dtrnouh~lLCt~~hu!wndanimi~no~uua 

(Van Beurden et al., 2005) I ? m a u u ~ u i s d t m i m ~ ~ a n n ~ d ~ ~ ~ n i ~ m ~ u ~ d o ~ ~ a d o ~ d i n  

i n . j imaf i f imn iad id~qv~-  4 ~ . l e i ~ ~ ~ w n ~ i n a n ~ ~ ~ u m n i a d i ~ ~ \ ~ I ; ' ~ ~ ~ ~ ~ ~ i n i j n i t  

uam~oonao;rldsiu Hepatocyte growth factor (HGF) u Keratinocyte growth factor 

(KGF) ~u~~~ni0dauuauwnuinnii~'11nfSId~umnia6n~~~ttld"4 (Okazaki et al., 2002) ud 
J, Y tldi~~on"m1uauauniOaeu~a~uimuwn~1~nmnu~~diii~~~~~bn"!~tr3nnit~a~Cu 

A au~uni~auuauuimwniPr] iu~ua"ou~~ni~~a~i j  unzunuinaocLanan 
J ~hu i+ ivCin  auauninlauu~uuds~~u 3 tzanr3n (nmd 6) i% tzaninr~t6i'aaatr?tam 

ufiznit&~Au (hemostasis and inflammation phase) s:aznit.Janaaia (proliferation 

phase) unztraz?mJiiu AQ m u r n i d i u ~ a u i n w n  (maturation and remodeling) (Witte 
C 

and Barbul, 1997; Ringler, 1997; Gregory, 1999) ~~luui~tza:~zds:nuudi~(~~~u~rloudou 

du nirrii~~mvnom~~om'ICtsj nit~iuiiuaua~Lan&~l~umniadl (fibroplasia) ~aLRrni&flq 

ih'Irrriam~~~'11nni:~~ij1 unzr~u'Iononnwu (McGmry et al., 2004) 

J nind 6 u~msntruauniniouuauwnnud~oon~~u 3 r:a: (Witte and Barbul. 1997) 



lut::u::~~mna~nituin~iuii~niuq::n~u~,un1t~idu,1,~m fmun~::{unt::uau 
J  

niolddn'.lnadl~em (hemostasis) G i d i u  n7u~uun~mi~m~l~ut l7u~nt j~ i~n~::<LIn 'u 
-1 J  J  

subendothelial collagen no~~hlrnRir<duncln~~am~~idu~iu ~nu<uci iuni~hrnl : :~~~LI ld 
-1 

plasma membrane aadrnrim~~on qln$nonninu9::dd~qqlcu1fiLn~minanLdnuuudnd 
J  

f l i l d  un::dudlriu (activated platelet) wem~ml~amiu$idiu 6iui~rni::dalduitUnu 
-1 1 - 1  

(fibrinogen receptor) naUnw~~Lan6na~~n~m6ann"~u$i~iuLdun'u L u A i i u A j n d m d i  

uindiun'uldu>~uau (tibrinogen) tldwn'lfi~ntim~~ann'u~ntimi~~<um'9n'u~~un~un"auuln 
2 J  
au (platelet aggregation) ~ ~ ~ d n $ i ~ u n ~ t t ~ u ~ ~ n ' u n a ~ ~ n ~ m ~ ~ m ~ ~ ~ ~ u u ~ ~ ~ ~ f i ~ n ~ m ~ a m  

u$nltmiidedniu~u~n~ilLnt~n (a-granule) eanui nit~n;knR'19qdt: :na~1ldh90 
4" 

ldu'sPu17u ~d fu t~unhd  (fibronectin) von Willebrand factor ua:: thrombospondin ~ l f l u d l ~  

~ * ~ u t l ~ w n l f i ~ n d n ~ a m ~ ~ t ~ u n ' ~ n ' u u ~ n ~ u  ~u~5m~~ui iau~~an~mtau~nn1nna~unam~an 
2 utlnqinu niouiu>l~rWtauunaniamiLiduuiusj1du>0u~9u~~ud9udt::nauLduL'1u9n'u ad 

r J =  iluuiMlduwinm~u~fil'imni~~ldlua~dn~::u9unlt~~~dm'9nad~~am & ~ i u  extrinsic 
4 J ' J  s, d 2 J  

pathway (uluBluodnhrilu~m~uhunt::u9uni~) un:: intrinsic pathway (b- ikt ldu~~~lu~ 

dnh~ilu~m6uoiunednt::u9unit upiL~m1h1maaifiu~"nn'ui9~m~isjr~o::~nuLLn::lilunki~ 

ldu i 9 l l h  u?a collagen fiber nadw<dun~mdem) 9ul?im~~uni~<~1n'9aad~du>u (fibrin clot) 
J,  2 -1 

dan~snmnmaunuwn~::&u~mlun ';dldnii$mtindanFJ'.ju6d~ i t  platelet growth 
r A  d 

factor unrlaPnlnu a~uunuindiKqlunitnt::~ulfi~a~n'n'n~nu~u~%~u~ri~~~u Pnunnri~im 

l ~ ~ n n i ~ a i r n u r n d ~ n ~ u n L ~ i u i ~ ' ~ u 3 L ~ c u d L ' i m n i ~  24 d j h d  dcl i r ? ~ n t ~ ~  un:: 

~ut::u::vieuidt::rnnr 24-48 d j~uc  9ewuuun&tdiq B~PAI'IIPY un::lann~~utunineiduL%i 

u i  ~ i u ~ ~ ~ ~ b t ~ a ~ : : n m n d ~ u ~ n u n u d 6 ~ u ~ w ~ & t d 1 ~ n 1 u ~ u  3 ~ w ~ ~ ? n u i n u w ~  ~an6fk 

n ~ i u d i ~ ~ n ' a n s : : u ~ u n i r a ' ~ u ~ ~ a u u ~ m ~ ~ w n ~ ~ u a d u n  ;a uunPntdi7 ( r h ,  2548; Cotran 
r - l r  8 

et al., 1994; Gregory, 1999) ~ ~ ~ ~ ~ ~ f ~ t d 1 7 ~ 1 ~ ~ 1 ~ ~ d ~ ~ ~ ~ 6 1 ] ~ : : ~ 7 ~ 4 7 ~  l~nt: : {df i f iu 

2 2 
uun~tvlniiuiiidwniuj~~~uu ~ d u  ~ f iu~u~na luo  ~I~uR::L~Q?~~w~I~T 

-1 
nit&~ntiruTdt"mu~unind (matrix synthesis) L ~ u u ~ l i i ~ l i L a n & ~ a ~ u n a m ~ a m  ~ ~ : : n n 6  

2 J  
~ ~ ~ u . r ~ n i n n i i i i u ~ ~ ~ u > ~ ~ r W u i n ~ ~ w a  L ia~ f iL~mn i t i l l ~mun~n~~am~uu '  ~ ~ n : : n ~ ~ j i ~ ~ u o r u o  

4 J4 J' J  1ux.i aremmnil luaLseunty~niu n i n i i u i i i d~ rnn iw iuaa~LuJn~n t~~~~~n i t i dan i t d i u  



i 
M l d n l ? ~ ~ d ~ ~ ~ . ~ L l  growth factors L W B W ~ ~ L ~ U L I ~ R ~ U ~ ~ U ~ U ~ ~ ~ U U ~ ~ ~ I ' ~  ladliilii'ld 

ntzuluninlau~au k$uwinuunktvliqqnnnnim'qdiu wulininriuaa~uwn~zru'fiuyt~ 

lud~~~~mne~n1~51"n~fiu G f n d n  unzuunfntdi~ii~flun"o~l.a"oan7~~u~flu 

41u~uuinlunirXunid ~ ~ a ~ i w k ~ i u u ~ l . a " l u n ~ t n ~ a ~ r a ~ ~ a a ~ '  uaiGl?nruinuw~in?lu 
2 i 1iuwiuradwnan~onl'in;"u ~~lf iGui~eon~aulu~uo~uaiGuinri in 'm nj$uda 

A J 
nunfndiq ~nzC~fndn1.a"een'ir~utflutzuz~?ni~u~ qz~?imni?znGui~an?~quru' 

~w'u~walunitKumid & % ~ n 6 ~ z ~ d i u u u l 1 ~ w & ~ i u 1 u f l u u u r a d n i t l i l u  
A 

(anaerobicg lycolysis) unu ddwnlfid?uindntmunni?n (lactica cid) ad~~uwnw~mqinnlt 
2 i 2 A  1runilhluulri1i8an~~'3uL$u~\I91u luatz~uaan?Lqu~uLuaLuaii (hypoxia) h u ~ u n l l u ~ f l u  

ntmp ~i~i i~~nfntdi '3ngyL?dun?iuf i iu i~n~uni~idiu ~ d ~ i ~ f l ~ h 0 4 d d K ~ ~ y i ~  distress 
i 

signal aanld1u~drad specific growth factors ma~tzCuaan?Lqu~d$u fns growth 
J ' - - A  

factors ~z~wuu~Pilfi~?innitrii~~nwnamI"naalwsj unzPi~anaaunauriiiui?I~u~~nCntdiq 
2 i dW J fih.nuoLflaaulwi d ~ z ~ u d i d t n l z h ~  specific growth factors ~uunfntdiqfi?id Euti 

platelet-derived growth factor (PDGF), vascular endothelial growth factor (VEGF), 

epidermal growth factor (EGF), fibroblastg rowth factor (FGF), TGF-P unz TNFa lflldku 
J 

(niwn 7) lalmlnliuoz growth factors diiunuinii~iy~untmnitgnLfiu unziauuau 
J uinnqm ;a IL-1 unz TNF-a (Cotran et al..l 994) 



Phagocyt 7 

Macropha 

v 

Oxygen mc 

Hz02 to 2 ,( 

-Nitric oxide r 
& 

Wound 

debridement 
211 m t m e  

and adhnrtb 

Enzymes 

Colagens 

kines 

-a, IL-1, IFN. 

llms 

A 
n d  7 unmdait~nii growth factors un:~a1m~u~ukd~in~n6uun~n~d~~adddwn~f i~f im 

nu?unidouuauuinu~1~ (Witte and Barbul, 1997) 

Zut:u:nit~ennuiuna;r~an6dsznauki~uuniuau~unit~au ~ d u  nithdw'? 
u J  J ' J  I 

brina;rdir~tmy (re-epithelialization) n7trii~irnunam~;ambri nim't~d~ua~uaunty~n~u 
2 J . l  nmunu~ua ~ tmdurnu Uflmit~unau1~~1unanfliL9U (collagen deposition) Tnu 

ncu~unit~anaaiuduLfim$udtzuiIu 24-36 ~ ~ h ~ u ~ ~ ~ ~ r n u i m u ~ n  



da%oz~~nin~nit~annoionm~~~ne~1~umm1fi6dw'1d%t~?i"l~~ qz 

nudl TGF-f3 c~&niil2i~an&fiufyniaedum~m ~ Z m n i t ~ d ~ ~ ~ d ~ d ~ w f i d ~ m m u l u  

u n m V i d u m a d i ~ l u n r n s ~ ~ u ~ a n ~ f a ~ ~ m n ~ f i 6  d~aniummmdaa~ummdanw 

