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'Yl1~ l"lll'Ut.I 

: mumn 1'lftlm'lfl 

"" .... "" : 1'Y1t11f11ff~'.i1l'l11tJWen~ 

" 
: ltJ'.iii161CJfll :nt.llfft~VhA fll'.i~VtJfft.lV~,qt.lib fll'.iC)i1.1~lt.1'Y11~1'IJ1I'Ut.I 

:n t.ll fft~V' '.i At~ t.I tll~ ,~;tJfll '.i;tJ '.i v~~ lflfl w:: fl '.i '.i lIfll '.i Vl'111'.i U 1I:: tll'U6 ~ 

ff'l1;! Vl1l1fll' 'If'eN; tJ tJ '.i ::'YIlt.11~v;flll lf111:: fill ':i 1~' t.lt .... f1'lfl tI il ~,,jt.lt ~t.I tlltij fl~' eN 

, t.Ifll'.i;tJ tJ '.i ::'YIlt.1lm::ih 1 tI~ It.1 fllIii'l~ttltl~ ~lflfll'.i'eNtJ1flV111'11'fl1111 oKv~ 'YIl~ ,.... f1l1flll ~U1I::111'11' 
'6Vllffll'.i'.itl.fl1.... 'YIHt'rff1 flU 'eNtll:nt.llffL~V hA't.lltJUtJtJ'UV~1 tJ'.iii161CJfll lfltlC)ill~lt.1'Y1H 
l"lll 'Ut.I ffll11 '.i tl <Jf1t111 flflllii'Hltltl~ ~1flfll'.i'eNtl1 1 ~ ~lU1itlif~~ii 1~QtJ '.i:: ff~ ti',~vrr~u lfl1;tJ 

:nt.llff'~VhAltJ'.iiilvlCJflll~6fl'.i::~t.lfll'.it~1ty'U6~t~t.I'Ut.I fll'.i l~;tllI~;';tJ:nt.l1ffl~6 1'.iAl~; till 

~1t11ilfl6::tCJf6ft1;rt.llltJtJUtlfl1~fl1fl lfltlfll'.i'l11fffll1::~t'l1111::ffll~1t1fll'.iVVfl'ltJtJfl1'.i'YIfl1l6~ 
fJJ e.d A Q t Q,I I t.d ~, " 
fl1t11ti ~ vtJ fft.lV ~ .... t.I fl1'.i 111 fltJ fl1 '.i V 6 flll tJ tJff1t.1 fI ffll flll H .... tJ 11 ff fl11::: 'YI' 'I1111:: ffll 'YI 'If 

" 
, t.I fll'.i L~; tllIl9ili''IJfl6fl1111lii'1Iii't.I'UV~fl6''.iff'~ V'.i Vllt\hfltJ!Vtlll:: 39.03 , 'U,jU 'ti~'I111 fl , Ul9il;tJ 

..... ",,"" 111....... .."' • ..; .J,,,L'YIlfltJ 20.26 mM Ull::fl1111l'U1I'Ut.I:nt.llffl~6 L'.iflt'YIlfltJ 3.39 mM CJf~ffflff1t.1'Y1l'11111:::ffllU~:: '11 

!Vtlll::fll'.iflm~m.l1L'thfltJ 94.47 ± 1.67 !6t111::fll'.itJn,tIlt'VhfltJ 13.14 ± 0.18 ulI:::ii'Ut.llfl6'4.fl1fl 

..; A 01 0 """ ..; "" mlltl 292 ± 0.85 run '1I61fltJ~1'.itJ.fl1t1 ~fffl11:::fl1tJfJlI'YI~W'I11J1I 4 °C 25°C 75%RH UlI:: 40°C 

75% RH .... tJ 'h 'Ut.llfl6'4f11fl"1I:::fhtJ'.i:::~"rHh~fi1V'4f11fl'UV~'.i::tJtJhitflflfll'.iLtJgtlU"tJlI~~1I6fl 
.4 ~ Qld" .d 4 .c:I.~ 

'.i::tI::nll14 lflVt.l lVtlll::fll'.iflmfltJtl1UlI:::'.iVtlll::fll'.itJ'.i'.i'tl1'Y1~W'I11J1I 25°C 75%RH lIfllL1JU 

OQl dd' ,.e: Q. 

86.69 ± 1.04 UlI:: 12.70 ± 0.08 mlllllfltJ CJf~lIfl1111flfl11'Y1f2W'I11J1I 4 °C UlI:: 40°C 75% RH 

fll'.i fffllll fll'.itJlIfltJrlV tlY!t.llff'~VhA~1tJl 'YIfliifl 'flV::1 lIciff .... tJ,h fl1'.itJlIfltJrl6t1:nt.llffl~V' '.iA 
, . " 

66fl~lflltJ'.iii161CJflll~U"tJtJfll'.iV6flq'YIi,uu fll'.ifffllllfll'.iCill ~lt.1;rt.l fi1'11 t!~'U6~:nUlffl~6' '.iA 

~1t1l'Y1fliifl Franz diffusion cell .... tJ,h ~nlll 24 i1111~ 19i1i'tJ:nUlffL~V l'5AltJ'.iUlvlCJfllulI::: 



fI 

ffl'j~~~lfl~'U lfflflO h~'t'Ilr.h tJ;1J1W~'UlfflflOh~1'Uffl'j~Z~lfl~1f1~1-3l't;,tilJ 5.26 ± 1.85 

2 2 0,,", ~.:II. ~I,"Jlglcm U~:: 2.51 ± 0.45 Jlglcm fll1J~lAlJ fI1'jnfl'l:llf11'jCJ11JN1'UYll-31'\l1J'U'U'U0-3Tt'Ulfflf10 'jA 

1tJ'jil101CJ11Jl;1fllJti11ff1':i~Z~lfl~'UlffLflO' 'j~'t'I1111 tJ;1J1W~'UlffLflOh~~ci11J ~h'UYll-31'\l1J'U'U 
2 2

l'rhtilJ 2.43 ± 0.63 Jlglcm U~~ 0.67 ± 0.91 Jlglcm fll1JihAlJ ffl'Hi'tlfl1':ifffl'l:lltJ'j::ffYlDm't'l 

... ",'U'H~fflfl't'l'U~.... " C57BU6Mlac ~I 'jAf1nL~'jqJ'U0-31ff'U'U'U 't'I1111."'jOfl~:: 1 'UO-3Tt'UlffLflO '" 

1tJ'jij101CJ11Jijth::ffVlDfI1't'11;1fllJntjl~OtJ~:: 2 'UO-3ffl'j~::~lfl'1J'UOflCM~~U~Z~Ofl~Z 1 'U0-3 

~'Ulfflf10h~ltJ1il101CJ11Jl~1JfI1'jl~;qJ'U0-31~'U'U'U'H~ '~1Jlf1f1':h~Ofl~Z 1 'UtNffl1~Z~lfl 

~'UlffLflO'1~ fI11fffl'l:l11ifol~0'U0-3Pi1'Hirn::tJ'j::lij'U1-3n;1f1'U0,:jl~'U'U'Ulla-3~1f1Y11ffl'jYlAff011 
't'I1111 ~'UlfflflOh~ltJ 1'11101 CJ11JU~::ffl1~Z~lfl '1J'U OflCM~~1~1J ~1'U1'UU~~'U'UlA'UO,:jl'\11J'U'U'~ 
1;1 fllJ n;, ti'U Oth -3ijirtJdlflqJU~::~'Ulff1AO1'j ~1 tJ1il101 CJ11J ij ~1'U1 'U 1'\I1J'U'U UflfllfiH ~1f1 

ffl'~::~lfl~'U lfflf1 0 h~mjHijirflff 1 flqJ fI11fffl'l:llf11' 1~f11tJ1fl0-3Pi11 'U fI';j ~lfilfl't'l11':h ijfll 

fI1'j1ZfllfJ1fl0-3Pi11rJ'U i!l'UVA-3,!'UfI11Yr\lU'Ul~;,i'lJfJ1~'U lfflf10h ~1 'U ltJ1111lJ1tJ'jil101CJ11Jli40L~1J 
fI1'jci11JN1'UYll-31'\11J'U'ULi401ft'UfI1,i'f1'1:l1f111~N1Jl1,:jlrJ'ULYlfl1 'U 1~V'Hi1-3~ijfl111J'l11ff'U1~1 'UfI1'j 



ABSTRACT 

TITLE DEVEPLOPMENT OF FINASTERIDE PRONIOSOMES FOR 

TRANSFOLLICULAR DELIVERY ENHANCEMENT 
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TRANSFOLLICULAR I SKIN IRRITATION 

Finasteride is medicine approved by the U.S. Food and Drug Administration for the 

treatment of male pattern hair loss. It is currently available as tablets for oral administration and its 

most common side-effects reported are decreased libido and impotence. Transfollicular 

application of fmasteride proniosomes could reduce such side effects. The purpose of this study 

was to develop fmasteride proniosomes for hair growth stimulation. Finasteride proniosomes were 

prepared by coacervation phase separation method. A Central composite design of response 

surface methodology was used to optimize formulation parameters of fmasteride proniosomes. 

Results showed the optimum formulation was 39.03 % of cholesterol concentration of total lipid 

concentration, 20.26 mM of total lipid content, and 3.39 mM of finasteride concentration. The 

experimental values of the optimized formulation exhibited encapsulation efficiency of 94.47 ± 

1.67 %, drug loading capacity of13.14 ± 0.18 % and mean particle size of 292 ± 0.85 nm. 

Particles size and zeta potential of the system remained stable after 4 months storage at 4 0 C, 

25 0 C 75% RH and 40 0 C 75% RH.Percentage of encapsulation efficiency and drug loading 

capacity at 25 0 C 75% RH was 86.69 ± 1.04 and 12.70 ± 0.08, respectively which was higher than 

those kept at 4 0 C and 40 0 C 75% RH. In vitro drug release study by dialysis test found that the 

drug release from proniosomes was in a sustained release manner. Skin penetration of finasteride 

investigated by Franz diffusion cell from fmasteride proniosomes and fmasteride solution at 24 

hours were 5.26 ± 1.85 J.1g1cm
2 

and 2.51 ± 0.45 J.1g1cm
2
, respectively. In vitro transfollicular of 



fmasteride proniosomes compared with finasteride solution showed amount of finasteride 

penetrated through transfollicular was 2.43 ± 0.63 J.l.glcm
2 

and 0.67 ± 0.91 J.l.g/cm
2
, respectively. 

Investigation of hair growth in C57BU6Mlac mice of 1% fmasteride proniosomes was 

comparable to 2% minoxidil solution. The one percent finasteride proniosomes enhanced the hair 

growth stimulation more pronounced than that of finasteride solution of the same finasteride 

concentration. Histological evaluation of hair cycles after application of treated group showed that 

finasteride proniosomes and mioxidil solution significantly increased the number and size of hair 

follicle. Finasteride proniosomes significantly increased the number of hair follicle than 

fmasteride solution. The skin irritation test showed a primary irritation index of zero. Therefore, 

the development of fmasteride proniosomes for enhanced through transfollicular for the treatment 

ofhair loss is one ofthe most interesting technologies that can reduce the side effects ofthe drug. 
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'Uflflt 

'UfI,h 
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N'nl1r'Htj'UV1£11~l1iH~'Ul1 H1111fll1tlfl''U 1 Hfll£l ifl£lflflltj'U iJ 111tr flth~lI 1W 

"d 0' : QJ' q.I 0 ,,~£it Q.I t , 0'al d QQ • 

16 l1l V'llC)j''U 11 '\I V~ 'U 111 'U fl1l1 'Yl111'U 1'Yl11J'U \Jl1 fl'U '!i~111H1C)j"H'I 'Yl1l41f111 '\I V~ '!i H fll£lVV fl 'il1fl 

~ !II ~ !'it' d "" i"""~~U1fl{lVlIfIl£l'UVfl (Verrna et al., 2003) 'O~11J'U41fV{I'Yl1~'Ylff1Hnll1'!iill'\11"ln~fll£l flVfl41fV{I'Yl1~ 

..I!..I! o· })!....... • i" "" ~ •0 5111'U{I C)j'{lfll'l'U1ff';')ff1'!il'U1ffN111'U';')ff1111'!iil'U1ff{l fl 3 lff'U'YlH flV (1) fll'!iC)j'lIN1'U'\IV~ff1'!i'YlH.. 
H111tr{l (transcellular route) flV ~1£11111Vff1nh'Ul~1 i1l''U1C)j'{la'1J'UN111tr~U{l~\lfl~flCillAV i1lfJ~ 
... ....I! 1I\.;j " J ... d i ""'''I: : ... ~ · Vfl1C)j'{I{ll1'U{I L1ltHW "llff'U'Yl1~'U1l11J1~fl1Jff1'l'Yl{l~{l1£1 flfl L'U'U1U{l~'U111'U (2) fll'!iC)j'lIN1'U'\IV~ 

" ff1'l'Yl1~'tfV~'h~'l~11'h~1C)j'{la' (intercellular route) flV ~1£11111Vff1'l~h'U'tfV~11';')'ltl1'".h~1C)j'{la"'U~'U 
" . " ff1l'l1~1If1V{lU £111 (stratum corneum) rcV'U'YlHU1l11l1t n1Jff1'll1{1~{l1£1 i~tli 'U iJ1iJ'UU{I~ 

(3) fl1'lCilJPh'U'\IV{lff1'!i1J'U-nV1llfl1J'UN111tr~ (transappendageaI route) flV fll'l~~1£1l'H1Vff1'!i 

Cillr,h'UN111tr~'YlH'tfV~111V-nV'\IV~V1£11~1J'UN111tr~ t'tf'U -nvAVlIi'\liJ'U (sebaceous duct) -nVAVlI 

.c4 • 0' "t4 Q,I' 

1l1~V (sweat duct) U{I~l'\lll'\l'U (transfolhcular) (Ladmann et al., 2008) fll'!i'U1ff~ff1'l1'\11"lN111'U~ 

" d .IlQ, l ., I d'.elI ='t SJ ...d4 QI QI tltv 
tff'U 'YlH'Ylff1'lC)j'1I N1'U '0 t N1'U 'Yl1~41fV~1H'.i :;111HtC)j'{I{lC)j'~11J'Utff'U 'Yl1~ lfl£l1'Yl 1If1 1111ffll'n'U1Jfl1J 

fll'.iCill~1'U'\IV~ff1'.i UA' 'Uil '011J'U'n1J 11 fll'l~lI ~1'U'Yl1~ l'\lll'\l'Uttj'Ut-eV'U 'Yl1~11;1~~iifl1111tl1ff'U i '0 

U{l~iifl1111thtiqj t'nn~fIl£li'Ul'\l1l'\l'Uiiff1'U~,tj'Un~111111£1' 'U fll'l iJ 1ff ';')ff1'l111 v£l1~i~' 'Ufll'l 
" . 

i'mnhflN111tr~ t'tf'U NlI11~U{I:;ff1 'UVfl'01flUfJ~ff1111'.iil i~ttj'Ut-eV'Ul11~'H~fl1md:jfl1111,fi£l1~V~ 
... 4 d1 4 i ~ -1 ..I! ...... ..
fl1Jfll'.ilfl{lV'U'Yl 11 '{I fJ {I '\IV';') ff1'.iUJV 41f L'UllJU1J1J£l1l11f1l£l'UVfl (Knorr, 2009) C)j'';')fl1111ffllVl'U1J'\IV~ 

cal 01 :: ~Q.f Q,I t t •1'\1 11 '\1 'U fl1J fll '.i 'U 1ff ~ ff1'.i 'U 'U '0:;'\1 'U fl1J fll '.i fl'.i t '01£1111'\1 V~1'\111 '\I 'U1J 'U ff1'U 11 H "l '\I V~ '.i H fll£l 

" ."~1ml1~N{lUvh'l1'1 "d1l'\l'U i,jtl~£I~u~ 'l11£1 ''Ul1V~fll'.iiJ1ff~ff1'.i t-n1tr'U UAU,;,) ttj'U ~fl ff1ti't:Yff111i'1J 

ff1'.i~i~ 'Ul1lU1J1J'Yl1f1lfl'UVfl (Vogt, 2005) U{l:;u~,tj"Jt-eV'Ul11~~f1VlI i M'iifll'liJ 1ri~ff1'l~1'U'YlH 
...... SI· ... _" 4"1"_1 i "SI... 4. i" !'it i Sl 
N1'H'U~1'\11"lV1£11:;tlJ111lJ1m'nV t41flJ'.i:; £I41f'Ufl1'UlfIff41fm'lllU{I~lf1'lV~ff1VH 1I11'O~11J'Ufll'l 41f 

.;j... i ... .....I! '" ... d"l SI,! J
L'n V 'l fl1l1 'lfl N111'U ~C)j'~ 1If11111ll11l1::ffllt'n'l1~ff1lJ1'!i il{lfl 'l tfl1J tl1'Yl L41f ! 'U fll 'l VV fl q'Yl1JLl{l~ 

{lflfl11lJttj'UW1l'\If)~~hi'1J{I~'~ (Ylva et aI., 2004) 



2 

nnli'1J l~tJ't1 "~t11'1'hff'nn'1~ltJm-:!l"lll'UtJ,ftJijfl'J 111 fflioWtJ nfl1J 1 '1 fl~TYlU{J hj'h'il~ 
l~tJ ih fll'1 N~~''U,jtJ1I1fllfitJ'tlfl~ (seborrhea) l1~~fll'J:NlI~'J-:! 'il1flflHlIoWtJi (androgenetic 

alopecia) ~'JtJl~tJ N~'il1flt11'1N~~~ft){111tJHltJ lA'1l'iltJ1I1fllfitJfl'J111~11~tJ (Tabbakhian et al., . '" 
2006) lAfJ1~ 'W1:NlIl'J-:j'il1flm'1l1oWtJiiiff1111'1mfiA ,~..;-:! 1tJ~11~-:j11~::~'lS1(1 (Chen et aI., 2010) 

d 1 .:: I 1,..... ..,.. 1 1IJ ,.. ...1 .... .1 1IJ,.... ,.. 1' .......
C]f-:j '1fltJflO 111flAfll'JZC]f1l1ff'11 tJfltJ LAl1~ZlI Ot11ffLflA'UtJ LA(H'1mm~ 50 tJ'lS'J-:!'lS'JA'UO-:jfltJln 

'" 
(Darla et aI., 201 1) ff'JtJff1m~t11'11fiAutJ1i11~lrJff1m~~'JrJfltJ'1l1n:LfiA'il1flt11'1'U1Aff1'1m111'1 

fl'J111'lS'1l fll'1ij 80{111tJ 1tJlHt11rJ 'llffll~~ fl'J1111fl1 rJA (Hye, 2011) fl1'J: 1 ~H~ 'ilHU~Z 

hfll't1'1orJ~ (Darla et aI., 2011) L~tJ~tJ lArJhflifijfl'J1111~V'J~0-:jfl1Jm~1J'JtJt11'1N~~80{111tJ 
d.l", ... "'''' 1 ~. 1mtJ 1A'11'iltJC]f-:j'UtJfl1JrJtJ'UO-:j~'J'11JlotJ A'11'iltJ't10~fI1rJ tJl"1l1'UtJ (Margarita and Vladislav, 2011) 

~ijt11'1ffllNffflmJo{ll1tJmtJ lA'11'iltJ 11't;\''Jl~tJN~ 1,flfiAt11'11'tl~rJtJu'tl~-:j'U0-:jmtJ 'C]f,j' (Darla et aI., 
'" , 

2011) lAVflnlflt11'11fiAN1I'i'J-:jutJlfiA'il1fl80{111tJl't1ff 1 't1ffl~ol '1tJ (testosterone) Qm'tl~rJtJl~tJ 

80{111tJ1A'glA'11't1ffl't1ffL~ol'1tJ (dihydrotestosterone; DHT) lAfJ1otJ1C]f,j' Sa-Reductase 91-:jl~tJ 
d Q J Q til .Q,r • 1 jl4 Q 9! d : 

m::::1J'JtJt11'1't11flA 'UtJm-:j~ll11i'1'1l1'lSlA 80'1 lItJ'lStJ AtJ 'il: ff -:jNn 1111'1~ rJZt11'11'il'Ity'UO-:jlfftJ NlI 't1fftJ 

o V.1! .4" 1 '.ct ! 4:S 4. .dt \Ii ,QI 0 f

't111mntJNlI't1ff'1H 111111~fl'I:IW::::1JH fftJl1~~lIff'ilH~-:jC]f-:jtJ1 L'tllllfl1'J~NlI'1'J-:j (Hye, 2011) 
'" '" .

tI'il~-utJilij rJl1~ V-:j 2 'lSiiAl'tilutJ iiO-:jflt11'101111'1U~ ~V1'U0-:jff11 i'jOllllfllrJOlli'1J1,f1-N1 tJt11'1 

i'fl'I!J 161fll '1 N1I1'J{J flO ;1tJ1ffl~0"~ (finasteride) un~'lItJOflc;A~ (minoxidiI) (Prince, 1999) 

d ~ .: d -'! 0 1 '" 1 1 " ,,- QI ~61 "4t QIC]f-:jrJTfN 2 tJ'il:1I'110'il1flA tJt11'1'1fl'I!J1 AVl~'W1: tJ1'10~'U0-:jNn'U1-:!lflrJ-:!11n::O~'11t11'1m'I!J1Vl L11N~ 

t " c:flOtJ'U1~A1 (Hye, 2011) 

;1tJ1ffl~0h~1~tJV1~ff1111'1tlOOflq't1iii1J5~~11'W1:~610tJ 'C]f,j' sa -reductase type II 

fI1rJ1tJ~"111'UtJ (Hugo, 2004) 91~l~tJff1'1'tl'1:flO1J'UO~ 4- aza-3-oxosterotd ij~O't1Ht11'1~l 
Propecia® (Nate, Jared and Jason, 2009) 1f1tJt11'1i'fl'I!J101t11'1NlI~'J~~1~rJ'J~0-:jfl1Jm'111";tJi 
d .... "1 1 1 1 I ~1 "'1 '" ... ......... 
 I ...C]f~lflA'il1fl80'1 lItJ1't1ff 't1fflAO '1tJ tJ'11~fl1V 'UtJ1At.l1't1 'lS tJfl1Hfl'I!J1flO Il1nnfl'111~01tJ 

" Nn~l~ ltl rJ-:j 'ill fl t11 '1 i'1J'tl '1:'t11tJ rJ1 ilflO ,h1,f11 VotJ ffll'1'1 tlfl1'W't11~ 1'W ff 111'1:::: ijNnfl1J ff~11ifl '1'1fl'lArJ 

'il::::ff{JNnfl'1Z't11J~O~'JtlOtJ~l~tJl'Wff'lSlrJ (Nicole et al., 2008) U~:;1tJ1ffl~oh~ii~'1l1i~111'\.hrJ1tJ 
~'tlU1J1JV1~1-NLUvn:~ nlo~'il1fl~~b11'\r~'il:'W1JlotJ1C]f,j' sa -reductase type II ~ltJ'JtJUOV u~ij 

'11V~ltJt11'1fffl'I!Jl'hlrtO";f.lltJ1' ,fo~'tJl'tl111J1J'Uo~m't11n lC]fll iilolC]fllun:'~ l'tllC]fll (Rao et aI., 

. d?t 0 I .g I, _I 1 "... ... ...
2008; Tabbakhian et aI., 2006) C]f-:j11JtJt11'1tJ1ff~'1:1J1J11tJ{JOg tJllJU1J1J'U0{JtJ1 tJ'W1'1~lfl~ 'ilZlI 

'tl'1:ff't1nfl1'W'tJfl1nhff~1~1~01rJ'JZ1-r1111111tJ'tJt11'1i'fl'I!J1N1I11~'~ lArJ Rao et aI (2008) 

'~fffl'I!J1t11'19111 ~ltJ 't1H~'J11'\r~UnZt11'1ff:ffll'U0~;1tJ1ffl~0''1~1tJ'1'tlU1J1J'U0~10't111i lC]f1l'W1J11.. 
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II 

ij,r:mJff111THIh.! fll'jtlftflthhnJfJ1~q-3fyj1'1.111.1 U'J.J1J'U fN 1ft11.119f1l Uft::V-3ijtl;1I1flW1~ff::ffll'1.1 

-uuihq-3fl'h1ultlU1J1J'UfH'ft ltll9fllijm\";lfJuftt;)lflfll'jffm:l1'U~H Tabbakhian et aI (2006) 

1~fffl'.I::J 1fll'j,hcr-3~U1ffL~~1 'j~'ultlU1J1J'U~-31n ltll9fllufttin~1 9fllL..1~li4l1fll'j'lllff-3Fhu 'V11-3 

2 '\Ill 'U 1.1 1 fI V1 tll vmVi V1J~ 1.1 1ffl~ ~1 'j ~~tlm~1J' 1.1 1 ft 1 tll 9f1l u ft t iil ~ 1 9f1l tl1Jffl'iftt ft 1V 

U~ftfl~fJm,'U~~~u1ffl~~h~ ;)lflfll'jfffl'.I::J1'Vt1J11 1ftltll9fllufttiil~19f1l~i~U1~Uff1111HI 
'Il1ff-3~U1ffl~~1 'j~l~l~I'\IlI'UU1~ cb-31~ufll'j~~flq'VIi'U~-3v1~~1V1tL{h'H 1I1Vlf1vm -3 (Hao 

II II 

et aI., 2008) Uftt ff11l1'jtlftfl~6~ltifl11.1 fll'jft tft1V'Il1 1~Ulfl'U 6-3UlL'Vi'j1t 'jt1J1J'Il1ff-3L'H i:hij ff1111'j tl 
II. II 

L~tJtlfl 1~";-3ff1'jVi'l16tJ"njuUftt'l16tJ'Ill1~ (6i'f:yf:y111 luff!mJ, 2550) 

..9. "" "1 0'"" .....,. "1 J./'''''1 .,. "" ", ,:lU6-3"lfl:nU1ffL~6 L'jflllfJfl.!fflltJ~fttftlV LV-lfl Uff1'jfttftlV6U'VI'jV U~fttft1V UU1fJ1fl 

.!.... • '11 "" 1,... "1 '" , '11, '11 '11U6fl;)lflUV~'Vi1J11mllfll'j 'H:nU1ffl~6 L 'jfl ultlutJtJ'U6-3 V1'V11fl1VU 6flUftt 'H Ufl1111L'U1I'UU 

'VI ~rnV -3 'Vi 6" t ij 1.1 'j t lv'I1,r111 fl fl11fl1'j 1,r,1.1 1tl n 1JtJ 'U 6 ~V1i'1J 1.1 'j t 'VI 1 1.1 L'Vi 'j 1 t ff111l'i tl ft fI 

'11 "" d ... .1 "1'11 ~ 
Nft'Ul-3tflV-3'V1;)tLflfl'UU Lfl (Daneshaouz et aI., 2005) Ufttfll'jfTfl'.I::J1'U6~ Zohreh et aI. (2009) 

1 ~fffl'.I::J1LtllVtitVi VtJfll'j'~U1ffl~61'j~11.12 \JUtJtJUli'tJtl'jt'VI1UUfttV1'V11fl1fJ'U 6fl''Ufll'ji'fl'.I::J 1 
II II 

fI11t NlI~1-3 'VitJ 11 V1";-3ff6~2tlutJtJij 1~ijfl1111u~fl~HtlU' 1.1 fln i'fl'.I::J 1fl11t NlI~1-3 ~1VL'H~Nft 
II 

iil~mh1ij~1~V\l~ijuu1fifl'ufll'ji~U1\Phi'tJ~'U 1fft~61 'j~1t1'jiil6 19f1lUftt'lllff~~1'U'VIH 

1'\l1l'Uucb~t~U61V1t~ijfl1111~lt'Vi1t'Ufll'ji'fl'.I::J1fl11tNlI~1~Uftttl'jtdjufI1111f1-39i1'V11-3fllVfl1'Vi 
""..9. d,'J1 d... ~ 

Uftt'VIHLfllIL1I6LfltJfl1V ~fffl11tfl1tJfJlI'VI~fl.!'H1J1I 4°C, 25°C 75%RH Uftt 40°C 75% RH LlJ'U 

'j tVtL1ft1 4 L~6U 'VIflff6tJfll'jtlftfltlrl6VV1 fll'jti1l1 ~1'U 'V11-3 Fb'H'l!-3uft t fll'jti111~1'U'VI1-32 '\IlI'UU 'U6-3 



4 

1.3.2 ~'hi'1J~'Ulff'~ V 1 'jtii'1 ,j';i'w1 tJ 1 C!12J~iWl'Ul~'U ihh dY't1i.f1T.'U-rlV1J''Yh ti1J~'hi'1J 
ffl'jfl~tnV12J'Uvflci~fI 

.... ...,
1.4 '\Itll.J''II1'I'IItl~m1'l;)tI 

1.4.1 fll'j't1~fltJ.:J'H1 fffl11~~n12Jl~ff2J'tItJ.:J~i1i'1J~'Ulff'~tJ1 'j tii'1 '1hij1tJ1C!12JtJtJflU1J1J 

1~vi~1,jmm2Jffl'~'ill,j Design Expert 8.0.1.0 (Stat Ease, USA) 

1.4.2 't1~fftJ1J fll'j C)$mh'U't1H r:hl1 '11.:JUfI:;fll'jC)$2Jph'U 't1l.:Jl"J2J'tI'U N1'11 '11.:J~i~''Ufll'j 
.. Q Q,I;Q ~ Q Q,I .4 

't1~fftJ1J fI V N1'11'U.:Jtym ~lf.1mmfl~ 'illflfllU:;lfl1!l ~'jfl'lff~'j 2J'H11't1Vlf1Vf,!1JfI'jl'lj"fjl'U 

QQ Q Q" A. Q,ltII" Q.,Io'
1.4.3 't1~fftJmh~ ff't11iflWffll 'j' 'il'jty'tltJ.:Jlff'U N2J UfI::t1.1 {ltVtJ'tItJ.:J N1'11 'U.:J ''If'l11JfflVVf'U ~ 

.. II .. '" .. I ... 

C57BLl6Mlac IVffl'~ tIlfl7 ff,j~l'11 Ufldhh'l1'11fl 18-22 fli'2J 'illflf!!'UVff~1't1~flfNU'I1.:J'lfl~ 
... "' ...

2J 'I1l1't1 m fI V2J '11 ~ fI 

1.4.4 't1~ffV1Jfll'j'j:;mt.JttltJ.:JN1'11'11.:J~1t.Jt't1flijfl Closed patch test ff~{'t1~fltJ.:J~'~ 
.:!l , OJ" " e::t: QJ Q Q.I't1~ffV1JfltJ m:;~lVfflf.1Vf'U~ New Zealand white rabbit tVffl'~ Ufl~2J'Ul'11'Ufl 1.2 - 1.8 fl1f1m2J 'illfl 

f!!'U6ff~ {'t1~ fI tJ.:JU11.:J 'lfl ~ 2J'I1l1't1t.J1""V2J oM ~fI rrftJ,j'j::tij'U til fll 'j U ~.:J (erythema) UfI::tIlfll'j1J 12J 

(edema) 'tIV.:JN1'11'11.:J 

'Ill1,ji~U/ii1ty'l1lf111:;N2Ji1.:J1~ 

1.5.2 fll'j 'Ill V.:Jti'fl1l1Jf~1 ~'illflfll'jflfl1!ll 1 1hh::flfl~1~d~tJd~I'U1h:;1v'lftil'Ufll'j Nil'~ 

ml'Ul,jU1J1J8'U '1 Ufl::ffl2J1'jolf1'Ufll'IUlff.:Jph'U't11.:Jl"J2J'tI'U1~tJVH1i,j'I:;ff't1ifl1Vf 

1.5.3 fll'IU1~hi'1J~'Ulff!~tJ1'Itii'1,j'jij1tJ1C!12Jffl2Jl'IOUl 1 ,jifJ!'Ul1~Nil'~ 'ill.:J l'U'I::~1J 

f,!~ffl'11fl'j'j2J'~~tl1,j''UtJ'Ulf1~ 



,... 

tJ't1't1 2 

!II d , Q QI1
2.2 lffUl'l1.:J'\J'f).:Jffll UmlC)l'lJffllH1Ul'l1.:JH1'11U.:J 


2.3 lflHff~l.:J'\J'f).:J'\JU'I1l'f)HlJ 

~ , 

2.4 mli!l~C)I'lJ'\J'f).:JffllH1Ul'l1.:Jl"JlJ'\JU 


2.5 i1'O.gV~ijr-H'~'f)mlCJ1lJN1U'VI1.:J1'VlJ'\JU 


2.6 mlfil'11\J~lill'11lJ1V1\Jmlllui.:Jfflll"'1~1'VlJ'\JU 


2.71.h::: lV'!r,J'Olnmnhff.:JffllFhu'VI1.:J1"JlJ'\JU 


2.8 l'VIfllu laVU11uffl'11l'Umllhff.:JffllN1Ul'l1.:Jl'VlJ'\JU 


2.9 fl11lJfflJi'l.ni''\J'f).:Jl''JlJ'\J'Ufl'U hfl~1'11ir.:J 


2.10 fIl1:::HlJ',h.:J 


2.1111.hill'f) lC)1'lJua:::-u1'f)1C)1'lJ 


2.12 ml1Lml:::l1'tJllJltuVlUlffl~'f)'l~ 

~ ,

2.13 ml~l1'Off'f)'UmlC)l'lJH1U'VI1.:J1'VlJ'\J'U 


2.14 mltJl:::lij\JtJl:::if'VIifll'n'\J'f).:J~hl'UVlulff'~'f)'Hi' 

2.15 nlltJl:::,ijumn:::fl1VltitH~1'11ir.:J 
.. 

,Q,QI Q.IId tJ 
2.16.:J1U1'OV'VILnV1'\J'f).:J 
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... .... 
2.1 "111.... .:1 

." . 
ih11,:r~ lij'l.HT1\J 'UD~ l Hfl1 fI Vi l11tr1111ij \J 91'lfi\.1'1:: 11';hW1H'I~11 ij;191'U D~ ll~ fl1f1 

t , JI t • 

DD mnfl ff~ U1Pl~DiU' 1fI\J Dfl ih11 '11~t~'UD 1f11:: l1ij-w\J-fHh'lJ lflil tlPl1\J II~ fl1f1flPll ~'Uth t 'lJl W 

fDfli'lt 16 'UD~J'111'11fl911 ~~l~\J';D~VI1~1M'tI111;Dffl'1Nl\J '~~flVl1~11'd~ fb11'11~Vil11trl~~hfltll 
JI 

1\J fl1'1i1D ~O\J fl1'UfJ'lJfJW 11 fJii U i'lt i''Ufl11'lJlfffl 1'U ~l'U fl1 '1i1D~O\J tJ\J 9I'11f1\llflfi lf1 \J Dfl~'U'UD~ 
, I JI, 

H111 'I1~~b'U\J Dfl111; flfl'h ff9l'1191'lJflD11ijfl'lJ Vil11tr 1111~ \J9110\J ilUlfltll1'Ufl1'1.'lJN1\J 'U D~ffl'1 
t/ Q til to ".rei " QI d ,Q

(1'11mW \l'1'1f111,htlff'1J, 2009) Pl~\J\Jfllnl1fl11'lJl'Ulh{)~1m .:Jff'1H'UD~N111\J~Ui'ltfl1'1C)t'lJN1\J 
" . ... ., .. -"t" ... " ... "!II-"t,, "'" 0 •Yll~N111 \J ~\l~llJ'U'UDlqIi'lt'UD.:J9I\Jl...tD ~'JUlJ\J'U DlqIi'I ~\Jfl1'1'W\tI \J 1'1 ::'U'U\J1ff.:.l 

2.1.1 lm~fffH'UD.:.IH111'11.:.1 
.• JI 

H111'11~'UD~'lJ\fl!l6uffPl~ti~m'W112.1 (Mills and Cross, 2006) '1,h::flD'U~1f1 3 ~\J 
" JI " 

flD i\J11'11.:.1fh'Wf1 (epidermis) cM\J11'11.:.1U~ (dennis) UfI::~\J''U,j\Jl~H111'11~ (subcutaneous layer 

" 11;D hypodennis) (Venna et al., 2003) ff1'lJ1'1{)DJj'UlV'~ti~ij 
JI ". 

