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The facial masking is the effectively method for skin rejuvenation. Nowadays, the 

facial peels off mask products are extensively used regarding the simple application, 

capability of elimination of dead cells and non comedone depiction. The 

incorporation of herbal extract into the facial peel off mask preparation composing of 

natural polymer and synthetic polymer is to encourage the use and to add the value 

of herbal medicine as cosmetic purpose. Centella asiatica (L.) Urban or centella is 

one of herbal plants which the Public Health Ministry reinforces the application in 

hospital and Thai traditional medicine due to its abundant of biological activities. As 

such, it is adopted in medicination and aesthetic purpose. Thus, the objective of this 

study was to develop the facial peel off mask containing centella crude extract 

having the applicable physical, chemical and mechanical properties. The investigation 

of quantity of active compounds, antimicrobial activity, antioxidant activity, 

cytotoxicity and collagen stimulating activity of centella crude extract, harvested from 

Warinchamrape district, Ubon Ratchathani province, were performed. The results 

showed that the amount of asiaticoside, madecassoside and asiatic acid were 34.37, 

4.17, 2.98 mg/g of centella crude extract, respectively. No antibacterial activity against 

S. aureus and f. coli was found but showed antibacterial activity against P. acnes with 

the minimum inhibitory concentration (MIC) of 21.88 mg/mL and the minimum 

bactericidal concentration (MBC) of 700 mg/ml. Centella crude extract obtained the 

total phenolic compound content of 20.52±0.57 mg GAE/g extract. Antioxidant 

activities using DPPH, ABTS and FRAP assays expressed as 42.14 ± 1.53 mg TEAC/g 

extract, 12.81 ± 0.91 mg Vitamin C/g extract and 0.65 ± 0.04 mole ferrous sulfate/g 

extract, respectively. The desirable formulation of facial peel off mask composed of 



chitosan 2 % w/w, EDTA 1 % w/w, PVA 1.42 % w/w, PVMMA 0.05 % w/w, glycerin 

2.74% w/w, alcohol 10% w/w and centella crude extract 5 % w/w. These exhibited 

optimal physical properties include pH value of 4.97±0.06, drying time of 19.33 ± 1.15 

min and viscosity value of 894.57 ± 149.88 cP. It showed the appropriate mechanical 
2 

properties being the tensile strength of 0.57 ± 0.06 N/mm , % elongation at break 

166.77 ± 0.00 and peeling force of 0.002 ± 0.0005 N/mm
2

. At time of 30 min and 24 

hour, in vitro release of asiaticoside at 35 ± 2•c were 24.61 ± 0.56 and 107.13 ± 

10.70 %, respectively, with no cytotoxicity and collagen stimulating activity of 

centella extract were observed. For accelerated stability testing of formulation, the 

storage condition with high temperature and long period of time affected its physical 

and mechanical properties. But, asiaticoside and madecassoside contents were 

slightly decrease as compared to those of the initial. The formulation was kept at 25• 

C. Therefore, the formulation of facial peel off mask from chitosan and polyvinyl 

alcohol containing centella crude extract demonstrated antibacterial, antioxidant, 

collagen stimulating activities and non cytotoxicity. 



.. 

n\JI~n-a-a1l'l.h::n1A 

'\.JVI~ ~ ~u.rn~n 1vw 
'\.JVI~~~u.n1~1e1~nq~ 

~nn1'1J 
~1-aUrulil1"a1~ ... 
~,.~,r ru.n TW ... 
'I.JVIVi 1 '\.JVI'\.h 

1.1 r11111~1~qJLL~::~1J1'!Ju~UqJ'V11~Vhm11~v 
1.2 1'1il(1'\.J1::~~fi • 
1.3 '!lu'\.JL'!llil'!lu~m11~v 

1.4 ~1111~~1'Un111~tl . "" 
d 

'\.JVIVI 2 'Vl'\.JV11'U111Wn"a11J 

2. 1 'll1::-wiLL~::m111 L tJ'Wm LMmnu111~mL~::Lr1~u~~1m~ 
2.2 ~11riuvhh.1 

2.3 'W~1~~1'll L'llui'VI~u~11 L ~111"111l.l~lil'VI~'U 
2.4 ~11L~l.Jn11£ilil~lil 

2.5 \J1un 
" 

2.6 -a''U~1'VItJ~ 

2. 7 u'Ul.l~~~1:: 
' " 

2.8 f1Bflfl1L~'U 

'\.JVI~ 3 15~1LU'Wn1"a1~t1 
3. 1 ?t11LAiiLL(l::1?t~u'\.Jmru •• 
3.2 15~1L u'U~1'U1~v 

'\.JVI~ 4 e.J(ln1-a~n~1bL(l::v.ii'll-a1tle.J(l 
4.1 n11Liil~Vl.J~11?ftllil'VIV1'\.JD1Un 

Q.l oQ ~ v 4..:.1- .. 

4. 2 'W~'U1 n1 11 LA 11::'VILL(l::'Vl ~~v'\.J rl11l.J (1 nlil u~'Uu~151 LA11::'VI 
" 

~11~1~(\1 1 'UD1Un 

4. 3 '\.J~l.l1 ru~11~1~ ru 1 u~11 ~tllil'VItl1'\.JD1'\.J n~1~~1 n LL VI~~ L "1'11::'\.J" n 
" " t,IQJ 0 I 0 ClloO IVCLI iCI 

U1'U1~tl1~ mu"u~'VI11tl u1Lflu111'U"Il111U ~~'VI11iluUm1"1l51tJ • • ' " Qt/ d del Q..l "' 

4.4 (]'Vl51'l1'UL "~lULL '\.JA'Vlb 'W'Uu~~11~nlil'VIti1'\.J'\.J1'\.Jn 
' 4.5 qVI5vJ1'Uuun'SLiili'W'llu~~11~nlil\J1un 

" 0 .., .. 0 ..., f' 1.1 

4.6 n11'W~'W11il11'\.Jl.l1?fnLU?fLL"::"'11U1!1?fn'VI'W1LL'\.JU"unuun 

., 
'VI'W1 

1 

2 

2 

3 

4 

5 

8 

10 

11 

14 

16 

17 

20 

22 

33 

33 

39 

40 

43 

44 



' ' 
4. 7 nT~i'l~b~vm.J1~m'U?tVib V11J1~?t1JVi?t~ , 

0 Q.l ~ tJ .qQ I V CV 

4. 8 ~ 1 ~'U1J1?1 nVI'W1 bb 'U'U" v n vtl nVllJ ?tl'Wt.J ?11J'Utl'l?t1 ~?I n~'Ul'U n 

4. 9 m~tJ"~tJ~ v ~?11~~?h 1'1 fl!\11 n(;h~''Um~ nwJ'1 bb 'U'U" v nv v n 

Yit.J ?t:w ?t1~?tn~ul'Un 

4.10 m~Vl~?lv'Uf'n11Jbtl'WYl~~m'llmi' (MTI) 

4.11 '1Vl~m~~'Wm~?t~1'lflv""1b\l'W 
4.12 tJ~~ Lij'Wm11Jfl'l?tm'V'l 1 'U?!ml~ b ~'l'Uv'lvhr'Um~nwu1 

bb 'U'U" a nva nYit.J?t:l.J?!1~ ?{ n ~'IJl'U n 

'UVl~ s ~~'\.Je.Jam~VJ~mH bba~.Um~'WVLL'W~ , 
5.1 ?1~'\.J~.mm~Vl~"a'~ 

... Q 

Lvn~1~v1.:Jfl.:J 

.n1flt.J'W1n 

tJ~d'~~~h)v 
'U 

, 

... 
VI'W1 

56 

57 

58 

60 

62 

63 

72 

73 

74 

82 

114 



1 

2 

3 

4 

5 

6 

7 

8 

Q I ~ 

'll'UVl'llv-:JAv~mb'l'Ubb~t bb 'Vi~-:JVJ~'U 

~Vl?il'U'lltl\1 mobile phase bb~t'ittJtnmvhm'Um'i1Lm1tt-1 
?f(;)'il'11-r'Um~nvnJ1bb 'U'U~ vnvvn~L .V11 U'ibbml.lvvmL 'U'U n1'iVlV1 
" " mJ-:J(;)v'\J?I'UtFl~'Ue:l1 

1 bfl'j1tt-1'lJhnrum1lJ~'U 1 'Ue.J-:JD1'U n 

?l.f111tvh 'li1 'Un1'i1Lm1tt-1vm..J~mru?l1'i~~11"1~ 1 'U?I1'i?l rlV1'V1En'U 

U1'Un bV1tJ15 HPLC 

~V1?i1'U mobile phase vhm'Um'j1LA'i1tt.1" 

f11~lJU'it~Vl ~?I'V1~l.l.Ww5 b :U-:J b~'U 
%recovery '11nn1'iVlV1?1tl'UAJ1lJ~ntJi'v-:J bV1tJ15 

standard addition 1 'U?I1'ii.'lrlV1'V1tJ1'UD1'Un 

9 fl11lJbb:iJ'UEJ11u1'UL~tl1n'U (lntraday precision) 

10 

11 

12 

13 

14 

'1Jtl\ln1'iibA'i1tt.1"u~mru asiaticoside, madecassoside 
.J V II I 

bb~t asiatic acid VlAJ1lJb'lllJ'1J'U(;)1-:J1 

A11lJbb:iJ'UEJ1'it'V1'J1-:Ji''U (lnterday precision) '1Jtl\ln1'i 

1Lm1tt-1'l..l~mru asiaticoside madecassoside bb~t asiatic acid 
c:J II tl I 

Vlfl11lJb'1JlJ'1J'U(;\1\11 

clear zone ~~'U1'Uvl1tl~1-:Jvh -b'VJV1G'Itl'U~1tJ15 
agar diffusion method 

i.'l1';i'lh~fleJ'UVhJeJ~f1'n:U extractable phenolic content 
< 

( E PC) bb~t f]Y15tJl1'U vv n'BlV1-tl''U'1J v-:J?I1'i?l rlV1'V1 tJ 1'UD1'U n 

VlVl?ltl'U bV1tJ15 DPPH, ABTS ll~t FRAP 

i.'lmli11-r'UlJ1~n l'U?Il dv-:JtJl'U vh ivnu~lJ1rulle:J~nmmGi~ l 'VilJlt?llJ 
" 
(?)mt tJtb 1~11 'Un1'ibb ~-:J'll€1-:Jblt-l'UVJGilJ 

iJ'l..ijmb~t'it~'U'llv-:Jvi'1 bbU'itJl'U 1 'Un1';i~ n1'f1e.J~(?) vm'i 

(;'ltl'\J?I'Utl\I~'Ue:l1 (RSM) 

15 e.J~n1'j(;)tl'\Ji.'I'U€l\1~1'U pH 1tt.Jtb1~11'Un1'ibb~-:J'llv\lllt-l'UVJGilJ 

A11lJ'V1'UV1'1Je:J-:J~ml'11-r'U A11lJVl'Ulb 'i\1~\1 (tensile strength) 
" ~tlt.J~~n1'i~V1'1Jv-:J:U'UVJ(9l?fv'UVi~V1'1J1(91 (percent elongation at break) 

bL~tLL 'i-:Jvh 'li1 'Un1'i~vnvv n'llv-:J LLt-l'UVJGilJ (peeling force) 

., 
'Vi'U1 

19 

25 

28 

33 

34 

34 

36 

38 

38 

39 

41 

43 

46 

46 

47 



16 

17 

18 

19 

20 

fl1)1LA)1~~ (ANOVA) 'Uv.:J pH 1~tl~b1G111'Ufl11Lb~.:J 

'U€1-:Jlb~'UYJ~l.J A11l.JVIiJVI'lJ€l.:JG'II'\)\l\'1-r'U A11l.JV1'Ubb)'l~.:J 
'IJ 

~atJG'I~fl1)VV!'UB.:J~'UV1VI?Iv'U~~~'~'ll11'1 LL ).:Jffi -b1 'Ufl11G'Ivfl€1Bfl , 
'Ue:J.:J LL~'UYMl.l 

'll1l.l1ru PVA LLG'I~ PVMMA ~LVIl.J1~?1l.l1'Ufl11Vh?!l'\)\l\'1-r'UlJ1~flVI'U1 
'IJ 

bb 'U'UG'I€lfl€l€lfl~1 flfl1)fl1Vlfl1)tU'1J€l.:J t '\.hbbfl)l.J 

m1 L 'll~ tJ'U L Vi tJ'U fi1 fl111'\ v'U ?I'Uv.:J~1'U A ru?~l.J~vn~ LAi1 n1 tliiT'v'-l , 
'U€1-:J\l\' 1-r'Ul.J1~ fl b 'UG'I LLG'I~A NG'Il.J'U~ b :'fi.:J flG'\'lJ€1-:J bb~'UYJ~l.J~l~ ~1 fl fl1) , 
A1VIfl1)ru~1fl 1 U1Lbfl1l.J RSM LLG'I~fl1~1~~1flfl11Vli'IG'Iv.:J 
?11'\)\l\' 1-r'U'Uv.:Jl.J1~ n L 'U?!Vi L Vll.J1~?1l.J 
" 
€1-:JflU) ~f) el'U LLG'I ~VI1JTvi1 'UI'i'1-r'Ul.J1~ flVI'U1 bb 'U'U" elfl €1€1 f) 

Vit-~?~l.J?I1)?1nV~,J1'Un 

21 fl11L U~tl'U L Vl tl'U A NG'Il.JD~V11.:J LAi1 fl1 tliiTV'I LLG'I~A NG'Il.J~ L :'fi.:J flG'I 

22 

23 

24 

, , 
'1J a.:J LL~'UYl~lJ'U a.:JI'i'1-rulJ1~ n L u?l LLG'I~ 1'1'1-r'U~ L~lJ?I11?1 nV~D1'U n 5% 

fl1)UG'\VIU~av asiaticoside 'Uv.:J?I1)?1nV~thun1 'UI'i'1-r'UlJ1~flVI'U1 
.,J <V "' 

LL 'U'U G'lv n a a flVl t-~?llJ ?111?1 n V~'U1'U n 

fl1)Vl ~'~ "'el'U A 11lJ b u'U w'\:1~ €1 L "11" ~ 'U €1-:J"' 11"' n VI VI v 1'U ,r 1u n 

?I )'\.l u ~ ~ v~ i1 t-~" ~a A ru ?llJ ,J~ V11.:J n1 tJil 1 'V'I 'U v.:J 1'1' 1-ru lJ 1 ~ n VIU 1 , , 
LL 'U'UG'I B n BB n~t-~?llJ?I11?1 nV~D1'U n LLG'I ~A ru?llJD~ L :'fi.:J flG'I'U B'l LL~'UYl~lJ , 

... 
VI'U1 

49 

56 

56 

57 

57 

58 

59 

60 

70 



1 

2 

3 

4 

5 

Lfi~.:J"'·h~-uv.:J 1fi~'U bb"~ 1fiLV~'l!1'U 

Lfi~.:J"'11.:JOUB.:J Polyvinyl alcohol (PVA) 

Lfi~.:J"'11.:J"UB.:J Propylene glycol 

Lfi~.:J"'11.:J"UB.:J Glycerin 

Lfi~.:J"'11.:J"UB.:J Poly(methyl vinyl ether-alt­

maleic anhydride) 

6 Lfi~.:J"'11.:JV11.:Jbflilouv.:J asiaticoside (a), madecassoside (b) 

7 

8 

9 

10 

11 

12 

bb"~ asiatic acid (c) 

uTun ~1nbb'VIci.:Jtl"n D1'U1.:JEn.:J vi'Ttm-J.:JVi11CJ eJ1bflB11~'U'1h~Tu 
" ' 

~.:JVI1~mm~1'1l51oU 
' 

Lf1~.:)"'~1.:J'1lel.:J~1VI~.:J 

1m.:J"'11.:J'1lv.:Jflv"mb~'U 

B.:JfOlU~ ~ nv'U'1l B.:J b~'U 1CJ fiB" m b ~'U 

Lfi~:W1LV~bbm:wouv.:J"'1~"~mCJ:w1VI'Hi1'U'1lB.:J Asiaticoside (A) 
"' 

Madecassoside (MAD) bb"~ Asiatic acid (AA) m:w~11ilu 

1fl~:w11V~Lbm:W'1JB.:J"'1~~1At1J 1 'U"'1~"'n~VICJ1'UU1'Un 
1~mi Asiaticoside (A) Madecassoside (MAD) bb"~ 

Asiatic acid (AA) V11:W~11ii''U 

13 m1vJbb"'~.:Jf111:W~:w~wh;u.:Jb~'U'1JB.:J asiaticoside 

14 

15 

16 

n\r\4'Umlli' m1vJ 

m1vJbb"'~.:Jfi11:W~:W~'Ulh ;u.:Jb~'U'1lB.:J madecassoside 

n'U~'Uvtl~ m1vJ 

m1vJbb"'~.:Jfi11:W~:W~'U5b;u.:Jb~'U'1JB.:J asiatic acid 

n'U~'Uvtl~m1vJ 
tl~mf.lm1~~1At1J1'U"'1~"'n~u1un 1 n~:w 

17 1"1lfl1l:WL'll:w'l!'U~1~"'~~"'1:W1~f.l~1b~B1~ (Minimal 
' 

Bactericidal Concentration, MBC) ~1nmspread 

"'l~~n~u'Junfl11:wL'll:w'll'U 1oo, 350, 175, 87.5 , 43.75 Lbfl~ 

21.88 mg/ml Vll:W~11ii''UVI:WlCJbfl'1J 1-6 

... 
Vi'U1 

6 

7 

8 

9 

10 

11 

14 

15 

17 

18 

34 

35 

36 

36 

37 

39 

42 



18 

19 f111:wX:w~wh~vrh.:J PVA bb(l~ PVMMA ~tl pH bb'M1--lbtltJbb'\J'U 

3D surface bb(l~ contour 

20 m1:wX:w~tJih~\1l1--l PVA bb(l~ PVMMA ~m~EJ~nm 

1tJnTm,X..:J"lle:l..:Jbb~tJYJ~:w bb?I~..:JbtltJbbtJLJ 3D surface bb(l~ contour 

21 m1:wX:w~wh~\1l1--l PVA bb(l~ PVMMA ~e:lf111:WWW~"lle:l..:J?Im~h1u 

22 

" 
bb?I~..:JbtltJbbtJ'\J 3D surface bb(l~ contour 

m1:wX:w~wh~V1l1..:J PVA bb(l~ PVMMA ~tlf111:W'V1\Jbb'j..:J~--l 

(tensile strensth) bb?I~..:JbtltJbb'\J'\J 3D surface bb(l~ contour 

23 m1:wX:w~tJih~\1l1--l PVA bb(l~ PVMMA ~tl o/oelonsation at break 

bb?I~..:JbtltJbb'\J'\J 3D surface bb(l~ contour 

24 

25 

26 

27 

m1:wX:w~tJLh~\1l1--l PVA bb(l~ PVMMA ~eJbb'j..:Jvh-tl!:um'j(leJntle:ln 
"lle:l..:Jbb~tJYJ~:w (peelins force) bb?I~..:JbtltJbb'\J'IJ 3D surface bb(l~ contour 

nl'j'\J(l ~'\J~e:l EJ a siat icoside ?l~?l:w "il1 n ~h1'u:w1~ n\1U 1 bb 'IJ'IJ(le:Jn Btl n 

b '\J e:l~ b ~\J~ n1'jlJ~11'1'jeJ ~"lle:l..:J b 'll(l ~ Lde:l'V1~?1 e:l'\J tl'\J?I1'j?l n~\1 EJ1LJD1'\Jn 
a 1 ~ c; c;:,~Qo f' d v o QJ .J 

b u e:1 'j L '11\J n 1 'j'jeJ ~'lJ11'1"1l B..:J L 'l1(l (l L:WB'V1~ ?I B'\Jm EJ?11 'j~?l1f1 '1J'V1 

'\J(l~'\J~e:JEJ"il1n~11'u:w1~n\1U1 
' " 

28 ~eJEJ(l~ n1'jb 'W:w:VtJ"lltl..:Jf1eJ(l(l1 b"il\J"lle:l..:J asiaticoside 

LL(l ~ ~11'um~ n\1u1 LL uu(l e:1 n e:1e:1 nill e..~ ?l:w?l1 'j?l n~u1u n 

29 
0 Q.l ~ 11 d Q.l Q.l 

p H 'l.J8-!11'11';i'\J:W1?1 fl'VI'U1 bb 'IJ'IJ "'8 fl €l €l fl'V1 e..J?I:W?I1';iruW1'\JTU n 
~ ..::::.o o Jlvcv ~ o 

Lnumuw1:w 4 C, 25 c f111:W'lJtJ?I:W~'V15 75% LL(l~ 40 c , " 
m1:w~tJX:w~'V15 75% LtltJ'j~EJ~nm 3 L~B'U 
'j~EJ~L1m1tJm'jLL,x..:J'llB..:JLL~'UYJ~:w bi'1um1.m.nii 4·c. 25·c , " 

" " m1:w~tJX:w~'V16 75% LL(l~ 4o·c f111:w'litJX:w~'V15 75% 

30 

btltJ'j~EJ~b1(11 3 b~tl\J 

31 
cdll ~ t.l .,J Q.l Q.l 

A11:W A11:WWL.J~"ll B..:J :IJ1?1 n\1tJ1 LL 'IJ'IJ(l e:1 n eJ e:1 n'V1 e..~?I:W?I1'j?l n ~'\J1'\J n 
d <Qo 0 0 ~ cv Q.l f' 0 

bfltJe:lru'VI.n:W 4 C, 25 C f111:W'lltJ?I:W~'V15 7 5o/o bb(l~ 40 C ' ... 
m1:w~tJX:w~'V16 75% LtltJ'j~EJ~nm 3 L~eJtJ 

II 

'VI\J1 

45 

50 

51 

52 

53 

54 

55 

60 

61 

62 

63 

64 

65 

66 



.,; 
.f11'WV1 

32 

33 

fi11:WV1'\.JLL"j--1~-:J (tensile strength) 'Ue:J--1111~nvni'1LL'IJ'tme:Jne:Je:Jn 
~ vv ~ ~o o ..:'vv~ 
Vlr:.J?I:W?I1"j?fn~'\Jl'Un Ln'Ue:Jtu'Vl.n:w 4 c, 25 c fi11:W'l!'\.J?!1l'ViV15 7 5% ' .., 
LL"'::: 40°( fll11J~'\.J~1J~V15 75% LU'\.J"j:::tJ:::Ll"'1 3 L~tl'\.J 
~ew~:::n1"j~~'Ue:J--1;8'\.JV1~?1e:J'IJ~~~'U1~ (percent elongation at break) 

~ tl c:.l v v ~ Q 0 0 

'Ue:J--1:W1?!n'VI'\.J1LL'IJ'IJ~e:Jne:Je:JnVlr:.J?!:W?I1"j?ln~'\Jl'Un Ln'Ue:Jtu'Vl.n:w 4 C, 25 c ' .., v v 

fi111J~'\.J~:W~V15 75% bb~::: 40°( fi111J~'\.J~:W~V15 75% 

bU'\.J"j:::tJ:::nm 3 b~e:J'\.J 

34 bb"j--1vi'lm'\.Jn1"j~e:Jne:Je:Jn'Ue:J--1bbeJ'\.JVJ~:w (peeling force) 'Ue:J--1111~nwu1 

35 

.d Q..l v ~ Q 0 0 

bb'IJ'IJ~e:Jne:Je:JnVlr:.J?Ill?l1"j?ln~'Ul'Un Ln'Ue:Jtu'Vl.n:w 4 C, 25 c ' .., v v 

fi11:W~'\.J~:W~V15 75% LL~::: 40oC fi111J~'\.J~:W~V15 75% 

LU'\.J1:::tJ:::nm 3 b~e:J'\.J 

tJ~:w1ru Asiaticoside 'Ue:J--1r:.J~!Il.ti'ru"Ylm~nmi'1 bb 'IJ'IJ"'e:J ne:Je:Jn~r:.J?I:W 
?111?1n~ul'\Jn 1'Wfll1:Wfl--1?1.f11Vi 1 '\.J?I.f11l:::d--1~e:Jru'Vl.nii 4 °c, 25 oc ' .., v v 

fi11:W~'\.J~:W~V15 75% bb~::: 40°( fll11J~'\.J~:W~V15 75% 

LU'\.J1:::tJ:::nm 3 b~e:J'\.J 

36 tJ~:w1ru Madecassoside 'Ue:J--1r:.J~IIl.ti'ru"Yl:w1~n'VI1i1Lb'IJ'IJ~e:Jne:Je:Jn~ul'\Jn 
r:.J?I1J?I11?1tl~ 1 '\.Jfll11Jfl--1G'I.f11Vi 1 '\.J?I.f11l:::d--1~e:Jtu'Vl.nii 4 °(, 25 °( ' .., 

37 

38 

v v 
dvv~ o dvvi' 

fi11:W'l!'\.J?I:W'ViV15 75% bb~::: 40 c fi111J'l!'\.J?I1J'ViV15 75% 

LU'\.J1:::tJ:::nm 3 L~e:J'U 

U'l'Un~~ 

Ul'IJ n m~--1 

"' 'VI'\.J1 

67 

68 

68 

69 

70 

84 

84 



. .... 
'U'VI'VI 1 

0 

'U'VI'U1 

1.1 fl113J~htrrutt~~~3.11"1lv.:iihu'VI1~'Vhm':i1~v ... ... 

fl1')111~nvru1ihn~.:~ bb~c;uJ'tJ 1 u·nrun1ft 1~m~11~1flfl1')U1~1'U~~11~1flu')')11"111&i b'li'U ~n 
~"'1~ J1~.:~ bbfl~ bdu11Pl~1.:~ "l 111flflmfliK11~b-il1n'U ~.:~~eN1inm'U1'Ubbfl~~.:~mn1'Wn1')biPl~tJ11 , , , 
~1'U'lh~neJu b ~ eJ 1 ~m111~~11nu~m~ ~1 iJ~~u'UiJ~~IPl.fl ruen111~ m-n11~1 b ~~')'\.J'V!m n'V!m tJ ')'\.J bb 'IJ'U 

, 'IJ 'IJ 

~.:~ bbl9ift~')'\.Jbb u'Ui1~1'U~~11~ bb!Plni911.:~n'U 1 'IJYi'11 ~~'U11flfl b~Bn1 m~1P1111fl111lb '11!111 ~~1119im1fl1~ ~1 
'IJ 'IJ 

'IJ eJ.:~ bbl9ift ~u flfl"' ')111~.:~~1111')fl1P1 B'IJ~'U B.:Jfl1111 ~B.:~ fl1')'1JeJ.:~~'U11fl fl1 'U m ') bbm 'IJiJ ru'\1!1 'Vl1.:!~1'U 
' 'IJ "' 

~1~')')UJ 1~B~1.:~ !Pl') .:~~~111 n~'U ~.:~d~1'UU')~ fleJ'U 1 'U111~ n'V!'!J1i1fl111lbb1P1 ni911.:~ tl'U ~'U n'Ui'!Plfl'IJ "j~~.:~t-1 , ' 
1 'U~11'u b'll'U 'V!1fl~eJ.:Jfl1')b ~11fl1111'1l11~'U 1 ~bbrl~1bbft~'Vh 1 ~~1 bb'll'Um~-ti'U~'U ~1'UU')~ fleJ'IJ~eJ.:~ 

' 
U')~fleJ'IJ~1tJ~1tJ ~1')ffi~fl1111'1l11~'Utl'IJ~1 (moisturizer) b'll'U 11'U'V!1.:J~')~bi U1'\Jfl ~1'V!~1tl , 
~1~ eJ.:~ fl1')fl~ b~eJ'U~1')eJ tJ fl1')b~B n1 i111~n~i1~1'U~~11'1JeJ.:~11P11iJ'Ubbfl ~ ~1')~1'UeJ'U11fl a~')~ iJ~~u'U 

, 'IJ , 

i1m')'l11~1')~1 nu')')11"111&i~eJ~11 1 u~1 mb ~u11Pl~i1'\.J')~ 1tJ"l1ul9ieJ~1~')')UJ111~~1Plb tl'U~~!Pl.flruen11 1~n , , 
'V!'\J1111n~'U bbft~eJtJ'1 'U')'\.J bb 'IJ'U'IJeJ.:~~.:~bb ~.:~ ~.:~~eJ.:~'l111 'IJft~mtJJ1neJ'U~~~'I11111~Bn'V!'!J1 b 'li'U 111~n 

'IJ 'IJ 

1flfi'U uru'\1!1~~'\.J~m~B~Bn'Vlih 11~'Ubb ~.:~ ~~!Pl.flru,-hu bb uudirn..ijul'i'1n'Ub uwi'B'U bb ~.:~u'U~1'V!u1 
"' 'IJ 

vh 1 ~iK1.:~eJBn1~mmbft~m~~.:~~.:~IPln~1.:~ 11u'U~1'V!u1 'V!1n'V11fl1111~~m ~~1'V1ti1 hJ~~eJ m~V111 ~ 
bfi ~ fl1')f.l~~'U~~1 bbft~b tl'U~1 b 'V!IPl'IJeJ.:~m') bn~~1'\J'U 1 u'V!u1 ~1'U~~!Pl.flruen111~ n'V!'!J1 bb uu"' eJ neJBn , , 
iJr;rn~ru~ b U'U b ~fli'U'V!.U~ b~f.l'Vl1~.:~ Hu'U~1'V!'!J1~~ b 'IJ~tJ'U~1 m~fl-ii'U'Vlil~ b U'U~~11'\J1.:J "l b~mb ~.:~ 
~il'Vl ~1111')fl~.:~"'eJnBBm U'Ubb~'U 1 ~'V!fl~eJeJn~1n ~1'V!ti1 111~n"11u ~diJu ')~ 1tJ"l1u~eJ 'V11 fl1111~ ~ m~ , 
~1'V!u11~tJ'IJ..ij~ b"lffl~ ~1'\l!u.:~ bn1BBmbft~~~iuJ1ir'U~1 'Ubn'U611'V!1'u ~~iJ ~1ir'U 'll1 m ~11m111'1l11~'U 

'IJ 'IJ , 

1 ~bbn~~iJ~1 bb ~.:~ 'li1tJ'V111 m u'V!u1 m~-Hu bbft~ 1 'U'IJru~fteJn~~11BBm"1fft~~1'V!'!J1~'V!11eJ.:~flJ1')111~.:~ 
'IJ 

~1 b~tJ'U'IJ1.:1~1'Un~~flmh~~eJeJn1 u vh 1 ~'li1tJft~')eJtJ'V!11eJ.:~flJ1'1JeJ.:~~1'V!'!J11~ 
'IJ 

iJ~~u'Um~ bb~m111iltJ11 1 i~11'U 1 ~') b ~B n11~ bbfi~'IJfl1~ bbft~fl1111.:1111i1111 n~'U ~.:~u1un b tlt~ , , 'U , 

Vi~.:~ 1 'U~ll'U 1 ~1~ m ~'Vl11.:J ~1u11 ru~'IJ~U'IJ~'U'U1 ~1 i1 'U 11.:~~ tJ 1'\J 1"' bbft ~ n11 bb ~'VI~ bb~ 'U 1 'Vl tJ 
' ' ' 

'UeJfl~1ndu1'1JflbU'U~~'U 1~1~'\J11~eJ~L'U WHO monograph (1999) bbft~bfl~"l1~11''1J'IJeJ.:JVimtJ 
U1~ b 'Vli'l u 1'\J flb U'U~~'U1 ~1~lJ tj'Vlt'V11.:1 bfl~"l11'Vl tJ1Vift1 tJU 1~ fl11 b -ci'U tj'Vlt1 'U fl1 ')~11 1'U bb~ ft 
tj'Vlt~1'Ufl11Bflb~'IJ tj'VltbbfleJ1fl11fl'Ubbft~bb .W tj'Vlt~1'U 111'~ Herpes Simplex "li1tJ 1 'Ufl111'fl~1 
bb~fl 1 'Um~b ~1~mVi11bbfl~'lieJ.:~'IJ1n bbfl~"li1m ~11fl1111"il11 uu1uni1~11611fi'tyVimtJ"11u~~i1tj'Vlt 
~1'Ufl11bfi~ui)fi1meJeJfl6llb~oH'U ~.:Jft~fl11b~eJ11'1JeJ.:Jb"1fftM1.:~n1tJ1~ 'Uf.lfl~1nd~.:~~u11 ~1')~1Aty~ 
1~~1nu1un b ~.:~m1~~1.:Jflflf.lft1b~'U~btl'U 1fl1.:~~~1.:~'1JeJ.:~~1 V111 ~~1 bb ~.:~ bb 1.:~ bbft:::b ~11m111"1i11~'U bbft::: 

' 
fl1111~~Vi~'Ubbrl~1ViU.:J Bfl~.:J~.:Jft~~11f.ltJ'IJ'U1 'IJViih 1~ (World Health Organization, 1999) 

~.:~ti'U.:~1'U1-.ij tJd~.:~iJ m111 ~'U 1~~~:::~~'U1 ~~ !Pln ruen111~ nV1u1 bb uu fteJneJ Bn 1~ tJ'l11~11~ n ~ 
U1'1Jflt-J~11nu~11neJ~~11 1~ bbn 1fl11Pl"1!1'Ubb&l~~eJ~bu6'l bbaftnmre.J~ b ~m'lnn1fl1 ~"111'Ub tl'U1~~ 

' 



. . 

~'"Jil1Vl~H1~1 nu11lJ"ll1 ~?11lJTH1 ~ m.J ?1~1 CJ 1~ mlJu11lJ"ll1 ~ ~~ b tl'U?~11~i1 rn1lJtlm1~i1 CJ 1 'U m1 1-11 

n'UlJ'U'I!t~ ~\?11 bb~~~~bn~~BlJ ci'"J'U'Vlv~1 1i1mbv~flvftvl.i btl'UI;'I11tlvVll.ilJ~1~~1nfl11~~ bfl11~v;~ 
' 1-tlmn1uvn~bil~"llm1lJ b~vH1flll?l"ll1'Wbb~~Ylv~bi1~bbv~nvftvl.i ~'"JlJnuvh1m~~~l?li1ru6fl~ 

?11lJ11~ nvl?i''"J b tl'UVl~lJtlnfl~lJ1 'U'VIU1 b~vvn vh 1m -tl ~1'U 1~~1 CJ bb~~?l~m fllJ1n~~~'U b~mb ~~ 
' 1/ I I ., 

?11lJ11~~vnvvn1~~CJ hJVi~l;'l111?lflfl1~ 11'U'W~1'VIti1 vh 1 ~~~ni1~~1'VIti1Vil;'l~m~ l;'l~:au uvmnnu 
'U 

fl11 1-tilJ1~fl'VIU1 bb 'U'U~Bfltltlfl m otll;'l1lJ11~VI1lJ1~ n"lli1~-d~~'U'U~'"J'VIti11~VI nci1u 1'"JlJ5~ ci'"J'U tf\'~ b 11 
'U ' 

'U'U 1 'U'VIti1 lil1fl flNI;'IlJUii~~fl~11i1~ ~vh 1 ~1;'111~1 ~ Wlil1 n'IJ'"J'Ufl~ b tl'Uci'"J'UU1~ flB'U ~ fl ~~;lJ b i1ci~'U 
, u '\.1 '\.1 '\.1 

~1V11!~ 1~111 n~u ·1hm111 ~~1'VI11~'lilJ~'Ubb~~~uvJI;'In1Yl~1 ~~ b tl'Um1'111'1J1'Un~ b tlu?~lJ'W 1 Yl1~i1 
' 'U ' 

~nCJm'rl lJ1~\9lJ'W1 Ltlu~~l?li1ru6flbfl~v~~1m~u11~~1 1 ~mJ1 'U1tl Lb 'U'U~~1CJ~vm1'1111 tll-tl u'U b tlu 
' 'U 'U 

m1 b ~lJlJ~ rh~~l?li1ru6fll;'llJ'W 1 Yl1bb~~l;'l1lJ11t~'t11lJ11-tltl1~ lCJ"ll'UL 'Ub ~~Yl1 ru"IJCJL~ 
'U ' 

1.2.1 ~\9lJ'U1~1-r'Um~n'VIti1 bb 'U'U bb~'U~vnvvn bb~~Pi fl'l!t1~~"tlmv~f'itl1~ nv'U 1 'U~1-r'UlJ1~fl 

'VIti1bb'U'Ubb~'U~Bfle:Jtlfl b'li'W "lli1~bb~~tl~lJ1N?I11rlvVll.ilJ (film former) ?111b~lJI"n1lJV~'VIV'U 
' 

(plasticizer) 1;'111'li1m~lJfl11~~~~ ~~?~lJ1'W~1-r'U~tlflN~fl'l!l'N~VI1~fl1CJm'Vl1~bbrl fl11lJb'l1um~ 
~1~ (pH) fld1lJ'VIij~ (viscosity) nm1'Wfl11bb~~"tltl~bb~'WVll.ilJ bb~~fJNI;'IlJ'IJ~b~~fl~ 1~bbrl fl11lJVItl 

bb 1~~~ (tensile stren~th), ~tJCJ~~fl11V~"tlv~i'UVI~?itl'U~~~"tl1~ (o/o elon~ation at break) bb~~ 
bb1~~Hi1 'Ufl11~ElflBElfl"tJB~bb~'UVll.ilJ (peelin~ force) 

1.2.2 Pin'l!t1tl~lJ1NI;'I11~1~qJ fl11lJb'l1uVi'l!t~m"ll~l.i bb~~~VI~V11~:zi1.n1'Vl b'liu ~VI~~1'U 
..::::.. v .:!v X qq QJ Ql 

tltlfl"l!b~"ll'U bb~~~Vl5\?11'Ub "llBbb'UflVlb )() "tltl~?\1)?\fl~'U'"J'Ufl 
' 

1.2.3 Pin'l!t1~~"tJB~~\?11~\'1-r'UlJ1~fl'VI'!J1 bb 'U'Ubb~'U~BflBBflVl ~l;'llJI;'I11i;'ltl~'IJ'"J'Ufl b 'li'U ~ fl'I!J'N~ 

Vl1~fl1CJm'Vl1~bbrl fld1lJb'l1um~~h~ (pH) fld1lJ'VIij~ (viscosity) b1m1'Wfl11bb~~"tltl~bb~'UVll.ilJ 

flNI;'IlJ'IJ~b~~n~ L~bbtl fl11lJVI'Ubb1~~~ (tensile stren~th), ~BCJ~~fl11V~"tlv..:J-i'UVI~I;'IB'U~Iil~"tl1~ 
' ' 
(o/oelon~ation at break) bb~~ bb1..:Jffimum1~vnvvfl"tJB..:Jbb~'UVl6'llJ (peeling force) ~VI~V11..:J 
:zi1.n1'Vl1~bbrl tl~lJ1Nfl11'll~~tl~vCJ?i11~1~ru fl11lJb'l1u'W'I!t~m"ll~l.i fl111~fl1m~v~ bb~~m~~'U 

v • 
1.1 if V I d Q.l Q.l 

fl111;'1 11..:J fl B ~ ~ 1 b lil'Uiil 1 fllJ11;'1 fl 'VI'U 1 bb 'U'U bb~ 'U~ tl fl tl tl flVI ~ l;'llJI;'I1)1;'1 fl ~'U'"J'U fl 

1.2.4 Plfl'l!t1fl11lJfl~l;'l.fl1Yl1 'U?i.fl11~ b ~..:J"tlv~?il?l1~1-r'UlJ1~fl'VIti1 bb 'U'U~vnvvn~i1ci'"J'U~?i1l"tltl~ 
'U 

1.3 "llt~'Ub"l..l?l"l..t~~n11~N'f.l 

1.3.1 bl?l~tJlJI;'I11?itl~'VItn'U"l..v~'IJ1'Ufl t~tJ 1-ll 95% ethanol L'l1'U?i11~~~1tJI?l1nm~1 'Ufl111;'1tl~ 

bb~~vh'l. ~I;'ITmnmoV'lJoV'U~'U l~t.J'l.-tl Lfl~B~1~b'VIt.J l~t.Jfld1lJ~'U (rotary evaporator) 

1.3.2 fl11~\9lJ'U1 bb~~VI~?IB'U fl11lJ t1 n~ B~"l..v~151 bfl11 ~v;l;'l11~1 ~ru 1 u'IJ1'U n 1~ bbrl asiatic 
'U v 

acid asiaticoside bb~~ madecassoside l~t.J1-ll'151fl1lJ1 1 Vlfl11'1'1Yl"tlv~b'VI~'"J?ilJ11t1'U~~-.:~ (Hi~h 

performance liquid chromato~raphy: HPLC) 



~ .!v .::.. v .!v t:f .t=:11o:::i ..! v v 
1.3.3 i'lfl'lj1']Vl51'11'UBflfW!bVI"ll'U ']Vl51'11'Ub "llmb '\JflVl b 'H.Jbb"'~ ']Vl5m~~'U fl1~i;'1~1'1fl B"'m b 1\J'U"IJB'l 

i;'11~i;'1tlVI'\J-;J'\Jfl 

1.3.4 TI\1ll'U1~1~'\Jl.l1~flb'\Ji;'1~';m1~m~l?lB'\Ji;'1'UB'I~'U&j1 (Response surface methodology; 

RSM) 1V~t~1 m thbbml.lBBflbb'\J'Ufl1~VlVI"'B'I Design-Expert® 

1.3.5 Plfl'lj1U~l.l1rum~'l.J"' V~'l.J~a tJI;'11~~11"i'qJ lil1 n j;.J ~ l'l.tl ru,.Jl.l1~ nV1'\J1 LL '\J'\J"' ana an~ j;.Ji;'1l.Ji;'11 ~ 
i;'1 tlVItJ1'\J n1VItJ 1 "li'Lfl~B'Ii1e:J~1"'B'Ifl1~61il.J ~1'U&j1Vlti''l 

1. 3.6 Pi fl'lj1fl11l.l L U'U'~'lj~Pie:J L"llm~ m~~~m mf1a'l &j1VlU'I"lle:J'1~1~'\Jl.l1~ n'Vlti1 Lb '\J'\J"'e:J n aan1V~t~ 

H'l~MTI 
~ .,! 1.1 Jl ocv tf tJ d cv 

1. 3. 7 i'lfl'lj1'1Vl5 m~~'Ufl1~i;'1~1'1 fle:J"'m Llii'Uiil1 fl\?11~'\Jl.J1i;'1fl'Vl'U1 LL '\J'\J"'e:J fle:Je:J flVJj;..ji;'1l.Ji;'11~ i;'1 flVI 

u1'1Jn 

1.3.8 Plfl'lj1fl11l.lfl'li;'1.f11'Y'l1 'Ui;'1il11~L ~'l"lle:J'Il.l1~fl'VI'U1 Lb '\J'\J"'e:Jfle:Je:Jfl~:W?f'J'Uj;..ji;'1l.J"IJB'Ii;'11~i;'1 tlVI 

u1'1Jn 

1.4 ~1111~~1'LiflT:i1~a . ... 
' ' ~cvtf~ JJ .c::11 vv 4 ~ v ~~ QJ 

j;..j"' 1?1 il tu"Vlmi;'1 fl Vl'U 1 LL 'IJ'\J"' eJ fl eJ eJ flVl j;..j 1;'111 1;'111 i;'1 fl VI '\J1'\J fl bl.Je:J Vl1 '\J 'U j;..j 1 Vl'U 'I 1;'111111 f:l bfl1 ~ 1?1 VIm Vl'U'I 

bb"'::"' ana an b U'UYl~l.l 1~ bda bb ~'I bb6'1:: m~~'U fl11i;'1~1'1 fle:J6'1m b 1\J'U 
' 



' "" 'U'Vl'Vl 2 

f11i'Vl'U'Vl'd'W'di'HUf1'f~lJ 

'\X1-iJ eJ n l ~VlUVll'Ul ~~run~~~~ L~ En-iJ e:J~ flU~ l'Ul ~ EJ'ffi~ LLn 

( 1) tb~l~ LL~~fnl~ L tJ'Um L~EJlflU~l~n LL~~ Lfl~e:J~~le:Jl~ 
(2) ?n~ne:JYJ~~ 

(3) 611~L~~fnl:WV~'VI~'U , 
(4) 611~·1hm~:wm~fi~Lm~ 

(5) '\J1un 
" 

(6) oU'U~l'VIir~ 

(7) e:J'U~~B61~~ 
''" 

(8) fle:J~~Wil'U 

2.1 th~1~bb~~fl11~btl'U:u1bM~-Hi'u:u1amb~::bfl~B.:~6h£J1.:~ 
nl~ 1-iJ Lfl~e:J.:J~le:Jl~L tJ'Ufi~tJ~e:J~1~'VI~~~iJmLL~61:iJEJ 1 U~lru iJ nl~rl'U'WUlliJ nl~ 1-iJ Lfl~e:J~~le:Jl.:J 

~ 1 ~ ~ LL ~ 61 :W EJ B ~ tJ ~1 u ~ 1 ru ~ 'U B 'U L ~ EJ bL ~ ~ ~ e:J :u 1 'OJ 'U (i ~ \J 'OJ 'OJ 0 'U ~ 1 ~ n L u 'U t:-~ ~ ~ il ru '1'1 ~ 'li 1 EJ L ~ :u , 
61l~tll'VIl"i 1 ~LLn~l'VI'!Jl -wu'J1m"i 1-tlm~n:Wm~~Lb~61:W EJ 1 U"ilru 1~EJ 1-tl~l'Utl"i~ ne:Ju~:Wm:wn"i"i:W'lll~ 
L'IJ'U ~n t:-~~1:iJ LL~dfl~'U LL~m-tiu1~"ilEJ:iJn'OJ~'VI~nb~EJ~n1"i1i~l~nb~e:J~'OJln1~t:-~~~1~LU'U~~~'We:J1'0J 