UWR ua:fiimmuk~ldqiuwn?nd~lt]man~nnf~~~ ~na&laIflumma&4dmud-Ri~~ 

nimmfianwuwn unzni0~~rntoouwnr~u (Funato et al., 1999; Cornelissen et al., 2000) r n d  

~ulolflumnifi6q=:di~~in~an&~umnifi6 Ao q=:ijni0ufimaanawUtdu a-smooth 

muscle actin d m u ~ ~ a l d u n h u ~ d a ~ a u  uanqini TGF$ b-ntr&lu' keratinocyte wdar 
1 4  dlarndn~quXm~nwuim~~n atamnil  r n t ~ m f i ~ a d ~ w  dmy in dafd~wn3nduon 

Y 4 3 4  3 ~ n n ~ u ~ ~ a w a ~ n u m d n '  haarua~aansrm~nundu ~ i ~ f i u ~ ~ u a u u n ~ m u ~ b l ~ ~ u m n ' ~ ~ u  
Y u n z 1 r u ? n i d a u i ~ u a ~ d ~ 6 ~ n d m ~ z n m i a ~ ~ ~ ~ ~ 1 l ~ ~  (scar) 

2 1  A J lut=:oznidW.jwm~qtwmwB1Jrnm5u~) t 5 v&~~Emrrrmum uanz 

6iir~wlaLdaddarii~dil G a i ~ l h m i h n l 4 u ~ u w m ~ h ~ ~ m r n m i a ~ t l t d  tdarhfl 

w ti r u u n ~ d m n ~ d ~ ~ ~ d u h d d ~ ~ m i 3 ! ~ m ~ a l ~  dmu&&-#- 
Y Lh-du u a m w 4 + ~ * m L  w--wC)am 

~ a ~ b l - d m ~ u  kwnlrlnmlumalwn~3u~~~~Iumnm1~~~3ui1~~1n 

ud w%~~d?hhturn-d umz~qfi&rl9unrmnd~Aa.~~Adaa (Gabbiani. 1994 cited by Van 

Beurden et al., 2005) n i ~ ~ ~ ~ ~ d 1 9 v l f w ~ c ( m 4 L ~ ~ & ~ f ~ 1 r i f ~ ~ ~ l f i d L ~ ~ ~ ~ ~ ~ ~ i ~  

~adamiina4 TGF-$ unz bFGF (Funato et at., 1999) 6gu TGF-f3~~~unuindifiqjrmiu 

odi~luntruminlauunuuwn Mud rnt~dt~~i '1~i i~ lm&~um~1~a6~dduu~~1d~~~16 

Iuta\flunrmad m ~ t $ r i i i ~ i d m m m ~ m m l c n i ~ ~ ~ ~ n ' ~  ~ F G F  lumtrdaqii~an6 

h~o~~umnidimauuua~~v(fw~fiuk.~q~nd~nuun~rnaidn (Funato et at., 1999) 

~ud?~ninliuudtwntau~~niflu~=:~;na~uuiiwt~md~ udahtbhiu  
Y Y A ~aiuu~uu~.s~i~~Zurnu~dail 70 ~d~i~~u~naamiuu4uu~~wa~a~Gulut=:uAn~ (Ringler, 

1997: Gregory, 1999) uanr~df l4nuh~rrnmlulh qrurnn unnRmrunwfdthrm3nd 

dum:nuiwmiam~uu~~w~a~to~uwn~3u~ilun'u 



Y d  
~luion'lunimm ~ ~ ~ ~ ~ u L ' B ~ ~ ~ ~ I u c M ~ L T u ~  (smooth muscle cell) Ldod4infi actin stress fiber 

ii9uh~a4nim~~9LLa::niscn;dauinadLaa~ ~ ~ ~ % f f l ~ d f ~ M ] ~ l f i ~ L ~ ~ 4 ~ ~ n L f i ~  2 'lh AIU 

eo::ni?LdiouLLdadtdo'la ( n i d  26) fla prot~myofibroblasts M:: mature myofibroblast b u  

proto-myofibroblasts jj actin stress fiber ~fluad6d9::nauuFi'Irj~nis~L~w4aennad~do~u 

smooth muscle actin (SMA) aanuilutaa6 d9utaaa%~a~dfuma?nw'r;ia~fiu~u (mature 

myofibroblasts) ~::d?::n@ui?u actin stress fiber L L ~ :  fibronexi ~ ~ l d i l ~ ~ l d ~ 7 n  (van Beurden et 
c v g 4  

al., 2005) LLa~~ni t~~m4aanT0dfds~u SMA mu ' lu~~aa mdul..Aq4l% SMA LfiULn$a4id$ 
4 , 4 4 4  

R ~ I ~ ~ ~ U ~ ~ ~ % ~ B ~ ~ ~ ~ T U ~ I ~ ~ ~ ' ~ ~ L ~ ~ U ~ U M I ~ I L ' I I ~ ~ ~ M ~  (Gabbiani, 2004) n l ? L ~ u ~ l u ? l d ~ ~ ~  

n i ~ ~ d d u u u d a a E d i i ~ n a ~ ~ ~ a a ~ f a ~ A ~ u ~ a i f i 6 ~ a ~ a i ~ u n i ~ ~ ~ d u ~ ~ i ~ a  growth factor k w ? n  

TGF-PI ~ f l u v f k  (Desmoulikre et al., 1993) adi4biimwnis Ld~uuLLda4~dii4TailLan6 

h f ~ l d f ~ ~ ~ i f i h u ~ 7 ~ i ~ ~ f l ~ < ~ ~ ~ i 9 U h 9 ~ l  ~ d u  mechanical tension T(~~IIaa"Ld619~~1fi6 
I 44 ni~7numsLn~au~uikPauLL~Ja, ED-A FN, GM-CSF, heparin, integrins Lur low cell density 

~ ~ ~ u i i u a u n e ~ n a a l u ~ a l d ~ u m a i f i m ~ ~ ~ ' l a ~ u a ~ n " U ~ ~ i m  TGF-pi L Y ; I ~  ~ ~ s j ~ f i u n i 6 v i u  

i?uriu~q+udu7iau ( nirrd 8) 

nm$ 8 ttarnils%fhds?bqn'u ~ ' ~ : : u ~ M ~ I ~ z ~ ~ ~ ~ L ~ ~ ~ M L L ~ ~ ~ ~ ~ ~ Y D Q L ' I I ~ ~ " ~ ~ P Y  mnia w"1d~flu~an~ 

b J P D ~ d ~ u w a 1 ~ 6 ;  F = fibroblast; Proto-MF = proto-myofibroblast; mature MF = mature myofibroblast; 

ED-A FN = ED-A (EIIIA) variant of fibronectin; GM-CSF = granulocyte1 macrophage-colony-stimulating 

factor (6nudnmin van Beurden et al., 2005) 



%~n~suriawv?a%a~aw66au Prolierating cell nuclear antigen (PCNA) 

Proliferating cell nuclear antigen (PCNA) L i h ~ d t ~ ~ h n k 4  (cyclin) $a 
A i 

auxiliary protein no4 DNA polymerase - 6 'd~Lna?h~n'Ynit~Ij~m'~na~~nn6 ka$? f l~un l t  
Y k~nolr~unrdarrwuAlcluuau~u~ f s ~ d l l f u  PCNA qzL~urnnmuluLnnn~iii6.~~q'orb(~ub 

i 
(proliferation) ~ua~&su~$au5u~nna"Iutzarw'n n u & ~ u ~ w u ' ( ~ a i n  et al.. 1991 ; Gelb et al., 

' Y 
1992) unr~u8md (Simoes et al., 1994) ~ ~ ~ ~ ~ ~ u L ~ u ~ M I u ~ ~ u . J I Q ~ ~ u ~  G,-phase unrdu 
Y w 

qqaulutzar S-phase ua r t i ea~nmnsh tn i i~ t raz  G2-M phase &1h'Iunit6au6?i?s~y1nan 
-4- i ?aouyfuiRbmii (immunohistochemistry: IHC) ~ln6n~iiw~u?n~riln?iuL~unn~ipii~n'u 

~~ud~1~li6au~ud~d~a"umiuozarlunituli.j~~n6 niwrum~iuumnmia'lun'n~wnit$mdo"au 

ui~in~1?iuuwn~i*~~uum'art~a::n~~~nn6 (Foley et al., 1991) ud PCNA ~ ~ A I ~ ~ I T ~ ~ M ~ W U  

~~ luLaa t& imd~u tzazdu  GOIGl (Giodardo et at., 1991) nito"auX?a PCNA ~ z d b u k  
Y Gamiaanaq~qlsA n i s~~nwnu?n~n~?mau~ in~u t r r  G11S phase h a  PCNA <um?qu?~?m 

tight junction nathrui$ulu$rGuradiiutrrdqn'i~aud4m'? uar nucleoplasmic-chromatin- 

associate W t i u  PCNA rfl~~~d~%2ianidauua~~LGuLaun::nio8~cmolr%LGuLa (Berges, 

1993) ~flunitmnqReuLann"Iunwd~nit~ri.jm'? k a n i t ~ i u ? ~ ~ d o f ~ ~ u m ' n i f  ud41'11nn'qr 
Y d?auantr~u~?iuriaviano~~an6 k s q r r i q l f l ~ ~ n A ~ $ i ~ t z a z  G, phase uinau us74 

u l l i 4  ~ i u i t n ~ ~ u o n ~ ~ n i t ~ ~ ~ ~ ~ u u ~ w ~ t = : ~ u ~ n n a . j ~ ~ n ~  q r ~ ~ ~ u a n ~ . ~ n i ~ m u u ' ~ ~ u  4qbi041mfi~u 

n ? i u ~ r % a m u i n ~ u n i f m n ~ n i ~ i a i u n ~ ~ ~ a n n " I u ~ r a r ~ i  (phase of cell cycle) %ah~a.r 

mniinniq~au~uyTu~ubll~li jd~Idtiu PcNA dnaiu'k~ (sensitivity) unrnanr~i;amr~~ 
d' w n i i n i r m t a ~ n i r ~ n n u i ~ n a i  nnu i tnuanuaz~~nnn lvwnu~naan~ in~a~~u~~d ia  UR: 