2.1.1.1 cM\J11 'I1.:Jfh'Wf1 (epidermis) lij\JcM'UH111'11~l1Dd'Utlfli!lPlUfi ::ff'lJNffO'U 

.;. ~ 1 A:' '" 0 "... rI:' "" ..Q • '" .I A -"t rI... '" ff .:.IU1Plt1tl'lJ fW9I'1.:J N1'Jf'U11\J.:.Ifl1'W'11lflPl\l1fl1C)tflfl'Jf'UtPl fl1C)t~U'U~9I111 \J l'U\JlmUlJ'U1C)ti'lfi N111\J~ 

(keratinocyte) 1,h::flD'U~1V Epidennal Appendages (adnexal Structures) 1';\J ld'\JN'lJ ~tl'lJl11iD 

~D'lJ ,'U,j'U tij\J~'U ff1\Jth::flD'U~U1fltllflD 
.t4 QI ... ~ cfdd ~ d 

1) lC)tflflN111\J.:.I (keratmocyte) 11'1tl squamous cell llJ\J1C)tflflYl'lJ11\J1Y1 

fff1~ff1'1 keratin cii.:.ltrJ'U complex filamentous protein Vil11tr1~11flflfl'lJH111trl'Utl.:.lH111,r.:J t~'U 
", I II JI JI 

lC)tfl ~11 '11~ ~'U'Utlflil'liij;191 Vi 111tr111trJ\J 9l10'U fll'1.'lJ Nl 'U 'U D~ ff1 '1 Nl'U H111 '11~~'U ij11'1::flD'U~1f1 

rI rI..~ •.1 rI..Q -"t rI .,;"" '" "" "''' ., rI""l 1!lC)tflflflD'1\J !"nPl C)t.:.lllJ'ULC)tflfl11fl111f1f1'lJ'lJflfl'WW::U'U'Ul'1f1.:.1911C)tD\Jfl\J 13·25 lC)tflfl 'lJ fl'1.:Jff11~U'U'U 

6!Ufl::~\J (brick and mortar model) lPllJlflHfffH'UD~LC)tfl~1;fI.:.I~DO'Umi'jD'U~D'U6!Ufl::ij''Ua'U 
I rI 0 !II"; -"t q I" rI,,!II....,. rI. I !II, .. 

'1:: 111H tC)tfl fI Yll 11 \J 1Y11lJ \J \I 'U lJ~HC)tfl i'I 11191Pl fl'U U91 fI:: t C)tfl fllJ '1:: flD 'U Pl1 fI fl fl 'lJ'U D~ tfl '1 191 \J UfI:: 

, 'U a'U ff1 \J 'U D~ , 'U,j\J '1:: 't1':h~ 1C)ti'l ~11'1:: fl D'U ~1lJ fl m'1 fft91 D'1 DfltC)t'11 , 'lJ ~ fl'1 Pl , 'U a'U 6 ff'1:: 

http:cM\J11'11.:.1U
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2) Epidermal Appendage (adnexal structures) 1~'UV1f.11~~·H)fllJ1'illf1 
t/:' ... 0 v ~ .'"1 ~ .... ...:' ., v v ..

19fflfl'lf'U't1'U~fI1""llI1)HV~flmH ttli'UH"J't1'U'J'lf'U't1'U'JuVI t1l~flV1.JY'l1f.1 (Wtlham, 2003) 

m,hf.l9ivlJ,,"~V (Sweat Unit) th'Ui't1qj'il~l~'U eccrine (merocrine) 

gland ....1.J,.r1't1i'Ufbmj~t.!fI1~'U~'UV1.J'UV~;lJNtllf1 l~VUfi'1"1 (ear drum) ~h~l'Ui'U'Uv~ prepuce 

.d, de ," 9t' .Q a d .Q 11 4 11 "I •
Ufl~ glands penis .... 1.JlJlf1V1~hlJV ~ll'Y11Ufl~111'U~VlJ'lf'UY'l1Y'lt.!1V1""1.J1.Jlnmf'tllJV f'tl1'YI1 ~VlJ,,"~V . ~ 

l~'U simple coiled tubular gland iil't1trll1i'UfI1lff~Hffll (secretory portion) 'il~vd''Ui'U't1'u~uf( 
~ .. 

vi V'UV-39i VlJ'il~ U'YI 'J p';''Ui'U 't1 il''J til .... ~1 , 1.1 ,11 Y'l V V flftl t.!'U Vflll~fI1 f.I fflll1 t1'~H 'ill fl9i VlJ,,"~V'il~ii 

't1,,ht.!9iVlJV1t1flllt.! (apocrine Unit) lij'U9iVlJ~ii'U'U1Y'li't1qjfl':h 
tI , • JI 

eccrine 9i VlJ il 'il ~1;lJl 'il; tyufI:ii Hl'U lij Vl~lq1t.!l 'U U~11Vhil''U UfI: fill1'il;ty'U V~9iVlJ~V 'J'I1f1.J 

V'YIi.... fI'illf13V11lJ'U l.... ff lrtv9i VlJl'il;tyl~lJ~'li~11ij'U ~v~ii3vl1lJ'UlJ1m~~'U~ffllJlltliil~l'U'~ 
• J 44 G# .::t:" ...14 , J 4, , , vQ 

~VlJ'U'il:f.lfI~ffnVllJflfl1:Jm:""'Ut.!1'U'U (viscous milk-to- clear fluid) 11Jltl1.J~VlJ'UlfflJV'U~VlJ 't1 

fI~'U (odoriferous glands) ''Uu~1'il:f.l11~ffn'1ffl~'U (odoriferous role) 1~V~~~Y'll""ff~H~llJ 
(sexual attractants) 't1;V'~Viil''U~UY'l'U (territorial markers) 

nfl'U'U (hair Follicle) 'il:9iY'lvdfi1.J9iVlJ''UiJ'U 
~ . 

't1,htl9iVlJ'thiJ'U't1;v9iVlJ ''UiJ'U (sebaceous gland unit) .... 1.J '11";1'1.1 
~ 

tlflr~'U1.J;l1w~lijV ~1,f(1 iJfI'il~UlJ'w'Uti'fi1.Jllf1'U'U 9iVlJillij'U9iVlJ')SUY'l simple branched alveolar 

gland excretory duct 'il~iirtV'Uf.llJ'U'U1Y'l''t1qjUfl:11lY'lt~lqri1'U1.J'U'UV'J''1JlJ'U'U ffll~'t1~~VVfllJl'il:ii 
~ . 

afl1:Jw~lij'U'thiJ\.u;tlfI':h ClfUlJ (sebum) l1t1l:flV1.Jf11t1 '~lwCiflflnl9fVlVfI fllY'l''UiJ'UVffl: 
tI, • JI 

ufI:u1f1ci ffll Lm;,iliil't1trll1t1f1i1V~Ufl:'t1riva'Ufb't1 il'-3 l1lJii'~ii1 i 1fN1't1il'~iifhfim'lfvdi 'U'lf1'J 

'UV~flli'l fl V'U~iifllfiw')Stll:lJlm 5.5 ~liifl1l;rY'l'U11'J 't1;VfI1l~Y'lA'UfI1l 't1 -k~ 'il~iil i 1flij'U ff1 
~. ~ 

'lfV'J'YI1'Jillij'U 'YI1~ni'li11lJlf1QfI'U V'Jffll'~lqN1't1 il''J1Y'lt.!, lirh'Ui'U ff~ llAlJfl vl1iltllJ 
• 'II • 

3) 19fflft'O'U ., i 'U N1't1il'~i'U't1 il'-3til....!li1thtity 1'lf'U 

£It t/ v d.,. .... 1 ,~ 1"" ~'t :,,,Melanocyte llI'Ul9fflflffll'JllJi'lffllJfll'U'U i'lt.! ')S l'YI 19f'Ull1'Uffll~'J~'U 

.... .,. .,. ~1"'" ~ ~ d.,.: 0 ~'1 ...
llJfll'U'UlJ 2 ')S'UY'l u'lUfI ~'lJfll'U'U (eumelnin) 9f'Jl1J'U1lJi'lff'Ul~lf1Y'llUfI:l1 tlllJfll'U'U 

(pheomelanin) lij'Ul~Y'liYUY'l~,,"av~ 

Langerhans Celllij'Ul9fflft'i'Ul:1.J1.JfJij~1'U'YI1'U~Fh't1il'~ 
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2.1.1.2 ~'U'H,r~u~ (dermis) LC}frlli'ri';)'U1'HqjLrl'ULC}frlli"wllJllJrllff~..h'H1j'l~ 
'I ",: J.": ... ~_I "" 'I " 'I....... "1'" ... .Jl'Umlffn~L'UtmJt:umr.l'n'UrllJl::flVlJfl'Jmff'U lmWrlrllL\l'U Lff'U leJVrllfffl'UUrI::lff'U eJllflt!fl1J C}f~ 

51. JI JI 

ii-nmjtu::rI::LtlrJflUrl::v~n'UulJlJ'HrI'J1J '11fleJi'UlJ'UYiv~;;flnlJi'U'H,r~fh'n!1 Llvfl"hi'U papillary 
~ ~ 

dermis ri'J'U 1 'Ui'U nflLff'U1vii-nfl'W tull;'H VllJ fl 'hUri ll; v~n'U Vdl~'H 'U lull 'U i;vfl·hi'U reticular 

" 1"" .., '1 ,: .J .1 "dermis lff'U eJfl~flrll'J\l::'Jl~fl'JV~ 'Uffll'n'UJ1'U(Ground substance) C}f~lJlll;flVlJfl'JrJ acid 

. t 1 t '" "....... " "':".1mucopolysacchande 'U Vfl \llfl'U 'U 'U ~'U 'H 'U ~ U'VI eJ ~1J Lff'U LrI#II Vfl flrll1J L'U V Lff'U lJ 1 ll; ffl'V1 UrI:i: 

~1JtJlll;ffl'V1YilfJ'W~i'lJfI'Jl1J{ffmh~ '1 &'If'U i'lJfI'Jl1J{ffflff1JHff fI'Jl1J!V'U fI'Jl1J,g'U urlll;ii Mast 

cell ~~Lrl'ULC}frlli'Uflrl'YrllJ11~.x'JVffll'HrllV~ijfl ''If'U Heparin Histamine Neutrophil chemotactic 

factor Eosinophil chemotactic factor 'UV~ anaphylaxis Uri:: Kinin ,rl'U~'U 
~ ~ . 

2.1.1.3 <M'U''U~'U1~~'J'H,r~ (subcutaneous layer 'H1V hypodermis) ,rl'U.]f'UYinfl 

, t <II".J , ... t "!"111 <II, 0'rI~ tJ\11fl'lf'U'H'U~U'VI C}f~\l::UlJ~ lfleJN'U~fl'UlJl~ '1 tJl:i:flVlJfl'JrJLC}frlrl ''U1J'U WllJllJrllfffl Urlll; 
~ ~ . 

U1JfI lf1 lW 1\l..11111" 'UiJ'Uii-nfl'Wtull;lrl'Umj1J '1 (lobules) i'UU..11'HU lYi,rl'U U 'U'J'U 'iHmV..11111' 

fI~ltJ'il~ tJfl{lV~fb'H,r~\llflU1~m:i:U'VIflfl1V'UVfl Urlll;ff:i:ff1J'n-n~~1'U1,.rutiil~mv 

. ~ 

111ft" 2.1 lf1Hff!l~"I.lV~i'UFh'H'ir~ (Mills and Cross, 2006) 
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fl1'JCJ}lJrhl.JnHr;b'H,r~ 'HlJ1V(i~ fl1'J~llJmfJ"'UO~ffl'J'H~OVllfl~O'U~l"'l~N'm,r~ lf1v 
". . 

,. I ... " " ... o::ft '"' o::ft,. ...
UJmfJ"L'H" l'U fI O~"~,, lVOg 'U fl 'J ~fflVV1nllJ'U 'U O~l '11"1'H'J001\lllJ 'U t lJ l" fJ "'UO~ ffl'J 'VI ffllJ1'J a 

lfiflfl1'J~ '11" ~Pl'lO-li fl1Hhv 10'U'U0~1I1"ffl'J\l~lri'U ~tJflll1fltlfl1m'W~'UO~~ffmf (Hadgraft, 2004) 
" JI ' ';• 

, 'U fl1'JUl tY~ ffl 'JU'U ffl'J \l::1(O~ CJ}1JFh'l.J'if'U~H '1 'UO~ N1m:r~1~000flqn iiiN1'H U~'H~o ~fl~flCJ}lI 

l"'l~fl'j~Uff1 "l1f1 u~100flq'VIt~01V1~1i11'H1I1V'H~0..t1~HfllVi~rl'ffl'J '11 ~OV101\lCJ}lIN1'U N1m:r~ 
'" ,. I ..6 '"' • 1..,..6 , o::ft' " 1II~l'U1'JHfl1V lflV"II'{J~'VIH'H'U~'H'JO'H"lV"ll'O~'VIH'J1l1fl'U CJf~ffllJl'JaU1Hl1J'U"II'O~nH 'Hty'1 ttl . " 

3 ";0~'VI1~ (Lademann et al., 2008; Otberg et al., 2007) (fI1'Wii 2.2) ~~ij 

tel , •• t .I .ci .J 
2.2.2 f11'JCJfllfll'U'U0~ffl'Jnl~"II'0~1H'J::'H11~lCJfa" (intercellular route) 'HlJ1Vm fl1'Jn 

" ."
~1Vl'H~Offl'JN1'U,$0~'h~'J~'H'h~lCJf"d"'I.J'if'Ufffl'J1~lJflO!lijVlIlf1Vffl'Jli\l::Nl'Uld'Unl~ij1Pl'flfl1'J 

. " 
lri'Uffl'Jii"ll'o'Ua~nlV''UUlli'U 

2.2.3 fl1'JCJ}lIN1'U'U{J~ffl'JN1'U'fiOltlfl'U'UP:b'H,r~ (transappendageal route) 'H1I1Vn~ . ' 
fl1'Jii ~1Vl'H~Offl'JCJ}lJ Nl'U H1'H u~nH,$O~'H~0'fi{J'U0~{J1V1~ 'U'U N1'H,r~ 1'lf'U 'fi o~mJ1 'Uii'U 

(sebaceous duct) 'fi09imJL'H1{J (sweat duct) U"~l'YlI'U'U (transfollicular) 1 flV..t 1 1 tJfl1'J~flCJ}lIV1 
•• 14' w ~ GI~JiJ Ad 011 •• at 

'H'J Offl'J fll'U "II'0~11'J on{J'U o~o1V1::'U'Ufl1'H 'U ~lf1f1 'U'U'U OV1J lflllJOlnv'U fl'U"II'O~'VI H {I'Ul'U{I~\llfllJ 

I , If' 
Q,I 4: .c:S QI .:t QI ct QI.Q, f QI ,I' 

\l:: ff1'U 'VI H fl'Uff -II 'VI '11 M 00 fllJ nlflflOllfl H '1 U,,~ ffl'J n'H MO OfllJllJfflJ'U fI Ufl flflHfl'U 1"ll''U 
, •• " f. II 

''Ufl'jW'U0~~OlJL'H10ffl'Jli'Hn~\l:ari'UUlua::''Ufl'jiU'U0~~OlJ1'Uii'Uffl'Jli'Hn~\l::lri'Uulii'U 

fl1'JCJ}lJN1'UN1'HU~\l~ Nl'U'VI H'lf0~1H'J::'H1 H lCJf"tllri'U'H nml"::tY1'Ui 'Hqjlri'UU'U'U 

passive diffusion oVHh~flllJ'lfO~nH transappendageal route ~lri'U'lfO~nH'H;1~~tllff'U'\l . " 
ffl'H i''U ffl'Jiiijfltu fflJ,j~"II'O'U"~"1V, 'U Ul (hydrophilic) 'U 'Ulf1i'Hqj'H~{l0.... fI1fl'U'U lf11gfltJ'J ~lfl'VI 

bilayer vesicles 1 flvm 'W l~'lfO~n Hfl1'J~flCJ}lI ffl'J'H~OV1Nl'U1'YlJ 'U'U ~~ijfl1111 fflflty' 'Ufll'Ji'fl'l!ll 
" . 

l'Jfl follicle-related disorder 1,$'U ff1 'H~OfllJ~1~ 'UOfl\llflijl'YlJ'U'U6~lri'Ulil~1Jfifl'U0~ffl'Jffl'Hi''U 
" . 

fl1'JN1'1.Jl"'1~.if'UN-mu~linfla.:j1tJ 
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Penetration pathways 

. 
.q I AS '4 ~ .. 

.fl1'W'JI 2.2 'iftl~Vll~fll':i~~C]flJ",tl~trl':iHl'UH111'U~ (Mane-Alexandnne et at, 2012) 

~ ~. 

", 'U 11':rtl H lJ1'0;ty1J1 'Ill fll1l1 ~fhrt!lri'U1111~11l1m'!t 1 '0;ty1ntl 'lJ 111'ti~';HfllmJm~'U1 'U 

• ,: '(AI'" , • '9J " ':!p 9J QQI'lJHUl1~1V11'U'U 1'if'U 111'UlJ tr::~tl ",tl'lJ'l..hfl NllJtl Nl1V111l'l1::~1'U11'l1~",tl~'U1'l.Jntl~q~Vll(l "''UlJ 

fl1llJ(l11 fl11lJl1V1'lJ fl11lJl1'U1Uth,,, 1'l.J';l~11'l1::ffU;Jfl~Ht1'Ui'l.J''U'lJ;ntu~h~ '1 "'tl~';l~fll(l 
~ ~ ~ 

nfll:ltu::",tl~",'UnHhij11;Jfl~l~t1'U;JllJm~ l'Vtff U'l1::14ftl')fl~~1(1 L"If'U L4ffl')fl~lJtl~1mn(l§juf'UHlJ 
~ ~ 

fl'l1lJU'l1~;JH 14ftl'lfl~u1m§j1'~'UHlJU'lJ'ULm::11~fl 1;ffl')fl~fl'Ufb"'11§j1l''UHlJ':imll'l1~11ii'flfffl "''U . ~ . ~ 

l1~fl NlJ'l.J':i~ flfl'lJ~1 (ltrl':ill ilhhfl11lJ!fl'U ¥1~l1'U~~"If1(111fl~t1'Ufl11lJ!fl'U i~ 1'1i'U ill",'Uff;J1lJl'til 

9t 011 cv "~t .Q ... d., 0 

11J'U tl1(11~':i'lJfl1llJlnfl L')f'U UlJ1111fl'U fl'l1Hfl'U flmff(ll1U1~fl'l11V11~ 

..; ~... • _Id "'1" ..;...." 11"''U (fll'VtVl 2.3) LlJ'Utl1(11::mfl'1 'lJU1Hfll(lU'l1::lJ fll~trlHVlC]f'lJC]ffl'U 1Jl~fltl'lJ~1(1 

(1) ¥111ff'UHlJ (hair shaft) fimi1'U~lHcl-w'UflflfllJl'Olfll1l1~ffnl:: (2) 'nfl"''UL~'Uri1'U~§j hair bulb 

~ _I • ";_1 ", 1 1" ""1" " 11J'Ufll::11J'ntfl~Vl1J'l11(1q~~1'U'l1H"'fl~I'VlJ"''U ~(I m~trll~",tl~ hair bulb 'Il::lJ m~tr'n~fl'l11(1 . ~ ~ 
QI Q,I .4 t QI if .. 1 ... ,".Q, QI d , • QI .

fl'lJ11111 fllJ LL 'l1::1'lffllJ;J flfl 'lJL ff'U l'l1fl~ 'U ')f'U ;J N111 'U ~1l (lfl1l dennal papilla 11 ':i tl'lJ HflHll (I fl 

~ ~ 0 ild5fl t/
follicular papilla 'lJlnW'U'IltVll11'U1V1LlJU'.t'U(lfl'l1H"'tl~I"llJ'U'UU'l1::fl1'lJfJlJfl11lJl1Ul fl11lJ(l11 

" ..st "'''' 11 ~, ..."'fl~lff'UHlJnlJtl.:J1~'Il1'if1;J'Ufl~ln'UHlJ (Paus et at., 2006) U'l1:: (3) l"llJ",'U 11J'Uff1'U11'U~",tl~ 

l1l1~tlTrt!lU'l1::11l1~Ull~'U ~m'l11 i 'l.Jil~~'U i",,j'U1~ihl1l1~ ri1'U~~'U ~fl'l1~ i 'l.J'O::'l.Jl~fltl'lJL~'Uvifl 
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ti'fllJ'H)'U'nfWU ih;fl'Ufl~9ifllJ''U~'U~-IJ1.h~flfl'U~hfl Infundibulum Sebaceous gland Bulge region 

~ ~ ....~... ........ ~... !'It '" _91 ~i2' 
Uft~ Hair matrix cells Yl'1J'Ufl1f11:allJtl11lJfflJ"''U'Jjfl'Ul'\llJ'U'UUft~L1J'Ufl1f11~'1J1111J1f1Yl 'IJ 'Ufl1'j 

thff~ff1'j'~1~1'\l1l'U'U 

. 
... '1''' dI

.fl1'VtTl 2.3 ltlHff'j1~'Ufl~'U'U11'jflHlJ (Alexa et al., 2008) 

...... dI 
2.3.11~n'ir1f1'Ufl~'U'U11'jflHlJ 

'j1flHlJ iitl1111ffllli'U -ti,\1.., 1~'~n~ ~-IJtl'U1~ ~ 'j ;1f1fll'j ,~1 ty,;i'U1f1'U fN'U'U l1lfl HlJ 
~ . 

li~i'U,h~rlfl'Ufll'jl~1ty,;i'U lf1Uft~'j~fI::lifl'UfI~'~'UHlJ (m..,fi 2.4) (Andrea et al., 1995) 

.l!...... dI' !'It ... .: 
C)fn~~'j'ir1f1'Ufl~'U'U11'jflHlJU'U~L1J'U 3 'j:::fI::: (Krause and Foitzik, 2006) fI~'U 

4 ~ I d .ci 
2.3.1.1 'j:::fI:a~'jty (anagen phase) '1J'U'ir1~'Ufl-IJfllHflflLfllJ'VI (active phase) 'Ufl-IJ 

'~'UHlJ hair matrix cell ijfl1mti-IJ~1Uft:::fl11flflfllJ11~'U~1'~'UHlJ (hair shaft) 'j~fI~nft1'UfI~'1i1~if 
,rl'U~1tl111'Ufltl11lJfl11'Ufl~'~'UHlJUft~&~'U'j:::fI:::~1~'UHlIijltl':i~ff~1~fflJ\l'jWU'U'U t5'1',jijff1Ll1~~ 

~ 	 ~. 
o , 	 " " • '0 Sl .c:t QI 4 .1! a " ... Ci

'VI1 	 l1&fftJHlIn~flfl'U flll1'UfI lff'U NlJ'U'UffnJ~Yl-IJl1lJfI'iI:: lJl'O 'UNlJYlflg tJ'j::: fI:::tJ1I1flM 80-85% 

... Ci ~14 .1 "".:: 
Uft~lJm~'U1'\.JtH 3 1J 'lIfltl'U''j1fl1~1J1fl'U'U'j:::fI:::''iI'jty'U'iI:::ff'Uft~ 

2.3.1.2 'j:::fI~mlfl (catagen phase) l~tJ'j~fI:::~l~'UHlIl1~fll~lty,;i'Ulf1 

'f11f1lJ"'~fllJ~ 'iI:::l"lfl 1fI fI~l'\llJ'UtJ 'iI:::l~lJ'Wfl~1flflfl'il1fl~lJlI ft1f1U 11 ftlJu9iv~ ij;f1f1Uft::: '~;'U 
" 	 Jd. , : .. Qf • ~ m111'j~lflLff'UNlJ ''U'j:::fI:::11~fI'UlJ'ir1~m~ff'Utlfl lI'j:::lJlf.U 10-14 1tJ lYll'U'U 



12 

P ... IrwoIuIIon ;;;;;- ~~_....o.-___ ~N"'--=-lW'OIo"":':"""'--

; ......... phue pIwoe 0IWIn0 phaB 
(an_A) (_11"111 IA_' 

. 
"" ...... S!

;)l'ff't12.4 1~"''lf1~'Utl~Lff'W~1I (Andrea et aI., 1995) 

fl11tl~9111'UtHffl1 Fh'W'V1l~1,,!1I'U'W fitl fl" iflfl11lhff~ ffl111;tleJ1Fh'W'm~1"A1I'U'W 
" 

(hair follicle) l~w111L"fJ"'Utl~ffl111;tleJ1,,~911J~1'W;r'W~h~ '1 'Utl~fb11'U~l1;tl'1itl~Yll~LiI~~l~ '1 
... Of" Cil 1 ift 1 Of 1 ..I i 1'4 1 i Cil i- 1Of I

1J'W~111'W~U"1tlnc:tf1l~1'W"~ lJV~1,,!1I'U'W ~fJffl1Yl"::"leJ 'i'I~ 'W 'U1I'W"~ffl1111f:lCJf1l~1'W"~ lJ 
,JI . f 

ill.1Jlflfl'hffl1-n"::"lfJi~;)1'Wih 1'Wl"A1I'U'W,,::1ji'UoU'W"lfl sebum -n1jfl11;r1JtltlflHl'W't11~1"A1I'U'W 

~"tl~l1"l vh1,fffl1~"~meJ1'W i 'UoU'W i~fiffl1Jl1f:l9111~1'W i~~lfJ u~t5'1~tl~fl11'thff~ffl1~"::"leJ 
: ijl"'" 1" I Cil... • '... .., " Cil i 1 •'Wl 'i'I~~tl~ 'Jfffl1'Jf1fJ"~U1~~~~1111tlffl1'Jf1miJvm'rW l1ffl1111f:lCJf1l"~ 1.1 tJ1"A1I'UtJ111tl61" 

d Of 41, i 1ft 11 "', 1" Cil' ijl",,1.. Cil' i ft 11lfl1Jflflffl1111tleJl tJ " lJ c:tf1l1'Wtl'Jf1eJ 11fl11c:tf1l~ltJYll~1,,!1I'U'W ¥'1~'U'W 11ltlffl1c:tf1l~ltJ"~ lJ tJ . , " 
1,,!1I'UtJu-A'1ffl1-nLrJtJ'lftl1J i'U oUtJ "::tld1tJl,,!1I'U'W i~tJl'W fl'hffl1-n'Jftl1J't.ll (tl;tlItlI 1 111'W ffftleJ, 

2550) 

http:fl'hffl1-n'Jftl1J't.ll
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n1'.i 191'; [llI~hi'lJ'H ~~Nn91.i1w~L~~Len'Uftl'lU 1~~~1'U't11~1"J1I'\l'U~~~Fhu~od] 'iI~[I 

• 44. f ... I QI 4-" 
911~ '1 't1l1Na91~ftl'lt)fllNl'Um~l"JlI'\l'U ,H'U 

..,... 
2.5.1 fflllJ91'\l~~ffl'l .... ... ...~... 

2.5.1.1 '\l'Ull'l~1.imfi ~1.imfl'\l~Hffl'l'HHW1"fl~1I'\l'Ull'll'HlIl::ffll 'Hlnll'\l'Ull'l't1 

" L 'Hqjlft'U' tJ'iI::fl'H~dlJ'U ihm!~ 'H lnii'\l'Ull'llgmft'U'tJ 'iI:: U't1'l mh'U si'U ff91 'll~lIf1~{l'U [llIa~ , tJV~ 
J/, ,JI t 

si'Ufb'Hir~-nanft'h '\l'Ull'l'\l~~~1.imfl-nl'HlIl::fflll't;'ir'U-n'il::~d''UlJ;l1W hair follicles 1l'lv'W1yh 

'\l'Ull'l 320 run ffllJ1'lOerll~l'Ul~l~ hair follicular ,~ (Lademann et al., 2007) ... 

2.5.1.2 tJ'l::''\l~~~1.imfi Jung et al. (2006) '~f1m:l1ftl'lUl~~'altJlt)fll~ijtJ'l::' . " 
rh'U't11~1~1I'\l'U'W1J'h 'altJlt)f1l-niitJ'l::,1J'ln (cationic liposome) 'H~fliji1~tJ'l::,alJlla::tJ'l::' 

lJ1n (amphoteric liposome) ffl111'lOerll~1'lJa~'tJ, 'lJl"JlI'U'lJ '~~n';h'a ltJlt)fll~iitJ'l::,alJ 
(anionic liposome) 

" 2.5.1.3 f11111ffl111'lOftl'la::al[1L'lJ ''\l~'Uua::Ul'\l~~ffl'l il'lV Ogiso et a1. (2002) 
, ". ." 

, ~f1m!l11m [llJl-n VlJn1'lerll ~1'lJ '\lfl~m-na::al[1' 'lJUlua:: -na:: al[1' 'lJ' '\l,j'lJ'W1yh [ll-na ::al[1L 'lJU1 

.. I lJ 'lJl~lI'\l'lJi' ... . '_1'" '"" '" ffl111'lOt)fllHl'lJ1'\l1"'_1, l'l[lHl'lJm~ outer root sheath 1'W~a~ lJV~')f'lJ'H'lJ~U't1" (dennis) 

, .. , 4 ,: "".1 ,,, ..... '" 4 ,i l'lV'l::[I::nal 'Uftl'l t)fll Hl'U'\lfl~tll't1a::alV 'lJ'lJl'i1::1ftl'l'\l'lJ~[ll~'lfl '1 111m't1[1lJnlJ[ll't1 a:: alV 'lJ 

, .6 .. I .6!'1t" 4", , I lit .., ..,.:: ..;QI QI 

'\l1l'lJt)f~t)fllHl'lJ't11~ lipoidal pathway t)f~llJ'lJlff'U't11~'t1'\llJ '\l1l'Uflflnlll'i11n91flll t'\lll'U ,H'lJ'lJV1't1 

" a::alV''lJ 1'\l~'lJ 'iI::erll~l'Ui1~ irmer ua:: outer root sheath 

~ .Jl .". f!/ " .cd, tt
2.5.2.1 ')f'Ul'l'\lfl~ln'UHlI'W1J111ff'lJ Hlt!'lJ [lnal~'U~~Lff'U HlI'iI::lINa91fln1';i ff~Nl'U 

'\lfl~ffl'l~ij'U'Ull'ltJ'l::1I1W 10-70 Jlm 'Hlmi1'lJ~1t!'U6naHij'U'Ull'l''Hqj'il::ffll11'.itl1i4l1n1'lUl~~ 
" .

ffl'l1~~ 'U~n'illnuv~'W1J"h ')fill'lLi1'lJNlI-nl~'lJ tenninal hair ij691nn1'lerll~1'lJ'\lfl~ffl'llJ1nn"h 

veUus hair (Toll et al., 2004) 
iiCl4 .1! .ct , .... 

2.5.2.2 1~n')f191'\lfl~m'lJHl.IlINa91~ftl'lt)fllHl'U'U~~ffl'l Domashenko et al. 