'U 

~e:Jm-&' b 'li'U vh 1 ~bn~~lb~e:J~'OJ1m1'1~e:Je:J n 1vl'mn 1 'U"itl bb uu"Ue:J~m~n~:W~l'Ut:-~61:W"Ue:J~ 1fl~'U bb~~vh 
'U 'U 

1~'VI'IJ1Lb~~~~ b~e:J~'OJ1nVllt:-~~~ilru'l'1:u1~nH'U1'Ubn'U1tl (Beringhs et al., 2013) :U1~n1'U"itlbb'U'Ut:-~~ 
'U 

~~:W-ilmhn~ 1 'Unl"i 1-tl~l'U b 'li'U b lmVll~l~nu'U'VI'IJTGrn-wn'OJ~vh 1 ~ bl"1'tt"Ue:J~~l'Utl"i~ne:Ju b 'li'U 611~ 

61n~"ill n'i'l'll 'VI~e:J 1fl~'U~ bb~~ J'U'VI~~e:Je:Jn"illn'VI'!Jlb tl'Ub1"1'ttt:-~~ b ~e:J~'OJ1 n~1~mtl Lb uut:-~~J'U fi~ 
, 'U 

Lm~~l'VI'!Jl1~~~ bL~~~h:~e:Je:Jnmn lil~J'U~~:W'U'r~m~~b~EJlnuLL~'ULLtl~ (patch) ~611~l~CJ 1-tlnu 

Vll~bfl~e:J~~1m~ 'VI~e:J~b~EJnll "m~n" bL~~Vll~LJl~'llm"i:w ?il'U1'VI~"il~b'IJ'U1tlVJ1~m"i-rn'tt1 b'li'U 

bb~'Ubb tl~'U"i"ib Vlle:Jlnl"iUl~ Ul:U b tl'UJi''U ~'Ue:J~ fl'U~l'UU"i~ ne:Juvft -ill 'U~h-ru'lJe:J~ Lb~'Ubb tJ ~ bb~'U Lb tl~ 
'U 

61lm"i CJfll'Ufl:W611"i~1Aru 1 ~6/l:w ~l'UL -il1~ ~l'VIir~ "i'lJ~'lJ'U Lb~~~e:J:w b:W'U 1~ EJe:Je:J nnVJiLu'Wl~~'VI~e:J , v '\l cu , "'[ 
" " ti1~"1l:wb -il1?lm~ LL61 L~ e:J~ ;u'Ue:J~num"ie:Je:JnbL uu L:WVl~n'll (matrix) oU'U'lJe:J~ L:WVl~n'll tl"i~ne:JU~l EJ 

'U 'U 'U 

~l EJl~1A~'VI~e:J611~e:Je:Jnt)Vli owe:J~ L~e:J1~1-il b tl'U611"ine:JYJ~:w :Wn 1-il-we:J~ L~e:J1~~~mEJJl owm61~1"1J 
b"lle:J1 ?11~ b ~:w m"ifiti1 Lm~ bb~ ~61l"i~ ti1 bb "i~~~ ~l ?ll~e:Je:J nt]Vli~1A'~ 'OJ~~~m EJ'VI~e:Jm~'OJlEJ e:J~1 'U 

b~Vl~n'll :w1~ n'OJ~ b 'VI'UEJl bL~~fiti1~ti1~l b~mb ~~ m~fi~~~"Ue:J~m~n b tl'Um"it11~~~~e:J~"i~ EJ~ b 1m~ , 
bbtl~Hu'U~l "il'U(i~nm~e:Jne:Je:Jn ~~1~vh1~~l"i~fllmAe:J~ Lb~~~~~~~nri'1~Hu'U~l (Shefer and 

Shefer, 2003) m~n:W'VImEJtl"i~bJlVl b'li'U bb~'UbLtl~1Ji~l (eye contour patch) 'OJ~iJ?ll"ie:Je:Jnt)Vli~ 
vh1~u~Llru1Jimf~n~e:J'UflmEJ "i~EJ~nmvfl-tltl"i~mru 30 'UlVJ m~m~e:J'll~~e:JlEJ (anti-aging 

patch) 



r 

' 

5 

~~l'U~?l:U"tJe:J-:J ascorbic acid bb~~~vWU'U:w1~mJ'j~b.f1'Vlbb'Hl 1 "tJe:J·::Jnl'jfl{;)rl'Ubb~~'il'(')J'Ul:Ul~m~e:J 
"iJ{;)U'j~?l-:JA~'U ., bb~~m1:u\ii'e:J-:Jnl'j"tJe:J-:J~'U~b.f1fl m~m~e:J~(;){l'je:Jt.J (antiwrinkle patch) "il~~ 
' I " 

~l'W~?l:U"tJe:J-:J ?~1'j\ii'1'Ue:J'U:u~B?l'j~~e:Je:J nf1'Vltm~'1t.~n'U 1mil'W~ ~ "il{;)U'j~?l-:JAb ~e:J "tJ~~e:Jnl'jbn{;){l 
, 'V vI " 

'je:Jt.J m~nvi'11 u (Lifting patch) ~~l'U~?l:U"tJe:J-:J glycolic acid 1 U'j~'U l{;l1il'W bb~~?l1'j?lfl{;)~1~"il1n 
~"tJ b 11'W n 1 'j b ~:u flll:u'li:u~'U bb~ ~ b~:u b~:U"il {;)'U nvde:J -:J'U'W1 'UVt111 bb~ ~:u1 ~m ~ e:Jfll1:U n'j~-d'U 

' ' 
(slimming patch) ~~l'U~?l:U'1Je:J-:J?l1'j?lfl{;l\?ll:UL5'j'j&J'1J1~ b'li'W ?l1'j?lfl{;)"iJ1n Fucus Vesiculosus 

bb~~ Ginkgo biloba b11''Wm1:um~-d'U~l'Vt111 

1m-:J?l~1-:J'tle:J-:Jbb~'UbbU~Vt~e:J:U1~n U'j~ne:J'U~lt.J 3 .&'U 1~bbn 
(1) Backing film b.lJ'U.&'U~vl1Vt111~Ue:J-:Jn'W1:u1~-&'W adhesive layer ~:uir?~n'U~-:Jbbl(;)~e:J:U 

m t.J'Ue:J n ~flru?~:u'IJ~ u nfl~:U~l ~{;)'Vt~'U~ 'j~'Ult.Jm mi'11Ji'~ b \J'U.&'U~ bb?l(;)-:J be:Jml' n~ru'tle:J-:J ~~{;l.n ruo/i 
' ' ' 

(2) Adhesive layer b.lJ'U.&'U~~1rl~~~(;)'tJe:J-:Jbb~'UbbU~'Vt~e:J:U1~n ~fltu?l:UD~vl11~bb~'Ubn1~~l 
1Jl~ ?l1'j~vl11~~{;)~{;)fl'U~l b'li'W acrylic, silicone bb~~ rubber 'We:Jn"illndm'j~{;)~{;)bb'U'U~e:Jne:Je:Jn 
1Jl ~bn{;)b.lJ'Ubb~'Ub~mb~-:Jbb~l?l11J1'jfl~e:Jne:Je:Jn1Jl (dry adhesives) 1-&''V'le:J~b:ue:J1~-:Jbm1~~U'j~b.f1Vl 
polyvinyl derivatives bb~~?l1'j~1Ji'"il1nl5'j'j:l.J'1J1~ b'li'W bb U-:J b'Zm~ 1~?1 bb~~J1{;11~ 

(3) Release liner mJ-:Je:Je:Jm.lJ'UBn 3 n~:u 1~bbn n~:Ubb~'UbbU~'Vt~e:J:U1~nbb'U'Um~{;)1~ n~:u 
' ' ' 

'V'l~l?l~n bb~~n~:u~~~l'UU'j~ne:J'U'tlmbdl51{;1 (Patel et al., 2012) 
' ' 

:U1~nVt111bbU-:Jm:u~n~ru~m'j1-&'-:J1'Ue:Je:Jm\J'W 3 bb'U'U 1Ji'bbrl 

(1) 1J1~nbb 'U'U'V'le:J n bi''U'U'Vt111 bb~l~1-:Je:Je:Jn 'Ill tJ'tJ~{;) b'1!mi~l~ b~e:J:U?l.f11'V'l bb~~ bbnu ~'Vt1{;11:U 
?l.f11'V'l~l 

(2) :u1~mb 'U'U'V'le:Jn'U'WVt111bb~l~e:Jne:Je:J n b 11'Ub~:Ufll1:u'li:u~'U bbm 'tlD ru'Vt1 ~l'Vtt.l1'U n~l'U bb~~~Vl ' ., 
" ~')'je:J tJ 

(3) :u1~n'1JUV1bb~'U b~e:Jflll:U?l{;)~'U A'Ufll1:U'Ii'W~'W1~bbrl~l bb~~b~:um1:um~~1-:J1?l 
' 

Pichayakorn (2013) i'in~lbMt.Jln'U nl'j'W(')J'U11l1~n'Vtu1bb'U'U~e:Jne:Je:Jn"il1nt.J1-:J5'j'j:l.J'1J1~ b~e:J 
fi'Ue:J:U~l ?l1'jtle:JVJ~:u~1i 1Ji'bbrl t.l1-:J"il1n5'j'j&J'1J1~~'1J~VlbU'j~'Ue:Je:Jn, PVA bb~~ methylcellulose 

'V'l~1?l~b'1lb'1le:J11Ji'bbrl propylene glycol bb~~ glycerin ?l1'jb~:Ufll1:Ufl-:Jii1l Ae:J tween 80 bb~~ 
?11 'je:Je:J n ~Vlt~'U 1 'V'l'Ul1 :w1 ~ nVt111 bb 'U'U~ B n e:Je:J n"ill nm-:J 5'j 'j:l.J'1J1 ~ 1 ~fl ru?l:uu~Vl1-:J n1 tJ m'V'l bb~~ 
b:a-:Jn~~~ (Pichayakorn et al., 2013) 

vi'-:Jt!'U -:J1'Ul~t.Jdb~-:J b~'UUru'Vt1'1Je:J-:J:w1~n 1 'U'jUbb 'U'U~-:J ~-:J~l-:Je:Je:Jn 1Jlmn bb~~~v1bn1~~l1~hJ~ ., " 
~-:J 1J\'~ nl'jbbnb 'tlU ~'Vtl bb~~'il'(')J'U1~~!?1nru~m~n'Vt111'1JUV1~€l ne:Je:Jn (peel off) 1vm 1 otl'V'le:J~ b:Ue:J1 

b U'U?ll'jrie:JVJ~:u b ~e:J~1t.~~e:Jm'j'll'1'j~~1-:J bb~~"(J~{;)u ~'Vt1 b~e:J-:Jm'j ~Vl~Vl~l 

2.2 j;ll':ine:Jw~:u 

2.2.1 1flb(;l'1f1'W (Chitosan) mm-:J?l~1-:JV11-:Jbfl~vl-:J .f11'V'l~ 1 ~n~ru~b\J'U~-:J~'tl1l b'Vt~e:J-:J ~ 
J1Vtun 1:ub~n~ 10,000-1 ,ooo,ooo ~~mt.J 1ffi 'UJ1 bb~~?l1'j~~mt.JmV1 ~~fll1:Ub \J'WmV1vi1-:J~1nl1 

' 
6.5 b~e:J-:J"il1n 1fl1(;1'1f1'U~m1:ub\J'U~~n?l-:Jbb~~~u'j~"il'Uln ~-:J hJboir1n'Un'U?l1'j'Vt~e:J 1:u b~n~~~u'j~"il~'U 

q,J 'l , q 
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"~~nCJ1Jl1!eH'J1'WbbeJ6'\ne:Je;eJ~ bb61~1ii'1vi'161~mCJB'U'Vl~~ ~.rd~'Ue:J~n'U~1 degree of deacetylation 
'\J 

'UB--:J1f11\9l"ll1'U (Rathke and Hudson , 1994) D"i~1CJ'll'l1'Vl1--:Jb.fl~'llm"i:W'UB--:J1fl1\9l"ll1'U 1-i!b'U'U?f1"irle:J 

~~:w ?f1"i~\1lbn1~ ?f1"ibfl~e:J'Ub~l1lm ?f1"ib~:Wfi11:WV!.U\11 l1flru?t:w'IJ~b'U'U mucoadhesive i1~1 glass 

transition temperature (To) ~ 203 OC 1fl1\9l"ll1'Ub-lJ'Wl'\9lfl~'U'Vl1--:J:U1m'W ~111B~1'Wn~:w 
~ , \.1 , 

fl1'n 'U 1eJ b\11 "i\91 ~ ?f:W~LJ "i ~ n eJ'U Jl d CJ eJ'U~'U 6'U eJ --:JJ 1\91161 n 611fl ?f~ii 51\911 'U 1\91 "i b ~'U eJ ~ Jl'd tJ vi' 11 ~ij 
, 'U , 'U 

flru?t:w0~1 'Wm"i ~t~tJ?tmCJ 1Jl\9l1:W5"i "i:W'll1~ ;s--:J b U'U?t1"i~iifl11:wu61e:J\1lnCJ 1 'U m"i 1-i!n'U :w'U~~ ~\911 
' ' 
bb6'1~~--:Jbb111l~e:J:W (Rathke and Hudson , 1994) 

NHCOCH3 I\HCOCH3 HCOCH3 NHCOCH3 NHCOCH3 NHCOC-i3 

Chitin 

I~O... r'-- ~O... r'-- ~~~0... 1 I~O... r'-- ~,OHO... r'-- )2..0H0... r'--

~·~~~~~ ·~·~~ ·~ 
"'HCOCH3 NH~ N'iCOCH3 

Chitosan 

bD~e:Jnn--:J m~\11€1--:JU bb6'l~bbn'UVliJn b-lJ'Uiii''U (Tharanathan and Kittur, 2003) 1fi~'Ub-lJ'U'We:J~b:We:J~ 
' '\J 

~ i1 ?f 1 CJ CJ 1 1 i1 eJ --:J r1 u "i ~ n eJ 'U 'U eJ --:J Vl1.l 1 CJ ~ eJ CJ b u 'U eJ 'U ~ 'U 6 'U eJ --:J J 1m 6'1 n 6'11 fl ?f i1 ~ w.h N-acetyl 
' '\J 

glucosamine 1fi~'UbU'U?f1"i~6'1~611CJJ1mn'Vl1e:J 1lJ~e:JCJ6'l~mCJ ?l1'U 1fl1\9l"ll1'Ub U'UB1ioW'U5'Ue:J--:J 1fl&i'U 

V11ii'l1lb€11Vl~ acetyl e:Je:Jn~1n N-acetyl-0-glucosamine b~CJn11m~'U1'Un1"i Deacetylation (DO) 

bU'Un1"ibU~CJ'U N-acetyl-0-glucosamine h~\U'U glucosamine mnn11 60% ~--:J~'Un1"i 
bU~CJ'UbbD6'1--:J'Vl1--:Jbfli1vi'11 mfi~'Ub LJ~CJ'U 1 u b U'U 1fl1\9l"ll1'UAe:Jb-lJ'Un1"i6'1\116'1--:J'UeJ--:JVl~ acetyl ~--:Jn1"i6'111lm 
'Ue:J--:JVl1.l1CJ~e:JtJ N-acetyl glucosamine b-lJ'Um"ib~:W~'U'U€1--:J glucosamine 1t~u~:w1ru~b'Vh 1 n'U 

n1"i~\1l"i~~'U'Ue:J'ln1"i'U~I11VllJ acetyl Vl1B deacetylation vi'11m:wb6'lnm~n6'1--:J bb6'l~iiflru?t:w0~~ 
" ' ' 

BB'Uiii'1 ?f1:W1"ifl~'U~LJ b-lJ'Ub~6'1 "i1:W~--:Jn1"i 1-ilLJ"i~ 1tJ'll'U1 'U~Dbb 'U'U~1--:J 11Jl:w1 n~'U (Nilsen-Nygaard 

et aL, 2015) 

b~€1 1A1\9l"ll1'Ui1A1 o/o DO bn'Unl1 60% 1A1\9l"ll1'U~~?f1:W1"ifl6'l~mCJ 1 'U ml1lB'U'Vl~CJ1Jlm n~'U 
b~e:J--:J~1n'Vl~B~in 'U'U€1--:J glucosamine iim"i-r'U 1 D"i\9\e:J'U 1Jlmn~'U 1A1\9l"ll1'U~6'l~mCJ 1 'Uml1l~'U'Vl~~ 
~--:Jiiu"i~~'U1 m ~:w~'U 1A1\9l"ll1'U~--:J?f1:w1"ifl6'1 ~6'11CJ1 'U?f.fl11~~ b .Ut~ ml1l1Jl ?f1"i61~ m CJ'U€1--:J 1A1\9l"ll1'U 

' 
ii~n~ru~A~1m~6'1 811l'Vl~'U oU'Ub'VlUCJ1 ~--:J?f1:w1"iflvl11~b-lJ'U"iUbb'U'U~1--:J G) 111lmU'W1~n1"ivl1b-lJ'Ubb~'U 

' " I 

Vl~m~B'U1--:J 1 t~Bmnn-d'1A1\9l"ll1'U?t1m"ifl~BCJ?fmCJm:w5"i"i:w'll1~ i1A11:wu6'1B\1lnCJ 1lJne:J 1 ~bn\11~~ 
l?it~~--:J:iJ:Uit91bb61~1,J:iJe-~m~tJI?ie:l~.:JLL1!?1~mJ (Prashanth and Tharanathan, 2007) 1flb\9l"ll1'U~m.h:w1 

" 
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tJ ~ ~ tJ n 1'11-ii"ltJ'!tHn tJ vlTW b 'litJ €l ~ ?11 Vl m ~:w €11 Vl1 ~ 1 ?1\il 1'11 ?1 ~ { 'il fl~h 1 'Vl tJ 1 bbfl ~ l'Vl tJ 1 1'11 ?1 ~ { 
'I 'I 'I 'I 

m~bb 'l"l'Vl 8 ~11.J m~tJ~~tJ nl'11 mr1 1~6i111.J'Vl1-.:Jvl11.Jbfl~€l..:J~1 m..:J b 'litJ m~ 1 mr1 1~6i111.Jb'UtJ bb~tJ bb '\J~ 
' 

~1Vl1!-.:Jt:-J?l:W?11~?1nt?l,h1tJ ~~uu'l11~-.:Jbb'\J'U transdermal delivery systems b~€lflt?l€l1n1~U1t?loV€l 
(Boriwanwattanarak et al., 2008) bbfl~ bb~tJbb '\J~~1Vl11'-.:J~Vh<il1 n 1A 1~6i111.J t:-J?l:W?11~?1nt?l 1 'l"lfl 

flt?lmm~5m?l'Ub~e:J1.vttJ'Vl1-.:Jn1'~bb'l"l'VlEJ (Suksaeree et al., 2015) 

m~'l11lr1 1~6i1TWU ~~tJ nl'11-t''Vl1-.:Jvl11.J bfl~€l..:J~1m..:J vl'JtJAru?l:wu~'ll€1-.:J lr1 1~6i111.JlJf1'VlBm~lii'1tJ 
' ' "I 

b~e:J'il~tJ'Vl~EJ 8n~..:J 1A 1~6i111.Jb tltJ~iJtJ~~'il'U1n?11m~tl b ~:WAJ1:WVl.Ut?l 1Jl1t?ltJ fl~m t~1tJ?l.fl11~~ b tltJ 
' ' 

mt?l 1tJ'Vl1-.:Jbfl~€l..:J~1m..:J1A1~6i111.J~WhVlif1~btltJ gum 1.vttJt:-J~~.tlru"VitJ~~bJl'Vl fl~:W 1flitJ bbfl~tl1 
'V\1 b~'U b ~€) b ~:WflJ1:WVl.Ut?l bbfl ~fl11:W b..:J1 ~..:)lJ tJ:Wt11:W1 b tltJ~11.Jt:-J?l:W'lJ€l..:J bfl~€)..:)~1€11-.:JVlfll tJ"lJlJ(?) bbfl ~ 
lr1 1~6i11tJ?11m~fl~:wJ11Jl~ bbfl~ ?11:w1~mn(?) b tl1.JYJ~:wu1-.:J 1 t'Je:J..:JntJm'J~tlJb~ tJA11:w~:w~tJ'lle:J..:J~1 
(Boriwanwattanarak et al., 2008) btie:J..:J'il1n1A1~6i111.Jbtl1.J biomedical bbfl~ biocompatible 

polymer hlb tl'WBtJm1tJ~€l~1-.:J mtJ Ve:JtJ?lm tJ lJl~1 tJ 8 n~..:JtJ..:J ?11:W1'Jtl 1·ii'b tltJ bb~tJb'ilfl~ t?l ~1Vl11'-.:J bbfl~ 
AJ'Ufl:W n1'JUflt?lU~ €ltl?11'J~1Aru (Suksaeree et al., 20 15) 1A 1~6i111.JtJ..:J?11:W1'Jtlvl1 b UtJ b~t?lD'Vl'U'J'J'il ' .., ' 
?11'JVl€l:W 1.vt tJt:-J~ ~.n ru"Vl A~:W muJ 1 'l"l'U':hiJ m'JUflt?lU~ €ltJ?11'JVl€l:W€lV1-.:J'J1 t?l e:J€1 n'il1 m~ nD'Vl b~€11 i 
..:J11.J (Anchisi et al., 2005) 

22.2 Polyvinyl alcohol (PVA) bU1.J'I"l€l~b:We:J{~..:Jbm1~~ 1m..:J?11'1-.:J'Vl1-.:JbfllJii'..:J .fl1'1"l~ 2 

'JUbb'U'Ut:-J..:J ~'ll11 ~iJJ1Vl11'n1:wbflnfl~..:Jbb~ 20,000 - 200,000 1t?ltJAJ1:WVl.Wt?l'll€l..:J PVA <il~~tJe:Jcinu 
~ ' ~ 

'lJ1.J1~J1Vlirn1:wbfl~fl vl1Vlif1~bU'W?11'Jbfl~€l'U (Coating agent) ?11'JVl~€l~'W (lubricant) ?11'Jb~:W 
fl11:Wfl..:J?l.fl1'1"l (stabilizing agent) bbfl~?11'Jb~:Wfl11:WVl.Ut?l (viscosity-increasing agent) 1tJ'Vl1-.:J 

bJl~"lJm'Jmbfl~bfl~€l..:J~1m..:J hlbUtJYI~ hliJn~tJ bbfl~fl~mtJ1Jl~1tJJ11'€ltJ btie:J..:J'il1n PVA lJ'il~ 
' 

Vlfle:J:w b Vlfl'J~ 180 oc fl~mt~1Jl b~ ni!e:JtJ 1 'Wbbe:Jflnmm~ hJ?~1:w1'Jtlfl~mt.J 1Jl1tJI?i'1v11fl~fl1t.JBtJ'Vl~V 
(Rowe et al., 2009) PVA ?11:w1'JtlV€lt.J?lfl1t.J1Jle:Jci1-.:J'J1t?lb~11t?lt.Jl6'Vl1-.:J~1.fl1'1"l iJAru?l:wu~m'Jbflt?l 

' 
bUtJYJ~:w bbfl~nt?l~t?l~1Vlir..:J1Jl (Chen et al., 2015) PVA lJAJ1:WbfltJbb'J..:J~..:Jbbfl~A11:W~t?lVltltJ?l..:J 

' ~ 

'J1:Wli..:JihJ~:w1ru e:Je:J n'ilb 'iltJ~?l..:J bbfl~iifl ru?~:w'\J~tl€1-.:J ntJ m'J'J~ b Vl t.J'll e:J..:J J 1 n~tJ bbfl ~J1:ir1.J 1Jl~ ~..:J-d 
~ ' 

Aru?l:wu~ii'..:Jn~11~1.Je:JV nutJ~:w1ruA11:W~tJ Vl1 nm1:w~1.J ?1-.:J J1'il~tl nt?lt?liu 1Jlm n~tJ 1t?l t.JJ1 v\'1 
'I \1 'U \l 'U 

Vlth~ b U1.J?11'J~v111 ~'l"lm?l~ nD:wVl~€l'l"lfl1?1~hb6ile:J{ ii'..:JtltJ<iJ~v\'11 ~m1:w bfltJbb 'J..:J~..:J fl t?lfl..:J bb~ 'il ~ b Yl:w 

bb~..:Jnt?lbbfl~bb'J..:JbUe:JtJ1~mn~tJ (Dou et al. , 2015) 

OH 

n 

Jl1W~ 21A1-:!61~1-:J'lJB-:J Polyvinyl alcohol (PVA) 

Vi:w1: Sigmaaldrich (2016) 
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m~1~t.J'Ue:J'I Fan (2016) 1~vhm~b~~mJbb~~~m,.1flrui:l:WU~'Ue:J'I chitosan gelatin bb~~ PVA , 
b~mtl'W hydrogel 1~t.Jn1~b~~t.J:W chitosan ~i:l:wtltJ gelatin 1'WeJm1~1'W~1'1 1 bb~~~i:l:w1'W PVA 

~1VI-rtJ-rm,.1tJ1~bb~~ 'Y1tJl1 m~'Vl~i:le:JtJflru~m,_ru~ b ;u-:~n~'Ue:J'l bb~'WU~bb~~ilm1:w bb ~-:~ bb ~'~~'~ 2. 2 , 
Mpa. ilm~~~itJb~tl~bb~~J1bVI~B'l1~~bb~~~1~b~1 (Fan et al., 2016) BnvY'l Pal bb~~flru~ 
(2007) vhm~e:Je:JnbbtJtJ hydrogel ~'VlT<il1n PVA bb~~ gelatin b~B1-rr'Vl1'ln1~bb'V1'Vl~ 'Y1tJl1ilm~G/i:w 
itJJ1b~'iJ~bb~~J1bVI~B'l~~~'W bb~~flrui:l:wU~b;u'ln~'U'iJ'lbb~'WYJ~:w ilfl11:Wbb~'lbb~'l (Pal et al., , 
200 7) 'W e:J mn n-dcY'lil m~th~ tJ n (?)1 off PVA ~1WltJ 1A1~"1l1'W b tl'WYJ ~mi'W e:J:W mVI1~ b ~ B 1 'W , 
~~1:11VIm~:WB1VI1~Bn~1t.J (Tripathi et al., 2009) vY'l-d PVA btl'Wi:11~ne:JYJ~:w~vh1'!Xflrui:l:wu~ 
b ;u-:~n~'Ue:l'lbb~'WYJ~:w~~'W \il-:~J'W'I1'Wl~t.J.Q'~'l1 off PVA b'U'Wi:11~nBYJ~:w~1:wnu 1A1~"1l1'W b~m.Huu~-:~ , 
1:1:wu~ b ;u'ln~'UB'l bb~'WYJ~:wm~n'Vl'Lh bb tJtJ~B n 1 '!Xil fl11:Wbb ~'~ bl ~'l~'W 

2.3 'W611~~16llb6lle:!1Vl~e:J~1'H~:Wfl11:W~\11VI~'U 
' 

b tJ 'W 1:11 ~'111 tJ 'Vl1'l Ul i1"1l n ~ ~:W b~ :W ~ '11 tJ b ~ 1J b ~:W fl11:W ~~VI~ 'W 1 'IX bb rl ii11 ~ rl BYJ ~:W 1 'IX bb~ 'UYJ ~:W iJ 
' 

fl11:W li11:1J1 ~f11 'W n1 ~ b tJ ~ t.J'U bb tl~'l ~tl ~1 'l1~~~'W bb~ ~~ ~ fl11:W bb ~'l b tJ ~1 ~'U 'iJ'l bb~'UYJ ~:w 1~ tJ li11 ~ b ~:w 
'V 

m1:w ~~VI ~'W'il~ 1 tl~ 111 bb ~ 'l ~~ b Vltit.J1 ~~VIl1'lb:W b~ n~'U B'lii11 t.J'Y1Bfi b:We:l~ vh 1 'IX bfl~'liB'll1'l~~VIl1'l , , 
1:w b~ n~mn~'W b ~:Wfl11:W ~l'l'Vl~'W bb~~'li1t.JUB'ltl'Wn1~bbt.l n~1'UB'lYJ~:w 1 'W~~'Vll1'l ~YJ~:w bb 'IX'l vh 1 'IX ' , 
YJ~:wil~ m,_ru~'Vl1'l m t.JJll'¥1~ ii11 ~'111 t.J'Vl1'l b.fli1'1lm~:w~1 off b tl'W'¥1~ 1ii1~1"1l b"ll'iJ~ 1 'W~ fi ~i\' ru'l'1:w1~ nVIU1 

bbUU~e:Jn'iJBn 1~bbtl 

2.3.1b'W'a~~'U 1mwtB61 (Propylene glycol) btl'Wi:11~n~:w glycol 1m'lii1~1'l'Vl1'lbflil\il'l 

Jll'¥1~ 3 1~'il1nm~i1'lbm1~VIb~t.Jn1~'VhtJljn~t.J1~~W"J1'l propylene oxide ntJJ1 il~n'tlru~btJ'U 
'Ve:l'lbVI~1off'W1ii1 hJil~ hJiln~'W boff1n'W1~~ntJJ1 vl1VIU1~btl'Wii11~fl'We:J:W (antimicrobial 

preservative) J1m~1b~e:l (disinfectant) ii11~b~:Wfl11:W~:W~'W (humectant) 'Y1ml:1~1"1lb"ll'iJ~ 
(plasticizer) ~1vl16'l~mt.J (solvent) li11~b~:Wfl11:Wfl'lii1Jl1'Y1 (stabilizing agent) bb~~~lvl1~~mt.J 
~1:w (cosolvent) 1'W'Vl1'lb.fli1'1lm~:Wbb~~bfl~B'l~11J1'l il'ill'lb~'iJ~~ 188°C 'il~VI~'iJ:WbVIm~ -59°C 'il~ 

' ' ' 
11tJ 1 yj~ 99 oc bb~~ 1offb tl'W~1vl1~~mt.J 1 'W~fi~i\'ru'l'i"m bb~~bfl~e:J'l~1tll'lVImt.J'UU~ 'li1m~:wm1:w'li:w 
" ' 
~'W1'1Xbbrl~1VIU'l (humectants) (Rowe et al., 2009) 

.fl1'W~ 3 bfl1\l~~1\l"I.IB\l Propylene glycol 

~:W1: Sigmaaldrich (2016) 
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Jagadeesh bb(;l~fH1!~ (20 13) 'Vf\Jl1b~eJ 1-ff propylene glycol btJtJ?l1"ib ~1lfll11ltJ~Vl~tJ 1 ~nu 
YJ~11 1~t.J propylene glycol -d--wvh1~?11t.JY1eJ~b1leJ1bfl~eJtJ~H1~1t.J~tJ vh1~YJ~:w:Wm1:Wtl~Vl~'W 
ll(;1~~~fll1:W~tJ1Ji' (Jagadeesh et al., 20 13) Cooper bb(;1~flru~ (1984) 1Ji'vhm"i~n'\11b~:Wf11"i 
'IJ'W~'I?l1"i~1~:11~l b <U'1 ~e11i'W epidermis 1~t.J 1.U propylene glycol b ~1lfll11lb tJtJ~l1 ~n'\J~Tvn 
(vehicle) 1 'Wf11"i'IJ'W~'IloU1~e1l Y1'\Jl1f11"i'IJ'W ~ 'I~~'Wb~mVit.J'Utl'\Jf11"i 1~?11"ib~t.Jl (Cooper, 1984) 

2.3.2 n~hsuB~U (Glycerin) 1m-:~?1~1'1Vl1'1Lf1:111'1-:~ m'V1~ 4 LUtJ'IJeJ'IbVlmVltl~ 1~ :11~ 1~:11n~'W 
~ AJl:wvrW ~ bb~ ~ ~H~1 f111lJ~'U bij tl ~lJ ~ i,~Hlu eJ 1 n1 Pi vl1Vi\J 1 ~ b ~u ?i 1 ~ tl'U eJlJ (antimicrobial 

"\J 

preservative) J1t.J1'JJ1L~eJ (disinfectant) ?l1"ib~1lfll1:1.J~:W~'W (humectant) ?l1"iUeJ'Ifl'Wf11"i 

"i~bVlt.J'IJe:J'IJ1eJeJmnne1l (emoll ient) Y1m?l~1"1lb"lleJ1 (plasticizer) ~lvl1!;1~(;11t.J~l:W (cosolvent) 

?11"i1~fll1:WV!l1t.! (sweetening agent) bl(;1~ ?l1"i\Hu1Vl'u68~ (tonicity agent) 1t~Vl1'1b.fl~"llm"i11 

bb!;1~bfl~eJ'1~1m-:~ :IJ"'J~b~eJ~~ 290°C "'l~Vl(;1eJ:WbVlm~ 17.8°C "'l~l1U1~~ 176 oc (;1~mt.J1Ji'1t~J1 
' ' ' 

lb(;1~bbe:J(;1nmm~ (;1~mt.J1Ji'b~rn.Jm.J1'WJ1~'W 1~LoU1fl'Wfl'\J strong oxid izing agent (Rowe et al. , 

2009) 

OH 

HO~OH 

.f11'W~ 4 1m'IJ;l~1\l"l.IB\l Glycerin 

Vi:w1 : Sigmaaldrich (2016) 

"'l1f1f11"i~mn'IJ€l'l Jangchud lb(;1~ Chinnan (1999) 'V'l'\Jl1 glycerin lU'W?l1"il~:I.Jfll1:Wtl~V!cJu 
' 

1'W peanut protein f ilms ~:11tb~~Vl5m"t1~n11m"i1i sorbitol, polyethylene, polyet hylene 

~lycol ll(;1~ propylene Uan~chud and Chinnan, 1999) Gontard lb(;1~flru~(l993) ~~~~1 

flru?l1!D~b~'lf1(;1'1JeJ'Iyj~1J edible wheat gluten 1~t.J:I1 glycerin bUtJY1m?l~1"1lb"lleJ1 Y1'\Jl1 

glycerin v\'11 ~Vj~1!:11m11!?111!1"ifl1 'Ufn"itl~~l (extensibility) 1J1~ bb~fll11!?11111"ifl1 'Uf11"i~1'Ull "i'l 

Vl~~ (puncture strength) fll11ltl~Vl~'U (elasticity) bb(;1~f11"i"i~LVlt.J'IJe:J'IJ1 (water vapor) (;1~~'1 
b~eJ'I"'l1mn~ glycerin "i'\Jf1l'Uf11"iln~~'U'B~1~1mL"'l'U"i~Vll1'1'V'leJ~b1leJ1 bl~~J1 f11"iLU~t.J'U?lfl1'U~ 
'l.leJ'I'V'JeJ~l1leJ1"1l1n glassy state 1ubtJ'U rubber state v111~m11lbl~'lll"i'l'l.leJ'Iyj~1J(;1~(;1'1 (Gontard 

et al., 1993) 

Propylene glycol bb(;1~ glycerin 'UeJf1'<\11f1'<\l~bU'U?l1"ib~1lfll11ltJ~VltJ'U1~nuyj~1lbbii'l t'T-:Jb'\Ju 
' 

?11"ib~:w1~fll1:W~:W~'Ubbrle1l 1~t.J"'l~LbU'Ie:Je:JmtJu 2 n~:w1Vlt!) '111ilblrl 

(1) ?ll"ib ~:I.Jfll111'1i1l~'U (moisturizer) bU'W?l1"i~vl11 ~bn~fll111'1i1l~'Ubbrle1l 1 uiu epidermis 
' ' 

vl11 ~e1lVltJ'I:I1fll11J~eJ'Utl1! bb(;1~ tl~VltJ'U 1Ji'~ 
q ' 

(2) emollient LU'W?l1':i~vl1Vl'U1~bU'U moisturizer 1~t.JlBf11"iUf1fi(;11J~l (occlusion) v\'1 
' 

Vlih~ Vl~e:J~'U (;1~bb"i'lb~t.J~Vl1'U bbm~UeJ'Itl'Uf11"i"i~bVlt.J'I.le:J'IJ1 
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n~1nvh1~\n(?)fnllJ'1hJ~'U'VB-:J moisturizer LJ'a~nm.AuJl1tJ occlusion effect ~eJ nl'abfl(?) 
' 

b tJ 'U YJ ~ lJ D eJ -:J tl 'U n 1 'a 'a ~ b VI tJ 'V eJ -:J tl1 eJ eJ n "'ll n ~ 1 bb ~ ~ (?) (?) tl1 "'ll n eJ 1 n ll"llJ 1 tl n b n 'U 11 ~ iJ 1 b eJ -:J 
" 

(humectancy) bb~ ~ ~ ~1 "'ll n n ~ 1n.V 1 -:J lii''W l!-J ~ \91 i1 ru"V!lJ 1~ n wu 1 bb 'U'U ~ eJ n BB n 611lJ 1 'a111 i b tl'U 

l!-J~\ilnru"l'l1-M'mllJ<tilJ~'Ubb n~11Jl b~eJ-:J"'Jln ijfHIJ61lJU~lbtl'U occlusion "'llf1611'aneJYJ~lJ DeJ-:Jtl'Unl'a 
' ' 

'a~bV!tJ'VeJ-:JtllveJn"'J1n~1 bb~~ij glycerin 1-M~ru61lJU~ibtl'U humectancy <ti'JtJ~(?)tll"'llnmml"lm 
nmnu 11~il1beJ-:Jbb~~~~1vh 1-M'~lV!U-:J<tilJ~'U 

' 

c:. ~ ~ 
2.4 ~TH VUJ fiTH.I ~Wl ~ 

2.4.1 Poly (methyl vinyl ether-alt-maleic anhydride) 'Vi~€! PVMMA eJtJb 'U'aD 
" " 'VeJ-:Jbb~-:J ~'V11 tl1Vtumm m~"'lltJil11Jl~ltJ 1:Jijn~'U ~(?)fnllJ~'U"'llm:nmi"11Jl~ bb~~ij~n'l'}ru~btl'U 

" 
'VB-:JbV!mVt.U(?) <ti'U 1:Jijn~'W vl1Vlth~btl'U611'ab~lJnl'a~(?)~(?) (Bioadhesive materia l) 611'ab~lJfnllJ 

' 
Vt.U(?) (viscos ity-increas ing agent) 611'a~u1~Vl~ (complexing agent) bb~~il1D'a~611'U'a~V!l1-:Jtl1 
tl'UtlliJ'U (emuls ion stabilizer) 1'UVl1-:Jb.f1i1''Vm'alJbb~~bfl~B-:J61'1eJ1-:J ~~mtJ1til'l'Utl1 bb~~iJ'Jvll 
~~mtJB'UVl~~ bb~1:WboU1tl'U strong oxidizing agent (Rowe et al., 2009) 

.fl1~~ Sbfl'a\1~~1\l"l..IB\l Poly(methyl vinyl ether-alt-maleic anhydride) 

~lJ1: Sigmaaldrich (2016) 

ij'altJ-:Jl'Ul~tJ'VB-:J Kim (2006) 1.ff PVMMA btl'U61 1'ab~:l.ln1'a~(?)~(?)1-M'nuYJ~:w~v11"1l ln 
Polyethylene bb~~ Rohatg i (2015) vlln1'ab~B:l.l'V 11-:J (crosslink) "i~Vl'-Jl-:J PVA nu PVMMA b~eJ 
1.UnuVl1-:J;g1nl'abb'Y'IVl~ 'Y'I'Ull PVA bb~~ PVMMA boU1n'U1Jl~ bb~~Vt~-:Jm"i crosslink YJ~:w~1Jlij 
~n'l'}ru~1?l ijmllJ8(?)Vt~'U~~'U bb~~ijm'a ~(?)~(?)~ (Rohatgi et al., 2015) nl'al~tJ'VB-:J Orienti bb~~ 
flru~ (1998) 1i PVMMA btl'Uil1fl1'Ufl:l.ln1'aD ~(?) LJ ~vtJil1m 1'W'aDbb'U'UtJ1b~(?) 'Y'I'Ullijl!-J~nl"i 

' " 
\J~(?)D~BtJtJ1~'a1(?)b~1 (Orienti et al., 1998) Bn~-:J Shahbazi bb~~flru~ (2014) H PVMMA btl'U 

il1fn'Ufl:l.lnl"iD~(?)LJ~vtJil1tJ1 'V'Ul(?)eJ'Umm~~u'Ul1 'U 1 'U'a'Y'I'a'U'VB-:J silicon BnJl'JtJ (Shahbazi et 
, 'I 'tl 'I 

al., 2014) 
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.... 
2.5 'U':l'Un 

Dl 'U n b tJ 'W Yl 'lJ ?ll.l 'W 1 'l"J ~ ~ 'W u 1 'W 'lJ B ~ 1 VI tJ bb 61 ~ u ~ ~ b Vll"11 'W bb f1 'U ~ B 'W ~1-if lJ 1 ~ ~ bb ~ tJ fl n B 'W 
' ' 

u~~l~\"11?1\91{ ~~U~1n!J1'W~1~1Bl~bd'Vl'lJB~B'Wb~tl~~bb~ 500 UrlB'Wfl~?ll9i'Plm1'lJ (Kartnig and 

Hoffmann-Bohm, 1992) iJm~m~-;u1tJYr'W5B~1~n11~'lll1~ ?11l.ll~f1U61n 1~~1 'W~~iifll1l.l'l1l.I~'W 
' 'U ' 

hi~bb<t'~ iJbb?l~~1hbb61~1'W~lJ Dl'Un~~1~:rum~u~~~B~1'W WHO monograph bb61~U~1f1!JB~l'W 

bfl~'lJ~1:r'U'lJB~'v'lmr.Ju~~bVII"1 -enVi ~'W B'~n~~ br.Jmjj''W B'Wb~EJ bb61dVIEJ '11luniJ~BVI1~iVIml"11?1\9l{ 
11 Centella asiatica (L.) Urban Btll'Wl~~ Umbelliferae 'v'l~B Apiaceae ?11~~B~1'WDl'Un~iJ 

'U 'U 

?l~~'l"J~ru1'Wm~:rn~1hmtl'W?l1~n~l.l triterpene, saponin bb61~ sugar ester ?11~BBn~VIt~iim~ 
~n~1i~Wl'Wl.llf1 1~bbrl asiaticoside, asiatic acid bb61~ madecassoside iJ1fi~~?I~1~VI1~bfliJ 

Iii'~ m'l"J~ 6 iJ m~'l11'111u nl.l11-ifu ~ ~ 1EJ'1Ju~~ 1 'WVI1~ bb 'l"JVI ~ bbe.J'W 1 u ~1 rubb61 ~ bb 'l"JVI ~ bbe..~'Ull-;u -;u'\J'U B ~ 1 ~ 
' 

bb 'l"J~'v'l611 tJ bb61~iJ'IJ'U'Vin-iJ Bl.l61-;u1 n nl~'UB f1b~1'lJ B~ bb 'l"JVI ~~'Wtll'W 'l"J'Ul1?1BI'l flfK e:J~ tl'U nl~ 1-ifDl'U n 1 'W 
'U 

m~bb 'l"JVI~ bbe.J'Wll-;u-;u'\J'W ~~iJm~~n~1VI1~fi~'Dn 1~ bbn H1 'Wf11~?1l.I1'Wbbe.J61 bb61~ 1-if:rn~1 bfl 61'1 'v'l:ru 
' 

u~~ b Vll"11 VI E.JiJ~1tl~1'Wll Ul'U niirhli1'1Ju!?ll'We:J'Wl.l61~?1~~?1~ b\91 tJYl'lJ?II'liJiii''lJiJ 4 .65 bb61~ 1 'WYl'lJ bb ~~iJfh 
''" 'U 

lii''lJiJ 7. 98 ~~.Q'~lB~l~ bb ~~ 100 n:rl.l u~~ne:J'U~ltl?ll~!?ll'We:J'Wl.I61B?I~~ b'U!?l1bbfl hVi'W 12.7 6 mo 
''U ::> 

bb"ll'WbVIYJml"10.59 mg l\911:W'WG/j 3.29 mg l\911:W'WB 0.0031 mg bbVI'WU'W 24.28 mg bb61~ 

?ll~U~~ne:JuYJ'We:J~fl 98.44 mg ('Wl611"1~ :rne:J~EJ~5~~l.l, 2545) 

HO 

(a) (b) 

(c) 

.d <r il ~ 
fl1~VI 6 bfi~~6'111~Vl1..:Jbfll.l"l.I£J..:J asiaticoside (a), madecassoside (b) bb6i~ asiatic acid (c) 

d . 
Vlll1: Chem 1calbook (2016) 



12 

Asiaticoside lUU'J'Uf1'1ilm~'lfl1~?\:W1'Ubbt:-J~ vr..:~bbUU'tJn~ bb~~'lJ'iJ\1lbfl\91~1 b~e.l'Vllfl1~Vl\1l~e:J'I1'U 
Vl'U\1l~b.fl11\1ltJfl1~Vl1?!1~~~mtJ asiaticoside fll1:Wb-ii':w-ii''U 0.2% bb~~ 0.4% u~nru~bfl\91'\J1\1lbbt:-J~ 

" 
'l'll'IJ''J1lJfll1:WVl'Ubb ~'1~'1 bb~~lJU~:W1rufleJ~~WJ'U b ~:W~'U vr..:~ tJ'Ibfl\91 ~l'Vl11'11 Vl~fl~:W'\J~ b lru'U1\91 bbt:-Jm ~l 

' 
~'U m~1~ asiaticoside 1\1ltJfl1~~utJ~~Vl1'U fll1:Wb-1f:w-tf'U 1 mg/kg 'lle:J'I'Vl'ldl1l~b.fl1 'l'll'\Jl1d'lfl1~ 
?!:l.Jl'Ubbt:-J~b'll'Ufl'U (Shukla et al., 1999) m~1oU?~1~?ln\91J1'il1nulun1'U~'tJbb'\J'\JA~:w b'il~ bb~~~~'~ 