Y i i  b u u u ~ u a ~ ~ m i l ~ l w i o l ~ u  n u $ ~ u d n w n h u l ~ n k ~ ~ n ~ ~ o t a r d ~ ~ m u a s ~ i i ~ ~ ~ t u m i f ~ n ' i ~  
" 4 4 i  nuqfioul d k s l ~ n l ~ v ( r ? o a r t a L a u ~ u " f m s i s 5 u ~ n i ~ ~ ~ i  (Bravor et a!.. 1987) 

u I 
~ W ~ L N ~ ~ ~ I ~ ~ U ~ ~ ~ I Z L ~ B ~  (Mucoadhesive polymer) 

miu~nwwn i~cp~u '  L ~ M  hydrophilic soluble polymer, hydrogel polymer, thermoplastic 

polymer unr ion exchange resin (Nangia, 2006) 



niflukn (Carbopol)  flu mucoadhesive polymer aidmbbt~qa (hydrogel) 

diipnrrfin::niulu& r r i i ~n i t~dar rda~ i~ lw~~1a iun~n1 t~~n~n f fmt la1~ t l f lw :  

bkf~qu (hydrogen bond) n i ~ ~ h n ~ ~ m i r r ~ ( ~ ~ i ~ d ~ a " l u ~ ~ m n ~ ~ ~ t l ~ ~ n ~ t l ~ ~ u  du 

swellable tablets, buccal tablets, chewable tablets, effervescent tablets, suppositories un:: 

LW (Thapa et al., 2005) 



uynia (rat) WYUf Sprague-Dawley (dirjin&m5nmn~.ju~.~niG uui?noitp'u 

uQnn, untdzu) aiq 9 Xdmirl $ila~n~ladu 250-280 n* iiwu 80 ri? uyrrdnrdiapnuun 

18asuunt~1uM"a4nauqu~cldu~~ 2 5 ' ~  n iu~uf i4Nj le i i r  (darklight cycle) 12 iqh45iaiu 

r8a~&~i lsa iu in i f id i~ iqf l  (siuitrT.5rii~hTJ CP 082) k a l i a i a i r  unz:iuuulrliiiisl 

(ad libitum) ~3unniadi4Cae 3 ?u ~dad~minh.mi~ ls i~4 in 'u f in i~~~u~m~au 
Y 

(acclimatization) riarnirdiXmnh4uun'Iud~qdin m?iuCu$n%at(nrrujiu uuri ~J?uicld 
t J- a i u 1 n m z ~ u i m m i n n u n z ~ u ~ i u ~ i 6 u l ~ n z ? u  nr l ln t tuh~d  'Mud n i t h  niimr 

aiui t  ~illdm~u 

n1 tadu~uuun i i s i~ ind~u~u~8 ;1 i iuu i~~~~ i  k u l u n i t i l n m n k i b u  

waiuayvlt id n i t ~ 3 u u n i s b u r X a ~ ~ f i n i t J i ~ ~ n ~ ~ i ~ r f  nwflumunn~l  inn f 

~flin.rnrdmi3nuin'u n1raz~uuuuuud~%u~ihrnitll3~nd 100 rdsf~qud bmiSrrii 

n~1rr~8u8uu"sanaiuu3~n~diaaLn~a~ktui'lernsirl~uuuun"'1[ (Gas Chromatography; 

Hewlett-Packard 5970 MSD instrument X?flmiumyLn?Idq~n ?A. n?. f l f i n p d  u f l ~ l l h  

n l  A a i r n i  nw3nuifiirtmi ~ f l i ~ n ~ i r n t ~ n u i t p ' u )  n ~ m n ' m ~ ~ n i r ~ ~ u l $ : ~ f l u ~ u u u  

~~ndijnaiu~~uiiu~a.~nimzI~uwuu 0.5 unz 2 ~daf~4wY Iunnnitd~wnuniflufwn ktr 
n ~ i u ~ ~ u l u ~ ~ f i i r a z l u ~ u u u d l f l u n i m m ~ ~ ~ l ~ ~ n m n ~ s ~  d r z d ~ ~ n r i m a i u ~ l u 4 u l u  

J n i m n n a . m ' ~ e n ~ ~ w i z ~ ~ u ~ ~ ~ ~ ~ a n ~ f i ~ i ~ ~ & u ~ a ' ~ ~ a ~ ~ a ~ ~ d a ~ d i n  (fibroblast cell culture) d 
ni~nn'naduuuuuu f i i u i t o v i i ~ i i n i r ~ ~ u i i u ~ u n a ~ ~ ' ~ ~ ~ A ~ ~ i z ~ B u ~ ~ ~ d m  (Jettanacheaw 

chankit et al., 2008) ~4iiuilirnmna4lu6minmna;l 



~ y q n ~ ~ & ~ u n ~ s d ~ $ m f i s " i t ~ ~ w n ~ u d e ~ d i n  ~ d o ~ i a a t r L w a ~ ~ ~ n q i n n i ~ i  

k u n s t u l u d e t d i n  du niod14uqn ~ ~ a z n i s d i s i s l ~ ~ ~ a h n ~ ~ ~ i t ~ w m i u C v i  ~ilufiu nitdiPisl 

fiht~wa~iu?~?Ild~tna1;1a~t~wliliu~~u"4 (hard palate) l u n l n l ~  Oda LLRzRN:: 

(2004) lwui j?u11au~ti  ;a i i n i ~ ~ t b v C n i q v y n m a a t  i i L ~ % t v ~ i a u u i q k 5  qin;u& 

9 1 4 u i f i ~ u 6 ? f l n 7 ~ ~ ~ f l i f i ~ ~ ' 1 1 ~ m  Ketamine hydrochloride (Ketalam, Bioniche, Pharma Ltd, 

Canada) aulw 100 Un./nn. n'y Xylazine hydrochloride (Rompun@, Bayer AG, Germany) 

auiw 10 un./nn. L k ~ 7 4 d ~ t f i a t  ( ~ 1 ? ~ . 6 n 5  2544) I'G~~fiv~~u'iluvw (dorsal recumbency) 

~ ~ ~ u a i ~ i i ~ i l u ~ a u ~ ~ ~ ~ ~ a ~ u ~ n " ~ t ~ u ~ ~ a : : ~ t ~ u ~ ~ n u i ~ ~ ~ i  n i r i i d i u a o . r y u d i n  ( n m d  
L, 

9) 11nCul.a" punch biopsy ~ ~ l ~ L h d l ~ f l ~ 6 ~ a i t  4 ~uno (KRUUSE'. Denmark) nm$m 
a 4 0  ~~ayaniuua~~oli~adtszn'uvn't~u premolar C/ I 9 n w:: a) ~ i n ~ u ' I . a " ~ ~ ~ e ~ j r e n i s  

Y 4.4 
h t i l n ~ ? U ' d $ ~  bone curette (CM 214 HU-FRIEDY, USA) i m ~ ~ ~ ~ ~ ~ n ' i l ~ n i f l 1 ~ 9 t n a ~  

f i i u ~ o  w Luz%uiu~an~quLR'Te4~ml i " ia iu~~~in i~1 (vacuum suction) 

$ 0  Y 
niwi 9 n) ~ ~ f i ~ ~ l ~ ~ l f l L ~ ~ ~ l ~ ~ l ~ 1 1 ~ t ~ ~ ~ ~ ~ ~ i ~ ~ ~ ? L 9 ~ ~ ~ ~ l ~ t t u " 4 T ~ 4 ~ ~ l ?  (Oda et al., 

2004); a) L L f i ~ 4 ? " s ~ l ~ ~ s " l t ~ l ~ ~ f i s " l 4 L ~ ~ ~ ~ ~ ~ ~ . a "  punch biopsy 



ndud I : :in& (ndunququnu) 

ndud 2: nitiawnuairmnio~u~wn 
d 

ndun 3: anar :~~wu~iuu 0.5 ~do5~8u6 
i 

n d u ~  4: ~qnar:~~~uu~nluu 2 ~ d a 5 h 6  
TM 4-d ndud 5: u i f l iud in lu~nl~uunish ( ~ e n a l o ~ "  in Orabase ) nuniman 

q n $ ~ h  Aa lmouau3lulnuar9lmlu6 0. I ida 5 ~ 8 ~ 7  

(triamcinolone acetonide) ( ~ e n a l o ~ @ ,  Bristol-Mayen Squibb, 

USA) 
Y 

rrynl~it~r:n~usr:~&~un~sfl~u~~wnn"~u~~~iun:: 1 nk ioldafiuuiu 14 i u  fau 

isoflurane (~erranne., Baxter healthcare 
d 4 

corporation, Puerto Rico) ~uu~ntiunfl iuuwn Lwann~iuiriamunr:n7m~u7cld&m?1un79 

~u~;1n"Ufiam1sfl1uu~lu~~pinr:?"u ~~~nm~nm"u$nainimi.jn~irn Mj'a~qiuf io l~In~lu~y 
i . 4  

mnaaqnfiq lWuri ~ E m i m a i ~ i d f i u  an-fiuimoinnmu wqlnsnr nmududqm i( 

~ d a ~ a n  ~~nr6nwmr:ra.1uwn 
d 

~uim 3 5 7 LLnr 14 mqnimmnad Rjurryndq nr: 4 di?daiud~i;udiqad14 
I Y 

~inipryuimhuuinnu isoflurane ~ f iu~u im AiirrCn~~nr:fiu$n ffuqmmin uunii;u&arii.r 

d?u~wmiudinuufolu~nir:'~1nss~ns61~aan riiu@&?unh~W;iman koliilfiussn'mdi~ri?u 
i 

nqiuai? I?IML"IIZ wms lunis~i~um~u1mmiunaiunlflus3;llflunisriiuniw (n iw~ I 0) 



n ~ s ~ n " u ~ a s d i ~ n i ~ w t l i ~ n u i  

~<4qinniodiuniw~tp1aa ~im'?ad14~~?i'lua1sa:aiu~d~d~$d~l~ai~u 10 

rdo5~3uhiuodisGeu 24 49614 q i n $ ~ m ~ ~ d ~ ~ ~ u n d ? ~ ~ w l i l i u ~ f i ] ~ ~ w u ~ ~ w a  e i~dd lu  

nu?unl~a:aiut~~a~iuu~inn~=:c?,n (decalcification) flil~lfialklo~::alu ethylene diarnine 
" 3 . 4 ,  

tetra acetic acid (EDTA) 10 idefL~uw1u6lnku ulu 14 h qln~u~l%dLu~Mulu 

no:u?unikloa:aiounaL;iiuu~~o~~ui;1~::~7 2 nL7az 10 u i i  i i i s i l m i i ~ ~ ~ r - ~ i u a u ~ u m  
Y i  Y 

rm~uu~ue~oa (histological process) f ~ ~ ~ i l d ? r ~ ? ~ n l ~ ~ 4 ~ 1 8 ~ n  (dehydration step) 69u 