(2000) 'WlJ'11 .,::v::nTH'iI;qJ'Ufl~Ii1'UNlI~l'HlJ1::ffll''Un1'lUl~~ DNA 'tJ~1~1I'\l'Ufifl"::V::1'i1;ilJ 
(anagen phase) 

2.5.2.3 1111l'l'Ufl~1~1I'\l'lJ ij 2 'lfill'l fi~ l~lI'\l'UU1JlJll1l'lua::m1JlJi]l'l il'lVl~lI'\l'U 

1!1J1Jl1l'lff1'.i 'iI:: 1,jffl111'lOerll ~1'lJ '~~fl~ijn1"ill'll'\lml"JlI'\l'Ufi~'lJm'il'f stripping technique 

(Ladmann et al., 2001) 



14 

2.5.2.4 1111ii'U~Nii9l;)lfl9iOlJ1111ii'\fU~nW,1JlJIIIU (sebum) fll'Jhn'lIllO~ sebum 

OOfl;)lfl1J~t 'lW ~Nii9l 1 tJriFh'l1u~On;rAIII'lHfllnhri~ ffl1 'I1;mJl1lfH.H~ 'rn:: ffl,~ijff1J1j~.. 
tI • • 

1eJIt;l,TJiifl (hydrophilic drugs) ~~UUffl'JYiUUJl'f'Ufll''lhri~i~fl'l'J,fluffl,Yiijffll,j~l1~lu 

1111tJTJiifl (lipophilic drugs) (Ladmann et aI., 2001) 
.. 01 

2.5.3 tl"'''l'1J 

2.5.3.1 ~'lVilll::1I1V~Oy'u~hi'1J ~1Villl::mviju11;69il~ "l ffllll'Jf:l1l::1I1V1111ii'U 
• • tI 

YiFh'l1U~'~~ffl:IJ1'Jm.r;11tJ,U,1JllIIIU 11{~ ~1Villl::1I1VYiijfl'l11lt~U ;r1tl~ 1'liU 1WV4~U 'flllflOll 

UlI::LOiillUOllflO eJofi'ffllll'f:l'~lltJ~1l1Wfl1l11L.r;1l~UIIIO~ffl'J'Ul1JllIIIU'1{ t.aO~;)lfl1'l Wffll,j~ 
... .. .. , 'JIt 01 tf _ - ...... , 'JI 'JI "t1'.l 

1II0~"'l11lll::1I1V;)::11l WlSUff9l""llflOlLUVlJllfll''rHH9l'l 111 'I1Vlffllll'Jf:l tlllll1JlllIIU L'i'llllfllllU 

" UOfl;)lflil6~ffllll'f:l1l::1I1V1111ii'U;)lflrjf,jll'l{ (Meidan et aI., 2005) ,'liu fll'Ulri~'llUOflciAlI 
'JI _.1 A '1-':' "" rI~ 01 .. 

lIll1,1JlllII'lJ;)::lJlllflIllUl110 L"Ift01111UOllflOeJOlll1J'lJ"'l11lll::1I1V (Toll et at, 2004) 
tI 

2.5.3.2 ffl 'J')h Vtilll mtll::ffl'J 1I t;l U'J ~~~ fhffT'H '11 thil 'lf1Vfll'JC}fll r-hu III O~ffl' 
q."0 Ii) ~ '''1 r .., 4 d , _ QI lI) " " .. . 4 f ~I .. 
11ffl:lJl'Jf:l1l::lIl11U 1 L'i'lU" Lllffllll' f:lClflJ N1U'I1'JOClfll N1UN'l'l1 'lJ ~ Lt;ltlOVtllOllffl'J')j''lVtlJVfl'l1'jO 

dI ... .. , 'JI: J! 01 "t .... "t 'JI_.l dI .. , 'JI dI I "" '" Q .1 
ffl 'j 1I A U H"~N'l '0:: 'Yil '11 U ll'Ulfl1J 1111 llU Lt;lt;lIllU ;)~11l '11 ffllll1 f:lClfll Nl'lJ N'l'l1 1..1 ~ lWlllllfllll'lJ 

(Umesh and Joel, 1981) 

2.5.3.3 fll'j,fl11fllu lllVtlllu')hv'Ufll'jUlri~ffl'j l'lfU fll'J'fil101Clfll'l1;O 

, 1I1 tJ 1 Clfllcb~ ffl:IJ 1 'j f:ll~1J nfl , I{J~ffl 'j ~')j'01JJ1UlI:: ')j'01JJlii'U ffllll1 f:lll Afl 'lllllfluV4'1:J UlI:: 

'l 'JI .1 'JI" .... 
IflHff'jl~,1JllIIIUlJ'J::flO1Jt;l'lVff1U"1~ "l 4 ff1UflO (1) infundibulum (2) sebaceous 

tI 

gland (3) Bulge region UlI:: (4) Hair matrix cells It;lvri'lu9il~ "l t'l1thil;):aflu1J~nwd~h'l1lJ1V'U 

fll'jUlri~ffl't"'0111~NlI'Ufll'i'fl'1:Jll'jfl9il~ "l (mw~ 2.5) (Alexa et aI., 2008) ~~if 
tI • • 

2.6.1 ri1'lJIIIO~ infundibulum ('I111l111lll11 2) 1J~nwil;)::')hv'Ufll'ji'fl'1:Jl hflYitfitJ'l.r;o~ 

n1J'::1J1JfJij~llntlUlI::lf1U01V'l::lill'l1111V'Ufll'JUlri~Vlr-hu11l~,1JllIIIU 

2.6.2 1:bUIIIO~ sebaceous gland ('I11111111l111 3) lf1U0111'l::lill'l111l11'Ufll'JUlri~Vll"'OH; 
lUfll'ji'fl'1:JlihulI::hflNll~1~tflU'I1VOll (androgenetic alopecia) 

2.6.3 ri1'lJIIIO~ bulge region ('I111l111lll11 4) Lflu01111::1ill'l1111Vlufll'JUlri~Vll"'O 'fl'lJ 

fll'ji'fl'1:J1UNlIlf1Ul1;oi'fl'1:Jll'Jfl~1~V1~O~n1J'nU1im'jll
q 
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2.6.4 rl"l1J'lJ~N hair matrix cells ('H1J1VU'I'lJ 5) lfh.W1V1Z1-r11'H1J1Vi'Um'jl.hrl~vl~ 
1~V1.u'o~tilJm'jfl1lJfl1Jm'jl'illty1;lJ 1~'lJO~1ff'UN1J 

~Ylqqq2-

.ftl~a,ra~~u 

2.7.1 ...hrl~ffl'jmh~~11'VllZ1'illZ'il~ hJU~l'IJ1J'lJ'Ul''h i '1fffl'j hj,;'o~ fohu n l'jtl~~1J~ 'j::lJlJ 

1'11~1A'U fIl'Hl 'j f~ '~ii t1ty'H lm'jfflllV~1'lJO~ ffl'j 'illnfl111J1~'Um ~ t>11.:J1'U1'11.:J 1A'U fIl'Hl'j '~iiNll 
.ell ~ ... d ... .eII liI ."

'illnfll'j 'jlJ n 1'U 'lJ ~Hm'j tl~C)f1J 'ill n fIl'H 1 'j 11ll::1lJ'Um'j 'H llfUllfJ~'1J~ llJOll C)f1J'lJ O~ ff U 1'Vl 'j lZ t1J~O~ 

~l'U~lJ (ftrst-pass effect) 'j11J.,f~1~'Unu'~1J'jZVZl1ll1m'jOOfl'11'1 i'lJO~ ~1fJl~iifl~~;1~i'U1,;' 

(Rao et aI., 2008) . " 
2.7.2 fl'11J1Hllhrl~mi1iith'H..rn l1JlllfJll~~'Hl0iifl111J1~'U-Wll~.:J'~~~m'jflfllll'lJO.:J 

• d~.., c:I ... ,. c:ldd ".,
Han et al. (2004) 'V4lJ11 adriamycin C)f~llJ'Um'jfllll1JZ1H'HlllV~'U~ t~fJl'il'V41Z1JZ1H1'1lflV1'lJO~fllJ 

hair follicles 11ll::thz~n~ilJm'jilO'U'lJ'U lflvmdv11hi '1fN1J'H 10'lJ'U~1~ Lrlm.hrl.:JV1~1'U,sO~ 1'11~if 
" .c:l,d .Q J.d.Q QI t 4: .ell Q.!' QI ::It !:It " 

'ilZll~ Nll'lJl.:J'flfJ~V1f1l'illfl~'lJ'U1'1N1'H'U ~ 1':l1'U N'ULLfl~ N1'H'U ~Ofl1f1'lJ Ull::lOfJUNllllJ'U llJ'U~'U 

2.7.3 1"l1J'lJ'UfI'l1J1Hli~1~'U stem ce1l1~ i'UlJll1W~~flllH'lJO.:JI"l1J'lJ'U flO rl1'U~ 
iivn11 bulge 'lh::nOlJ,;'1V fl~1JLC)flln~iim'juti~~1mh\lnflL~1UllZ";1'H..rl~1~'UtJ'U6fl1lJfl1J 

m'jL'illty'lJfH1C)flln~1\1 ~ LrW stem cell ~1"l1J'lJ'Uffl1Jl'jm'illtyufi1fllllfJl~'U neuron glial cell UllZ 

LC)fllnt'Uijn'HlllfJ1fU~ 'Uofl'illnifu.:J'VllJ melanocyte stem cells 1'UlJll1wifijfl~1fJ (Hoffinan, 2005) 

Administrator
Oval

Administrator
Rectangle
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2.7.4 n'l1J1'jfl\hri-3~Ul1;V~l~'\.HVHnnl1-3I~1J'Uuii-3fll'jftfl'l!ll'UtN Hoffman (2006) 

~i~i"'U1l'Vlflilflfll'j'~Unfl DNA iuinltJ1C)f1J L14mhri-3 DNA i1.1iJ-3 hair follicles 1Ul't1VLav 

" .Ll'I1~L1iV-3LiifH~U model d111lU gene thempy l~wi~H; DNA liposome iUfll'j\hri-3 lacZ reporter 

ft I'" .k 1""'.:11 '" ";.1 .... ... 0 gene i uV-3 hair follicles 'UtNl1\A mice C)f-3Un'~H 111l1UfI-3fll'j'jfl'l!l1'VlunVflnVLLn:':1Jfl111J\11Ll'I1:':~-3 

" 
UVfl\11flil Domashenko et al. (2000) i~ftfl'l!llUn:':'VlflflV-3 transfect ~uii-3mh1'U human follicle 

cells mr-3\11flfll'j'Vl1ifl11.11C)f1J~L~UnfllacZ 'Ul1\A (mice) LLfI:':'U humans scalp xenograft mouse 

model l'I'lJ'h ri1u1.1'j:':flvu'UV-3ifl11.11C)f1JUfI:':1-3\1'jfll'jl\1;ty'UV-3 hair follicles ijHn~v 

1.1n:ff'Vli.f11l'1'UV-3fll'j transfection 1flvfll'j'Vl'lifl11.11CJf1J'u'li1-3 early anagen cycle \1:.:ii 

fl111J~1''Yn:':L\11:':M'Ufll'j transfection 'UV-3 human hair follicles matrix cell1J1flfl'hiU cycle tu 

" fi,..;h "L'Vlfl1U 1f1~u11u" iifll'j\h1J1'~fli'-3U'jfl'uiJ l'I.fl. 1974 1flVUfl1'VlV1fl1n'~{\11fl 

1J1111'VlV1nV1~Lflv1 1.1'j :':L'Vlfl~~U 1flv'~l; vfln'n~ii'Uu1fl'U 'lf1-3U 11U'1J~'j ifufiv 10-9 m 

:b-3'Uu 1fl~L~U~n'U' 'il'il:':v~'W1f1-3'\JU1fl 100 nm UfI:.:,gflfl-3 i 1.1O-3'j:.:iiUtl:':~V1J'U'\JU 1fl1.1 'j:;1J1W 

0.2 nm 'U'th-3nfl1~H1U1J1iifll'j'~L'Vlfl1u1f1~U11u'u~lU~H ~ i:aJ11\1:;LrlU~lUV1111'j ~lUV1 
UfI:;Lfl~tl-3d1Vl-3 l'Vlfl1u 1f1~flV1J~1L~V{11;vu:U'm:.:..t-3fl1'j.yjH1U~lU;h.f11l'1~1-3~ 

d111 i'U'Vll-3 Ln ff"ltfl'j 'j1Jij fl1 'j U1L 'Vlfl1 U 1 fI ~U11U 1J1i"'U 1~1V l'U11.1u uu '\J V-3 

U11Ul'I1{9iLflflUfI~n'11J1'jflUl'1.11.1'j:.:qfl~'~nU-31U~lU~1-3 ~ i~1J1fl~U HfI'\JV-3fll'ji~U1':':UU 
o , 0'''''' 0 ,.1,-'1,'" .... 1 ....... , ".....;...1. o;tl


U1n'-3'Vl1 111Jfll'U1V1 u '11' flVVH1Ju':':n''Vl1i.f11l'1LLfI:.:''It1VflflHfI'\JHlflV-3'VlLflfl'\JU l"ltU ufl.fl. 

2005 V-3fl'fll' Vl'H l'UfI:':V1'\JV-3n'11 i'!V1J;fll '~i'u,V-3fll" ~U11Ul'I1{9iLflfI'\JV-3 6el1Jiju'U'\JU1fl 

..; ,.4" TM.k'~ .... 1 "'1 ... " 130 nm 'Vl'm"V1 paclitaxel U"ItVfll'fIl Abraxane CJf-3 "It tUfll"fl'l!ll 'jfl1J:':LH flVfll''ilflL'\J1 

... 0 t .:II 11111...'.... 1 "'- -..:: .I , I 5'ft'" I11f1VflLflVflfl1 11f1U1flUU\1-3 t'i'l1J Ufll'l'I~U1':;UUU1 Ul'I1'~LflfI'l'I1J1J1fl'\JU 1J1l\1:':LlJUfll' 

" U1ri-3'Vl1-3~hl1'U-3 'Vl1-3~1 n1J";-3fll,1.1n~fl~''Vlfl1U1f1~U11u'Ufll"~;v1J"hi'1J'\JV-3n'1'11;VV1 
.4 , -'11 I .k 1 1 ... ..;... 0o· 'JI "', 'JI ...Ll'IV '11' UflllU1n'-3H1U'VlH'lflH1Jfl1V C)f-3l'Vlfl U flV'Vl1Jfl"U11J11.1':':~fl~ '11 fltl 

(Vltyty11J1un'!vv, 2008) 

2.8.1 'fl11.11CJf1J (liposomes) l~UV'4.f11fl'\JU1flU11U~Lfifl\11fl ''\JiJu L'lfU ,"vn'1vH'~fl 
tI tI, JI 

~flL;V-3~1l~UHU.:J n'V-3.ruamnvuuTfivdUflUflfll-3 HU-3 in11.11CJf1JVl'ilii HU-3n'V-3;rUL~ V-3'l!fl'~V1 

~l;Vfl11 gilfl1L1Jflfl1{l1ftl1J1flfl';hl1'd-3'l!fl~l;tJfl11 iJflVifl1l1Jflfl1{ ifl11.11CJf1JLrlu~1l'11n'nl1;v 

V1~~ fiv ':aJl~U-W'l!ln'11J1'fI\lflVmmfl1fI1u11-3fllV ij'\JU1flLLfI:':l1.11Hll11J1:':n'1Jn'11Jnfliiflu1.1fI-3 

, "4 0 I QI _ I ... I ~.. 0' .. 'Q QI

111Jfl111J\11Ll'I1:': L'11U fll'jflflUufl-3'\JU1flUfl~u'~'1JUH1Ll'IVfll'jU1n'-3n'nl1'VV1H1UH111'1H \'I1fl 
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fl11 fffl1:l1 flt1 'tl f) -3 1 ~'lJ 'lJ1l1 'tY-3 U1 'I 1; f) -311 U-3 1 'U 1,j 11 'lJ'lJ 'tl f) -3 1 t1 i,j i CUll H1'U ~ 'J 11 ir~ 'tJ 'tl f)~ 112.! 

l,j;fJ1.HnfJ'lJn'lJU"l;f)~l1U~~ 1,j1~1~'lJIifl1 'U 1t1 i,jicull'WtJ'h ~hi''lJ ~l~'lJnfl1'U 1 t1 i,jicull~ 

,j1~flf)'lJ~'JUU11,j1~U'I'VI amphoteric Ut1:: cationic U11111f1H1'Ul~11'll1l'tl'U'Uf)~'tJ112.!1~~fl 

,j1::lJ1W 70% 'tlmfl'J111U1'J'tlf)~1'll1l'tl'U 1'U'tlW::~U111;f)~Uu~~1,j1~l~'lJnfl1'U1~i,jicull~flt1~ 

1,j1VfU-3 30% 

2.S.2 ilif)icull (niosomes) flf) f)'4fl1f1'tl'UU1'U1 i'U1'!i'U1~U'Jn'lJ1~ i,jiCUllf)1\lliflir-3Uf)-3 

.ff'U1VffJ-3'~U~U'J (unilamellar vesicle) 11;f)11~lU'~ (multilamellar vesicle) 11;'mrJ'Uu',h 

'VIHm::'lJf)fl (tubular size) flir~ilif) iCU1J,j'I::flf)'lJ~'JUU11t1~UH~-3~'J~1,jli,j1::' (non-ionic 

smfactants l'!i'U 'VI1'U11~:UU,j'U) U'VI'U 11f)Uil1i1-w~l'J1Jn'lJU111'tliJ'U 1'!i'U flf)l1UlPlf)1f)~ 

2.S.3 'VIn'UULl1f){iCU1J (transfersomes®) lrl'U 1~1,j"{CU1J~lifll1,ji''lJ,jl~'tY1'U,j1~flf)'lJ 

1itf) 1fl'flir-3 1'tliJ'U lifl'J11JV~11 ~'U 1;1~ i~u1~f)Uil1i1-W~U~:U11~.yh1fl'flir~lifl111JV~11~'U 1;1~ ,"!i'U 

dI ... i" QI 4 Q,I' " • ~.cl4 d0

U11 ~~U1 ~Pl~fI'JU~:: bile saIt 'VI1 11 U11J11f111~Pl1Ut1~'lJ'lJPl'Jfl1'U'1ff)~11~1 ~11 'J1~'CU~t1'V11J'tl'U1~1~ fl 
" . " 

fl'h~1iJ'Ulfl-3 1~i'U'U'U1~,j1:::1J1W 50 nm 1~ 1,jiCU1Jl,jU'lJ'lJili.w1l1'tY~U"11;fltJ1nli1l111irfl 

11Jl~fJ~ 500 dalton ~'U1,j 1'!i'U 'Wf)i1l'W,j1'V1ti' lrJ'U~'U 
2.S.4lfl1'V11CU1J (ethosomes) 1r1'U1~ i,jiCU1J~lilfl-nt1Uf)~flf)8f)rl'i'U,j;1J1W1;1~ (20-45% 

~ . 
i~fJ1l111irfl) lrl 'U f)'4fl1f1nliafl1:lW~6fl'U U~:::fj~11 ~'U lrl'U 1 ::'lJ'lJ1l1'tY-3 U11 11;flfJ1H1'U r:h11 ir-3 

~U11J11f1U'VI1flH1'U Fh11ir-3~~ 1,ji'U.ff'U~~fl1~Ut1:::fl1\l1l1'tY~tt~1 ::'lJ'lJ 111~i1U'Ui~"'Pllitf) ifl'q'VIi . 
't11lHfllfJ 

..i 1 "{ 1'" I J iY. 0 '" iI d0 I":' I '" CU~fll'I'U1'U1 'U1'V1f1 'U ~m11~1'U1J1 'If\l:'lf1m'W1Jfll1'U1U~U1'Il'tl11;1f)'JU'J::l 1111J1fJ'VI 
tI • ,'JI 

f)dfldt1-31,ji'U'i'U ~'J11ir~11;f)'tY'J'U~l~"l'tlf)~ll-3fllVn'l1'j~fI~ l'Ufll'I i'fl1:l 11 1f1n'lJ;nw1!'U "l ,~ 

"{ 1f1~111ir-311 ~lV "l i 1f1\l::: lifl111Jff1Ji'Unn'lJl'll1J'tl'Uliifl-3\llfl1m ~Uf1~'tlf)-31'll1J'tl'U 
l~'U1f1HUfN~ljfl"i'~';U-3~'J~ci'lJ~f)'UU~~ljfl111J~1''W1::n'lJfll1i'fl1:l1''{1f1~b11ir~i~vhfl . " 
~'J11U~ n lifl 'J11Jff1Ji'U nn'lJ 1'll1J'tl'U U'U U11J11 fI UU-3 1 ~l~ 'U fl1 1;r~'tl1H fll1 'rl1~1'U 'J~ U;f1Pl'tlfl-3 

1'll1J'tl'U (fl~ 1fl~U11JnflN'U fla'lJ1~) U~:::fll1;r~'tl1Nfll'IUU~~'J'tlf)-3'CUt1rl'1'Ul'll1J'tl'U (flt1 1fl~ 
1,jU11JUflN'Ufla'lJ1~) (Alexa et aI., 200S) 

http:il1i1-W~U~:U11~.yh
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2.9.1.1 f11111ff1li\.nf'\Jtl~lfJlJ lft'.iL~'I..If;'U 1-sfl~h'tfU~ 

I tl lJ 1 ft '.i I \llJ ij H n 0 '.i ::.: 'Yl 'U ~ tl 'tf U'1 ~ '\J tl ~ fi 1 'tf U~ 11 '4 'll 61 ti 11 ~::.: l;j lJ 

OU Uti~i1'\Jtl~ ~ tl1J 1 '\JirlJ O1'.i 1\llflJ L~'U 1~'\Jtl~1~lJ Fumn:01'.i i'O'lll11Hn l;jlJ 'UlJ fi1'tfU ~ ~~ 
O1'.i nJ~tllJutln~'\Jtl~'.i::': ~'Uutli'111lJlfJlJ lft'.i 1 ~lJ 'tf;tli1i''U'\Jtl~ lfJlJ 1 ft'.i 1 \llJl;jlJ i 101'.i tY1flflJi lJ O1'.i 

Hii~,tllJ lft'.il~lJ~1I1mfllJfl1111~ll;jlJ (hydroandrogenism) un:::ijfl1111ff1lilJifi'Ufi1'tfU~un::: l'.ifl 

~l~tl1.wtl~fi'Ul~1I'\JlJ l.vlJ ih un::.: hflH1I'h~ (androgenetic alopecia) (Makrantonaki and 

Zouboulis, 2007) un:01'.i~1~1I'\JlJO~1~~ijt'l'll'tf9JlI1~1n'.i::':~'U'\Jtl~ltllJ lft'.i'~lJllJ'UlL1w,.flJ '1 U~ 
..:. "'5'" .,. ... 1 " ..:.t , ... ..9 ~ 1"'"

l~lI'\JlJ 'Yl'tf lJ ~n'.i'll: ~:::1I'.j: tl::':'\Jtl~01'.iL~'.iflJl~'U ~'\Jtl~lt'1'lJH1I'Yl t'l'lJ 0 11'U'.i nwtllJl1JlJ H'f'I 'tflOft 

H1Il1~ 'tf;tlff'.i 'll: ~llJu'U'Uon1lilJi l.vlJ ilJ~'tftY~~ijff'.i'll: a1lJU'U'Un'.i '.i lIilJiiro\l:ijt'l'll'tf 9J 
JI • 

1I1\l1n'.i::':~'U'\Jtl~ltllJ lft'.il\llJ (Sperling, 2001) lJ tlO\l10il~tl1l1 '\JirlJflO~HU'f'l::':01'.iHfi~CHU1l 
..:. "'... 1 1'" ..:.....r .r '''' '" 1 1 ...(sebum) 'Yl1l1001lt'l'll'tf9J1I1\llmtllJ ft'.il~lJ fttlt'l'1'YlLOft'\JlJ\l:'\JlJtlgO'UO'UltllJ ft'.iL\llJ lJl't'lf1'tfflJ~ 

.k... ..;,.r ... ", ... ..9 ... 1 ..:. ....... 

Clf~tl1~~::':1It'I'll'tf9J1I1\l1001'.il't'l1l'\JlJ'\Jtl~Clf'U1ItllJ1lJtl~1I1\l1001'.iHn~'\Jtl~ltllJ ft'.il~lJ'YlH1'tflJ~U'f'l::': 

f11111 t'l'1111'.i{I'\Jtl~ 'tf'I..btl pilosebaseous (ri1lJ'\Jtl~1~1I'\JlJ fi'U~tl1l1 '\JirlJ) ~:~tl'U t'l'lJ tl~~ tlutli'111lJ 

ltllJlftlJl\llJllJ01'.iHfi~CHu1l~~1;jlJO'f'l 1o~;rmhltl'flftff1 (Stanczyk, 2006) 

2.9.1.2 H1Il1~1;jlJ'tf~tlll (alopecia areata) 11'f'1: 1'.ifl~l~tl1.wtl~fi'U'.i::':'U'UfJij~1IfilJ 

u'U'Utl~llJir~ (autoimmune diseases) 
JI , , 1 

HlI;1~L~lJ'tfdtl1lil1ti1~Lflft~1001'.il;jlJUH'f'Il;jlJU~l;jlJ1'.iflflLntl1.f1tl~fi'U 

'.i:'U'UfJij~1IfilJu'U'Utl~llJiJ~ O1'.itlnLt'I''U\l1001'.ilflftH1I;1~'YlH~'f'I01tl1mflf11t'1'"i'~:ut'l'ft~1tll..1lJ 
..;, .r '"!':1"

O1'.il't'l1l'UlJ'Utl~'.i::.:v:mlft (catagen phase) U'f'I:'.i:tl::':-nO (telogen phase) '\Jtl~lt'1'lJHlI'tf'.itll~1I'\JlJ 

(Wasserman et al., 2007) tl101'.i'\Jtl~1'.ifl\l::.:'hltlHlIl1~l;jlJ1~ '1 'tf;tll;jlJn'.i:~mflftl;jlJ1~'\JlJ1ft 
'" ~... , ... '" ''''1''.f ... ..." ....1'f'10't'l'Ul1JlJl't'ltl~'tf tltl1lLfttl1'tf'.itl'tf 'f'I1tl'tftltlllO ft 1 '.ifllJ1nft\l10fl1111U tlnl'.i1lJ'\Jtl~fJ1IfJ1IOlJ i lJ 

;1~01tl't'l'U11 ~il1tll '.iflH1I; 1~L;jlJ'tf dtl1l~::.:ijfJij~llJ 'Yl1lJ~tl';H01tl"lJ ltl~ (auto-antibodies) 

tld'tf 'f'I1V'lfUft 11'f'1: iJ~'t'I 'U 'h1Clfn ti''Yl H fJ ij~11 filJ~";1'tf U'1~ f11 'U fJ 11 01 'J" tl 'U t'l'lJ tl ~ ~ tl fJij~llJ 'Yl1lJ 

(T-suppressor cells) ~1";litllClf'f'lti'.fJij~1IfilJij01'Jt'I'rH antibodies (B-cells) ~tl·.h~01tl"lJltl~ 

(auto-antibodies) U'f'l:lClf'f'lti'.fJij~lIfilJ ~";l'tfU'l~~tl'Ut'I'lJtl~ (T - Effecter cells) \l::': hl~tl~llJ 
O1'Jt'I'f1~1~lJHlI";11tlLflftH1Il1~~111111 (Amos and Richard, 2006) aO'llw::':'\Jtl~'tfU~ff'.i'll::':~";l'tl 

JI • 

lflflH1I;1~~:1tiij01'JtlnLt'I''U 'U1~f1i'~tl1\lij HlI';1~tI~1I1W1I101lJn'f'l1'.i1f11~11~ i1 ~ ~tlflijHn 
JI J1. 

n'.i::':~lJ1..rlflft hflil1~LLti f11111lflltlft ilJlO'J'J1I 1ti1~lflft\l1001'Jfiftl;1tlhfl1ft '111n:a;jlJ hflfl 

http:tl::':'\Jtl~01'.iL
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, , "',11' .1 oJ ~"r':' ~ ...1Jff11J1'tl;'l;'l;'lfl tI LL;'lfl1'il"lmn1J1J1fl'U'lJ'il1fl1.:JL~fl '1 'UV1VLlJ'lJ1.:J LlIfU'il'lJ'YI1M'1I::1L~::fl1'il1J 

~ .. . ,,, ''- ~ ,tI: 'I "Q JI 
'U'lJfl1 'U'lJ;'l111'flll'lJ1f1Lfln11.:J'11Jfl1V N1J'1.:J'ti''lJfI'lJ'Vi'U fI'YI.:J l'lJl!;!lIfU.:Jum:I!;!'ti'lV (Seema and 

Andrew, 2009) 

2.9.2 fll,-Ufl'U11.:Jfll'UU.:J;;1'Ufl.:JLttr~~''lJl'\l1J'U'lJ (fl~ 'fl~',jff11J1'tlN'lJm;1J'I{) 
fll' u U.:J;;1'UtNLttr~ ~ft1V' 'lJI'\l1J'U'lJ Lflfl fll' 11 ~fl1LU.:J ;;1L;1 tWil1flN1Jl 1.:J~Lflfl 

'h1Jtl1J fll' t;j'lJUN~t;j 'lJ lIlfl' 'lJ fl' W'Ufl.:Jtflfl L1N~tlmffmL~::1 'f1~L~V1~fl.:Jtl1JfJ 1i~1Jtl'lJLl1J1J 
tl;'ll'lJ~ toi'lJ hflU~fJ1i;;1tfl.:J (chronic discoid lIlfl systemic lupus erythematosus; SLE)(Tebbe, 

,. ~... ...l 0 "I' • ~ ~ ~ r
2004) U~:: L'f1'Y11Jfll';'lflL'ti'flfl1'il'lJ11t1Ufll1::N1J'1.:J'YItlJ'lJUN~LlJ'lJ 1'1f'lJ lupus vulgaris (Gisondi 

et al., 2003) L;j'lJ~'lJ ff111i'1Jfl~ 'fl~rifl'lfLflfll'f1iffl1'ilLflfl'il1mlF.lal;j'lJ~d.:JN~'If'::V::l'il;fYlI~fI 
r "'. oJ 0" _~.. .. .1 ..,. tI.... "0 

fll' U1J.:J~1flVH' 1f1" 1'Y11 n1 fll11 'il 'fU'Ufl.:JI '\I1J'U 'lJlflflfll'\lfl'YI1~ 1V1J 1fl'U'lJ ttr.:J 1fI V fl;'l U~1 

1'\l1J'U'lJ'il::ijfll'U,j.:J;;1U~::ijfll'.il~fl1J"fltl1J epithelial stem cells 1I1fll'\l1J'U'lJ\lfll'h~lU'tI'ildh'lf 
,tI tI 

flU l;;fl1J lu.:JU \l ml1~lU' til{1tJ ~.:Jir'lJ OU-Ufl'U1H fll' UU.:J~1'Ufl.:J'ttr~ ~fl1U' 'lJ 1'\11J'U'lJ fl1'il 

...... ... ,. <!I , ,,_~.. ~ 0 "" ~ 
''lJfl.:J1J1'il1fl 1Jflln1Jfl1'lJfll' L'ti'fl1J LU.:J'Ufl.:J papilla 'il.:Jflfl mlflflfll'.i UfULtHlfll''Y1 H1'lJ 11 'flfll'l't'lJ~ 

fll'.iff'.i1.:J" "Lff'lJN1J (Hennes et at, 1998) 

, 
2.10 .nn::N~'1{1 (Androgenic alopecia) 

... "' .. "''' .. "I": ....fll'.i lflflft11:: N1J' 1.:J1Jmflfl 'il1fl 8'fl' L1J'lJ L'Ytfl'ti'ltJttr.:J'Yt 1J LfI'YI.:JL'Ytflll ty.:J U~::l 'Yt fl'ti'lfl 

1fltJ 8'fl{11J'lJifNii~'il1fltlWCVI::U~::"fl1J1I1J10';'lUn'1\l.:J L~l~m ::UffLftflfl , 11 ~L1tJ'lJ'11~d1'lJ"1.:J '1 . ~.. ...~ "',. "" "',. ,. ,.
'Ufl.:J'.i1.:JfllU (Rao et al., 2008) U~::'YI1J'L1Wll'lJ.:JM'lI::8'fl' L1J'lJl'Ytfl'ti'lflflfl8'fl'.i L1J'lJl'Y1ff L'YIffl;'lfl L''lJ 

(testosterone) 'il::\lmtl~tJ'lJ'tI,;j'lJ'fI'8'lf1'L'YIffl'Y1ffL;'lflL1'lJ (dihydrotestosterone; DHT) lf1tJ 

tfl'lJ'ttr,J Sa-reductase U~::'fI'8'lf1'.il'YIffl'Y1ffL;'lfl L1'lJif'il:: '11 imi1J;;1i'1Jflfl androgen receptor 

~ hair follicles U~::flflflq'YIttJ1Ji.:Jfl'.i::1J1'lJ fll' fff1.:J''/J'lJ N1Jtlfl~flfl'il::lflflfll' ltl~ fl'lJUtlll.:J'U'lJ1f1 

" " "... oJ 0 " "0 " ~"..I.. .lff'UN1J LlI1J'U'lJ1f1mflUll::'YI1l'H'il1'lJ1'lJ'Ufl.:JLff'lJN1Jllflll.:J L'lJ 'YItlfllflflllJ'lJft11::N1J11.:J (Gormley, 

1995) 

2.10.2 ff111l~fll"flflN1Jl1.:J 
tI 

ft11::N1Jl1.:JULflfl'il10fl111JNfltlfl~'Ufl.:J1.:J'il'.i;1;'l'Ufl.:Jl'/J'UN1J (Paus, 2006) ,oi'lJ 

41/ 0 'I " ell' ~4 :. 0" AC:t
fll' '1J 01'lJ '.i ::tJ:a 'il '.ifU'Ufl.:Jl11'lJ N1JU ll:: 'YI1lll':: tJ::fI.:Jfllll1'U1J' ::fl::nll1ff'lJ ll.:J 11 'fl'YI1'11 '::tJ::t;fl1J 

.1 0""" ..1 .. .1 " .: ... ., ...."111" oJ
'::tJ::l1ll1'lJ1'lJ'U'lJ 'il'lJ'YI111llff'lJN1J'YIlflfl'U'lJ1J111l1J'lJ'lJL'il 'fu 1t1'ti'1 fltJH '.jfl;'l11Jff1m~'Ufl.:Jfll"flfl 

tI 

ft11::N1Jl1.:Jff11J1'tlUU.:J'1{ 3 ff1m~'lIt1i~.:JU 
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2.10.2.1 ~nJ;1-Hl1fli'\.J~m 'ilJ11; tHJf)l1lJ'\.J Li:l'\.nY1l11PJ~Yl1JlJ1fl~"lrl Yl1J1 '\.J 

.s tl tl .... .6" .... ,.:
LYlfl'~lt1fH 80% "f)~ 'i::~lm~lV Ull:: 50010 "f)~ 'i::'l11m'ttty~.~ L'\.JLYlfl'11ty~NlJ'i1~1I1flff11'tt9J'\.J 

... .:.. .I A... .:.. J 
lJmYllJ"'\.JLlJf)lJf)1~LYllJlJ1fl"'\.J (Chen et aI., 2010) 

" . 
2.10.2.2 NlJ;1-11111m:jf)11 Uml'nL1vli11'lj-1liihll:: (Barcaui et at, 2006) lOrl;J1fl 

;Q,l, .4~ J d ,11101 01' Old 

fll'i ~rl L~f)flqlJ"f) -11 Malassezia sp. .-1ILlJ'\.JL~f)11'Y1~f)1Jll::ll1V '\.J L "lJ'\.J Ull ::f)1fl'Vf)~1J'\.J11 '\.J~fl''ill:: 

.. 0 "Q d.ct 01 ~ lCl AQ.,l 4 • ,QI " 
'N'YI1'11LflrlHUfI'YIlJ"flllW::LlJ'\.J'!JV 1JH11Vf)1;JlJfin::~rlL'l1f)f)'\.J "1 L~'\.J Staphylococcus au. ";1 11 

" ff1'\.J'ttU-1Ifl'i1l::1J1lJUrl-1lUll::Vmff1J (Lopez and Lartchenko, 2006) hflNlJ'h~;J1m~f)'i1~rlilif)'A 
, d "... "...., .I-1I1v1'\.JLrlflUll::~f)~'ifl1l11rlv111fl'\.JmCiJ1L'l1f)11 (Caputo, 1986) 

A '1 'II) .. !'it.... .! 1 " .... ,2.10.2.3 ff1l119Jf)'\.J "1 L'l1'\.J 'ifl"f)~~f)lJ L'YI'if)VrlLlJ'\.JYllI;J::JI1 11lflrlNlJn~ 

QI 

2.10.3 U'\.J1'Y11-11fll'i'ifl1l1 
" .

i1;J~,j'\.JijV1L'AV-1I 2 ~ilrlL,hu'\.Jlif)~ti"fllnn111'iLm::V1"f)-1Iff11i'!f)LlJ;fllVf)lJi'1J 

1't\'1~1'\.Jfl1'ii'fl1l1f)1fl1'iNlJ;1-11 fif) ~'\.J1ffl~f)i1~ (finasteride) Ull::'lJ'\.Jf)flCJffill (minoxidil) 

.6 :: .: ... " 0 ... 1 QI 1 1 A -'!... '" (Price, 1999) .~V1'Y1~ 2 '\.J ;J::lJ"f);Jlflrl '\.Jfll'i'ifl1l1 tlWmYll:: '\.JL'if)~"f)~N"'UHLflV~Ull::f)~'i1 

fll'ii'fl1l1~1't\'Nllfif)'\.J-r;1~~1 (Hye, 2011) 

2.10.3.1 ilJ'\.Jf)flCJffill (minoxidiI) 

'lJ'\.Jf)flCJffillLi:l'\.Jff1'if)~i'\.J,r1'\.Jfl~lJ Pyrimidine (2, 4-diarnino-6

piperidinopyrimidine-3-oxide) ij~f)(;Vfl'YI1-11LfI ij113-hydroxy-2-imino-6-(1 piperidyI) pyrimidin-4

amine (mYl~ 2.6) '~Li:l'\.JV1'Y11mV'\.Jf)m~f)1~'\.Jfll'ii'fl1l1Ull::i1f)~ti'\.J l'iflNlJ;1~ (androgenetic 

alopecia; AGA) "'\.J1rl~1~ 2% Ull:: 5% "f)-1Iff1'ill::"lVilJ'\.Jf)flCJffill (Price, 1999) flll'flfll'i 

f)f)flq'YIi1'\.Jfll'ii'fllllU,r;J:: il,i'YI111Jflll 'fl~U1j'\.Jf)'\.JU~ij'i 1V~1'\.Jfll'ifffl1l1"f)~ Han et a!. (2004) 

Yl1J",h 'lJ'\.Jf)flCJffillm::~'\.Jfll'iLlI;tyLfi1J l~"f)~L~'\.JNlJ";l1't\''i::v::''f)~ anagen phase ijfll'iuti~ph 
.I ,,, ... ..' 