" 
Vl1U~nrubbt:-Jmu\1l'lle:J'I'Vl'U'll1l l'U~~ 3 A~'~ ~~tJ~nm'U1'U 24 l'U vh1~b~:WoJ1'Ul'U'lleJ'Ib"lffi~ bb~~iJ 

" m~?\~1'1 Ae:J~m b 'il'U'\J~b lru'\J1\91 bbt:-J~ b ~:w~'U m~ b ~:w~'U'lleJ'IAeJ~ m b 'il'U bb~~ bb ~ ..:~~..:~ 'lle:J'I'\J1\91 bbt:-J~vh 1 ~ 
Bl11~1m~Vl\1l~l'lle:J'~bbt:-J~?!..:~n11n~:w muA:w 1(9\t.J m~Vl11 'U~'tJ bb'U'U'lle:J'lb'il61 1 ~t:-J61 m~~mmbt:-J61~n11 

" 'I 'I '\.1 

~Ubb'\J'\Jfl~:Wbb61~~~'l (Parameshwaraiah and Shivakumar, 1998) Suguna (1996) 1~ 
" 
vh m~~ n\':11 ~Vl ~'ll eJ'IUl'\J n 1 'U m~?!:W1'U bbt:-J 61'\J~ b 1 ru~l'Vl1l'l'lle:J'l'Vl'ld'll1l 'l'll'\Jl1?! 1~?1 n\1lulu n 1 'U 

bbe:J61nmm~ iJt:-J61~m~tJ~~1'~ 11 'Um~ul'U m~?~:W1'Ubbt:-J61 'Ue:Jn'il1 mT'U?!1~?!n\1l'llltJvh 1 ~m~?\~1..:~ 
Ae:J61611b'il'U bb61~oJ1'Ul'Ub'llmh'W:w~'U 1\1ltJ'I'Il'\Jfl1~b'W:W~'U'lleJ'I DNA, 1tJ~~'U bb61~ Ae:J61611b'il'U 1'U 

lJ I i.l I 

b1Jm~e:J'\J~blru'\J1\1lbbt:-J61 (Suguna et al., 1996) 'Ue:Jf1'il1f1U ?!1~?!n\1lulum'T..:~'Illm~:wfl1~?!~1'1 

Ae:J6161Wil'U bb61~vh 1 ~m~b ~e:J:w 1m'lle:J'l?l1t.J Ae:J61mb'il'U bn\911~b ~l n11n~:wAl'Ufl:W 'Ue:Jn'il1n~Vl~1 'U 

m ~?l:w 1'U bbt:-J mb~l tJ'llJ n1 ~~ n\':11 ~ Vl~'ll eJ 'lUlU n1 'U ~ 1'U ~'U 1 b 'lit! ~ Vl ~~ 1 'U e:J~~ 61 ~?I~~ "\l1 n 

m~~nl':l1t:-J61'lle:J'I asiaticoside ~e:Jfl1~~1'Ue:Je:Jf1~b\91-IJ'U 1 'U'\J1\1lbbt:-J61'\J~b 1run1~~1~\1l b-d'eJ..:~e:Jn'lJeJ'IVl'U 
" " 

'll1l 'l'll'\Jl1fl1~Vl1 asiaticoside fll1:Wb-tf:w-tf'U 0.2 % '\J~blru'\J1\1lbbt:-J61l'U61~ 2 A~'! ~\1l~e:Jn'U 

1 i1tJ\911~ bfl\1lfl1~b~:W~'U'lle:J'I6'11~~1'Ue:Je:Jf1~b\91-IJ'U1'Ub.Qm~e:J~bn\911Vl~ fl1~~nl':l1'lle:J'l Jaswir (2004) 

v'i1m~~ nl':I1~Vl~~1'Ue:Je:Jn~b\1li'U'lle:J'!Ul'Un'l'llu116'11~?1 n\91Ul'U n 1 ~~Vl~~1'Ue:Je:Jn~b\91-lr'U 1~~ b Vi tJ'\J b vh 

nu b?lbb:W~bb61~b"ll'il (sage) ~'~ vU'U?I1~~1'Ue:Je:Jn~b\91-IJ'U~iJ.J'1Vl'lllmtl1 u1 'U'tJ~~b Vlf"1mbm~tJ (Jaswir 

et al., 2004) bb61~1'UtJ~~bVlf"11VltJlJ~1tJ'I1'Ul1 Ul'\Jf1lJ~'lJU6'11~~1'Ue:Je:Jf1~b\91-IJ'U (antioxidant index) 

6'1'1 ('Ul61f"1~ ~neJ~tJ~5~~:w, 2545) 'il1f1fl1~~1tJ'l1'U'lleJ'I Lu bb61~Aru~ (2004) 1~v'i1fl1~Vl\9161e:J'lfi'lt:-J61 
" 
'lle:J'I asiaticoside ~e:Jfl1~bU~tJ'UbbU61'1 gene expression 1'U human dermal fibroblast 1\1ltJli 

eDNA microarray technology bb~~tJ~~b:D'U~~ti\'u mRNA 'il1f1fl1~6'1~1'1bU~~'U'lleJ'I8'U ~b~mnu 

m~i1..:~bm1~~ extracellu lar matrix b'll'U encoding type I bb61~ type Ill collagen 1\1ltJl5 

Northen blot bb61~ radioimmunoassay 1111:WrA'1~'\J 'l'll'\Jl1 asiaticoside 30 IJg/mL lJt:-J61 up 
..::::1 " .c:::l 6' d i.l d v 

regulate tJ'U?I 54 tJ'U?I :W'Vl'U1Vlfld'Uf):W cell proliferation, cell cycle progression bb61~fl1~6'1~1'1 

extracellular matrix Vinm~1'1 1 bb61~'1'1l'\Jfll1:Wi1:w~wh~Vll1'l gene profile, mRNA bb61~fl1~ 

?!~1-:J1tJ~~'U'lleJ'lb"ll61~b~mmm~~'UJhtJ asiaticoside (Lu et al., 2004) 
" ' 

1~ b -wm bb~u1u n 'il~iJ.UmJ..:J1 m t!Vl1..:~ m ~bb 'l'llVl 8 bbt:-J'U 1 u~1 ru~?le:J\91 A~e:J..:~ nu bb 'l'llVl 8 bbt:-J'UoU'il'ilU'U 
' 

?l~~'l'llAru'lleJ'IUl'Un~n:w~h~1 bb '1'\lVlcJbbt:-J'U 1 VltJ1iulun~nl':l1m m~~11 'U L11~'1~lh L11~..:~rhil..:~ ~n\':11 
' ' ' 

mm~BeJ'Ub'l'll~tJ oU'UoU?I?Ill~ ~n\':11 hAVll'l~lWU'I ~nl':I1'\J1\1lbbt:-J61 ~nl':l1~~\1l'll1l ~nl':I1'Wl':l'il1n'lfl\91 
" " 

~nl':l1mm~u\1l~~t.J~bb ~n bb61~ n1~ 1 iu1u n~l:wnu?l:w'U 1 'l'll~'lJU\91 b lJ'Um~nl':l1mm~~eJ'U 1 'U m~Vl1 tJ 
' 

tl1 Bnvr..:~ulunt!..:~1 m 'Ubb'l'llVl~V11..:~ b~e:Jn 1 'Uf"11?1\1l~~b~mnum~~nl':l1bb uu 1tri11B'I'Il15 (homeopathy) 

v'i11 ~bbt:-J61blJ'U'il1'161'1 'Ue:Jn'il1ndt!..:~iJm~ 1m 'U~'tJ bb uu~~..:~ m'l.h.=11Vl~u~utJ~~Vl1'U oU'il"\JU'Uu 1un 1~ 
" ' 

iJ n 1 ~ ~ WJ 'U 1 b tJ 'U tJ 1 ~1 i ~ n \':11 bb [:.,1 61 bb 61 ~ 1 ~ A ~ 1 Vl ,:r '~ b ~ e:1 b u ~ t.1 u b Vi t.1 u n u ~ 'lJ 6'1 :w 'U 1 'I'll ~ ~ 1 ~ 'U .U e:1 :w 61 
' " 
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m'lfiim~1~Vl~'ll'iJ-:JtJl'Unii~e:ru·ih-unmb6'l~Vl6'11n'Vlmn 'llJJ~-:J m'li~ tJV11-:Jfl~iln b~'U m'l1 iti'lun 

1tJ~thm?i''Ub~'iJn'll'iJ\91 (venous insufficiency) ii'l1tJ-:J1'Ul~tJ'lJ'iJ-:J Pointel bb6'l~flru~ (1987) 
" 

vhm'lfiim~1bb'U'U randomized, multicenter, placebo-controlled double blind 1 'U~thm?f'U 

b~'iJ\91'll'iJ\91 :d'1'Ul'U 94 'l1tJ bb U-:J b U'U 3 n~JJ 1 ~-rutb~V11'U ~1'l~rl\91~1n 1 'Utll'Un (Titrated extract 
' 

of Centella asiatica; TECA) 'll'U1\91 60 bb6'1~ 120 ms/day bD~t!'UbVlt!'Url'Utl1Vl6'l'iJn bU'Ubl611 

2 b~'iJ'U Y1'Ul1n~JJ~UltJ~11'1-ru TEAC iimm'l~~'U\911JJ'll'U1\91 TEAC ~11'1-ru b~mV1t~unun~JJ~UltJ 
't 'U 'I 'U 

~11'l:rutJ1Vl6'l'iJn (Pointel et al., 1987) m'lH'tll'Un1tJ~tht! diabetic microasiopathy ~-:J 
lncandela bb6'l~flru~ (2001) vhm'lfiim~1t:-J6'l'lJ'iJ-:J total triterpenic fraction 'lJ'iJ-:Jtll'Un (TTFCA) 

~'iJ microcirculation 1'U~Ult! diabetic microasiopathy bb6'1~ neuropathy 'V1'Ul1~UltJ~11'l:ru 
TTFCA 60 ms l'U6'1~ 2 fl~-:J bU'Ubl6'11 12 b~'iJ'U ~lt!Vh1~ venoarteolar response ~~'U ~lt!6'1\91 
restins flux bb6'l~eJ~'l1n1'l'Ul:W~oilmvh b~mLJ~tJ'UbVltJ'Un'Un~JJ~11'1-rum'Vl6'l'iJn (lncandela et al., 

2001) t:-J~~Jl'ru'l'i~ii:d'1Vlti1tJ 1 m1eJ-:J~m\91li'lLJ bb 'U'U'Vlm n'VlmtJ b ~'U bbflD"Il6'1 'U'l'l~t:-J-:J bb ~-:Jtll'Un H 
" " ' 

b U'Ut11:ruu 'l~V11'Ub ~'iJ ~l tJ6'1 \91 n1'leJ n b~'U t11'111 'l-:J~l tJ~'Uv.J~.n1'V1 ~1-:J n1 tJ bb6'l~~l tJU ntJeJ-:J b"ll£;1 ~ 
' " 

u'l~~1Vl t!1V11V11-:Je:ll'Vl11-:J'lUbb'U'U'll'iJ-:Jfl~:w ~~-:J Vl~eJ1£;loU'U b~'U fl~JJV11e:ll~t:-J~JJ~1'l~nl91ti'lum~eJ 
" :rmnhfl~'Ubb~~JJ~~ (lzu et al., 1992) 1mtJm'l~:wl'UUt:-J6'1 (Morisset et al., 1987) 16'1-d'U~ii 

~l'Ut:-J~:W'lJ'iJ-:J~1'H'\rl\91tll'Um~'iJ6'1\91b"ll6'16'11m1 (Hexsel et al,, 2005) 'U'iJn~1ndt'J-:Jii:d'1Vlti1tJ'iJtJb'U 
" " 

~Ubb'U'U~1'l~rl\91tll'Un ~U'l~neJul'i'lt! triterpene acids bb6'1~ triterpene acid susar ester irn 

b\91~tJ:W~1n?il'UVl'iJ~b'VlU'iJ~'U~1n~'ll~\91Vl~'iJ~'llbb~-:J b~'U Titrated extract of Centella asiatica 
" 

(TECA), Total triterpenic fraction of Centella asiatica (TTFCA), Centellase, Emdecassol, 

Madecassol, Marticassol bb6'l~Blasteostimulina (Hausen, 1993; Brinkhaus et al., 2000) 

b tl'U~'U u~~ti''Uii m'lfii mn1 ~ t~'iJ ~1-:J ~'i) b ~ 1)-:J b~ t~l nuf1V1 ~Vll-:J b.n ~'ll1Vl m bb6'1~-:J1'Ui~ t~V11-:J fl~il n'lJ'iJ-:J 

tll'Un b~'U f1Vltm~~'Ufll1mh (Anand et al., 2010; Gray et al., 2016) f1Vlt£;1\91'l~l?lu1'llii''Ubb6'1~ 
J1\9116'11'Ub~'iJ\91 (Supkamonseni et al., 2014) flVlt'U'l'lbV11fll1:Wi~nn-:Jlr;lbb£;1~6/i:wbi'1~1 
(Wijeweera et al., 2006) ~-:JJ'U'\Jlun~-:Jb U'U~:W'U1 'V1'l~iJI'lntJm'V1 bb6'l~iJLJ'l ~~V15.f11'V1~~~thm 

' 
~~'U1b U'Ut:-J~~Jl'ru'l'i~ bU'Uu'l~ 1t~'lluV11-:Jm'lbb Y1V16 bb6'l~bfl~'iJ-:J6'11m-:J 11u b U'Um'lb ~JJJJ(;lrh 1 ~nu~'ll 

" ~:w'U 1 'lf1';j~ bU'U~'llbm~~n~ 1 tJu'l~bVli'11 Vlt!~'iJ 1 u 
' "' 
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"' 2.6 ·u't.~~ .. n·'l'u-:~ 
e:J'J~U'H U'L!ellCJ'J~:iJ&J1 f1~~~ h.!~1~ n18&J'U9j~ f)~ b U'U 10% 'lJB~&J'J(;1LJ1~Uf1 :n~~1~b uw;IJ 

' ' 
DB~n'U ~1'Hfl:t1 mu111~ bb61~~~bbLJ61nLJ61B&JboU1~~1~f118 vh~~1~LJ-r'U~&J~611t~\bn~1~m8 b~'U 

'\J ' 

m'U~&Jm1&J~B'U bb61~~1~~~~i~~1~ 1 Bn~~bU'UBl81~~-r'Uim~61&J~~ bb61~~~61qJqJ1rub~B'Ufl'J1&J 
e:J~LJn&i'llB\l~1\ln18 b~'U LJ1~ bb~'U ~B'U bb61~m~u~ 

.fr'Ue:J'J~U\l LJ~~f1B'U~'J8 3 .fr'U~~n1~bbn epidermis, dermis bb61~ hypodermis ~~JITI~~ 8 

2.6.1 Vi'li'-:~thw~1 (epidermis) bU'U.fr'Ue:J'J'UBf1~~ ~\lbU'U~'J'U~61&J~~n'U~\lbb'J~~B&J.f118'UBf1 
~hJ:iJb?i''Ub~B~ v'h~~1~bU'Ubm1~DB\ln'U~\l~B~m81'U~1\lf118 bbU\lBBf1bU'U 4 .fr'U 1~bbn 

'\J 

(1) stratum corneum bU'U.fr'U~'J'U'U~~ LJ~~f1B'U~'Jm'IJ61~e:J'J~~1mb~'J~~B~1fl61 16 
' 

'll~~b'IJ61~e:J1~mmb~'J 1~~61~BBmnne:J1 ~B m~1m9fJ&J~1\l~~1 m~-u~~~1 'U'J~~~1 61Bf1~~1 
q 

(2) stratum lucidum 

(3) stratum oranuosum bU'U~'Jj;.,j~f1~'Ub'IJ61~e:J'J~'U~.fr'U'U'U~~ b'IJ61~'<\J~bU'U~Df161&J'1 vh 
~ ~ ~ ~ 

~~1~ b u'U~'JmB\l bb~~~~B\l b .U1e:J1 bb61~DB\ln'UJ1 hn ~ boU1~~1\lm8 bb61~ n'Um1&J~&J~'U 1 'U~1\ln18 
'\J ' 

1&Jl~~~bWJBBf1 

(4) stratum spinosum bU'U.fr'U'lJB~b'IJfl~e:J11mJ ~~B ~f1b'IJfl~ 1~8~b'IJ61~bb~fl~b'IJfl~ 
'<il~l~mJ&il'ln'U Ll'lCJ:iJJ1b~~m1~61~1'U bb61~b~CJ\lb'llfl~'Vln~'J 1~bb~\lbb';l\l vh1~e:J1:1Jm1&J~I'l~~'U 

q ' 

(5) stratum basale b U'U.fr'Ue:J'J~B~~m'l~'lJB\l epidermis :n~~1~j;.,j~~ b'IJ61~1 mJ bb61~ 1 'U 
'\J ' 

.ff'Ud'<il~:iJb'IJ61~ melanocytes :n~~1~t:-J~~b'IJ61~~ b U'U~'Jfll~'U~b"ll61~~e:J1nm~e:J1 ll'l'Ubb~\lbb~~ l\918 

m~~'U1~ melanocytes t:-J~~b~~~ melanin ~'Um ~\lbU'U~1b~~'lJB\lf11';lbfl~~1 m~ bb61~'<\J~~1\l 
q q ' 



.n1~~ 8 bfl1..:!6'1~1..:!"1.le:J ..:J ~TVi'U..:J 
~:W1: Lifecellaustralia 

Balance biKween 
sebum 

and moiSIUre 

Ve< 
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2.6.2 Vl'l!..:JbbVl (dermis) bU'U~1~B~1~ epidermis 95% 'lJtl..:J~1Vh~1..:Jn1CJ Atl ~1'U'lle:J..:Ji'U 
dermis vl1'VIih~~fl~1fl11jj~~VI~'U bb(;l::;f111jj'lijj~'U'lltl..:J~TV!ii'..:J i'U dermis tJ~::;ne:Ju~hm~'Ub~tl~ 

' ' 
e.Je:JCJ v1ml1bVI~tJ..:J b~'U'\J1::;?1Tv1 1'll:W'U ~1fl'll'U bbr;,::;~'U 1 'lt..:~"iJ::;'lhYn?11~mVI1~~"1l1bU'U 1'\Jb~CJ..:J 
~1V1ii'..:~vi'1~1..:~mt.J 'Ue:Jfl"il1n-d ~1VIii'..:~~..:~.Uu 1 'll:W'Ue:Je:Jnm bu'Ui'Uyj~jj 1 'lJ:iJ'Um..:~ 1 b~e:JtlmJB..:J~1VIii'..:~ 
Bfl~1CJ ~1i'U dermis lJVIU1~VI~fl 3 tJ1::;m~ 1~bbrl 

L' I i.J' i.l 

2.6 .2.1 'l..h~..:JVI~m~CJ..:J~1bb£;1d1..:Jfl1CJ bt1e:J..:J"il1flotl'U dermis lJb~'Ub~tl~ bbr;,::;'l11bVI~tl..:J 
' 

tJ ~ b u'U"'l1'U1'Ujj1 n b~'U 1r;,~~'~ eJ tJ CJ"i]::; ~ ~'lijj ?11~mVI1~~lltJ ~ dt.J<tl't11 tJ b~ t.J..:~ b"ll£;1 ~~1 bb£;1 ::;~1 'U ~1..:~ 'l 
~ ~ I 

'lJB..:~~1..:~mt.J ~1'UJ1 b Vl~e:J..:~ 1 VI£;1~1'U 1F~~..:~?1~1..:~~1 b ~B1 ~m~'l..h~..:~ Bn~..:~ ~..:~llb~'U1t.Jfle:J(;lm b"il'U bb£;1::; 
' 

Bm?1~'U ~'li1CJ 1B'lJBjj bb(;l::;~wllum1jj'lJjj~'U v\'11 ~~1VIii'..:~llm1jjm::;otiubb £;1::;~~VI~'U 
'I '\J 'I I I I 'I I 

2.6.2.2 sU'U~1CJ'lJtl..:Jb~CJ bt1tJ..:J"il1fllJ~tJjjbVI~tlvl1VIUTVlsU'U'1Jtl..:Jb~CJ bb(;l::;bb~'61~~1..:J I V1 
~1..:1 fl1 CJ 1:iJ~ tl-1 fl1 ~bb~ 1tl tJ fl"il1 f\~1..:1 n1 CJ bb£;1 ::;~ e:Jjj 1 'lJ:iJ'U lJVIU1~sU'U~1 t.JJ 1:iJ'U b ~tlVI~ m~ CJ..:J b~'U'lJ'U 
~1VIii'..:J bb£;1::; b~'Ue-.Jjj 6/t..:~ n1 ~-uu ~1 CJ'lJtl..:J~tJjj 1 'lJ:iJ'U lJ~1'U'li1 CJUtl-1 n'U 1:W1 ~fl11jj'lJjj~'U 1~~1~::; b VI tJ 

' 
tltJfl1tJ 

2.6 .2.3 fl11jj~~fl lJb~'UtJ~::;?11'VJ~jj~?j b'li'U ~tl'U VI'U11 b~'U b~tltl1fl11"1~tl'U tJ~::;?11'Vl 
~ 

~jj~?1"iJ::;~~n~e:J'U bb£;1::; 1 tJ m::;~'U m~v11..:J1'U'lle:J'l~e:Jjj b VI~ eJ v\'11 ~~e:Jjj 1 'lJ:iJ'UsU'U~1 m Vl~e:J bbr;,::;J1:W'U 
~ ' 

vvnmm nn'J1tJn~ bb£;1::; b~vm fl11"1VI'U11 ~'lJjj'lJ'Ubbr;,::;~tJjj b Vl1v "iJ::;VI~(9)1 
~ ' 

2.6.3 Hypodermis b U'Ui'U~ll1 'lJ:iJ'U"'l1'U1'Umn bnu v~1 'Ui'U-dv1'1wLh~~n~1e:JruV1.n:D1 'U 
~ ' ~ 

liubu
Rectangle
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2. 7 B'W:UnBiil-a::: 
'" e.J'U:U~B~'a~ (free radicle) ~e.J 1:ul~n~Vl~e.Je.J~I'lm.J ~1~l~~t!'il~e.J-.1"il1n'll1~~h~nl'l'ae.J'U 1~tJ 
''U ' 

tln~~1-1n1tJ'lle.J-1l 'a1 in:ul~n~ Vl~e.Je.J~I'le.J:u ~iHib~nl'l'ae.J'We.J~AVl~e.J 1 'W~m'W~b~~tJ'a bb~1 'Wmru~ 
' 'U 'U 

~1-.lnltJlJnl'a~rul~tJBl~nme.J'W "il1nn1'aflneJ'Wll~B~'a~ll~·:r~\J "il~vh 1 m:ul~ n~'lleJ-.1l"lm~1 'W~1-.1n1tJ 
'U v 'U 'I 'U 'I 

1~l~~tJ'a '1J1~m1:u~:u~~ 'li-1~-.1l~·mvh 1 ~l"ll~~~l-.1 mm~tJVlltJ 1~ eJ'W:U~B~'a~ b U'W\91-:JVhmCJnjjrl':un'W 
'I , \1 \1 'I 

ll~~l"ll~~~l-1 1 vh1~d'l~nT~l~e.Jll'lleJ-1~1-1n1tJ 'lJ-1"il~ll~~-1eJeJn:u11'W~tlll'IJ'IJ'lle.J-1 t1'aeJtJ llnneJ'WltJ 

bb~~ bAAJ1:Ul~eJ:U'lleJ-.1eJltJ1~~1-.1 11 'Um~'IJ1'Un1'almt:-.~m~~ 1'ae.J1Vl1'a 1 'W~1-.1n1tJ ~1b U'WJi'eJ-.le.JlfltJ 

eJe.Jn6Bl"il'W"1i1tJ 1 'Wm~'IJ1'Wn1'advh 1 W~eJeJn6Bl"il'W~iltl'a~"iln'IJ 'li-.1 Me1 eJ'W:UnB~'a~ ~1'al'l1d'WeJn"il1n 
' ''U 

"il~'a1:ul'l1nu 1 'IJJJ'W 1~~'\ll~e.J 1~~ blii'1 fr-1~1m'am1:ul'l1 nu~1'a'IJ1-1'1l'W~ 1 '\..1~1-.lmCJ bbti'1rieJ 1 ~bn~b U'W 

~1'a'Yl'tt~vhm tJ vdm~eJ Vl~eJe.Jl"il 1 tl l tl~tJ'Wll tln-.1<U'e.J:u~Vl1-.1vr'W5m'a:un1tJ 1 'Wl"ll~~ vh 1 ~l"ll~~ tl n~ 
'U ' 

llU'a?lJll'Wl U'Wl"ll~~:u~ l ~-.11 'W~?l~ (Kehrer and Smith, 1994) 
' 

?Ill Vll'l~vh 1 ~ln~eJ'W:U~B?l'a~ 1 'W~1-.1mm ~:u:u1n~'W 1~lbn lbVl~-.lmtJ'We.Jn b -d'W :u~Yl'tt1 'Wmmf'l 
' ''U 

ozone, nitrous oxide, nitrooen dioxide, ~'W Al'W'IJVl~ e:l1Vl1'a~ilm~1'llii'W1~~:ul'l1 ll?l-.llb~~ 
::> ' ' 

bl~~llVl~-.lmtJ1'W b"ti'W m~~nB~'a~~~1-.1n1tJ~~1-.1~'W 0 2- (superoxide anion), OH- (hydroxyl 

radicle), ROO (peroxy radicle), H20 2 (hydrogen peroxide) ll~~ L02 (lipid peroxyl) ~-.l~'W 
~1-.lmtJ ~-1ilnn1nm'an1~~?l1'ae.J'W:UnB?l'a~ 2 15 fie.J 

''" 
(1) 1-U\e.J'W1"1lii ~~1-.lnltJ?l~l-.l~'W l~eJ~'\Jtl'\Je.J'WllnB~'a~ l"1i'W superoxide dismutase (SOD) 

''U 

enzyme, catalase glutathione peroxidaes enzyme 1~CJYi'11tl~1-.1n1tJ"il~?l~1-11~b'~CJ-.1'We.J l"lln~ 
~-.1 ln~m'a'IJ1~ l~'IJ~'W lln~ l~e.Jile:n tJllln~'W m'a~~1-.1?l1'a~1'We.J'W:U~B?l'a~"il~~~~-.1 1 'W'llru~~el'l'l'a1 

' ''U I I tl 1 
.:::::.. .:::::.. V I .0:::::. c::,l dl dl V I .:::::., .:::::.. Cll 

n1'abn~m~~~eJ?l'a~tJ-.1bVl1b~:u t:-.~~Vli'11:U:U1Ae.J A11:Ub?leJ:U'lle.J-.1eJ1tJ1~1'11-.1 1 lnm1'aeJtJ bb~~'ae.Jm'Vlm 

' tJ'W 

(2) -ru?l1'a~1'We.J'Wll~B~'a~"il1ne.J1Vl1'a e.J1Vl1'al?l~:u lln~lA~eJ-.1?11m-.1 l"1i'W l1'11jj'W€J, beta-
' 'U 

carotene, anthrocyanidin bb~~~l'aU'a~ne.J'IJ polyphenol ~1-.1 1 (Sies and Stahl, 1995) 
< 

iJm'ailin'tt1~Vl5'lle.J-.1~1'a?ln~thun ~1tJ15 free radical scavenging activity (DPPH) 'W'Ul1 

lJf1VlB~1'W eJ'W:u~B~'a~ fi-1 84% l~m u~ CJu b Vit.Ju nu ~1'a?l n~"il1 m:u~~ eJ~'W 'li-1ilf1V1B~1'W e.J'W:u~B~'a ~ "'I , \1 , "I , cu 
• < 

83% biJmVitJ'Utl'\Jll'lljj'W~ il~Vl5~1'Wel'Ji~~B?l'a~ 88% (Hashim et al., 2011) -.ll'Wl~tJ'lle.J-.1 

Pittella (2009) 1~vhm'aVl~~eJ'IJ~VlB~1'Wel'Ji~nB~'a~'lleJ-1m'a~nV1D1'\Jn 1 'WI'l1vh~~mtJJ1 ~1tJ15 
maceration 'W'IJU~mru phenolic bl~~ flavonoid bvhnu 2.86 g/100 g lb~~ 0.361 g/100 g 

.. 
m:u~1~u ll~~Vl~~eJ'IJ~1tJ15 DPPH il~Vl5Ji'1'WeJe.Jn6BlV1-B''Wwhnu 31.25 ~g/ml (Pittella et al., 

2009) €lm~-.1 Chippada lb~~ Vangalapati (2011) 1~ilin'tt1~VlB~1'Ue.Je.Jn611b~-B''W1'W~1'a6'HlV1tJ1'\Jn 
'W'Utl~mru phenolic bvhnu 33.56 ± 1.56 mg/g GAE ll~~Vl~~e.J'IJ~1tJl5 DPPH iJ~VlB~l'W 
e.Je.Jn6Bl~-B''Wl9il1n'IJ 96.15 ± 1.23 ~g/mL (Chippada and Vangalapati, 2011) 



. . 
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2.8 fiB6'l6'l1b~'U (Collagen) 

iJ1m-:J?I~1-:Jbb~~t1-:JrlU".i~nB'UI'l-:Jm'V'l~ 9 bb~~ 10 fltl~~Wil'Ub~'UbU".i~'U~1rlqj"tlt1-:J~lVI11-:J iJ 
u~mru:w1n~-:J 30% "UtJ-:JbU".i~'W1'W~1-:Jn1tJ bb~~A~lb~'U 75% "UB-:J~lvt11-:J~-:JV!:W\il (Foegeding 

et al., 1996) ?11:lJ1".ifl'<il1bb'UneJBn1vi'~-:JV!:W\il 11 n~:w 1'11:Wfll1:Wbbl'ln~1-:J"UB-:JB-:JrlU".l~nB'UfltJ~~wll'U 
~-:J collagen type 1 b~'UbU".i~'U~'V'l 'U :wln1'W~lvt11-:J b~'UbB'U b-dm~m~tJlYr'W bb~~m~~n 1-ffn'Umn 

1'WBI'l?I1V!n".i".i:Wbfl~B-:J~1m-:J (Kimura et al., 1988) bfl".i-:J?\~1-:J"UB-:JfltJ~~w\J'U U".l~nB'U1uvi'ltJ 
' 

?l'lil~l'U"UB-:J amino acid 'll'Wiil glycine proline bb~~ hydroxyproline m:wm'V'l~ 9 collagen 

fiber OJ~~n?i'-:Jbm1~v1'U 'W liposome 1'W f ibroblast bU~tJ'Ub?liJB'Ub~'U precursor ~rleJ'U-tJ1-:JtJ1l 
b~tJnl 1 procollagen bb~~~l'U~b~tJnl1 globular extension U".i~nB'U 1 UvlltJ polypeptides 

U".i~:wlru 200 vttlltJ ?11tJ procollagen bb~~ polypeptides OJ~~n-u'U~-:J1uf!-:J lumen 1'W 

endoplasmic reticulum bn\iluBn~m hydroxylat ion bb~~m".il'llilbbU~-:J'v11-:Jbfli1 ".il:W~lfl'Ub~'U 

triple chain molecules bnlilYrws-~ disulfide ".i~V!l1-:J?I 1 tJb~tJ-:Jn'Ub~'U 3 ?11tJ:w1Yr'Un'U bnlilb~'U 

bn ~tJl?I1:Wb~'Ul'U'Vl1 (right handed triple helix) bfl\il b~'Ubn~tJl'VB-:Jbn~tJl b~tJnl 1 superhelix 

bb~~i1 glycine b~tJ-:J~lboV1V!1fl'UB~Jl1tJ1'Wbbn'Unm-:J b~tJnl1 procollagen bn\iluBn~tJ1 

polymerize b~'Ub~'U1tJ~i1m1:WtJ1lvtmtJ1:wmeJ'U bb~~i1'V'U1\ilb~'U~1'U~'WcJmn-:J 50-200 nm b~'U 
1mvt~1dOJ ~~ml:wn'W1'Ubb'Ul'V'U1'U OJ'Unmm~'U collagen fibril bb~~ collagen fibril vtmtJ '1 b?i''U 

".il:WflWil~V!~1tJb~'Ub~'U1tJflB~mb'<il'U (collagen fiber) ~i1m1:wbb~-:Jbb".i-:J 1'1-:JJll'V'l~ 10 

(Peterkofsky, 1972; Knott and Bai ley, 1998) 

Collagen Frbers 

Collag~n MolKules 
hropte h•hc•sl 

Jl1'W~ 9bfl".i-:J61~1 ~'VB~fle:l6'l6'11b~'U 
cl 
'Vl:W1: World gold col lagen (2016) 
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Precutsor 
a Chair'\ 

CD ® 
Three chaH1S 
assemble 

Proconagen 
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PfOCOIIagen 
Hr1ple het1x 
wtlh loose ends) 

Collagen 
molecuiP 

Assembly 

Collagen f•bnl 

J11'W~ 10 B'lrh.J1::m.JtJ"l..B'Ib~'Wbflf\B6'l6'lWil'W 
~l.l1: Bionanotech (2012) 
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Assembly 

Coflaqen hber 

'1lU~'UeJ'lAeJ£;1£;1Wil'W bbD'le:Je:JfHU'W 13 'UU~ m:w~ll'i''U'Ue:J'l amino acid bb£;l~lJ1£;1llJb£;lfl£;1 l'i''l 
' 

m'Jl'l~ 1 col lagen type 1 ~~Y-Jtlb'W~I'r5.ffu~'l ut.J:w1mum"Jfimn bb£;1~LllhJ1it.J"Jdt.J'1l'W1~B~l'l 
n1l'l'Ull'lb'Ue:llVlU'lA'U:iJ collagen type I bb£;1~ lllmn~~~ 

Collagen type 
Principle tissue 

Cell of origin 
distribution 

I Loose and dense ordinary Fibroblast and reticular 

connect ive tissue; collagen cell; smooth muscle cell 

fibers 

Fribocartilage 

Bone Osteoblast 

Dentin Odontoblast 

II Hyaline and elastic Chondrocyte 

cartilage 

Vitreo body of the eye Ratinal cell 

Ill Loose and dense ordinary Fibroblast and reticular 

connective tissue; col lagen cell 

fibers 

Papillary layer of dermis 

Blood vessel Smooth muscle cell 
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Collagen type 
Principle tissue 

Cell of origin 
distribution 

IV Basement membrane Epithelial and endothelial 

cell 

Lens capsule of the eye Lens fiber 

v Fetal membranes; Fibroblast 

placenta 

Basement membrane 

Bone 

Smooth muscle Smooth muscle cell 

VI Connective ti ssue Fibroblast 

VII Epithelial basement Fibroblast; keratinocyte 

membrane; anchoring 

fibrils 

VIII Cornea Corneal fibroblast 

IX Cartilage 

X Hypertophic cartilage 

XI Cartilage 

XII Papillary dermis Fibroblast 

XIV Reticular dermis Fibroblast 

XVII P170 bullous pemphigoid Keratinocyte 

antigen 

~~1: Siani-Rose (2007) 

tJ~~ ltJ'IltJ'1Jfl'lfl e:J flf! W\l 'U iJvrLh~~T<\J'U l~~fll111EJV1vtcJ'U llfl~fl11:J.Jll ~\lll ~\l 1 ~ll rl ~ 1 vt t'Y\l1 'U.fr'U 
' ' 

Vlir\lll VI vh 1 ~~1 iJ~'1J.fl1'W~ ~ ~\JUTU niJ flVl ~ n~~l9i''U m ~ ~~ 1 \l A e:Jfl r;'11l"il'U \l 1'Ul ~t.Jif l ~ \ll ~ 'U 
' " I ' 

A rutJ~~ 1tJ'IltJ'1Je:J\JU1'U n ~\l1 ~~(i),J'U 1 (9)1~'U:J.J1G1nvt111 ll 'U'U(;le:J ne:Je:J n~e.J~ :J.J ~1~~nV1vttJ1'UUl'U n l ~e:J 
' 
l~:J.J:J.Jmh 1 ~lln~:J.J'U 1 'W~ 1 Vlt.J mV1w)\lflVJ~m~l9i''Um~~ ~1\JAe:Jr;'lm l"il'U"il1n~1'mnV1vttJ1uu1un llr~~ <tJ , o I , 

l~mU'Ufl1~~'U'VJ~m'W~11~~~'U 
" 
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oCII Ql' a.l ff 

3.1. i'11'Hfl1lbbii1::'JIMJ~un"3W 
.,; ... 

3.1.1 "31£J"!!fli'11'lbfl11 

3.1.1.1 Chitosan Low molecular weight 75-85% deacetylated (Sigma-Aldrich, 

MO, Iceland) 

USA) 

Thailand) 

3.1.1.2 Polyvinyl alcohol Sigma Mw 13,000-23,000 (Sigma-Aldrich, MO, USA) 

3.1.1.3 Glycerin (Carlo Erba Co., Ltd., Italy) 

3.1.1.4 Propylene glycol (Carlo Erba Co., Ltd., Italy) 

3.1.1.5 Ethylenediaminetetraacetic acid (EDTA) (Sigma-Aldrich, MO, USA) 

3.1.1.6 Poly (methyl vinyl ether-alt-maleic anhydride) (Sigma-Aldrich, MO, 

3.1.1.7 95% Ethyl alcohol (EtOH) (analytical grade, RCI Labscan Co., Ltd, 

3.1.1.8 Methanol (MeOH) (HPLC grade, RCI Labscan Co., Ltd., Thailand) 

3.1.1.9 Acetonitrile (ACN) (HPLC grade, RCI Labscan Co., Ltd., Thailand) 

3.1.1.10 Brain-heart infusion broth (Lab M Co., Ltd., India) 

3.1.1.11 Brain-heart infusion medium (Lab M Co., Ltd., India) 

3.1.1.12 Muller-Hinton agar (Lab M Co., Ltd., India) 

3.1.1.13 Tryptic Soy Broth (Lab M Co., Ltd., India) 

3.1.1.14 Clindamicin 2.5 mg/ml (Milimed Co., Ltd., Thailand) 

3.1.1.15 Gallic acid (Sigma-Aldrich, MO, USA) 

3.1.1.16 Quercetin (Sigma-Aldrich, MO, India) 

3.1.1.17 Folin reagent (Carlo Erba Co., Ltd., Italy) 

3.1.1.18 Sodium carbonate (Na2C03) (Carlo Erba Co., Ltd., Italy) 

3.1.1.19 Trolox (Sigma-Aldrich, MO, Denmark) 

3.1.1.20 Ascorbic acid (Vitamin C) (Sigma-Aldrich, MO, USA) 

3.1.1.21 2,2-diphenylpicrylhydrazyl (DPPH) (Sigma-Aldrich, MO, Germany) 

3.1.1.22 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) 

(Sigma-Aldrich, MO, Germany) 

3.1.1.23 Potassium persulfate (K2S20 8) (Carlo Erba Co., Ltd., Italy) 

3.1.1.24 Acetic acid (Carlo Erba Co., Ltd., Italy) 

3.1.1.25 Sodium acetate trihydrate (Carlo Erba Co., Ltd., Italy) 



3.1.1.26 Ferric Chloride (FeCl3.6H20) (Carlo Erba Co., Ltd., Italy) 

3.1.1.27 2,4,6-Tris(2-pyridyl)-s-triazine (TPTZ) (Sigma-Aldrich, MO, 

Switzerland) 

3.1.1.28 Hydrochloric acid (HCl) (Carlo Erba Co., Ltd., Italy) 

3.1.1.29 Ferrous sulfate (Carlo Erba Co., Ltd., Italy) 

3.1.1.30 Asiaticoside (Chengdu biopurify, China) 

3.1.1.31 Asiatic acid (Chengdu biopurify, China) 

3.1.1.32 Madecassoside (Chengdu biopurify, China) 

3.1.1.33 DMEM high glucose media (Capricorn Scientific GmbH, Germany) 

3.1.1.34 Bradford (Applichem Panreac ITW Company, Span) 

3.1.1.35 Thiazolyl Blue Tetrazolium Bromide BioChemica (Applichem 

Panreac 11W Company, Span) 

3.1.1.36 Dimethylsulphoxide (Carlo Erba Co., Ltd., Italy) 

3.1.2 Lfl~v.:~fhltt~::vtlmw • 
3.1.2.1 Evaporator R205 (Buchi, Switzerland) 

3.1.2.2 Auto pipette (Bio-Rad Laboratories, USA) 

3.1.2.3 HPLC injector (Waters 717 plus Autosampler, Waters, USA) 

3.1.2.4 HPLC pump (Waters 1525 Bibary HPLC pump, Waters, USA) 

3.1.2.5 HPLC column RP-C18, 250x4.60mm, 5m (Phemomenex, USA) 

3.1.2.6 UV-Spectrophotometer (Genesys10, Thermo electron, USA) 

3.1.2. 7 Spectrophotometer (Novaspecll, Pharmacia biotech, Sweden) 

3.1.2.8 2-Digits digital balance (Mettler Toledo, Germany) 

3.1.2. 9 4- Digits digital balance (Mettler Toledo, Germany) 

3.1.2.10 Fume hood (S.K. Powerable, Germany) 

3.1.2.11 pH meter (Mettler Toledo, Switzerland) 

3.1.2.12 Water bath shaker (Julabo, USA) 

3.1.2.13 Hot plate stirrer (Torrey Pines Scientific, USA) 

3.1.2.14 Viscometer (HAAKE MARS Ill, LMS Instrument, Germany) 

3.1.2.15 Texture analyzer (LLOYD Instrument, UK) 

3.1.2.16 Laminar air flow (Envair, UK) 

3.1.2.17 Incubator (Heraeus, Germany) 

21 
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3.2. 15~1bih.~-:nu1~u 

?fm'U~vl1n11'VlVI (;lB-:J~'J'W 1 VI ruB ~~~B-:J'tJ f'1,j~ n11 f1 W~ b.f1&1'"!ll"11?1 IWi :UV11l 'Vl tJ1~ t.JB'U(;l 11"ll51ij 
1V " d.J 'I 

~1'Un11'VlVI?IB'UflW?f:Utwib~-:Jfl(;l"!JB-:Jbb~'UYJ~:u 1~bbrl fld1:U'Vl'Ubb1-:J~-:J (tensile strength) ~Bt.J(;l~m~ • 
VVI"!JB-:J~'U'VlVI?IB'U~~VI"!J1VI (percent elongation at break) bb1-:J~Hib 'Ufi11(;1BflBBfl"!JB-:Jbb~'UYl~:l.l 
(peeling force) 'VlVI?IB'UViflru~bflm111"11?f~ri :UV11l'Vltl1~t.J~'U(;111"ll51U 

.c:t Q,l QJ W: Q.J I CV dv Q.l 0 I 0 

3.2.1 n1'HIJI~Ull~1~~n~l'VIU1'1..J'I..J1'1..Jn bfl'UIJI1BtJ1-:J'U1'Ufl61VI'Vl'U1'U1-:JtJ1-:J IJI1'U(;l'U-:J'VIl1t.J eJ1b.flll • 
l1~'U"lf111'U ~-:J'VIlVIe.l'U~11"ll51U 1'U"ti1-:Jb~e.l'U ii'U1fl:U 'V'I.I"l. 2558 ~VIb~e.lflbu'V'I1~~1'Ub'VI'i1m1flbb~t • 
~1-:Jvl1fld1:U?I~eJ1VI U11'tJ~-:JbbVIVI1~?f~b~VIJ1 B'U1~bb~-:J~BW'VI.flii 50°( 1V~t.J1i~B'U~:U~B'U b~flbb~-:J . ~ ~ 

?IU'Vl'UVIbU'Ubdm 2 l'U bb(;l~~VI"!J'U1VIU1'Uflbb~-:J 1V~t.J1iLfl~B-:J~VI"!J'U1VI ~VI"!J'U1VIb~B 1 ~~-:JU1'Uflbb~-:J:i1 
"!J'U1VI?IJ1 b?l:UB 1V~t.J 1 oUbd-:J b'UB1 60 "il1mY'U?ftlVI?f1';iG11~ty 1V~t.J 1 i 9 5% ethanol 1V~t.JlTI n1';ibb "ll?ftlVI~ 
m~B-:J (percolation) v111 ~?l1';i?ftlVI Li:ui'U~'U hw1 otlbfl~B-:J';i~b 'VIt.J 1V~t.Jf111:U~'U bb~~ bn'U?f11?fn~ 
VI tJ1 'U u 1 'U n1 'U"!Jd ~ bbfld ~hu VI ?IU 'Vl 

3.2.2 ~ fli'U1 m~1 bfl~1::'thb~::'Vl~J~~il'I..Jfi113Jfl n~ v.:!"tlil .:~151 bfl~1 ::-M"tlv.:! ~1~d1 ~ru 1 'UU1'1..J n v v 

1 'Ufl11oWfli'U1 fl11l bf111~~bb~~'VlVI61B'U f111:Uflfl~B-:J"!JB-:JlTil bf111t~"!JB-:J?f11 G11~ru 1 'UU1'U fl 3 "llUVI 
~ u 

1~bbrl asiaticoside madecassoside bb(;lt asiatic acid 1~t.J1i1TI HPLC b~B'VlVI?IB'U'Vf1f111:UbU'U 
b~'U(;I)-:J"!JB-:Jfl11Yl:U11011J11'U (Linearity range) fld1:U~fl~B-:J (accuracy) f111:Ubbll'U~1 (precision) 

tJ~:u1ru~1?f\JI~IJI11"il'V'I'U (limited of detection, LOD) 'tJ~:U1W~1?1~~?11:U11f111t.J-:J1'Url1bU'U • • 
~1b~"ll1~ (iimited of quantitation, LOQ) bb(;lt system suitability 

3.2.2.1 fl11'VI1fld1:U'G1:u'W'Ut5b~-:Jb~'UIJI';i-:J (Linearity) 

m ';i'V11f111:U &1:u'W'Ut5 b ~-:J b~'U 1011-:J b U'U fl1';il bf111 t~ 'VI1fld1:w'G1:u~'Uthtvr:h-:J f111:U 

bi:ui'U"!JB'l?f11~tmt.J:w11J11~1'U LVit.J'Un'U~'Um~m1vJ (Auo ~1V~"il1flm11Lm1t~?f11(;1tmt.J ... 
:U11011J11'U~f111:Ubi:ui'U~1-:J "1 B~1-:J11Bt.J 5 f111:Ubi:ui'U fld1:U'G1:u'W'UTib~-:Jb~'UIJI1-:J 1V~t.J\J';itbii'U"il1fl 
rl1 correlation coefficient (r

2
) :U1flfl':h 0.999 fiB rl1~t.JB:u-r'U1~ bb(;lt~"il11W1rl1"il~~VIbbfl'U~-:J 

(y-intercept) fl1f111:U-ii''U"!JB-:Jfl11'1fJ bb~tfl1L-dt.J-:Jb'U'U:U11011J11'U'G1:U~'Vl5 (RSD) ' 

1) b\Ol~t.J:U?f11(;1t(;11t.Jl.J1~1J11'U 5 fld1:Ubi:Ui'U fiB 50, 100, 200, 300 bb(;lt 

400 f..!g/mL IJI1:Uci'1~'U 

2) 5V~?f11~t(;11t.J:u11011~1'Ubi1bfl~B-:J HPLC Vi(;ltf111:Ubi:ui'U 1~t.Jvl141f111:U ... ... 
Li:Ui'U(;lt 1 fl-r-:J 

3) ?1~1-:Jm1'1fJ:w1m~1'U 1V~t.J1 ~bbfl'U X b U'Um1:w bi:wi'W"UB-:J?I11~tmt.J ... 
:w1m:U1'U bb(;ltbbfl'U Y bU'U~'Uffi~m1'1fJ ... 