~raanoaoa~ i in~ iu r i i a ( i iu~r~~p i i4~  qin 70 80 95 ua:: 100 ~da~~3uR'sliutii~u qin5iuvii~ 
2 . 4  " 4  ~ua~uela (clearing step) f~~ulla"l¶zu (xylene) ~a:~~~uruea~~ufif luwi~i~u (paraffin 

embedding step) 

m s ~ s a s r n ~ p w a i f t n u i  
w Y  " Y  

~ l f i ~ ~ ~ l ~ l ~ ~ ~ & ~ ~ d l 4 ~ ~ L ~ ~ L ~ ~ l ~ L L ~ 4 ~ ? ' 0 ~ j l 4  ~6?h'l€ILn%t~~~L~'kl 
2 4 2" 

ultramicrotome machine ~ l j ~ ~ ~ L l C j u ~ l 4 M l d l  4 kFl5'Qu ~ I L ~ ~ L ~ B M I ~ ~ ? I ~ ~ M L L C ~ ~ ~ ~ ~ ~  i l n l ~  
v Y 4  

hu6?€14 Hernatoxylin and eosin (H&E) fFtfl$iUirAaunl26flum4~ no a ~ ~ l € ~ w l 9 i ~ ~ ~ f l n ~ l n  
4  d Y . 4  a~aAiua~uefmutt?i~u~air;u (deparafinization) LLa:diuno:u?unioliiri"in<uL#iLuoLuo 

r Y  i 
a~ltf4ay3d (rehydration) ~ ( J ~ I ~ ~ R ~ ~ ~ L U B L U B ~ ~ ~ ~ M L L O ~ ~ O ~ ~ S ~ ~  100 95 80 L 70 

C Y  i ~d~5~3un'  p11uiiKu qinzu&is ho6inku r i i a l a m ~ u ~ ~ u o ~ b u & ~ u l i ' i u i  Meyer's 
Y 

hernatoxylin u1u 10 u l i  Ll~9~lc~~uiiid:d7ulu 5 u i i  ~ln&~4ou6?;?0 eosin ulu 4 u1; 



Y I  Y A  
~~s&~ui?d::dqu?u 10 u??~ q~niiurki~?asnqqnLuaLo~~mo~rn"LLann~'i]a~ 70 80 95 unz 

Ai A 
100 ~deka"uei ~~a::IqGumiui16~ ~l i inucjuruarua6~o~~~ju~~f i la6 (coverglass) ~~a::fi?omiq 

(permount; mounting step) L ~ ~ ~ ? ~ ~ ~ ~ ~ w ~ ~ ~ ~ ~ ~ ~ ~ ~ Y \ s s ~ ~ ' I I ~ ~ L L ~ ~ ~ ~ ~ ~ ~ ~ B S S N ~ ?  

nlsmsa~&uLn~~~nla3u+~uaa~1i lL~u'  (Immunohistochemical method; IHC) 

niriinw~asinnirnnia~uyCu'3~Cm1n~ IbuauEiuoAdpnji (primary 
Y 

antibody) 3 ;a uau?uo~d@ TGF-P1, a-smooth muscle actin LLR: PCNA CnuCGum~u 
Y 

" 4 4  2 4 . 4  2 / 2" 
nis~mh-~ua:fiau nau na n " n ~ u a ~ u ~ n ~ ~ l u f i a u ~ i ~ i ~ u ~ ~ u i  4 ~ U R T Q M  i i ~ u a ~ u ~ ~ ~ l n ~ i a u u  

udua1n6~in8au6?flt71S 3-aminopropyltriethoxysilane (silaneB, Sigma. USA) 2 Ldak%uT 

luaz;Pmu (acetone) ~ ' ~ ~ ~ f i 4 n ' ~ i l ~ 6 i f i l a f i d f i a ~ d a \ d  

~n~ii~n1su"sun~a9u+lu~~ln~~~Riau~uAueiiir a-smooth muscle 

63 / Y Y  B 
~ ~ ~ ~ ~ ~ L ~ ~ L u Q ~ ~ ~ s I u ? M ~ ~ T ~ ~ ~ ~ E ] w ~ T ~ ~ M  ~ ~ ~ ~ ~ ~ ~ I ~ ~ ~ L % I L M Q L E I Q  il 

L$aL$adiui~ni?L'11mLwuLIau~Lqu6?uLniau1u1ntL?d {ik 1.38 ii%'m6 h ~ f i i t a r a i u  
C 

citrate buffer, pH 6 uiu 3 U I ~  &1i196?(1 PBS 3 f i k l ~ z  5 UI; ~ l f l d a % U i  endogenous 

peroxidase Cnuu~dlu~~uraCn~i~u~d'ilQaanl'116 0.3 idah4u6 C/$war?%md uiu 30 ui; h a  
Y 

6?t Id l?$z~l f l  (phosphate buffer saline (PBS, pH 7.4) 3 ~ 5 4 1 ~ :  5 ul; L L R L P ~ ~ ~ ~ ~ B I  

C Q  .-4 

non-specific antigen 6 9 ~  bovine serum albumin (BSA) 1 ~dQ?f l~m i q [ u a r ? ~  3 7 ' ~  UlU 30 
Y 

ui; h~6?uaion::aiu PBS 3 n?ala:: 5 uis I ~ u ~ ~ ? u ~ ~ M u ~ L L Q u R u Q ~ ~ $ u ~ ~ ' I I ~ ~  

monoclonal mouse anti-human a-smooth muscle actin antibody R?IUL%U%M 1: 100 (Dako, 

Denmark) ~ U d q o l V I a ~  4 ' ~  Ulu 15 &CUP &146?~ l l f l t f i l f l  PBS 3 A:V'p:: 5 UI; Hun 

~~auiuo&jEiu@airn biotinylated rabbit anti-mouse IgG antibody (KPL. MD. USA) R?lU 

~%u%u i:400 LY~I ~ i u C / ~ o l l i ~ ~  3 7 0 ~  uiu 30 uia i i i a ~ ~ u f i i ~ a : n i u  PBS 3 Aiala:: 5 uia 
4 

T ~ M U B I ~ ? L I  avidin-biotin complex peroxidase kit (ABC kit, Dako) I~u~~$NHJ~? 3 7 ' ~  Ulld 

30 UI; ~I~~?U~I?R:RIV PBS 3 n%18L: 5 UI; ~ ~ d i ~ f i ~ i i n # ~ n ~ l d l u a i ? a : n i u  DAB 0.05 

~daQ~4um'luaim~aiu 0.01 M ~r is -HCI  PH 7.4 ~ ~ n d  j ~ u i 6 ? u Q i n P I u  ~Ln:6ia6?utid:di 
C 

fiau$u (counterstain) 6auid Meyer's hematoxylin C ? W C ~ ? U ~ U ~ Q U ~ P ~ I Q ~ ~ ~ ~ E ~ L L D ~ ~ Q ~ Q ~ '  

Y B  
naz l~ f fun iud~Ku  wh~~u~ua~uo6~u~~wu~nwlam'~~n:n i~m' ' s~  diuwa6?on&aaqnnssnu' 

aCn~ in~n i i 4  



rn~iinmrkun1aGuy9uan~m~nQi;a~1u~u'i~~Z8;1 PCNA 
r 2  A  J ' A  Jifibnruaruecjiuau~unim::niuwiti';~uun::riu~inKuL%iruarua Ji 

2 A 
rua ~uaGjiu5zni t ~ m ~ u ~ ~ ~ u S ~ q ~ h ~ u ~ ~ i a u ~ f n ~ ~ ~ ~  r i i  k I .38 TifwTi6 (220 volt; 50 Hz) 

n'?clfiitn::niu PBS uiu 3 ui? iii.rX?u PBS 3 nfdln:: 5 u i i  nmdji iui endogenous 
J  

peroxidase Cno~?jlu\afPr~~qu~da~an~'~~m' 0.3 rda~r%.di"Iu absolute methanol n 

q n r ~ q ~ i m q  uiu 30 uiti iiidh?snitn::niu PBS 3 nRln:: 5 uid un::nndarwi non- 

specific antigen xw BSA I rdaiLiu6dqorMqij 3 7 ' ~  uiu 30 uid iii.rX?unitn::niu PBS 

3 nkln:: 5 ui; liuh?unitu~nuau~u~~dJu'Jij'II~m monoclonal mouse anti-PCNA 
J  

antibody (Dako) n ? i u ~ % u % u  1:200 riunqruvqir 4'C uiu 15 $?hd &idh?flfiim:n7u 

PBS 3 nfdln:: 5 uid w u n r r a u u a u q  biotinylated rabbit anti-mouse IgG 
J  

antibody (KPL) n?iul%u%u 1:400 r v i i  riunqruuqij 3 7 ' ~  uiu 30 ui% iiidii?ufiltn:nlu 
J  

PBS 3 nfdln:: 5 ui? idrnlmn'lu ABC kit riunqnrrrqij 3 7 ' ~  uiu 30 u i i  i idh?u 

a i m z n i u  PBS 3 nRln: 5 uid ~d~i~ f i r~n~buld lu f i7 tn : :n iu  DAB 0.05 rdair iudilu 

f i i m z n i u  0.01 M Tris-HCI pH 7.4 vqnd jiiiuih?u&nkuun::~idh?u;"id:d 1 6 s ~ u X ? u  

Meyer's hematoxylin Ji~Li iu~umaud~~iaan~i~uuanna~~a~un: l '~[~umiui im'u ucn 
2 A  ~rdu~waruo6?uudu~nfibkun:~i~m~d d i ~ u n h ? u n ~ a d ~ n ~ T t ~ ~ ' I I ~ m u f i d f i i i d  

~nni inn~~~aun~aGuyIuanIw~n~~auuau' i~r]Z~r]  TGF-pi 
CJ' A  u $ 4  J' J i ~ b n ~ u ~ w ~ w ~ u a u ~ u n i m : n ~ u ~ ~ t i ~ u u n : : ~ ~ ~ ~ i n ~ u ~ % ~ ~ u a r u a  J i rua  

L i a d i u i ' s n i n ~ m u u u a u ~ L ~ u  (antigenr etrieval method) huteu\'IIJ ProteinaseK 0.1 

r l la idudi  dqn rvq i i ad  uiu 8 uid i i i ~ n ' w & - i n h 2  nRln:: 5 ui% nndjiimi 

endogenous peroxidase f n u ~ ~ ~ u ~ f m t ~ u r d a i a ~ n ~ ' 1 1 6  (H202) n?iur%u%u 0.6 rdsiliu6 
J  u I 

11.4 absolute methanol nqndvqihd uiu 30 ui$ i i l d l i ?u~ in<u  3 nkln:: 5 uid un:nm 
r r  r J  dfjrwi non-specific antigen h ? ~  normal goat serum 1 L ~ ~ ~ L ' I I U W  ~ q n r ~ q i j f i a d  UIU 20 

uid LM normal goat serum aanq ina lnn io lu ' i i a~6 id  uiirnumuau~uai;dJu'J~'~i~m 
.I 

polyclonal rabbita nti-TGF-j3l antibody (Promega, Madison,U SA) n?lul%u%u 1: 200 Liun 

q n d ~ q ~  40c uiu IS 4 1 ~ 4  i i i d~~ef i im: :n iu  PBS 3 nfaln:: 5 uid rrsnhqu DAKO 