'\.J1'\.J"'\.JUll::~f)~1'\.Jfll'i~lV"f)~1.11" dermal papilla cells (DPCs) "f)-1I harr follicles Lm::Yl1J11 

'lJ'\.Jf)flCJftlllijfl11lJff1lJ l'itl1'\.J fll'iC)flJ~h'\.JN111U-1I~fif)'\.J-r;H~1 ~~1~'\.J-r;f)~ltirl1 '\.Jfll'if)f)flq'YI ;"f)-1I 

m 1 '\.Jfll'ii' fl1l1fll'i L ;J;ty"tHL~'\.JNlJ 

http:J1'\.J"'\.JUll::~f)~1'\.Jfll'i~lV"f)~1.11
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..,. . 1 ,!II ....
iIl'Vtll 2.6 flHff'.i1.:J'lID.:J 2JUDfl'lf~fI (Balakrishnan et al., 2009) 

2.10.3.2 YJU1ffLAD hYl' (Finasteride) 

YJU1fflAD hfl' 1~UD,uf'lh::flmJ'lID.:Jff1'.i 'Ufl~2J 4-aza-3-oxosteroid 

fI::fl1ml1 'tlIU'DrJ ~.:JfI::fl1rJ'tlI~'UflflDhTJD{2JUfI::UDflflDum;' ,cN'Ufll'.ii'fl1!ll benign prostatic 

hyperplasia (BPH) UfI:: male pattern baldness (MPB) L'1fU androgenic alopecia UfI:: alopecia 
tI " , tI 

areata DO flq'YI ~~'lJ~.:Jfll'.i Vi 1.:J 1U 'lID.:J Sa-reductase UTI" i''lJflfl 'flfll'.i i'fl1!l n::Vi n'/ U'1i1~'lJ~.:J fll'.i 

LtJgrJuuD{l2JUL'YIff 1 'YIffLAD 1 '.iU 'tJL~'UUD{l2Ju'~'ul~'.iL'YIff l'Y1ffLAD hu (Gonnley, 1995)l~rJ 
, " ..6 !it d.. ,,1 .. "1 ....r , , !114

lD'U 'lf2J Sa-Reductase 'If.:JL1JUfl'.i::'lJ1Ufll'.i'YIlfl~'lIULD.:JAl2J1i'.i'.i2J'lf1A UD'.i 2JU'lfU~U\1::ff.:JNfI 1Ul 

... !II .:: o,!II!II '4'" .:: 44 ..6d!ll, 0' ,
'.i::rJ::fll'.iLUty'UD .:JLffU NllffU 'YI1 'tUff'U N2J'YIff'.i1.:J 'YIllllfl fl1!lW::'lJ H ffUU fI::llff\1HfI.:J'lf.:J'U 1 tJ~ 

iIl1::Nlll1.:J (Hye, 2011) (mvt~ 2.7) 'UDfl\11fld'YJUUUAD' '.iYl'~.:Jij serum half life 8 f111l.:J'u 

'lf1rJ~.:J1rJ1LfI:: 6 f111l.:J'U'lf1V1Vflfl1.:JflU (Ohtawa, Morikawa and Shimazaki, 1991) UfI::ij 

~G.! JI 4" ' ... 14 : .Q JI d Q ~ A JI 
U Dfl\11flU V.:Jvt'lJ NfI'U Hlfl V.:JDU '11'If'U lJ'.i2J1WU10ll\1f1~UDVfI.:a L\1'lJ'lJ '.i nWL~1'U 2J'YI '.i DLA1'UllDl \1 

1 ,,1 101 !II !II 4' ,.I "'.!it.1 '" A , !II. ,.1' !II !II ,
A'lI'U L~ Dlfll'.i'U1.:aLflV.:aA1.:J '1 mfl1'U\1::flfl'lJflUL1JUlJflAl2JD'YI~~ 'lfV1'Y1'.iDDl\1'Y11V lJ ~1D.:aU1l11 

~.:afiUV1Dd (Nicole et aI., 2008) 

1I\1~,juYJu1ff LA 0' '.i Yl'ij ~ 1'Y1 111V1U vt 1::'U1tJ U'lJ'lJ 611'lJtJ'.i ::'YI1U . . 
44 !II , 4 <II ~!II. <II!II101!110

(Rao et al., 2008) 1l'lfD'YI1.:Jfll'.ifll11 "Propecia" 'lIU1~'YIUU::U1 m L'lf flO 1 mglday l'lf L~LUvtl:: 

!II ..6 '" , '" " ,.:: .r !II <II!II, J! .. A , .. 
~'lf1V'lf.:allm1::Nll'.i'l.:J \11fl fl'.i'.illvt 'U ~LVl1U 'U V1U'YI 12J L'lf 'U ~'YI ty.:J1UD.:a\11fl flfl flfl1'.i lflflfl11:: 

Nll'i'l.:a''U 1vtff'YIt].:a ~1.:a\11flLvtff'lf1VfiDNaAfiwcri'~ 'tlI\11fl UD{l2JULVIff l'Y1ffLAD1'.i 'U L~U UDnllU'lfij~ 

g'U hil'liUD{l2Ju'~'u1~':i l'Y1ff1'Y1ff1AD1':i'U\l.:J Vi 1 , ,;'fl1':ii'fl1!lltl11VV1YJ'U1ffLAD''.i~'~',j'tlINflUfI:: 
" Dnlfi~fl112J N~tJfl ~'UD.:aD1V1::1vtff'UD.:a1,J A '.i' U fl '.il fl1 tlI 'YI 1fli''lJ tJ 1::'YI1U Vl'U'UW ::,}.:Jfl '.i'.i ti' 

(Vierhapper, 2003) 
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di~ 

o 

u,j', ui1;),uufj'~ hjij~u 1tY1AO 1'i fi' ~ 111 11 lV' U ltJmJ1J~O~Vnl1 . ~ 

fllVUOfl 1i7O~;)1flfJfll tYllu9ifll:a'l1V, u,11 1I1v1fl~O~V1U~...nJ':h~1'wnu1tYLA 0 1'ifi" UltJm.J1J~O~ 

V1Y1111fl:::',nUfld11111r1l1ru~1-WV~'no~;):::iitJ'i:::1v'In1111flfl'hfl1'i',nU1tJU1J1J~O~V1i'1JtJ'i:::Yl1U 

'P et .,I ... .r 1II~ ... ~ 
1'n'i1:::tY1111'if:lflAll-lfl~HlflV~YI;):::1flA~U L~ (Daneshaouz et at, 2005) ~~flln1fl1:l1~O~ Amnon 

et al. (2000) '~'ti1fll'ifffl1:l1ri1f1J antidrogenic ~tY1111'if:lm~~Ufll'il\l~tyl9i1J1A~O"'~Ul1~1JUl1~ 
.,I ... .., 'P 1 ... 0..,' AI "'" 'P, ~ .. ~I III " 
YllIflfl1:lfll:::~Ufl1U AVLA'iVlIA1'i1J UllJU1J1J~O~l;)fl lIlYi 'J Ufll'infl1:l1flOnU1tYLAO L'i~Ufl::: 

-.I III" d ~ ~," 1 'P ... ... 1
n~A1 LlI~ CJf~nfll:l1fl1111V11~O~ltlUIl-l1U'!JUVflflHUfl::: flHtY'iH~O~'i:::V:::~O~fll'ilUtylA1J A 

'J! t ~ '0 .., , et 1 " 111 "et 0 'P ~ ~O~ltYU~UnllYl"'nfl1:l1fll'i U'n'i~O~A1'i1J 1;)fl'n1J11 ~U1tY1AO 'i~lm:::-w~A1 Lll~1I1l-lflYl1 'l1LtlU 

.1" ... , .Aet... ~.! 
~U~O~l1~lIld~U U't'Jflfl1~O~fllnA Ufll'iYl~flO~1I1flfl1111l01Y1V1Jfl1J placebo ;)lflfll'infl1:l1U 

tY1111'i f:I 11U::: 'Ill' 1111 fl1 'i'~~U1tY1A 0 1 1 fi'u fl:::-W ~A 1 '1lfi" U1tJ U 1J 1J V1Y11 fl1VU 0 fl OHJij 

tJ,:::ffYlllfll'n'Ufll,i'fl1:l1 male-pattern baldness '11 Ufl:::fll1fffl1:l1~O~ Thomas et al. (2000) '11 

o ~ .,I... .1 ,,.... 111 '" I .,let •A 

Yl1fll1 nfl1:l1ll-lflfl'i :::Yl1JYllfl~~U ;)lflfll1 'Jl1U 1tY1AO L'iA U llJ U1J1J~O~V1Y11mVU o flYllJ Il-lflA 0 
~ . 

IlYO!111U'A'1lY1~11Y1tY1 YltY1AO1,U fll1fffl1:l1i11A;VlIri1f1J'UltJU1J1J~O~tY11fl:::fl1V (solution) Yiii 

9J SI " 0 ..... 1 QI GI 9J Q QI ... 1 0 4 0 

fl1111L~1I~U 0.25 Ufl::: 0.5 % Ufl1U1 LlJYlAtY01Jfl1J01tY1tYlIfl'iJ;;fHty~1Vl1ll~lJ1:::;)11~OU\llU1U 

9 flU 1AV'~ 1 mL ~O~tY11fl:::fl1VYI1fl~'tJ'U1J~L1fll1:::l1';h~ umbilicus Ufl::: pubic hair ~1flU~U 
" • JI ."~... 'P, 'Pet.. ... ... • -I'!!......, 'P 'P '" 

llJU1J1L1fllfl1H 1'/1I'nUYI~U1~ 10 x10 cm \llflUumvm'nUfl~llJ1V1JLYlV1Jm'nYi ~'n101lYl~ 

'" 'P'" 'J! 'P 'P " .., '" "11~~U1~~ O~ LtYU 1l-l1UUVflflH ~O~ltYu ~UA1VflflO~ ~flYl1Hruufl:::1111 :::~1JlCJf111~O~ IlY01 llU 

lYlff1Y1tYLAOi1uufl:::llYo!11lu'~ illY1~1LY1ff1Y1 fflA 0 i1U1YiV1Jt11J baseline ~':::V:::L1fl1 3 l~OU Ufl::: 

• ~ t 5l' tI 91:::.Q 'Q,I GI 

6 lAOU \llflfll1nfl1:l1'n1J11 LffUIl-l1'!JU VflflH~O~LffU~UYI~l1llAUU illllfl111lUAflAHflUUfl:::1:::~1J 

'" "1 1 1 "" .. ,,;,. .1 A et '" • ,lCJf'ill~O~IlYO'i lIU1Ylff YlfflAO 'iUYI'i:::V:::L1fl1 3 lAOU1'n1l~Ul1101Y1V1Jfl1J baseline ff1U U 
~ . 

'i:::V:::L1fl1 6 1~ouiruhjiifl1111UAfl~Ht1U~O~1:::~1JllYo!111UiA 11lY1~1tYlff1Y1fflAOi'iUljj0L1fl1 
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,.huhJ fll'i flfll:l1ifff11J1'it:lmm '~1l'l::')1J1GJ1!1J'IJ'fl'H''fl{11JU1'Vlff1 'Vlffl~'fl hUltJgVUUtJft-3,tJ 

flAl~U 23 % Uft::'i::,)UGJ1!1J'IJ'fl-3tm{l1Ju'A'eJ 1A'i1'V1ffl'Vlffl~'flhUijfll'lltJgrJUUtJft.:lflAl~U 16% 

~-3 ff'flA fI il' 'fl-3 fl1J fl1'i 1tJg rJU UtJft-3'IJ 'fl-3'i::')1J lGJ1!1J'IJ'fl-3 8'fl!1 lJ Ul 'Vlff1 'Vlffl~ 'fl 1 'iU 1m:: eJ'fl!1 lJU 

'A'eJ1A'i1'V1ff1'Vlffl~'fl1'iuiu,tJU1J1J'IJ'fl-3fn!1JtJ'i::'Vl1U flAl~U 140/0-50% Uft:: 110/0-76% 

" fll'i,;mul'l::1Jmht1-3iu,tJu1J1J1 tJ'ii!1 'fl 1GJ1lJUff11J1'im~-;VlJ'~~lrJUft::ijfl11lJfI-3~1 
, " 

1J1flfl11iu,tJu1J1JOU L'11U 'ft1tJ1GJ11Juft::u1'fl1GJ1lJ Lftn::'fl-3t1'tJ'i::m)1Jiu~h!1Jij1~fllfl'IJ'fl.:l,h 
" ,r~w U'flmllflu9il!1J1tJ'iu1'fl1GJ11JJ-3ff1lJ1'it:l'i11JFhufbuft::ff11J1'imnALnAfll"-;rJ-3~1i'tl''fldiu 

ltJU1J1Ju1 tl 1 GJ11J' ~~lmdtlnlJ~1flml1~Fb ~1m'H~Nft')-3flril1m 'i,;mu1'i::1J1JU1t1-3 iu ,tJu1J1J 

1 tJ'iu1'fl 1 GJ1lJ~-3ijfl11lJthffU i \liUm'i';fijU1'~U'i::1J1JU1t1-3fhu'VlHfbm!-3Uft::,'YlJ'lJU 

2.11.11tJ'iil1'fl1GJ11J (proniosomes) 

1 tJ'i il1 tl 1 GJ1lJl ~u 9h!1J~ffU ftAU HA.:I ih~1{lJ ~1ft1ij 5 fll:lf.l.!::L~U N.:IU 'tl'-3 

~-3ff11J1'i t:lL~-;v1Jm;1J i 'tl' 'fl diu, tJu1J1J'IJ 'fl-3il1 'fl1 GJ1lJ 1~1ArJfll'i1t11JJ1fl5m.u'l'tJiU Iih!1J'IJ'fl-3 

1tJ'iu1'fl1GJ1lJ 1 AtJ'fl.:lt1'tJ'i::fl'fl1J'IJ'fl-3liil!1J 1 tJ'iil1tl1 GJ1lJ \l::tJ'i::fltl1J~1rJff1'iftAUH~-3 ~h".ilA,,jij 

" tJ'i::~f1tl1'iffL~tl'itlftUft::~'flff~'flmlA (Ammer et al., 201 1) ~il!1J1tJ'iil1'fl 1GJ11JU\l::ijfl11lJfI-3~1 

'VlH mVfi1ft fl ri11fl 'fl ',jLnA fl1 'i L fll:: fl~1JflU'H;'fl fll 'inlJ~1flU 'U tl-3tl '4fi 1f1 Uft::',j LnA m'iLAtl1J 

ffft1rJ~1VtJ~mt.ll'eJ1A'i1ftCiff (Almira et al., 2001) 

2.11.1.1 m'iL~-;V1JIi'h!1J1tJ'iil1'fl1GJ1lJ 

fll'i1~-;VlJli'h!1Ju1tl1GJ1lJff11J1'it:lL~-;rJlJ'~ 3 L'VlflUfi flfl 

1) Spraying 

" m'iL~-; tJlJ 1tJ'iul'fllGJ1lJ~1m'VlflilflUff11J1'im~-;rJ1J1~lAtJm'iffltJ'i6' 
ff1'iftAU'i -3A.:Ifh".UA ',jijtJ'i::~lU~1Vi1ft::ft1rJ6U'Vl-;6ft.:l 'tJ1JUN.:I'IJ'fl.:l sorbital \llmrU'i::m rJ 

01 0 A d fI 0 QI.....i .:I 'JI .t QI d4 QlAQ QI 

~1'Vl1ft::ft 1tJflU 'Vl 'i tJ'fl 'flfl \llfl~1 'i 1J GJ1-3m'i L~'i rJ lJ A1m'Vl flU f1um lJl::fflJ fl1J ffl'i tTlf1ty'VllJ tJ f.l.! ff1J1J ~ 

"I :.. .d... A '''' ~ AI"""" , 1 1 ...')f'fl1Jft::ftlrJ lUU1'H'i'flffl'l'VllJfll'iLfffllJffft1V A-31rJY11rJlJgmrJl 8 A'i ftGJ1ff (Gupta et al., 2007) 

2) Slurry 

" 
fl1'i l~ -; rJlJ~1VL 'VlflU flU ffllJ 1 '.i t:ll~-; rJlJ '~1AVfll'.i lt1lJ H-3'U 'fl.:l 

maltodextrin Uft::ffl'.ift::ftltJ'lJtl-3ffl'.iftAUHA.:I~1ft.:l'tJlu round bottom flask ,*1~ uil'1'i::mrJ 
, t". 

ffl'lft::ftlVflflfl~1mfl;f1-3 rotary evaporator \lUm::Vi'-3'~N-3U'tl'-3 \llm!uu-,ltJ'.iill'fllGJ1lJYil~-;VlJ 

1~L~tliufll".u::~u'tl'-3ntlUUl 'tJflfll:ll~f1 (Solanki et al., 2007) 

http:3A.:Ifh".UA
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3) Coacervation phase separation 

l~h.Jl'Vlflilfl~'fh.lfll'j 1~1fJlll,hillVlttflll fiH1 ff11l1HH~1 fJll '~l,w 
~ ~ 

fll'j 'll1ff1'Uv'j ::fl61J"'-3 'H 11 fl i lJ ~hi'1JHfI: H Vflfl V 8m,ll1N ffll fllJ11..1 'U 'lfl u~'l (glass vial) ~1floJlJ ~ lJ 

..; ..... 1 dI cit .... a 'I ". .1
1JlJ water bath VlfJru'l-UJllU'j::ll1ru 60'C fH 70'C l1JlJ'j::fJ::nfl1 S lJ1V1 ~lJVl1l'Hff'llJu'j::flV1J 

i-3'H llfl fI::fl1fJL~ lJlliVl~ fJ'lfllJ 'Hnn1flJlJl~ llJ11;4vhr1flfl1~ lJ ffn fI:: fl1fJ i ffllfl:: vf-3' n'11'19lJ ~ 
fJru'H~ii'l1'V-3~::lflfll~lJ lv'jillv lttfllL~fI (Gupta et ai., 2007) 

2.11.1.2 fll'jLVgfJlJ lv'jillv lttflli'l1'1r!lJillV lttfll 

fln1~1 fJllill V1ttfllff11l1'jtH~1 fJlj ~lflillV1ttfll '~l~'n:: lv'jillV1ttfll . .~ 

1rilJfff'l1lJ::-n vd'j::'H'lHfll'j ~'H1 fJ-3~'l1rilJ illv1ttfll rl-3UlJ fll'j ~:vhill'lv'jillV1ttfllLViifJlJ1~lJ 
~ 

illv lttfllff1111'jtl'vi1'~flfJfll'jl~1l1~mfl'UV-3,hfln1Jl,j'1'v,lJ~i1i'1J'UV-3lV'j illV lttfll lflfJfJw'HtJii 
tI ,. • 

'UV-3U 1~V-3~ -3fl -,hti1flflH'U V-3f.JW 'H tJii'iiLflflfll'j 1viifJlJ fff'l1lJ::'U V-3 ff1'j fI flU 'j -3~-3 j:h 'ii ioN (mean 

transition phase temperature) (Zidan and Mokhter, 2011) 

2.11.2 fll'jlWfl~'lfJ1~',j\lflflm~1JVVfl~lfl~hi'1J 

1Wfl~'lfJ1~ ,,j\lflflm~1JVVfl~lfl~'h i'1J1;4V 1Tlllfl 'l1111Jl "lVli''UV-3~hi'1J ~-3l'Vl flil fl . "~ 
'iii-NilJfllmfJfloJl.Ijj 3 LVlfiilfl rl-3il 

2.11.2.1 fll'jU~;N1lJQ-31111111J'jlJ (dialysis) 

u1illVlttfll'ffi lJQ-31111111J'j1.l1;4VllfJflff'llJ~ ',j\lflflm~1JVVfl ~lflJlJ 
, • • tI 

1~llff1'jfl::fl1fJ~1flflH 'ii 1'11111:: ffll'ii fJ ru 'H tJiill'V-3 ljjvn-3 , 1'il1V1ttfll~::lflfl fll'jU~ ;VVflll1~lfl 

Q-3 11111 l1J 'j lJ V V flll1~ff1'jfl::fl1fJ~'lflfll-3 nil'l1~1J~'lVVl-3 ~lflff1'jfl:: fl1t1~1fl fll-3U1 , v;]lJl'H~tI-3Ufl:: 
Q ~tJ 4 .d 4 Q fI Q iI -=44 4 I

11fl'j1::'Hfl1fJLVlfll.lfl'VI1'H1I1::fflll~V11fl'j1::'HV'jll1WfJ1 (Ajay et ai., 2008) 'UVflflV 1~'jtlll-31fJ 

ff111n t:lUfJfl~'l V6Hi lJVlll1 ru ll1fl , ~ 'nfl1 ,,jU~ -3 ,j'miTfJflV ioN'S:: fJ::nfl11.11 lJUfl::~V -31aVfl . . 
QI 0 d d QI , '" •~1V11f1::fl1t1V11'11111:: ffllVl ff11l1'j t:lfI:: fl1fJ~1Vtll-3 flVfJ1-31'H 11l::ffll 

2.11.2.2 fll'Sfl'.iV-3N1lJll11111J'SlJ (gel filtration) 

lWfl~1fJ1~',j\lflflm~1JVVfl~lfl9h i'1J~1fJfll'S fl'.i V-3 N1lJ 111ll11J'S lJ lfl tI 

'hillVlttfllll1fl'SV-3N1lJfiVall..r~1~lJ Sephadex-G-SO ufl::al-3~1t11~fl1fllfl~VlJ~~1'I1111::ffll 
~ 0 ,,,,,14 rI" ~ d " as ",. dI QI

~lfllJlJlJ1 u11fl'n::'Hfl1lJ1V1fllJflVll'H1l1::ffll (Gayatri et ai., 2000) 'UVflUfI::'UVlfffJL'HllVlJfl1J 

fll'SU~'SN1lJQ-31111l11J'jlJ 

2.11.2.3 fl1'j;]lJ1'I1~tI.:j (centrifugation) 

u1ill Vlttfllll1;]lJ1'I1~fJ-3 ~::jj ff1lJ' ff (supernatant) 

http:fJ::nfl11.11
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»~ • ~ • 

iiifliClf1JOofli'~ 'il10'!!\nhiiifliClf1Jni~-uhj1Lfl'j1::a.r~';WI'YIfliiflnL'H1J1~ff1J,jfliu (Solanki et al., 
II 	 II 

2007) 'iYfI~t;fI 1of1~fI::I'Hnff1J ff11J11t:lUfJfl~':nJl'~";~'il10'U1J1flUn~fl111J'H1J1UllWUfl~fI~fIlfl 

2.11.3 O11u1:aij1J~11JfJ~l.r"m:IW:: 
II 

2.11.3.1 O1'S'lfl'U1J 1fl ff11J11t:l1fl i~ 3 l'YIfliifl ~~-U 

1) mffl~,n'YI11t,.,r (Optical microscopy) 
II 

I 'YIflii fl-UlrJ1J 0 111fl'U1J Ul'UfI~ fI ~ fl 1 fl'lJ 1J UN1J ff i n~i fl flon 10f 

0""m,n'YI1'u\,u111Jt11J i U1 Um1Jfl fl1Jff11AfI{ ~~0111fl'U1J1~l1i1J 'il~lrJ1Jt1 11'11 gfl~i~'il100111l'l 
fI~mfli~ 'H1Jl'l 100 fI~ fIlfl 1J flO'il 10;fI'YIfliifl;fiJ~ff11J11 t:lffOl:l 11U1H'UfI~ fI~fIlfl~lfll'l41Ji~ 
(Solanki et aI., 2007) 

2) ivJAfl1Jflfllllni1JfflUOiA1ffioil (Photon correlation spectroscopy) 
II 

l'YIfliifl-UlrJ1Jfl111l'l'U1J1l'l'UfI~fI~fl1flUn~t11011m::'il1f1'UfI~fI~fl1fl 
Q~ QI 	 A.::I':' .e:i '1 .d

il'lfl1"Il'Hno 0 11 011m::l 'il~ 'U fI ~Uff~ L1JflUff~1J0 111~'1f1J fI~fl1flClf -1 t;JOU'U11J n flflfI~ 1Jff11 n:.:n1fJ'YI 
II • 	 • 

1'H 1J 1:.:ff1J 'il 10'!!1J Ifl1fI-1 'il:.:fi11J1WlrJ1Jt11f1111Jl'iY1J'UfI -1Uff-1;1 t;JOUrlfl flfI flO1J1U""1~~fi11J1W051J 

lrJ1J'U1J1fl'UfI~fI~mfl iflfJl"ff1J011 (2.1) 'UfI-1 Strokes-Einstein 

'kT 
r= 	-- (2.0

mpD 

.
AI 	 I ... 
k flfI fl1tH'YI'UfI-1 Boltzmann 

.. ClQl rI 
T flfI 'f;IW'HlJ1Jff1J\j1W (Absolute Ternpemture) 

AI AIP flfI fl111J'H1Jl'l'UfI~ff11n:.:n1fJ 


D t;fI ff1JU1:':ff'YIi'UfI~01101'm'Yi~ (Diffusion coefficient) 


II 	 II II 

111fliifl-Uff11J11t:l1l'l'U1J 1l'li~il'lflO11,;flffl1 ~1mh-1~1fJlll'ill0'!!1J1 'If 
o .LI .... 1! Ai iA.I ......... _I i'" ..


1Jl m1fltl1fJLfl1f1{1 nAfl1Jflflnln'1f1JffLlJO A1JLAfl1 (PCS; Zetasizer 4, Malvern Instruments, . ,'" ... ...
UK-Malvern; He-Ne-Iaser of 633 nm) 'YI'f;IW'HIJ1J 25 ·C 11~1J 90 fI{lffl (Hatziantoniou et al., 2007) 

1! ..... d • 
3) Onfl-1,n1111ff1JmnOA1f11JU1J1Jfffl-1m1l'l (scanning electron 

microscopy) 
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.,. .: ~ , 'JJ 'JJ ....;,y. 0 "" d 
U'fI ~fll'jfl'j ~1I1r.J'IJ 'U 1P1'IJ0 ~ O~fllfl l'YIfl'Ufl'Ul1J'U fll'j ':Iffl 'fI0~ ~'fI'YI'j'if1'U'YI "»'fI1Uff~Ol'flfl~ 'j O'U ~1r.J 

11~orio~m1P1 'tJl.J'U~h'IJ0~~..;1tldH~~0~fll'j~'j11lffOl.Ji,f1~'I'i'02.!'fI'lJ0~am:IW~if'U~btJnfl{J1~'U 
..; d , 1'1' ' ...... .: 'JJ 0 i 'JJ QI , 'JJ l' 41 'JJ ~..; ... 

fll'W'lJr.J1U'YIff1lJ 1'A f;u,ltl~l11 'U 9>1f11U~11tJ'fI1 11i'U~ 0~'YI1 11ff1'j~10U HU11 ~U1;111fl'fl 01.JPI 1 U'IS'U'YIlJ 
III 

fll'jlh hHh ,,s'U 'YIV~ tlO 'U Vi 1fll'j ~'j111ffOl.J i 'U fll'j~nll ffOl.Jir'Uff1'j~1vth~1I~\lflri~r-hu ~1U 
o q d 0 d Qct. I .r4 Q Q.f Q 

'fI 1Uff~01'fI fl ~ 'j 0 'U U'fI~ 'YI1 fl1'j ~ 'j 111111Vl'flfl~ 'j 0 'U l'J ~UfJlJ'YI 1)lUU ff ~0 OfllJ1111fl~10U 1 ~ ''YIfl 'U fl'U 11 ~ 

1~fll'Wff1lJiiA'lJ0~~10dH (Bunjes, 2004) ff1lJ1'joVi1 1liflUfllnh~10d1~~~0~fll'j 'YIPlffOl.J1 tJ 
• III 

'JJ l' ... 0 'JJ 41 ... ell 0 ..., '.1

'I1lJ9>nu'YIO~u'fl~'j ~'11 U~1'Y11'f1~'fI1UOOflPl1mfl'j0~ vacuum evaporator 1l1fl'U'U 1) ~'U1ff1'j~10U1~ lJ 

vacuum chamber 'lJ0~1fl'j O~U'fl~1'j lJ 'YI1fl1'j r.!~10UHPl1Ufl1;1 0 ~, 'fI'YI 'j 'ifl'UO '" fl ~'jO'U U1.1 1.1ffO~m 1P1 

III 

11~'fI~1.1'U double side tape U'fI::rjPl~1U aluminum stub 1l1flir'U\h aluminum stub 'tJ11~i'U 
" .J. 0 ... , 'JJ l' ..... d , 

(voltage 30kV) (Solan1d et al., 2007) 

2.11.3.2 thtJ'j::' 1"~1~Fb (zeta potential) 

fll'j1P1thtJ'j~''''~1~~b,s1U''Uflln;''U1Ufl11lJfl~~1'Y11~fllUfll'n'IJ0~ 
.. 41 "'1 1 , 1'1 .1 ..;... ... .r ,..; ... ..;"" 41

'j:: 1.1 1.1fl O'fl 'fIOtlfl\1'j O'U 0 9flJ 9>1 PI r.JlJ 'j::,'YI H1'IJ0 ~O~ fllfllI~Lf1P1 'IJ 'U 1)lflfl'llJ'YIUfIfl~ 1'Y1 H111 'j 0 

fll'j r.!fI~1.1 1 VOO'U ~N1'IJ o~o~ fllfl Od1~ h~~llJf11'j 1P1thtJ'j~~ '''~1~ N1 hJl,s0~fllflU~1~ 'U 

fll'j1P1U'j ~160'U'YI1~'fJ lP1'j 1P1'U1iim01.1 '1 0~fllfl11~OU'U1U'j ~L60'U (Shear plane) thtJ'j::' 1"~1 
, JI " " I " J
iiN1;j'Uflm1~1fl'j ~fff1~ 'YIHLflij'IJO~W'U N10~ fllflU 'fI:: 1 ooo'Uiiogi'U,)1fl'flH 'UOfl1)lflijJ~'IJ'U fl1.1 

, ... l' ,.J. 'JJ i 1'''' . I ..; "" ... , .r 
'j~tl~11HOflfl1U L':If'U tl~L'lJ1 fl1;1H10~fllfllJ'j~''YIH111~lJfl1t1~'IJ'U (Mehnert and Mader, 2001) 

, III , 

'1ifl1'A1f1tl 1 tJ 'j::" "~liiN1Vi 1 '~1Pltlf11'j L~V1l1 ~ ff1 'j~10dH~1tl111fla'UU'fI:: 111' tJ, rii 'U 

ff'U1lJ'''~ltiO'U '1 ul111f1fll'j'flgO'U~~1u'1iL'fIL9fofPlotJ,tJ'fIofv,gfll~'j l"''fIfiflllJiHi;i 

(laser doppler electrophoretic mobility) 11~m'fl'9fofPlotJltJ'fIvfodnlJllJ'YI; (laser Doppler 

41 "1..1 .........1 1'" ..anemometry) (Bunjes, 2004) 11'jmfl'jO~ flflO'UflO'j'jl'fl':lf'UffllJfl ~lJl~O'j (photon correlation 

spectrometer: zetasizer) (Kuntsche, 2010) 

Q " ... 1 Q &:Ii QI d _I'::' .cl
2.11.3.3 1Lfln::11lJ'j::ff'YI1ifll'Wfll'jflf11fl1.1tl1U'fI::lJ'j lJ1WtJ1'Y11.1'i'i, 

A .... I A Q (II d QI ., ""1 
fllnlfln~11lJ'j ~ff'YI1ifl1'Wfll 'j flmfl1.1~1tl1ff1lJ1Hl'YI1 lPl PlVUtlfltl1 

~hj\lflflm~1.1Vtlfl1l1fl~1 OdH~1tl''YIfl,jflfll'jU'W; N1'UiJ ~llJlJl1.1 'j 'U (dialysis) fll 'j m O~N1'U 
, , III 

LlJlJl1.J'j'U (gel filtration) U'fl::fll'jiJ'UL111tl~ (centrifugation) tltl'U 1)lflir'U;~111,)10th~lJ1'f1::'fI1r.J~1tl 

50% n-propanol \1~0 0.1 % Triton X-100 11~0 UO'flflOfJOa ('lJ'YI1'U0'fl11~01t)'YI1'U0'fl) Ul1'l;~111'tJ 

'11fl'j1::M~0~'ltJ&l1fl,jfl~111lJ1::fflJd111i'1.1fl1'A11fl'j1~M~1tJ1 (Sudhamani et al., 2010) U'fl:: 

o 'JJ ... d • l' 
fl1'U1W111'jOU'fI~fll'jflf11fl1.1tl1 (%entrapment effiCIency) U'fl~10V'fl::f11'j1.1'j'j'tl1 (%drug loading) 

(Xiaoyun et al., 2010) ~~fflJfll'j (2.2) U'fl~ (2.3) 
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~ 	 Q-~ 
ff)tI'fI~m'Hlmflmn (%Entrapment efficiency) = -- xl00 (2.2) 

Ct 

Ct -Cs 
ff)tI'fI~m'l'U'l'l'tI1 (%Drug loading) = xl00 (2.3) 

Ct-Cs + CI 

" lPltl 	 Ct flf) ,j;1Jltu~1t11';~'H1JPl 

Cs flf) ,j;1Jltu~1t11~f)g1~\lflflm~'U (Supernatant) 
JI 

CI flf) ,j;1Jltu 1'lJ,j'W';~'H1JPl 

JI 

m'l,j'l ~tih.JA'l'Ufl111Jfl~~1'lJf)~ffl'l ~1f)~1~ ffl1Jl'l fI,j 'l~,ii'W ';~A'n.!fl111Jfl~~1 
... .., ..." 

'YIl~mtlm'YiU'fl::'YI1~lfl1J Pl~'W 

2.11.4.1 fl111Jfl~~1'Y11~mtlm'Yi lri'W m'l,j'l~,;h.J'lJ'W lPlu'fI::film'lm::~lt1'lJf)~ 

f)'4f11fl fil,j'l::, hHh~fhU'fl~filfl111Jlri'WmPlfil~'lJf)~ffl'l~1f)~1~ ffl1J1'lfl'YIPlfff)'U1A' 2 U'U'U flf) 

1) 'YIPlfff)'Uh.lfffll1::d~ (Accelerated stability test) U'lh~f)tl1A' 
... .. 