3.2.2.2 fl11'VlVI?IB'Ufll1:U~fl~B-:J"!JB'llTilbfl';i1t~ (accuracy) 

fl11'Vl VI ?I B 'U 1"111 :u f1 fl ~ B 'l "!J B'llTil bfl 11 t ~ 1V~ t.J 1 otllTI'Vl VI ?I B'U bb 'U'U standard 
~ 

addition 1V~m&i:w?l1';i(;ltmt.Jml>l1J11'U~~·f111:ULi:wi'Um.l'UB'U 50 200 Lb~t 400 f..!g/mL (;1-:J1'U 

~lB~1'l bb~llbf111t~'VI1rl1~'Uffi~m1'1fJ (AUC) "!JB'lf111:Ubi:Ui'W"51:U"!JB'lbb~~t~1e.l~1..:! ~1B~h..:~~iJ 
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nTH~h.JG'11~l.l1lW'ij11'U b~E.m11 spiked sample bb(;l~~'de:J~1\Ivfllli1m~b~l.IG'I1~ standard b~E.lfl11 
unspiked sample fl1fl11l.l~fl~e:J\I"lle:J\Iifi~'hfl~1~~ ri1'U'dru 1 'U~tl"lle:J\1 %recovery 1~wi:l1.nru6Vi'~ 
tJe:JlJ~i.Jfle:J 80-110% 

1) b~~E.Jl.l unspiked sample (blank) bV~tJtJ1G'I1~G'InV~vttJ1i.JU'di.Jf1 1G'I1'U 

volumetric flask bbmtl~i.Jtl~l.I1~~VI'dtJ methanol "il'Ufl~i.J 10 ml 
' 

2) bl'l~E.Jl.l spiked sample '111 stock solution "lle:J\IG'I1~(;1~(;11E.Jl.l1~~jl1'US5\I 

tl~~fle:Ji.J1tJJbtJ asiaticoside madecassoside bb(;l~ asiatic acid fl11llb-ii'll-ii''U 4,000 f..ls/ml b~B 
"il~ spike 1m~ 3 fl'd1llb-ii'll-ii''U Ae:J 50 200 bb(;l~ 400 f..ls/ml bV~tJ1"'G'I1~G'IflVI'VItJ1i.JU'di.Jf1(;1\11'U 

volumetric flask 'l.J'U1VI 10 ml "il1fl~'U pipette G'l1"i(;l~(;l1E.Jl.I1~~511'U 125, 500 bb(;l~ 1000 fJL 

ml.l~1~i.J bb~'dtl~i.Jtl~l.l1~~ 1 ~fl~i.J 10 ml 

3) tJ1G'I1~~b~~tJll1V~"il1fl"lle:J 2) ibfl11~~~1tJbfl~e:J\I HPLC 

4) ri1'U'dfl!vt1tl~l.l1fl!G'I1~(;1~(;11E.Jl.I1~~~1'U~~~d"ilYii.J ... 
5) ri1'U'dfl!vt1 % recovery ~\IG'Il.lm~ 1V~tJlJbnru6Vi'~E.Je:Jl.l~i.JAe:J 80-110 % 

OL R Measured concentration 
100 70 ecovery = x 

Standard concentration 
(3.1) 

3.2.2.3 m~VlV~fl11l.lbbl.l'Ut11'l.Je:J\Ii6ibfl~1~v;- (Precision) 

m~VlV~G'Ie:Ji.Jfld1l.lbb:W'Ut11'l.le:J\Im~i 1.r1~1~~ 1. tl'U m~VlV~G'Ie:Ji.J'd 1ifi~ b~e:Jn 1-ii' 1.1.(;1~ 
bfl~e:J\Iile:J~t-ti1. 'Um~i 1.r111~v;- 1 'IX ~(;1~1n~b~tJ\In'U1 'UVln ., flf..:~~vhm~VJV!(;le:J\1 bb(;l~~(;l~1V~.e:JtJ1 'U , I v 

t.nru.vi~mll.l~i.J1V~. I.I.G'IV~\11'U~tl'l.le:J\I %RSD m~iJmue:JE.Jn';h 2.0 ilm~VlV~G'Ie:Ji.J 2 ~tll.l.i.Ji.J 1~1.1.n m~ 
v v 

VlV~G'Ie:Ji.J 1 'Ul'Ub~m n'U (intra-day) btl'Um~~~'d"ilG'Ie:Ji.Jfl11l.lbbl.l'Ut11'l.Je:J\Ifl1~1bfl~1~~ V\1 E.Jii'ni 1.r1~1~~ 

fl'UI.~m bfl~e:J..:~ile:J bl.(;l~G'Im'd~m~ibfl~1~~b~E.J1n'U 1V~E.J1 1.r1~1~~~11 'U'll'd\lbdmffin~b~tJ\In'UVl~e:J 1 'U 

l'UI.~E.Jdfl'U l.l.(;l~fl1~VlVIG'Ie:Ji.J~1\Il'Ufl'U (inter-day) t.tl'Um~VlVIG'Ie:Ji.Jfld1l.lbi.:W'Ut11"lle:J\Ifl1~ibfl~1~~1'U 

nm~m\ln'Ue:Je:Jn1tl~..:~Vll.IV~ 3 l'U 
Q v v 

1) ~.~~E.Jl.IG'I1~(;l~mE.Jl.I1~~511'Ufl11l.lb"lll.l'l.l'U 50, 200 1.1.(;1~ 400 f..ls/mL 

2) tJ1ll1ibfl~1~v;-~1mfl~e:J\I HPLC 1V~E.J1bfl~1~~fl11l.lb-iJl.l-iJ'U(;l~ 3 ~1 
3) vl1m~ibfl~1~vt1'Ul'Ub~mn'U (intra-day) bV~tJVl1fl1bu~E.l AUC 'l.Je:J\Ibb~(;l~ 

A11l.l b"lll.I"IJ'Ubb~TU1rl1 bu~tJ AUC 'l.le:J\Ibb~(;l~fl11l.ll. "IJl.l-iJ'Uvfl~mri1'U1W %RSD 

4) vl1m~ibfl~1~Vl~~1\ll'Ufl'U~\I'Vll.IVI 3 l'U (inter-day) 1V~tJVl1fl1bu~tJ AUC 

'l.le:J\1~\1 3 fl11l.ll.oii'l.loii''U~ibfl~1~Vl1'Ul''Ut.~mn'U (~'dl.l 9 l.~l.l) bbm'l11fl11.u~E.J~1V~ 'l.le:J\Ibb~(;l~l'Ul.I1Vl1 
%RSD bV~E.Jihnru6Vlm~E.Je:Jl.l~i.J Ae:J %RSD ~ 2.0 m~ri1'U'dru %RSD bi.G'IV~'I~'IG'Il.lm~~e:J1tltl 

o/o RSD =Standard deviation X 100 
Mean 

(3.2) 
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3.2.2.4 'l.fhntu~1G1~~Vl'fJ-;uvru (Limited of detection, LOD) bb~~tFhntu~1G1~~ 
' ' 

G11~1~m1ti-:!1'Wrl1btl'W~1b~"'l1~ (Limited of quantitation, LOQ) fl11"111~b-i!~-il'W~1~~ 1'11J 

standard curve ~rJ-:JI"l-:J1~ri1 accuracy bb~~ precision e:J~L'W"Iil-:J~tle:J~-r'U1~ m~vnri1 LOQ "'le:J'l 

G11~G1n~'VIt11'UD1'Un 1~t~bVJ~t~:wG11~~~mt~~1VJ~~1'W~'Vl~1'Urll1:wb-i!~-il'W~ bbU'WB'W VJ1~i6b~mn'U .. 
m~bVJ~t1~~1e:J~1-:Jb~vlbl"l~1~"r1 bb~~G1~1-:Jm1Y'IG11~~~mti~1Vl~~1'W bbG1~-:~ri1 l 1"111~b-il~-il'W~1G1~ .. ' 
1'W standard curve ~rJ'll"l-:Ji1 Linearity concentration bb~~1~r11 accuracy bb~~ precision e:J~ 
1 'W"Ii1-:J bfltusvl~tl e:J~-r'U 1~ 

3.2.3 1Lfl,.,~~vm.J~:ll1ttHnnh~tyl'IJ~1,.~nfiVIll1tn1Tun G11~~1~'Y~111~1ibm1~"r1'VI1 
tl~mtu 1~bbn asiaticoside madecassoside bb~~ asiatic acid 1~m1off16 HPLC 1il"lv~:u1.lbb'U'U 

reverse phase "'J'W1~ 250 mm x 4 mm "'J'W1~e:l~fl11"1 5 ~m 1-ff acetonitrile bb~~J1btl'W 
mobile phase ~~i>'11'WV11~ Vl1~1'l~ 2 i1aVJ~1b~1"1le:J-:Jfl1~1'VI~ 1 mL/min tl~:u1m~u~ 20 ~L 
bbm~1off UV Detector m1:Utl111"l~'W 206 nm 

3.2.3.1 i6bVJ~ti:UG11~~~mv:w1VJ~~1'W .. 
1) bVl~ti:U stock solution "'le:J-:1 asiaticoside 1"111:Ub-i!:w-if'W 15.28 mg/ml 1~£J 

.&-:~ asiaticoside 152.80 mg 161~-:~1'U volumetric flask -;u1ntT'WtJ-ruu~~1V1~~1£J methanol -;u'U 

m'U 10 ml 

2) bVl~£J:U stock solution "'le:J-:1 asiatic acid 1"111~b-i!:w-if'W 17.09 mg/ml 1~£J 

-&-:~ asiatic acid 170.90 mg 161~-:~1'W volumetric flask "il1ntT'Wtl-rutJ~mm~1E.J methanol -;u'U 

1"1~'\.J 10 ml 

3) bVl~tl~ stock solution "'le:J-:1 madecassoside 1"111~b-i!:w-if'W 16.68 mg/ml 

1~t~.&-:~ madecassoside 166.80 mg 161~-:~1'W volumetric flask -;u1ntT'WtJ-rutJ~:w1m~1£J 
methanol ';ij'Ufi~'U 10 ml 

4) bVl~£J:IJG11~~~m£J:U1Vl~~1'Wbb'U'U~G1~ asiaticoside, madecassoside bb~~ 

asiatic acid ~-:J'VI:U~ 4 ~~ilum1:ubif~if'W 1~bbrl 
4.1) 1"111~b-i!:w-if'W 50 ~g/ml 1~E.JtJbtlVJ asiaticoside 32.72 ~L asiatic 

acid 29.26 ~L bb!;l~ madecassoside 29.92 ~L -;u1n stock solution bb~~tJ-rutJ~:u1m~--w 

methanol ';ij'Ufi~'U 10 ml 

4.2) 1"111~b-i!:w-il'U 100 ~g/ml 1~£JtlbtlVJ asiaticoside 65.45 ~L asiatic 

acid 58.51 ~L bb!;l~ madecassoside 59.95 ~L -;u1n stock solution bb!;l~tl-r'Utl~:w1VJ~ ~1tJ 

methanol "il'WI"'~U 10 ml 

4.3) m1~b-i!~-i!'W 200 ~g/ml 1~tJtlbtlVJ asiaticoside 130.89 ~L 

asiatic acid 117.03 ~L bb~~ madecassoside 119.9 ~L -;u1n stock solution bb~~tJ-rutJ~mm 

~1£J methanol ';ij'Ufi~U 10 ml 

4.4) 1"111:Ub-i!:w-il'W 300 ~g/ml 1~tJtlbtlVJ asiaticoside 196.34 ~L 

asiatic acid 175.5 ~L bb!;l~ madecassoside 179.86 ~L -;u1n stock solution bb~~tl-r'Utl~l.l1Vl~ 

~1£J methanol ';ij'Ufi~U 10 ml 
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4.5) m1:l.Jb"ih.JoV'U 400 1-ls/ml 1~tJtl~tl191 asiaticoside 261.78 1-JL 

asiatic acid 234.05 1-JL ~~6'1~ madecassoside 239.80 1-JL "il1fl stock solution ~~6'1~tJfut.PhJ1\9ld' 

~lt.l methanol "il'Ui'ld''U 10 ml 

5) mm6'11d'6'1~6'11t.l:l.J119ld'~1'U~~'U'U~G'1:l.J asiaticoside, madecassoside ~~6'1~ 
"' V tJ I • tJ I 

asiatic acid i'I'J1:l.J~'l.l:l.J'l.I'U 50, 100, 200, 300 ~~6'1~ 400 1-Js/ml ~1'U nylon f1lter 'l.I'U1~~6'1'U~1'U 
.. 

l"l'Ut.lfl6'11~ 0.45 1-Jm 
'IJ 

.::tt.-=:i .<:1 Q.l I 

3.2.3.2 lu~l9ld'tJ:l.l6'11d'6'1~mtJmatJ1'1 

~19l~tJ:l.JG'11d'G'1tl~'VItJTtJ'tbunm1:l.l~oV:l.JoV'U 53.36 mg/ml 1~t~-&~6'11d'G'1tl~:l.J1 
533.60 mg 1r;16'1.:~1u volumetric flask tlfutl~:l.J11nd'~lt.l methanol "il'Ufld'U 10 ml ~~6'1~nd'B'I 

I V I ~ 

~1'U nylon filter 'l.I'U1~b6'1'U~1'U~'Ut.lfl6'11'1 0.45 1-Jm 

3.2.3.3 6'1.n11~vtt m umd''Vl~G'1au 
i'IB~:l.J'U HPLC: Water symmetry RP C18 (250 mm x 4 mm 1.0. 

~1t'l1 ('l..nVi) 

0 
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35 

50 

particle size: 5 1-Jm) 

ellnd'1n1d'1'VI6'1: lmUmin 

tJ~ml9ld'~5~: 20 1-JL 

i'll1:l.Jt.l1li'I~'U'l.IB~ detector: 206 nm 

Mobile phase: deionized water ~~6'1~ acetonitrile ~'I~U'Ud'~'\J'\J Gradient 

Pump A: deionized water (%) Pump B: acetonitrile (%) 

85 15 

80 20 

55 45 

55 45 

20 80 

20 80 

85 15 

85 15 

3.2.4 flim~1q'Vl~~1'UL~mLuflViL~EJ"tlv-:Ja1':ian~'VIa1UU1'\Jfl 1~tJPlfl'l'f11]'VlB1umd'vi'Tub~e:J 
5. aureus, E.coli b~6'1~ P. acnes ~~~U'U~'Jb~'Vl'U'l.le:J'Ib~m~m:l.J'U'Jfl bbnd:l.J6'1'\J b~6'1~bbnd:l.J'\J'Jfl~ 
~"il~fi!~~'\J 1~n 1 'UG'1.fl11~ H'e:Je:Jfi'Bb"il'U 1?11:l.Jc;\'1~'\J Jht~15 agar diffusion method 1l1~~~'Um~~1'l'!~~'U 

~1'UI"l'UVflm~ 6 mm vhtld'11"1"il1m~e:Jb~tJl5 autoclave e:Jru'VI.niJ 121 °( bU'U~'Jm 15 'U1Vl "il1fl 
'IJ • 'IJ 

tTutJ~U1916'11':i6'1~6'11tJ~'JB~1'1 bb6'1~6'11d'fi1'Ufl:l.l tl~:l.J119l':i 40 1-JL 6'1'1'\J'U~~~'Ufld~~1'l'f ~~il111~6'1'1'\J'U 
B1'VI1d'b~t.l~~~e:J"il1~'W1~~"il1~"il'I"I!U~ mueller hinton agar (MHA) cl1V1f'U 5. aureus, E.coli ~~6'1~ 
brain heart infusion agar (BHI) cl1V1-ru P. acnes ~ijfl1d'fld~"il1m:am~'Ui'IVlb~t.l~vle:J'Ifi1TV1~6'1e:J'U 
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H 1~rhrrn:uvi'U1bb'll'U"lleNb~mVit~ubvh 0.5 McFarland "il1tl~'UU1hhJ:u~emlvti1iJ 37·c dJ'Ubl~'l , , 
24 off11:u~ ii11vt~Ub~tl 5. aureus bb6'1~ E.coli ?b'U P. acnes 't.l:Ui11tlb~t'li1TJ~Hvvn61ib"il'U~ 
muvti1i3 37·c bU'Ub'J6'11 72 off11:u~ bb~11'~b61'U~1'UI"''U~tl6'11~"lltl~ clear zone ~bnmv'U 

, \J '\1 v 

bb~'Um~m~ l1m clindamycin bU'U~1rldUfl:U~6'1Vl1~'U1tl (positive control) "il1tllJ'UVl~t'I€J'U~1 

l"l'Jl:U b -iJ:u-iJ'U~1t'l~"lltl~t'l1'at'l n~\hu tl~t'I1:U1'at'lcJ'U~~ tl1'ab "il ~ru b&l'U 11'1"lltl~ bb 'U l"lVi b~tl 1~ (Minimum , v 

Inhibitory Concentration, MIC) ~'JtJi6 two-fold serial dilution bb6'1~Vl~t'le:JU'VI1~11"111:Ub-il:u-il'U 

~1~t'l~~t'I1:U1'at1~1b~tl 1~ (Minimal Bactericidal Concentration, MBC) vl1tl1'aV1~6'1B~i1t'11:U , 

... ... 
..:::..&:::11 ..::1 q .dil 

3.2.4.1 'J6tl1'abl'l'atJ:Uti1'VI1'ab6'1tJ~b"lltl 

1) t11'VI11b~tJ~b~tl"lfU~ MHA 1~t~off~t:Nt11'VI11b~tJ~b~ti:U1 3.8 fl~:U 6'1~6'11tlb'Utl1 
100 mL 1vi\-il1n'Ufle:J'Uu1hJ autoclave 

2) t11'VI11b~tJ~b~tl"llU~ BHI1~tJoff~t:Nt11'VI1'ab~tJ~b~ti:U1 3.7 n~:u 6'1~6'11tlb'Utl1 
100 mL 1~L-il1n'Unv'Uu1hJ autoclave 

~ ... 
3.2.5 flm~nq'VI6~Tuvvn~L~iu"'lv~~.,-a~n~'VIt~1uu-nm 1~t~i6~~~v 1 LJii 

3.2.5.1 tl1'ab LJ~tJUb VltJUf1Vl~tl1'a~1'Uti'U:U6'1~t'l1~bb6'1~t'111t.h~ne:J'UVl'Ue:J~m'J:u (total 
"I , " 

phenolic compounds) 1~t~1-tl Gallic acid l"l'Jl:Ub-li':u-if'U 250 1-Jg/ml bU'Ut'I11:U1\911~1'U bb6'1~ 

~'Je:J ~1~~U1:U1Vl~t'le:J'U 1~ bbn t'111t'l n~vttJ1uthun6'1~m tJ 1 'U~'Jvl16'1~6'11tJ methanol l"l'Jl:U b -il:u-il'U 

50 mg/ml t:-Jt'I:UtlU?f116'1~6'11tJ folin-ciocalteu bb6'1~ t'1116'1~6'11tl sodium carbonate "il1fl~'U~~ 
~~11l'U~~'Ubbt'I~'U1'U 40 'U1Vi bb6'1~1~~1tl11~~fl~'Ubbt'I~~'JtJ UV spectrophotometer ~l"l'J1:Utl11 
fl~'U 725 nm bbMl~t:-.16'1fl11'V'J:U1m~1'U1~'VI'"ll~~1~~tl~'Ubbt'l~~ 725 nm tl'U 1"111:Ub-il:u-il'U"ll€J~ ... , 
Gallic acid (Kolli et al., 2015) vl1fl1'aVl~?IBUi1?11:UI"l~~ LJ~:IJ1\911"ll€J~~1mh~bb~6'1~'VI6'1€J~vfl-tl 
Vl~?fe:JU bb?f~~~~.fllflt:-J'U'Jfl ~-

ififl11 b\9l~tJ:U?f1'a6'1 ~m tJ:U1\911\i1'Ubb6'1~?11-a6'1 ~m t~vh -if!. 'U m-aVJ ~?fe:Ju ... 
1) off~ Gallic acid 2.5 mg LJ~u'lJ~:U1Vl'a~'JtJ methanol "il'UI"l1'U 10 ml 

2) fl1'ab\9l~tJ:U?f1'a6'1~6'11tJ folin-ciocalteu 1~tJt:-J?f:U folin-ciocalteu 50 ml 

nutl1 50 mL 1'UB\9111Gi1'U 1:1 bnu1'U"ll'J~~"ll1 
3) fl11b\9l~tJ:U?f116'1~6'11tJ sodium carbonate 1~tJoff~ sodium carbonate 

7.5 g 6'1~6'11tJ1'Utl1 100 ml 

3.2.5.2 fl11'Vl~?ft!Utl11~UtlUBLfl.J6'1~?11~~yjyhe:J"ll (DPPH radical scavenging 

method) 1~t~1-tlimiJ'UB (Trolox) l"ld1:Ub-li':u-if'U 125 1-Jg/ml bU'U?f11:1J1\911\i1'U ~1€J~1~~U1:U1 ... 
'Vl~?fe:JU 1~Lbn t'111?ftl~'VItl1UD1Utl6'1~mtJ1 'U~1vl16'1~mtJ methanol fl'J1:U b-ii':u-il'U 50 mg/mlt:-.~?f:U 

nu methanol bb6'1~?111r;'t~r;'t1tJ DPPH bb~1~~~~1n'U~~'Ubb?f~bU'Ub'J6'11 30 'U1Vl U11LJ1~~1fl1'a 
.dl i.J .d .d 

~~tlr;=t'Ubbt'l~~1tl UV spectrophotometer Vlfl'J1:Utl1'JI"lr;=t'U 517 nm (Thaipong et al., 2006) 

bbt'I~.:J t:-.1 m U'Um1'V'J %m1 c1'u ~.:J m1~1'U e:Je:JflGiib~-li''U nu!"l'J 1:u b -if:u-if'U'IJe:J.:Jil911iJ'UB ~.:Jt'I:U n11 vl1 m1 

'Vl ~ i:le:JUi1?11:UI"l~.:J LJ~:IJ1!?11'1Jfl.:J !?\·:m tl1-:J LLt91 r;=t~Vl{;l €lt?lvfl otl'Vlt?l€.'1 €l'IJ LLr:lt?l'I~..:J.f111"l e-1'\..!l fl '1. 
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OIL I h'b' . Absorption control-Absorbtion sample lOO 
;ro n 1 1t10n = . x 

AbsorptiOn control 
(3.3) 

i5n1'Jbl'l~tJ:U?f11G'l:::mtJ:U1\1l1~1'ULLG'l:::?f11G'l:::m tJvTI m 'Un11'VI ~?ftl'U ... 
1) .ff~ trolox 1.25 mg tJ-r'U'u~:U1\1l1~"JtJ methanol \l'Ufli'U 10 ml 

2) n11L\1l~tJ:U?f11G'l:::mtJ DPPH 1~tJ.ff~ DPPH 6.71 mg G'l:::mt~lu methanol 

100 ml Ln"U1'U"ll1~t1"1!1 
3.2.5.3 n11~fl~1n'VIB~1'Utl'U:UG'l~?f1~ifi 2,2' -azinobis(3-ethylbenzothiazoline-6-

"l ' " 

sulfonic acid) diammonium salt (ABTS method) 1~t~1miJl1iJ'U61i fl11:UL-if:u-if'U 125 1-Js/ml 

b tl'U?f 11:U1 \Jl1~1'U ~Tel ~1~~tJ1:U1'VI ~?ftl'U 1~\u1 ?111?1 n ~'V!t.l 1'\J U'l'U n "'~ G'l1 tJ 1 'U~Tvl1 G'l ~&'11 tJ 
"" 

methanol fl11:UL-if:u-if'U 50 mg/ml ~?f:Un'U?f11G'l:::mtJ ABTS bLG'l~?f11&'l~mtJ sodium 

phosphate (K2S20 8) Yh1~L-if1n'U bb~1~~~~11l'U~~'Ubb?f~btl'Unm 6 'U1Vi bbG'l~t111'tJ1~r11m1 
~~n~'ULb?f~~'lt.l UV spectrophotometer ~fl11:Ut.l11fl~'U 734 nm (Re et al., 1999) bb?f~~~G'l 
" 
b tJ'UniTY~ %n11~'U ~~n11vl1'Utltlfl68b~off'U n'Ufl'l 1:U b oU:UoU'U"lltl~ iiJl1iJ'U6/i 'Vll n11'VI~?ftl'U41?11:Ufl~ ~ 
tJ~:u1\1l1"1Jtl~~'ltl~1~ bbl9iG'l~'V!"tl~m i'VI~?ftl'U bb?f~~~~mfl~'U'ln ~-

ifim'l b\1l~t.I:U?f11G'l:::G'll tl:IJ1\Jl1~1'ULLG'l:::G111G'l:::m tlm m 'Un11'VI~?ftl'U .. 
1) .ff~imiJ'USii 1.25 mg tJ-rutJ~:U1\1l1~1tJtl1\l'Um'U 10 ml 

2) n11LIJl1CJ:U?f11&1~G'llCJ ABTS 1~CJ.a-~?111 ABTS 7.2 mg n'U sodium 

phosphate (K2S20 8) 1.32 mg G'l~mCJ~1CJ,J1 2 ml LJ:u 12-16 i11:u~ rle:JCJ 1 tJ-r'U'tJ~:U1\1l1 ~1CJ 
J11'UB\1l11?b'U 1:100 bbG'l~i'~rl1~~n~'Ubb?f~"lltl~?f11&'l:::mCJ ABTS ~fl11:Utn1fl~'U 734 nm 1m~ 

" 
ri1 o.o. b'Vhnu o.7±0.02 

3.2.5.4 n11i'~fl11:U?f1:1J11f11 'Un11~~b"lfbl"JB~n 1 ~b tl'Ub vJe:J-r?f ( FRAP) b\1l~t.I:U?f11~~mCJ 

FRAP 1~CJ~?f:U?f11~~mCJ acetate buffer ?111~~mCJ ferric chloride bb~~?f11&'l~mtJ TPTZ 1'U 

eJ\1l11?h'U 10:1:1 m:u~1~'U 1~tJ1i ferrous sulfate fl11:ULoU:UoU'U 5 mM btl'U?f11&'l~mtJ:IJ1\Jl1~1'U 

~1tl ~1~~111:U1'VI~?ftl'U 1~ bbrl ?111?fn~'V!tn'UU1'Ufl&'l~mtJ 1 'U~Tvh~~m tJ methanol m1:u b -if~-if'U 
50 mg/ml ~?f:unutl1Lb&'l~?f11~~G'lltJ FRAP \11fl~'U~~~~11l'U~~'Ubb?f~btl'Ub1~1 8 'U1Vi LL&'l~tJ11'tJ 
CUI ~ V d d ~ 
1~fl1m1~~n~'ULL?f~~1tJ UV spectrophotometer 'VIfl11:Utn1fl&'l'U 593 nm bb?f~~~miJ'Um1vJ 

' ' 
1~'V!'J1~A1~~n~'Ubb?f~Vifl11:Utn1fl~'U 593 nm n"Um1:ub-if:u-if'U"lltl~ ferrous sulfate (Prior et al., 

2oo5) 'Y11m1Vl~"tl'U41"1:ufl~~ tJ~m\1l1"1Jtl~t'11tl~1~LLI9i~~'V!~tl~miVl~"tl'U bb?f~-:j~~mfl~'U'ln ~-
1fim1 bl'l~tJ:U?f11~~m tJ:U11'11~1'U bb~ ~6111~~m tlm m 'U n11Vl~?ftl'U 

"" 
1) .a-~ ferrous sulfate 139 mg tJ-ru'tJ~:U1\1l1~1tJtlT'il'Um'U 10 ml 

2) bl'l~tJ:U acetate buffer 1~tJ.a-~ sodium acetate trihydrate 1.5 g ~~mtJ 
1 'U acetic acid 8 ml bb&'l~tJ-rutJ~mm~1tJJ1\l'Ufl1'U 500 

3) Ll'l~tJ:U?f11~~&'11tJ ferric chloride 1~t~i~ ferric chloride 135 mg ~~mtJ 
~1t1J1 bb~:::'tJ1"U'tJ~m\1l1\l'Ufl1'U 25 ml 
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4) b\11~tll.l~1'if1:::mtl TPTZ 1~moff.:~ TPTZ 78 mg fl:::mti~'W HCl 1'111l.lboVl.loV'U 

40 mM bbf1:::tJ-r'UtJ~lJ1\11'i"il'WI'I'i'U 25 ml 

5) b\11~mJ~11f1:::f11tJ FRAP t~ml1 acetate buffer ~11f1:::f11tl ferric 

chloride bbf1:::~1'if1:::mtJ TPTZ e.J~l.ln'W1'WeJm1~1'W 10:1:1 \111l.l~1~'U 
"' o "' ..£ 'i "I !'1'i • I II """" Jl "" 3.2.6 'W~'IJ1 fl1':i'Ul.J1~m 'Ua L~t:.l L"lf L u':ibbn':i3Jtltl mb 'U'Un1':i'VIflae:J~fl11:.115n1':ifle:J'Ua'We:J~'W'1Je.J1 

Design-Expert® ~fl~1e.Jf1"lle:J.:J~1'ine:JVlGilJ 1~m~e:Jn1i chitosan 1'111l.lboVl.loV'W 0-5 o/ow/w bbflt 

polyvinyl alcohol 1'111l.lboVl.JoV'W 0-2 o/ow/w i"lf11~&11&~WI1e:Ji'VI~e:J~1';ib~l.ll'l11l.l~~VI~'W'llill'l~'lle:J'U 
J11~bbn propylene glycol bbfl::: glycerin 1'111l.lboVl.loV'W~.:Jbb\91 60-80% "lleN~11ne:JYJGi:u ~11"1hu 
b~l.Jfl1';iEil'l&ll'l1i (poly(methyl vinyl ether-co-maleic anhydride), PVMMA) 1'111:UboVl.loV'W 

0-0.05 o/ow/w fl1VI'Wl'lU"il-oijtl~~e:J.:J fl11~fl~1\0le:JI'IW~ m~ru:::~h!'Ul.l1~ fl'VItJ1 bb 'U'Ufl e:Jfl e:J e:J fl~ b VI:U1 :::~:u • 
1~t~1-ifltJ1bbfl'il.le:Je:Jmb'U'Ufl11Vll'lf1e:J.:J ~1bbtJ1~'W 1~bbn polyvinyl alcohol bbfl::: PVMMA fl1VI'Wl'l1~ 

ih:::~'U 3 "lle:J-:1 polyvinyl alcohol fit~ 0, 1 bbfl::: 2 o/ow/w bbfl::: PVMMA fie:J 0.01, 0.03 bbfl::: 

0.05 o/ow/w e.Jf1~~e:J'lfl1'i~mn1~bbn 1'111l.lbU'Wml'l~1'1 (pH) 1'111l-l'VI'iifl 1:::tJ:::b1f111'Wfl11bb~'l"lle:J'l 
bb~'UYJGilJ 1'111:UVl'Wbb 1'1~.:1 (tensile strength) ~tltJf1:::fl1'i~l'l"llti.:J~'WVlfl~e:J'U~~l'l"ll1fl (percent 

elongation at break) bbf1:::bbwvl"l-V1'Wfl11f1e:Jfle:Je:Jfl"lle:J.:Jbb~'UYJGilJ (peeling force) bbf1:::'l11boV1 

1 tJ1bbfl'i:Ue:Jtlflbb'U'Ufl11Vll'lf1tl'l\11ti'U~'Wm~'W~11fltJ 1-tl 1 tJ':ibbfl'i:U Design-Expert® il~.:JVI:Ufl 10 ~\111 
" " bb\Olf1:::~\111'Vh 3 '111 ~'Ill 

" 

d "' 0 

Chitosan EDTA PVA* Glycerin afl':i'VI Blf1 EtOH PVMMA* Water 
" 

1 1 2 1 0 1.60 10 0.01 85.40 

2 2 1 0 1.60 10 0.01 85.40 

3 2 1 0 1.60 10 0.01 85.40 

2 1 2 1 0 1.60 10 0.03 85.40 

2 2 1 0 1.60 10 0.03 85.40 

3 2 1 0 1.60 10 0.03 85.40 

3 1 2 1 0 1.60 10 0.05 85.40 

2 2 1 0 1.60 10 0.05 85.40 

3 2 1 0 1.60 10 0.05 85.40 
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m11~~ 3 ~\JI'l~i11m.nfl'mnl1LLUU~vnvvn~Lir11thLLn'll.lvvmLuum'1'VIfl~v~\JivU~'Uv~~'U~h .. 
(~v) 

..; II 
0 

Chitosan EDTA PVA* Glycerin EtOH PVMMA* Water iii\JI'l'VI 'lf1 .. 
4 1 2 1 1 2.40 10 0.01 83.60 

2 2 1 1 2.40 10 0.01 83.60 

3 2 1 1 2.40 10 0.01 83.60 

5 1 2 1 1 2.40 10 0.03 83.60 

2 2 1 1 2.40 10 0.03 83.60 

3 2 1 1 2.40 10 0.03 83.60 

6 1 2 1 1 2.40 10 0.05 83.60 

2 2 1 1 2.40 10 0.05 83.60 

3 2 1 1 2.40 10 0.05 83.60 

7 1 2 1 2 3.20 10 0.01 81.80 

2 2 1 2 3.20 10 0.01 81.80 

3 2 1 2 3.20 10 0.01 81.80 

8 1 2 1 2 3.20 10 0.03 81.80 

2 2 1 2 3.20 10 0.03 81.80 

3 2 1 2 3.20 10 0.03 81.80 

9 1 2 1 2 3.20 10 0.05 81.80 

2 2 1 2 3.20 10 0.05 81.80 

3 2 1 2 3.20 10 0.05 81.80 

10 1 2 1 1 2.40 10 0.03 83.60 

2 2 1 1 2.40 10 0.03 83.60 

3 2 1 1 2.40 10 0.03 83.60 

'llil.l1m '111\JI: * fiB vi'1 bb 't.J'a\9l'W~ 191-e:J..:J m 'a"Pim-n ~Bfl ru~ fl't~ru~vh-ru~1~ n'V!ir1 bb 'U'Ufi B nBeJ n~ b 'V!ll1 ~61~ • • .., " 
iJ 3 'a~vl'Ufl11~boif~oif'U bb~fi~6'1Vl'a'Vll'1i1611~fl-r..:J 

'IJ 
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b\91Cln11tl1~bi1\J~1fl 

3.2.7.1 ~n~ru:::mCJ\Je:Jfl b"li\J ~ fl11lJ1G'1 

3.2.7.2 r1l1l.Jbtl\Jm\91~1~ (pH) L\91CJvh1''Um1iiri1e:J~"l1..!"lil~ 5.0-6.0 

3.2. 7.3 r1l1lJ'Vliifl1fltJ 1 -tibr1~m1flr1l1ll'Vliifl (ne:J\Jb'VllJ1~m 'UG'1~~ 1 \Jbb~ bb'U'U) 

3.2. 7.4 r1l1lJ'Vl\J1b\91tlbr1~e:J~1\91r1l1ll'Vl\J1"lle:l~bb~\JYJ~lJ 
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3.2.7.5 'Vl\91G'1e:J'UG'1lJD~b~'lfl~b\91tJ1-tibr1~e:J~ texture analyzer 1flm1lJ'Vl\Jbb1~~~ 
(tensile strength) ~e:Jf.J~~n11V\91"lle:J~~\J'Vl\91G'1e:J'U~~\91"ll1\91 (percent elongation at break) bb1~~ 
H1 \Jfl11~e:Jfle:Je:Jfl"lle:J~bb~\JYl~lJ (peeling force) "ll\J1\91~\J~l\Jvlle:Jci1~ 1 \Jfl111'\91r1l1lJ'Vl\Jbb 1~~~ 
(tensile strength) ~e:JCJ~~fl11V\91"llti~~\J'Vl\91G'1ti'U~~\91"ll1\91 (percent elongation at break) ii'll\.11\91 

1 em x 5 em bb~~'lJ'U1\91~\J~l\Jvlltlci1~11.Jm11\91LLHvflm\Jm1~tlfle:Je:Jfl"lle:J~bb~\JYl~lJ (peeling 

force) ii'll'U1\91 2 em x 8 em bb1~mm\Jm11flvi'lt~ci1~iieJ'V111 50 mm/1..11Vi (Srinivasa et al., 

2003) 

3.2.7.6 1~CJ~blm11..!m1Lb~~ 'tl11'1'11''UlJ1~ntl~lJ1V11 3 n1'lJ b'Vl'U\J1G'1\91e:llb~CJ'IJ'lJ\J1\91 
' 

10 em x 10 em l1~'U\JeJ1~J1r1l'Ur1lJtlru'Vl.ni1 (water baths) bfltJ1~1G'1\91~lJerG'1nuJ1~tlru'Vl.ni1 
q • \1 , • \1 

35±2 • c ~'U b 1m~\Jn':hvi'1 t~ci1~~~G'11lJ11{1~e:J nt~tJ n L tl\Jbb~\JYJ~lJ 1~ 

1offG'1~~ (t-Test: Two-Sample Assuming Unequal Variances) btl~CJ'UbVitJ'Ur1l1lJ 

bbVJ n ~ 1~ r1 ruG'1lJD~'V11 ~ bflii m tJ .n1~"U ti~G'11 1~ ~~ 1 t.JlJ 1 ~ n b 'U G'1 bb~:::r1 ruG'1lJD~ b ~ ~ n ~"ll tJ~ LL~\JYl~lJ~1~ 
' ' 

~1flfl11r11\91fl11tU~1flb tl"Jbbni:W RSM bb~::: 1~~1flfl11'Vl\91~tl~ ~1~~'Uf111:Wb~mY\J 95% 

3.2.8 n11bfi~U:IJI'i'1i''U:IJ1~n'VIU1bb'U'Ui'le:Jne:Je:JnViihbt.!~~lJ"tte:J~~11~tlfl'VIU1'UU1'Un b~lJG'111 

G'1tl\91Vltl1'UD1'Un 5 %w/w ~~ 1 \J:W1~flb'UG'1~iir1ruG'1:WD~b'VllJ1:::G'1:w~G'1\91 b\91CJ 1 ir1l1:WboV:WoV\J"lltJ~G'111 
' ' v v .d ..!v Jf qq ..!11 oQ. cu 11 2.1 .d v 

G'1n \91'Ul'U n'Vl A1tJ'UA~:W'J'V15V11\Jb "llmb 'UA'Vl b "JCJ 'J'V15V11\JtJ t1 n61! b\91"/l\J bb~ ~Al1:W b 'lJ:W"ll\J'Vl G'11:W11{1 m~~\J 

fl11G'1~1~AtJ~m b~\J ~1ntT1..1tl1~ bi1'WI'i'11''U b "li\Jb~mn'UoVtJ 3.2. 7 bb~~i bf111~~tl~:w1ruG'111'ii11~~ 1 1..1 

to\' 11''U:w1~ nwt:h bb 'U'Uil tJ n tJvnvl (:...JG'1:WG'11 1 G'1 n \91Dl 'U n L tl~ t.J'U b Vi vu AruG'1:w '11~ vn~ LAii m v .n1~"1lv~ 
' 

6111~ ~ ~ 1 CJ :w1~ n L 'U 61 bb~::: A ru61:w'\J~ b ~ ~ n~"llt~~ bbe-1\JYJ~lJ'lJ t~~l'i'11''UlJ1 ~ n b 'U 61 bb~::: 1'1'11''Uvi b~lJ 611161 n \91 
' 

Vltl1'UDl'Uflfll1:WboV:WoV\J 5% b\91CJ1-tiG'1~~ Paired-test ~1~~'Ufll1:Wb~mY\J 95% 

3.2. 9 Am:!nn11Ui'l\91ut'le:~u~11i;h~ ru bt.I'VIi'le:Jfl'Vl\91i'le:J~ Lflflb 'tibA~e:~~iimhi'le:J.:Jn11~lJ~1t.l"tte:J~ 
"' 

~1Vl'l1~ (modified Franz diffusion cell) 1-tib:W:Wb'U'J\J"l!U\91 cellulose (Spectra/Por® Dialysis 

membrane MWCO: 6,000-8,000) iiphosphate buffer pH 7.4 (:...161:Wtl'U 10% ethanol btl\.! 