REAL" ~ n v i s i o n ~ ~  Detection System, ~ e r o x i d a s e / ~ ~ ~ + / ~ a b b i t ~ m o u s e  (Dako, Denmark) 
4 4  

r i u d q n r v q i i i a ~  uiu 30 uid &ith?unim::niu PBS 3 nhln: 5 uin ~~nilf ir i im~fmuld' lu 
Ir I 

aim::niu DAB 0.05 ~da5~u i l u f i im :n iuo .o1  M Tris-HCI pH 7.4 ~rqmdjiiuih~uJinKu 

un :~ i~n '~a~ id : :d i  fiauKuh?u~Meyerls hematoxylin J i l d ~ ~ i u l u n a u i ~ i i a a n h ~ u  



Y i uenneae6~mzlaiiu017uAi6u u ~ n u ~ j u ~ u e ~ ~ e B i ? ~ ~ ~ w u i T ~ f i l n 6 ~ ~ n z f i ~ ~ w ~ ~  (permount) 61u 

u n & ~ u n k ~ ~ n n r r n r i a ~ b l ~ ~ ~ ~ f i i i . j  

h e l d ~ ~ ~ n t u  Scion Image ma& alpha 4.0.3.2 (h~~://www.scioncorp.com) ~blf~'I#uimti 
J Y J  in~guari?uiin8~uslo (u.u.) n'i~~aowunazltuun~&uu ~M'uuIu~~dnzniun'undu~qu qulrnuI.a" 

J 
fi% one way ANOVA M ? ~ ~ u R ? ~ N L ~ Q u Q  95 

J, Y d m ~ i n ~ t u m ~ ~ ! u a ~ ~ ~ u n  (wound closure%) iirn~flu~eue3zao4auibl~~un~~nbl~u 

hiu~Ltnn'uiu~viinit?'~aui~l~~~~~u~cu~in~m (Rajasekaran et al.. 2004) 

Wound closure % = wound area day 0 -wound area day (n) 
X 100 

Wound area day 0 

pnwaiiiinsli 
4 ~ I ~ ' ~ ~ ' ~ L ~ u w ~ L ? ~ w ~ ? ~ ~ I  (descriptive analysis) u8zn4L?4fiui114 (semi- 

quantitative analysis) ~ ~ u w ~ u u t z a i i ~ n ~ u ~ ~ p 3 ~ ~  lnu~~iteamiluozuz unzR?lN?uLLT4 
" 3 4  ~ ~ 4 ~ 7 5 ' d n L f i ~  m4M AQ 

tz~zae.jnitdn~fiu (inflammation stage) ~~~lj;reen~flu~wu~$uuwt?u (acute) 

~ u ' ~ w u ~ ~ n ~ ~ n ~ f i u o d ~ u ' ~ ~ ~ ~ ~ u ~ ~ n d ~ u " b l ~ ~ ~ b l ~ i ~ a ~ n ~ ~ f ~ ~ ~ ~ i n n ~  80 ~ds4iiun' uuuffa 

L$uuwku (subacute) ~ d ~ w u ~ ~ n 6 d n ~ f i u d ? u ' I ~ ~ ~ i l ~ ~ ~ p 3 6 ~ u " b l ~ ~ ~ b l a i ~ a ~ h ~ ~ 0 ~ t ~ n  4% 
Y i r m i i ~  49-79 ~lla5~4udji?un'uIuful~n' v ? e ~ ~ u u ~ t a k  (chronic) ~uawuan6dn~fiudqu'lud 

L ~ ~ ~ L ~ ~ ~ L ~ " ~ L ~ B ~ ~ ~ I ? ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ L L ~ ~ L ~ ~ ~ ~ ~ I A ~ I  

sz6u~qiuqu~~t4ao.~n7w'n~fiu (severity of inflammation) dtzljjuqiniiuau 
J an6Gntfiuairnsiirl ' Lu tzuzaa. jn i tGn~f iu~~~~~n~%~~r i i . jdeu (mild, iiaunii 50 cells1HPF) 

d~lmnic  (moderate. 50-1 00 cells/HPF) V % ? ~ L L S ~  (severe. u lnn i l  100 cellsIHPF) bu'Ifl 

nr~~uun~iu?uus.j~w'inYy +I +2 LLC +3 ~1iuPjihYY 
3" 4 uan~1nuo~unisdrz~~unit~~~~n~%ia~~~ann1dlutunifieJ' unznitih4Ca 

-I briaa~~~nnit'o~6~i;~ncun'nit~m~u~z~~uu~tz~~fluninuu~n (Kawalac et al., 2004) 



uua 2 hiul a: 3 u ~ i l m d i i i ~ j . l a u i u  400 ~ Y i i a a ~ n ~ a ~ ~ a n t t n ~ ~ ~ f i ~ f i i i ~ ~ ~ t u m i  (n iwd 11) 

Pmuni~juGinniwhunda~'i?man u~;lr i i1dliuaaa4~.j iuau~nzn1~iRiaiauau~~a~eia 

TGF-PI . PCNA ~u:: a-smooth muscle actin IU<U propria-submucosa t?u?4~lJLllRR^<u 

~ t a ?  (epithelium) d ~ w a u a n i a  PCNA PmolRdruntu  dob be@ Photoshop CS version 8 

(Adope System Incorperated, USA) 

Y Y 44 nwd I I ~~fi~~isnit~uwud~t::~iju~anitu"auni~~u~~u~fi~m~nij 1mu~uwrmn.rau~~wa 

hlua:: 3 u%?m (dLM~uu$?fi); W = uWA; bar =450 h ~ T a u  

A sd ~ i i ~ a i u n a ~ i i u ? u ~ ~ n a ~ ' ~ ~ w a u a n e i a ~ ~ a u i ~ ~ ~  a-smooth muscle actin 
Y - 4  

PCNA W:: TGF-PI ~ I U ? ~ ~ ~ I ~ ~ I T ~ ~ ~ I ~ ~ ~ L ~ ~ ~ ~ ~ " ~ ~ ~ ~ ~ ~ ~ W ~ M  1 G l l t l 4 h ~ ~ u R t  

..a¶, 94 

(mf.UU.) ~ ~ ~ ~ ~ L ~ ~ L ~ ~ ~ ~ L L ~ ~ ~ ~ ~ ~ ~ ~ ~ U Y W L I U ~ I ~ ~ ~ ~ O ~ P I ? U ? G  non-paramatic Kruskal-Wallis 

95 ~ ~ B M ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ T : : M ~ ~ Q ~ ~ ~ M ~ ~ ~ Q  (Sakata et al., 2007) 



luiu~un~otnisahauwaluuyynm'q iruinuwaCnudo:uior~viin'u 12.56 

mo.uu. u a n i ~ ' ~ r u i n u w a u f i n i ~ ~ m a a ; 1 ~ u ~ u 1  3 wuii y n n d u i a u i n u w a L ~ d o ~ n ~ ~ ~ o q ~ u  
i 

(misiqd 2) CRU~ . IU I~ ILO~B~~LLC~  10.65t1.8 a I i.87t1.9 ms.uu. r ~ a : ~ i i n q i u ~ ~ m n i i . r a i i ~  

S G ~ d i K ~ m i a a i i i  ( ~ ~ 0 . 0 5 )  s ~ u i ? ~ d i ~ o i o  percent wound closure Cnuidichttd 

5.51 - 15.1 9 ~da&%uK ~ ~ U ~ ~ ~ L L D ~ ~ ~ ~ ~ R U ~ ~ I L Q ~ U  percent wound closure 4.1461 ~6IllSdl 

~viin'u 15.19 ~do5~4uK n~ua isdawauid i~ iQnCm~id i~v i in 'u  5.51 ida5~4u6 anr:dniju 
r e  r i  R ? ~ q u f l u ~ d i L Q ~ t l  percent wound closure $ih 10.61 L~OPL~.~I i l .1~l lQd~1 percent 

wound closure d iqnaa~n~ua i~dowaua i~L~n~~nau~ f iLLwaaa~uy  I lu  4 h a a t n l u  
i & n r i i ~ ~ a u i ~ l b ~ n i i ~ u ~ ~ ~ n ~ ~ ~ n ~ ~ a $ i ~ ~ ~ w a  i~d~wapiadir t lao percent wound closure $ 

i l u ~ m l m "  

luTu4 5 aa~nitmnaaswuii n n n t j u i i ~ u i m ~ w a ~ ~ ~ o ~ m a ~ ~ ~ u i i m ' u ~ i n T u ~  

3 ao~nismnao~ C n ~ n d u ~ i r a z ~ ~ l u u ~ ~ u u  2 rde5~4ui  iiruin~LwaLGn$~sl &i ld irv i in '~ 

7.53t0.8 Gl4.UJ.l ~ L ~ ~ ~ ~ ~ ~ U ~ ~ I L ~ ~ ~ ~ ~ ~ ~ ~ Q ~ Q ~ I  ~ ( ~ ~ 1 1 ~ ~ ~ 1 1 ~ ~ 1 1 ~ ~  0.5 ld05l%di 

(8.22t0.6) dlun$uais i iowaul~un~udi i '~~u~~l l lwa~~i~n?i~d~n iia 9.79f0.7 ms.uu. n(iu 

~~uquauiiau161L~d~~vii~u 9.14t1.3 ns.uu ~ i n n i o ~ ~ o u L ~ ; u u a u i n ~ ~ i ~ ] a o ~ u p i a = : n ~ u ~  

w u n ~ i u u m n ~ i i ~ a r i i t i i ~ u ~ i ~ ~ ~ i ~ a ' i i  (p0.05)  (niwd 12. 13, 14) au in~~wadan~s  
i ~a6In&4n'udll$cl percent wound closure ~ ~ I U ~ ~ U R I ~ ~ : ~ L L U U L L U U  2 ~ d a ~ ~ ~ u m ' ~ f l u n ( u n  

~ ; d l l Q i L l ~ ~ ~ ~ ~  (40.03) L L R : ~ ( ~ u ~ I ? ~ ~ ~ c I R u ~ ~ I L Q ~ L I ~ I ~ ~ I  (22.07) t d l ~ l t i i ~ 1 1 ~ L i j t 1 h ~ i  

~ ~ ~ u ~ ~ o u ~ ~ i u ~ ~ m n p i i ~ ~ : ~ . i i ~ n ~ u l d w u n ~ ~ u ~ ~ m n p i ~ ~ a r i ~ ~ ~ G ~ d ~ n ' ~ ~ ~ ; ~ a i i ~  (p0.05) 



C U  C 4  

~ u i u i  7 mqn~mnnwi ~U~~U~~?%:~LUIULLUU 0.5 L ~ ~ ~ T I ~ M  unU7nIlWf1 
i ~i A 

wwnnnqn imsiinuinrviin'u 4.09k0.6 nt.uu. unz$tiir~au percent wound closure u in 
i 
nqn (67.4) udntjun~mz~uuuuuu 2 ~~lai~4uA'~nuin~~wn~R'n~f lui i6uta~n~u~ fnuiinum 
II i i i 