2 l'YIfl'Wfl flf) 

Heating - cooling flf) fl1'll~'Uij,j'fl;r'Wlu(L~U~ 4 ·C lriUl1'f11 
I 	 II •• JI II 

48 ;r111J~ 	~lfl,rU-U1l'U'1(f)'Un 45 ·C 6fl 48 ;r111J~ lJmriu 1 'If)'U Vilfl1'l'YIPlfff)'U'l11J,;~iiU 
,,«) _I Q 

6-8 'If)'UU'fl1Ul1J1lJ'l::'1J'W~'fI 

.. d QQI QI ~ , d ~ Q ~ 
Freeze-thaw flf) m'llfl'Uf)1J'fI'YU ~u'Yf)~n'lJ~'YIfJtu'HfJ1J -20·C LlJU 

I 	 JI " JI J1 

l1'f11 48 ;r111J~ ~lflUU-Ul1-U'1(f)'Un 25 ·C 6fl48 ;r111J~ U'Ulri'W 1 'If)'U Vilm'l'YIPlfff)'U'.i11J';~ii'W 

6-8 'If)'UU'''1-Ul1Jl,j'l~,iiU~'fI 

2) 'YIPlfff)'U1U'l::tI::tll1 (Long-term stability test) 

!'It ~ .." tq }I"; .... , :t tq" !'It 
LlJUfl1'llfl'UfflHI1f)tlH n'YIfJtu'HfJ1JflH ~ U'fl::'YI~ L1l1JU'l::m: 

l1'f11Ul'Wl~f)fffl'l:l1fl111Jm~11,f'W 1~'Uffl'l~1f)~H~fJtu'HfJii 4 ·C U'fI:: 45 ·C lriUl1'f11 2 l~f)U l~f) 

fffl'l~nfl111Jfl111J~1'lJf)~'lJ'W1Pll1'f1::,j'l::ii'YIim'Yim'lflm~'U~1t11 (Phikunthong et aI., 2011) 

2.11.4.2 fl111J fl~~1'Y11~tflihri'W fl1'.i1Lfln::H'Hl,j;1Jltuffl'l t'hflty~iJ~fl~f)dlU 
• 	 JI 

Pili''UA'1t11'Y1flUflnl'H1J1::ff1Jfl'U~1t11U'W ~ l,fU 1f1LfI'l'YI 1 fl'l1Jl1 'YImll1l'H'fI1ff1J'.i'.iflU::t'J~ ti~'W~'W 
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2.11.5 fffll:llfl1':itJlI~nJrltlV~"Untltlmnfl,hi'u 
II 

fl1':itJlI~tJrltlV~1V1tltlmnmhi'uffl1Jl':itl'rl~fftlU'~ 21ii ~~U 

2.11.5.1 Dialysis tubing 
II 

'Illilltl lC)fll 1ri1'UQ~1111111JnJ 'Illfl,r'UU1Q~111 1I1U':i 'Ui1l1'Uffl':ill~lI1V 

~1flll H ~m 111:: ffll~ ~W 'H fJihl'tl~ lrltl11l11 ~1'U' tJill tl 1C)f1l 'Il::U.... ; 'IllflQ ~ III 1I11J':i'U tltlfl ~ 
ffl':ill:: lI1V~1flllH I~U~1tlth ~ 'Illflffl':ill::lI1V~1fllll~~l1l11~H '1 Ul'tJ~'Ul'H~V~UlI::11fl':i1:af 

" ... d A .,. ... 1.... 1 ", 'I".~1m'rlfl'Ufl'rll'HlIl::ff1l1.... tl11ml::'HlJ':i1l1WVl ~Vffm1::Pltl~tlgmv 1P1 sink condition (Muller 

et al., 2002) 

2.11.5.2 Franz diffusion cell 

lr1'Ufl1':iflfll:ll1'U'HlItl~'rI~lItl~ (in vitro) l~Vfl1':iUl,hi'uilltl lC)fll 

1ri1'U donor chamber 'lltl~1fl~tl~ Franz diffusion cell 'VttlAflU cellophane membrane UlI::Ul 

ffl':ill::lI1V~1flllH~l'HlIl~ff1l1ri1'U receptor chamber 'lltl~1fl~tl~ 'Illmi'U~I~U~1tldl~'Illfl 
ffl':ill~lI1V~1flll1~~11111~1~ '1 fl'U Ull::1Ifl':i1::""~1V''rIflilfl~l'H1J1::ffll,vitl1'fl':i1::''''tJ'i1l1WVll~w 
ffm1::~tl~tldmv1~ sink condition (Puglia et al., 2004) 

2.11.6 fl1':i'Hlffm1::~l'H1J1::ff1l1'Ufl1':i'PllVlI,hi'u 

ffl111':itl'H lffm1~~l'H1J1::ffll1 'Uf11l'Pll VlI ,hi'u1~v1.ff11ltltlflUUUfl1':i'rl~lItl~ 
II 

~1V1iiPltlUff'Utl~Tt'Ufh1111 (Response surface methodology) flUf11':itltlflUUUri1'U~ffllflllH 
. d 'l' ...... .I ... ,!'It

(Central composIte rotatable design) C)f~fl1':itltlflUUUf11':i'rlfllltl~~1V11iPltlUff'Utl~""'U~1':i1111lJ'U 
II 

f11 ':i U1'tY1If111'r11 ~fl tU PI f'fl'tYPi 'UlI::fl1':i ti1'U 1W'rIH'tYti~ 11 11 .fU'U Tt'U! 1 'U 'll tl ~ ffll f11l'Vt '1 'U 111 

(polynomial equation) ,vi tl Ul'tJ ~4i'tl~lI~1.f1 'U f11l'r1~lItl~lI ltliu lV~'UPi1 ii'iVl 'll tl ~~1UtJ':i~'U 
'HlI1V~1UtJ':i~ri~~lI~tl~1UtJ':iPlll1~ff'U1'1lUll::f11':itltlf1uuut'h'U~ffllfllll~,rI'UU~'U~tltlflUUUf11':i 

A d ," ... .1 d ,'l'd
'rI~lItl~,.... tl'Hl'tYfll1::'rIl'HlIl::'tY1I1'lI::'tYl1J1':itlU~Utlfltl~fl1':iPltlUff'Utl~'lltl~Pl1"lJl'r1l'H1J1::ffll Y'1C)f~ 

.Idd" ~ d ... " ... d ... ,
'Il::fl':itlUfl 'JlI .... 'UVI'rIPi tl~ fl1':ifffll:ll (Xiaoyun et al., 2010) C)f~1I'll tlfl'rll'H 'Utlfl11fl1':i tltlflUUU"lPi ':i 

II 

9hi'Ul~V1.f1ii~~1~lItitl'tYl111 ':itlflfll:ll~'UPllii1Vl'lltl~~1UtJ':i~'U'H lI1V~1UtJ':i '~''U'1l111AV1fl'U 
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_ J_~ ~I ~ J 
2.12 fl1111fl11:::'t'f1.l1111Wntlltflf1tlI1tl 

fll'l11fl11:::,(tJ;lJ1WVJU1ff19U)''lRff1lJ1'H)11fl11:::'H1~ 2 n1flUfl A.:Jrl' 

2.12.1 ffltJfi hl'lffltlil (Spectroscopy) 

ffl tJ fil 'VI 'l ff 1 tliI (spectroscopy) I r!U fi1'l f1m~n1~ fI1 flU fi1'l1~ fl1 'l fl ~ fi ft U 

(absorption) 'Hlilfll'ltl1f1 (emission) i'.:JUu,jmgfi'yHh (electromagnetic radiation) ~il.:Jff1'l 

1~mtlvt1::ff1'l t:Y1U1'HtYff1lJ1'lflflAfiftUtl~U lu,r1.:Jtl1:'l~'l1' 11il11:'l~ (ultraviolet UV) U1:'I:::,r1.:JUff.:J . " . 
lilJil.:Jlifu ,~ (visible) 91fifflJU9iA.:Jfirll1U~>1'll1lJ1lflr!u1'VItlUfl11tl'l1:::,(lil;flfi'h g1-1fflii1:'l 

" ffltJfil 'VI'l ff lf1u (UV-Visible spectroscopy) ff1lJ1'lfl lftJ'l::: lf1'lf11'ti.:J1u~lu-n\t'il111f11.:Jfff":Hm::: 
.Q .. QI lid fI ea.".J , '1'" At Oil 4 

'H1tJ 'llJ1W ~il.:Jff1'l CJr.:Jil1ffVfiQ ~il.:J lUV'l U1:'I:::U1:'llJ11J'lfi'VI fi1:'l11 L 1111lJill 'l11~fll'l flAfi1:'lUUff .:J~il.:J 

4 " do Ai J 'GI t " " ff1'l1:'l::: 1:'I1V tJ'llJ1W tl11lJ 1 ~lJ~il.:JUff .:J'VI\}fiflA fi1:'lU 'iI:::~U tlg fiU'VI.:J tl111U~lJ~U ~il.:Jff1'la:::1:'I1VU1:'I::: . " 
tl11lJ'HU1~il.:Jff1'la:::alvliihuff.:J~il.:JFhu Uff~.:Jtl11lJff1J'Wu1i'U'~A.:JfflJfl1'l (2.4) (2.5) U1:'I:: (2.6) 

iogI"
A= -=Sbc (2.4) 

1 

10 
%T=-xlOO (2.5) 

I 

o/oA = 100 - %T (2.6) 

«< " ..:. "10 tlil tl11lJl~lJ~il.:JUff.:J1'llJ~U 
.4 ",d, ,QI 

1 flil fl11lJl~lJ~il.:JUff.:J'VIF-I1Uililfi1J1'i11fiff1'l1:'l::1:'I1tl~1ilV1.:J 

S flil th molar absorptivity 'Hlil molar extinction coefficient 

«< 
b tlil tl11lJ'HU1~il.:Jffl'la:::1:'I1V (cm) 

" . . 
1'VI flU flU ff1lJ1'l mil'~19wmti1liffl'l;(1ilV1.:Jfl ff1'lli '0:::11fl 'll:::,(loWtI.:Jff1'l1~ tl1 

tl191~11h;'fi'l1-w1J1~'l !lU lAflfl1'll~; VlJff1'l1:'l::1:'I1VlJl~'l !lu~flfl11lJl.u'lJ.u'U~1.:J '1 flU'll1'tJ1A 

th absorbance (A) ~ ~ l~mlivuflu blank \hF-l1:'l~'~1J11~tlUm1-W'l::'H11.:Jth absorbance flU 

"" "J 11 _.I ;It 'Jl ... .., • "J Jlel
fl11lJl~lJ~U'iI:: Li'lm1nlJl~'l!lUl1JUlffU~H llJil'H1fl1 absorbance ~il.:Jff1'l~1ilfl1.:J L~fi'il::: 
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... ..: "" 0'1 "'1 ,,_.I ...
ff11J 1'.i tl 'H 1tJ '.i1J 1 tu '\I6~ ff1 HI 'il:::1lfl'.i 1:::'H f) f)tl61'U f11 'il1flfl'.i 1n1J1fl '.i !l'UU1:t:::1:tmJ tu:::'\16~ 

ffltJflfli'1J 

2.12.2 1fl'.i1J11flm1~ (chromatography) 

1 f1'.i1J11 Vlfl'.i1~lrl'U f11'.i Utlflff1'.itJ'.i:::fl6U~ Hff1J6d' '1..1 fl16vH 1 f)tlm :::U1'U 

... ,I _.I _.I.......: .., ... ....:I 

f11'.iUtlflff1'.i'il:::lf)f)'\I'U'.i:::'H11~lnff 2 lnff f16 1~fllflmVl(stationary phase) flU1flfllfllfl1:t6'UVI 

(mobile phase) 1l:::\lflUtlfl 66fl1J 1''Un1:t1~fi1~t1'U ~~ff1'.iHff1J~6d''Ufl1mh~ff11J1'.if:1'il:::Utlfl66fl 
... i~::,1 I... , '" ... i ",... :: .., ... ....: .. ...

'il1flfl'U jiI'U '1..1 '\1'1..1 tl~flUfl111Jff11J1'.if:1 '1..1 f11'.i l'\l 1 fl'U f)f)'\I6~ ff1'.i'U '1..1 flU1flfllflLfl1:t6'U VI'H '.i61flfllfl 
•• , • JI 

f1~ii ff1'.itJ'.i:::fl6Uiiff11J1'.itl'~1t1'Ui~~t1Ulflfllfllflii6'Uiiff1'.iir'U~'il:::\lflUtlfl66fl1J1ti6'1..1 ft1'Uff1'.i 

~1~1t1'U i~i1i~t1U 1flfl1f11fl~6'U~'H;m~lt1'Ui~~t1U1flfllflm~ 'il:::\lflUtlfl 66fl1J1ii'H ft~ 1 f)tlff1'.i 
." . 
ii\lfllLtJfl 66fl1J 1 i ~U 'il ::\lflfl '.i1'il1f) fftyqptu ~1tl~1fl'.i1'il1f) fftyty1tu ii U'U"fl i ~'il1fl ~1~ '.i 1'1l1f) 'il:::1j 

ftmjtu:arl'Ufffl~~1;tlfl111fl'.i1J11flUm1J 

1fl'.i1J11flm1~m.i~ i~ 4 'l1ijf)fl11J~tJmw fl6 (1) 1fl'.iln1V1m1~'\I6~l'H1:t1UUU 

f16ft1J'U (column chromatography) 1'lf'U 1fl'.i1J11flm1~l'H1:t1ff1Jntl'U:::tl~ (high pressure liquid 

" 
chromatography; HPLC) (2) 1fl'.i1J11V1m1~uUUoM'UU1~ (thin layer chromatography; TLC) 

(3) 1 f1'.i 1J 11 VI fl '.i 1~UUUfl '.i:::f) Ul (paper chromatography) (4) 1 fI '.i 1J11VI m 1~Uuuunff 

(gas chromatography; GC) 

.. .r i ~ .c::.d'" "" 010 .c:l
lVlfl'UfI'Uff11J1'.itlVl1 f) If)tJlfl'.itl1Jff1'.i1:t:::1:t1tl1J1fl'.i!1'UVl1Jfl1111l'\l1J'\I'Ufl1~ '1 fl'U 

U~1\h itJ11f1'.i1:::t1VI1 peak area ~ A.nax ~1tJ1f1~6~ 1fl'.i1J11flfl'.i1~l'H1:t1ffll'.i'.itl'U:::tl~ U1H1:t~i~1J1 
1';tl'UflnrJ'.i:::'H11-3t;' peak area t1Ufl111Jl~1J~'U'il:: i~fl'.i1'r11J1fl'.i!l'Ulrl'UUJ'UflH ld6'H1fll 

... • ~ ~d _I"" ..: "" ~ "'1 I. _.1peak area 'U6-3ffllfl16tl1~ Ljilflll:::'H11J'.i1Jltu'\l6~ff1'.iVl'il::11f1·n::'I1 if) f)Vtll'Ufl1'il1flm1n1J1m!1'U 

111:t:: ftfl'll tu:: '\I 6-31 f1'.i1J11flum1J 

fl1'.i~'.i 1'ilff6Uf11'.icl1l1 ph '1..1 '\I6-3ff1'.iVl1~ l,\!1J '\1'1..1 1 '1..1 ~1'H 11~1J '4 'lI ~1r1 '1..1 a~~ ijfl111J thtity 

1J1flff1'Hi'Uf11'.itJ '.i::dj'U tJ'.i:::ffVli fllVf'U6~'.i:::UUfll'.iU1ft~tl11Vf'.i1::1rI'U fll'.i ufff)~ ~~ fll'.iU 1ft~'\I6~tl1 
• ,; , II 

l~1~61tl1:: 1~1 '111J 1 tlii~6 ~ flU U1:t:: ff11J1 '.itl6 6fl 'lVl iii 61tl1:::1ill 'H 1J 1tlir'U '1 i'" th'H i'U 

fll'.ifl'.i1'ilff6Ufll'.icl11JN1'U'\I6~ff1'.iVlH~;-IJ1J'\I'UU1..i-3 i"'lr1'U 2 ft1'U fl6 1V1f1ijfl~1 '*''Ufll'.ifl'.i11jlff6U 

fl1'.icl11JN1'UVl1~1"1I'\11..J1l1:t:::61tl1::~'rt'Ufll'.iVlf)ff6U (Lademann et aI., 2010) 

http:fllVf'U6~'.i:::UUfll'.iU
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. ~ 

2.l3.11'VlfliiflVi'.rtUfll'S~'S1'ilffVUfll'SailJFhUl1Hl~lJ'UUij 4 ll1fliifl ~~ij 

2.13.1.1 In vivo laser scanning microscopy 

1l1fliiflOlrJUfll'S1~U~Ul~ff'ri~VV1'S fflC]fU ff~vdfl1V'u;iII1J'mr~ 'il1fl~ 
ij fll'S l11UU pbl1,r~.ffUff~'S 1~lJfl V{lUVlJ U,,::ijfll'S ailJ phu 1~l~l~lJ'UUlrJUll1fliifl~'oN'Ufll'S 

tJ'S:lanUfJWfl1'n'ufll'SU1fi~ff1'Sl1lVV11~1~I~lJ'UU (Jung et aI., 2006) lfl~V~ijv~iiVlJ'oN l'11U 

fl~V~tJna.fll1 confocal laser scanning microscopy ~~lrJUfl~V~~'oNd1Uff~ffV~1~Q~~V~ 
fll'SffmnU":::V1ffVfll'Sff:::,rVUflti1J'Uv~d1Uff~ 1~1I~1lmYt1Jt1J1W'il::l1Jfl1'n~ln~'il1flfllH1:::,rVU 
fl1'n~lil~ff1lJ1'Sm,1Ufl1'W'UUU1afl'~ 

2.13.1.2 Differential stripping 

?I ... dill..'!, ... "'AI"" .. d •l1J Ull1flU fll1 &"11 U fll 'S11fl'S 1:: l1lJ 'S lJ 1 W 'II V~ ff1 'S11 'S V V1l1H1U l1 N 
II 

l~lJ'UU 1'VlfliiflUlrJUfll'S'oN 2 1'Vlfliifl'.i1lJt1Uflml1fliifl tape stripping t1U cyanoacrylate surface 
~ II • 

biopsies 1l1fliiflUlrJUfll'S"Vmm.gUff~'Sl~lJflV{lUVlJVVfll1 ti~'il1flViij fll'Sl11;i1lU" ~, tJ l~v"Vfl 

-4 !" ~ rlAIQ 0 QJ 1 .., d,~ , ! 
VVfll1":::'tfU~l1l1 tape strip U":11fl'S1:::11lJ'SlJ1W'UV~~1'S1J ~lIfll'Sfffl~ff1'Sl1 t1 &1JU~":'tfu'Uv~ 

Q rI QJ d OJ ~ QJ rl4 " " 
tape strip lJ111fl'S1:1111"~'il1fll1'\1'il~'tfUff~'S1~lJflV'SlUVlJVVflfl111m:U1Ufll'S tape stripping ""1 

~ 0 .. d Q 0 Q if... l.Q .. ,Q"
'il~l11 cyanoacrylate surface bIOpsies l1U'Sl1Wl~lJl'WVl11fll'S11fl'S1:11lJ'jlJ1W'UV~ff1'S11'jVv1 U ... . ,'1~.. 

U'Sl1Wl11"Vfl 'J (Lademann et aI., 2010) 

2.13.1.3 Biopsies and in vitro laser scanning microscopy 
II ~ II 

ll1fliiflUlrJU fll'S~'S1'ilffV1Jfll'j ailJ poilu l1Nl~lJ'\IU 1fl lIfll'S ~~;tUlUV 
'\Iv~ff~1l1fl"V~'U1J'i l1w~.yhfll'jffmn~~ijfll'jl11;i1l1J~ijff1'S llV~Uff~"~' tJ 'il1fl1!UU1' tJ 

" ... ". ... , ~ ... .r ~ ~'S1'ilffVUfl1111'VlflU fll"lC]fV'S ffUflUU ~ lJ1fl'Sff 1 flil 1l1flUflU 'il:lJ fl11lJ 111 lJ1:::fflJ , U fll'j ~'S1'ilffV1J 

fl11lJafl'\lV~fll'Sci1lJN1U'\Iv~;i1l1JL~1~1~lJ'\IU (Lademann et aI., 2008) 

2.13.1.4 Follicular closing technique 

1l1 fliiflO,rJUfll'S ffmnfll'SailJ N1Ul11 ~ 1~ lJ'UU 1flV'oNJ1V11fl aV1J,g1J 

...... 1 - Gl1"d" 4 ~.d. :ilfll~lJ'\IUUU H111U~11\j flllff1'S 'il:: ff1lJ1'S[lC]flJ H1Ul1H H111U ~ fl1'WV~lffUl11~lflV1 'il1flUUnflll1 
~ 

fll'jci1lJN1U~1ml1fliifl Franz diffusion cell (Aranya et al., 2012) UVfl'il1flijff~ijfll'Sffflll1'\1V~ 

Ulrike et aI. (2010) ~ffflll1fll'SailJN1Ul11~1~lJ'\IUU"::fll'Saillf.hUl11~~b111r~'\IV~l'rilJ'lJUVfl;~" 
~,~ih111r~ '\I V~V 1ff1ffirfl 'S'Ufll'jl1fl ffVUU":::1lfl'S 1:,.;' tJ'i lJ1WV1, ULaVfllflll'oNll1fl iiflOl'l1U t1U 
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. 
2.13.2 tl1tn:fi1eN'hHnnl~fftl'U mj.uri'U 3 1.11:111'YI ~~ij 

~ 

2.13.2.1 tllfflff,jfl'j (volunteer) 

fll'j 1 eNtl 1 ff 1 ff,jf1 'j 1'U fll 'j 'VI ~ ff tl 'U ir 
~ 

'U ff llJ 1 'I fI tI ~U~,~~; ~,'U 

fllHI'j 1~fftl'U fll'j C}fmh'U 1~Vfll 'j fI 'j1~ fftl 'I.J 'VI1 ~1f1 d'')1~ fI 'UfYlfffl {~1'U~b 'H ir~ '\Itl~ ffl 'jLdtlii fll 'j 'VI1 

ffl'j fI~'U 'U fi1'U tl ~ tll fflff,jfI'j cg~ tllffl ff,jfl'j~'.rt 'U fll 'I flfll!J 1,1'U~tl~Lri'U tllffl ff,jfI'j ~ ii ~'\Iflll'l~ 
~ ~. 

fll'j, ~tllfflff,jfl'j U'U~~'1l ffllJ l'jfl1eN'~ti'I.Jfll'j fffll!J 1 1 'U'VJflfln111 ~m~l'll:ffl'j fi 1.h1J1flfll!J1U'U 

Lri'Uffl'jf)'UfI'I1V (Lademann et aI., 2008) 

2.13.2.2 fi1'Hir~lJ"'l!J6 (excised human skin) 

fll'I 11 Ttl il'~'U tl~lJ"'l!J61J11ri'UU'U'U Vlf1 tl~1'Ufll'j fffll!J lfll'jC}flJ Fh'U il' 
~ 

'U 

"Q ,dA!)!" 1 .. .d 0 Q OJ • 1SlQ OJ Q 

UlJ~:'UVlJUflfllJ'U tllffV 'Ul'I tl~'Utl~'j:v:nfll'V1'U lN1'H 'U~tltlfllJ11l'l'I1:~::ff~Nfl 'H N1'H 'U~lflf1fll'I .. ~ ~ 

'H~?i1 CJr~fll1'Hf1~1ijlri'UNfl1J1~lflfll'j'Hf1?i1'\1tl~1(1'U1ViJfllff~fl1 'Ufi1'HU ~ 'UtlmnflilJ~iiNfi1'U 

l~~N '\I tl~fll11i~'U tl~fi1'HU~~ 11 llJl1 eN,h i ..rlfl~fll'I LtI~ v'UutlfI~'tI~ lfl1:v:L~lJ 111 fl~11 llJ 11eN 

.4 "i 1 ""....... 1 .d.J1 1 .4 11'U~N~lmff'U vmv 'Ul~lJ'\I'U1fWlfll'jr.Jf1f11Ufl:: 'U'\IW::'VI1''''U VH)'U 'll~lJ'\I'U'H~f1fll'jL')1tllJ V~ 

ti'U U~fll1gfl'\l~Nfi1~:'lIiiNfI~ tlfll'j fffll!J l11~fll'j ~l~lJ'\I'ULflfl fll'j 'H~?i1~::ii~tlVltifl1 'Ufll'jfffll!J 1 
d/ , 

m:'U1'\.,1fll1CJrlJN1'\.,1'V1Hl~lJ'\I'\.,I (Patzelt et aI., 2008) 

2.13.2.3 fi1'Utl~'I3'H'J (pig ear tissue) 

N1'\1tl ~'13 'H'J1ri '\.,Ill'U 'I.J Vlf1tl~~ iif111lJ l'H lJ1:: fflJf1 illvfi1'HU~ '\I tl~lJ,..l!J6 

ll'ln:iilf1Hffrl~'\Itl~fi1'Hir~~f1i11Vf1a~ti'\.,l1J1fl (Jacobi et aI., 2007) lflm~l'n:ii.g'Upb'Hir~~lri'\.,l 
~ . 

?i1;rfl'\l1Htld'U'\.,Ifi1~1tJ '\.,Itlfl ~lflilfi1'H U~V~ 'lliifll1'Hfl?i1'Hli~~lflfi11 lfi1tltlfllJl'eN mi1tl'\.,lti'U 

fi1'Hir~'Utl~lJ"'l!J6 U~tldl~''j~f11lJ1Li1fl'\ltl~1~lJ'U'\.,I'\Itl~'I3'H'J~ii'\l'\.,llfl' 'H qjfl111~lJ'\I'U'\Itl~lJ"'l!J6 

(Lademann et aI., 2010) 

_I ... _I ...... • .... ~I iii II
2.14 fl11lJ1:1"''UlJ1:a''n1im'W'Ilf)~Vll11Jn'UliJIVlf) !1V1 

fll'jtl1:ln'\.,ltl1:if'VIiml'l'\ltl~~i1i''I.JYJ'\.,Ilfflfltlhfl' ffllJl1f1';lfll'j'VI~fltl~'~ 21i ~~il 
~ 

0 .dQ ,,,~ =it 0'. f 

2.14.1 'VIf1f1tl~1'\.,I'Hfltlfl'VIflfltl~ (in vitro) U'U'I.J"'lf1tl~'VI'\.,ItJlJ ')1'\.,1'\.,1 llJ '\.,I LCJrfl fI 'I 1lJ'j:'H11~ 

.., ",:;.4 1 .., .4 1 c$ 4 "4
dermal papilla fl'U epithelial cellll'l'jl::1CJrflfl'VI~fftN~::L')10lJ tHfl'\.,lLlJ01~lJ'\I'\.,I f1LfllJ'VI lf1mCJfflfl'VI 

4 "... 1 1"" ,:It "4.01.., .., 1 1 d/ILflV1'\1t:1~fl'I.JLtl'\.,l fl'jL~'\.,I ~tJflHfltl dermal papilla LlJ'\.,ILCJrflfl'VIlJfl11'U'\Itl~ltl'\.,l fl'\..IL~'Utl~mtJ '\.,I~~ 

';1'HU'1~i'Ufll'IUU~?i1'\1tl~ outer root sheath (Shigeki and Satoshi, 2011) 

http:ff,jfl'j~'.rt
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fll'j 1.1'5:: liiu t1'j:: uflnn Tn unll'j flt1 'j:; liiu , ~1l1flfll'.i U t.i.:l91'lU1'1:: fll'j 9'1 1V"IJ (l.:l 

lO]f1'1n dennal papilla ~'lVlflflUfl MIT assay U1'1::19lfl'l11J1'.Il'l"IJ(l.:ll'IJ1J"IJulu organ culture fllvl~ 
" fl1'1ij.:l~1'1f1'j'jffU.. (Ji et al., 2004) 

1 ., .t 	 t/ d Q 1)14 QI "GI 	 .d. QI

2.14.2 	 f1~H"ij.:l UU91'lfl9l1'1ij.:l (In vivo) U91'lfl9l1'1ij.:lflUtl1J 'J1f1ij't'l~fl'U1Im U1V'rtU~ 

... ...:... J! d... 1 1'" 4 JI ... ... 1"C57BLl6 1'rt'j1::'t'I~U1V'rtU~U1l::1Jfll'jU11.:111J9lUfllV U11Jf1l U 0]f9l L1JijLUU"IJU1Jfll'j11l'jtym 't'I 

if.:l1 fl91 fll 'j It1~vu 11'11 1'1.:1 ~1fl9l ~U"IJ~w8"IJu'~U1'1:: fll'j ~1~U ~1Jijff"IJij.:l11J1'11UU t.i .:I'Uijfl , ~111~U ~1J 
ijd1u'j::tI::11)~ty"IJij.:l'l.:l1)'j;191L~U"IJU (Slominski and Paus, 1993) U1'1:;'l.:l1l'j;191"IJ(l.:l"IJU't'I~ijfll'j 

L1l; tyL~'U191LrJu'j :;tI:;fI-K1vti'U"IJ(l.:l1J~'I!l6U91fl~HtiU1YfV.:I'j:;tI:;n1'11~1 ~,f'l.:lfll'jL1l;ty (Rebecca, 

2003) 
AI ... AI...... ., ... " .,1 ... .1 .,

fll'j lJ'j ::l1JU lJ'j:; Ufl1)fll'rtU11J1'jfl U .:I1fl91fll'j111 'j ty"IJ ij.:l1UU"IJU f11fl9l"IJU 't'I 1'1.:1 1)1fl 

... ~ ,l 4 ""'... 1"" ..fll'jfl9lUij'Ufl'UU1'.ifl9lUij'UU1'1::"fl'l!llLUijmij"IJij.:l~'l't'lU.:IfllV 9lfl1'1ij.:l~1'1f1'j'jffU (Soojin, Wean and 

Jinnyoung, 2011) 

_I ... ... ... 
2.1S m1lJ1:;11J'Um11:;AUUA6-3N1 

Q 01 ., d d ~ ~.l 1 1"Q 01 Q GI GI t GI 

~'l't'lU .:I'IIij.:l1J~lHJ O]f.:l~1'1m::f1'UflLfl9l'llUU m1)U.:I ~1'1 't'I ~'l't'l U .:ILfl9lfll'j ijflLU'U 9l.:lU Ufll'jijflLU'U 

" 'IIij.:l~h't'lu.:Iil U11Jl'j flt1 '.i::1iiu '~1)lflfll'jfl9lUij'Ufll'.i 'j::fIlVlfiij.:l~h't'l't1.:1 (Goh and Soh, 1984) 

"'" ... "... ... J! A .1 d AI ...... J!
mfll'j'U'l1J mfll'.iU9l.:l ~'l't'lU.:IU't'I.:I ~'l't'lU.:I"lU't'I'.iij't'lU11J1fl'llU fl'll1JL1l1JlJ'l9l"IJij.:l~'l't'lU.:I tI'lU 

~ d 4 AQ "Q GIl 

1lJUmfll'jflUU9l.:lfl.:lflln::fIlmAij.:l~'l"1'1::fll'.iU'rt'llij.:l~'l't'lU.:I (Thomas, David and Klaus, 2004) 

" ff'lUfll'jt1'j:;1iiu fll'j'j:;fl1Vlfiij~N'lU11J1'.ifl\'h'~..;~1U't'I1'1ij9lfl9l lIij~ (in vitro) UlI:;1utY911f19l1'1ij~ 

(in vivo) 

... 1 	 ,,': 4 .,11" ~ .. ""'1'"1UfllWfl9lllij.:l U't'IlIij9lfl9lllij.:l U'U'U1l1l1ij.:l"IJ(l~1UijWijfl 'J11)::mU1O]flllllml91 U 0]f9l 

A.l1 .. AI'" • .."... 	 A
11 'U'UlI1U91UlI::lJl::l1JUfl'l11Jijg'jij9l"IJij.:alO]fllll9l'lVlflflUfi MIT assay (Gay et aI., 1992) 't'Ilij 

' integrity 19lVffmllfll'jt1l19lt1't'iijV'IIij.:l LDH andt1'j::liiu membrane ijijfl1Jl1l1flLO]flln (Faller 

Bracher, 2002) 

..6 • ,,,:. .... 
test O]f.:lU11JlHlfl1 9lfl.:l~'l'llij.:l 

" ij1U1U~fl'jU lI:: N 'l'll ij.:l fl 'j:: ~lV 1)lflUU t1'j:; ,iiUmflll 'U'l1JU lI:: ij1fll'j U9l ~'IIij.:l N'l't'l U.:I~'lVfll'.i 
GI GI QIQ 1" 	 ..
U.:I1fl91llfl'l!lW::'IIij~~'l't'lU.:IUll:; 't'IfI::UUU9111J1flWCVl'llij.:a Draize score (Draize, Woodard and 

...... • .... ... 	 J! 4 ®.:
Calvery, 1944) 't'Ilij'l9lfl1fll'jU9l.:l"IJij.:l~'l't'lU~ (erythema value) t>I'lVlfllij.:a Mexameter Uijfl'il1flU 

" flnt1 'j:: lii UN 'l 't'I u.:a "IJ ij.:a ij 1 U1 U~fl., 6.:a U11J 1 'j fl '11 'j:: tilUfln U tlH ffvil H) 6fl 1)1 flN'l't'l U.:a 
... " 
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"A ®.. _I ..." QI

(Transepidennal water loss; TEWL) ~1mfl'H)~ Tewameter 'YIHlf)1'J1J'J:::llJ'W~1t1f)THHIf)~Uft::: 

tI'J:::lij'Wm'J'J:::fl1V1fltNi'h~1lJIf1Wcti' Primary Irritation Index (pII) (Narisa et aI., 2007) 

, ,............ '" 

2.16.:J1U1i)tlfUtltl1'UtH 

Tabbakhian et aI. (2006) fff)1l1f)1'Jl~'1t1lJl.'hi'tJ~'W1t'n~0 h~1'WltlmJ1J'lJtN'ft1tl1CJ1lJ 

uft::u101 CJ1lJlvio,;:ilJtI '1::: ffl1 iil1l111..1 f)1'J 1l1ff ~ fJ1 1~tI'thf)1'J 11~ ffOtJ f)1'Jci1lJ ~h'W 111~~':1'YI'Ll'~llft:: 'l 
, !II 

'lJ0~'YI 'lJ118lJl~0 {l1tJ ':h Iii1i'tJ'ii l~'1 tllJ 11..11tilltJ tJ 'ti~ ffO ~ ff1lJ 1 '1 fI ci1lJ ~h 1..1 ~1 'YI 'Ll'~ 'IJ O~ 'YI 'lJ118lJl~0 1iI( 
1~1f)':hlrlOl'iitltJotJlii li'tJ~l~'1 tllJl'WltlutJtJ'lJ0~ff1'J ft:::ft1t1110ftf)0 80'fi'uft:::lii1i'tJ~1~'1 tllJ l~tl1f 

!II 

dimyristoyl phosphatidylcholine 'YIlO Brij97 ~O Brij76 (1:1) 1;jUff1'Jft~UH~~~1'Ll''Wijtl1lJ1W 
... !!loI"~ 1 .. ='t ~, A ... '" 0 QI'lJ0~:n'W1ffl~0'J 1'J~l1ff:::fflJ 'W\1'IJ0~'YI'lJU8lJl~0'J1lJ'W 2.1 Uft::: 2.3 % CJ1~lJ1f)f)111lJ01'fWtJf)tJ~1'JtJ 

, Q., d 4 ... C 

111~'J tllJ1l1f)ff1'J ft~u'J -3~-3N1'1$'W~0'W 

Rao et aI. (200S) fff)1l1f)1'Jci1lJFhuuft:::m'Jff:::fflJ'lJ0>1lii1i'tJ~'W1ffL~0h~1ultlutJtJ 

'lJ0-310li1111CJ1lJ (ethosomes) tJU~1l1tJ':h f)1'Jl~'1tllJ:nU1ffl~0i'J~1UltlUtJtJl0li1111CJ1lJifff1lJ1'JfI 

1;:ilJf)1'Jci1lJFhU~1'Y1'Ll'>1'l(lJ1f)f)'hf)1'Jl~ltllJlii1i'tJ1'Wltl'IJ0~ff1'Jft:::ft1tl (Aqueous solutions) un::: 
!II 

ift1tl1CJ1lJ (liposomes) un:::l1tJtlllJ1W'lJ0>1:n'WTi'I'l~0''J~1U~U'lJ0-3'Y1'Ll'~u'li'1;j'W IS.2±l.S J.1g1cm
2 

~~t.i'11~ltllJlii1i'tJ''Wltl'IJ0~'ft1 tl1CJ1lJ1l:::l1tJlYftl~ 2.S±1.3 J.1g1cm
2 

Jung et al. (2006) fff)1l1'J:::tJtJf)1'J1l1ff>11'WltllltJtJ'lJ0~ in1tl1CJ1lJFh'Wl1H'J1f)'lJU'lJ0>1 

'YIlJ 1~m~ltllJlii1i'tJ'ft1t11CJ1lJ~U~f)~h~o'W 5 lii1i'tJ lvi01f1Uf)1'Jfff)1l1f)1'Jci1lJ~h'W111~nf)'IJ'WtJu... 