6111~:::mCJvi'l1''U (receptor fluid) 'Vl\91G'1tJ'U~tlt1J'Vl.fl:iJ 35±2 ·c ~:wvi'1mh~A#~~~ 1 ml bb~lb&i:w 
' ~ ' 

6111~~~1t.Jvl1 1''U n~'Ub .V11 tl1 1..1tl~:w1mL vh n'U~ ~:wvi'1tJci1~ t1tJn:w11 1..1 bb~~~A#~ i bfn1:::~tl~:w1 ru 
' 

6111'ii11~~~tl~\91tl~t~CJtltlfl:lJ1 ~nm s, 10, 15, 20, 25, 30, 45, 60, 120, 180, 360, 720, 1080 

bb~~ 1440 'W1Vi ~1CJi61A"J:W1L'Vlm1't'JYl'lJtl~b'Vlm61m1{1\J~61~ (RP-HPLC) 
~ 
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3.2.10 'VI~iHl\Jfi113JbU'IJVht~m6!fiHA' 'VI~I.'te:J\JFI11:1..1bU'l..!'Vht~eWZ!r;'1~"l!U~ primary human 

dermal skin fibroblast b~t.J~1-umVITH~t.l~b6Z!r;'1~ DMEM ~ilflT'a-1~ 1% antibiotic 1% 

l-glutamine 1% non-essential amino acid bbr;'1~ 10% bovine fetal serum vl1fl11'Vl~r;'1e:J~1'U 

m~VIm.J"llU~ 24 Vlr;'1:U (well plate) 1~t.JFI1\JFI:U;ij1'U1'Ub6Z!r;'1~;ij1'U1'U 3,000 cells/VIr;'1:U bbr;'1~U:U~ 
q • • , 

e:JWVI.fl:D 37°( mt.J1~1.'t.fl11~ 5% carbon dioxide '<il1fl,!'U't111.'1111.'tn~VIt.I1\J'U';l'uflf'I11:Ub-ii':u-ii'-u 50, 
' 'IJ 

100, 200 bbr;'1~ 300 iJg/mL m:u~1~'U :ul'Vl~l.'te:J'UFI11:ULU'UVh~~m6Z!r;'1~ bbr;'1~il ethanol LU'U~'J 

FI1'Ufl:U~~'Vl1~~'\J (negative control) L ~e:J~'<il1fll.'t111.'1n~VIt.I1'\Jtl1'\Jfl[;'1~~1t.l 1 'U~'JvJ1r;'1~m tJ 

ethanol1~~1e:J~1~b~t.IVit.Je:J~I.'t11r;'1~r;'11t.l~1mh~oX~Vi:U~ r;'1~1'Um~VI~:U"llU~ 24 VI~:U (well plate) 

'lJ~:U1\911VI~:Ur;'1~ 100 11L U:Ue:JWVI.fl:D 37°( .fl1t.J1~1.'t.fl11~ 5% carbon dioxide bU'Ub'Jr;'11 24, 48 
, ...... , \J 

Lb~~ 96 "1111:u.:~ \9111'<ii1'~F111:ULU'U~~~m6Z!~~~hv16 MTT L~t!.:J'<il1fll.'t11~~mt.J MTT 1~tJ'*11'lJ'<il~iJ 
~LVI~tl~ \9111'<il1~m1ii;g11911tl~"lltl~b61!~~ 1~tJ MTT '<\1~ 1 'lJ~'Url'U1:u 1 'Vlf'ltl'Ub~~t.l"lltl~L61!~~~iJ;g1191Lb~~ 
Lfi ~ dJ-u~~ n~:~h.:~ b ~e:J.:J'<il1fl1:u 1 'Vlf'le:J'UL~~m U'ULL Vlci~l.'t.r1-:~V'l~~-:~1'U"lle:J.:J L61!~ ~ '<\11 n,!'U 1 i DMSO 

~~mtJ~~fl bL~~'l111'lJ1~f'11~~fl~'ULbl.'t.:J~ldtJ micro plate reader ~FI11:Ut.I11FI~'U 540 nm 

3.2.11 flm~nq'VI~n~::~'Un1'~!;1~1.:1fltlflf!Wii'U 1-ii' human dermal skin fibroblast cell LL~~ 
1LFI11~~'lJ~:U1tuf'le:Jr;'1mL'<ii'U ~1tJ16m1~~~Ve:J:U (sirius red staining) vl1fl11b'V'l1~b~tJ.:J primary 

human dermal skin fibroblast cell 1-ul.'t11~~mtJ DMEM ~1:unu 10% serum fetal bovine 

LL~~ antibiotic FI'J1:UL-iJ:U-iJ'U 100 IU/ml vl1fl1'H~tJ.:Jb61!~~1'U~LV'l1~b~t.I~L61!~~.fl1tJ1~1.'t.fl11~ 5% 
'IJ 

0 "' 0 

carbon dioxide Yit~tuVI.fl:D 37 oc '<il1fl1!'Uvl1fl1111'Uiii'1'U1'Ub"lf~~ 100,000 cells/well LYlt~:u1 
' 'IJ 

'Vl~I.'IB'U'l'Vl~m~~'Ufl1';il.'t-r1~Fia~~1L'<ii'U ~.:~1-u 6-well plate '<il1fl,!'Utl:u 1 'U~LV'l1~L~t.J.:Jb"lf~~mt.J 1~ 
l.'t.fl11~ 5% carbon dioxide ~e:JU.IVI.fl:D 37 OC bU'Unm 24 i11:u~ L~:U~1e:J~1-:J~vl1fl1';i'Vl~l.'te:J'U 

' 'IJ 

11Yi'LLn control, 1.'11';ir;'1~mtJ asiaticoside LU'U~1FI1'Ufl:U~~'Vl1-:J'U1fl (positive control) bL~~I.'t1';i 

l.'tn~VIt.I1'\J'U1'\Jfl~1~'<il1flfl1';i'Vl~l.'te:J'Ufl1';i'\J~~'lJcit~tJ b~t.J Franz diffusion ~L1m 24 "111 1:u.:~ '<il1fl,!'U 

tl:umt~1~1.'t.fl11~ 5% carbon dioxide ~aU.IVI.fl:D 37 ·c LU'Unm 24 "111 1:u.:~ Lbr;'1~'111aan:u1!.'tn~ 
' 'IJ 

b"lf~fl1~t.Jf111L~:U acetic acid FI11:ULoU:UoU'U 0.5 N ~'UL~t.J1offf'I~'UL~tl.:JFI'J1:U~~.:J (sonicator) 'U1'U 
'IJ 

15 'U1Yi ~FI11:U~ 15,000 Hz L~tlvl11~L"If~~LL\91flLbfi~1LFI';i1~~Vi1'lJ~:U1WFie:J~mL"il'U\Yl'Jt.J16~~~cJe:J:U 
(sirius red staining) 1~t.Jfl1';i'l11 cell lysate ~!.'In~ 1~"lle:J~ control ~1Fid'Ufl:U~~'Vl1-:J'U1fl 1.'11';i~n~ 
Vi t.I1'\JU1'\J n~1~'<il1 flfl1';i'Vl~l.'ta'U fl1';i'\Jr;'1~'\Jci a tJ 1~ tJ Franz diffusion LLfl~6111~~m tJ:ul \911~1'U 

"" 
Aaftmb'<ii'U~FI'J1:UL-ii':u-ii'-u 0, 31.5, 125 LL~~ 250 iJg/mL ~~mtJ1-um~ acetic ~~:unu~1';iVe:J:U~~ 
~Ve:J:U (sirius red staining) 'lJ~:u1\91';i 250 iJL 'l11h.JL'1J~11 '1~\-ii'1n'U 30 'U1Yi ~1tJA11:UL ~1 350 rpm 

~BWVi.fliJ~e:J~ '<ii'Ubfl~\91~fltl'U LL~~t111 'lJ~'UL Vi~cNL ~mLCJ fl\91~fltl'U ~1.:!6111fl~mmh'ULfl'UB Bfl~1CJ 
' 'IJ 

washing solution 'lJ~:u1m 250 iJL L~:U extraction buffer 'lJ~:u1m 125 iJL ~61:u1~b-ii'1n'ULL~~ 
V I o<::!t .J cJ q .<:::!! 

1~FI1~~fl~'ULb~\l'VlA11:Ut.I11A~'U 530 nm (Rodriguez-Rodriguez et al., 2013) LD';iCJ'\JL'VlCJ'U 

A11:ULL!?lfl~1-:J-raCJ~~fl1';iL~:U~'U"lle:J~Fia~mL'<ii'U 1~t.J1oU61fl~ ANOVA ~';i~~'UFI'J1:UL~m:i'-u 95% 
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3.2.12 th:ail'Ufl1111fl.:lfl.n1cw t ufl.n11:: L ~.:i'tlv.:i ~hi'u111ifnvnl1 LL uu~vnvvn~e.Jflllfl1':ifln\il 
'V1a1uu1un '\J"j"j~~~(11Ji'ru'VI1um"llu~:u~w1ilvt Ln'U~e.JruV!niJ 4, 25 LL(;l~ 4o oc fi'"J11l~'U~li~'Vlfi . . " 
7 5% LiJ'UL'"Jm 3 L~tl'U 'Vl~?le.J'Uflill?lllllii"llB\l~~(?lJlill~h..J1~nVIU1 LL 'U'U(;le.JnBe.Jn~~?llJ?I1"j?lfl~VftJTtJ 

' 
D'"J'Un 1~t~'lh~LiJ'U'l1n~m.':fru~n1tJ'Uvn 1~1.Lri fi1111Vf'U~ pH "j~tJ~L1m1urn11.1.~\l"lle.J\lLI.~uYI~:J..J 

?llJD~h;u\ln{;l 1~1.1.n fll11l'Vl'ULL1\l~\l (tensile strength) ~tJE.J(;l~f111~~"lltl\l~'U'Vl~?le.J'U~~~"ll1~ 
(percent elongation at break) LL 1\lvhm 'Uf111(;1e.JnBBn"lle.J\lLL~'UYl~11 (peeling force) I.L(;lt 

l Lfl11t'l.hJ~lJ1ill?l11~1~t1j L 'lJ~tJ'U I. Vi E.J'Ufll111 I,L(?l n~1\l"lltl\l?llJD&i L ;u\ln{;l"lltl\1 ~~ (?lJl ru'VI'1~tJ 1m LJ1 Ll.n111 
' ' ' 

'Vl1\l?ltl&i ANOVA Vi1~t9i''Ufi1111L~mJ'u 95% 



·. 

d 
'U'Vl'Vl 4 

~~n1-aAm~1 bb~~e>ih.h1EJ~~ 

q ~ ~ 

4.1 n1'HI?l'HJ116'11i6HWI'VlEJ1'U'U'J'Un 

n 1 'l L \91 ~ CJ 11?! 1 'l?! n ~ 'Vl CJ 1 'U u d 'U n 1 J1 A~ L u 'v'41 ~ ~ d 'U L 'Vl1j 'i) 'l1 n '1J 'i) 'l u d '\J n ~ LL VI~ 'l L 'v'41 ~ LJ ~ n 
" 

U1'Ul'lCJ1'l 1?11u~tl'lVl11CJ B1L.nm1~'U'IJ1'l1U ~'lV!l~B'Um1-utnu ~Lnu1m~u'Wil'W1fl11 2558 
' ' 

111~1'lvl1fn111?\~e:J1~ 'tl11D~'lLL~~1~?t~L~~J1 LL~~'tl11Du'U1~LL~'l ~e:JruV!.fliJ 50 •c 'U1'U 48 
' " 

.rr1L11'll~CJH'~u'\J~11~B'U Y~Ul1U1UniJJ1V!l!nV!~'le:J'\J 230 n-r11 ~'l\911'l1'l~ 4 \91111111\91'l~1'U'U'i:l'l " ~ 

Thai Herbal Pharmacopoeia supplement 2004 h'i'n1Vl'U~111\91'l3j1'UD~111rufi1111~'U'Ue:J'le.N 
?t11'U 1 Y~'l hJ Lil'U 14% ~'lJ'ULJ~111rufn111~'U'UB'le.J'lU1'\J nilrhLu~CJ 7 . 7% ~'l~Bl1~1'U111\91'l~1'U ' ~ 

\91111~ Thai Herbal Pharmacopoeia supplement 2004 rl1Vl'U~H 

" " 
'l11'VloUn61~ 'l11'Vll1 n'Vl~'leJ'U 

~ 

'U'J'Un cn-r11) cn-r11) Mean± SD 

5,000 230 8.2 7.7 7.2 7.7 ± 0.5 

'tl1Ul'\JnLL~'l111~~'lJ'U1~J11mfl~'i:l'l'U~LL~~A~'U'U1~J11mL~'lLUd 60 1J1eNU1'\Jn 229.39 n-r11 

~:nm.i'U?tn~?t1'li:11f1qJ l~CJ 1-ii 9 5% ethanol LL~~vh 1 ~?!1'l?tn~L -ii11-il'U~'UJ11mfl~'i:l'l'l~ L VlCJ 1~CJfl1111 
~'U 1J1?t1'l?tn~V!muu'dun 61.05 n-r11 f1~L tl'U~BCJ~~'UB'l?t1'lG'1n~Vlmu~?tn~"'ll1ne..~'l LL ~-:Ju1un 
(%yield) Lvhnu 26.61 ~'l?t1'l?tn~VlCJ 1ul'1\J1't111111-ill?l~B~'l1'U1~CJ 

4.2 ~ li!J'U1 n 1-ai Lfli1~~ LL6'l ~'VI ~6le:J'U fl1111 t1 n ~e:J 'I'UB'I151 Lfli1~~611-a611 f1 ru 1 t!'U 'J'U n v v 

n1'l~li!J'U1151Lm1~th ~B1 Lfl'l1~~Vl1 LJ~mru?t1'li:11f1qJ1 'UG'1 1 'lG'1n~VlCJ1'\JU1'\J n 1J1~1i!J'U115 
' ' 

lLfl'l1~~"'il1n'l1'Ul~CJ'lJB'l Hashim LL~ ~fl ru ~ (Hashim et al. , 2011) LiluLJ-ruLLJ~CJ'U61~~1'U'Ue:J'l 

mobile phase L ~e:J 1 ~L Vl111~G'111i:11Vl-rum'l LLCJ n?t1':ii:11AqJ1 'UU'd'\Jn ~'l'l1'Ul~CJd 1Jl~li!J'U115 
lLfl'l1~~G'11':ii:11AqJ1'U?t1':i?tn~VlCJ1'\JU1'\JnLu'v'41~ asiaticoside madecassoside LL~~ asiatic acid 

" ' 
Lvht!'U Y~'\Jl1?!.f111~LL~~61~~l'U mobile phase VlLVl111~?!Wl'\Jn1':ilLfl':i1~~G'11':ii:11Aqj~'ln~11 

LL?!~'l~'l\911':i1'lVl .5 LL~~ 6 
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Mobile phase 

eJI?I'i1b~l'l.JB'lnTI 1VI~ 

'\.J~:W1\?I'i~Q(91 

Detector 

'a~tl~b'16'11 ('W1Vl) 
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RP C18 (250 mmx4 mm I.D.; particle size: 5 f.Jm) 

A: deionized water; B: acetonitrile 

A 
0 
M q 
N 
~ 

1 ml/'W1Vl 

' ' 
UV V1rrn:wtnlf1~'W 206 nm 

50 'W1Vl 

pump A 

Deionized Water (%) 

MAD 
0 

"" ~ ,.._ ,... 

I I 
1500 2000 

85 

80 

55 

55 

20 

20 

85 

85 

~M 
~ . 
( 

: 

I 
25.00 

M>nutes 

I 
3000 

pump B 

Acetonitrile (%) 

15 

20 

45 

45 

80 

80 

15 

15 

I 
3500 

I 
4000 

I 
45.00 

madecassoside (MAD) bb6'1~ asiatic acid (AA) 1?11:W6l'1~'U 

34 

sooo
1 
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. . 

. . 

35 

300 

200 

A MAD AA 

0 _j 
L_----~~----~~~~~~-.-----.,------,1 -----., -----,, -----..~.~ I 

0 00 5 00 25 00 30 00 35 00 40 00 45 00 50 00 
Mtnutes 

.fl1l'l~ 121r~~~.nhmn~1l'lle:J~6'11~6h~ru1'W6'11'Hln~'VImu'\J··.run Hi'bbri asiaticoside (A) 
"' 

madecassoside (MAD) bb61 ~ asiatic acid (AA) \91111~1~'U 

?11~~1Aru n~:wTriterpenoids Hi'bbn asiaticoside, madecassoside bb61~ asiatic acid 
" ' 

~ retention time 1n~\ACJ'ln'U as iaticoside, madecassoside bb61~ asiatic acid h.J?\1~61~6'\lCJ 

:IJl\91~~1'\.J ~bl611 12 'U1Vl 17 'U1Vl bb61~ 20 'U1Vl \?ll:IJ~1~'U ~'lbb?ll'l'l1'W .fll'V'l~ 11 bb61~ 12 bb?ll'l'll1 
"" 

?lml~m.ut 'Unl~lbfl'j1~~~'ln~11?11:W1'H1bbCJfl asiaticoside, madecassoside bb6'1~ asiatic acid 

~ 1 n ?11 ~?In l'l'VI CJ 1uuTu n 1~ v ci1-:J1 ~n1911:w1 t1 ?11 ~?In l'l'VI CJ 1uu1 u n ~'l ~ ?11~~ 1 A t1J ~'U 8 n m V1 

madecassic acid, madasiatic ~'l1'U'l1'Ul~CJ.Q hJ1~VJI'l?l'€l'U?I1~ 2 ~1 ~'lfl~11 ~'lJ'U 1'Wfl1~ 
Vll'l?l'€l'Ufld1:1J () n~v'l"ll '€l'li5i bfl~1~~ bb6'1~ m~i bm1~~Vl1?11~~1A ru 1 '\.J~h1u:w 1~ nwu 1 bb 'U'U6'1'€l f)'€J'€Jf) 

~ v 

~~ibfl~1~~bu'V'l1~ asiaticoside, madecassoside bb6'1~ asiatic acid bvhJ'I.J 

b~ v1~?1.fl11~i bfl~1~~~ b Vl:IJl~?l:w bb~1 1~Vl l'l?lv'Ufl11:W() n ~v'l"llv.:Ji5i bfl~1~~?11~~1 A ru 1 'U 
~ " 

Ul'Ufl 1'W'vh-ife:J"ll'€l'l fl11:W~:w~wh'li'lb~'U (Linearity) m1:w~n~B'l (accuracy) fll1:Wbb:W'UtJ1 

(precision) tl~mru~1~1'1~\91~1~'V'l'U (Limited of detection, LOD) tl~mru~1~1'1~?11:W1~() 
~1tJ'l1'UA1 b U'U~1 b6'\"ll 1~ (Limited of quantitation , LOQ) b ~'€ltl'U~'U·:hi5i bm1~~1 m~t:-J6'1fl1~ 
ibfl~1~~~~m1:w()n~e:J'l bbllt~t11 bb6'\~tJv:w1u1~ 

~ 

4.2.1 fl111l~:w~w5b~~ ba'\.J (Linearity) ~1nm~V11'161B'l Vl1fll1:W~:W~'UBbOV'lb~'U (Linearity) 

'Ue:J'l?I1~~1At1]1'Wu1un n~:w Triterpenoids ~'l?I1:W'UUI'11~bbn asiaticoside, madecassoside 

bb6'1~ asiatic acid 1t~'il1'lfll1:Wb.V:w.V'U 50 - 400 IJg/mL 'V'l'Ul1 r
2 

> 0.999 ~'l\il1~1'l~ 7 bb?ll'l'll1 

~'U~1~ mTW (AUC) ~1~~1n m~i bm1~~b U'U~I'lri1'U bl'ltJ\il~.:Jnum1:w b .V:w.V'U"lle:J'l?l1~ ~1n m1'1"l 

fll1:W~:W~'Ul5~1~ ~'l.fll'V'l~ 13, 14 bb6'1~ 15 ~'lfll1:Wb.V:w.V'U"lle:J'l?l1~'1i1'l 50 - 400 IJg/mL 1vtt:-J61 

m~Vll'l?le:J'U~ b U'Ub~'U\il~'l bb6'1~?11:1Jl~()i bfl~1~~tl~mru'UB'l?l1~1 'U'il1'l~'l n~11 1~vci1'l () n~e:J'l bb6'1~ 
~ 
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400 500 

4.2.2 A1111~fltXB.:~ (Accuracy) "111nfl1'jVl~H.'fel'\JW.l111~nil'B..:J (Accuracy) L~t.J15 standard 

addition 'V'l'\Jl1 %recovery "'JB..:J asiaticos ide, madecassoside bb~~ asiatic acid B~'lu'li1..:J 

80-110% til..:J\111'j1..:J~ 8 bb?I~..:Jl1A11:Wtlnil'B..:J"'JB..:Jl51bm1~vh'11'jn~:w Triterpenoids 1'U?\1'j?\fl~ 
" ' 

'Vlt.J1'\J1.JTUn 11?i'bbrl asiaticos ide, madecassoside bb~~ as iatic acid iJA11:Wtinil'B..:J?I ..:J b.UB..:J"'l1n 
" " 

iJfi11m~\f!tJ..:Jtl'UA1~bbVl"'l~..:J bb~~B~1'U'li1..:J % recovery ~CJB:w-ru11?1 
4.2.3 A11:Wbb~'Wfh (Precision) "111nfl1'jVl~?le:J'UA11:J.Jbb~'Uch (Precision) "1Je:J..:Jl5fl1'j 

lbm1~Vi 1'U?IJ111~b~CJ1tl'U L~CJ1-ti15b~t.Jln'U 1'UVlB..:JtJl),_j~fl1'jb~t.Jltl'U bA~B..:JiJB6JJ~b~CJltl'U bb~~~ 
d.J ' " 

lbfl'j1~Vifi'Wb~CJ1 tl'U ~..:JA11:W bb~'UcJ1Jl1CJ 1 'Ul'Ub~ CJltl'U ( lnt raday precision) bb~~A11l.Jbb~'UcJ1 
"' 

'j~'Vll1..:Jl'U (lnterday precision) 'V'l'\Jl1?\1'jVl..:J?I1:W6JJti~iJfi1 %RSD €J~'j~'Vll1..:J 0.1087 - 1.6460 
" bb?I~..:J1'U~1'j1..:J~ 9 bb~~ 10 bb?I~..:J11151bm1~ViiJA11:Wbb~'UcJ1 btiB..:J"'!1nfl1'jlbm1~ViJ1 'Vl mt.J 1 A#..:J 

iJm1:wAm~bA~B'W1~mn bb~~e:Jt.Jl'W b nru"Vl~CJB:w-ru11?i'f1e::~ %RSD iJfi1'l1BtJn'J1 2% 
" 

4.2.4 ~~·'ihn~"!JB.:Jn1-a~·n"il1~ (Limit of detection) "1!1nfl1'je.J~fl1'jVl~~B..:J 'V'l'\Jl1 

~~-o;hn~"'JB..:Jfl1'jm1"1ll~?l1'j~1rlqJ1'Wu1un n~:w Triterpenoids 'V'l'\Jl1A1A11m.Vl.l.V'W~1~~~ 
lbA'j1~'Vl11Pi'"'JB..:J asiaticoside 1.04 IJ~/ml madecassoside 1.33 IJ~/ml bb~~ asiatic acid 

0.41 IJ~/ml 

4.2.5 ~~ -o;l1n~"llB..:Jn1"a1bA"a1~Vitl~111ru (Lim it of quantification) "1!1nfl1'je.J~fl1'jVl~~B..:J 

~~ ·'ihn~"'.Je:J..:J m11 bA';n~VitJ~mru 'V'lu11fi1m1:w b .U:w<U''U~1?1~~6'11:J.J11 t~'Vl1tl~m ru 11?1 1 u m11 bm1~Vi 
' 

?\1'j~1rlnJ1'UU1'\Jnn~:w triterpenoids A€1 asiaticoside 3.47 IJ~/ml madecassoside 

4.44 IJ~/ml bb~~ asiatic acid 1.36 IJ~/ml 
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\91111\1~ 8 %recovery ~1nn11'Vl\9l6'1B'Ufl11~~nlii'B\I bWI~16 standard addition 

b'l..!6'1116'1tlWIVIm'UU1'Un 

~ 
%recovery 

asiaticoside madecassoside asiatic acid . 

94.35 93.53 74.40 

50 f.Jg/ml 95.32 99.84 75.04 

90.44 103.91 94.66 

Mean± SD 93.37 ± 2.59 81.36 ± 11.52 99.09 ± 5.23 

96.55 98.52 97.90 
200 f.Jg/ml 

98.50 101.63 104.86 

Mean ± SD 97.53 ± 1.38 101.38 ± 4.92 100.07 ± 2.20 

86.03 89.87 108.58 

400 f..Jg/ml 85.14 87.82 108.87 

88.96 90.97 112.94 

Mean± SD 86.71 ± 2.00 110.13±2.44 89.55 ± 1.60 

\91111\1~ 9 fl11:l.Jbb:W'I..!Eh 1'1..!1'1..!b~~1n'l..! (lntraday precision) "llB\In111bfl11~~m~1ru 
asiaticoside, madecassoside bb6'1~ asiatic acid ~fl11~boli~"li''W~1\16"j 

asiaticoside 

madecasso­

side 

asiatic acid 

Cone. 

(~g/mU 

49.99 

199.98 

399.96 

50.42 

201.67 

403.33 

50. 18 

200.70 

401.40 

174217 176985 173006 

842936 847576 865264 

Mean± SD 

174736 ± 2039 

851925 ± 11782 

% 

RSD 

1.17 

1.38 

1728288 1732382 1755988 1738886 ± 14951 0.86 

492872 502022 500236 498377 ± 4850 0.97 

2002865 2038864 2069869 2037199 ± 33533 1.65 

3839941 3832935 3891978 3854951 ± 32256 0.85 

515797 511977 501547 509774 ± 7376 1.45 

2252120 2275140 2314081 2280447 ± 31319 1.37 

4343407 4367555 4380591 4363851 ± 18866 0.43 



1\.ri/11 

.:::::i i/ i/ I 

asiaticoside madecassoside bb6'1:: asiatic acid 'Vlfl'd1:Ub"tt:U"tt'Wl?l1~ 6) 

Cone. 

(1-Jg/ml) 

49.99 

199.98 

399.96 

49.99 

199.98 

399.96 

49.99 

199.98 

399.96 

218281 

865906 

218328 

866529 

217060 

868563 

1717342 1730948 1746397 

190985 191276 190874 

847505 844877 846522 

1703101 1715814 1711817 

177991 177840 179445 

740990 747566 747279 

1465600 1476323 1474727 

Mean± SD 

217890 ± 718 

866999 ± 1389 

1731562 ± 14537 

191045 ± 207 

846301 ± 1327 

1710244 ± 6500 

178425 ± 886 

745278 ± 3716 

1472247 ± 5785 

39 

%RSD 

0.33 

0.16 

0.84 

0.11 

0.16 

0.38 

0.50 

0.50 

0.39 

~1nrn~1Lm1~~"v'JUl1~1~~n~V!tnU1.J-run 1 n:rd.J iJ~1~611f1~n~d.J triterpenoids 3 'UtJVJ 

1~Lbn asiaticoside, madecassoside Lb6'1~ asiatic acid 1V1CJ1tl~1~~nV1V!t.nU'\}:Jun 1 n:rd.J 

iJu~mru asiaticoside mn~~Vl ~e}-16'1\ld.Jifle:J madecassoside Lb6'1~ asiatic acid md.J1A'1#i'u #l\1 
' 

m"v'l~ 16 ~1f1\11tll~CJ'Ue:J\I ~~~w5 ~~'Vle:J\If16'1 (2010) 1~Prm~nu~mru asiaticoside 1t~u1un 
' 

3 ~~ t.J~tl 1~ bbrl ~~ tJ ~tlt!A~~~5~~m1'1J ~~ t.J~tl ~~tl e:J\1 Lb6'1~~~ tJ ~tl e:JU 6'1 ':i1'1J51'iJ "v'JUl1~1 t.J~'U 
' 

e:JU6'1~1'U5TU iJu~mru asiaticoside ~\I~~VJi:i\1 3.94% 'UeJ\Itl1V!'I1nLL~\I L~mu~CJULVlCJUnU~1CJ~tl 
' 'U ' 

t!A~~~5~~m1'U Lb6'1~~~CJ~tl~~tle:J\I (Srithongkul, 201 0) 

Asiat ic ac id 2 98 

Madecassostde 417 

A siaticos ide 34.37 

0 5 10 15 20 25 30 35 40 
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'U eJ n ~ 1 n-d'1 'U \11 'Ui ~ CJ'll e:J\1 Hashim (20 11) "v11 n1~ ~ mnt.J~m ~\H'l1 ~611 A ru 1 'U n ~ ~ 
v ' 

triterpenoids '1leJ\IU1'Ufl~~1bbV!Ll\11 'U l(;lmnLJ(?]'1eJ~1\11 'Utl~~bVl1"1mbm~CJ "v11m~e:J'U 1 iXbb iX'l bb~~'t11 
r,NUl'Uflbb~\1~1\ilm 18 n-r~ ?Jn(;ltillCJ 36% ethanol l~CJiTI reflux Vl(;l?le:J'UV!1tl~mru?11~611At1J1'U 
?11~?1n~\il .. ;wi15 HPLC 'V'l'Utl~mru madecassoside 3.10±4.58 mg/ml asiaticoside 1.97 ±2.65 

mg/ml bb~~ asiatic acid 0.55±0.89 mg/ml (Hashim et al., 2011) ~1'U\11'Ui~CJ'lle:J\l Zainol 

bb~~flru~ (2003) 1til~1CJ\11'Utl1:~.nru?l1"i611r1t1J 1 'UU1'U n ~1 nm"i bnLJ(?]'l e:1 ~1\11 'UY11\IYJI"111?i''lle:J\ltl"i~ b Yll"1 

mbm~CJ'V'l'Ul1 ?11~?1n~U1'Ufl~iltl~mru asiatic acid ~\ltl\1 3.4 mg/ml asiaticoside 2.6 

mg/ml bbfl~ madecassoside 5.3 mg/ml (Zainol et al., 2003) bb?l~\ll1bb'V!~'lb'V'l1~U~fl'lle:J\l 

u1LJ n B n~'li15n1~Vl~?le:JLJ bbfl ~16 n1~?1 n~~ bb\>1 nl'11\l n'U "v111 ~u1~ 1 ru'lle:J\1?11 ~611At1J~1till'11\l n'U 

e:Je:Jn1u 

~ ~ b ~'U 1til11 u~m ru asiaticoside 1 'U ?11 "i?l n~V! CJ1'UU1'U n ~1mb V!~\1 b 'V'l1~'\.Jfl nth'Ul'\1 m\1 
" ~1'UflU\l'V!11t.J B1b.lle:J11~'U'lh~1'U ~\l'V!l~e:J'Ufl~1'1ll51'i1 iltl~mru asiaticoside 6/t\lbU'U?11~611f1ru~il 

' ' v 

mn~?l~ ~(;lb U'U o. 9% '1le:J\ltl1VJ11mb ~\I ?11b VI \>1m~ b ~e:J\lm~1n~1'U'lle:J\l.W'll~111m?ln~l'11\ln'U 1~ tJ 
' ' 

fl1"i~mn 1 'Ufl~\1-d'~i ~ tJ Hi'Vl fl~l'U'lle:J\IDl'U n tJ m l'U"i1 n il m~~ mn11'\.J~~1ru?l1"i triterpenoids 1 'U 
" ' 

~1'UI'i1\ll '1leJ\IU1LJnilu1~1ru 1jJbvhn'U 'V'l'Ul1~l'U'lle:J\11 LJiJ'\.J~~1rum n~~il\1 82.6% b~m VJt.J'Un'U 

~l'U~'U 1 "ie:J\lfl\l~e:J r;hl?i''Ubbfl~"i1fl 6/t\l'V'l'U 15.9% bbfl~ 1.5% \>11:J.Jr;h•1'U (Kim et al., 2004) 

v v v v 

4.4.1 ~6'ln11EJUEJ'lb~e.Jbb'Uf1Vlb~f.l ~flfl1"itJ'UtJ'lb~mb'UflVlb~t.J'lJ'IJ~ 5. aureus bbfl~ E.cali til1t.J 

i5 agar diffusion method 'V'l'Ul1 bn~ clear zone bu'V'l1~t.l1 clindamycin fl11:J.Jb-iJ:J.J-iJ'U 

10 mg/m L 6/t'l b U'U?l1"ifll'Uf):J.J ~flVl1\l'Ul flb vhtT'U ?11"i?l n~V!t.J1'UU1'Ufl~111:J.J1Vl~?le:J'U~fl11:J.J b -iJ:w-iJ'U 

1'11\1 1 (?]1-vl1fl~fllt.J 95% ethanol bbfl~ sterile water 1jJ'V'l'U clear zone ~1'U~flfl1~tJ'U~\lb~eJ 
bb'UflVlb~t.J'1l'IJ~ P. acnes 'V'l'Ul1 ilbu'V'l1~t.l1 clindamycin fl11:J.Jb-iJ~-iJ'U 10 mg/ml bbfl~?11~?1n~ 

I i.J tJ I 

V!mLJ'l'T1LJflfl11:J.Jboir~-ir'U 300, soo bbfl~ 700 mg/mL vhn~ clear zone LJ'Uel1V!1~b~t.J\lb~e:JV1ilm~ 
iJ' I !U iJ 

m~~1m~e:J P.acnes (?]\l\>11"i1'lVl11 ~1fle-Jflfl1~tJ'UtJ'lb~mb'UflVlb~t.Jtillt.Ji5 agar diffusion method 
iJ' V I iJ 

'V'l'Ul1?11 ~?1 n~V!mLJu1LJ mn~ clear zone LJ'Uel1V!1~ b~CJ\1 b ~BV1il n1 ~ m~~ 1m ~mb LJ flV1 b~CJ'1l'IJ~ 

P. acnes b'VhtT'U i\i'\11\ilvh fl1~Vl(;l?l e:J'UV!1 A1 fl11~ b -iJ:w-iJ'U~1?1~'1J"iJ\l?l1~?1 n~V!CJ1'UU1'U fl~?11m~ 1:1 
' tJ'U~\lfl1'Jb~~t1Jb~'Ul\>1'1l"iJ\lbb'UflVlb~CJ1til' (Minimum Inhibitory Concentration, MIC) bbfl~Vl~?l"iJ'U 

V!1A1fl11:J.Jb-iJ:J.J-iJ'U~1~?1~~?11m'Jt:~'JJ1b~eJ1til' (Minimal Bactericidal Concentration, MBC) 
' 

bu'V'l1~bb'UflVlb~t.J'1l'IJ~ P. acnes bbfl~bU'U~thi1'\lbfl\>ll1 ?11'J?ln~V!CJ1'UU1'Uflfl11:J.Jb-iJ~.;J'U 700 

mg/ml iltl'J~~VlBm'V'l1'Ufl1'JtJ'U~\lfl1'Jb~~t1Jb~'Ul\>1'1leJ\lb~eJ P. acnes U'J~mru 50% 'lleJ\1 

clindamycin fl11~b-iJ~-iJ'U 10 mg/ml 6/t\lbU'U(?]1m'Ufl~e-JflVl1\l'U1fl 
' 
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~1~1-:J~ 11 clear zone ~'W'Ub'U~1mh.:J~b-if'V1~6HJ'U~':w15 agar diffusion method 

Clear zone (em) 

~1~~1-if'Vl~~e:l'U S. aureus E. coli P. acnes 

Clindamycin m1:w 2.6 ± 0. 1 2.8 ± 0.17 4.6 ± 0.06 

L.V:w.V'W 10 mg/ml 

95% ethanol - - -

Sterile water - - -

i.'l1';ii.'ln~u'Jl.Jn m1:w - - -

L.V:w.V'W 100 mg/ml 

i.'l1';ii.'ltl~UTUn m1:w - - 0.9 ± 0.1 7 

L.V:w.Vt~ 300 mg/ml 

i.'l1';ii.'ln~u'J'Un m1:w - - 1.33 ± 0.1 5 

L.V:w.Vt~ 500 mg/ml 

i.'l1';ii.'ltl~U'J'Un m1:w - - 2. 17 ±0.06 

L.V:w.Vt~ 700 mg/ml 

LL'U~Vib~t~1~ (Minimum Inhibitory Concentration, MIC) ~'JtJl5 two-fold serial di lution 

1~tJn1';iL~:we:nvn';iL~tl'IL~e:J'lltJ~ brain heart infusion agar (BHI) tJ~mm 1 ml f1'11t~~ f1 e:J~ 
Vl~f1B'l~'l 12 ~f1B~Vl~f1B'l1~i.'l1';ii.'ltl~~tl1'UU'J'Un~t11:W1Vlln1';iVl~i.'le:l'U MIC fll1:WL.V:w.Vt~ L~:W~i.! 
700 mg/ml LLf1::;'Ylln1';iL~B"il1'1 "111nfn1~H.V:w.Vt~L~:lJ~i.!e:Jth'l~m~m 1~i.'l1';ii.'ltl~~tJ1'UU'J'UnA'J1 :lJ 
L.V:w.Vt~ 350, 175, 87 .5, 43.75, 21.88, 10.94, 5.47, 2.73, 1.37, 0.68 LL(;l::; 0.34 mg/ml 

\?l1:lJ~1#\''U L~:lJL~e:l P. ocnes ~~1i.!n1';il.J'r'UfiJ1:W'lJt~'lle:l'IL~el~~elfllfn1:lJ~U1LL1Jt!'lle:l'IL~mVitJ'UL'Vh , 
0.5 McFarland u~m\?l';i 1 ml 1:1'11LJ1t~~f1e:l~Vl~f1e:l'l~'l 12 ~f1e:l~ ~i.'l:wh1\.V1ni.!LL~::;t111LJLJ:w 
mtJ1~i.'lm1::;HBBn'liL"'It~~mu~Jlil 37°C LUt~nm 72 -&11:w'l 61'!Ln\?lm1:w'llt~'lle:J'l~f1B~Vl~~B'l~'l , " , 

' ' 
12 ~f1e:J~ 'V<l'Ul1~f1B~Vl~f1B'IVi 1-6 Ae:J i.'l1';ii.'ln~~tl1'UU'J'UnVlA'J1:WL.V:w.Vt~ 700, 350, 175, 87.5, 

43.75, 21.88 mg/ml 1:!J~t~ LLi.'l~'l5'ln1';i1lJ'V<l'Un1';iL"il~tlJL~'Ub\?l'lle:J'l P. ocnes ~~Bi.'l1';ii.'ltl~~tJ1'U 

U'J'Un~'l 6 fn1:WL.V:w.Vt~i1~VlBtJ'U~·m1';iL"il~tlJL~'Ub\?l'llB'l P. ocnes ~'lfn1:WL.V:w.Vt~~1~~~i.'l1';ii.'ltl~ 
~tJ1'Ui.'l1:lJ1';ibltJ'U~'ln1';ib"il~tlJb~'Ub\?l'lle:J'IL~B P. ocnes 1~AB fn1:Wb.V:w.Vt~ 21.88 mg/mL bbf1::;b~Bn 
m1:w b .V:w.Vt~ 6 m1:w b .V:w.Vt~t111 UVl~i.'le:J'U~1rhA'J1:lJ b .V:w.Vt~~1~i.'l~~i.'l1m';ibl'i~J1 b ~B1~ (Minimal , 
Bactericidal Concentration, MBC) ~e:J1u B~1'lhn\?l1:W MIC 'lle:J'li.'l1';ii.'ltl~~tJ1'UU'J'Un\?l1:W 

';i1tJ'l1i.!'lle:J'l Chomnawang Lbf1::;fHu::; (2005) ilrh 5 mg/ml (Chomnawang et al., 2005) 

e:ll\lbUi.!L'\'<l';i1d1LL~~'l~:W1'llB'IU'J'Un 'li'J'IL'Jm~bn'Ub~tJJ bb~::;151t~n1';ii.'ltl~ bUi.!i.'llb~\?lbVlrh MIC , 
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4.4.3 V'11fl11~b"li'~"li''W~1~~~~~1~1'Hl~1b~B1191 (Minimal Bactericidal • 
Concentration, MBC) b~eJflV!~eJ\PJVl\Pl~eJ'lVl~?l1~?ln~PJV!tJ1'\JU'J't.Jflfll1~boiJ~.;J'W 700, 350, 175, 

87.5, 43 .75, 21.88 mg/ml ~1 spread ~'l'U'WeJ1V!11b~tJ'lb~eJ'U'O~ brain heart infusion agar 
iJ' il I I 

(BHI) ~'Ul1 'il1'UeJ1V!1~b~tJ'lb~eJV1 spread V!~eJ~Vl~~eJ'lVl~611~61fl~V!tJ1'\JUl'Uflfll1~boiJ~.;J'U 700 
I I I I t.J 

mg/ml bfl\Pl single colony 2 ~~ ~'lm~V117 61i'l~eJl1bU'U~1Al1~boiJ~oiJ'U~1~~Vl?l1m~b1~1b~eJ 

1tii' b~eJ'l'il1fl~1 MBC ?l1m~mn~bU'U colony H1h.hn'U 5 colony (Chanluang et al., 2010; ~m 
1.1 'il I I 

-r~?ru -.D''UV11 b V!~eJ'l , 2552) bb~~'il1'U eJ1V!1~ b~ tJ'l b ~eJVl spread VI~ eJ\PJVl\Pl~ eJ'lVl~?l1~61 fl~V!tJ1'\JUl'U fl 

AJ1~boiJ~oiJ'U 350, 175, 87.5, 43.75, 21.88 mg/ml ~'U colony ~1flfll1 300 ~\Pl bb?l~'ll1 MBC 
" 'il1flfl1~Vl~~eJ'l'i1~~1 700 mg/ml bb~~'il1flfl1~~1tJ'l1'U'lleJ'l Chomnawang bb~~Aru~ (2005) 

~'Ul1~1 MBC 'lJeJ'l611~61fl~Ul'Ufl ~~1~1flfll1 5 mg/ml (Chomnawang et al. , 2005) 

Jl1'W~ 17 f'11fl11~b"li'~"li''W~1~~\Pl~~1~1'Hl~1b~B1191 (Minimal Bactericidal Concentration, 

MBC) "'il1flfl11 spread ~11~tl\Pl'VItJ1'UU1'Unfi11:1.JboU~oU'W 700, 350, 175, 87.5, 

43.75 bb6l:::: 21.88 mg/ml 1?11~6h~'U'VI~1tlb6l'll 1-6 
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4.5 fl'Vl i~1'UB B nSB b~-il'U'Il B.:!~ 1';i&H1~'VlCJ1'UU'J'U m:n mb 'Vlci.:~ b w1::t.l ~ n U1'U1.:~ ~1.:~ !?\' 1'U6l~.:!'Vl'J1 e1 
0 Q 0 Q,f Q,, q 

€11 bJlll d 1';i'U'!l1';i1'U \) .:!'Vl'J ~ ll'U6l ';i1'!J51'U 
' 

t)Vlilii'1tJm:m•11b~i'U'Ile:J.:J611~61n~u1'Un Vl~61e:JtJ 4 15 e.JG'lfl1~Vl~G'le:J.:Jbb~~-:~~.:~~1~1.:~~ 12 611t.l1~ 
"' 

~.:~u 

4 . 5 . 1 n 'Vl in 1 ';i lii'1 'U B 'U 11 6l B ~ ';i :: bb 6l :: ~ 1 ';i t.l ';i :: n B tJ VJ 'U B ~ n ';i 1 11 (total phenolic 
" I ' " 

compounds) 1~t.J1-ll' Gallic acid fl1111b-ll'11-ll''U 250 fjg/ml btl'U611~111m~1'U ~u11611~61n~ 

Vlt.JltJUltJfl 1 n-r11~611~t.l~:::ne:JtJYJ'Ue:J~m111 20.52 ± 0.57 iJG'l~n-r11611111G'l'Ue:J'l Gallic acid 
" 

4.5.2 'Vl~~BtJn1';i~'UntJB'U1161B~';i :: ~.W ·rhB'Il (DPPH radical scavenging method) 
' 'U 

1~t.J1-lJ1~1iJ'UB (trolox) fl11:1..1b.rr11.rr'U 125 fjg/ml btl'U611~:1..11~~~1'U ~tJl1611~61tl~'Vlt.J1tJUltJfl 

1 n-r11 bYit.JtJbvh1~ntJ trolox 42.14 ± 1.53 mg 
d 

4.5.3 n'VJ51ii'1'UB'U1161B~';i::16 2,2 '-azinobis (3-ethylbenzothiazoline-6-sulfonic 
" I ' " 

acid) diammonium salt (ABTS method) 1~t.J1-ll'1m:i'h.J61l fl1111b.rr11.rr'U 125 fjg/ml ~tJl1 

611~61n~'Vlm'UultJn 1 n-r11 bYit.JtJbvh 1~ntJi~1iJ'U611 12.81 ± o. 91 mg 

4.5.4 fll11 11 ~1 111';it1b'Un1';i~~1 6il b'V'JB~ n1~btl'Ub'V'l B -r~ (FRAP) 1~t.J1-ll' ferrous sulfate 

fll1111b.rr11.rr'U 5 mM btl'U611~G'l:::mt.Jm~~~1'U ~tJl1611~61n~UltJfl 1 n-r11 bYit.JtJbvh1~ntJ ferrous 
"' 

sulfate 0.65 ± 0.04 mole 

d 

m':it.l':i::nB'UVl'UB~n1111 extractable phenolic content (EPC) bb6l ::q'Vl5 

~1'UBBn6B b~-iJ'U'IlB-:!~1';i~ n~'Vl~1tJU1tJ n 'Vl ~~BtJ1~e~16 DPPH, ABTS bb6l :: FRAP 

(n=3) 

EPC 

(mg GAE/g) 
DPPH ABTS FRAP 

(mg TEAC/g) (mg vit c/ g) (Mole ferrous 

sulfate/g) 

611~61tl~Vlt.J1LJ 20.52 ± 0.57 42.14 ± 1.53 12.81 ± 0.91 0.65 ± 0.04 
ov 

tJltJfl 

< 

fl1 ~'Vl~~e:ltJt)'Vl51ii'1'U Btl fl~b~otl'U'U e:J'l611~61 tl~Vlt.J1tJUltJ fl'il1 flU1'Ul'l t.J1'l 1?11 tJG'l~'lVl11 tJ ell b.fl e:l 

11~'U'tfl~1tJ ~'lVll~f:)tJG'l';i1'U51U btl'Ufl1';i'Vl~61e:ltJt)'VlibifB'llii''U (screening test) ~'l EPC btl'Ufl1';i 

'Vl ~ 61 BtJVl1tl~:w 1 ru 611 ~~'U e:1 ~ n ~~ r111:1..1 611111 ~r11 'U n1 ';i b tl'U 611 ';ilii'1'U e:1 e:1 n~ b~otl'U 'UB'l611 ';i61 n ~Vl t.J 1tJ 

u1tJn v\'1VJu1~ n~~~B'U11G1B61';i::: 1~t.Jm';i1 ~e:J:::~e:111 101~';ib'il'Ubbn eJ'U1161B61~~ v\'11 ~B'U:WG1B61~~bn~ 
~~ q~ q~ 

fl11:Wb61~t.J';i ~l'Ufl1';i'Vl~61eJtJf1'Vlilii'1'Ue:J'U:I..IG1B61';i::: 1~t.Ji5 DPPH bbG'l~ ABTS btl'Ufl1~'Vl~61e:JtJ 
"I ' " 

fl11:1..16111!1~fl'Utl'l611~61n~Vlt.J1tJUltJfl1~t.JnG11n fl11~~LJB1i~G1B61~::: (radical scavenging activity) 

bbG'l::: FRAP b tl'U fl1';iVl ~ 61 e:JtJt)'Vlie:J1i~G1 B61 ';i~ 1~ tJ nG11n fl1';ifl11 ~~tJ 161Vl :::Vl11 n (metal chelating 

activity) €l1 1'1 t.J tl {j n~t.J 1 ~~ u n'll1 'U 6'11 'H'I n~Vl t.J 1'UU l'U n t.l -a gj n u'U J\'1 t.J 6'l1 "aVl ~ 1 t.J n ~:w 1Jl bbn 
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pentacyclic triterpenes (asiatic acid, asiaticoside madecassic acid bbfl~ madecassoside) 

~~b'Utm~fiu~~flB'UVI~n ~VI~ phenolic hydroxyl sroups lw1m~?1~l~bth.r'iJTW1'U:Wlfl ?1l:wl~tl 
~ v 

ndl(9)~'lJB'U:WflB?1~~bbf1~1flVI~VI1!n1Jl (Cao et al., 1997; Subhasree et al., 2009) 'UBm:nn.WtJ'~~ 
'~ 

?1l~n~:w saponins bbfl~ tannins ~~~~'Vli(9)l'UBBfl~b(9)oV'U1Ji' (Oyedeji and Afolayan, 2005) Bl1il 

fl~l'd 1Ji'll~B~rlU~~ flB'U'Vll~ bAi'iVImtJ fl~:W~~ ~'Vli(9)l'UB Bfl~ b(9)oV'U 1 'U ?111?1fl(9)VICJl'UtJd'U fl b(9) CJ~ 
nf11n nT~ndl(9)~'lJB'4d;JflB?11~ bbfl~ Lf1VI~VI11 m U'Unf11nVI~n 1 'Ufll1~fl'VlB~l'U BB n~b(9)oV'U 