~aaadiriu 5.97k 0.9 AT.UU. dq~ntjunitdawnuiiauimLLwnLQaun3iqn~m lnui iauina~u 

din'u 10.84c1.1 Pl3.ua.1 anziiriiroiu percent wound closure dir%~ 13.67 ~Llai~4u6d.r~flu 

r i ~ h i ~ n n o t ~ u i u d  7 noqn~mnplet ~ds~~clu~~suarnnuwn~~ic ln~~n~un~m::~~~uuuuu 

0.5 ~~ la i~ i1u6  n'yn$ulcitda w n u w u i 7 i i n ~ i m ~ ~ n n i i a r i i ~ i i ~ u d i A ' r y ~ i ~ ~ ~ ' i  (p<0.05) 

.I i ~ u ~ u d  14 n(l4nlTnnRaq aulnL~~nL~a~LLn::hl~QRcl percent wound closure 
r lu  0 a ~ ~ ~ n n t j u i i d i ' l n l i ~ ~ u i l n ' u ~ ~ n z ~ w u n ~ i u ~ ~ ~ n d i ~ a r i i ~ ~ u u ~ i A ' r y n i ~ n ? i ~  (p0.05) 

i i 
.1914d 2 ~~~n.laulnWn~QaV (Meanks.~.) ~~ndiLQafl  percent wound closure (%) ~ u k d  

3 5 7 LLRZ 14 1f lQf l lTMhf l f l4  

i nuimuwnLaao (n?.uu.) 

i 
(hl~%au percent wound closure) 

1 1.23f0.7 
nau qunu 

(1 0.6) 

1 1.87k1.9 
A ~ ~ ~ D E I A U  

(5.5) 

10.85k3.5 
oz~uuuuuu0.5% 

(1 3.7) 

10.82k1.6 
o z ~ ~ ~ u u l l u u 2 %  

(1 3.9) 

10.65k1.8 
lm.ruou3fuCnu 

(1 5.2) 



Gi5.UU. 
16 

14 
msda wesu 

12 EI azduuuuuu 0.5% 
10 N azduuuuuu 2% 

8 

6 

4 

2 

0 rud 
] 3 5 ,. p d t  - > . M W + ~  ~2.1 - 14 L 

niwi 13 n ~ i ~  ~ n a  t i i~adu percent wound closure iu~ud 3 5 7 LIRE 14 tlawiovlnnaa 





J Y wnn i~nwn iaqnwu i~nu iwu i i  nir6n~film~mnun'uudnzniuln6~ua 

nir ~ i~f idnunaiuu~ndiaf ,~ i ian~un'~~~~ldn~u~u?'u~(~an'uraan~mmnaa tdqzwu 

n a ~ u w n ~ i ~ r e a n i s ~ n ~ ~ u u n z n ~ t u n ~ n ~ ~ ~ r a a ~ ~ ~ ~ t z u i ~ a ~ a n ~ ~ n m n ~ a  (niwd 15) k u  
J 4 tau&nniaqnwuiiiinuilu?'un 3 naanimmnmwuiiwn~~i~t::uznitGn~~u wwumn' 

o'n~fiumiiniia~n~n~fluiiuauu~nn~z~~uw'?G~aclrrouua unz$uiinisuntndiro~~'~[nn' 

u u n k d i ~ i i u a u ~ n ' n f i o  (nind isn-7) n a ~ u ~ t a r a t n i r ~ n ~ f i u w u k a ~ t : : ~ u ~ t a u i n  
Y 

h f lu  70 Ldsf~qdroauylnmnot 14 fia ~in~iuauflauum 20 fia (14120) quihtz6udiu 

nnip (moderate) Smrflu 30 ~da f~4rJ i  (6120) uannn&u?ztl:~tnh ~u i in i tunm~atoa  
Y sn~v(lutuni~6iiuaudiunni.r ui~aaqauwnuinru r~nflvllutuinnmdwudaulu~~flu 

~qnddusi? (active fibroblast) ii@h.mliiunt::fias (spindle shape) ir?vlZurnnubrj 

~(ahwnif iu i l~ui~u"~udad~unn~a ni?~nboaw'?roa~ann?vlf.utuni~m?d~~utz~~uu ud 

~rn6rnf,/had?awiurdu 

luiun' 5 rewitnmnaa vlnn judmulnnuln~ui3nuidu~%i~tzuzni~ 

a a n r u i u a a t e n ~ u ~ u ~ ~ n ~ v l f u t u n i ~ 6 ~ ~ u i 1 u ~ u u 1 n  (nmd ism-9) iinimtz.rluifan'u 
Y 

~flunbu (cluster) u?eaiu (stream) Y'i~anrdauuuaa.ra'u propria-submucosa qud.ry'o~qa 
II sou periosteum aoansz~n~wmiuuia u m ~ ~ ~ f i n ~ f i u n m i i u a u ~ ~  aibaoa~qn6Gn~fi~nwu 

'Idiuri ~ann%aCno3n ~~nduunhtv( iq unzi iuldld iafiama~3unioo'n~nuuuuifa~4uuw6u 

scKuaaanaiuquu~.rae~nioo'ncnudau'krry'nmr95 kuozKuprruo\ruinnudua 30 ~ d o 5 ~ 4 d  

(6120) put9dirmni.r 55 t d o f ~ h 6  (1 1/20) unzp~t.rhi 15 ~dsfi~ui(3120) hunitGnmu 

tzKuAitr~n~u~aahtu~u'a~uhuXauum (3l20) uonqin&uiun' 5 ratnimslns.r qzli'u 
Y ~ u n i t u u i n i r o ~ ~ d a ~ b u ~ ~ w i : : u 3 ~ a a ~ a u ~ ~ n i ~ m ~ ~ u u 1 n ~ u  

luiud 7 rsanitnmnaa jnwui3nsiraaulmu~'1[nn?~u~u~1n$i~utw'a 
" i J rflutzru'uu~ukuriutfiamuiu (parallel) n'uifu~vclaq (niwn i en-7) luda~a.r~~nnidaqii?i i 

3 J n~trq3cU~u~unr~~uiiuauu~naun?'iiun 3 uaz 5 ratnimmnet k u ~ ~ n c i ~ d a ~ l u ~ u  
A Y 

stratum basale i i n i n i 6 i  (papillae) uunatffluiu propria-submucosa n i t  

a'n~nuri.rm~fluuuuifa~~vuw6ulusz6u~sa~1bu~m~flu 50 ~daf~4uilrs.raynmnsc 

(10120) dausz6uputadiunniaunzuinwu 30 (6120) unz 15 (4120) ~da f~4u6 miuii6u 





nlnd 15 U ~ ~ ~ ~ R W U ~ ~ W Y I U ~ % ~ ~ ~ ~ ~ ~ ~ U R I ~ " D = : ~ I I U M L L M M  0.5 L ~ O & % J ~ . [ U T U ~  3 La=: 5 

nlmnaaa n-T) ~ a ~ 6 c n I R U d ? M . [ t l ~ ~ d M 6 9 f ~ S ~ f l  U R ~ ~ U W U ~ ~ R " L V T U S U ~ I R [ ~ ~ $ M W ' ~  (active 

fibroblasts) (8nflS4) L % ~ U ~ I U U ~ L ~ N U I R L L E ~ ~ ' ~ U ~ M ~  3 aaanlOWmaa4; n-4) L ~ R ~ ~ ~ P C U B R  

41u9uaa ~rp in~a7dTurua1nm~41~~~~~~~u  ~ ~ a = : ~ u a a n ~ l ~ T u  5 aoan~mnaac 

(i H&E; bar = 50 'lunmtd) 



n m i  16 u ~ n q a a u i a j n o i a o ~ t l ~ n ~ u a ~ ~ ~ : : ~ ~ u . ~ u ~ ~ u u  0.5 ~ ~ o f ~ q u ~ ~ u i u i  7 ua:: 14 ae4 

niTnvlslnoc n-a) luiui 7 motnmnao4 rqaa7dTuruaia ~ G n i ~ h c i q l ~ ~ i  ( e n ~ 4 )  Tnu 
.r 

iPu~ Aau~uriuiirruoqEq L L ~ : : C ~ ~ ~ I T L L ~ T ~ L ~ I ~ ~ ~ L ~ ~ ~ Z ~ C M T ~ ~ L ~ ~ ~ ~ " ~ ~  ( I l i q n ~ d ) ;  R-4) lu 

iud 14 moanlonvlslaoq m a a ~ ~ ~ u o u a i ~ ~ ~ a : : ~ ¶ a A ~ n ~ a ~ i ~ u ~ u n n a ; I  ua~iinioara~aa;I~Xu 

lunsaa inuf lu immn (1 H&E; bar = 50 h n ~ o u )  



3. umiraYeuri?a~nnRiinRni~O'uu,Ou3aO~~~u' 

3.1 u w n i ? ~ b 1 u a u ~ d ~ ~ u ~ ~ ~ ~ ~ ~ ~ i ~ r ; i ~ ~ a u 8 ~ ~ ~ 8 ~ m  a-smooth muscle 

w n n i r m n . r ~ u ~ a n ~ l u 0 a l ~ l 0 u ~ ~ n i a 6 q i n ~ a n d d ~ ~ i ~ i s u ~ u i  (spindle 

cell) dkuimiiiiminneq DAB ~ul*lruefun:lq&nninu (nmd 17) an6dbauinii~qa 

uaGuaZoia a-smooth muscle actin 64nd.19 ~ar~ulann~sl1a1v(1uwniad~1;3'm~flu 
A 4 J  

Lntedauiu (marker) ~~1dooov l~611ud. r~  (Funato et a1..1999) 

luiud 3 nasnimmnm d~r~daiiu~u~mn%~a1vl~ut~1wia6qi]~m {e ndu 
J -1 J ~~auquaudiiranadiKu 141.61 f40.9 LIRA/ m4.u~ (mitim~ 3; ~ I M M  18) unmdu 

1wtuau3Iuhuilri1~~d~1~1qm diKu 83.94m.o nmO mr.uu dor i i r i i r~da~nn~uui  

~fiuu~~tlufiu~dnun~iu~~~1noii~adi~dJ~di6ryni. ja~i  ruiu?'ud 5 na~nimnnaanuii 
' - 4 ,  J n junnte:4uuuuuu 0.5 idsf~4un umranuqsqn diriv 225.24r65.3 ma& mr.uu fslu 

J r i i ~ ~ ~ a s i ~ n c i i ~ ~ n ~ ~ u ~ ~ u p i i ~ a n u n ~ ~ n r j u n ~ u ~ u n u  (224.64k69.6) rdtlr~~uuriaud?a 

i u  3-5 m~nirmmna~ ~ m n n i t r i u i i ~ ? u n a ~ r a n f f l ~ f ~ ~ ~ l ~ u ~ y n i a ~ u  
Y n~ua:iluu~uuum'nnud~nii wui inr j lmi te :~u~~uuui jCmnni t~~una~i iu~u~~n~ 