\1'IJ0~'YI\!1I1V1l1flijfl laser scanning microscopy Uft:::fff)1l1fl11lJ~f)''Wm'Jci1lJN1'Wl.u'1~'J1f)'IJ'W1I1tl 
!II !II 

m'Jt;j'fI'lJ11~;ulij0 itl~'J11l1(1tlf)-K0~~nl1 'J'jfnfll1tltJotJlii 1i'tJlJ1~ '1 !1U 11 1 f)f)1'J fff)1l1l1tJ':h lii1i'tJ 
!II 

... , ". 'I" ... _I '" ,
lJ1~'J!1Uff1lJ1 U1CJ1lJN1U 1'IJ 1\1'1 1 f)'IJ 1..1 '~fl11lJftf)1J'J:::lJ1tu 300/0 'lJ0~ fl11lJ tll1l1~l1lJfI U'J1f)'lJU 

Uft:::lii1i'tJift 1 tl1CJ1lJ~191ltllJII1tlff1'Jn~u'J~~~~1'1$U~ amphoteric Uft::: cationic ff1lJ1'Jflci1lJN1'W 

" . , "... ... ., !II 11'IJ1\1'J1f1'IJ'W ~ftf)fI~ 70% 'lJ0~fl11lJtl1111~'YIlJ~ 'W'J1f)'IJ'W 

Daneshamouz et aI. (2005) fff)1l1ijl1il1n'IJ0~~U1ffl~0''J~1ultlutJtJ'n1t11CJ1lJUft::: 

u101 CJ1lJ 1 'Wf)1'Jci1lJN1 Ul1H~1'Y1'Ll'~l1tJ':h 0~fl'tI'J:::f)otJ~1f1um'J 1~'1 tllJ' ft 1tl1CJ1lJllfl:::u101CJ1lJ 
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Patzelt et aI. (2011) lll~fl'l;l1fl111nVfl'U;ntlH{lnnJltJfIltJh.Jl'\llJ'UlJ 1~Wfl11 

t1i"m11gVlJ'UlJ1A'UV{lV'4f1lfl'W'U'h V'4f1lfl'UlJ1A 122 run unt 860 run 'W'U~'U;l1W infundibular 

'UlJ1A 230 unt 300 run 'W'U~'U;nW~VlJl'UirlJUn:'UlJ1A 470 run unt 643 run 'W'U~f11llJafl~tlA 
"" Q .Q '!!l J _1~1" .. 1 .. I

'UV{ll'\llJ'UlJflV'U111W'UV{I bulge C)f{l~lflfl11"fl'l;lllJffllJ 19'11lf11llJnfl lJfl11C)flJNllJ'UV{lV'4f1lfl~t 

.1 '" _I'UlJfl'UlJ1:Ul'f1Unt'UlJ1A'UV{lV'4f1lfl .. .., ....... " 

Alvarez-Roman et at. (2004) fffl'l;l1fl11C)flJNllJUntfl11m:~ltJ~1'U6{1ffl1'W6n'lJV1 

'" 'UlJ1AlJl1lJllJilJFh'Hll'{l1I1tJ1l1f1UfI Confocal laser scanning microscopy 'W'U'hijfl11mt~lV~1 

'UV{lffl11;6{1Uff{I'U6{1ff111'Wilffl~;lJ1lJih'HU{I'Uvnl\l C:J1{1fl11fftfflJ'U6{1 ffl1L'Wilffl~;lJ1lJ 

"'iI .. , .1 '" 1'\llJ'UlJl11 ~un:lttJtl1l{1fll1C)flJNllJ'U6{1ffl1~t'UlJfl'U1ttJ:11nl1Lnt'UlJ1A 

Syed and Amshumali (2001) "fl'l;l1fl1111fl1l:,..j'Vl:nlJlffl~Vh~ (proscar) 1I1tJ1l1f1UfI 

reversed-phase high-performance liquid chromatographic Unt~fl'l;l1fl11ffmtJ~1'UV{ltI1'W'U'h 
'" 2 .Q '" Ll1f1Uflill11'fh linearity (r ,r1lJ 0.9997) llJ'M1{1 20-600 J.Lg/ ml C)f{l1lJfl11"m.:I1illlll~ Shimpak C8 

column (5 J.Lm, 15.0 cm x 4.6 mm) lr1lJ1~fIlflfl{l~ 1~f11llJtJl1f1~lJII1tJ UV-detection (210 run) 

~'Qtu'HfJij 25 ±1O ·C Untl~1~fIlflLfI~VlJ~LrllJ acetonitrile ~6 water (95:05 v/v) t1~11L!1~ 
'!!l ' ... ~I ~ ""'~!II'" !II I ...0.7 mlImin ~lflNnfl1H'fl'l;l1'W'U1l 'Wfl-nlJlffL~6 l1~l1l~lJ retention time lJ6tJfl1l 10 lJll1Unt 

Ll1f1Uflrl'il6ijfl1llJu1ilJii16dllJLflwcti'~;iun: shelf-life 'U6{1:nlJlffl~6 h~ijfl1llJfI{I~1lJlflfl".h 2 il 
~ Q" 1" ctd Q,Il1'Qtu'HfJlJ'H6{1UntflltJ ~fffll1tl1lfl'U1fl'l;l1 

Demir, Cucu and Sakarya (2006) "fl'l;l1fl111Lfl1lt,..j':nlJlffl~6l1~ (Dilaprost®) 

_I d!ll ... _I.... l' ...1lJ llJU'U'U tI1LlJ~~1tJ1l1f1lJ fI liquid chromatography Untfl11lJ1tllJlJfl1llJ~fl"6{1'U6{11l1f1lJfI
" ,.,'

llJfll1~fl'l;llill~ Nova Pak C18 column LrllJ1~fIlflfl{l-fl ~fl'l;ll-fl'QW'HfJij 60 ·C 1A-flfl1llJtJl1f1nlJ 

210 run 1Lflnt,..j'llJl11u'U'U isocratic elution l~tJl~ water /acetonitrile/ tetrahydrofuran 

(80110110, v/v/v) lrllJ1~fIlfl'f1~VlJ~ t1~1l1!11r1lJ 2mL1 min 11;lJl~1~l~ AVI5 J.LL ~lflfl11"fl'l;l1 
J • liJ 0'.:1"" I 4.4 001

lJ'W'U1l retention time 'U6{1VllJlffL~V l1~l1l~Ll1lfl'U 36 lJll1 

Basavaiah and Somashekar (2007) ~fl'l;l1fl1111f1nt,..j'YllJlffl~Vh~'lJl1111'U'UtJl1~~ 
'" 1I1tJ1l1f1UfI high performance liquid chromatography 'lJfl11~fl1nill~ ODS-CI8 reversed phase 

column lr1lJ1~fIlflfl{l~ 'Qtu'HtJij~'~A6 30 ± 2 ·C untl~ methanol ~V water (80:20) lrllJ1~fIlfl 

lf1~6lJ~ t1~nl~1~l~A6 I mLlmin 1~f11llJtJl1f1~lJII1tJ UV detection ~f11llJtJl1f1~lJ 225 run 

'W'U':h retention time 'UV{lYllJlff1~Vh~~llll'rhti'U 6.1 lJl-fl 

Mokhtar et al. (2008) "fl'l;llNnmtl1'U'UV{I~1U111 1lJfl111~;tJlJ~hi''U~ijfll1tifl1~'U 

flurbiprofen Untijfl11~fl'l;l1t1~nfll111nA11rlvtJtJ16 6fl~lflULVLC)flJ~L~;VlJ ~lfll111 illv1C)flJ 
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" m,:::hJf11'Iflm:l1il'~l\plltllJlphi'1.Jl~'\.J1t1'Iii1fl1CJflJl\H'~';Wl'Y1f1iifl coaservation phase separation 

<09 ... .,;'''4 d", "AI1~Wff1HlflUH\PHI~1'Y1 'lfflfl span 20 span 40 span 60 UlI::: span 80 CJf-:llJfI-:lfllJ'I:::fifl1.J'\Jf)-:I 

fI fll 'I ffllP1 fI'I fllIUlI::: 11,jijfl m'IffllP1f1'I fllI~fflJfld UlI:::fi1':ilt1~ tI'\.J \l1fi1tI'Iii1 fl1CJflJl \llIl~'\.Jii1 fl1 CJflJ 

... J ... "'.;. '" ...:" 111 AI, 0'" 1A I "'1 1 <09 ... d\I:::1f1f1'\J'\.J'YI'\.J'YIllJtllJf11'I1IP1lJ'\.J11'\J11lJ '\.J1PI1':i1.J lJ'I'\.J fI CJflJ f11'Ifffi1:l1f11'Ifif11fi1.Jtl1 flurbiprofen 

flfi1:l1~1t11'Y1f1iifl dialysis 'n1.J'h ~fltllI:::f11'Inf11~1.J flurbiprofen '\JfI-:I span 60 lJ1fifi'h span 40 

lJ1fifi'h span 20 UlI::: span 80 1PI1lJii1~1.J ff1'Hi'1.Jf11'Ili4lJ'HltlllfltlllJ1W'\JfI-:lflfll'IffllP1f1'IfllI\I:::ij~1I 
I " ... d 4 1 1:1 J... ... <09 ... " " .,;,-", '" IPIfI'I fltllI:::f11'Ifif11fi1.J'H'I fI lJ'\.J '\.J '\J'\.J fi1.J'If'\.J f1'\J fI-:lff1'I lIf1UHIPI-:I ~1UlI :::f111lJl'\J lJ'\J'\.J 'YI 'If '\.J f11'I llP1'I tllJ . " . 

1Pi1 i'1.J fi1':i 1VilJ tlllJl W , '\J,j '\.J";-:I 'H lJ fI U1I::: tlllJl W tll\l::: 1 VilJ VIPI 'I 1~fI till::: fi1':i n f11 ~ 1.J til' '\.J IPi 1i'1.J 

ii1f11CJflJ 

Anuner et al. (2011) flfi1:l1'I:::1.J1.Jf11'I'thd-:ltl1 tenocicam 'YI1-:1~b'H-U-:l~1t1'I:::1.Jmhd-:l 

1tI'Iii1 fl1CJflJ 1f1 tlflfi1:l1f11'I llP1l tllJ 1 tI'Iii1 fl1CJflJ~ij fI-:lti'tI'I::: fifl1.J'\JfI-:lff1'IlIflUH~-:I ~bUlPlfiIPiHn'\.J 
<09 ... 1 ""... AI ... " ... d ...UlI:::fffi1:l111fi1:lW::: f1Hff'I1-:1f11t11'Y1f1'\.Jfllight microscopy lJ'I:::llJ'\.J'IfltllI:::f11':if1f11fi1.J f111lJfI-:l1PI1 

" .
fi1':itlllfltlllfltl~1t1111l1:::f11'IaMm·h'\.J '\JfI-:I~1t11 \l1fi~lIfi1':iflfi1:l1il'n1.J'h 1 tI'Iii1 fl1CJflJl11IP1ltllJ\l1fi 

.Q QI..:sQl SJ QI d ... 1 ... 11 QI .d 
tween 20 : cholesterol (9: 1) lJfl11lJfI-:l1PI1UlI:::lJfllPI'I1'IfltllI:::f11':if1f11fi1.JUlI:::f11'I lJlIfllJlIfltlIPI1t11'Y1"l-:l 

11l1:::'n1.J11f11'I'thd-:I til 'YI 1-:1 ~b'H-U-:I 1linfl , ..flnflf11'I 'I :::fI1t11flfl-:lUlI::: iJ-:I fI flfiq'YIi, '\.J f11'Ii'fi1:l1 '~~fi11 

lrlflll1 tl1.J n1.J tl1i'1.J tI 'I :::'YI1'\.J 

Ei-Laithy et al. (2011) flfi1:l1':i:::1.J1.Jf11nhd-:l vinpocetine 'YI1-:1~b'H-u-:l''\.JltlU1.J1.J'\JfI-:I 

1tI'Iii1 fl1CJflJ~'~ Sugar esters 1~'\.Jff1'IlIflUH~-:I~b 1f1t1f11'I llP1l tllJ 1 tI'Iii1 fl1CJflJ~1t11'Y1f1iifl 

coaservation phase separation \I:::'~ff1'IlIflUH~-:I~b~IPiH'lfiiflti'\.JUlI:::fi1':i',* Sugar esters 

~iI .Q Q 1 14 ~ ~ J SJ QI dQ Q

l'U'\.J ff1'I lIfi U'I -:lIPI-:I ~1'1f'\.JfI lJlJtI'I:::~' '\.Jf11'Ifffi1:l1 , '\.J f11'Ifffi1:l1'\.JtI'I:::llJ'\.J'I fltllI:::f11'Ifif11fi1.J '\J'\.J1f1 

fI'4fi1f1UlI::: ltllHf11'I tllIfltlll fI tI~1t11 f11'I aMlJ ~1'\.J 'YIH H1'H -U-:I f111lJfI-:I~1UlI:::f11 'I 'I::: fI 1tI1flfl-:l . " . 
H1'H-U-:l \l1fi ~1If11'Iflfi1:l1'n1.J11 1Pi1i'1.Jl1 1~-u'\.J ij~fltllI:::f11'I nf11~1.J~1t11l1"l-:l '\J'\.J 1f1'\J fI-:I fI'4fi1f1tl d 
''\.J,(1-:1 0.63 - 2.52 11m ~-:lijtl'I:::ff'YIifi1'n''\.Jf11'I'thff-:l'YIHH1'H-U-:lijfi1':itlllfltlllfltl'\JfI-:I~1t11~ff-:l.. 
'H l1'-:I \l1fi 48 i'11lJ-:lUlI::: ijf11'I aMlJ ~1'\.J 'YIl-:l H1'H-U-:Iff..-:lfi111rlml1 tl1.Jn1.J' '\.J 'I.. tlu1.J 1.J'\J fI-:I tl1i'1.JtI'I :::'YI1'\.J 

" ~-:lfill111~11f11'I'~ Sugar esters li1'\.Jff1'IlIflUH~-:lH1''\.Jfi1':illP1ltllJ 1t1'Iii1f11CJflJ-u'\.Jijfl11lJl~'\.J1t1 

1~'\.Jf11nhff-:ltl1 vinpocetine 'YI1-:1H'J'H-U-:l 

Xiaoyun et al. (2010) flfi1:l1f11'I'H1fffi11:::~1'HlJ1:::fflJ'\JfI-:I dihydroartemisinin (DHA) 

" 1f1t1'~'I:::1.Jmhd-:li;iJfI'\J'\.J1f1'\.J11'\.J~1t11'Y1f1iifl Response surface methodology ''\.Jf11'Iflfi1:l1il1~'~ 
" flfIfiU1.J1.Jf11'I'YIfI~ fI-:I~1t111if11'I1PI fl1.Jff'\.J fI-:I~'\.JH1l1lJ (Response surface methodology) n1.J 

f11'IflflfiU1.J1.Jff1'\.J~fflJfim-:l (Central composite rotatable design) l~'\.JU1.J1.J~ll1m''\.Jf11'IflflfiU1.J1.J 
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Old 'cu " QI '01
fnmfUflllr.nl'VI1flll 98.97±2.3% 'HJlJ'C1::fll'jll'j'j'~l1f.Jl!'VIlflll 15.61 ± 1.9% U'C1::'lJUlfltltjtl1f1 

lflu 198 ± 4.7 run fllfl1'lm::'illV'lJUlfl (PDI) rvhn1l 0.146 U'C1::fll1h::, 'vJf11~N-l'f)'4f11f11l;,n1l 
-21.6 ± 1.3 mV 

'illflfl1'lffmnltlflf1'1'lU'C1::~lU1~fJ~l~fJ1.u'tl~ ~1~fJ~tl~fll'jimu1~1i'lIvhJ1f1',~tl , 'jft 

1u11.l"1I1I'lJtl~1,hiilC)flJ ~~.u'tl~'lJtl~11.1u1l1liffitlf1'11J1'jf:uflfl18Lfl'jcju LfluiiltllC)flJ '~f1'lJ\I'jw 
U'C1::L~;fJlJ'~~ltJfl11fll'j'fI;tJlJ~1i'1J1f1uiiltllC)flJull1J1~lJ (Mokhtar et al., 2008) 'm::'Hlf1'fI11::~ ., 
L 'HlJl::f1'lJ 1 U flU L~; fJlJ~l i'1I~1m'VIfi iifltltl flU 11 lIfll'j'VIfl 'C1 tl~~1V1j ~ tlllf1'Utl~-nUN1~1lJ 

(Response surface methodology) n1lfll'jtltlflUlIlI'fhUPllf1'lJfl'C1H (Central composite design) 

ij.u' tl ~ fitl f1'llJ1'l Offfl1:l ,.rj'u fl 'j fll fJ 1'\1 tl~~1U1.I'j ~U 'H 'C11 fJ~1H1.I'j 1 ~1U L 1 'C111fl fJ 1nU \i~ 'lf1V'C1fl 
., . 

fl11lJ Nfl'Vl 'C11fl 'ill flfll'j fYfl1:l1 fi'C1 dl 'il ~fJ'\Itl~1j~~L~lJ'~"'C1:: li11,rl~~fI'j ~1i'lIfiijfl11lJ!'H1J1::f1'lJ ., . ., 
'illfl.yU \i~ \l1~ 1i'lIfi 1'H lJ 1:: f1'lJU lJl fffl1:l1fl1'l 1.1 'C1 fl1.l rl tl fJ~1'lJ tl~ ~1fJltl tlfl 'ill fl~ li'1I fffl1:l1 

1.1 'j:: ff'VIDfI1'Vl 'Utl~'j::1111 \lui~ , U fll'jCHmhum~N1'H.y~U'C1::CHlJ ~h\..! 't') 1~1'\jlJ'lJ '\..! fffl1:l11.1 'j::: ff'VIDfI1 'Vl 

o 01 ~J 11( cf~ 01 .I. 4 ... 1 .Q,Q 4' lit Q.Q 4 ltJ ' 
'lJtl~fl1'lllnU1f1'Lfltl l'j fl'VI'VlmUl'lJU11lJlJ'j::: f1''VIlifl1'Vll'VI f.JlIl'VIlf1'l'j a::alf.J IlJU tlflC)ffl a'H 'jtl IlJ ua::: 

fffl1:l1fll'j'j::fI1Vlfltl~N11U ff911'V1 f1 atl~ 



,... 

unn 3 

flT:niIW'\.n~i1i''Uvhnffl¥l6 11~1ultlU'U'U1tl1U161"1flllTt61-rillfl11~llrhu'VI1~1,\!1l'UU 
'JI 'JI 	 'JI 

i 'Ufli'~ih1j'Ufl11f1mn1~tu;~'VIft'tt6~ (Experimental research) Uffft~11el'tt:16elft~~~61tlij 

,Q,40 Q QQ,I

3.2 11iftll'UUfl111\'H.I 

... 	 "" 3.3 fl111lfl11~11'U6\!'tt 

_I II ... 
3.1 12Uf)'tw.IQ~U'l"fltl 

Finasteride (Phama Nueva Co., Ltd.) 95% ethanol (Italmar (Thailand) Co. Ltd., 

Thailand) acetonitrile (Carlo Erba Reagenti SpA, Italy) span 60 (Sigma-Aldrich, Inc., USA) 

cholesterol (Carlo Erba Reagenti SpA, Italy) minoxidil (Regaine®, Johnson & Johnson, Thailand) 

dialysis tubing (cellu Sep T4® MW cut off 12,000-14,000, Membrane Filatratoin Product, Inc., 

USA) incubator shaker (KuhnerIISF-I-W, Switzerland) centrifuge (MR 23, Jouan, Germany) high 

pressure liquid chromatography (HPLC) (Waters, USA) Zetasizer Nano ZS (Malvem Instruments, 

UK) ultracentrifuge (Optima ™ L-100K ultracentrifuge, Beckman, UK) Franz diffusion cell 
Q QI 	 Q rI 

(Crown glass company, Inc., USA) N111U~'U6~'ijfl"lfl1¥llelmmMI (flfll~lf)1I¥l1fflff¥l1 

Q Q.I G QI " 	 • cv tI 
1l1111'V1ell'ttelf,!'Ufl11'1f1ilU) 11~fflel'VfU~ C57BLl6Mlac U'tt~m~¥llelfflt1'VfU~ New Zealand white 

., """'... "~I 1 "" """'1 1 ~I3.2.1 fl11'Vf~Ul11i1Lfl11:111'1'Ulffl¥l6 1ftft1el11i fl11l1 'VIf)111'1m'tt1ff1l11(l'U~ff~.. 
., """'... "~I 1 " 3.2.1.1 	fl11'VfIWUl11i1lfln:111'1UlffL¥l6 1ft 

f)l1i~'Ul1i1lfl11~H~'Ulffl¥l6h~~1mfl~6~ HPLC waters 

breeze (waters 2487 dual absorbance detector, 	1525 binary HPLC pump, 717 plus autosampler) 

1" IV ,,~ 1'....;....;.1ftel '1f'U'Ulft'U6~6'\.{mflu'tt::fl111ltll1'U6~fl6'tt1l'Ul1JU C18-0DS Utlfl"1t11¥lfl1mflfl6U'VI1~111H 
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" 1 t " 

llJt;~mH'I fHHJ'fl ~n'IJ'Illu~~~';ltI1~mfllfl~'fJ'\"!Yi'i~'Wh~'fl~;l~'i' 'I..! , ~{n'IJ 'Ill 1~ tJ't"m'i11tJflffl'i 

.. " ..;" " .. .,j ~ • ~I ,,,.. II 
U'IJ'lJLfl'iLfltJ'I..!~ (gradient) n~l'VI L~ 100 'l..!nl Lvt'flt1fl\l1111'1'1..!lffL~'fl 'i~fl1'ilJm'i1LtJflLL'IJ'IJ L~ 

~. " d I" 1 0 , 1 ..1fltlvt~l'iWnlflfl1 Scouting gradient run f:l1lJfll'1..!'fltlfl11 0.4 fl1'i'VIlm'iUtlflU'IJ'IJ 'fl CJnfl'i~fl 

" .
~lflir'l..!1M'fil'1..!1W'Hl0~'iTth'l..!Yi1.fl'l..!m'iutJflffl'iU'IJ'IJ''fllCUlfl'i~fl (isocratic) u~dhm'iUtlflffl'i 

, , 'II, 

U'IJ'IJ''fl 1 CUlfl'i~fl~1tJ1~mfl'fl~ 'fl'l..! Yi'i::'H'h:)'lJt;~U'fl~fl'fl 8'fl~n'IJ'Il11 'I..! 6~'i1th'l..!Yifil'1..!1W'~~lfl 

fflJfl1'i (3. 1) Ul'l::'VIfl~'fl~tli''lJ6~'i1ff1'1..!'~mn retention time "U'fl~~'I..!lff'~'fl hPl'~\lflUtlfl'fl'flfllJl 
" 1~tl1,*6~'i1'~11'l..!m'i'wflffl'i,'Vhn'IJ 1 mUmin u~::tl~lJ1Wffl'i~1'fldl~";,n'IJ 20 JlL ~lflir'l..! 

~'i1~1~YJ'I..!lff'~'fl''iPl'~fl11lJtJl1flS'l..! 210 DID ,'li'l..!'~tl1fl'IJfl1'i'Wflffl'i U'IJ'lJLfl'iL~tl'l..!~ 
fl1'i";r.J'I..!111j11fl'il::,.f~'I..! lff'~ 'fl' 'i Pl"~'fl1M'Vh.nffL~'fl' 'iPl'Utlfl'fl'flfl 

~lfln'l..!1M'~vt'fl11..! 'i::tl~n~l~l'HlJl::fflJ 1fltJ~'I..!lff'~'fl' 'iPl'~UtJfl,~~ ::vt~ l'iWlfl11lJl'HlJl::fflJ 
, • 4, 001 , r 0 ~ " ~lflfll resolution 'i::'H11~vtfl'VI~ff'fl~fll tailing factor U~::flnl'1..!1'1..!lvt~'VI'VI1~'VIq\lil (nwnber of 

.eJ , • , Ycuc:tc. t/4 !JI ~ 0 .QG.Q 0' t 
theoretical plate) 'VIfffll1::~H "1 llJ'fl fl11i1'fl'i1::'H'VIl'HlJl::fflJUtl1~~1..!111i1'fl'i1::'H'I..!'I..!lJl 

% Isocratic organic composition = gradient slope x (elution time ~ Dwell time) (3.1) 

.,j .. ,~........ " 

3.2.1.2 fl1'i~'i1~ff'fl'IJfl11lJ'~'fl('l'fl "1"U'fl~11i1'fl'i1::'H 

1) fl11lJd'lJ";'I..!;,;r~,tf'l..!~H (Linearity) 

.. ..;.." " . " " 'fl'itJlJffl'i~::~ltJlJl~'i!1'1..!'VIlJfl11lJL"UlJ"U'I..!fll.:J "1 6 fl11lJL"UlJ"U'I..! 

.. 1 .,: :., ~~I'" "P .,j
flf} 50, 100, 150, 200, 250 U~~ 300 Jlg/mL fltl'VI1CUl 3 flH 'l..!1 UJ11fl'i1::'H9'l1tJ1fl'if}.:J 

.c:l Z " t •
1 fl 'i ml'VI fl nVJ 111 l'I1fflJ 'i 'i fI'I..!:: ~.:J ~lfl'l..! 'I..! ff'i Hfl'i l-nlJlfl'i! 1 'I..! 'i:: 'H 1Hfll peak area n'IJ 

fl11lJ,,rlJo\i'l..!"Uf}~~'I..!lff'~f} hPl'vtrf}lJ..f~fil'1..!1wtil r'- U~::fflJm'iltf'l..!~H (l =0.98~1.0) . 
2) fl11lJ1Yitl.:J (Precision) 

1'1..!l~tJ1fl'l..! (Intra day) 

l~~tJlJffl'i~:~ltllJlfl'i!l'1..!~'I..!lfflflf}''iPl'~ijfl11lJ,,rlJo\i'l..! 50, 150 

.,: : : ... "...... , "P .,j
U~: 300 Jlg/mL 1fltJ'VI1CU16 f1H ~lfl'l..!'I..!11fl'il:'Htl'ilJ1WVJ1..!lffl~f} 'ifl9'l1tJ1f1'if}~ 

" lfl'ilJl1'V1fl'il~''Ha1fflJ'i'ifl1..!::''l.:JlfltJ't"m'i~flfl11lJlo\ilJ,r'l..!l'I:: 1 fli'.:J ,m::fil'1..!1wtil %RSD "U'fl~ 

peak area u~:: retention time 

" .yh~11'H;jf}'I..! Intra day lfltJVilfl1'il~ltJlJffl'ilJl~'i!l'1..!l'Hti 
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3) fl11lJUli'Uih (Accuracy) 

'~11 method validation lf1tJ1911UlJffl1-n:anUlJUI1!1'U~ij 
~ ~ . 

" ", 6) '6) 	 0 0 QI cv 4
fl11lJl'UlJ'U'U91H'l Lff L'U volume metric flask 'U'Ulfi 10 mL 'Vllctfl 3 flH Ufffl~fI~911n~'Vl 3.1 ,,-n:: 

"'.,. 11 "",." .. "" .. ,., .4,. ,. ~I ,.,,.h1J'I.I,lJl91Hl1U{I:t;CJf L9I1 'U 911 11fl11::'\1f11mfl1{1~ Lfl1lJl L'Vlfl1ln1'\1-n1fflJ1Hlt.I::tl~U-n::ff1H 

_.I •• "',.,,., ~I '''0 ImlnlJl911!1'U1::'\1dl~fl1 peak area fl1Jfl11lJl'UlJ'U'U'U{I~n'Ulffl91{1 1f1 fll'U1tufll correlation 

coefficient (i) fflJfl111~'U9IHU-n:: % recovery 

, 
Vll1Hll 3.1 V9I11t.Y1'UL'Ufl11l9l1UlJffl1-n::-nlt1lJl911!1'U 

Concentration (p.glmL) FNS std (SOOplmL) Niosomes sample (S,..glmL) 

50 ImL 4mL 

100 2mL 4mL 

150 3mL 4mL 

200 4mL 4mL 

250 5mL 4mL 

300 6mL 4mL 

4) ~fI,hnfl'U{I-3fl119111~1f1 (Limit ofdetection, LOD) U-n::~fI~lnfl 

'Uf)~fl111f1'1.11lJltu (Limit ofquantitation, LOQ) 

fll'U1tufh LOD ,,-n:: LOQ ~lflml~lJl911!1'U9IllJfflJfl1'i (3.2) 

,,-n:: (3.3) 

3.3 xSD 
LOD=--	 (3.2) 

mean 

IOxSD 
LOQ=- (3.3) 

mean 

5) fl11lJ~11'Vn:: (Selectivity/specificity) 

1911t1lJffl1-n::-nlUlJl911!1'U~'Ulffl91{1'nl~1~lJffl1aJfl1'U fi{l 
, 	 ~ ~ 

9h'1J~'Ulffl91{1 h~ul{11ctflJ Ufffl~~~91nl~Yi 3.2 1911t1lJl'id{ldl~CJil 3 fl'~ u-n::'th ''I.I11ml::,.f~dtl 

lf1~{1~ lfl1lJl1'Vlfln~1'\1-n1fflJ1'iO'U::tl~"-n::lmumYitl1Jth retention time 



41 

Concentration of finasteride (llg/mL) Niosomes sample (5 llg/mL) 

50 

100 

150 

200 

250 

300 

4mL 

4mL 

4mL 

4mL 

4mL 

4mL 

" Q.c:::I a" .Q

3.2.2.1 V V ml1J 1J nl 'j VI ~H' V~ WUJ11i ~H)1J ff'lHH 'VfU H 1 (Response surface 

methodology) (Asian, 2007) 

" nl'j~\PlJ'\.n~hi'1J~'\.Jlff1~V h~''\.J l,jU1J1J i ,j'jinViCJflJ'1!'\.J '~VVml1J1J 
" . 

nl'jVl~~V~~1tJ1~~V1Jff'\.JV~~'\.J~1i~tJ'~m'jvvnu1Jmi1'\.JHfflJn~1~ l~mnil~itJ'Uv~\1~Hhi'1J 

~1'H1.I1:::fflJ~1tJi,j'jummhl~~1,j Design Expert 8.0.1.0 (Trial Version, Stat-Ease,Inc., 

" 
Minneapolis, USA) i~tJiiil~itJ'Uv~~1u,j'jVff'j::: 3 'j:::~1JfiV (1) ,j11.l1W ''U,j'\.Jl1~MlJ~ (Xl)' 

" _ I"" " " ~I III.. 0 ,(2) 'jVtJ~:::'UV~lJ'j1J1WflVl'jff1~V'jV~ (X2) U~::: (3) fl111Jl'U1J'U'\.J1"l'\.Jlff1~V l'j~ (X3) mM'\.J~fI1'Utl~ 

" ~1U,j'jVff'j:::~~il Xl iifhvd'j:::M':h~ 30-50 %X2 iifhvd'j:::M':h~ 10-30 mM U~::: X3 iifhvd'j:::M11~ 
1 Q,I ... I I .cI"I" .c!I" ... 1 .CIt,.CIt, I " " 1.5-5 mM fI1'UV~~1UlJ'jVff'j:::1'H~1'\.J 1~~lnnnVl~ffV1Jl1JV~~'\.JU~:::lJ'j:::llJ\JfI1nl'j~V1Jff'\.JV~~ln 

Vll'H~ 3.3 ~1U,j'jVff'j:::U~:::'j:::~1J'UV~~1U,j'j 

....
~1U,j'jVff'j::: 'j:::~1J 

-1.682 -1 0 +1 +1.682 

Xl 23.18 30.00 40.00 50.00 56.82 

X2 3.18 10.00 20.00 30.00 36.82 

X3 0.31 1.50 3.25 5.00 6.19 
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3.2.2.2 '~;VlIhh111tJ l!1]fll 

L~; tJ1I9hi'tlvhJ1tn~tJ1'!i~11.h111tJ l!1]fll~"w1ilf1tJ:::'!l]ftJni'WU'lJ'Uuvfl 

1~mfl (coacervation phase separation) (Vora, Khopade and Jain, 1998)1~W'~;VlItJ~1I1W
" . 	 . 