\?ll:!JdltJ~l'U'lJB~ Hashim bbfl~Aru~ (2005) 1Ji'Pim~lfl'VlB~l'UBBn~b(9)oV'U'lJB~?111?1n(9)U1un1(9)tJ 
15 DPPH bU~CJ'Ub~tJunu11?1ljj'US/l ?111?1fl(9)1illfl'1Jlb~CJ1 bbf1~?111?1n(9)b:IJ~(9)'€J~'U 'l"l'Ull?111?1n(9)U1Un 

' 
fldl:WboU:WoV'U 1 ms/ml ~A1l:W?1l:wl~t1~'UB'4d;JflB?11dJi'i:i~ 83% 1B~1illfl?111?1n(9)1illfl'1J1b~tJ1 bbfl~ 

~ I I $' I 
..:::.. .:.':>. d I <1..1 d I d .o::;:,.!U d d Q..l <V ..::::::,1 ..:::,.i./ ..:::0. V .:S 

1\?11:W'U'll ?11'U?111?1fl(9) b:Wf1(9) B~'U:Wfl'Vl5'UB tJ'Vl~(9) fll1'Vl?111?1 fl(9)'U1'U fl:Wfl'Vl5\?11'Ue:Je:J fl'll b(9)'1J'U b 'U'€!~1ill fl 

1 'U~?11~n~:w triterpenoids 1Jl bbn asiaticoside, madecassoside bbfl~ asiatic acid 

(Nuttall et al., 1998; Zainol et al., 2003; Pittella et al., 2009) b(9)tJ?11~~i'if1VIB~l'U 
BBfl~b(9)oV'U:IJlfl~?1(9)~'€J asiaticoside ~~b U'UB~rlU1~nBu~i'i:w1n~?1(9) 1 'U?11~?1n(9)U1'Ufl bbfl~fll1 1-v 

' ' 
ethanol b tlw~11vl1fl~m tJ?1fl(9)1iJ~ 11Xfl'VlB~1'UBBfl~b(9)oV'U:IJl n n-J1 m11.UJ1 b U'UI'i'1vl1fl~m tJ?1fl(9) 

~~?1'€1 (9) A i1 '€!~ nu ~1'U1 ~ tJ~ ~1'U:W 1 bbfl ~'l"J'Ul1?11 1?1 fl(9)1iJ1 n611'U 1 'U bbfl ~ 11 n~ fl'VlB~1'U '€! '€! n~ b(9)oV'U 

mnn-J1611'Un1'U1u (petiole) (Hamid et al., 2002) 

o.l OQ.I tf Oo.l tf 21 .ct Q./ QJ 

4.6 mw~ (9)J'Ul \?111"U :w16'1 n b u 6'1 b b6'1 ~ \?111"U~16'1 nVI'U1 bb uu 6'1£1 n e:J e:J n'Vl c.J 6'1 :w m 16'1 n\?1 VI CJ1'U'U 1u n 

4.6.1 fll1~(9)J 'U1 ~1-ru:w16'im U6'1 fll1'Vl(9)fl'€J~.n1 mAb\?1'll1'Ub U'U?111n B~~:w ~~ 1Ab\?1'll1'Ub U'U 

1AvW~b:WB1'lJB~ N-acetyl-d-slucosamine (Glc-NAc) bbfl~ D-slucosamine (GleN) ~~bn(9)1il1n 
m~U1'Ufl11 deacetylation 1'U?1.fl11~~bU'U~1~ 'lJB~1A&i'U Ji''dtJ~ru?1:wu&i'lJB~1A11?1'1!1'U ~~bU'U~1~ 
riB'U bbfl~ii~1 pKa 'lJB~VI~ D-slucosamine u1~:w1ru 6.2-7.0 vl11VIlAL\?1'll1'U1~fl~mtJ1!iTI'U 

?111fl~mtJ~~~1m1:wbtl'Um(9)~1~ (pH) ~btl'Unm~VI~B~1~ bb~fl~mtJ1Ji'~'U?111fl~mtJ~~ pH bU'U 

fld(9) t'i'~,!'U ~ 1 b\?1 ~ tJ:W b tl'U~~ 1?1i1 ru"Vi~1<ff?llVI-ru 1 U'\!1th 1~ A 11 1.U 1'11v11 fl~m CJ~ b iJ 'U fld(9)VI~B1<ff 1'11v11 

fl~f11CJB'UVI~~ b ~e:J:W1fl::;mtJ 1AL\?1'll1'U b 'l"l~1::;v111'!Xbn(9)fll~~::;mm~B~ 1Ji' ~~~~1'U1~ CJ~1-v?111~'U 
'1i1CJfl::;mtJ 1AL\?1'll1'U 1'11B~1~b'li'U Hydroxybenzotriazole (HOBt) '111m ~:Wfll~fl::;mtJ 1AL\?1'lJl'U 1 'U 

J1 b~B1m"Wm1i1'~bA11::;"t-huu1'Vltil (Fanskanswanwons et al., 2006) Vl~mX[(9)J'U11::;um1161~m 
'lJB~ nucleic acid (Opanasopit et al., 2010) b~m1il1flbn(9)bfl~m::;w)1~VI~ carboxyl 'lJm HOBt 

bb f1 ~VI~ amine 'lJ B-:1 1 A1 \?1 'lJ 1 'U vll1'1X1 AL \?1 'lJ 1 'U ?11 :w 1 ~ 1:1 f1::; f11 tJ 1 J\'1 'U J 1 1 'U-:~ 1 'U 1 ~ tJ -d' 
~ 

1-v Ethylenediaminetetraacetic acid (EDTA) ~-:JbU'U?11~flbfl\?1 (chelatins asent) ?1l:wl1t:1~Unu 
Lf1VI::;VI1!n 1Ji' b(9)tJVI~ carboxyl 'lJB-:1 EDTA bn(9)?111U~~nBUb ~~sil'B'Un'UVI~ amine 'lJB~1AL\?1'lJ1'U ~~ 

~ ~ 

fl1 11 mAL\?1'lJ1'U ~'d:W nu EDTA b U'U ~D CJ:W '€! ~ 1~ bb 'l"J ~VI (11 tJ 1 'U ~ 1 'U1 ~ tJ Ji'1'U n 1 1'l1161 ~ 8'U bb U'U 

'U1L 'U'l"l11vibAfl (Loretz and Bernkop-Schnurch, 2006) bbfl::;b(?l~CJ:Wb U'Ubb~'U~~:Wb ~B'l1161~m~1'U 
'Vll~ m::;~~ bbn:w b ~'€!~1il1 n EDTA bU'U?11~'1i1CJ'Vl1~b.f1i1''1Jm1:W ~~~A11:WUfl '€)(9)JltJ!;'l1:1Jl1t:1 H1 'Ufll~ 

' 
b\?1~CJ:wm~1 W(9) tJ m~-ruu~::;m'U bbf1~~(9) b(9)CJvl1VIU1~ b U'U?111vl11'1Xb U'U m(9) (acidifyins a sent) 

(Cui et al.. 2009) ?11~U~~fl€l'\Jb~~siJ'Bm::;vd1~1AL\?1'lJ1'Ubb~~ EDTA bb?i(9)..:Jt'i'..:Jm'\AJ~ 18 



011 

-o~o 
HO~O­

'H 
'c=o 

I 
Clh 

/ -
( 

'CI I:?_COOII 
N_,..CH2 OOH 

"cii:!COOH 

.fl1'W~ 18 611':i'lh~mru b ~'lie.J'U':i~Vl'·h.:~ 1flblil6111'Ubb6'1 ~ EDT A 

~~1: Varma et al. (2004) 

45 

fll';i~\ilJtn~>h1umG1mu?liJm';iH'1A119l"ll1'Ubtl'U?I1';irle:JW~~Vl~n f111~b.V~.V'U 2%w/w bdm~~ 
u~~1ru 1Ab\9l"ll1'UVh 1 ~fll';i£;1~6ntJ'IJe:J-1 1Ab\9l"ll1'U hJmJ'U';inJbb£;1~~11-if EDTA ?l~bfl'U 1 U"il~Vh 1 ~ pH 'IJe:J~ 

~ ~ 

?11';ir;l~£;11tlbtl'Umlil ~~e:JT'ilrle:J 1 ~bfllilfll';i';i~f11mfie:J~ 1til ~~J'U 1 'U~1'Ui~t~-d~~ 1-if EOTA f111~boV~.if'U 
1 o/ow/w 'li1m~~fl1';i£;1~6ntJ'IJe:J~ 1Ab\9l"ll1'Ubbr;l~ 11il'?l1';ir;l~£;11tJ'IJe:J~ 1Ab\9l"ll1'U~lJ pH U';i~mru 5 ~~llrh 
1mi\fit~~nu pH 'IJe:J~~lVl111 e:J~1~bnl911~fl1';j1mfl119l"ll1'Ubtl'U?I1';ine:JW~~b~tJ~'IJulilb~m vh1mvl' 

?l1';i(;l~(;lltJ~ilf111~Vl'ulil~1bb(;l~ 11il'bb~'Uw~~~'U1-1 bb(;l~Qfl'IJ11il~1tl ~~llm';i1 mf1119l"ll1'U~1~nu PvA 

b ~e:Ju1uu';i ~f1ru?t~u~lil1'U f111~Vl'tilil'IJe:J~ 1'111u bb£;1 ~flru?t~u~ b ~~ fl(;l'IJe:J-1 bb~'UW~~ 1 ~~~'U (Srinivasa 
' ' ' 

et al., 2003; Costa-Junior et al., 2009; Fan et al., 2016; Jiang et al., 2016) 

1 'U~m~>h1ull glycerin btl'U~m?t~1"1lb"lle:J1b~e:Jvh 1 ~w~~lJf111~~1ilVl~'U hhb\9lfl~fl~1tJ ~~fll';i 
Vllil£;le:J~bde:J~I'l'U11ilu1ubu~tJ'U'IJUiilbbr;l~U~mru'IJe:J~~m?l~1"1lb"lle:J1 b-d'U propylene glycol ~'lrhvh 
1 ~1'111u'll'U bb£;1~ 1-ir';i~ tJ~ b 1 r;111 'Ufl1';i bb ~.:J'IJe:J~yj~~'U1'U~'U b ~e:J~"il 1 n A ru?t~U~Iillil f111~~'U 1vl'~'1Je:J~ 

' ' ~ 
propylene glycol (Rowe et al., 2009) bbr;l~Utl~H glycerin btl'U~m?t~1"1lb"lle:J11'U~1'Ui~tJ~ 
~1'U11 1 1, 'li'U ..:J1'U1 ~ t.1~~ \ilJ'U 1 e.J ~"' ll ru.YJ11 1~ n'V!,J 11,1, u'U fl eJ n eJ eJ n~1.ifJ 1 t.1 1..:J~1';i1'1Ju lil n 1~ 1711 tJ ';i ~ 'U 

(Pichayakorn et al., 2013) 

blil t~vi'11 u ~ ~\9lll ru.YJ~1G1 nVl111 bb 'U'U£;1 e:J n e:Je:J n iJ ';i~ tJ~ b 1m m ';i bb ~~'IJ e:J~ bb~'Uyj~~ b tl'UU"il~ tJVl6'1 n 

e:J~1~Vl~~~fld';i'W"il1';itu11 'Ufll';ib~e:Jn1.if blil tJ hJm';i 1-ir~~\9lilru'Vi~ bb ~~.if1 "il'Ubfl'U 1 u b ~e:J~~nnlJ~£;1\9le:J 
f111~1'~nl'ie:J~u~1.nf1 ~wh fll';i"Vllilr;le:J~ b de:J~I'l'U blil t~u1u';i~~'Uf111~ b .V~.V'U'IJe:J-1 bbe:J£;1 nmm~~~ b tl'U?I1';i 

~ ~ 

b ~ ~ n1 ';i v111 ~ bb ~ ~ 1 'U 1'111 u ~ 1 G1 n Vl111 b ~ e:1 ~ "iJ 1 n bb e:1 r;1 n e:1 eJ e:1 ~ ~, tJ 'U ?11 ';i ~ ';i ~ ~, Vl t~ 11il ~ 1 t~ ~,~, r;1 ~ 1-ir e:1 ~ 1 ~ 
bb~~VlmtJ1'UI'111umG1nVl111 (Beringhs et al., 2013) bliltJVllil?le:J'U~f111~boV~oV'U 0, 8, 10 bb61~ 
15% \911~\911';i1.:J~ 13 b~e:JVl1U~mrubbe:J6lfle:Jtl'e:J~~bVl~1~?1~ ~v111~';j~tJ~nmm';ibb~~'IJe:J~bb~'Uyj~~ 
11 e:J tJ~ ?!Iii ~61 fl1';i"Vllil61 e:J~~u11 ?I \9l';i~ 1 b tl'U~>h1u~1:Jll fl1';j b ~~ bbe:J61 n e:J tl'e:J~"il ~ll 6'1 m~ru~ b tl'U b "il611?1 ' ~ 

lJ';j~tJ~nm1'Ufll';ibb~~'IJe:J~bb~'Uyj~~'U1'U~?IIil (90 'U1Vi) bdm~~u~mrubbe:J(;lfle:JeJ'e:J~~ 10 o/ow/w 
' 

bb61~ 15 o/ow/w ';j~tJ~b1m1'Um';ibb~~'IJe:J~bb~'Uyj~~"il~6llil(;l~ (SO 'U1Vl) e:J~1~bnl911~bdm~~u~~1ru 
bbe:J6lfle:Jtl'e:J~~1nn11 10 o/ow/w "il~v111~1'111umG1nV~ihbb'U'U6le:Jfle:Je:Jmnlilm1~'ll'U b~e:J.:J"il1fl PVA 

' 
bfllilf111~1:WboV1tl'Utl'Ubbe:J6lfle:Jtl'e:J~ (Rowe et al., 2009) ~~J'U~~b~e:JflU~~1tubbe:J6lfle:Jtl'e:J~ 
10 %w/w 1'Ufl1';i"Vllil6lm~e:JhJ 
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l'\111~~ 13 6ll'l1~1-rua.~161m U61 b~B~~'W ~b otl'V11U~a.J1WbbB6HlBelB~~ b 'VIa.J1::6la.J~B1::f.J::bd5l1b '\..! 
" 
n11bb~~"IJB~bb~'WVJ~a.J 

B~~tJ-a::nBU ~l'\1~ (%w/w) 

1 2 3 4 

Chit osan 2 2 2 2 

EDTA 1 1 1 1 

PVA 1 1 1 1 

Ethanol 0 8 10 15 

Glycerin 45% 'U€J'l?!1'.ine:JYJ~jj ' ...... " 
Drying time ('tnVi) 90 60 50 50 

4.6.2 n11~~'W1~1-rua.~161nbU6lboULU1bbn'.ia.JBBnbbU'Un11'Vll'l5lB ~ l'IB'U6l'WB~~'W ~1 Design­

Expert® version 10 ~€Jjj1~fl1'.i~mm.J"'U€J'lU~jj1ru PVA bbm~ poly(methyl vinyl ether-co­

maleic anhydride) Vi~€1 PVMMA ~'lbU'U?!1'.i'li'WlJ~uLJ~'lfl1'.i~~~~~1ViU'l'U€J'lbb~'UYJ~jj b~€1 
LJ~ulJ'.i'lAru?!m'J~'Ue:J'l~1~um~mu?!1~~~'U 1~tJ'l11u:u~tJB?!'.i~ (\911bbD'.i~'U) Ae:J LJ~mru'Ue:J'l PVA 

9 9 

bb"~ PVMMA jjl'Vi1?!il11~~b Vijj1~?!jj 1 'Ufl1'.ibl'l~tJjj\ih~'Ujj1~nb 'U?! b~tJ e.m~~B'lfl1'.i~mn (\911 bb D'.i 

mjj) 1vi'bbn pH '.i~tJ~b1m1t~m'.i b:~'l'Ue:J'l bb~~YJ~jj A11jj'Vit1~'UB'l~\il'.i~1~u m1jjVJ'U bb'.i'l~'l. 

(tensile strength) ~€JtJ"~fl1'.i~~'Ue:J'l~'UVl~?!€J'UVl~~'U1~ (percent elongation at break) bb'.i'lVl 

H1t~m'.i"e:JnBBn'U€J'lbb~'UYJ~jj (peeling force) vl1tJl6\ile:J'U?!'UB'l~'U~1 (Response Surface 

Methodology; RSM) b~tJ Hl1 D'.ibbn'.ijj Design-Expert® version 10 -ire:J~'U€J'll6\ile:J'U?!'U€J'l~'U~1 
Ae:J ?11m '.ib1~ m~n\911 bb D'.i'Vim tJ 1 u:u~ tJ 1 lJV1~€lWl'U 1vi' Vl'.i1U t:.J"m~Vlu~ 6n~:u1 n\911 bb lJ'.i~~ mn 

' " 
·hwl''U bb"~"~'.i~tJ~b1"1fl1'.i~mmntJ1tl'\Jfl1'.i\9l'l~l~'\J (Duangjit et al., 2012; Beringhs et al., 

2013) 

u:u~tJ\911bbD'.i~'U Ae:J LJ~mru'Ue:J'l PVA (A) B~'.i~Vi'J1'l 0-2 o/ow/w bb"~LJ~jj1ru'Ue:J'l 
9J 

PVMMA (B) €J~'.i~Vi'J1'l 0.01-0.05 o/ow/w ~'l\>ll'.i1'l~ 14 rh\911bbD'.i~'Ub'Vi~TQ1vi':u1nfl1'.iVl~?!B'U 
9J 

" " ' 
bUB'l~'U ~1'Ut:.J"m'.i\ilBU?!'UB'l~'l'Vijj~ bb?l~'l~'l\il1'.i1'lV1 15 

Factor 

PVA 

PVMMA 

Sample 

A 

B 

-1 

0 

0.01 

Level 

0 

1 

0.03 

1 

2 

0.05 



No Repeat 

1 1 

2 

3 

2 1 

2 

3 

3 1 

2 

3 
; 

4 1 

: 2 

3 

5 1 

2 

3 

6 1 

2 

3 

7 1 

2 

3 

8 1 

2 

3 
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"' . 
~\911~h-ru f1111~'Vl'Wbb 1~~~ (tensile strength) ~eH:J6'l::n11~\9l"!.IB~~'W'Vl\916UI'UVi~\91 

"!.11\91 (percent elongation at break) bb6'l::bb1~~1"lil'Wn116'1BnBBn"!.IB~bb~'W~~~ 
(peeling force) "!.IB~~\911~h-ru~1&1nVl'!!1bb'U'U6'1BnBBn 

PVA PVMMA pH DT Viscosity Tensile %EL Peeling force 

(%w/w) (%w/w) ('1.J1Vi) (cP) 
2 

(N/mm) 
2 

(N/mm) 

0 0.01 5.02 20 564.1 9.67 154.84 0.02 

0 0.01 5.1 20 531.2 9.65 159.23 0.02 

0 0.01 5.09 20 547.8 9.58 145.46 0.02 

0 0.03 4.8 20 475.8 5.15 166.15 0.01 

0 0.03 4.92 20 405.1 5.63 166.73 0.01 

0 0.03 5.11 20 411.7 5.44 150.38 0.01 

0 0.05 5.02 20 619.2 5.98 151.82 0.01 

0 0.05 5.1 20 627.4 5.82 166.76 0.01 

0 0.05 5.17 20 612.1 5.45 147.40 0.01 

1 0.01 5.38 22 348.9 6.21 163.61 0.01 

1 0.01 5.34 22 304.6 6.81 150.67 0.01 

1 0.01 5.41 22 321.3 6.95 155.91 0.01 

1 0.03 5.27 20 1036 4.52 166.74 0.01 

1 0.03 5.35 20 1075 4.74 158.69 0.01 

1 0.03 5.25 20 1057 4.46 166.75 0.01 

1 0.05 5.13 21 837.6 2.49 166.51 0.01 

1 0.05 5.07 21 703 3.02 166.74 0.01 

1 0.05 5.16 21 993.9 2.77 166.71 0.01 

2 0.01 5.22 22 588.1 2.88 166.74 0.00 

2 0.01 5.24 22 622.9 3.02 166.71 0.00 

2 0.01 5.21 22 636.5 2.89 166.72 0.00 

2 0.03 5.18 22 708.3 2.66 166.73 0.00 

2 0.03 5.12 22 695.3 2.76 166.72 0.00 

2 0.03 5.16 22 713.7 3.13 166.71 0.00 
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191111~~ 15 e-!6'1n11!91B'U6'1tm~~hu pH 1::~::b16'11b'Un11bb~~"llB~bb~'UYJ~:u r111:U'VIU\91"llB~ 
6'1!9111Ph!u r111:U'Vl'Ubb1~~~ (tensile strenoth) ~B~6'1::n11~\91"llti~~'U'Vl\916'1B'U~'il\91 
'IJ ;:, • 

"ll1\91 (percent elongation at break) bb6'1::bb1~~1-tll'Un116'1BnBBn"llB~bb~'UYJ~:u 
(peeling force) "lJB~~\911~1-ru:u16'inwu1bb'U'U6'1BnBBn (~B) 

PVA PVMMA pH DT Viscosity Tensile %EL Peeling force 
No Repeat 

(tnVi) 
2 2 

(%w/w) (%w/w) (cP) (N/ mm) (N/mm) 

9 1 2 0.05 5. 17 20 720.3 2.88 166.70 0.00 

2 2 0.05 5.14 20 759.3 2.74 166.72 0.00 

3 2 0.05 5.16 20 749.4 2.76 166.74 0.00 

10 1 1 0.03 5.25 20 861.2 3.44 158.65 0.00 

2 1 0.03 5.3 20 910.4 2.94 141.80 0.00 

3 1 0.03 5.27 20 940.4 2.72 107.58 0.00 

'VI:U1m'VIIPJ: DT (Drying time) AB ':i~t.J~6lr;n1wnH6Vl-:J"lJB-:J66~'U~M:w iJVJ1.hmtJ'U 'U1Vl 

Viscosity AB fll1:WVl.W171 iJVl'thmtl'U centipoise (cP) 
d 4 ..:::,1 I ~I 2 

Tensile strengt h flB fllllJ'Vl'U 66 ':i-:1171-:1 lJVl'Ult.Jb u'U N/mm 
"' ' 

%EL (percent elongation at break) AB ~Bt.J6'l~fll':i~l7l"llB-:J~'U'Vll7l?IB'U Vl ~Vl"llll7l 

Peeling force AB b6':i-:~Yhm'Ufll':i6'1BnBBn"lJB-:J6b~'U~~:w :Wwthmtl'U N/mm
2 

-;;nn\911':il-:l~ 1 51f11!91"1ll'U6flV1?11':i'lb~nB'U6~-:IsVB'Ufl'U EDTA 1'U~Vl~l'U 2:1 b66'l~iJ 
PVA 6tl'U?Il':irlB~~J..J~llJ~lm~B-:J-;;J1n PVA €Jl-;;J'lllt.Jb~lJfllllJbb~-:Jbb':i-:J"ll€J-:J~~J..J1~ bde:J~-;;Jl':itul-;;Jln 
rh tensile strength 666'1~ %elongation at break 'V'f\Jl16dm~mgmru PVA vh1Vi tens ile 

strength 6'1V16'1-:J 666'1~ %elongation at break hhnV1fll':i6D~t.J'U66D6'1-:J ~-:~de:Jl-;;JiJ?Il6Vl\916~€J-:J-;;Jln 
' 

PVA 1'U61Vlfll':ibfl1716tl'Ut:-.J~n (crystallinity) 'lJB-:J1f11~"1ll'U (Miya et al., 1983; Blair et al., 1987) 

vh1Vi tens ile strength 'lJB-:J~~lJ6'1V16'1-:J ~-:J?IBI7lfliKB-:~nml'Ul~t.J'lJB-:J Srinivaa 666'l~flru~ (2003) ~-:~ 
vh fll':i'VlVl?IB'\Jflru?l:wu&i b ~-:~nm~Vlll-:J~~:w~t:-.J?IJ..J 1f11~"1ll'Ub661~ PVA 1 'UeJ~':il~l'U 100:0, 60:40 

' 
666'1~ 0-100 V"l'UlliJrh tensile strengthvvhnu 55.56, 31.95 666'1~ 25.64 Mpa mJ..J;;1ll9l'u 66~iJrh 

' "' 
%elongation at break b~J..Jmn~'UbVhnu 8, 28.9 666'1~ 105.47 ~lJ..J;;1ll9l'u (Srinivasa et al., 

2003) bdm~:w'tJ~mru PVMMA vh1Vfbb~'U~~J..JiJrh tensile strength bb6'l~b6':i-:J1'Ufll':i6'1BnBBn 
b ~J..J~'U bb?I\7\-:Jllbb~'U~~:wiJ fll':i~\7\bfll~~l~~~'U b~B-:J-;;Jln PVMMA iJflru?IJ..JU&ib'U'U?Il':i6 ~J..Jbb ':i-:J~Vl 

' 
6fll~ 6b6'l~btJ'U?Il':irlB~~J..J (Rowe et al., 2009) 
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e-J~nl';i~m~11'11-r'Um~ n b 'U~hHJ1-lil. tb bbm:we:re:Jmb 'U'U nl';iVl(i'l~B~ Design-Expert® 

~1:W1';itibb~(i1~fll1:W~:wYitnh~Vll1~U~~CJ~lbb'lh~'U ~B tl~mru'lJB~ PVA bb~~ tl~:w1ru'lJB~ PVMMA 

~B nl';i\We:J'U~'UB~~~Vl:w(i'l Hi'bbn pH ';j~CJ~blm1um';ibbvt~'llB~bb~uVJ~:w m1:wVltJ(i1'lJB~ ~ ml'11-r'U 
" ' 

fll1:WVl'Ubb~~~~ (tensile st rength) ~BCJ~~nl~~(i'l'lJB~:S'UVJ(i'l~B'UVJ~(i1'lJ1(i1 (percent elongation 

at break) bb~~~H1um~~BflBBfl'lJB~bb~'UVJ~:w (peeling force) ~1fl~'UbU~bbm:wvhm~1bm1~~ 
e-J~Vll~~~~ (ANOVA) ~~m~1~~ 16 rh~:wtl~~~Vl5~Vl~:W~'U5 (r

2
) bb~(i1~~~fll1:WbD'U~(i1~l'Ufll1 :W 

bb tl ~tl~l'U 1 'Unl~(i'lB'lJ~'UeJ~~ bfl(i1~1n bb 'U 'U"il1~B ~ b~B~1~:wtl~~~Vl'B?lVI~:wYI'U5iirh~~ bb?l(i'l~ ~~ ~:w m~ 
" 

ffi m 'U m~1br1~1~~r1l1:w~:wYrw5iim1:w b Vlm~~:w 1 'U m~V111l11-r'U~ b Vlm~?J:w 1 'U m~ b(i'l~ eJ:w:w1~ n b 'U~ 
1~ 

" . 0 Q.l d il oll:!t Q d 

"UB~6l(i1~(i11~'U fi'J1:W'Vl'Ubb ';i-:J(i'l-:1 ~e:J CJ ~~ fl1~CJ(i1"Ue:J-:l"U'U'Vl(i16le:J'U'Vl~Wl'lJ1(i1 
~ ' 

bb ~-:~~1-ifl. 'Wn1~~BnBB n'lle:J-:~ bb~'WvJa:w 

Source pH DT Vis TS %EL PF 

p-value p-value p-value p-value p-value p-value 

Model < 0.0001a 
a 

0.0023b < 0.0001 a 0.178ns a 
< 0.0001 < 0.0001 

A-PVA 0.0017b < 0.0001a 0.0577ns < 0.0001a 0.0855ns < 0.000 1 
a 

B-PVMMA 0.0209b 0.0012b o.oosl < 0.0001a 0.4872ns < 0.0001a 

AB 0.3502ns 0.0062b 0.774l
5 

0.0002b < 0.0001 
a 

Az <0.0001a 0.0248b 0.1159ns 0.0751ns 

Bz 0.2702ns 0.0436b 0.001l < O.OOOla 

R-Squared 0.6554 0.6379 0.5183 0.9032 0.12 0.917807 

Adj R-

Squared 0.5836 0.5961 0.4179 0.883 0.0548 0.900683 

C.V. o/o 1.64 2.81 24.36 16.23808 7.602979 20.38837 

VI:W1CJbVI(i1: DT (Drying time) ~eJ ~~CJ~nm1'Wm~bbvt~'lle:J~bb~'UVJ~:w iiVlthmD'U 'U1Vl 
' 

Vis (Viscosity) ~eJ fll1:WVltJ(i1 iiVllhmD'U centipoise (cP) 

TS (tensile strength) ~e:J fll1:WVl'Ubb~~~.:J ijV11.1dmtJ'U N/mm
2 

o/oEL (percent elongation at break) ~e:J ~e:JCJ~~fl1~~(i1'lJe:J~~'UVl(i1i:le:J'U ~~(i1'lJ1(i1 
' 

PF (peeling force) ~e:J bb~.:Jffim'Ufll~~e:Jfle:Je:Jfl'lle:J~bb~'UVJ~:w ijVl'lilmD'U N/mm 
2 

Statistic significant at a P<0.01, b P<O.OS bb~~ ns not significant 

R-Squared ~e:J Coefficient of multiple determinations 

Adj R-Squared ~e:J Adjusted r
2 

; C.V. o/o ~e:J Coefficient of variance 
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~ ' 

n1'al 6fl'a1~Y1Yh..!~l'UB'I pH e...~~ m'a1 6fl'a1~Y166?l(Yl..:J~'I.f\1'1WYl 19 66?l(Yl..:Jfll1:Wi1:w~\r5 

'a~vd1..:~ pH nul'11 66 'th~'U 1 'U?l:Wm'a~tl 66 uul'l1 66 thrh~..:~6Hl..:J (Quadratic) b(YltJiJ ~1?l:w'IJJ"~~'VlB 
?lvti1':w~'Ut} / 6Vhnu 0.6554 fll1:W66U'aU'al'U?l1:W1'afiB5U1tJ11illilltJ?l:Wn1'a~ (4.1) ;'166?l(Yl..:J~'I 
fll1:Wi1:lJ'Vr'U6'a~V!l1'1 pH 66~~1'll66U'a~'U 6~eJ A 66'\ll'U tl~mru'UB'I PVA 66~~ B 66'\ll'U tl~mru'UB'I 
PVMMA ';J~6 i1'W 1\il-11 A iJAl1:Wi1:lJ'Vr'Uub 'U6 :U..:~uln~B pH 66~~ 8 iJm1:lJi1:lJ~'Um 'U6:U..:J~i.JV!~B hJiJ 

2 2 
pH = +5.25 + 0.07 A- 0.0498 - 0.023A8 -0.16A +0.0368 (4.1) 

';J1nmY-J?l1:lJ1'afl?l1'\J11il11 6~m ~:lJ'\J~mru 'UB..:J PVA ci..:~e...~~ 1 Vi pH 'UB..:J~1-ru:lJ 1 ~m u?l 

6~:W~'U B~1..:~iJt!mh•1nJ'Vl1'1?ltl~~ p-value UBtJ nl1 0.05 66~6~m~:lJU~:lJ1ru'UB..:J PVMMA hJiJe...~~ 
I 0 CV ~ 

~B pH 'U B'I~1TU:lJ1?lnb'U61 

I 
a. 

56 

54 

52 

0.01 0 

'" 

:.:u 

I 
!: 
< :-~ 
:2 

"' > a. 

"' 
·-

15 

0 5 A : PVA (%w/w) 
~,.. 

A PV!.. l ~ovlw. 

Jl1'V'Iifi 19 fl11:lJ~:lJoW'Wlh~VI'h:J PVA bb6'l~ PVMMA ~e:l pH bb~~·:JbU'UbbUU 3D surface bb6'l~ 

contour 
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~ ' 

m~l6f1~1~'tH;;'U~l'1JeJ'I dryins time ~~m~16m1~vh6?1(?)..:JI?i'..:~JI1VfVl 20 66?1(?1'1 

fll1l.l~l.l~'U5~~Vtl1'1 dryins time nu(i)'d66th~'U1'U?Il.lfl1~~'\.J66UU 2FI1(?)CJ~~1~l.IU~~~Vli 
?l'v1~l.l~'U5 / 6vhnu 0.63786 m1l.l66'\.J~u~'d'U?11l.l1~~eJ5u1CJ1~~1tJ?Il.lm~~ (4.2) ~'166?1(?)..:Jfi..:~ 
f111l.l~l.l~'U5~~w'i1'1 dryins time 66~~(1)166'\.J~~'U 6~e:J A 66Vl'UU~l.l1tu'Ve:J'I PVA 66~~ B 66Vl'U 

'\.J~mru'Ve:J'I PVMMA 'iJ~6~'U1~l1 A ~fll1l.l~l.l~'U51'U6~'1Ulfl~e:J dryins time 66~~ B ~ 

f1l1l.l~l.l~'U51 'U6 ~'I~U'v1~e:J hl~l.l~'U5~eJ dryins time 

Dryins time = +20. 70 + 0.67 A - 0.508 - 0.50AB (4.2) 

'iJ1flm'V'l?11m~~?11'\.J1~11 6~m~l.ltl~mru'Ve:J'I PVA ~..:~~~1~ dryins time 'Ve:J..:J~11'u 
m~mU?16~l.l~'Ue:J~1'1~h1mh•1~Vl1'1?1~~~ p-value Ue:JCJflll 0.01 66~6~e:Jb~l.IU~l.l1tu'Ve:J'I PVMMA 

hjiJ~fl~e:J dryins time '1JeJ'I~11'um~mu?l 

::. 

:(.4 

{ 
~-

~ 
£ 
0 

. -

--

A P V !.. i c':I>N!w) 

JITW~ 20 f111l.l61'l.l~'Uih:;;'v1,..h.:J PVA 66fl:;; PVMMA !9le:J~:;;tl:;;nm1'Un1'Hb~.:J'VeJ.:Jbb~'UlAlcl'l.l 
666l(?).:J6U'UbbUU 3D surface 66fl!: contour 
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~ ' 
.:::.. c( ~ .::. c:lto c( QJ q 

n1 'j 1 b fl 'j 1 ~VI~ tJ c.J 1 '1J tH viscosity e..J ~ n1 'j 1 b fl 'j 1 ~VI bb ?I~~~~ .fl1 ~ Vl 21 bb ?I~~ 

fl11ll~ll~tJ'ch~VIl1~ viscosity fl'U~'dbb't.h~tJ 1 tJ?IlJnl<j~l.Jbb't.J'U~'d bb U'jfl1~~?1t1~ (Quadratic) 1~t.Ji'1 

rh~llL.J<j~~VJB?IVI~ll~tJ5 / bvhnu 0.5183 m1llbblJ<jlJ<j1tJ?I1ll1'jt~t:J5'U1t.J1~~1t.J?Illn1'j~ (4.3) ~~ 
bb?l~~tl~fld1ll~ll~tJ5'j~VIl1~ viscosity bb~~~'dbbD'j~tJ b~tl A bbVltJL.J~mru'llt:J~ PVA bb~~ 8 bbVl'U 

L.J~mru'llt:J~ PVMMA "'il~b~tJ1~l1 A bb~~ 8 i'1m1ll~ll~tJmtJb;u~u'dn~t1 viscosity 

Viscosity= +849.05 + 77.74A + 119.828 + 13.82A8- 149.78A
2

- 133.228
2 

(4.3) 

"'il1nm~?l1lJl'jt\?l~L.Jhi'11 b~tlb~llD~ll1ru'1Jt1~ PVA bb~~ PVMMA 6'1~e..J~1~ viscosity 
' " ' 

'1Jt1~~1'~\.Jll1~mu?lbVlll:UtJ mh~l1trm11ri''!JV11~?l~~V1 p-value ,j't:Jt.Jnl1 0.05 

Vi scos rty (cP ) 

8 PVMIJIA (%wlw): :: A PVA (0 ow'w) 

~ Pv• ( '~w/w 

3D surface bbii'l~ contour 
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" n1'albfl'a1~~vh..!~l'lJB'l tensile strength t:-.~~n1'albm1~~m1V1'l~'lf1TWV1 22 bb?IV1'l 

Al1~ ~~ ·v~\.n5-a~vd 1 'l tensile strength n\J ~ill bb tJ-a~'U 1 'U?I~m -a~tJ bb uu ~ill bb 'lhn1~'l ?IB'l 

(Quadratic) 1mJiJrh~~tJ'l~~VIB?IVl~~'W'U6 / bvhnu 0.9032 m1~bbU'lU'al'U?I1m-arm6u1CJ1~ 
~lCJ?I~m-a~ (4.4) 65-:Jbb?ll?1'lfi'lf1l1~~~'W'U6-a~Vll1'l tensile strength bb~~lii'lbbU'l~'U b~B A bbVI'U 

tJ~~1ru'lJB'l PVA bb~~ 8 bbVI'UU~mru'lJB'l PVMMA ~~b~'U1~1 1 A bb~~ 8 iJAl1~~~'W'Um'Ub;a'l~'U 

~B tensile strength 

2 2 
Tensile strength = +3.73 - 20.4A- 1.328 + 0.94A8 + 0.446A + 1.048 (4.4) 

~1f1f11'V'J?I1~1'afl?l-au1~1 1 b~m~~tJ~~1ru'lJB'l PVA bb~~ PVMMA ?i-:Jt:-.~~1,X tensile 
' 

strength 'VB'lbb~'UVJ~~~V1~'lB~1'liJ'l!mh•l'~V11'l?l~~~ p-value UBCJf1l1 0.01 

;::; 
E 
E z 

10 

,, 

A P VA (0 oWIW) 

f11'V'IV1 22 fi'J1~~~wwh~w;h..:J PVA bb6'l~ PVMMA !9ieJA'J1~VI'Ubb'l\l~\l (tensile strength) 

bb~Vl\lbU'Ubb'U'U 3D surface bb6'l~ contour 
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~ ' 

fl1':ilbfl':i1~~vh.J~1'1Jtl~ % elongation at break t:..J6'1fl1':ilbm1~~ bbi.'l~~tii'~m'\AIVJ 23 

bbi.'l~~fi11JJ~JJ~'U5 ':i~Vll1~ % elongation at break nu\Yl'Jbb'lh~'U1'Ui.'lJJfl1':ib~'U~':i~ (Linear) 1~CJ 

ilrh~:w'lhd1VJ~i.'l'l~~~:w~'UTI l vvhnu 0.1200 rn1:Wbbtbth1'Ui.'l1:W1':itlt~TIU1tiH1~1tJi.'l:wm':i~ (4.5) 

6/t~ bbi.'l~~Ci~m1JJ~JJ~'U5':i~Vd1~ tensile strength bb6'1~\Yl'Jbb U':i~'U b~tl A bb 'Vl'UU~:!J1tu'1Jtl~ PVA 

bb6'1~ B bb'Vl'UU~mru'llt!~ PVMMA ~~b~'U1~-h A bb6'1~ B hJilm1JJ~JJ~'U5~t~ % elongation at 

break 

%Elongation at break= +159.32 + 5.096A + 2.0118 (4.5) 

"il1n.fl1'\Aii.'l1:w1':itli.'l1U1~-:h u~mru'llt~~ PVA bb6'1~ PVMMA 1:WiJt:..J6'1~t! %elongation 

at break 'lltl~bb~'U~~:w 

n 
·e:J 

1 ~0 

1 ~0 : :.< 

_J 

~ ~ 
" < 
:< 
:< 
> 
0.. 