1uPeldIutunia6r~uuindqm driimdifiu 58.27 rqa& mt.uu. / 5" ( m i n d  4) lunwdndu 

~auqunuiidi~iin'y 41.52 rqn& mt.uu / ?YU 





niwd 17 ~ ~ f i f l 4 ~ ' l ~ ~ n t r f ~ 1 d ~ 2 1 ~ ' ~ 1 a 7 f i B 1 ~ f i ~ u ~ h ~ ~ ~ L L ~ ~ ~ 2 1 ~ ~ ~ Q  a-smooth muscle actin ye4 

ntjuni~~:~~~uuuuu 0 .5~0  ~uiud 3 ~ a ~ n ~ ~ ~ l n a a q ;  n) L L ~ ~ W ~ L ~ R ~ ~ U I P I Y I T ~ S Y ~ I R $ ~  (Qnno$ 

LL~:MR~~L#QRIu~u propria-submucosa (l.hFnfld); bar = 50 ~PIOIIU; T) ~llWYS'lflTQPn79 

h N ~ f l 8 l ~ h f ~ W ~ l f i u ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ \ d ~ ' L 1 ~ 2 1 ~ 7 ~ n '  (QflllS:). fi2 ABC, DAB, f i D ~ I h k 9 ; ? ~ i /  

Meyer's hematoxylin; bar = 15 ~ R T Q U )  

niwd 18 n ~ i ~ ~ ~ n n ~ i ~ u ~ u n n n n t r ~ ~ \ ~ ~ ~ ~ ~ n ~ ~ ~ i e ~ o ~ u i ~ t n ~ m ~ n e ~  
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4 m u 
3.2 dir~~eraahuaurraanniwau~aw"a~~~41uau~aa PCNA (Proliferating 

index) 

rd u wwnio~nwi i i u?ucanAd i i iw ' tud t~~h~ t lu~~u~~~ j  PCNA rannnlv~wn 
" i u ? n s : : ~ ~ u ~ m f ~ i m i a ~ u ~ ? ~ ~ ~ ~ u n  e$uiu stratum basale naafiurueq (niwd 19") un:: 

raa~rdaqvIatlmr3e. ~anA'nr~u ~a~Alv(1umninfi ~n::~aaAlultllv(1utuniaflu~u propria- 
II 

submucosa (niwn 191) ~unitdt::Lrirmitriuiiuauntlt~an&~wwu~npi PCNA buni t  
Y " 4 " 

Cu~anEiudtrflu 2 %u AB ~ L E I B ~  (epithelium) un=%u propria-submucosa 



C .I wnniduiiu~u~an6ud.jw'~Iua'u propria-submucosa wudilu?'un 3 na4nit 

nmnaq ntjrmimriluuuuuu 0.5 ~ ~ ~ a ~ u d i  ~ r i i ~ ~ i / a ~ . j ~ s l ~ r i i ~ v i i ~ u  r ,430.562248.30 
Jd , J *o' J 

mt.uu ratn.juii;on j u c r i t a u ~ w u u  2 ~ d a i ~ 3 d  dqun junumanuii~u~'~[nnminqm 

i;a n julmruauqIuTnu ~ ~ i l r i i r ~ i / a ~ v i i ~ u  833.94k468.0 ran& nt.uu usiriiradtl~.jn~i?ii 

niin~ucrirdawcrur~nrliatl (mitwd 6; niwd 21) 

J wnnit~fiau~$autrtriiq?un 3 unr 5 man1mmna.j wuiin jucritdawcru 
P J J u n r ~ ~ t u a u i i ~ u ~ ~ u I ~ n n i t ~ i u i i u ~ u ~ a ~ c j ~ ~ a u  (nimn 8) lunwnn junququnuunr 

nljuaduuuuuu$.j 2 miu~$~~u!~7um~~n6ud~f i~nm~iu~ut~ sdwrm'niui~a 
J J L ~ ~ ~ L ~ ~ ~ ~ ~ I L Q @ ~ ~ ~ I ~ ~ ~ L ~ ~ ~ ' I I ~ Q u ~ ~ = : ~ ~ u ~ u ? ' u M  3 unz 5 naanimmnwlriwumiu 

umneiwadiadu'LI6i~qni.~cr~5 (p0.05) 

J wnnit~lrsau~$autrtrii~?'u~ 5 unr 7 naqnimmnaq wuii n juait 
J aduuuuuuk- 2 m i u ~ h f  ufi~mdiiu~u~~n6ud.jw'~nmn.jadi~dtl~ua.j uamini~1'qwuii 

n julmtuau3IuTnu unm jucrirdtlwnu!hiLQdanmn.j~dun'u uuin~rm~ur)ununXuwuiifi 
J riiLdijsiiu?uen~Liu$u adijlrn'miurifa~Gau~~aurii~~daiiu~u~ann"~u?un 7 am nit  

~mnaqldwun?iuunnsii.jedi.~!fidin'q~iila?? (p>0.05) 

wnnitrr~auduutclrdi4iud 7 unr 14 na.jnirnmnas wuiinjunitdawcru 

unm$unitarilrwuuw 0.5 ulaf~qu6 d G m n n i t ~ ~ u i i u ~ u r a . ~ ~ ~ n ~ ~ i s ~ . ~ u d . j 6 ~ ~ ~ ~ ~  

uein~unirariiwrruruuruu 2 LhfL34riirQduiiuquLqn~~iu$u uan~in&unjunqur)unu 
J unzn~ubnrau~~uhdo'wnni~~~ui iu~u'1!~.~~a~1n~ri t lu~i . jn~d aBidm'niuwuii wa 

~ ~ u u ~ i ~ u h m d a i i u ~ u ~ a n ~ u d . j r k ~ l u ~ u d  14 nmnimmnaqldnm juldwunqiu 

uwndi. jadwhYadi~yni. j~~5 (p0.05) 





innnmi~~u41u~ura~~~ai lu#u~d.y  (sa& nr.uu J Yup 
nau 

awlauau 153.38 -256.34 -46.05 



(n) (9) 

d A  o w niwi 19 u f i m ~ ~ o l m w w n ~ a s ~ r n j s ~ a ~ ~ u a u ~ ~ i n X a u ~ ~ a u i ~ a ~ i a  PCNA uaaulnt$ 

a~?m:~wu~~uu 2 i d a ~ u m i i u ~  3 uamwwvlnnsq; n) LTIR~"~M<M stratum basale (B) uaq 
4 $ 9  

%uL€Iaqnuau~n~; S = stratum spinosum; L = propria-submucosa; 7) lTIaR*d~U?~a1fi6 

( f i g n n  A), naa"lu&ldI~oua~fiR' ~ m 6 ~ d a q r m a n d a n  (grind) lu<u propria-submucosa. 

fi? ABC. DAB, f i~Nfh6q i l~ i /  Meyer's hematoxylin; bar = 50 ~ R T B U )  



n l n i  21 n s i d ~ ~ a n ~ r i i ~ ~ ~ u ~ i u ? u ~ a a ~ ~ ' ~ M " u a u ? n i o  PCNA 'Iutu propria-submucosa 

3.3 wnhuau~mi iwn~eenfds~u  transforming growth factor (TGF-PI) 

L ~ ~ R ~ U ~ P ~ T A T A I ~  ~ L a t ~ a a ~ ~ i ~ q v a ~ n L ~ o n  n a a ~ ~ ~ u s u a i a n i ~ a z ~ ~ u ~ ~ ~ ~ ~ ~ i ~ m a o n ~ a ~ n i ~  

n~aodrilu~aa6vn'niwu'IM"un~?n ~ n s n t : i ? u u  propria-submucosa U?L?NYIU 

Y A i  
LLUR (n iwd 22) d?ulmojwuu?nnrlnb periosteum u s i ~ u ~ ~ o ~ n s ~ ~ n q i n ~ ^ s ~ ? N ~ o u L ~ ~ a d ~  

4 l d  nisGnuu~zWwu~~aanlauau~ni~  TGF-pi 

'Iuiud 3 aatn i tnnae. rwui i  n julnsnou3Tubuiirii~adaiiu?u~aa&~ 

~~andssnTdo iu  TGF-pi u i n d q n  Ao 381.32ki06.0 ~aaR'i mo.uu ( n i o i d  9; niwi 23) 

LLd~doiGuu~;oufiun$uiu Wwu~~iu~~mnsii~eciit ir$oli i6~niaaiiA (p.0.05) 

~ i n w a n i s ~ G u u ~ i u u ~ u s z w i i ~ ~ u d  3 uaz 5 u o ~ n i ~ n ~ a o d  w u i i n 4 u  
Y 

~ ? u q u a u  ~ $ U B ~ ~ L I ~ J U L L U U  L L ~ ~ $ ~ R I ~ ~ Q U ~ U ~ G ~ ~ I ~ I ~ L ~ U ~ U ~ D P L ~ ~ ~ ~ L L ~ ~ ~ ~ Q ~  
Y Cdriiu TGF-pi L ~ U V U L ~ ~ U I D U  (misidd 10; niwii 23)  t u u n r z d n ~ u n i t e z ~ u u u u u u  

0.5 LIIQFL~U~ nazn~uI.mo~uuiCu&u i i r inaiu. j iu~uraa6ap1a4 I nu~~w i : n4u  
4 4 "  

~ ~ ~ k ~ ~ ? ~ ~ ~ ~ ~ ~ ~ ~ ~ l ~ l T ~ ~ ~ ~ ~ d i d t ? ~ L ~ ? L f l ~ ~ l ~ ? ~ ~ i ~  i s w u i i ~ u i u i  5 ua.rnis 

~ ~ ~ B ~ ~ ~ ~ I ~ ? L ~ N ~ T U P ~ M ~ ~ ~ F ~ I L Q ~ ~ ~ I M ? M L ~ ~ ~ ~ I ~ R  ~nfd i%iL~ iuLv i i rk  124.4k76.9 



Jd , a n Q  mt.uu. urinjun~uqunu~ilunjununii~duiiu~u~~n~~~~nlu5ud 5 lnuii 
J riiLQnu~riin'u 363.37t157.8 ~qn& mt.uu. adi~~t~miu~dair.iriiLaduiiu~uL~nlirm 

y n n j u u d h . d u u  nu i~~~n~ iuumndi .~ad i~du 'ud ih '~n iPa8R (p0.05) 

unnl t~&~uduutru in5ud 5 unz 7 mnl rnnna-~  nui iqnndui iknnit  

~$uii~.runan5linni~d30truii~?'ud 3-5 m n i r n n n m  un~4un~ufiitifaunudij6mn 

nnnq lnun julntuau7~ulnujjo'mnnit~~ui~u~u~~nd~;1~nbuij~mn~~du~n'iiru 136.47 
Jd I 

LW& m t . u ~  iu  u d a d i a b ~ ~ i u n u i i n ~ u n ~ u q u n u o ' ~ ~ ~ ~ i l ~ n j u n u n i ~ ~ d u i i ~ ~ ~ ~ ~ n d d  
J unnraanWtRu TGF-pi uinnqn hulu?ud 7 ra~ni tnnna~i i r i i~adu~~l~ i iu  