100 mL rl-3U i-3:W'Wun~tJ1'!i~ ffUtJ'W 60 un:::f1tJ''!iff'~tJ'jtJnl'WJ~'j,.ri1'W~H '1 {i1~'illflfl1'!i 

til'W1WYi'1VltJ'!iUfl'jllth'~'il1tJ Design Expert 8.0.1.0 (Stat Ease, USA) Uff~Hrl-3~l'!i1-3~ 3.4 n-31'W 

m')S'W:::m;'1,fill,tJiinutJnfltJ8tJ-6tJ~1I1W 5 mL iI~lfhun:::th1tJ~'W~~W'HfJij 60 ·C ,ri'Wnn15 'Wl{i 
~ ~ ~ 	 , 

'il'Wffl'!in::nltJ1ri'W&'IltJ'Afnn'W 'illfltT'WL~1I'1htJ~1I1W 1 mL ~'W{i~W'HfJij 60 ·C ~tJ1tJiimri'Wnm 

5 'Wl{i tJntJvi-3 1fl..r'~'W~~W'HfJij..rtJ-3'il::nl1..r,n~fl1'!i~tJ{1I~1,ri'W11.h111tJ l!1]fll 'Hn-3'illmf'WL~lI 
Jl1.hlfl'illfl1tJtJtI'W1..rfl'!itl 100 mL 'Ill 1tJ1'fl'!il:::..r'Hl!tJvn:::fl1'!inm~mn !tJvn::fl1'!itl'!i'!i~Vl 
'U'Wl~f)".mfl'UtJ,n :::tltI'Illrl-3'm:::11~fftJtlfl1ll1f1-3~1'UtJ.:j9hi'tiltJ'!i 111tJ 1!l]fll~tJ1tJ 

. 	 " .... iii"'''' 10"''' ~~ 	 ,,~fl111-3T1 3.4 	 L'UlI'Wl1.:j'HlI~ 'W~l'jtl '!itJr.m::f11111''\I1I'\I'W'UtJ.:jfltJ''jffL~tJ'jtJn'm:::f1dlll''U1I'\I'W 

:W'Wlff'~tJh~1'W J~'!i1rl1'W~1.:j '1 ~1~'illflfl1'!itil'W1W~1VltJ'jUfl'jllnll~'il1tJ 

Formulation Total lipid (mM) Cholesterol content (%) Finasteride concentration (mM) 

1 10.00 30.00 1.50 

2 20.00 40.00 3.25 

3 30.00 30.00 1.50 

4 36.82 40.00 3.25 

5 20.00 56.82 3.25 

6 20.00 40.00 6.19 

7 30.00 50.00 5.00 

8 20.00 40.00 3.25 

9 20.00 40.00 3.25 

10 20.00 40.00 3.25 

11 30.00 30.00 5.00 

12 10.00 50.00 5.00 

13 10.00 50.00 1.50 

14 20.00 40.00 0.31 

15 20.00 23.18 3.25 
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"" i"': 'OQl~"JI "51Vll1Hn 3.4 4UllU'Yl..:jl'/llfi U~l'1J -:I tlllfl:f1111114U1l4UU4Utl..:jflfmffl~tl'tlflUfl:f11111l4U1l4UU 

~U1ff1~tlh~'U~~'Tthuili1..:j '1 ~i~~lflm'ti1U1f.U~1111t1'Umllthl~~ltJ (ilitl) 

Formulation Total lipid (mM) Cholesterol content (%) Finasteride concentration (mM) 

16 10.00 30.00 5.00 

17 3.18 40.00 3.25 


18 30.00 50.00 1.50 


19 20.00 40.00 3.25 


20 20.00 40.00 3.25 


3.2.2.31f14UU1f1UfI:thtJ':1'-nfll~fl1tl1.Jfl1f1 
4UU 1f1tl1.Jfl1f14Utl..:j,:1J1J1l1 ff..:j 1f1~1111ifl1'fl': 1V..:j Uff..:j lfllCJftl{ufI: tll 

, til. 

tJ,:,i -nfllVi fl1tl1.Jfl1f11f1~1111im' ff:~tlU4Utl..:jtJ,: 1Vi~ufl14Utl..:jtl1.Jfl1f1 lfltJ'~lfl;tl..:j Zetasizer 
fII 

Nano ZS (Malvern Instruments, UK) lflfJL~tl~H~h;1J11'ltllCJfll~1tJ'\.htJ'lff~lfl'tltltlU'U 
fII •• 

am1ff1U 1: 1000 ~lflil'UUl'tJ1f14UUlf1tl1.Jfl1fHlfl:tl1tJ,:, '-nfllVifl1tl1.Jfl1f1U.fI:l1fffl..:jtll'n'~ 
• fII 

lrlUtl1m~1l4Utl..:jm,1f1 3 f1;..:j 

"" ... 1"" ~I , ....; '" d 'II ,._ I ...,. ,.
3.2.2.4 11f1n:l'/lJ'1l1f.UTtU1ffl~tl 'fI'Ylflf1tfl1JUfI:1J", LU LlJ'U Ltl LCJfll 

U1~h;1J~U1ffl~tlh~~'~1J1;1U1l'/~1l.!J~1tJ6~'11~1 50,000 rpm lriU 

• A" d 
L1f11 1 i1111.!J ~1fJLfI'tl.!JiJUll'/111.:Jfl1l11111tJ.:J (Optima™ L-100K ultracentrifuge, Beckman, UK) 

fII 

~lflil'Ul~1Jff1U'ff~lU1Julll11lmtl..:jfhum:fl11:1mtl..:j4UU1f11'rtlU 0.45 Ilm U~1Ul 'tJ11fln:,f 

tJ111lf.U~Ulfft~tlh~~1fJLflftl..:j lmlll1'Ylm1~1l'/fl1ffll'HIU:tJ.:J (Waters, USA) ~lmfuUltll 
.1"" ..;, " ... 1liI.1 0 'J! .... d " 
lJ' 1J1f.U4Utl.!Jffl' ')1 fI ~1flf11' 11fl n~l'/ LlJfl1U1f.Ul'/ 1-:1 tltJfI~f11' flf1tfl1Jtl1UfI:' tlllfl:m'1J",tJ1 . 
~..:jffllm,Vi (3.4) UfI: (3.5) 

" .... d • Ct· Cs 
'tltlfl:m'flf1tfl1Jtl1 (% Entrapment efficIency) = -- x 100 (3.4) 

Ct 

" Q-a
'tltlfl:m'1J"1t1l (% Drug loading capacity) = x 100 (3.5) 

Ct-Cs+CI 
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II 

hw 	 Ct flV ,jllJ1W~1tll";·nnJ~ 

Cs flV ,jllJ1W~1m~',j\lflf;fH~'U 
II 

CI flV ,jllJ1W''U,j'U'';~l1lJ~ 

3.2.2.5 'VI~ffV'UmllJfl~~1'UV~~i1i''U1,j'n11v1CJflJ 

1) 'VI~ffV'Ufl11lJfl ~~1'V1Hflltlfl1Vi 

o 0 ... 1- I 	 "'1 1 d IIJ" 1 " .,; ...'Ul~l'l''U lJ'l''U V CJflJlJl!fl'U l1fl1tl ~fffl11~fl1'UfJlJ'VI~Wl1tJlJ 4 ·C, 

~ 4 d QI I 0 QI 4 .4 
25 ·C 75%RH !m~ 40·C 75% RH !1J'U'l'~tl~!1111 4 !~V'U !fl'U~1Vtll~'UV~~1'l''U 't'JfH~V'U!ViV 

, 	 II 

,j'l'~!ij'Ut1m:IW~'VIHflltlfl1Vi !'li'U fll'l'L,jiltl'U ff'UV~1,j'l'u1V1CJflJ fll'l'Utlfloi'U 1~'U'Ul~m.Pl1fl~1f1 

Lfl~V~ Zetasizer Nano ZS (Malvern Instruments, UK) 

2) 1!fl'l'1~..r,jllJ1W~'Ulff!~V ''l'~1'U1,j'l'ii1v1CJflJ 

L~'U~i1i''U1,j'l'U1V1CJflJfl1tll~fffl11~fl1'UfJlJ~~Wl1tJij 4 ·C,25 ·C 

~ 4 QI' QI .4 _I Qd 0 4
75%RH Ull~ 40 ·C 75% RH !1J'U'l'~tl~!1111 4 !~V'U !fl'U~1Vtll~'UV~~1'l''U't'JfH~V'U!ViVlJ'l'~!lJ'U 

" ... 1t::1l1...d" 	 11"' .. 1...... .1_I: .. l ... I~I •.11<'ilr.o6>IIJ .. ,t~1.""'~6> .•'l'Vtlll~fll'l'flfHfl'UtllUll~'l'Vtlll~fll'l''U'l''l'~tll rlu HI. ..lJ ........ TtH bI'rlU t.rlrl I..m.u," 


1fl'l'lJl1'VIml~m 111fflJ'l'Hl'U~"l~ (Waters, USA) 

3.2.3 'VI~ffV'Um'l',jll~,jriVtltll fll'l'C]flJN1'U'VIH~bmj~ull~fll'l'C]fwh'U'VI1~1'IJlJ'U'U'UV~ 

~'UlffL~V ''l'~1,j'l'U1V1CJflJ 

3.2.3.1 'VI~ffV'Ufll'l'll~llltl'UV~~'Ulff1~V''l'~ 

L~lJ~'UlffL~V''l'~,jllJ1WlJlfHn'UViV (excessed drug) ll~ l'U~1Vil11~1l1tl 

NfflJ'l'~l1':h~LVVillUVllflV~V~n'Uffl'l'll~llltlvJVff!vJ~,j'VhvJvl (pH 7.4) l'Uti~'l'lri1'U9iH '1 flV 
II 

0:10, 1:9, 3:7 Ull~ 1:1 ,jllJ1W 1 ijlliiii~'l' ~llJi;,~'U ~lfl,r'UVilfll'l'L'U~11'U{h~fl1'UfJlJ~Wl1tJij 
, II ., • 

.ct Q JJ , QI d M d JJ 4 
(water bath shaker) 'VI 100 rpm ~Wl1tJlJ 32 ·C ~'UL'Ul"lfffl11~fflJ'l1l ~lfl'U'U~~lJ'Um1tl~~1tl1fl'l'V~ 

il'Um~tl~ (Centrifuge) (MR 23, Jouan, Germany) ~ti~'l'1!~1 12,000 rpm L;j'U!1111 5 'UTn Ull~!~'U 

ri1'U 1 ff,jllJlm 3 ~L !~V~1~~1tlV~cif1~''U'~1 \11 ',j1Lfl'l'1~..r,jllJ1W'UV~~'U lff!~V ''l'~~1tl 

Lfl~V~ 1fl'l'lJ·11'VIml~m1l1fflJ'l''l'fl'U~''l~ (Waters, USA) 

3 .2.3.2 'VI~ ffV'Ufll'l',jll~,jriVtl~1tll~1tl1'V1flUfl,~V~, llcifff 

'Ill~hi''U1,j'l'u1V1CJflJ,jllJl~'l' 1 mL Ull~ ffl'l'll~llltl~'U lff!~Vh~ 

(1l~1l1tl~1tlffl'l'1l::1l1tl~1fllll~) lril'U dialysis bag (Cellu Sep T4® MW cut off 12,000-14,000, 

Membrane Filtration Product, Inc., USA)l~tll~ffl'l'll~llltlNfflJ'l'~WjH!VVillUVllflV~V~ 

n'Uffl'l'll~llltlvJVffLvJ~,jvJLvJvl(1: 1, pH 7.4) ,jllJlm 20 mL L;j'U ffl'l'1l~1l1tl~1flllH L'U~1~1tl 
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.., q .d Q 0.1 d • d GI • 

lfl·H){ll'UtJ1f11lJfJ1J~fl.!l1fJ1J (incubator shaker) 'VI~fl.!l1fJ1J 32 'C fl~'11'1 100 rpm ty1JlfllJ~1flfJH 

tJ;1J1fl.! 0.5 mL ~l1n1 0.5, 1, 2, 4, 8, 12,24 un:; 48 i111J{I ~l1JthA1J ~lmf'U1Lm1:;ti'tJ;1J1fl.! 
VJ'UTn'I~flhfl'A'1f.ILfI~fl{llfl'1J11'VItl'.i1VJll1nTn'1J"fI'U::"l{l (Waters, USA) 

cI Q Qlcufl
1) m'H~'fJ1JH1'H'U{lff~1'V1f1nfl{l 

N111ir{I~ 1~' 'U tl1, 'VIflfffllJfl fl N111 ir{I 'U fl{l\1 tltytl' ~ 1fJU'tllfl fI 

~ltlflfl.!:;ltl1:l~' f11ff~{ 1J1111'V1fJT5fJ~lJn '.i l'lftilU lflfJU l\1tl tym~lfJmmflfl1J1~flun::nfltlN1'Hir{I 
!II !II • 

'Ufl{l\ltllltl'.iflfltl l1'U1J;11fl.!'.i11'U1J 1 1 ~ltlir'Uf;,ifl;r'U1'U,j'U;jN1flfltl~1fJ1fllCJ1h~n't1'Ufln un:: 

ltl'U'U'U~1fJ'lJijflltl'UU~1u11tJl~lJ11~~fl.!l1fJij -20 'C 11~{I~ltlJ'Ul~;fJ1JN111ir{l~1~1'U 
!II • 

m'.i'VIflfffllJ lflfJfl1'U1N1'Hir{l'Ufl{ll1\11J1~fl1 ~ijVl'U'n'U'U1f1 3.5 cm
2 

un::u11tJm11'Uff1,n::n1fJ 

'rIflffl'rl~u'rll'Wfl{ (pH 7.4) 1~lJ1'U~fllJ~fJfl.!'HfJij 37 'C lrl'Ul1n1 24 i111J{I 

2) 1im'.i'VIflfffl1Jm'.i.1JN1'U'VI1{1N111ir{l~1f.1l'VIflUfi Franz diffusion cell 

" 0 0 OJ "_1 ..."" ..l... ,I _I'" 1 '1IflfJ'U1~1'1J LlJ''U Ifl !CJ11J'VI1~'.ifJ1J'U'U1J'.i1J1fl.!1 mL ff 'U donor cell 

un::1~~T);'n::n1fJ~1~~ltltll'.i'VIflfffl1Jtll'.in::mfJ'Ufl{lfJ1W'U1ffL~flhfl' t1;1J1~'.i 13 mL lrl'U 

ff1'n::n1fJ~1tlnHl~1J1ri1'U receiver cell ~fl.!'HfJij~1~ 32 DC ~1Jl~1J~1fltiHtJ;1J1fl.! 500 JlL un:: 

1~1Jff1'.in::n1fJ~1tln1{1tl~1J1'UtJ;1J1fl.!l";11~1J l~1J~1flti1{1~l1n1 0.5, 1,2,4, 8, 12 un:: 24 i111J{I 

~l1J~;'AlJ ~ltlJ'U U1 1 tJ1lfln:;ti'tJ;1J1fl.! VJ'U1ffl~fl1'.ifl'~1f.1lfl~fl{l1m1J11'VI tlnVJmn1ff1J" fI'U::ff{I
OJ 

(Waters, USA) 

• !II 

U1N1'H ir{l \ltltytl'.i U'.itllflfl;j 1A' ~ltl;r'U ~fl'U tl1 '.i l~;fJ1J N111ir~1J 1 
!II • !II 

'VIfi fffl1J tll,.1J N1 'U l fI fJ'~l~1J ~1JU1fJ llfliifl1Jlg1JU~1U11J1i1f11"J1J'U'U;jOd1J'U N111ir{l ih11lrl'U 

'" ,,: ... d" : .... ., ,..
l1n1 5 'U1'V1' 'H 'U 1fJ1lfln01JlnlJl1'H~ ~ltllJlJ'U1N1'H1J~1tJ'VIflff01Jtll'.iCJ11JN1'U'VIH1"J1J'U1JA''':w 

l'VIflUfI Franz diffusion cell (Aranya et aI., 2012) fffll1::~1~'Utll'.i'VIflff01Jm)jOlJti1Jm''VIflff01J 
.d, Q QI 

m'.iCJ11J N11J 'VI1{1 N1'H 1..1 {I 

3.2.4 tll'.i 'VIfi ff01JtJ'.i::ff'VIiflll't'UO{lVJlJ 1ffl~ fl hfl'ltJ '.iUl 0 1 CJ11Jun:: tlU'VIflfffllJtll'.i 

... ..., OJ <I 
'.i::fl1f.ILflO{lN1 'U ff~1'V1f1nO{l 

3.2.4.1 ff~1'V1f1nO{l 
'IV rI cl,. " 4 0 QI 4 cIQ GI

ff~1'V1f1nO~'VI !'If'VIflfffllJtJ'.i::ff'VI1iflll't'UO{l~l'1J flfl mod(l1J~m (mice) 

.,<1 "'" <I: OJ '" ...ff1fJl't'Ul C57BU6Mlac ll'tf1~ m~ 7 fftJfl111 'U1'HlJtl 18-22 m1J un::tll'.i'VIflfffl1Jtll"::fl1f.ILflfl{l 

QJI I GIrl II: QJ Q (t,I

Wl1'lftl'::~1fJff1fJl'tlJl New Zealand white rabbit 1l'tf1~ 1J111lJtl 1.2 -1.8 tllnm1J ~ltl 
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tJ tJ 

I!fUtfff~{"~i'ltHU";.:!'.If1~ 1I'1111"v1ftVlnl~i'l1"Vliiiv.:!ff~{"~i'lO.:!11.:!ffO.:!'~lu..rfHff~{"~i'lfH 
'" ........ ... !'II "'t.1 .. , .& "", ...


'\IO.:!f'ltu::1.flff'.lff11ffm 1I'H11"Vli'lVf.J1Ji'l'il'}j'1j1UllJU'.i::V::ni'l11 ff ~TI1nOUt11'.i""i'lO,:! t)I.:! l~'.i1J 

0t4t111~~lflf'ltu::fl'.i '.i lIfll'.i ti1t11JtlUi'lfll'.i 1irmm::1cflff~{'\IO.:!1I'H11"tJ1ftVf.J1Ji'l'.i 1'}j'1j1ilu~1 l"vl..r 
• tJ • 

ff~ {"~i'lo.:!nU 0 1'H1'.i ff11~~ It.l~111111~'.i !lU '\IO.:!ff1lJfl ff~ {,,~ i'l O.:! U i'l:: ~1I tl1~i'l O~11i'l11t.1iiivu 
II I' 'JI." 

f)1'H1'.i11'n~tl1~1Il'Jfl1U 1t.liiivU1ff~'.iO,:!UOufft.l~1,fi'l:: 2 f'li'.:! ff.fl11::fi'flUfll'.i1iiiv.:!ff~1""i'lo.:! 
tJ tJ • 

lJU~f).:!ijf.Jtu'HfJii 23 ± 2 ·C ua~ijfl1111;1uffllimj' 55-60% ff1'Hi'1J'.i::v::na1fiffllrlffUff.:!flf) 1i1" 

'-W 12 ;r111l.:! Ui'l::iI,,'-w 12 i'111l.:! 

3.2.4.2 "~fff)1Jt.I'.i::iY"i.fl1'Yi'\lo.:!:nU1ffl~OhA'lt.l'.iiHf) It)lll 

tl1'H'lfi1Jifl'.il'Yiflij ff1viUl C57BU6MLac 01~ 7 fft.l"lM ~lU1U 
tJ 

30 9i1 uu.:!oomi1u 6 mill fl~lIi'l:: 5 9i1 Ui'l::'.i::~fl~lI~l.:! '1 ~.:!il 

fl~lI~ l1i1Ufl~lIfl11JfJlI (Control: hi"lffl'.i1", Blank proniosome) 


fl~lI~ 21i1Ufl~1I""ff01Jffl'.i1l1m!lU (Positive control: 2% minoxidiI) 


fl~lI~ 3 1i1Ufl~1I""ff01Jffl'.i (0.1 % fmasteride proniosomes) 


fl~lI~ 4 11jUfl~1I,,~iY01Jff1'.i (0.5% fmasteride proniosomes) 


fl~lI~ 5 1i1Ufl~1I"~ff01Jffl'.i (1 % fmasteride proniosomes) 


fl~lI~ 6 li1Ufl~lI"~ffD1Jffl'.i (1 % fmasteride solution) 


GI'ItI..:s llll 
tJ 

c:l 
• 

tI ~ - w t.IoJI:lI,

'Ha.:! l'H1I'YiU"fl11.:!'\IU1" 2 It)lU~lll~'.i V114 It)1U~lllm "'ffl'.i"~ffD1Ji'l':!1J'.intu'Ha.:!'H'l '.i::1I1tu 
, I II , 

0.1 mL l~viil swaps ,bV'Ufll'.i"li..r1111J'intufi"~fff)1J 1"v'H'llUfl~lIfl11JfJlI'il::uu.:!-nufi1i1U 

41Vua::'\I111~v;JH41vhj"lff1'.i ,,, tldU;J1.:!'\I11"11t.l'.iU1D It)llllt.lftl ffnti'1Jmjll"~ff01J'il::"l 
Q .l ~ : '" 2 S ~....I" "'t.1 ..~ '" l~lI'YiU""~ff01J 'illflUUff.:!lfl~fl11111'U1I'\If).:!·CI'\IU"lfl~'\IU lUff ~1'H" 0, 1, 2, 3 Ui'l:: 4 Ui'l::l'H 

'.i::~1Jfflfli'lt11'.il'il'it1l'\lf).:!ltfU'\IU~111lflWari'fll'.i1'il'it1l'\lf)~ltfU'\IU (Naphatsom et al., 2012) ~.:!~1'il~ 
~ i ....t.1 ..~ '" Q.l 2" '" • 2 ..............
"3.5 ua:: Uff ~1'H" 4 111f)"~i'lf).:!lff'.i'ilffUurn l'Htj.l1'H\ii'l1Vfll'.i'.i1lf)'''f)'.i Ui'l::~"r-I1'HU.:!'\If)':! 

i "'... :<1"", 2 <I'" 0'H'l 'H1I'\IU1" 5 Ilm 'illflUUM l'lf 10% neutral formalin ", Ut11~H~1tl paraffin wax ua::"lfll'.i 
tJ • 

~f)lIiY~1V Hematoxylin 1m:: Eosin (H&E) 'illfllJUtl1't.1 fff).:!~1Vfl~f)~~i'l"'.i'.if1,rfitilft':!'\IV1V 40 

'" tJ. 
ua:: 100 n111'YiOfffl'l:I11Uf)lVf)'\If).:!f:hww.:! (Soojin, Weon and Jinnyoung, 2011) 
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o 
... ... .1! ~ ... 

tJ 
... 

• 

1 1Jfl1'.it'il '.it.y'U~.!JtuU'UU It'lV''U:: 20 'U~.!J'ViU 'VI'V1fH"~U 

... .. .1! ~ ... 
tJ 

... 
• 

2 1Jfl1'.it'il'.it:y'U~.!JtuU'UUl~Vn~ 20 - 40 'U~.!J'ViU'VI'VIflff~U 
tJ • 

... .. .1! " ... ... 
1Jfl1'.it'il'.it:y'U~.!Jl·"U'UU'.i~Vn~ 40 - 60 'U~nfU'VI'VIflff~U3 

tJ , 
... ... !JI ~ ...... 

4 1Jfl1'.il'il'.it:y'U~.!JtffU'UUl~Vn~ 60 - 80 'U~nfU'VI'VIflff~U 

..... !JI ." ",J',.;
5 1Jfl1'.il'il'.it.y'U~.!JlffU'UU1Jlflfl11'.i~Vn~ 80 'ilUtfl1J'ViU'VI'VIflff~U 

... .... IV " !JI ..
3.2.4.3 'VIf1ff~Ufl1'.i'.i~fllV1f1~.!JN1lUfffl1'V1f1n~.!Jfl1V1'V1f1'Ufi closed patch test 

'.hm~9hvfflVi'UiNew Zealand white rabbit t'Wf1~ ~1'U1'U 4 ~11fl'U'U'U 

U;nW'tf~{j'U~.!Jfll~~hv'fljj'U'Ulf11.h':;1J1W 6 cm
2 Vilfl1'.i~fI gauze pad 'fl1~'U'Ulfi 1 x 1 em 

tJ 

til'tf'Ufiiflm~9hv 1 ~1 'VI19i1i'U'ti.!J'tf1JfI 6 ml1J'VIflf16.!J fl~ 

. ... . 
fl"l1J 1 fI~ fl"l1Jfl1UtJ1J (Control: gauze pad) 

, ... , 
fl"l1J 2 fI~ fl"l1Jfl1UtJ1J (Negative control: blank proniosomes) 

mj1J 3 fltl ml1Jfl1UtJ1J1Jlf1'.i!1'U (Positive control: 5% sodium Lauryl 

sulphate) 

mi1J~ 41fi'Umj1J'VIflfftlUffl'.i (0.1% finasteride proniosomes) 

mi1J~ 5 lfi'Uflq1J'VIflff~Uffl'.i (0.5% finasteride proniosomes) . 
'.d <4 , 

fl'i\!1J'VI 6 fI~ fl'i\!1J'VIflff~Uffl'.i (l% finasteride proniosome) 

tJ 

u19i1i'1J'n.!J 6 flq1J t1;1Jlwflq1Jn: 0.1 mL 'VI1n.!Ju'U'tf~.!Jm~~hv UfI';U 

tj} .d d lit gJ ~ ~". Q d't " 4 ct. 0 .,,".Q
fl1V guaze pad 'VUfl'.itl1J nUu11.1f1f11VUN'U'Vi"nffflfl'VI &1Jfltl 'tflflflfl1'.i'.i:fI1Vlfl~.!JN1'Ulfl'.i~fllV 

tJ • tJ 

fl~1Jl~lflH1'tfijtl'Ut~1Jii.!J'~ 4 i111J.!J l{1.!Ju;nwp:j1fl'.i:;9ilV~1VUlff:t:l1f1 t1'.i:LflUt:l1fl1'.iUfI.!J 

(erythema) un: tllfl1'.iU11J (edema) ~1Vfl1'.iff.!JLflfl (visual scoring) ~nnl 1, 24, 48 un: 

72 i111J.!J 'tf~.!J'illflUl gauze pad tl~fl (Schmitt et al., 2008) ffl'tfi'1JlflW~fl1'.iff{jLflfl Ufffl{jfl{j 

fll'.iH~ 3.6 lrttltl'.i:Lfl'U ~1fl11UfI.!Jun:U11JUl{1'flU1Nnfl11'VIflfftlU~1$itt1til'U1wun:t1'.i:Lfl'U 

fl1'.i'.i:;fllV1fl~.!Jp:j1f111JLfltu~ Primary irritation index Ufffl.!Jfl.!Jfll'.i1.!J~ 3.7 

http:1Jfl1'.it
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tTAni! 

o 
±1I2 

... d " 1 lJm fnl"~.:J l'rI~1J1lJtrI fl'U 6tJlJ1fl 

... ~ d " 2 lJmfnlU~.:J':l1~l~'UUrltmfnl1J1lJmfl'U6tJ 

3 ijmfnm~.:Jl~~1J1.h'Uflrll.:JD.:Jl'UUHUrl~mfnl1J1lJ'l.h'Uflrl1.:J '\f'Ul~'lhtlJ1W 1 mm 
... ... I 

4 lJmfnlU~~1'UUl.:JUrltlJmfnl1J1lJlJ1flfl11 1 mm 

Vll1H~ 3.7 l~A1JfnHtfl1tllt16.:JFh (Primary irritation index) 

Primary irritation index 

0.0-0.4 

... ... d " 
Lfl~fnll~ fl1 tllfl6.:Jlrl fl 'U6 tJ 0.5 -1.9 

lfl"fnll~ fl1 tll ti6 .:J'l.h'Uflrl1.:J 2.0 4.9 

5.0-8.0 

... " ..,; 1"1t1 d tI'"0fnnlfll1t'H'HU1fl11tVll'HlJ1tfflJ 'If lUmlJffl1l~1 fl6 Design Expert 8.0.1.0 

(Stat Ease, USA) Url::fl16fl~ (Bias) Uff".:Jf.lrlfnlVl"rl6·:UrJ'UflwngtJ (Mean) ff1'UlfltJ.:JL1J'U 
, 

I ... I 

1J1V1lj1'U (Standard deviation; SD) fl1fl11lJflrl1~'flrl6'U~lflff1'Uflrll.:J (Standard error of mean; 

..." I "1 ...... " ..,; ~,.S.E.M.) Url::11fll1::'Hfl11lJUVlflVll.:J',i::'H11~fllllJ'\f6{j'\f6\trl 'UVlHfftlVl~1tJ Post Hoc Tests Vllt~1J 
, ,... ~ 

fl11lJl'lf6lJ'U 95% 



, 
q

11rl'n 4 

QI QdQ d'~1 i " 
4.1.1 OTn'tPJIUl11i11fl11Z'M."Ult'1'l"O ltl 

'" ""... .,. "~I i"" All ~I\l10fl11'nPJIUl11i11fl11Z'M."Ult'1'lf10 ltltllrJlfll0il fl1 111 'YIn11." t'l'1I 11flU Z'Q;iI 

(high perfonnance liquid chromatography) 1~f1otill,r~ij'UUltl0'4f11f1UflZfll111Vl1'IJOilflotill,r 

lr1U CI8-0DS UfI::i~tJ;1I1tUt'I'11il0fhill'Vhtl'U 20 ilL t1'fll11~11 mUmin 11f111z11'VlUlt'1'l"oin1 

91 ..i A 1 ... ....t!'ll A
tllV uv detector 'YIfll111Vl1f1f1U 210 nm tlfJUVflt'l'11U'U'Uln11tlfJUfI 91i111JUfl11UfJOt'l'111'nOUVOfJ 

II: ,..d 'Q flQI:JI QI OJ 

Oil f1tJ 1 zoo1J'YIil11l1tl'UOil t'l'l1tllfJlf1f11f11f1 flOU'YIl Z'Ml1i1 UJ 'YIfI UOflflO efO fI fl 'UU 1 UfI::1f1f11 fI 

~..:l .Ql i i tI Q,I: : 1" 0 4 d ~t QI

lf1f10U'YI1Z'M11i10::91 fll U fllfl'UUl 'illflUU 'MUl Scouting gradient run 'lJOillf1f11f11f1f10U'YI'YIiI 

t'l'Oil itJ'Mlf111111111l1Zt'I'lI1 UflllUfJfllf111111"un111'IJOilVlUlt'1'lf10 i 1 f>l'11 fI11icNfll1UfJflu'U'Uitl ~iI 

'illflf.lflflll'Y1tlfl0-3'n'U11 Al Scouting gradient run ~fllUltUi~'illfl1f1f11f11f1g0U~'Z1111i1 

11liiflUOfl flO efoftflmllijA11'Vhtl'U 0.19 UflZ1f1f11f11f1g0U~,::11 11i10::tiil", i U iflftimllijAl 

, '" i'" d.i" t f OJ ~ 4 i ..4d t d JI.
1'YIlfl'U 0.08 1IZ1WU tll1f11'Y1 tl'YIilt'l'OilllfllUOfJfll1 0.40 tlilUUflllUfJflTJUltYlflO ltl'ililfll1UfJfl 

iUll'lJ'Uio1911fl1~fl 

lrlOfllUltU111t1'fll1thu~ L11111::t'I'll~1~iU flllUfJflVlu1 t'l'1f1 0 i If>l'ltlfJfllU1tU 'illfl 
• • $I 

lf111111f1Un1l1u'U'lJ1n1'~VU') 'n'U111f1f11f11f1ftouill::1111i111liiflUOflflOefOfttl1.nh ijt1''',1fhu 
t , II , 

,rlu 65:35 UfI::1f1f11f11flaOu,h::Wlli10::tiil",iu i"ftlmh ijt1'flllfhulrlU 50:50 dj01Wfl~1V. . 
QI A.d QI • Q,I' t t.:& , • QI .d QI 

l"fI1f11flflOU'YIUfI::Oflllt'1'IUtlilflfl11'n'U1111f11 retention time l'YIlfl'U 13.522 Ul'Y1 (Ut'I'tlilflilfl1'n . . 
;]4.1) !LfI:: 8.795 Ul;] mllth~'U (Ut'l'flil~ilfI1'n;]4.2) 

http:n'U111f1f11f11f1ftouill::1111i111liiflUOflflOefOfttl1.nh
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-
1l1'Vt~ 4.1 	1mlJ119'1umlJ'\I0~~'U1fft9'l0h~ trloutlflU'I.1'1.1101CJ1tfl'l~fl (Isocratic) ~1t119'1mfl 

tfl~O'W~'l:::"" 'h~tlJii"'UO"'flo~oaO'm11 1'Wtl9'l'llff1'U 65 :35 

• • ~ . 	 • ';.00 • • d.OO • • ..00' .o.otJ. •12.00 • . ,4.00 • • to.OO • • ,;'.00 • • 2<i.OO 
M_ 

.:t'i' 'i' ~I 111".4 liI'i'''' 51..,
1l1'Vt" 4.2 	 &mlJ1 &9'IumlJ'\I0~n'U1ff19'10 t'lfl tlJtJ1WflU'l.1'1.1 to &CJ1tfl'9'Ifl (Isocratic) fl1V19'1mfl

...J 41 1....f \1 \II .I GI : I 

LfI"'0'W't1'l:::""11~tm:::0:::CJ1 9'1' t'U t9'l'lfl'l.1'U1 'U09'l'lff1'U 50:50 

". 	 . 
'lfl,r'U t1l'l.1tl9'l'l1ff1'Uti1~'lflf11'l IWfl U'I.1'ULm L~v'W9i''Vt'l.1'h 1;j01 Wfl~'U1ffl9'1 0 1 nf 

• • 	 III 

~1V19'1mfltflftO'W\h:::wh~llJii",uO"'flO~OaO'mh1'Utl9'lnff1'U 70:30 Jjth retention time "hO''l.1 

.. QI.J 4" "" <ill .A.J • 4 ... \II J
4.777 'W1't1 (llfffl~fI~m'Vt't14.3) Im:::1Wfl11'W1ff19'10 t'lflfl1V19'1mfllf1"'0'U't1'l:::""11~0:::CJ119'1'l t'U t9'l'l 

" 	 . 
O'm.h1'Utl9'lnff1'W 60: 40 ijth retentiontime t,hO''l.1 6.001 'U1ti (Ufffl~~~m'Vtti 4.4) 
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o 

o. 

, e.od • , a.OO ' '.o..od . . .;o.x . ' • .oJXI ' • .,';'00 • •1e.00 . ':ni.od 

.d ,.,. ... lII .. A 111,.... )I ...

IHrtn 4.3 Lfl·.i1111~Um1J'IIO.:l:nU1a'I~0 11~ 11JOUVflU'U'U 10 lar'fl'i~fl (Isocratic) ~1V1~fl1fl . . ,. 
IflfiO'l.fii1::'H1HI1Jii'flUO'flfl080i:l'timh 'UO~'n~i1u 70:30 

A.d, ...,. 111 " ..... :, '" ,
Ifl'fl0'\..I'VI':i::'H11.:1U'fI::0::ar 1~1 LU L~1fl'UU1 UO~11a'1U 60:40 

,. 
1::'H1Hvtflfl.:la'O.:l (Rs> 1.5) fil Tailing factor (0.9 S Tailing factor S 1.5) "'fI:fh~lU1UI"''fI'VI'VIH . . . 
'VIfllJ~ (number of theoretical plate) fl11iifhq.:l iia'fl11:,jH '1 "''U111~mfllflfiouii1:'H1H 

,. . . 
0:;:;1~11u'~ftitJ'\111uo~'nfhu 60:40 iifl111JI'H1J1:a'1Jiiq~ l'il0.:l~lfliifh resolution 1:;:'H11.:1 

vtfll'Vhti'U 3.07 fil Tailing factor I'VhtitJ 1.13 ~.:Iod'U'lh.:l~tlO1Ji'tJ'~ 'L'fI:;:fh~lU1UI"''fI'VI'VIH. 
4'41 41 Q 

'VIfllJt}1'VI1fltJ 5,323.94 "a'~.:IN'fI~H~11H'VI 4.1 

http:5,323.94
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.:l, . .. . .." 4 tI
ft11Hfl 4.1 fll ResolutIOn Talhng factor un::: Number of theoretical plate 11l611fl'n:::H 

~1tJ1fl~6~lfl'.illl1'V1mll11Hn1ffm·Hl'U:::t.l~ 

Mobile phase Ratio Resolution Tailing Number of theoretical 

fador plate 

210nm 210nm 210nm 

... J :: 
ItifliUIODtlOfJOD:Yl 70:30 1.57 1.13 3,555.44 

65:35* 3.03 1.30 5,274.98 

o:::;lft'l'Y'ft1:,l1 60:40 3.07 1.13 5,323.94 

50:50* 4.04 1.25 5,362.17 

.4 QI ,.J,~ 0 _ tI 

* fl66~nff1'U 'VI \)lfltll'.ifl1'U 1tlHllfltll'.ilWflU1J1J1m If!fl'U ~ 

4.1.2 tll'.i~'.i1\)ff61Jfl1l1l1~6il61~1Il6~1i11fl'.i ltl1 

1~6';fJI'U l1i11fl'.il:::11l1'Ulff'~61nf1~''U fffl11t~1H1l1:::ffllUa1 ;~m1\)ff61J 
fl1l1l1~6il6 1tl'1Il6~1i11fl'.il:::111f!fl\;'ill'.iWl'illfl 

~ '" II ... " 4.1.2.1 fl1lll"llVt'Util'lr~lff'U~H (Linearity; n = 3) 

............. " • "" ~I 1"p.mtll'.iH lfl1lllffllVt'Util'lr~UY'U ~'.i ~'.i :::H1Hfl1l1l111l1l1ll'U1Il6~11'U lffl~6 '.if! 