"' 
. -

B PVMMA (0 oWtw)00: 0 : A PVA (0 oW/W) 

.d Q..l Q.l ~ I I iJ d :!: d 
JlTI"''Vl 23 fl11:Wi.'l:W'I"''U51~Vi11\l PVA bb&l~ PVMMA ~B1tltJ&l~fl11tJ~'1Jt!\l"ll'U'Vl~i.'lB'U'Vl"il~'ll1~ 

' 
(percent elongation at break) bbi.'l~\lbU'Ubb'U'U 3D surface bb&l~ contour 
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fll'i:olbm1~~Vl'U~1'Ue.J'I peelins force e..J~fll'il~m1~~~~Ml'll'i''li11'VfVl 24 ~~~~'~ 

flll~~~~'U'lh~VIll'l peelins force n'<t.J\911~~ U'ivl'U 1 'U~~fll'j~'\.Jb~'U'U\911 ~~ 'Ll'inl~'l~e.J'I (Quadratic) 

1~t.~il~1~~'\J'i~~'Vl~~VI~~~w5 / ~vhn'U fll1~~~'\J'i'\J'i1'U~1m'ifle.JB'U1t.J1~~1t.J~~m'i~ (4.6) ;'~ 
~~~~'l~'lflll~~~~'Urh~VIll'l peelins force ~~~~\911~~'\.J'ivl'U ~~e.J A ~~'Vl'UU~mru<ue.J'I PVA ~~~~ B 

~~'Vl'U tJ~mru<ueN PVMMA "il~~~'U1~11 A~~~~ B ilrn1~~~~ws'1'U~:U'I~'U~e.J peelins force 

Peelins force = +5.017E-003- 4.791E-003A- 2.503E-003B + 

2.345E-003AB + 1.15E-003A
2 

+ 3.899E-003B
2 

(4.6) 

"il1ni1TV-m1~1'ifl~1tJ1~11 ~~m~~tJ~mru<ue.J'I PVA ~~~~ PVMMA 6'i-:Jt:-.~~1Vf peeling 

force <ue.J'I~~~'Uyj~~~~~'l e.J~1-:Jilt!m11A~'Vl1'1~~&1~ p-value ii'Bt.Jn11 0.01 

::< 

~ 
1 
?f. 

<{ :::::2 .,. 
~ 
~ 
(D 

--

A P VA (%W/W) 

A PI/A (%w/w) 

i11Vol~ 24 fi11:UaUW'Uth~VI'h:J PVA ~~!;~~ PVMMA ~m~'i.:J~b-til'Unl'i!;le.JnBBn"llB.:J~~~'UVJ~:u 
(peeling force) ~~~~.:J~U'U~b'U'U 3D surface bb!;l~ contour 
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' ' Q,l ~ ~ .::::t <QI 

4. 7 n11f'l~b~Bn:l.J16'lnb'U&l'VI b'Vl111~6l:!J'VI&l~ 
' 

~1)1'1~ 17 bb?l~'le..i~'IJtl'IU~111ru PVA bb~~ PVMMA ~1vl~1fin1)f'l1\1lnl)~lhnnm)~e:J'U?I'Utl'l 
~'U~l~1'UlU)bbnd11 Design-Expert® version 10 'I"J'Ul1iitl~111ru PVA ~mm~ 1.42 bb~~ PVMMA 

~mm~ o.os ii~m.J~~Al111.W-:J'I"Je:J h 8 7 o/o bb~~ 1 off b'U'U?I~d~ b vt111~?111~ ~~t11111'Udd~ 1~?11)?\fl~ 
'U ' 

1hun nl)bU~t.J'UbVlt.J'Urllnl)~e:J'U?I'Ue:J'Ivl1'U~1'1 1 ~1vl'~1nnl)f'l1\1lnl)ru (predicted value) bb~~ 
rh~1vl'~1n nl)'Vl\11~ e:J'I bb?I\11'1~'11'11)1-:J~ 18 ?11111)fl?l)tl1vl'11ri1~1vl'~1 nm)'Vl\11~ e:J'Iii m1111n~ bA t.J'I 

' 
nurh~1vl'~1n nl)fl1\11 nl)ru bb~~?l\'1)\?hrum~m 'U?I~ b 'Vl111:::?111~?1\11 bb?l\11'1~'1\'11)1'1~ 19 

'U ' 

Number PVA PVMMA Desirability 

1 1.419 0.05 0.87 Selected 

\911)1-:1~ 18 fi1'H tJ~~'U b Vi ~'U rh n1 )~ B'U&l'U B-:lvl1'U f'l ru6'1111J~'VI1-:I bf'lii n1 ~.fl1'\"J 'IJ e:J-:1 ~ 1-r'U1111il n b 'U 6'1 
' 

bb~~f'lru&l111J~b~-:Jn~'IJB-:!bb~'UYliA'11~1vl':v1nn11f'11~m-aru:u1n 1 tl1bbn111 RSM bb~~ 
' 

~1~1vl':v1nn11'VI~~e:~-:~ 

OJo. ..,. 
f'lru6'11111~ b ~-:~n6'l'IJB-:J bb~'UYliA' 11 f'lru6'111'U~'VI1-:J bf'l11n1~.fl1'\"J 

' ' 0 OJ " 'IJB-:1~11'U1116'lnb'U&l 

DT pH Viscosity (cP) Tensile %EL Peeling 

('U1Vi) strength force 
2 

(N/mm ) 
2 

(N/mm) 
' Al'illn 20.27 5.22 847.70 3.08 163.47 0.06 

1 U)bbm 

11 RSM 

rh~1vl' 21.33±0.5 5.25±0.0 1127.00±112.9 2.90±0.1 163.60±16.3 0.08±0.0 

~1fin1) 8 2 5 5 0 2 

'Vl\1l~tl'l 

V!111m'Vli?J: DT (Drying time) Ae:J ):::t.J~blm1'UnTmVt'I'IJe:J\lbb~'U~~11 iiwtllmtJ'U 'U1Vl 

Viscosity Atl fll111vt.U\11 iivt11lmtJ'U centipoise (cP) 

Tensile strength Atl f1l111'Vl'Ubb)\l~'l iivttllmU'U N/mm
2 

o/oEL (percent elongation at break) Atl ~tlt.J~~n1)8\11'1Jtl'I~'U'Vl\1l?ltl'U~~\1l'IJ1~ 
' 

Peeling force Atl bb)'l~1-li1'Um)~e:Jne:Je:Jn'IJe:J'Ibb~'U~~11 :WvttllmU'U N/mm
2 
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eJ{lflU~~neJU tl~~.nru o/ow/w 

Chitosan 2 

EDTA 1 

PVA 1.42 

PVMMA 0.05 

Glycerin 2.74 

Ethanol 10 

Purify water q.s. 100 

0 QJ ~ i/ .t::i.c:t I Q,l QJ 

4. 8 \911~'U ll16'1 nvn . .n bb uu 6'1eJ ne1 eJ n'Vlll6'11'W~ 6'1ll"lle:J {! 6'11~6'1 n \9l'U 1 u n 

\i\'1-ru:m~rrvtu1 bb 'U'U61e:lfle:le:lfl~~?!:W?l1~6'lfl\91D'"J'Ufl ?1\9\d~ b vt:W1~?!:W~?!\9l bb?!\91-:j 1 'U\911~1-:j~ 20 
'IJ ' 

eJ.:jfltJ~~ne:Ju mll1ru (o/ow/w) vtu1~1 'W~1~u 
Chitosan 2 ?!1~ne:JYl~:w 

EDTA 1 ?!1~vh 1 '1Xbn\91?!1~th~ne:Ju b ~-:jim.~ 

PVA 1.42 ?!1~rle:JYl~:w 

Glycerin 2.74 'V'l611?!~1'1lb'lle:J1 

Ethanol 10 ?11~ d-:j fl1TVll 1 'JXbb 'JX-:j 

PVMMA 0.05 ?11~ b ~:wm~8 \91 bfl1~ 

Centella Extract 5 G'n~i:hri'fkj 

Purified Water q.s. 100 ~-.rv116'l~m C.J bb&'l~ m~?!1C.Jt.n 

fl1 ~ b u~ CJ't.J b V1 CJ'U A ru?!:WD~ 'Vl1-:j bAil fl1 CJ .fl1'V'l bb&'l~A ru?!:WD~ b ~-:j fl&'l "lJ e:J-:j:lJ1~ fl b 'U?! bb&'l~\1\'1-ru:m~ fl 
' ' ' ' 

m!1 bb'U'U&'le:Jfle:Je:JflVJ~?!:W?!1~?!n\9lD'J'Uflm1:wb .U:w.U'U 5 o/ow/w bb?\\91-:jvl-:j\911~1-:jVJ 21 'V'l'Ul1m1:wvtu\9l 

fld1:W'Vl'Ubb ~-:j~-:j bb&'l~bb ~-:j~1 -ill 'Ufl1~6'le:lfle:Je:Jfl ilm1:w bbl9lfll9i1-:j n'Wmh-:jiJ'l!C.J~1Afk! '\111-:j?\~~~ p-value 

Ue:JC.Jfll1 o.os ~-:jdb ~e:J-:j~1niJLJ~:w1ru ethanol b ~:w~'U~1fl?!1~?!n\9l~b~:W6'J-:j1 'U\1\'1-ru:m~m 'U?Ibb&'l~ 
e:J-:jflU~~ fle:J'UVl~ fl"lJe:J-:j?\1~?1 n\91VlCJ1'UD'J'U flb U'U?\1~ n~:w triterpenoids ~-:jiJvt~ hydroxyl ~1'U'J'U 
:mn m~~'Ufld'Ufll~bn\91 hydrogen bonding ~~Vll1-:jJ1bb61~1A1l9l'll1'Uvt1e:J PVA vh1'1Xm~'V'lm~'J 
'1Jm?!1~ne:J~~:wvl'-:jfl~1161\9161-:j AJ1:WVlU\9l"lJm~1-ru~-:j6'J\9161-:j (Shukr, 20 11) 
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~1'a1.:!~ 21 n1'abU~E.J'U b Vi E.J'U RW6UJU~'V11.:! bfl1in1W11'V'I bb6l:;Rru61:uu~ b <li'ln6l"l.leN bb~'Wrl~:U"l.IB-:1 
' ' 

~1-ru:u1 am u 61bb61 :;~TruVi b~ :u 611'a61 n 111u 1'U n 5% 

"""' .. 
flW51:WU~b:U~m'l'tHJ~bb~'Uthi:w flW51:1J'U\ll'V11~bf'l:IJn1EJ.Il1'V'l • • 

DT pH Viscosity (cP) Tensile %EL Peeling force 

('U1Vi) strength 
2 

(N/mm) 
2 

(N/mm) 

\i\'1-ru 
< 

21.33±0.58 5.25±0.02 :I.J1G'If1 1127.00±112.95 2.90±0.15 163.60±16.30 0.08±0.02 

b'UG'I 

\i\'1-ru .. ~ 
Vlb~:IJ 

G'IT'.i 
19.33±1.15ns 4.97±0.06ns 

. 
166.77±0.00ns 

?In~ 
894.57±149.88 0.57±0.06 0.002±0.0005 

u1un 
5% 

Vi:U1E.lbVi19J: DT (Drying time) Ae:J ~~t.J~nm1unTHlVl'l'l.l&m~uYJ~:u :iJvn.l1mtlu 'U1Vl 

Viscosity Ae:J fiTl:UVI'WI?l :iJvnhmtJ'U centipoise (cP) 

Tensile strength Ae:J fi11:JJ'Vl'Ull~'l~'l :iJVI'thmtJ'U N/mm
2 

" ' 
%EL (percent elongation at break) Ae:J ~e:Jt.Jn~m~~l?l'IJeJ'l~'U'Vll?l?leJ'UVl~l?l'IJ111l 

Peeling force Ae:J ll ~'l~t-ti1 'Un1~ne:Jf1e:Je:Jf1'1Je:J'lll~'UYJ~:u :iJVI'l.l1mtJu N/mm 
2 

*Ae:J significant at p<O.OS; ns Ae:J not significant 

4. 9 m-a'lJ6111lU cle1 E.J611-acl' 1 ~ nr~n mh -ru :u1a n'VIU1 bb 'U'U 61 e1 nB B n~ c.J 61:U611 -a61 n 111u 1'U n ... 
'V111l?le:Jum~'lJnl?l'lJ~e:Jt.J6'11~~1AfiJ11?lt.JH't9hru~l~:u?l1~?1nl1lu1un 5% ~1mfi~EJ-:J:iJmhneJ-:Jm~ 

'li:u~l'U'IJtl'le:bV!ti'-:J (modified Franz diffusion cell) H phosphate buffer pH 7.4 t:-m:unu 

10% ethanol btl'U?Il~n~mt.JI'i'Tru (receptor fluid) 'Vll?l?leJ'U~~ruVIJJ:iJ 35±2 oc llfl~l~~u~mru 
asiaticoside ~Unl?lU~e:Jt.Je:Je:Jf1:U1 ~nm 5, 10, 15, 20, 25, 30, 45, 60, 120, 180, 360, 720, 

1080 lbn~ 1440 'U1Vl ~1t.J161fi~J.J11'Vlm1vJ~'IJeJ'llVI6n?lm~t:I'U~?I'l (RP-HPLC) ~61f11~'Vll?lne:J'l 
" 
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~1-a1.:J~ 22 n1-a'IJ~~'\.J~m.1 asiaticoside "I..IB.:J~1Wn~~r"Jun 1-w~h~u:~..m1n·wu1bb'U'U~BfiBBfl~ 
e-~~~~1-a~n~u1un 

% cumulative asiaticoside release 

nm 1 2 3 4 5 Mean± SO 

<-ti'1 1~.:J) 
0.08 3.02 2.94 2.72 2.79 2.98 2.89 ± 0.13 

0.17 3.02 3.13 2.81 4.33 4.57 3.57 ± 0.81 

0.25 3.18 7.25 2.91 3.13 2.97 3.89 ± 1.88 

0.33 13.19 13.26 3.61 3.28 3.28 7.32 ± 5.39 

0.42 24.01 23.72 24.91 24.99 24.25 24.37 ± 0.56 

0.50 23.99 24.08 24.68 25.20 25.10 24.61 ± 0.56 

0.75 26.28 25.73 25.25 26.73 25.52 25.90 ± 0.60 

1.00 27.17 27.03 26.79 27.89 27.06 27.19 ± 0.42 

2.00 53.40 46.10 46.26 47.04 31.89 44.94 ± 7.89 

3.00 51.27 50.12 48 .99 54.34 49.01 50.75 ± 2.22 

6.00 83.55 83.68 81.78 56.02 55.54 72.11 ± 14.93 

12.00 92.90 89.90 89.64 90.78 89.38 90.52 ± 1.43 

18.00 96.42 98.22 97.51 98.35 96.82 97.46 ± 0.84 

24.00 126.14 102.07 100.80 102.50 104.16 107.13 ± 10.69 

Vltl1bb'U'U6HJfl€l€lfiL~t.J bbnL.J X fl€1 nm (U1Vl) bbfl~bbfiU Y fl€1 % asiaticoside Ufl~U~€lt.J6'1~6UJ 

~,:]'j'U.fll'V1~ 25 'V1'Ul1b~m'Jm~Tw1u:Wm'j'UG1{71U~BCJ asiaticoside 'lllmh~''U:m~nVltllbb'U'UG1€ln 
" 

BBfi~~?I:W?I1~?1n~'IJ1um~~~u bbfl~~b1fl1 30 u1V1 asisticoside iJm~Ufl(?)U~Bt.Jiil1n\9\'1~'U1e:Jt.Jfl~ 
24.61±0.56 VI~€JA(?)btJU 1.35±0.030 mg bb~~~ 24 -B'11:w-:~ :Wm~U~(?)U~Bt.J asiaticoside lil1fl6'11~ 
6'1 n (?)DJ'U n1 u \9\' 1~'Um ~ f1VItl1 bb 'U'U~ €) fiB €) fl A(?) b tJu 1B t.J~ ~ 107 .13± 10.69 fl1~~~elt.J ~ ~ fl1 ~ 
U~(?)U~Bt.J asiaticoside :l.J1nfl'h1Bt.J~~ 100 B11ili16'11bVI(9lb~B-:Jiil1flb:l.J:lJb'U~U~1·ihtJu'IJu(?) 

' I I I iJ 

cellulose 611'-:~ 'El11il bi'l (?) fll~'V1'El-1 ii'1 blJ 'El~:we:l?l tl'U6'11~~~ ~ 1 t.J ii'1~uV1iJ'l11 bb~ ~ bb'El ~fiB e'l'El~ b tJu 

€l-1rlU~~fl€l'U 1 u~~t.J~ b 1611UTU I ~-:J'Yll 1 ~6'11~~1A~U~(?)U~€lt.J€l'Elfl:l.Jlb1'1:lJ1flbflU €)~1'1 bn(911:lJiil1fl 

fll~'Vl(?)~€J-:J.Q1:WV1Ufll~U~(?)U~'Elt.J'IJ'El-1 madecassoside bb~~ asiatic acid b~'El-11il1fl1u6'11~6'1n(?) 
" ' 

Vlt.Jl'UD1'tJfliJ?IT~i~1A~'IJ'El-1Vl-1 2 tl'El t.J~1 m:Wm Vlt.J'U nu asiaticoside 



.. 

140 

ri 
120 

tG 

" tG 100 "' r.> 
' (t; 

-;::> 
80 IS 

(t; 
-;::> 

QJ 60 -o 
-~ 
u 

40 :;::; 

"' ·v; 

"' ~ 20 

0 

0.00 5.00 10.00 15.00 

m n ('li''lUJ~ ) 

60 

20.00 25.00 30.00 

4.10 n1'a'Vl~ml'Ufl11:1.nth.rvh~~BbSZJ6'1~ (MTT) 

Vll'l?le:J'Ufl11:Wbtl1.J~~~m'll£'1~"1JB~?l1~6'1fll'lVltn'UDl'Uflfl11:WboV:WoV1.J 50, 100, 200 bb£'1~ 300 

iJ~/mL ~1:W~11il'U bb6'l~ij ethanol btl1.JWllfll'Ufl:W~£'1Vl1~6'l'U (ne~ative control) b~e:J~~1fl?l1~?lnl'l 
Vltl1'UDl'Ufl£'l~mt.J11.JWi'lVh£'l~mt.J ethanol ~~l~ll'lfl11:Wbtl1.J~~~m'll£'1Mht~15 MTI t11hJ11'lrll 

' ' ' 
l'll'lfl~1.Jbb?l~~ht.J micro plate reader Vlfll1:Wtnlfl~1.J 540 nm ~6'lfl1~Vll'l6'le:J~bb?ll'l~lil~~1~1~Vl 23 
'IJ 

% Cell viability 

DO 0 1 02 04 

Mean ± SEM Mean± SEM Mean± SEM Mean± SEM 

Control 100.00±0 100.00±0 100.00±0 100.00±0 

Ethanol 300 103.42±3.99 100.35±6.18 96.76±4.86 109.55±5.59 

?l1~?lrl1'1Dl'Ufl 50 IJ~/ml 

(Asiaticoside 1. 7 iJ~) 101.63±2.75 103.54±4.28 101.32±1.85 115.53± 7.04 

?l1~?lrl1'1Dl'Ufl 100 IJ~/ml 

(Asiaticoside 3.4 iJ~) 99.69±2.67 1 05.13±2.22 1 00.85±2.31 116.14±9.50 

?l1~?lrl1'1Dl'Ufl 200 !J~/ml 

(Asiaticoside 6.8 iJ~) 102.33±3.07 107.54±6.63 102.33±4.92 114.33±9.97 

?l1~?ln1'1Dl'Ufl 300 IJ~/ml 

(Asiaticoside 1.02 iJ~) 102.58±4.72 104.91±5.98 103.88± 7.74 110.55±9.31 



: 
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'V'l'IFJ1?11~?1n~VIt.11'UU':l'un bb~~l'l-rvh~~mt.J et hanol hJijror:mJbZ!trih:t~m'l:l~r;i'b~mVit.J'Un'U 
n~llrrJ'UAliVi rrn ll b-illl-il'U 50, 100, 200 bb~~ 300 iJg/mL ~..:~ihgmru asiaticoside 

' ' ' 
0.0017, 0.0034, 0.0068 bb~~ 0.0102 mg m11~1vi''U vi'..:~m'V'lVi 26 

14000 

12000 

100 00 

80.00 

60.00 

40.00 

2000 

000 

DO 01 (24 h) 02 (48 h) 04 (96h) 

• eont,ot 

• EtOH300 

n11ftrltiV1un 50 ~tfml (Auahcoside 0 0017 m!;) 

ll"nnn't~~U·am tOO IJJ/ml (Asiatk:o~e 0 OO'l4 mt) 

• rtnnn:.-U.,un 200 ._.vmt (AW~t.co~ 0.0068 mtl 

• 1!111all«U1un 300 IJt/ml (As.ahc:oslde 0.0102 mtl 

b~ e:J Jl e:J ..:1 fll ~VI~ ?I e:J 'U f'1l111 b {J 'U'W ~~ e:J b '7:!61 r;j'V e:J..:I ?11 ~?In~ VI t.J1'UU1'U n1 'U f'1l111 b .U:w-u'U~ll1 n~ 'U 

b~e:J 1 ~?le:J~A~e:J..:~nul.l~mru?ll~?ln~~e-J?Ill1 'UI'h-r'Ull1~ nvtihbb 'U'U61 e:Jne:Je:Jn 'V'l'Ul1 ij.Umh n~ 1 'Unl~ 
~~611t.J?I1~?1n~VIt.J1'UU1'Un b~e:J..:~~1n ethanol lh 1 ~ 'U'I.l~m ru~?l..:~~~vh 1 ~\n~m1llb Dt!'W~~e:J 

" 
b'l:l~~1~ bb~~ij~~'<il'1n~m~1-il ethanol 1'Um~VJ~?Ie:J'U1'Ub'l:l~r;i'~..:~hJrrJ~bn'U 1 iJl/mL 'Ve:J-:Ji'jb~t.J 
(Tapani et al., 1996) b~e:J~~ie:J'<il'1n~1'Um~1-ili11Tvh~~mt.J ethanol ~-:JVl~?le:J'Uf'1l1llbD'U'W~I'iu 
b'l:l~r;i''Ve:J..:i?l1~?ln~u1'U n~tl61~tl~e:1 t.~e:Je:Jnll1~1 n19h-r'Um~ nwt:h bb 'U'U ~e:J ne:1e:1n bb~ ~ij111~ n b 'U?I b D'U\1l1 

fi1'Ufi:We-J61Vll..:l61'U l\9lt.Jbfi~EJ..:JiJEJ'\11 61El..:lfll~;:w~l'U'1JEJ..:J~lvt't1..:J (modified Franz diffusion cell) ~ 
' 

b1m 24 i1111..:~ bb~~1olimvt1~b~t.J..:Jb'l:l~ r;i' 'lli1~ DMEM LD'U?I1~~~mt.JI'l1-r'U b~e:J1 bA~1~~V11tl~mru 
asiaticoside 1~t.J15 HPLC 'V'l'Ul1ijtJ~:w1ru as iaticoside 1.62 mg ~tl~~tl~e:Jt.Je:Je:Jfllll ~nmi'Ub~e:J 
~1..:1~..:~ b VI~B 50% bb~~ 1 Oo/o m11~hvi''U bb~1t111 tlVl~?le:J'Uf'l11llb Dt!'W~I'i m'l:l~r;11~e-J~ m~V1~61e:J..:Jvi'..:~ 

il1'V'l~ 27 bb?I~..:J1 ~b{4'Ul1?1 1 ~~t)~~tJ~e:Jt.Je:Je:J flll1 ~ 1 n(9\'1-r'Ull1~fl'VI1J1 bb 'UU~Bflelel n ~e-J?Ill?l1~?1n~ 
Vlt.11'Uu1un 5% 1~ne:J1~bn ~-w~l'im'l:l 61 r;1 



--

._ 

62 

140.00 

120.00 
102.50 100.00 

::::;. 100.00 92.41 

1S 80.00 ro 
'5 

w 60.00 
u 
'#. 

40.00 

20.00 

0.00 

contro l Asiat icoside Base released released released 

l01JM (9.59 Asiaticoside As1at icoside Asiaticoside 

IJg/mll (134.60 (6 7.30 >Jg/mll (13 46 >Jg/ml) 

>Jg/mll 

c:f. il il 

4.11 €J'V15m::~p.J nTH'I':i1 ~ flB6'16'11 ~'il 'W 

~1B~1'l~1-ii'l 'W nT~Vl~G'1B'IJ~VlBm~ ~'W n1 ~~~l'l flB""Wil'W 1Ji'"il1nl'll-r'IJ:w1~n'VltJ1 bb 'IJ'IJ"Bn 

BBn~e..JG'1:Wnl~G'1n~'l11un 5% bb"~:w1~mu6'1 1~tJVl~G'1B'Un1~U"~u~mm1~61'1A~"il1nl'h-ruJ1-;w 
bfl~B'l:ljmh6'1B'lnl~'li:w~1'W'1JB'l~1'Vlir'l (modified Franz diffusion cell) 1~t~1-i! DMEM media 

l'U'WG'11~"~mtJ~1-ru (receptor fluid) Vl~G'1B'IJ~m1J'Vl.f1:iJ 35±2 OC btl'W~::tJ~b1m 24 i11:w'l ~~."~ 
' " 

bn'IJG'11~"~mtJ~1-ru~~1m 24 -ri'11:w'l "il1nl'11-ru:w1~n'Vl111bb'IJ'IJ"BnBBn~e..JG'1:wm~G'1n~'Vlmu'IJ'1un 
5% b~"~:W1~nb'IJG'1 1l1mmB'l~l'W nylon filter 0.22 [Jm ~b"~bM:W 1% antibiotic, 10% bovine 

fetal serum 1~b'Vl:ljB'Wtl'IJ:ljb~tJffi-i!b~tJWilmh.JnM 
~1B~1'l~1-ilVl~G'1B'UiJ~~'Vl:W~ 6 ~1B~1'l1Ji'bbn control AB DMEM media e..JG'1:W 10% 

bovine fetal serum ~'lbtl'WiJb~tJ1'Wn1':ib~tJWilmhJnM (control) 6'11~6't::mtJ asiatcoside f111:W 

b.U:w-ir'W 10 f..JM btl'UI?i'1m'IJ~:We..J!;jVJ1'l'IJ1n 6'1 1~!;j~mtJI?i'1-ru~1Ji'"i! 1nm~mu6'1 (Base) 6'11~"::mtJ 
~1-ru~1Ji'"il1nl'11-rum~n'Vlth~e..JG'1:WG'11~6'1n~'Vltll'IJD1'\Jn 5% (Buabok 100%) 6'11~!;j~mt.J 1 'W~1-ru~ 
1Ji'"il1nl'11-rum~n'Vlth~e..JG'1:WG'11~6'1n~'Vltll'IJD1'\Jn 5% ~1'Wn1~b~B"il1'l"'lfl~'l'Vl'[j'l (Buabok 50%) 

bb!;j~G'11~!;j::m t.J~1-ru~1Ji'"il1nl'11-ru:w1~n'VltJ1~e..JG'1:WG'11~6'1n~'Vltll'IJD1'\J n 5% ~ b~B"ill'l"'l 1 o vvh 
' " 

(Buabok 10%) 9/'l'\Jll ~e:JtJ!;j::n1~boW:W;u'U'1JB'lf1B"m~"il'W '1JB'l control, asiaticoside f111:Wb-iJ:w.Uu 

10 [JM, base, buabok 100%, buabok 50% bb":: buabok 10% b'Vhnu 99.99±0.009, 

239.49±0.84, 125 .23±0.52, 198.29±0.54, 186.03±0.49 bb"~ 159.19±0.47 V11:W~1(?)''\J bb6'1~'l(?)''l 
' ' " 

.f1191'lVl 28 9/'l'\Jll asiaticoside f111:W~.U:w-ir'W 10 [J M bb!;j~ buabok 100% iJ~Bt.J"~n1~boW:W;u'W'1JB'l 
' ' 

AB"mb"il'UB~1'liJirt.J61'1A~Vl1'l6'1~MV1 p-value tJBtJn11 0.05 b:nmV1t.Junun~:wmu~:w 
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IOpM (9 59 

( 1 34 60 (6 7 30 pfOV'rnl ( 1 3 a6 po/lnl) 

' ' " 
fl1'V-1Vi 28 ~mJ~~nTHYh.J~'U"l.IB~flBilil1b7il'Utl&~ asiaticoside bb~~I911~U:w11A'm"lii1bbUU~Bn 

BBnVit:-~~:W~THHl~U1Un 

' ' 
b~eJ'W"il1'Jru1~~ nT~'llf1~'ll~ Bt.J asiaticoside "il1n~h-ru:w1~nvnJ1 bb 'IJ'Uf1'El nBB nVi~?I:W?I1'J?In~ 

U1'1Jn 5% 1~t.J1•il\fi~'El'l~mh~B'lm"J61i:w~1'U'U'El'l~Tv'lil'l (modified Franz diffusion cell) ~nm 
30 'U1Vl ilrh 112.73 ± 30.92 IJg/mL (~f1n1'JVl~f1'El'l"il1n}hifB 4.8) bb?l~'ll1~h-rum~nvru1bb'IJ'IJ 

f1 B n B B n~~ (1)J'U1~'U:W1?11:W1 'Jbl m::; li1'U m'J?I~1'l fl B f1m b "il'U hl' 
' 

4.12 'll 'J~ biJ'U fl11:Wfl..:J ~fl1'V-Ib 'U~fl11~ b ~ ~"l.IB~ \911~'l.l :W1 fA' n'Vlii1 bb 'l.I'IJ~B n B B n~ t:-~~:W~11~ n ~U1'1J n 

bnu~h-ru~muvtniJ 4, 25 ·c fi11:W~'U~:W~VJ5 7 5% bbf1::; 40 ·c fi11:W~'U~:w~VJ5 7 5% b'U'U 
' 'IJ 

nm 3 b~'El'U VJ~?IB'U flru?l:wu~'UB..:JI911-rum~nvtti'1bb uu~B nBBn~e.m:w?l11?1n~Vlt.J1'1JU1'1J n 1~t.J 
' 

'll'J~biJ'U"i!1n;;rn~ru~mt.J'UBn 1tilbbn pH m1:wvtti~ 'J::;t.J::;nm1'Um'Jbb~'l'UB..:Jbb~'UVJ~:w ?l:wu~b~'ln~ 

1tilbbn fi11:WVl'Ubb'J'l~'l (tensile strength) ~Bt.Jf1::;n1'J~~'U'El'l~'UVl~?I'El'U~~~'U1~ (percent 

elongation at break) bb'J'l~t-il1'Um'Jf1BnBBn'UB'lbb~'UYM:w (peeling force) bbf1::;lbfi'J1::;1A'tl~mru 
?11'Jb"11A''!J 

4 .1 2.1 fl11:Wbtl'Um~~h~ 'UB'l\?h-ru:w1~nVltl1bb'IJ'Uf1BnBBnB~L'U'th'l 5.2-4.85 bbf1::;'lf'j'IJl1 pH 

'l.IB'l\911-ruiJ bb'U'd b tl:l.Jf1~f1~ b~B'El!1!VlfliJn1'Jbtl'U?I'l~'Ubbf1::;bn'IJ'U1'U 3 b~B'U bb?l~'ltii''lfll'lf'j~ 29 B~1'll'J 
' 'IJ 'IJ 

n~n:w pH 'UB'l\911-r'Ub~mnu~BruVlfliJ 25 ·c iJm'JbD~t.I'Ubb'llmtlBt.ll.llnb~mVlt.J'Ufl'Unl'Jbtl'U~ 
' 'IJ 

.<::::~.. OQ..I :; ~ o v d ..:::::. o 

Bruvtn:w 40 c ~ 'l 'U'Ufl'.mnu\il1'J'UVJBruvtn:w 25 c 
~ ~ , ~ 
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4.7 

4.6 

• Initial 

• 1 month 

• 3 months 

25·c 4o·c 

d o Q.l tt " d Q.l cv a Q. o o 
.f)1'VfV1 29 pH "l..B-!IW11';i'U:U16'1n'VI'IJ1bb'U'U6le:Jne:Je:Jn'V1~6'1:Um';i6'\nl?l'U1'Un bn'U~WVUJ:U 4 C, 25 C 

~ v 

f111:U~'Ua:u.W'V16 75% bb6l~ 4ooc f111:U~'Ua:u.W'V16 75% bU'U';i~E.J~nm 3 b~B'U 

64 

4.12.2 ';j~E.J~b1611b'Un1';ibb~-!l"l..B-!lbb~'UVJiA':u \innm~~ 30 ~u11~e:mJV1Jl~ 4 oc ru blm b~:U ~'U 
' " 

b bG'l~b~mnu'Ul'U 1 bbG'l ~ 3 b~e:J'U ~l~'U:Ul~nVILJl bb'U'UG'le:Jne:Je:Jn~t:-J?I:U?Il';i?ltl(llthun ih~c.~~nm1'U 
nl';ibb~'l'lle:J'lbb~'UVl~:u~ 30, 28 bb G'l~ 27 'UlYl Wtl :mh~u ?llbVII'le:n\iJbn(ll\iJlnrnl:wVtu(ll"lJe:J'l~l~u~ 

' 
e:JruVtn~ 4 oc iJfil?l-!l~'Uvi'l1 ~i:hJ~:wlruJlB?I';i~G'l(ilG'l..:J ci..:Jt:-JG11 ~';j~CJ~ b 1m 1 'Unl';ibb ~'l'lle:J'l bb~'UVl~:w 
' " " 1 C:.: ov.d ~ o J"vcvf! ~1J d C:.: 

G'l(llG'l..:J ?ll'Unl';ibn'UI'll';i'UVle:JruVtn:w 25 C flll:W'I.f'U?I:W~Vll:i 75% ru bl6l1b';i:l..ll'l'U bbG'l~b:wmn'U'Ul'U 1 
' " 

bbG'l~ 3 b~e.J'U ';i~ CJ~ b 1m 1 'Unl';i bb ~'l'lle.J'l bb~'UVl~:w iJm';ib 'l.J~CJ'Ubb '\.JG1-:jb~ nLJ'e.Jm~m Y1c.~u tl'U';i~CJ~ b 1m 

b~:W~'U l(llCJflll:W~'U~:W~VJ5 75% h1iJt:-JG'l~m~CJ~nmm';i bb~-:j"lJe.J-:jbbe-J'UVl~:w <5-:j~..:Jbnl'l\iJlnflll:l..IVIU(Il 
"lJe:J-:j~l ~'U~btl'U'Ul'U 1 bbG'l~ 3 b ~e:J'U iJfilhlbbl'ln~l-:j\iJlnfllb~:l.J~'U nl';ibtl'U~l~'U~e.JruVIJl~ 40o( Yll 

' " 
1 ~ bbe:JG'l nmm~~B~1 'U~l ~'U';i~ b VICJBBn 1 '\.J vi'l1 ~iJtJ~mruJlB?I';i~:l.Jl n~'U ';i~ CJ~ b 1m 1 'U nl';i bb ~'l"lJe:J-:j 

" bbe-J'WVJG'i~<u€l~b~ €l 'W~ 3 ~~iJf1 1 mn:ff'W 
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J11'W~ 30 'a~~~b'J6'111'unT~bb~\l"Ue:J\lbb~'UWcl'~ bn'Ue:JW'ViJ1 i1 4°C, 25oC fl'J1~~'U61~.W'VIlf 75% ' ., 
bb6'1~ 40°( fl'J1~~'U61~.W'VI5 75% bll'U'a~~ ~ b'J6'11 3 b~el 'U 
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4.12.3 fl'J1~'Vi'U~ ';(11n'JUJl1'\Al~ 31 '1Al'Ul1 b 16'11 b~:w\9lul'lT~\Jm~nwu1bVU'IJ!;lrJnBBn~t:-.J?i:W?i1~ 
" V QJ .::::.1 I d d ~ d d .:::::. 0 

?in~u'Jun :Wf11f111:W'Vi'U~ 153.80 ± 6.06 cP b:WmnU'U1'U 1 bb!;l~ 3 b~B'U 'VI'iJW'ViJ1:W 4 C r111:w 
' " 'ViU~b~:W~'UB~1~ih!mh•1t1J'VI1~?i~~~ p-value iimm'i1 0.05 b~B~';(l1n:iJtJ~mruJ18?i~~!;l~!;l~ 

~1'U~BW'ViJ1~ 25 OC b~Bbtl'U'U1'U 1 bb!;l~ 3 b~B'U f111:W'ViU~!;l~!;l\lb~num.JhJbb~n~1~tl'UB~1~:iJ 
' " 

Q..l 0 Q..l QQ d ..::::.1 V d ..6_ i.l I W: d .:::., 0 J/ Q..l Q.) ~ 
'Ut.J?i1Atu'VI1~?ifl~ b:Wm 'VI t.J'U num1:W'Vi'U~ b ~:w ~'U ?i'J'U m~ bnu 'VIBW'Vii1:W 40 c m 1:W"il'U?i:W'\Al'VI'6 7 5 % 

v ' " 
.d I d ~ ~ I d V 0 Q..l .::::;:,.:::::, d W: d ~ ~ d .:::::., 
:WA1f111:W'Vi'U~b'\Al:W'lJ'UBt.J1~:W'Ut.J?i1At1J'VI1~?ifl~ b:wmnu'U1'U 3 b~B'U 'VI~'UBl';(l b um';(l1nbn~m~~~b 'Vit.J 

'1JB~tl1'Vi~B bbrJ!;lnm'JB~l 'Uvl1-r'U 'Y\'1l ~'lJB~b 'Vi!;11~'iJ~~B'U?i1t.J b'lib:Wb!;l m1'1JB~'\AlB~b:WB~:iJ U~:W1DJ!;l~!;l~ 
" ' 

bb!;l~i1~bn~b~'U111'11-ru:iJr;ln'l'fru~b tlwl'B'Ul'Ubbt.JnBBnm hJb ll'Ub';(lm dm~ t.J1tl'U b ~B~';(l1n PVA 1lJ A~ 
' 

~11'U?iJl11~~lU'Un'J~ll~~e:Jru'Vi.ll~~?i~~'U L~tJ hydronium ion l~'lfl1~?i6'11tJ~1~Vl:W OH 'lJeJ'l PVA 
, '\J 'U '\J 

vh1m~Lmb';(l!;1'1JB~ PVA b~t.J?im'\Al (Alexy et al., 2002; Alexy et al., 2004 ) 'Ue.Jni(J1nd 

1~ 1~~b';(l!;1'1Je.J~ 1A1~"1J1'U b~t.J?im'IAl b~mnu~~~t.J~ nm'W1'U~'Ubb!;l~e.Jru'Vi.n~?i~~u (No et al., 2006) 
' " " 

~~t:-.J!;l'Y\'11 ~A11:W'ViU~'1Je.J~I'l1-rum~nVlii1 bb 'U'U!;lB ne.JB n?i~~um n bb!;l~v11-ru 1lJA~?im'IAl b~ 'iJ bnu 1'11-ru 
" 

Vl'iJW'Vii1~ 40oC 'U1'U 3 b~'iJ'U 
' " 



. . 

: 

. . 

7000 

6000 

a:- 5000 
u 

-:; 4000 
·v; 
8 3000 
"' > 2000 

1000 

0 

66 

* 

• Initial 

* * • 1 month I 

• 3 months 

d .:!:11 ~ iJ d Q./Q.I ~ ot::::~t.O 
.nTvrvl 31 ~11:U~11:U'Vi'W~"l.IB~:U1~mrw1bb'U'U~Bm:lBm'lt:-~mJ~TH'lMI'U1'Un bnumu'Vi.n:u 4 c, 

' 'U 

25oc ~11:u~w;1:u~'Vl5 75% bb~~ 4ooc ~11:u~'Ua:u~'V15 75% bU'U1~t~~n~1 
3 b~B'U 

' ' 
Vi:U1f.Jb'Vi\9j : ns Ae:J non-significant (P>O.OS) blimVJCJ'Utl'Ubdmb~:U~'W 

4.12.4 ~11:U'Vl'Ubb1~~~ (tensile strenoth) "il1nm'V'l~ 32 'V'l'Ulle:Jru'Vi.njjb'lJ'UU"il~CJ~iJt:.J~ 
:. ' '\J 

~Bml:U'Vl'Wbb 1.:J~.:J 1~?~ c.Je:JruVl.njj~?l.:J~u?i.:J t:.J~ 1 ~ml:UVlU\?1~\?I~.:J b~mh•h-ru:ul~ nVlih bb uu~ e:Jne:JB n 
, '\J '\J 

~t:.J?l:U?ll ~?I ni?ID1'U nm b 'Vl b tJUbb~u:W~:w vh 1 ~f11l:W'Vl'W bb ~.:J~.:Jfll?lfl.:J ~.:J?l Bl?lf16i'e:J.:J nu m~'Vll?lfl e:J.:J'Ue:J.:J 

Srin ivasa (2007) ~i'in~lt:.Jfl'1Je:J.:J?lm1~nl~bn'U~e:Jf1ru?~:w0~\b;u.:Jnfl'1Je:J.:JYJ~:w 1f11~61jl'W'V'l'U l l ml:W'VI'W , 
bb ~.:J~.:J'Ue:J.:J bb~'UYJ~:wi:Jr1lm n~?ll?l~e:J ru'Vi.njj 30 ° C "ill m.fu "il~i1Alfl l?lfl.:J b~e:Je:JruVl.njj?l.:J~'W (Srinivasa 

'I q 'U 'I 'U 'U 

et al., 2007) btie:J.:J"ill ne:JruVl.njj~?l.:J~uvh 1 ~bnl?lm~~~bVlCJ'1le:J.:Jtll1 'Wbb~'WYJ~:w vh 1 ~bn~?~'IJB.:Jll.:J 
, '\J '\J 

mt.J 1 'W 1f1~.:J~l.:J~l~ltJ'1Je:J.:JYJ~:w?i.:Jt:·.m 1 ~f11l:l..J'VI'Wbb ~.:J~.:Jfll?lfl.:J (Arvanitoyann is et al., 1998) ?i1u 

A11:W~'Wil:w~'VI5~ b ~:w~'W'Y111 ~AlA 1 l:W'VI'W bb 1 ~ ~~il bb u1l U:Wr;'11'1 (;1~ b ~ EJ~:w1 'ill n bb~'WYJ~:w EJl'il 1'11'1 
'\J 

f11l:U~'W ?le:JI'lf16i'e:J.:Jtl'Unl~'Vll'lfle:J.:J'1Je:J.:J Srinivasa (2007) ~.:J'V'l'Ullf11 l :U'VI'Wbb ~.:J~.:J'Ue:J.:JYJ~:w 1f11~qjl'W 
iJAlfll'lfl.:J b~e:Jf11l:l..J~'Wi1:W~'VIB:ulnn1l 60% (Srinivasa et al., 2007) 
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4.00 
* 

3.50 

* 'E 3.oo 
E 
' 6 2.50 
£ * I 2.00 • Initial 

• 1 month 
~ 1 50 
·v; 
c • 3 months 
~ 100 

0.50 

0.00 

4·c 25·c 4o·c 

tl Ul"'~ij 

d .ci • ~ il d <V 

flTW'Vl 32 f'1':!1:U'Vl'Wbb1.:J~.:J (tens1Le strength) "!leJ.:J:U16lnVI'W1bb'U'U6lBmHJn'V1~61:U61116ln~ 
QJ '"' QO 0 :la.JQ.It 0 ~Q./Q./d 

u'Jun bnue:~ru'VIfl:U 4 c, 25 c f'111:U"!l'W6l:U'W'Vl5 75% bb&l~ 40 c f'111:U"!l'W6l:U'W'Vl5 . " 
75% bU'W'i~f.l~nm 3 b~e~'W 

VI:U1£Jb'VI~: ns A'El non-si~ni fi cant (P>0.05) b~mVit.J'Ufl'Ub1611b~:!J~'W 

" . 
4.12.5 ~Bf.l6l~n11~~"!lei.:I~'W'V1~61B'UVi'l~"ll1~ (percent elongation at break) ':lnnm'W 

~ 33 'W'Ul1'Elill'VI.fli11;'1.:J~'W'Vh 11Xrh~Bt.Jm~n11 ~~'IJ'El.:J~'W'Vl~\;'1'EJ'U~IVWIJ1~!;1~m b ~'El.:Jiil1nn111~b Vlt.J 
, '\J '\J , 

'IJB.:JJ11 'W bb~'WYJ~:w vh 11Xbn~~B.:Jl1.:Jm t.1 1 'W 1m.:J~1.:Jm~1t.J'IJB.:~YJ~:w~.:Jt:-J!;111X~Bt.Jm: m1~~'1J'El.:J~'W 
Vl~\;'1'El'U~\l~'IJ1~i1f11!;1~!;1.:J (Srinivasa et al., 2007) mJ 1 .:Jbn~1:Ub~mnuYJ~:u1A 1~"1.11'W~rn1:U~'W 

' 
~:W~V16:w1nn11 30% ~b1611'W1'W 30 1'W 1~t.JmuA:we:JruVlfli1~ 30°C vh11X~Bt.J!;1:m118~'1Je:J.:J~'W 

' ' 'U 

Vl~l;'1e:JU~Iil~'IJ1 ~iJ A11;'1'l~'W b ~e:J'l~V1 n u~'UYJ~:wiJ n 1'S~~ A1 1 :U~'W~V 1 n e:J1 n11"1 ~'lJ1Vl~e:JA11:U~'UiJ 
' 'U 'U 

1;'1:WU&iA~1 t.J fl'U'W!;111;'1&i1"1.1b"I.1Bivh 11XI;'11 t.J'IJ'El.:J'W'El~ b:W'Eli~u ntm ~ 1 .:JVlm:w 1 ~.:J'Vi'111X~e:Jt.J!;1~ m'S~~'I.Je:J'l 
d: d d l ~ 
'IJ'WVl~\;'1e:J'UVllil~'IJ1~:!JA1:!J1n'IJ'W (Srinivasa et al. , 2007) 

' 

·. 
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200.00 * 
* 180.00 

160.00 
.:.! 

"' 140.00 ~ 

ns 

.D 

ro 120.00 
c 
0 100.00 
',il 

• Initial 

"" 80.00 c 
0 • 1 month 

uJ 
60.00 

~ • 3 months 
40.00 

20.00 

0.00 

4'( 

Jl1Vo!Vl 33 ~m.J6'1~nT~~~"llB\I~'U'Vl~6f£JU~:U~"ll1~ (percent elongation at break) "llB\I:lJ1~n • 
il d Q,/QJ c:;C c.o 0 ~Q,/Q,/~ 

'Vi'U1bbUU6'1BnBBn'Vlt:-~6'1:l.I6'1TH'In~u'Jun bnUBW'ViJl:lJ 4 c, 25 c fi'J1:l.l'll'U6'1:l.lt-~'Vl5 . ., 
0 ~Q,/Q,/ ~ ~ ~ 

75% bb6'1~ 40 C fi'J1:lJ'll'U6'1:lJW'Vl5 75% bU'U1~~~b'J6'11 3 b~B'U 
' ' 

'Vi:l.l1m'Vi~: ns A€! non-significant (P>0.05) b:WmVitJ'Utl'\Jb16'11b~:lJI'i''U 

4.12.6 bb1\l~b.ui.'Um1mlneJBn"llB\Ibb~'UVl~:l.l (peeling force) "il1n.fl1l'j~ 34 l'j'\Jl 1 b~€l 
e:Jru'Vl.fliJ bb~~';i~ tJ~ nm 1 'Un1';ibfl'\J~'U1'U~'U vh 1 ~bb 1\lvfl -il1. 'Unl';i~e:Jne:Je:Jn"lle:J\1 bb~'UYJ~:l.l i1A1 :l.l 1 n~'U 

' '\J 

0.04 
* 0.04 

E 0.03 E 
'- * * 3 0.03 

<1! • Initial 
§ 0.02 ns ns 

• 1 month 
::'; 0.02 

~ 0.0 1 <1! 
• 3 months 

CJ_ 

0.01 

0.00 

4'( 

Jl1 t-~ Vi 34 bb':i\l~b.ui.'Un1 ':i 6'1BnBBn"ll B\Ibb~'UVl~:l.l (peeling force) "llB\I:lJ1~n 'Vi'U1 bbU'\J6'1BnBBn 
d CV<V ~ .Q O 0 ~QJQ,/~ 0 

'Vlt:-~6'1:l.l6'1116'1n ~u'Jun bnu eJru'ViJl:lJ 4 c, 25 c fi'J1 :l.l 'll'U6'1:l.lt-~'Vl5 75% bb6'1 :; 40 c ' ., 
Jf QJ Q.I~ ~ Cl 

fi'J1:lJ'll'U6'1:lJW'Vl5 75% bU'U':i:; ~ :;b'J 6'11 3 b~B'U 

'Vi :l.l 1m'Vi ~: ns A€! non-significant (P>0.05) b~ tlbVlC.J '\Jtl'\J b'Jmb~:l.llfi''U 
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4.12.71bfl)1:::'l.h.J~~1ru6'11)Gl1flru b~e:Jlbml~~vmHmru asiaticoside 1-w~hhJmAnVIUl ., 

bb'U'I.Jfle:Jf1e:Je:Jn~t:.J?I:W?Il'H'1n\9liJ'nJn 5 o/o ~e:JruVI.n~bb~~nm~l-:J " ~'Ull ~'\.J~mru asiaticoside e:J~ , ~ I ~ 

1-w"lil-:J 24.79±1.20 mg Ci-:J17.73±0.31 mg (i)'-:Jm~~ 35 bb?I\91-:Jllf1THfl'U~h1'U~~ruVIJJ~ 25°C 

i.Jli.J 3 b~e:Ji.J '\.J~mru asiaticoside 1:Wbb~f1~l-:J"illf1U~mru asiaticoside b~:W~i.J e:J~l-:Jbn~l:Wf1l~ 
bfl'U~e:JruVI.n~ 4 OC bb~~ 40°C ~'\.J~:wlru asiaticoside bb~f1~l~"illf1U~mru asiaticoside b~:W~i.J 

' 'IJ 

e:J~l-:Jih.lCJ6'1lrl~Vll-:J?I~~~ p-value Ue:JCJf1ll 0 .05 ~li.J'\.J~mru madecassoside e:J~bi.J"lil-:J 
.::::9 v ~ • ..::::.. 0 ~ 

3.03±0.01 mg m 2.49±0.02 mg \91-:JJll~Vl 36 ~'Ull~ruVIJJ:W 4 C bb~~~~CJ~bl61lf1l~bf1'Ui.Jli.J 

3 b~e:Ji.J 1:Jilt:.J~~e:Jf1l~bU~CJi.Jbb'I.J~-:J'!Je:J-:J'I.Hmru madecassoside bi.J~h1'U ~li.Jf1l~bfl'U~e:JruVI.n~ 
' 'IJ 

25 OC bb~~ 40 oc 'Wl'W 1 bb~~ 3 b~e:J'W ~'\.J~:wlru madecassoside bb1?1f1~l-:J"illf1'\.J~:w1ru 
' ' 

madecassoside b~:W~'We:J~l-:Jilum~lrl~Vll-:J?I~~Y] p-value Ue:JCJf1ll 0.05 

30.00 
ns 

I 25.oo ns * 
QJ 

"0 20.00 .8 
u 

15.00 . ., 
.~ 

• Initial 

4: 10.00 a • 1 month 
r 
ri 5.00 '"" -;J 

• 3 months 

0.00 

4·c 2s·c 4o·c 

Jl1Vol~ 35 m:J..nru Asiaticoside 'lJe:J,:j~~rul'rusr1~1af1VI'U1bb'U'U6Ulf1e:Je:Jf1~~6'1~6'11';i6'ln\9lD'J'Un 1-u 

fl'J1:1Jfl\l6'1JlTVll'W6'1Jl1'J:::d\l~elf:\.!VIJliJ 4°C, 25oC fl'J1:1J.;g'U~:IJ~Vltf 75% bb6'1::: 40oC 
' 'IJ ... 

fl11~~i.J~~.wVl5 75% bU'U';i~tl~b'Jm 3 b~e:Ji.J 

Vl~1tlbVI!?J: ns ~e:J non-significant (P>0.05) b~e:JbYJCJ'Un'Ublmb~:W~i.J 
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~ 3.50 
on * 5 3.00 ns ~s 

<lJ 
"Q 2.50 
"' 0 
:;; 2.00 
ro • Ini tial u 
<lJ 150 -o 
ru • 1 month ~ 100 
2 

• 3 months ;I 0.50 
IV' 

-;:> 0.00 

4"( 25"( 40"( 

t]Oi'v1!Jii 

.ll1'V'I~ 36 m~nru Madecassoside "lle:l.:!~~t'l.tlru•vh.ncl"nvru1bb'U'U61e:Jm:mn~~6U.J6'11'Hln~u1'Un 
lwf1111lf1.:J6'l.n1'V'Ib'U6'l.n11:::d.:J~e:Jru'VI.nil 4 °c, 25°C f1111l~'U61'1!-w'Vl5 7 5% bb61::: 

• 'U 

40 oc f111:U~'U6i':u.w'Vl5 7 5% btl'U':i:::t~:::nm 3 b~e:J'U 
' ' 

VI:U1tlb'VI~ : ns fie:~ non-significant (P>0.05) biJmVJCJ'Url'Ubd6nb~:U~U 

" A11:U~1.J 

~:U~Vl5VJ 

pH f111:UVIU~ ':i:::t~:::b1611 

b'Un1':i bb~.:J 

"lle:l.:J 

bb~'UvM:u 

f111:UVl'U 

d 
Vl~6'le:l'UVl 

n1':i61e:Jn 

e:Je:Jn"lle:J.:J 

bb~'U~~:u 

1111 m.J(;l n1'i~ n1~1A11:UA.:J61Jl1'v'l"lJeJ.:Jt>h-rum~ nVl1J1 bb 'U'U(;le:J ne:Je:J n~~61:U?I1'i?l n~th'Un 5% 1u 

?lm1~ d.:J 'v'l'Ul1e:Jru'VI.nil bbr;'\~'i~ CJ~nm 1 'Um'ibi1u :lJ~"~e:~Aru?l:u'IJ~Vl1.:J m CJm'v'l-ve:~.:J\1\'1-ru H1 bbn . " . 
pH A11:UVIU~ bbr;'\~'i~CJ~bd(;111Un1'ibb 1X.:J"lJe:J.:Jbb~'UYJ~:u ~.:JAtu?I:UD~Vl1.:Jn1CJ.Il1'v'l1~mu'v'l1~A11:U'VItj~ • 