549.92t 146.6 ~ q n f i  mt.uu.dair.~rii~aduiiu~u~'~n~~wusin=:n~u'~uiud 7 rwnitnnnaq 

ui~$wuduu n u i i ~ ~ n a ~ u u m n d i ~ ~ d i ~ ~ u ' u d i i l ~ n i ~  (p>0.05) 
J unn~t~f iuuduutrui i t5un 7 unz 4 mqnirnnnw nuiiynnjuijQnnit 
J ' 2  L$uiw~unnn'nnn~ un~~untjun~tdaununduau adidtf im~uh~adu~iu~u~~nd~wyn 

nduijrilbliSuqfiu tnui jr i~~ai luX~~nun::~~~n~ri i i ru 225.44t127.0 unz 31 3.16t104.3 

~qad/ mt.uu i f lu~a~njuar~uuuuuu 0.5 ~ d a M u 6  unzn junit i faunumluhb unzdair.i 

r i i ~ a d u i ~ u ~ u ~ r n ~ n n t j u u ~ ~ ~ o u  ~ 4 o u  'Irjnunaiuumndi~adi~iju'udih'~ni~n?jlW 

(p>0.05) 



(q) 

nlwd 22 unm.rnaad6au~m~69ouauiua~oia TGF-pi aa~~yn~unimriuuuurru 0.5 

~ d e i ~ ~ u . l u i u i  3 'II8.rnimnaa.r; n) ~aaadfiau~m8ntr47o~91uiu propria-subrnucosa 
i 4 fmod?u'I~~wu~?~~m'Lnb periosteum (n'sl4~YfiLMAUU); bar= 300 ~ A X I M ;  U = L L C J ~ ;  P = 

n'sl4r~narniud.r; a) nicrmuiu9in (n) L ~ ~ ~ ~ ~ U R P ~ ~ ~ ~ ~ I V ~ L B ~ L ' I I ~ ~ Z A ~ U S ~ ~ I W $ ~ "  uar 

na6~~a~uaan~3em (gnnA). fiz DAKO  REAL^^ ~ n v i s i o n ~ ~ ,  DAB, 68uf luho~ Meyer's 

hematoxylin; bar = 20 h ~ m u )  





. r i n n + - t m n k h u i 1  wnlwls~hna~n~unimt4wdmimnmm 

~hniin~unmnwdu k u w u ~ i u ~ n d i a a d u ~ ~ u d i C i r y n u a i i ~  (p<0.05) l u ~ d  7 raanit 
J .Is nmnas unzknuj i r idunc~iwa~1~nr~~~1fa1r l fumn~d r i i ~ ~ ~ & ? t d ? i d ~ ~ n i ~ ~ u a ~ n i &  

.I ' Y J Y 

udadra unzi~ i~mu percent wound closure i ?uu~~~f iuminn i in~unmn8 .~ou  hYu 

nitatiuuuurrn~uim~an~nf~~an~t40u?~~~~Idwd~m~~nmmarW~ ku~sni:Iu 
4 tzuznito'n~au un:tzuznitaanauiuaaa~~n&;laamn&~an'ynuaiunitliinita=ilmuun 

niuitn~mitnuluwnlu&~5'11~m~u du wndihu~anaafi? (Dart et al., 2005) wndn 
.I I! tz6u8ni;anrzqnuir?m metatarsal n 2 rmnrzmlu (Bradley, 1998) U~~ZLLW~V~~L#I (foot 

pad) re4qI.h (Krahwinkel and Boothe, 2006) L- 

rinaiu?s'oaaa Plemon unznw 1143 n.r[. 1994 nu41 n i ~ i n i ?  

~ ~ ' i ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ e ~ ~ i L t r ~ i ~ d ~ i ~ i t ~ ~ ~ ~ ~ ~ i ~ ~ ' ~ ~ ? ~ ~ ~ d i n ' ~ ~ ~  recurrent aphthous 

ulcer ~#n.jin~unau~uhii~~e,aai~Aawnswtiiadu~ (orabase@-Plain) buwmmuiu  

niutu 5-6 ?iru~a~x11%ui lu~wdn~u~~uquf~~raniauilduwn 7-8 . l i n t l i ~~ Idu i  h u h  
.I J n i m n n ~ ~ ~ ~ a d ~ ~ u n i n i i a i t a z i u w u u u i ~ ~ i ~ f l u u i a u i w n u u u ~ ~ w i z n  aa?nnm 

w n ~ u c d a @ a d i n u  kun~mnita~3wuuuu.r ini iuui~~?z~~~d~n1ud~z~n~~nu & 
1 J ddllutudnitilnw nanniwr~iiainir[ludtran~n~ nai~dawndsqnmiwnaanit 

a d w w  % i i r d u  l i a a ~ ~ n i m m a s u r i n q n m m a n ' ~ ~ i u i l ~ q ~ a l t ~ u  udqinwnni? 

nnr-mWi~hrii aimz4uuuuuud~8n~uaiui0n~ilGwni?n~im~~nd~niin~unm~a 



qinwnnimmnasnuiiniunim::1wuu~q 2 miu~#u%u d ~ i m ~ n d  
J J ~ ~ n n . m i i n ~ u n m n a ~ a u a d i ~ ~ m ~ ~ u ~ u t ~ i i ~ ~ u ~  5 un:: 7 mtnimmnea dnsmnliaa<u 

II J ' 2  ni~t)au percent wound closure n~Siurnul.liaa~~ni6.~niia ~n~9inNnnimmfla;l~fim;rii 

n i m d u r n c l r m r a a n ' 1 n ~ ~ ~ ~ n i ~ n r n i ~ n ~ u d a ~ h n ~ ~ n ~ ~ u n i ~ a u ~ ~ u ~  namnkq 

f i ~ n i t h w ¶ I ~  Krahwinkel un:: Boothe b d n . ~ .  2006 ~ ~ ~ q i i i d j l l ~ i i n ~ ~ ~ f i i t  

adwuuuu 0.5 ~da$~$uil f i i u i t n ~ ~ ~ n i d a u u ~ u w n ~ 3 n i i n ~ u ~ i m z 1 u ~ ~ ~ ~ u u  2 

rdafrdd k&mauranr~lda~u~'4lirqduqnn?'i ri~lflnirh~S~lrtrl~~~~~n6da~tlm 

uinuwnl4ranih~u 'uu&iiu~urmfflula'Id~unninfluTud 3 5 unr 7 amnimmnaq 

~ t ~ i i ~ ~ ~ ~ i l t a d ~ ~ ~  2 L I I ~ ~ L ~ U ~  4aaiq~.rwn1fi~i~nimmfia'wtuwn1u~~~i.~n~ii~ 

~?im$winndi dsdisltrlmiu lilufuwnnitilnw&iw~~u~#u#uaa~n~m::~uuuuu~a 

nqiuniuitnlunitfiuiwn~uqiu~+an!~d a ~ q ~ r W n i u l r n a ~ w n 1 B i a ~ i ~ ~ m ~ q u  rdaaqin 

K n w u r n ~ ~ n i u n ~ m n a c ~ d ~ ~ ~ u u i ~ " s u u n ~ ~ f i i t e z ; i l w ~ ~ u u  2 rdsi~4udF dn~ imrs ln i i  

naiu~#u$u 0.5 daf~3wT' riilr~ri~iuniuim1unidmu1izn'u~~~da~pNdinnmn.~un:: 

Gaunii ~ ~ q m a ~ n i t ~ m m i : : n a ~ ~ i t n i ~ u ~ ~ n n ' u d a 4 h  i i rMaaif ldus:: labt~qu 

(Nangia. 2006) d~imz1ilurrwuu 2 ~IIa§rhdl d d ~ u d t m a ~ a a ~ ~ ~ ~ & i f i u i ~ ~ a u n i i  

nimduuwuu 0.5 ~dafrqudl d i l~ ; i lna iun~rnrn lun~~mmidd in i i  6~;uq.r~nirnrn 

~z~'mu~~uuwnnimano.~ra.~n~t~4'11uim~~ddi~n'u~ 

~inwnnitllnarretn j ~ ~ ~ ~ a w i ~ a i ~ d ~ w ~ ~ ~ n ~ ~ ~ ~ w f ~ w ~ i  nimiu 
Y J ~ a ~ ~ n l i i m r u ~ i l ~ n i i n j u n m n a ~ a u  bu~jmnl~qin~ilowndnzji . jn4in~unmn~.l l~u 
J 3 nu8.rdi~crtlu percent wound closure ~ ~ i n i i m n a m t n l z ~ ~ n i r ~ n ~ m m m  uanqinunit 

~ ~ u i i u ~ u n ~ ~ ~ n f l u h ' I v l f ~ y u n i n 6  u n t n i t ~ d ~ ~ r a ~ ~ ~ ~ 6 ~ d ~ ~ 1 u n ~ u ~ i ~ d ~ w ~ u d i ~ u ~ u  

Gauniinjwdu ~twnnatni t i i i~afr iq uarn~lf i~~ui in~t l4nitdawnuadi~~uad~nda 

nimiunwuwn ~deli7nitn~~u~wnwfiu1uaim::~~~~wuu naiu~+du 0.5 u ~ z  2 

~hf~4lusr nuiiain!a 2 ajnniu1mrdiiiuU3 b a c n u i t n a a n q n ~ ~ i ~ n i t f i u i ~ n I ~ n i i  

nitldnitifauauadis~uq burani::h jrm1m~3uwuu 0.5 i d a i l i d  



f i ananu~u~ud  14 naanimnnm 4quin~hwd~aiwauga1nt5~nqznnMiaufiud 

2 n ~ n i d n ~ u ~ m r a i ~ ~ n u n u d ~ i a u ~ ~ ~ n f ~ d i ~ n i e ' ~ u  3 h6q~Znuimwn (dn, 2548; 

Coutran et al., 1994; Gregory, 1999) hmunidauu~uun ldaad innu i i  aalndn 

ai~ayluuinuunvi~lhrtro=:raniu~iAd.j ( ~ o o h  et al., 2003) uan~ ind~ inn i tana  

no4 Poor uaznw (2002) w~dinirl41~1su~uuuuwtdilmuwn ct&~nitnaufluniuimnmnit 

~ n ~ f i u n a ~ n t r ~ n ~ ~ i ~ u ~ n d i n ~ u ~ ~ e i ~ a ~ = : ~ ~ ~ ~ ~ d w ~ ~ a l u n i ~ n ~ ~ ~ n  uriwndl~qin 
Y Y nimmnrmnrau ~wunaiuumndianmtr6umiu~ranaani~n~f0ur,~i ian~u~~nir 

aduuuuuu ~ n Z n ~ u n ? Y ~ ~ n u d ~ i n i t m ' ~ ~ ~ B d i ~ n i t l ' 1 ~ % ~ t ~ 6 ~  ahdti iniunit 
J dnrihrunnia~nnui8neiIrlw~ miuu19ndiarmiian~un%n~w niulu~uGuartinatnir 
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