~ b u~mJbb U61.:J 1 u-ve:~.:J\1\'1-ru 6'1-.:J t:-J61~e:~Aru?l:u'\J~ib~.:j n61"lJr.J.:j bb~uYJ~:u r.J ~ 1.:j 1 ':in m:u ~h-rum ~ n'VI1l 1 bb uu 

' 
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~e:Jn mJn~t:..JmJ?t1~?tn~u-run ~i1fi11:Wfl-1?tm'l"l~~1 'W?t.fl11 ~ b ~-1m~i1 Aru?t:wu~V11-1f11tJ.fl1'1"l bfli1 
' 

bb~~ b :U-1n~ hh tl~tJ'Ubb tl~-.1 b~mV1tJun'l.whru~ b~~t.Jm?t~~hnl 1 vi'-1,1'Wen~n~11 1v1--.h?!m1~~ 
b VI:W1~?t:W1 'U f11~ brl'\J ~1~'\J:W1 ~ f1VI~1 bb '\J'\J~ e:J fle:J e:J n~ t:..J?I:W?I1~?1n~U1'\J f1fl1 ~ brl'\J~ e:JruVI.fliJ 25 OC 

' " 
b'l"l~1~flru?t:wu~~1-.1 ., ~-.1V11-.lf11tJ.fl1'1"lbbt'l~b:U-1n~ ~~e:J~':il'Utl~mrum~?hri'ru~e:J asiaticoside i1m~ 

' I " 

btl~tJ'Wbbtl~-111Bmdmnu'W1'W 3 b~e:J'W 

.· 

·. 



·. 

d 
ti'VI'VI 5 

fl'jtlbb~~il.fltl'j1EJ~~fl1'j'VIfl~il.:J • 

5.1 ~'Jti~'G'InT';iVI~'G'Iv-1 • 
Li1mhJ-rumnmLVI~\IL'V'l1~tJ~n '\JTUi'\ltn\1 e:l.11~'U'Ih':i1U ~.e:JUm-1"1151'\j LIPl~E.J:WLtJ'U6'11':i?lfl~ 

'U • 

Vltl1UtJ1Ufl 1~miTin1':i LL '11~1 E.J 9 5% ethanol LL~TVh 1 ~6'11':i6'1tl~ L oU:WoU'U~'U 1~CJ 1-tiLfl~e:l\l':i~ L VICJ 1~ CJ 

fl11:W~'U 'V'lUtl~:W1UJ'Ile:J\I asiaticoside, madecassoside LL~~ asiatic acid whti'u 34.37, 4.17 

LL~~ 2.98 mg/n-r:w'IJe:J\16'11':i6'1fl~VItl1UtJ1Ufl IP11:WiA'1~U 6'11':i6'1fl~VItl1UtJ1Ufl~H1hJ~t"]Vl~~1'UL~e:l 
LLUflViL~E.J 'IJU~ 5. aureus LL~~ E. coli LL~6'11:W1':it1~1'UL~mLuflViL~E.J 'IJU~ P. acnes 1~ 1~CJ~f11 
fl11:WL<U':w<U''U~1~~~6'11:W1':it1EJU~\In1':ib~~tyb~U11Pl'lle:l\IL~e:J P. acnes (MIC) Lvhti'u 21.88 mg/ml 

LLm~f11fl11:WL<U':w<U''U~1~~~~6'11:W1':it1~1 L~e:J P. acnes 1~ (MBC) Lvhti'u 700 mg/mL 6'11':i6'1tl~ 
Q..l t::::l .,! i.l ~ QJ aJ i.l ~..:;:,~ v v 

VICJ1UU1UfllJ'lV151Pll'Uf.lf.lfl'llb~'IJ'UL:Wf.lV1~6'1e.JUmmu DPPH ABTS LL~~ FRAP 6'11':i6'1fl~VICJ1UU1Ufl 

1~~-Yh~~m'l!~~ human skin fibroblast 

1 'Uf11':i~~'U1~h-ru:w1~mu6'1 'V'lu·:htl~:w1ru'lle.J\16'11':ine.JYJ~:wfie.J 1fl11Pl'll1'U LL~~ PVA ~e.m~e.J 

fl UJ6'1:WU~Vl1\l m E.Jil1'V'l'llf.l\l ~h-ru b 'li'W fl11:W L tl'U n':i~ ~ 1\1 LL~~ fl11:WV!.U ~ Lb~ ~ fiUJG'I:WU~ L "li\1 n~'llf.l-1 
' ' 
LL~'UVJ~:W LL~~tl~:W1UJbbf.l~fle.Je'Jf.l~~\l Ltl'U6'11':ib ~\lf11':i'Vi'11 ~Lb~\1 ~e.J~~f.l ':i~CJ~b 1~1f11':i'Vh 1 ~Lb~\l'llf.l\1 
LL~'UYJ~:w Lde.J H1 tl':iLLm:We.Jf.lnLLUUrn':iVl~~f.l\1~1E.JiTim':i~Ple.JU6'1'Uf.l\I~'U~1 Design-Expert® 'V'lUl1 

tl~:w1ru PVA 1.42 o/ow/w Lb~~ PVMMA 0.05 o/ow/w vi'11~fiUJ6'1:WtJ~~1'Un1E.Jil1'V'l L'li'U fi11:WLtl'U 
' 

m~~1\l fl11:WVIU~ ':i~E.J~bdm 1'Wn1':ibL~\I'IJe:l\lbb~'UYJ~:w bb~~G'I:WtJ~L"Ii\lfl~'IJf.l\ILL~'UYJ~:w L'li'U fl11:WVl'U 

Lb':i\1~\1 (tensile strength) ~e.JE.J~~n1':i~~'llf.l\I~'UV1~6'1e.JU~~~'IJ1~ (percent elongation at break) 

LL~~LL':i\I~%1'Un1':i~e:lfle:le:lfl'l.le:l\ILL~'UYJ~:w (peeling force) ~fld11JLVI111~6'1:WLL~~~f111mlLAE.J\ItlU 
f11~1~~1flf11':iVl~~f.l\l Li1e.Je..~6'1:W6'11':i6'1tl~VIE.J1UU1Un 5%w/w ~\11'W~h-rum~mu6'1 vh1~f11fi11:W 
VI'UI?I f111:1J'VI'Ubb 1\1~-:J bbfl~bb 1-:J.ffi m 'Uf111fl'Elf1'El'El f1'tl'El.:J bbyJ'tJYJ~:u ilf11fll'lfl.:J'EJV1-:Ji:lumh~''lJ'VI1-:Ji.'t~~~ 
p-value ii'emn11 0.05 L~f.l\1~1fle.J~'I.If.l\ILLf.l~flf.l®'f.l~~L~:W~'W1'W~h-ru~1fl6'11':i6'1fl~VIE.l1UU1UnLL~~ 
6'11':i~1~ty1'W6'11':i6'1tl~tJ1Un~ffifl':i\16'1~1\lbtl'UVI~ phenolic hydroxyl "i11'W1'U111fl rn':itl~~tJ~e.JCJ 
6'111~1~11! 1 'UVI~e:J~Vl~~e.J\11~E.J 1 otlLfl~e:J\Ii!eJ"il1~eJ\In1':i"li:w~1'U'I.IeJ\1~1VIU\I (modified Franz diffusion 

cell) ~e:JUJ'VIilil 35±2°( 'V'l'Ul1il1E.J1'W 30 mVi ~h-ru6'11111':it1tl~~tl~e.JE.J6'11':i~1flruAB asiaticoside 
' 'U ... 

1 ~1 'U tJ ~ :w 1 ru ~ :w 1 n 'V'j f) ~ ~ ~ n ':i ~ ~ 'U n 1 ':i 6'1 ~ 1 \1 fl f) ~ ~ 1 b ~ 'U 1 ~ b n f) b Vi CJ 'U tl u n ~ :w fl1 u fl :w 
' ' ' 

ci1'U madecassoside LL~~ asiatic acid i1m':itl~~tJ~eJE.J~1nl?i'1-ruifeJE.J:W1fl Lbfl~6'11':i~1flty~ 
tJ~~tJ~eJE.Jf.leJfl:W1~1nl?i'1-r'U:w1~flVIU1 LL'UUfleJfleJeJ n~e.J6'1:W6'11':i6'1tl~U1Ufl 5% 1:Wne.J 1 ~Lfi~~~~f.l 

Q _.f Q.J Q.l tf W:: d I Q .. /..0::.. 

~UJWJ:W fl11:W'IJ'U6'1:W'V'lV15 bb~~':i~CJ~b1mf11':ibflU :We.J~IPlf.lfjUJ6'1:WUIP1Vl1\lf11CJil1'V'J Lb~~':i~t.l~b'Jm 

1 'Uf11':i LL ~'l'l.lf.l\1 l?i'1-ru:w1~f1V1U1 LL uu~ Bflf.lf.lfl~e.J6'1:W6'11':i6'1tl~ VltJ1UtJ1'Ufl 5 o/ow/w LLfl~fiUJG'I:WtJ~ • 
L"li\lflfl'l.le:J\ILL~'UYJ~:w ci1'UU~:W1UJ6'11':i~1~ty L'li'U asiaticoside bb~~ madecassoside L'U\?\'1-ru 

t( 9.1 .d r:::...J ~· .r:::!il ..:::,1 d d. i.l .d 
:W16'1flVI'U1bbUUfle:lfleJf.lm:WmflUVl~UJVIJJ:WIP11\I 1 'U1'U 3 b~f.l'U :Wn1':ibUflE.J'ULLU~\Ifl~fl\ILflfl'UeJE.J L:WeJ 

.::.i QJ Q 11 Q.J &I c:O Q.J 0 Q) If iJ d Q.J Q.J 

L Vl CJUflU bd m b ':i:W ~Pl'U ~\I'U'U fl1 ':ibflU':ifl~11Pl1':iU1l16'1flVI'U1 LL UU~ Bflf.lf.l flVle.J6'1:W6'11':i6'1 fl~ VltJ1UU1'Ufl 
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~BUJVIfliJ 25 •c LL~~f111:U~'U"':UoWV15~1lJG1.:J';ij'Ubfl'U hJ LVf:l1~f1UJG1:U'IJ~~1'Ufl1CJfl1~ Lf1i1LL~~L ~.:Jfl~ 
, 'U \J , 

Lu~c.~'ULL u~.:JuB c.~ Lrim Vit~uA'uflru G1:u'\J~I'i1'~ 1 ~L 1m L~:u;J'U B~1'~ hn~1:u1~c.1~ L 1mm·nnu-rmn 
ovvil'-=1 ~ cf V J" II ..J 
~11'1J tl'l ~ B'I:U fl11Vl~G1B'Uf111:Uf1.:JG1fl1~ b 'U1~CJ~CJ11 ';ij.:J';ij~G11:U11ti1~'1J'lJB:U~ L 'IJB.:J~'U'lJB.:J1~ CJ~ L 16'11Vl , " 
vh 1 ~~1-r'IJ~.:Jf1.:JG1m~vY.:JV11'1~1'Ufl1tJfl1~ Lf1i1 Lb~~b ~.:Jfl~ 

~'~,r'U~1-ru:u 1~nV1u1 bb 'IJ'Ufl B flBBn~1~~WJ'U1:ff'U -;u1 n1f11~"1l1'U~ b u'U G111 nBYJ~:u-;u1 flli11:U'lJ1 &~ 
LL6'1~ PVA ~'~ L U'UG111nBYJ~:u~1~-;u1nm1"''~Lf111~v1 Lrim11:w1t:-JG1:unuG111G1n~VItJ1'1J'IJ1un~i1~Vl~ 
;)1'UBB n68 L~i'ULLfl~ m~;J'Ufl11G1~1'1 f1B6'16'11 L -;u'U G11:U11tl"li1tJ~'U'rlG1fl1~ ~1VIU11~ , " 

5.2 ,jilLi1UilLb\AZ 

"' "' 
tl11 L"li'U Vl~G1B'IJ'U1'U 6 12 VI~B 24 L~B'U ~.:Jilf111vl1fl11Vl~G1B'Uf111:Uf1.:J(J)1'lJB.:J:U1~flL'IJG1f11'UI"ifl'U 

" 

0 0 
0 Q.J tf i.l ci QJ Q..l d I I i.l 

ABf\6'11 b';ij'U 'lJ B'lm':l'IJ :U1?fflVI'U1 LL 'IJ'Uf\BflBBflVll!-J?f:U?f11?ffl~VItl1'1J'IJ1'1J fl Vll!-J1'U?ffl11~ b 1'1 bb6'11 

b ~B ~ mvi'oUB:Um~tJ1fl'IJU';ij~tJI'i1'1 j b "li'UBUJVIfliJ~?t.:J:ff'UVI~B1~tl~b16'11fl11bn'IJ~'U1'U:ff'U i:Jt:-J~I'iBnVJ~ 
'U 'I 'U 'LI .. 1 

Vl1'16/hm~VI~B hJ 
5.2.3 ~ULb'U'U?f11?fn~m1B~'1'U~Ut:-J.:Jbb~.:J (Freeze dried powder) L~tJ..:J';ij1fl?f1:U11mnuH 

1~'U1'U LL~~~~m tJ 1~~ fll1?111?f fi'~ 1 'U1U LL 'U'U?f11?f fl~VItl1'1J 
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2.1 Linearlity 

Asiaticoside 

Cone. (!Jg/ml) Peak area 

0 0 

50.34 161291 

100.69 394055 

201.38 724016 

302.06 1182540 

402.75 1586407 

Madecassoside 

Cone. (!Jg/ml) Peak area 

0 0 

50.50 433869 .-
100.50 1033579 

202.00 1832933 
: 

303.00 2932268 

404.00 3938322 

Asiatic acid 

Cone. (!Jg/ml) Peak area 

0 0 

50.18 380048 

100.69 996982 

200.70 1848878 

301.05 3005999 

401.40 4107802 

·• 
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2.2 ~-n:uf!nl9i'v~ (Accuracy) 
'IJ 

1 

2 

3 

" ..... 
~)~'VI 

1 

2 

3 

" ..... 
~)~'VI 

1 

2 

3 

2.3.1 Asiaticoside 

Weight 

(mg) 

388.55 

388.55 

388.55 

weight peak 

(mg) area 

368.49 876354 

368.49 878385 

368.49 868198 

weight peak 

(mg) area 

388.66 

388.66 1568478 

388.66 1585657 
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Blank 

peak area amount Mean±SD 

(!Jg/mU 

714091 175.51 

720937 177.11 176.58±0.93 

721089 177.14 

51.25 (!Jg/mU 

amount amount % Mean±SD 

(j.Jg/mU eqi blank recovery 

213.3200 224.93 94.35 

213.7933 225.43 95.32 93.37±2.59 

211.4192 222.93 90.44 

205 (!Jg/ml) 

amount amount % Mean±SD 

(!Jg/ml) eqi blank recovery 

97.53±1.38 

374.6166 374.51 96.55 

378.6201 378.51 98.50 

410 (!Jg/ml) 

weight peak amount amount % Mean±SD 

(mg) area (j.Jg/ml) eqi blank recovery 

1 391.35 2248539 533.1021 529.29 86.03 86.71±2.00 
r-------~------~------r-------~-------+------~ 

2 391.35 2232770 529.4272 525.64 85.14 

3 391.35 2300552 545.2235 541.32 88.96 
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2.3.2 Madecassoside 
._ 

Blank 
"' <V "' Weight (mg) peak area amount mean±SD fl~..:J'Vl 

(IJg/mL) 

1 388.55 1001433 122.1935 124.79±3 

2 388.55 1018296 124.1158 

3 388.55 1053011 128.0733 

50.15 (IJg/mL) 
~ ~ 

weight peak fl~..:J'Vl amount amount % Mean±SD 

(mg) area (IJg/mL) eqi blank recovery 

1 368.49 1357944 162.8354 171.70 93.53 99.09±5.23 

2 368.49 1373851 164.6488 174.86 99.84 

3 368.49 1390727 166.5726 176.91 103.91 

.~ 200.60 (IJg/mL) 
"' ... "' weight peak fl~..:J'Vl amount amount % Mean±SD 

(mg) area (IJg/mL) eqi blank recovery 

1 388.66 100.07±2.20 

2 388.66 2758676 322.5176 322.43 98.52 

3 388.66 2813341 328.7493 328.66 101.63 

401.20 (IJg/mL) 
~ d 

weight peak fl~..:J'Vl amount amount % Mean±SD 

(mg) area (IJg/mL) eqi blank recovery 

1 391.35 4217807 488.8572 485.36 89.87 89.55±1.60 

2 391.35 4145002 480.5575 477.12 87.82 

3 391.35 4256892 493.3128 489.78 90.97 
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2.3.3 Asiatic acid 

Blank 
... "' ... Weight (mg) peak area amount mean±SD fll'a..:!'Vl 

(IJg/mL) 

1 388.55 475547 51.9733 52.14±0.59 

2 388.55 483227 52.7888 

3 388.55 472517 51.6516 

50.23 (IJg/mL) 
... "' ... weight peak amount amount % Mean±SD fll'a..:!'Vl 

(mg) area (IJg/mL) eqi blank recovery 

1 368.49 785511 84.8852 89.51 74.40 81.36±11.52 

2 368.49 788394 85.1913 89.83 75.04 

3 368.49 876389 94.5346 99.68 94.66 

.- 200.90 (IJg/mL) 
... "' ... weight peak fll'a..:!'Vl amount amount % Mean±SD 

(mg) area (IJg/mL) eqi blank recovery 

1 388.66 101.38±4.92 

2 388.66 2330188 248.8985 248.83 97.90 

3 388.66 2461847 262.8780 262.80 104.86 

401.80 (IJg/mL) 
... "' ... weight peak fll'a..:!'Vl amount amount % Mean±SD 

(mg) area (IJg/mL) eqi blank recovery 

1 391.35 4244745 491.9281 488.41 108.58 110.13±2.44 

2 391.35 4255024 493.0999 489.57 108.87 

3 391.35 4399698 509.5926 505.95 112.94 



·. 

,· 

2.3 fi11:Ubb~'W£h (Precision) 

2.3.1 Asiaticoside 

Cone. 
... ... 

(1-lg/ml) 6111 1 6111 2 

49.99 174217 176985 

199.98 842936 847576 

399.96 1728288 1732382 

Cone. 
" ... 

(1-lg/mU 6111 1 6111 2 

49.99 218281 218328 

199.98 865906 866529 

399.96 1717342 1730948 

Cone. 
" ... 

(1-lg/mU 6111 1 6111 2 

49.99 190985 191276 

199.98 847505 844877 

399.96 1703101 1715814 

Cone. 
" " (1-lg/mU 6111 1 6111 2 

49.99 177991 177840 

199.98 740990 747566 

399.96 1465600 1476323 

89 

Intra-day precision 
... 

6111 3 mean so %RSO 

173006 174736 2039.6399 1.167269 

865264 851925 11782.293 1.383019 

1755988 1738886 14951.556 0.859835 

Intra-day precision (day 1) 
" 6111 3 mean so %RSO 

217060 217890 718.89661 0.3299 

868563 866999 1389.5403 0.1603 

1746397 1731562 14537.239 0.8395 

Intra-day precision (day 2) 
" 

6111 3 mean so %RSD 

190874 191045 207.6078 0.1087 

846522 846301 1327.8239 0.1569 

1711817 1710244 6500.8337 0.3801 

Intra-day precision (day 3) 
" 6111 3 mean SD %RSD 

179445 178425 886.27893 0.4967 

747279 745278 3716.577 0.4987 

1474727 1472217 5785.5002 0.3930 
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2.3.2 Madecassoside 

Cone. Intra-day precision 
!V !V !V 

(IJ~/ml) 6111 1 6111 2 6111 3 mean SD %RSD 

50.42 492872 502022 500236 498376.7 4850.1 0.973179 

201.67 2002865 2038864 2069869 2037199 33533 1.646034 

403.33 3839941 3832935 3891978 3854951 32256.81 0.836763 

Cone. Intra-day precision (day 1) 
!V !V !V 

(IJ~/ml) 6111 1 6111 2 6111 3 mean SD %RSD 

50.42 458118 452040 456876 455678 3211.218 0.7047 

201.67 2155751 2177457 2169956 2167721 11024.2 0.5086 

403.33 4137202 4070959 4182819 4130327 56246.04 1.3618 

Cone. Intra-day precision (day 2) 
... ... !V 

(IJ~/ml) 6111 1 6111 2 6111 3 mean SD %RSD 

50.42 495037 493116 497285 495146 2086.636 0.4214 .-
201.67 2036673 2051475 2025157 2037768 13193.15 0.6474 

403.33 3984801 4034094 4031361 4016752 27704.1 0.6897 

Cone. Intra-day precision (day 3) 
!V !V !V 

(IJ~/ml) 6111 1 6111 2 6111 3 mean SD %RSD 

50.42 336684 343678 340401 340254.3 3499.306 1.0284 

201.67 1789188 1799720 1798315 1795741 5718.379 0.3184 

403.33 3579984 3591595 3589034 3586871 6100.226 0.1701 
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2.3.3 Asiatic acid 

Cone. Intra-day precision 
"' "' II 

(IJg/mL) szl1 1 szl1 2 szl1 3 mean SD %RSD 

50.18 515797 511977 501547 509773.7 7376.085 1.4469 

200.70 2252120 2275140 2314081 2280447 31319.56 1.3734 

401.40 4343407 4367555 4380591 4363851 18866.69 0.4323 

Cone. Intra-day precision (day 1) 
II "' II 

(IJg/mL) szl1 1 szl1 2 szl1 3 mean SD %RSD 

50.18 392152 398914 391269 394111.7 4182.311 1.0612 

200.70 1974333 1985720 1994666 1984906 10190.89 0.5134 

401.40 3779947 3848226 3862724 3830299 44204.54 1.1541 

Cone. Intra-day precision (day 2) 
"' "' " (IJg/mL) szl1 1 6111 2 6111 3 mean SD %RSD 

50.18 396553 397996 .· 396923 397157.3 749.4974 0.1887 

200.70 2054762 2041320 2051719 2049267 7048.48 0.3440 

401.40 4040589 4140003 4189897 4123496 76010.34 1.8433 

Cone. Intra-day precision (day 3) 
"' "' "' (IJg/mL) szl1 1 6111 2 6111 3 mean SD %RSD 

50.18 312312 315963 319052 315775.7 3373.903 1.0684 

200.70 1843393 1859755 1878137 1860428 17381.78 0.9343 

401.40 3689000 3766215 3796792 3750669 55552.11 1.4811 
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Asiaticoside 

Cone. (f-Jg/ml) 

49.996 

100.008 

200.000 

300.008 

400.000 

?11'J?ln~11-run 53306 

2500000 

2000000 

~ 1500000 
* > 
"iii 
~ 1000000 
<( 

500000 

0 

0 100 

92 

RT Area (V*Sec) 

12.064 220352 

12.046 536415 

12.017 1128055 

12.036 1662365 

12.063 2371229 

12.048 10967222 

200 300 400 500 

Asiaticoside (llg/ml) 
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Madecassoside 

Cone. (!Jg/mU RT Area (V*Sec) 

50.007 17.289 467514 

99.997 17.271 1016600 

199.993 17.263 2222291 

300.006 17.333 3428129 

399.986 17.42 4863160 

?l11?1fli?1'\J-run 53306 17.26 2551720 

6000000 

5000000 
y = 12484x- 222137 

R2 = 0.9981 

~ 4000000 
u 
Ql 

VI 

* > 3000000 -ro 
Ql ... 
<( 2000000 

1000000 
; 

0 

0 100 200 300 400 500 

Madecassoside (t-Lg/ml) 



Asiatic acid 

Cone. (f.Jg/ml) 

50.005 

99.994 

200.004 

299.930 

399.991 

?ll'i?ln\?lu··run 53306 

6000000 

5000000 

- 4000000 
u 
Qj 
VI > 3000000 
Iii 

Qj ... 
. <( 2000000 

..,., 

1000000 
; 

0 
0 100 

RT 
20.954 

20.837 

20.822 

20.858 

20.956 

20.831 

y = 13267x- 118075 
R2 = 0.997 

200 300 

Asiatic acid (llg/ml) 

94 

Area (V*Sec) 

594652 

1259016 

2350291 

3907805 

5227721 

1986046 

400 500 
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.!t.J """" v cv Q.l 

4. 1]Y15\?l1'\.,!'e.JBn61lbVI"I.l'U'lJB'l?I1TiffiVI'U'd'l.Jn 

4.1 Phenolic compound 

l.JOO 

1200 

!.000 

~ 
~ OB<.Xl 

)()I)[) 

G 40C 

J200 

0.000 

final cone. 

(iJg/ml) 

0.00 

2.50 

5.00 

7.50 

10.00 

12.50 

Gallic acid 

(!Jg/ml) 

0.00 

2.50 

5.00 

7.50 

10.00 

12.50 

• 

• 
OCJ 2 i"'!Q 

sample 

(iJl) 

0 

20 

40 

60 

80 

100 

0 

0.255 

0.507 

0.782 

1.006 

1.271 

• 

400 

95 

• 
) "0 1011• I 1)()('155 • R' 00996 

• 

6.00 8v0 1000 12 ()) 14 00 

Gatbc dC1d i~y'rn_) 

folin 

di-water solution Na2C03 

(iJ l) (iJ l) (iJ l) 

1625 125 250 

1605 125 250 

1585 125 250 

1565 125 250 

1545 125 250 

1525 125 250 

Absorbance 725 nm 

0.008 0.008 

0.263 0.269 

0.482 0.502 

0.768 0.781 

1.038 1.009 

1.279 1.248 



4.2 DPPH 

Trolox 

(!Jg/mU 

0.00 

1.25 

3.75 

6.25 

8.75 

13.75 

2000 

• 000 • 

• 
• 

y 6955" 353o:t 

Hi 0'N1 

• 

• 

C OQ 2 0 a 00 6_00 8.00 10.00 12 1}0 14 DO 16 00 

20 00 

Tr<Ac,x IJ~/mll 

final cone. sample MeOH DPPH 

(!Jg/ml) (!JL) (!J l) (!J l) 

0.00 H20 ==250 250 500 

1.25 10 490 500 

3.75 30 470 500 

6.25 50 450 500 

8.75 70 430 500 

13.75 110 390 500 

Absorbance 725 nm %Inhibition 

1.503 1.519 1.53 0.92 -0.13 

1.475 1.451 1.456 2.77 4.35 

1.242 1.197 1.183 18.13 21.09 

0.94 0.919 0.912 38.04 39.42 

0.684 0.641 0.644 54.91 57.75 

0.096 0.047 0.081 91.70 95.94 

96 

-0.86 

4.02 

22.02 

39.88 

57.55 

93.00 
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4.3 ABTS 

Vitamin C 

(!-lglmU 

0.000 

0.625 

1.250 

1.875 

2.500 

3.125 

3.750 

97 

80 

70 
y -1816h. 0714 • 

"' R' • 0.997 • 

50 

• 40 • 
30 

20 • 
10 • 
0 • 

0000 o.~oo 1 ooo 1 500 2 ooo 2 500 3000 3 500 a.ooo 

final cone. sample Dl ABTS 

(!-lg/ml) (!-I l) (!-Ill (!-ll) 

0.000 0 60 1000 

0.625 5 55 1000 

1.250 10 50 1000 

1.875 15 45 1000 

2.500 20 40 1000 

3.125 25 35 1000 

3.750 30 30 1000 

Absorbance 734 nm %Inhibition 

0.605 0.614 0.61 0.820 -0.656 0.000 

0.525 0.549 0.516 13.934 10.000 15.410 

0.468 0.482 0.469 23.279 20.984 23.115 

0.387 0.385 0.396 36.557 36.885 35.082 

0.341 0.34 0.333 44.098 44.262 45 .410 

0.256 0.243 0.252 58.033 60.164 58.689 

0.194 0.191 0.199 68.197 68.689 67.377 



4.4 FRAP 
. . 

1 40 

1 20 . 
E 1 00 
c 

"' 0.80 "' "' QJ 

060 u c 
2l 

0.40 0 
.0 
< 0.20 • 

0.00 

0 

final 

cone. 

C1-1M/ml) 

0 

25 

50 .-
75 

100 .-
125 

150 

Ferrous sulfate 

(1-!M/ml) 

0.00 

25 

50 

75 

100 

125 

• 
• • 

50 

y o 0.007x + 0.148 • 

R2 ~ 0.997 . 

• 

100 150 
ferrous sulfate (uM/mL 

sample Dl FRAP 

(I-ll) (I-ll) (I-ll) 

0 120 900 

5 115 900 

10 110 900 

15 105 900 

20 100 900 

25 95 900 

30 90 900 

Absorbance 593 nm 

0.131 0.12 

0.31 0.375 

0.5 0.541 

0.685 0.701 

0.904 0.891 

1.044 1.063 

98 

200 

0.116 

0.372 

0.486 

0.719 

0.912 

1.092 
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: 

cl 
Cell 'VI 1 

bT~l 

(min) 

5 

10 

15 

20 

25 

30 

45 

60 

120 

180 

360 

720 

1080 

1440 

RT 

11.554 

11.525 

11.524 

11.792 

11.477 

11.467 

11.484 

11.484 

11.484 

11.507 

11.512 

11.605 

11.556 

11.581 

Area Cone 

(IJg/mL) 

110162 13.820 

108974 13.604 

111698 14.099 

362796 59.704 

630277 108.285 

619769 106.376 

667841 115.107 

663849 114.382 

1298915 229.725 

1192737 210.440 

1958349 349.493 

2113837 377.734 

2116162 378.156 

2778688 498.486 

99 

Amount Commutation % 

(1Jg) in (1Jg) Commutative 

12 ml 

2.764 165.834 3.017 

2.721 163.245 3.021 

2.820 169.182 3.178 

11.941 716.445 13.187 

21.657 1299.415 24.011 

21.275 1276.513 23.989 

57.554 1381.285 26.282 

57.191 1372.584 27 .171 

114.862 2756.698 53.396 

105.220 2525.285 51.275 

174.747 4193.921 83.550 

188.867 4532.804 92.896 

189.078 4537.872 96.424 

249.243 5981.834 126.138 
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Cell Vi 2 

·. 
RT Area Cone Amount Commutation 0/o 

nm (!Jg/mU (!Jg) in (j..Jg) Commutative 
·. 

(min) 12 ml 

11.54 108285 13.479 2.696 161.744 161.744 2.94 

11.54 111752 14.108 2.822 169.300 171 .996 3.13 

11.54 214296 32.733 6.547 392.792 398.310 7.25 

11.323 362796 59.704 11.941 716.445 728.509 13.26 

11.478 621103 106.618 21.324 1279.420 1303.425 23.72 

11.466 620567 106.521 21.304 1278.252 1323.580 24.08 

11.464 652454 112.312 56.156 1347.749 1414.382 25 .73 

11.473 659299 113.556 56.778 1362.668 1485.456 27.03 

11.468 1114299 196.194 98.097 2354.331 2533.898 46.10 

11.491 1170426 206.388 103.194 2476.659 2754.323 50.12 

11.515 1969501 351.519 175.759 4218.227 4599 .085 83.68 

11.519 2045632 365.346 182.673 4384.153 4940.770 89.90 

11.559 2171600 388.225 194.112 4658.698 5397.988 98.22 

11.616 2179749 389.705 194.852 4676.458 5609.861 102.07 
: 

: 



.' 

d 
Cell 'Vl 3 

nm 
(min) 

11.535 

11.543 

11.533 

11 .509 

11.461 

11.488 

11.471 

11.477 

11.486 

11.486 

11 .509 

11.518 

11.536 

11.555 

RT 

102733 

103767 

105051 

121617 

657207 

641213 

645260 

658684 

1123691 

1147203 

1927639 

2046825 

2161534 

2155826 

Area Cone 

(IJg/mL) 

12.470 2.494 

12.658 2.532 

12.891 2.578 

15.900 3.180 

113.176 22.635 

110.271 22.054 

111.006 55.503 

113.444 56.722 

197.900 98.950 

202.170 101.085 

343.916 171.958 

365.563 182.781 

386.397 193.198 

385.360 192.680 

101 

Amount Commutation % 

(1Jg) in (IJg) Commutative 

12 ml 

149.643 149.643 2.72 

151.897 154.391 2.81 

154.695 159.721 2.91 

190.800 198.404 3.61 

1358.108 1368.892 24.91 

1323.250 1356.669 24.68 

1332.070 1387.543 25.25 

1361.327 1472.303 26.79 

2374.801 2542.499 46.26 

2426.045 2692.693 48.99 

4126.990 4494.723 81.78 

4386.753 4926.444 89.64 

4636.759 5359.232 97.51 

4624.319 5539.990 100.80 
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Cell ii 4 

RT Area Cone Amount Commutation % 

nm (1-Jg/mU (1-Jg) in (1-Jg) Commutative 

(min) 12 ml 

11.982 104480 12.788 2.558 153.451 153.451 2.79 

11.532 142155 19.630 3.926 235.563 238.120 4.33 

11.534 109977 13.786 2.757 165.431 171.915 3.13 

11.535 112503 14.245 2.849 170.937 180.177 3.28 

11.463 658602 113.429 22.686 1361.149 1373.238 24.99 

11.466 653708 112.540 22.508 1350.482 1385.258 25.20 

11.466 681816 117.645 58.823 1411.743 1469.027 26.73 

11.462 684001 118.042 59.021 1416.505 1532.611 27.89 

11.496 1139875 200.839 100.420 2410.074 2585.201 47.04 

11.479 1277913 225.910 112.955 2710.925 2986.472 54.34 

11.508 1268497 224.200 112.100 2690.403 3078.905 56.02 

11.514 2093604 374.059 187.029 4488.707 4989.309 90.78 

11.519 2198597 393.128 196.564 4717.537 5405.169 98.35 

11.523 2213247 395.789 197.894 4749.467 5633.662 102.50 



.... 

·. 

: 

: 

cl 
Cell 'Vl 5 

nm 
(min) 

11 .543 

11.556 

11.528 

11 .522 

11.469 

11.478 

11.463 

11.478 

11.47 

11.479 

11.514 

11.518 

11 .524 

11.533 

RT 

109214 

147954 

105821 

112539 

639993 

651330 

651581 

664640 

760302 

1161781 

1279330 

2080819 

2183244 

2278593 

Area Cone 

(~~/ml) 

13.647 2.729 

20.683 4.137 

13.031 2.606 

14.251 2.850 

110.049 22.010 

112.108 22.422 

112.154 56.077 

114.526 57.263 

131.900 65.950 

204.818 102.409 

226.168 113.084 

371.737 185.868 

390.340 195.170 

407.657 203.829 

103 

Amount Commutation 0/o 

(~~) in (~~) Commutative 

12 ml 

163.768 163.768 2.98 

248.201 250.931 4.57 

156.373 163.240 2.97 

171.015 180.487 3.28 

1320.591 1332.913 24.25 

1345.299 1379.632 25.10 

1345.846 1402.601 25.52 

1374.308 1487.139 27.06 

1582.802 1752.896 31.89 

2457.817 2693.861 49.01 

2714.013 3052.466 55.54 

4460.842 4912.379 89.38 

4684.076 5321.481 96.82 

4891.887 5724.462 104.16 
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6. P111~JbU'W'W~~m"ll61~ (MTT) 

6.1 6l1'H'ln~u1un 

Time 1 

fllbu~CJ absorbance S40 nm 

~1eJ~1~ DO 01 02 03 

Control 0.363 0.488 O.SS1 O.S72 

DMSOSO 0.434 O.S63 0.700 O.S76 

DMS0100 0.430 O.S3S O.S78 O.SS3 

DMS0200 0.413 O.S33 O.S64 O.S41 

DMS0300 0.390 O.S14 O.S39 O.S77 

DMS0400 0.239 O.S23 O.SS9 O.SS4 

SO ug/ml 0.403 O.SSO O.S83 O.S69 

100 ug/ml 0.398 O.S49 O.S4S O.S39 

200 ug/ml 0.386 O.SS2 O.SS3 O.S29 

300 ug/ml 0.397 O.SS4 O.S47 O.S36 

400 ug/ml 0.383 0.482 0.467 O.S02 

Control 0.383 O.S01 O.SS3 O.S74 

EtOHSO 0.417 O.SS8 O.S92 O.S66 

Et0H100 0.419 O.S62 O.S91 O.S76 

Et0H200 0.414 O.S68 O.S83 0.604 

Et0H300 0.41S O.S46 O.S43 O.S71 

Et0H400 0.398 O.S26 0.660 O.S32 

SO ug/ml 0.409 O.SS6 O.SSS 0.609 

100 ug/ml 0.382 O.S37 O.S61 O.S9S 

200 ug/ml 0.401 O.S64 O.S42 O.S4S 

300 ug/ml 0.420 O.SS4 O.S39 0.341 

400 ug/ml 0.397 0.484 0.492 0.49S 

104 

04 

0.618 

0.646 

0.662 

0.619 

0.728 

0.637 

0.678 

0.66S 

0.672 

0.667 

0.49S 

0.648 

0.6S4 

0.632 

0.623 

0.643 

O.S96 

0.666 

0.632 

0.619 

O.S98 

0.612 



' . 

.· 

Time 2 

.., I 

\WJBCJ1\I 

Control 

DMS050 

DMS0100 

DMS0200 

DMS0300 

DMS0400 

50 u~/ml 

100 u~/ml 

200 u~/ml 

300 u~/ml 

400 u~/ml 

Control 

Et0H50 

Et0H100 

Et0H200 

Et0H300 

Et0H400 

50 ug/ml 

100 u~/ml 

200 u~/ml 

300 u~/ml 

400 u~/ml 

DO 

0.343 

0.360 

0.351 

0.351 

0.350 

0.343 

0.350 

0.339 

0.350 

0.342 

0.323 

0.330 

0.353 

0.350 

0.336 

0.351 

0.348 

0.332 

0.344 

0.350 

0.345 

0.327 

105 

A1bU~tJ absorbance 540 nm 

01 02 03 04 

0.374 0.402 0.384 0.356 

0.367 0.399 0.381 0.428 

0.344 0.387 0.381 0.416 

0.336 0.381 0.379 0.410 

0.336 0.379 0.379 0.403 

0.335 0.372 0.377 0.398 

0.374 0.416 0.425 0.420 

0.365 0.415 0.409 0.405 

0.354 0.407 0.383 0.389 

0.352 0.402 0.382 0.359 

0.349 0.392 0.380 0.358 

0.383 0.437 0.414 0.355 

0.382 0.426 0.428 0.437 

0.351 0.403 0.412 0.435 

0.348 0.392 0.403 0.413 

0.338 0.383 0.393 0.394 

0.330 0.357 0.379 0.393 

0.368 0.431 0.413 0.451 

0.386 0.422 0.404 0.434 

0.362 0.422 0.398 0.420 

0.356 0.414 0.391 0.415 

0.355 0.406 0.381 0.397 
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Time 3 
... _ 

' 
fl1lU~CJ absorbance 540 nm 

"' I 

DO 01 02 03 04 me:Jm'l 
Control 0.230 0.258 0.285 0.287 0.245 

DMS050 0.214 0.244 0.298 0.295 0.301 

DMS0100 0.218 0.239 0.288 0.302 0.310 

DMS0200 0.218 0.243 0.291 0.310 0.321 

DMS0300 0.229 0.233 0.288 0.314 0.309 

DMS0400 0.213 0.229 0.271 0.286 0.278 

50 ug/ml 0.215 0.234 0.277 0.286 0.310 

100 ug/ml 0.207 0.242 0.279 0.296 0.294 

200 ug/ml 0.236 0.253 0.310 0.298 0.300 

300 ug/ml 0.292 0.238 0.301 0.325 0.305 

400 ug/ml 0.235 0.236 0.307 0.287 0.230 

Control 0.230 0.220 0.275 0.255 0.255 

Et0H50 0.233 0.241 0.285 0.276 0.292 

Et0H100 0.218 0.229 0.275 0.292 0.299 

Et0H200 0.223 0.242 0.290 0.291 0.320 

Et0H300 0.220 0.228 0.287 0.297 0.302 

Et0H400 0.215 0.213 0.278 0.271 0.295 

50 ug/ml 0.224 0.228 0.288 0.276 0.298 

100 ug/m l 0.219 0.237 0.287 0.299 0.328 

200 ug/ml 0.222 0.255 0.308 0.302 0.330 

300 ug/m l 0.216 0.245 0.328 0.330 0.313 

400 ug/m l 0.201 0.231 0.327 0.288 0.245 
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6.2 f\11 :!..1 b U'UVh~!il B b&lJ~ 6l"U B.:J 611'~61 n ~U 'd'U n~tl ~ ~tl ~B tJB Bn :!..11\11 n~h-r'U:!J16f nvn! 1 

bb'U'U~BmJBn (MTT) 

' 
A1btl~tl absorbance 540 nm 

., ' DO D24h me:Jm'l 
control 0.094 0.081 

Asiaticoside l01JM 

(9.59 IJg/mL) 0.087 0.084 

Base 0.094 0.07 1 

relea sed Asiaticoside 

(134.60 IJg/ mL) 0.081 0.069 

released Asiaticoside 

(67.30 f_Jg/ml) 0.087 0.078 

released Asiaticoside 

(13.46 IJg/mL) 0.086 0.082 
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0.1 

0 
0 50 

-0.1 

Cone. (f..ig/ml) 

0 

31.5 

125 

250 

~lEJ~l'l 

control 

Asiaticoside 10f.JM (9.59 

f..ig/ml) 

Base 

released Asiaticoside 

(134.60 f..ig/ml) 

released Asiaticoside 

(67.30 f..ig/ml) 

released Asiaticoside 

(13.46 f..ig/mU 

100 

y = 0.0024x- 0.0071 
R2 = 0.9989 

150 200 

Collagen Concentration (ug/ml) 

Collagen standard 

250 300 

OD 530 nm 

0.003 

0.056 

0.287 

0.584 

OD 530 nm 
" ' " " ' A-r'!Vl 1 A-r'!Vl 2 A-r'!Vl 3 Mean 

0.767 0.114 0.061 0.31 

1.11 0.36 0.18 0.55 

0.61 0.13 0.12 0.29 

1.06 0.27 0.15 0.49 

1.00 0.25 0.14 0.46 

0.87 0.18 0.13 0.40 
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so 
0.39 

0.50 

0.28 

0.50 

0.46 

0.41 
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'U1..:JG'I11'1ll.J'\"l'U'Vl bd'1!'1!1m'l 
'U, , 

3 mn~1fll.J 'l"l.f'l. 2533 

'lh:::tll.Jf!imn 11..:JL~tJ'Ue:J'U'U1fle:J'Ufi11'1!LiTU , , 
'\"l.l'l. 2538-2545 

irlitJl.lf!imn h..:Jt~tJ'ULD'lJ''il:::l.J:::l.JV!111'1! 

'\"l.f'l. 2546-2551 

'\.J~qJqJ11'l~ i'Vltnf'11G'II'l1Druen~ ?~1·tni'Vlcnf'11G'I~{bfl~a..:J6i1m..:J 
l.JVI11'Vlm~mb~YhV!fi'N 

'l"l.f'l. 2552-2555 
QJ QJ "" 

"il..:JVI'Wle:J'Ufl11'1!'51'U , 
Bbl.Jfl~: chompunut_ 33@ymail.com 

1'Vl1~'\"l~: 0866773244 
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