QJ t cS QI QI fl4..1! l' tJ" •• 2~
fl1J peak area Vt1J1lllfl1lllffllVt'Util'lr~llT'U~H 'U')j'1~fl1l1l111l1l1ll'U 50-300 J.l.g/mL un:::llfll r 1lJ'U . 

.... cO 

0.9995 Ufff!~f!~.fllVt'VI 4.5 

http:p.mtll'.iH
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6000000 

5000000 

4000000 
I»= 
"'" = 3000000...::d 
I»= =- 2000000 

1000000 

0 

Y= 16281x + 3531.2 

R2 = 0.9997 

0 100 200 300 400 

concentration (f.1g1ml) 

..i _.I ~I 1 .. A... .. 'JI All ~Im'ftfl4.S m111lJ11111!lU'U6~llU1fflI1l6 1fUlJ611fl11::'Mfl1mfl16~ fI11J1 'VIm111l'Mtl'l 

fflJ1H}UZ'l~ (n=3) 

. 
4.1.2.2 f111lJ1Vitl~ (Precision; n =6) 

f} n 'VI fl ff61J fI 11lJ 1 ~ tl~'U 6~1n11fl11:: H'l fl tl f} 111111'i tlll ffn a::a 1 tl 

~I 1 .. d Y. 'JI ,
1J11111!lUllU1fflI1l6 1fl 'VIfl11lJ1'UlJ'UU 50, 150 ua:: 300 IlglmL ua::11I11\lff61JfI1 %RSD 'U6~ 

retention time ua:: %RSD 'U6~ peak area 'U6~ff111J11111!lUVJU1fflI1l6h~VnJ11 til %RSD '1.16,:) 

retention time vd'U'1b~ 0.005-0.012 ua:: fil %RSD 'Uv~ peak area vd'U'1b~ 0.01-0.05 ci1~l~u 
til~tlVlJi'1J1~ (%RSD < 2) Ufffl':)~~111111':)~ 4.2 

..i . . d 'JI 'JI 
fll1HfI 4.2 %RSD 'litH RetentIon time ua:: Peak area 'VIfl11lJ1'UlJ'UU 50, 150 ua:: 300 IlglmL 

Concentration (f.1g1mL) %RSD(retention time) %RSD (peak area) 

50 0.012 0.05 

150 0.006 0.01 

300 0.005 0.03 

http:0.01-0.05
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4.1.2.3 fl1111UtiUVl (Accuracy; n=3) 

" fll'I 'n ~fI'tJlJ fl1111 uti'U Vl~tJ~11i1lm 1~..firU ~~1~U fll'I l~lI fl'1'I 1I191'I!1'U 

~'n'IllJtll1l1W ~ut.iu tJU ~~ i UfI'U~1tJf.h~iil tJ 1C)fllu~1fi1U1Wfl"'lJlIl1~ufi1flU 1~fl"'lJfiu 

(% recovery) ~lflN~fll'I'n~~tJ~'WlJ'.h ii % recovery tJdiu';1~'I~ ..dH 92.42- 102.69 Ufl',,~til~ 
..I 

9l1n~'n 4.3 

..I ... WI ...J "it' .J... d G! ""'1 1Al1H'YI4.3 % Recovery ~tJ~~U1f1'l91tJ l'IflVlfl11111~1I'1.1'U911~ '1 VlflfllfllJ l'U'U tJ C)f1l 

Standard concentration (p.glmL) % Recovery 

50 102.69 

100 93.32 

150 92.42 

200 94.75 

250 95.25 

300 96.61 

4.1.2.4 ;jfli1tifl~tJ~fll'I91n~1fl (Limit of detection, LOD) u~~;jfli1tifl~tJ~ 

fll'I1fltll1l1W (Limit of quantitation, LOQ) 
SI ", I 

~1 fl flU 'n~ fl'tJlJ;j~i1tifl~ tJ~ fllHln~1~1 ~irU fl1111l.fl1l.flu Vi~h,htflVi 

fl'11l1'IfJU111l11fl'1~'H1~1~v'tiiiff~~lW'IlJfl1U 1l~1'Wll1lfi1U1w'~~lflm1yj1l191'I!1'U~tJ~ 

~Ulf1'l91tJh~ TtlJil fl1l1l1.fl1l.flU~~1~~~~1tiiiff~~lW'IlJfl1U11'htilJ 0.006 f.1g1mL U~: 
;jfli1tifl~tJ~ fll'I1fltlllllW~ 'U lfl'l91tJ, ,~i'U~1tJdl~intJ1C)f1l~11fl 'I1:..,1~1flviifl1111Uti'U ihu~: 

fl1l1l1~V~~tIt)1Ii'lJ'~fl1Vi~fI'fl11: fll'I'nfl~tJ~nhtilJ 0.02 f.1g1mL 

4.1.2.5 fl1111ill...n: (Selectivity; n=3) 

o Q4 "'~I , ....1Q

fll'I 'nfl fl'tJlJ fl1111'illl'Wl ~~ tJ ~11iVl flfl'tJlJ fl'l 111'I fJ11fl n:m11U1f1'191 tJ 'I fl'n 

1~1I~~'IlJfl1U fitJ {pili'lJiiltJ 1C)f1l'~ l~vtl'I:aiJu'illflfh retention time (RT) ~tH;tfl 1~tJ91'I1'i1f1'tJlJ 

i1~~'IlJfl1UiiN~fl'I~'nlJ~tJfi1 retention time ~tJ~;tfl~Ulfl'191tJ''I~ ~1VlflttJ~ 1mlll191fln~1"'~1 
.", tcif IQI 4.ct ~It 

fl'1I'IH1U~tl~'H'tJ LlI'WlJ1lllfll retention time LVllfllJ 5.998 U1Vl U~::lI %RSD LUU 0.37 
" r iI , 

~lflNflfll'I'nflfltJ..:tU'WlJil fl'fl11:Viiw.lUl;;Uiifl1111ill'Wl~tilJ\1U1f1'L91tJ''I~ Ufl'fl~til~91l'IHli 4.4 

http:92.42-102.69
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ci ... i ",,A .. ~ 
9ll'lH'f14.4 Retention time 'U6~:WUlt'n~6 'HlLlJ6'~lJff~'nJfl1U 

Finasteride concentration (f.1g1mL) Retention time (min) 

50 5.934 

100 5.953 

150 5.960 

200 5.974 

250 5.979 

300 5.998 

Average 

SD 

%RSD 

5.966 

0.022 

0.373 

..
fJI A.:I 4 .Q

4.2.1 66flU'lJ'lJfl1'l''YI~t'l6~~1t111i~6'lJffU6~l1UN1 (Response surface methodology) .. 
fl1'l'~mul~hi''lJVhJ1ff'~6 i'l'f1" U111u'lJ'lJ111'l'in61C1flJUU i~66flU'lJ'lJfl1'l''YI~t'l6~ .. 

~1t111i~6'lJffU6~-nuf:h1~tI'~fl1'l'66flU'lJ'lJt"huNfflJflt'l1~ (Response surface methodology with 

Central composite design; RSM - CCD) ,vt61fli:hnrtl'U6~fl1'l'~mUT~~'l'~1i''lJ~n1lJl::fflJ'Ufl1'l' 
Nii~111'l'in61C1flJ fl1'l'66flU'lJ'lJfl1'l''YI~t'l6~U'lJ'lJU~fl'YIm;tlt'l1~tliiil"itl'U6~~1ull'l'~ff'l':: 3 'l'::~'lJ .. 
fl6 (1) lI~lJlwi'U,ju'ti~1flJiil (Xl)' (2) !Vtlt'l::'U6~1I~lJlf.Ufl6''l'ff'~V'l'6t'l (X;) Ut'l:: (3) fl11lJ'.ulJ'O'U .. 
-:WUlff'~6hf1' (X3) fil1fU~fil'U6~~1Ull'l'6ff'l'::~~U Xl iifh6g'l'::1f'lH 30-50 % X; iifi16d'l'::1f'h~ 

" " 10-30 mM Ut'l:: X3 iifi16d'l'::1f'h~ 1.5-5 mM fil'U6~~1Ull'l"'w,hui~"lflfl1'l''YI~ff6'lJ!tJ6~~UUt'l:: 

1I'l'::Liiufilfl1'l'~6'lJffU6~"lfl (1) 'UUliilv~mfl'U6~'l'::'lJ'lJiluh (2) f6t1t'l::fl1'l''lJn'~1t11 Ut'l:: 

(3) fVtlt'l::fl1'l'nm~'lJtll "lflNt'lflU'YIiilt'l6~11'lJ'h fffll1::fl1'lNft~ 111'lu161C1flJ~i~ihf~1flJ~ 
o .... 1 .. " Q,I d '" " " •20 ~1'l''lJ ~tllJ'l'6t1t'l::'U6~fl1mmfl'lJtI16g U'lf1~ 71.95-95.44 'l6t1t'l::'U6~fl1'l''lJn'tI16g U'lf1~ 

1.20 - 43.05 Ut'l::'l'::'lJ'lJillff~'UU1~v~mfl6d'u'Jf1~ 219-346 nm ~~~ln~~ 4.5 

http:71.95-95.44
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..." .., oJ " 	 ..:'" " jI ......f)11HtI 4.5 	HIV1:t::m'.iflfUfl1JVl '.iOV1:t::m'.i1J'n1m 'm::tt1Ulfi10'4mflYllfillllflm'.iYlfil1:tO~"1VT6 

RSM-CCD 

Run Total lipid (mM) Cholesterol Finasteride %EE %DL Particles size 

content (%) concen tration (nm) 

(mM) 

1 10.00 30.00 1.50 89.45 11.83 261.6 

2 20.00 40.00 3.25 92.47 13.06 291.2 

3 30.00 30.00 1.50 92.00 4.39 335.6 

4 36.82 40.00 3.25 91.61 7.48 329.4 

5 20.00 56.82 3.25 91.26 12.91 285.6 

6 20.00 40.00 6.19 90.31 21.85 255.8 

7 30.00 50.00 5.00 94.73 13.63 300.2 

8 20.00 40.00 3.25 93.68 13.21 290.6 

9 20.00 40.00 3.25 94.57 13.32 292.2 

10 20.00 40.00 3.25 94.05 13.25 295.0 

11 30.00 30.00 5.00 83.24 12.18 332.4 

12 10.00 50.00 5.00 89.36 30.88 223.0 

13 10.00 50.00 1.50 72.57 9.81 220.2 

14 20.00 40.00 0.31 79.77 1.20 258.2 

15 20.00 23.18 3.25 95.44 13.42 346.0 

16 10.00 30.00 5.00 84.77 29.77 261.2 

17 3.18 40.00 3.25 71.95 43.05 242.8 

18 30.00 50.00 1.50 88.21 4.22 263.4 

19 20.00 40.00 3.25 93.35 13.17 293.0 

20 20.00 40.00 3.25 93.60 13.20 292.6 
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.." ~ o .... .011" .... d" 
fl1Jfllflll'fltJ1JfI'U tJ.:JiUUfI'1Jflu'Vt11u l1Jfllfl.:JfI'tJ.:JfI tJ l'tJflfI~fll':i flfl&fl1Jfll ':i tJflfI~ fll':i1J ':il' ~fIlUfl ~ 

J) 

'lJUlf1'IJtJ.:JtJ'4f11f1Ufl~1jtll R2 L't'h01J 0.9522, 0.9517, Ufl~ 0.9607 fll1J'jh~1J ~.:Jil 

2 2 

0.068~ -3.01X3 (4.1) 

2 2 
0.49~ -1.07X3 (4.2) 

2 2 
5.89~ -14.90X3 (4.3) 

- cfd. d _, " , 2 t 2 ' 
fl'1Jflll'\'ll.:Jflf.Uflfflf1'fll'\'ln11Jl~fI'1J\'l'tlfl fl'1111':iil'Vt'ill':iml fI'illflfll R fIl R adj fI1 P-value 'lJtJ.:J . 
Lack of fit Ufl'fI.:J~.:Jflnl.:Jn 4.6 
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\1Il1H~ 4.6 Nftm'.i11fl'.ilz,.ffl111lU'lh-U'.i1U'UtI{lffllm'.iYn1Ulllfhtr{lfftl{l'UtI{lftltlftzm'.inm~1J~Jl 

f tlflft::m'.i1J'.i '.i~tll UftZ'UU1~'UtI{ltI'I1fl1f1 

Source SS df MS F-value Prob>F 

Entrapment efficientcy 

Model 817.82 9 90.87 22.12 <0.0001 

Residual 41.09 10 4.11 

Lack of fit 78.51 5 15.70 4.99 0.0513 

Pure error 2.49 5 0.50 

Cor total 858.90 19 

R2 = 0.9522 
2

R adj 0.9091 

Dru: loadin: capacity 

Model 1723.18 9 191.52 21.10 <0.0001 

Residual 90.16 10 9.08 

Lack of fit 74.61 5 14.92 4.62 0.0592 

Pure error 16.15 5 3.23 

Cor total 1814.43 19 

R2 0.9517 2
R a<U = 0.9082 

Particles size 

Model 22709.67 9 2523.30 22.14 <0.0001 

Residual 1139.93 10 113.99 

Lack of fit 946.46 5 189.29 4.89 0.0531 

Pure error 11.87 5 2.37 

Cor total 23849.60 19 

R2 = 0.9607 
2 

R ad; = 0.9254 

d d \'I'" • Qi .. 1 Q.J 41 Q i 2 ' QI .. I Q e/
~l'.il.:.!'f1 4.6 \lZl'\1U !~11f11fflllJ'.iZff'fl1im'.i~ilffU \l (R) Uft::f11fflllJ'.i~ff'fl1i 

fll'.iiilffU i \l~-Uf1JfhutY1 (R
2
.<Ii) lU'lflfl lm'.i~tl1JffUtI.:.!~ iA'\llflftlflftZfll'.inm~1Jfll ftltlftz 

.,. , "1 " .J 5ft ,d, i ' .., AI'"
m'.i1J'.i'.i~tI1 UftZ'UUlil'UtI{ltI'I1fl1f1llfl1t1{1Uft:a'Ul flft 1 9H1lJUfll'f1Ul'ntl \l Uff~{l11~1UlJ'.itlff'.i:: 

. . " 
iiNftAtlfllfll'.i~tl1JffUtI{llijtlYi\ll'.itulfll P-value 'Uti.:.! Lack of fit Ym";h fll11iA'irui,ju~fl~HtiU 

mi1{1iiirmhflfll (P > 0.05) <U{l1Jtlfl iA'-hi1U-U'.i iUff1Jm'.iiifl111J'ntllTttl{l LU fll'.i tli1Jlt16U~'.iii~fJ1 
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. 	 .. 
'.i:af':h-39i1U'lh ,iifl-W\ll'.itl.llt'h F-value 'tlfl-3fllff1J'lh:ff1'ln'tlfl~9i1U'lh (regression coefficient) 

"'~A' 'JI 'JI QI ...1'1 1l1flff1Jm'.i'\l1~91'U Uff~H~~911'.il~1'I 4.7 

... '" " ,j ,j . 	 !... ~ Yll"iH'fl 4.7 	 N'Clfll'.i1tfl'.il:11f1111JU '.i '.i1'U'\lfl~ regresSIOn coefficient 'tlfl~ fl{l'Cl:fll'.iflflLfllWl 

!fl{l'Cl::fll'.i'lJ'.i'.i,m U'Cl:'tl'Ulfl'tlfl~fl'4fl1f1 

Variables Entrapment efficientcy Drug loading capacity Particles size 

Regression F-value Regression F-value Regression F-value 

coefficient coefficient coefficient 

Intercept 93.63 13.28 292.80 

Linear 

Xl 3.78 47.49 -7.88 94.89 30.11 131.43 

X2 

X3 

-0.85 

2.02 

2.42 

13.56 

-0.036 

6.66 

1.926E-003 

67.65 

-20.91 

2.34 

63.38 

0.79 

Quadratic 

X2 
I 

X 
2 

2 

X2 
3 

2.50 

-1.79 

4.59 

12.16 

6.27 

41.07 

0.27 

-2.73 

0.59 

0.066 

6.64 

0.32 

-3.10 

3.90 

5.40 

0.82 

1.29 

2.48 

Interaction 

X72 -3.79 50.47 3.79 23.08 -4.61 3.25 

X73 -0.068 0.016 -0.49 0.39 5.89 5.31 

X73 -3.01 31.74 -1.07 1.85 -14.90 33.94 

. . 	 .. 
9ll'.il~ii 4.7 ,iifl-W1l1'.itl.ll F-value '\lfl~fllff1J,j'.i::ff1'ln'tlM9i1u,jn"'lJ'h iJlIif.l'tlfl~ 

9i1U ,j'.iflff'.i:: ~ij N'Cl~ fl!fl{l'Cl:: fll'.i rlm~mJ1U 'Cl::!fl{l'Cl:: fll'.i'lJ'.i '.i ~ f.l11J 1fl~ ll~Afl ,j11Jltl.l1 'tlJj'U 
II 

';~111J~''U~1i''lJ (X) U'Cl:f1111Jt~1J~'U~'Ulff'91fl1nl' ~) ff1'U!fl{l'Cl:'tlfl~f1fll'.iffl91fl'.ifl'Cl (X2) 1,jij 
II 	 • • 

N'Cl~ flfll91fl'lJ ff'U fl~';~ fffl ~ flUHijtreuhfi'f\! ffl'H i''lJiJ \l i {Iii ij N'Cl~ fl'tl'U Ulfl'4 1) lfl1Jlfliill~ Afl 
II 

,j11Jltl.l1'tlJj'U';~111J~''U~1i''lJ ~) U'Cl:!fl{l'Cl::'tlfl~f1fl1'.ifflf1fl'.ifl'Cl <,x;) 9lUrcilfl'lJ ff1'U 

f1111Jl~1J~'U~'Ulff'f1fl~nl' (X3) 1,jijN'Cl~fl'tl'Ul~fl'4fl1f1flUl~ijtr{lfflfi'f\! 

http:j11Jltl.l1
http:iifl-W1l1'.itl.ll
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Factor Target Min Max 

Independent variables 

Cholesterol content 

Total lipid (mM) 

Finasteride concentration (mM) 

Depndent variables 

Entrapment efficientcy 

Drug loading capacity 

Particles size 

Range 

Range 

Range 

Max 

Max 

Max 

30.00 

10.00 

1.50 

72.57 

1.20 

219.00 

50.00 

30.00 

5.00 

95.44 

43.05 

346.00 

A ... • 111 "'. A 1111 'JI' ..; III 
11lt:lVHn'HlIlffllf1l'Hlfttlt:lV~1111~t:l'U l'1l~~mnlffllJ 1ft1l fffl11::VU11lll::ffll A'U 

... 1A 1 ""'1 1 III 'JI- AI"" 'JI '" d 'H ..;f11'.i Ffn~ lJ'.i'U t:l C)f1l,11lllJ'.illlW'.it:lVa::f11mmmJfJ1Ua::, t:lfJa::f11'.itJ'.i'.i ~fJl~~'nll~ ua::ll'll'Ulft 

" t:ld''U'lh~ 300 - 400 nm flt:l f11l1l1~1I~'U'Ilt:l~f1t:ll'.iffl~t:l'.it:lal't;'titJ 39.03 % ''Ilii''Ul1~11llft''U~hi'tJ 
, ... 'JI 'JI ~I 111 '" , ... ..Q"; .1 

l'nlf1tJ 20.26 mM ua::f11l1l1'll1l'll'U'Ilt:l~n'Ulffl~t:l1'.ift''nlf1tJ 3.39 mM C)f~fffl11::'nm1l1::ffll'U 

ffl111'.itlUffft~1i'J'Wfl1ll1ffll~'U»'.i:;111HiJ~ifJ'Ilt:l~~1Utl'.iOff'.i::titJfh~t:ltJff'Wt:l~li'J'Uf1'.il~ffll1ij~ 

ua:;f1n~lf1'.i~ll~ (contour) Uff~~~~fl1vt~ 4.6 - 4.8 
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""CodIr.r.AcIWf - • DHen~__~w:mt 
• i'h;..,·)"r.,L;;:.. ,.~ ..f> 


$&.314
1,,,.,,. 
X1-A;TotIIIlp!d ~.kt........ 

X2.a:~ X2.':~ 
.....,  -C;~·s.at C: ........ ·U'5


I 

J 


A: Tobiftpid 

, __~ActuII - 
• DHonpgftl--~""" '- i=:: '", 
Xi-A:Totatlpill ;Jtl.A:t....1piII 
n·c:........ xa·C;......,. 


......- -,I:CIIMtUI......':~."UIO I 

J 


X1.8:~ X1.8:~ 

lCf·c.: ....... lI2.e: ..... 


....,.."'" _.
A:T..IIpW!-toAIO kT_IpN-lOAIO

f J 
I o 

. " 
.fl1'rtti 4.6 m1~ff1lJij~U~=m1~lf1'.i~~1~Ufffil~''tI,:r\J'ti~'HlJfil'\J~i1;'U ftlV~='tItl~t1'ilJ1W 

-'! " ~I , ....6 "" ." QI '"f1tll,fflfiltl, tl~U~=f111lJl'UlJ'tI\J l'1\J1ff1filtl , fil")HlJF-mfil tl,tlV~=fl1' flfllfl'IJ rn 

http:C;~�s.at
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~....c--.:AcIIIIIII - --""""'.....- ""''=,I~~~- I,,,... 
JU-A;T.,1IpId X1_A.:T.... 
~.8;~ lU"'e:1;hIIiIIIIJDI_F_-,C;;~·:U. e:r....... 3.25 


f I 
I 

A: T.... lipid 

0HIpE.,......,... 
FIdlWCodI!II:AGMf 

• ~fIOI*e-~'"....
• '"M"lI";""~"';""::-:-""""""""!"'w"

I·.....· 1.zoe1' 
:U_-':T__ 

X1*A.:TCIIII,,* 
a.c: ........ XZ·c: .........
_F_ -8'~"40,OG B:~.CUXl: 

f I 
oI 

A:T.... llpid 

X1-1:c:::t.-... 
X2.C;~ .....,- .....,

I.:. T..11*1-20.00 /4:..T""",,_:I).oo 

f i 
oI 

11:

. ~ 

.t11't'1n 4.7 ml'yhnuij~ua::ml'VnI'lHll~Ufl'fN111J1Jtni~l1Uflluihi''lJ !{JVa::lIJtHtl~1J1W 
!II !II ~I 1 ...6... I !II

f161l fl'l~{Jl{Jaua::f111UlI1JUIIJUTiUlffl~{J lflCi)f~U Ha~{Jl{Jva::fl1l'm~ 1V1 
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o.Ig~""""""-' ....CdII:kIIMII 

.~po-.~!WiIdIdifWjO'll\bt 
•."'""f::" """.' ....!.' ;"-"!' .>,\ ••j;".

I:l 
Xt..-A:Tc,". 
d·';~_.
C:~.1I!.J5 

......
It~."'.oo 

''''-Co4fIr9;kIIMII... -•o..~IIf:III:JlOt~"" 
• ,'~;ll' ; .. ,b!l"""··,,.,...:d;>,.',lt!;IK

1:2 
11_':~ 
)(2-(::-'-" 

......k'....IpId·20JlO 

i 

X1.A;T.__ 

X2.8:~ 

c.: ........1.Z 


..._
F...-C\l6tJ:AdIIiI.....,.,...
I: 
Xt.A:T__ 

Xl.(::....... 


J 
10 

size 

A:TobIIlIpid 

1 
u 

B:CI!oIes!eroI 

. ,., 
.fl1'W;l4.8 m 1-Wff11lii~u~::.:fln-wltl H'hmfffl.:J1'\I,j''W n.:J'Hllfl1'Wtili''U f flfJ~::':'\I~HtJ;1l1W 

:J! " '1:!1 -. ".JJ... ,tl fl L'j ffLfl fl'j fl~U~::': tl1111L'U 11 '\1'\..1 11'\..1 1ffL~fl t'j A CJr.:J 11 N~~ fl '\I'W1flfl".tl1tl 

http:It~."'.oo
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o 1" I " QI d :.:$ , .d "QJ' QI Cl... I J
'IJtHI1'1 OL'l n'L~O'l 0 ft ~tYll li1'11'l OVfttfll'l nmmJVl'U 'U 11 1'1lft~ft~ C)j'~ n'0 tl 1'1ft O~mJ1'1ln'llll'l:: n'Y11i 

'IJO~~"lUt!'l1 'Un'llfll'l Uft:: Nftfll'l111'1nt,.;'fil1'1 1111Ut!'l t!'l 1'U 1tlV'tl~Un'tl~1 'Uml-Wn'l11ij~Uftt 
,. t .J, 0 .cI , '"QJ

ml-W L1'1Hn~~tUn'tl~n'fll1tYlmlll::n'1l'IJ0~~1'l1J:W'U1n'L~0 'ltl . ~ 

fll'W;; 4.7 un'tl{l ''IJil''U'l'1~lilltl1 'U~i1i'1J ! OVftt'IJO{lt!;lllW1'1OL'ln'L~O'lOftUftt 

1'1 1111 LoU'll oU''UVJ 'U 1 n"~0 hi'l'~~ij Nft9i O!OVft::: fll'l 1J'l 'l ,Vl'W1J11 ,rloijn1'l ,Y1111'11111 LoU'lloU''U 'UO~ 
... ~ '" 0 1 ", ~ ~ ,1 .. ~ "" "... ~ 1 0'":W'Uln'L~O t'ltl~tYll litl110Vfttfll'l1Jn~mL'Wll'IJ'U UfttlllOL'Wllt!'lllltu l'Ull'UYI~lilltl 'Utll'l1J~::: 

vh1,Hovfttfll'l 1J'l'l'Vlfttlft~ Ufttt!;1J1W'IJO~1'1OL'l n'L~O'lOft ,,jff{lNft1 ,.r!oVft:::'IJO~fll'l1J'l'l ~Vl 

It! ~V'U u tJ ft {I ~~ n'Otl 1'1 t\'0 {I ti1J fild'll tJ 'It ffYl t'll 0 ~ ~1U t! 'l 1 'U n'll fll 'l Uftt Nft fll'l 1l1'1 'l1:,.;'fi1 

1'111:1JUt! 'l t! 'l 1 'U . ~ 

flTW;; 4.8 Un'M ''IJil''U'l'1{1lilltl 1'U9i1i'1J !OVft:'IJO~t!;lllW1'1OL'n'L~O'lOftUft::: 
~ " ~I ~ ",.,6... I I ..s ~ AI"" ~.... ~ , 0 .... 

1'11111I'll11'IJ 'U n'U In'L~O l' tlC)j'{lllNft~0'IJ'Ultl0'4fll1'1'W1J11 LllOL'Wllll'llltu 1 'IJll 'UYI~lilltl 'U~1'l1JUft:: 

~ " ~I ~ '" 0' " ... ~,l I AI""1'111111'1111 'IJ'U n'U In'l~O 1'l tl ~:::Y11 11 'IJ'U ltl'IJO~0'4fll1'1ll'IJ'U ltlL'Wll 'IJ'U n'1'U ll'111 W'IJ 0 {I 1'1 0" n"~0'Oft 

01" .,6 1' ... , .., AI ... ,,( .....1''0:: YI1 li 'U'Ultl'UO{l O'4fll1'1fttlft{l C)j'{ln'Otl1'1n O{ln1J1'1ln'llll' :::n'Y11i'IJO{l~1Ull' 'U n'llfll' Uft::: Nft fll' 

1l1'1n:Hfll1'11111Ut!'ltJ, 1'U 
,.. , "" I 

~1n,r'U;{I 'Il1n'fll1:::;;m111:n'llil' tJYltlftO{l oilUft:: ,tJ1V1J l;;V1Jfl1;;'~~;~ti1J fll 

~ d " .J-'1" .J\I(" 0 c:S ,
nmn1JVl 'lOVft::fll'1J''l~Vl Uft::'U'UltlO'4fll1'1Yl u'l~lnfll'Y1tlftO{lUft:::1'11Y11tl~lnfl1'Y11'U1Vll1'1l 

'nt\',tiV{lti'U'm:arloVi~1'tulfil01'1~ (Bias) 'W1J11 ijfll,rJ'U 0.15 % 0.68 % Uftt 0.11 % ~l11lh~1J 

..; AI':! ... ,..I~" .., ,..1,,1' 0 ..I,2
f111Hfl 4.9 Ill' V1JlYltl1J1'11Y11tl~lnfl1'Y1tlftO~n1Jtl1Y11fl~lnfll'Y11'Ult1fllV fln'fll1:::Y1Llilll:::n'1l 

(n=3) 

, , 
' ... .ftlflOUlfUtl-1U\li'u ftlm~;nn01'fl~Qtl-1 thm~;nnn111huu.l ftltlftfl (Blas)* 

d" ..,'lOVft:::fll'lnmn1JtJl 94.47 ± 1.67 94.62 ± 0.93 0.150 

!OVft:::fl1'l1Jn~tJ1 13.14± 0.18 13.23 ± 1.12 0.676 

'U 'U1 tl tl '4 fll1'1 292 ± 0.85 293 ± 0.79 0.106 
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d1mluhi'u11161CJ111 hJ1';J'\I'U 1;J6~fl1tl fllfl1'm::1I1tJ'\I'Ul;JU~::thtJ,::~'1'l~1 
~phtl~fl1tl 1;461u;tJUl'ritJu,::...dH11161CJ1111tJ(;'hnu11161CJ12J~nm~u~'ltJTVm11 '\I'Ul;J6~fl1fl
..l, lila I i <&I , d 	 , _~ ~ d GIjI.cl 	 d .:, _I Q \1 jI

VI ;J1Itl1 nmtltJ~f1'Uu~::1Itl1fl1'm::1I1tJ'\I'Ul;JVlUtlU 'U6n~ln'Utl1lJ'::~ 1'lnlV1N'l6~.fl1flVl'lfil Lfil 
." 	 .

Ufffil~il~9hi'u 1u,11161CJ111i1&91;tJ1I'~u'Uijtl'l111tl~~'lA Ufffil~Nflrl~911n~i14.10 

"'11H~ 4.10 	'\I'Ulfiltl~.fl1tl fllfl1,m:: ~ltJ'\I'U lfil"~::fl lffmj'1'l~1~Fh6~fl1fl.fl1tJi~ff.fl1'l::~ 
mm::ff1l (n=3) 

, 
"Ut41Yl8"1lntl (om) tllft11n1::ilUJ"Ut41Yl fil1h::~''"th~Fb 

8"111ltl(mV) 

11161CJ1111tJ~1 287.00 ± 3.05 0.24 ± 0.059 -33.40 ± 0.98 

111tl1CJ111~nm~utJl 292.00 ± 0.85 0.33 ±0.01O -31.60 ± 1.08 

4.2.2 VlfilfftlUtl'l111fl~~'l'\l6~~'Ulff1916',Pl1tJ,11161CJ111 

4.2.2.1 VlfilfftlUtl'l111tl~~'lVl1~fl1tJ.fl1'W 

f11'Vlfilff6Ufl'l111tl~~'lVlHfl1tJ.fl1'W'\I6~~'U lff1916' , Pl11.h 11161 CJ111 1rt6 

d illl ..l... 	 o::Ij .....,j
&nUfl1tJ 9lfffl11::tl1UtJ1IVI~tu'UJ1I 4°C. 25°C 75%RH UfI:: 40°C 75% RH 11J'Un~l 4 1fil6'U 1'W6 

" 
tJ,:a1l'Uan'lJtu::VI Hfl1flfl1'W'\I6~1tJ,11161CJ111 1I1nfl1'Vlfil~6~il~::y'h''If'Vl'lU'~'ht2tu 'PI{J1lUfI:: 

fl'l1114'UijN~9itltl1111tl~~1'\16~~'Ulff191tl' ,Pl1tJ,111tl1CJ111~,91;tJ1I~'U'PI;6',j uff~N N~rl~fl1'W~ 

(n) ('\I) 	 (tl) 

1n'W~ 4.9 an'lJtu::Vll~fl1fl.fl1'W'\Itl~1tJ'11161CJ111~~tu'PI{J1l (n) 4 °C ('\I) 25°C 75%RH U~:: 
(tl) 40°C 75% RH (n= 4) 

http:Ufffil~Nflrl~911n~i14.10
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., 
'ill flHlIfl1'i VI rliH)~vnJ'h ~ru111J UlIlI ::f>l11lJ~'U hi ijHlI ~ ij f>l11lJ f>l~~1 

Vll~fIlfJfl1'W"ij~~lf1J~im'U14'U hwa"ij~11h111ij1C]j'lJ hhfirlfll'i LtJ~fJ'U UtJlI~ ij-n'mau::li''U 
., 

L'illl~'U a"11 (White creamy gel) 1I1I:: 'llLfirlfll'iUfJfli'U "ij~ lijVillUijllmHJijifijijfl1J1'illf1~hf1J.... ....
;JlIijrl'i:::fJ:::L1111 4 l~W'UVlVllf1l'iVl;JlIij~ 

lrtij,l1~hf1J'tJ1;J"'U lrl fl1'im::'illfJ"'Ul""ij~ij,!fl1f>l U lI::thtJ'i::' '~~1 

fll1H~ 4.11 "'U l;Jij,!fl1f>ll\l~fJ fl1'im::;l1fJ"'Ul""ij~ij,!fl1f>l un::thtJ'i::1'~~l~~bij,!fl1fl~ 
~ru'H1JU 4 °e, 25 °e 75%RH un:: 40 °e 75% RH LrI'U'i::fJ::L1n141~ij'U (n =4) 

.... .. <V <V tI 

<V 
~W'H(J1JUi.'l::ftll1J"8iJ1J'Wn!i 

ftlUJft~fll 

4°C 25°C 75%RH 40 °C 75% RH 

Size (nm) 312:1:5.97 325:1:4.70 335:1:5.44 

o PDI 0.40:1:0.04 0.46:1:0.03 0.45:1:0.02 

Zeta potendal (m V) -31.43:1:0.97 -32.38:1:1.33 -32.23:1:1.32 

Size (nm) 316:1:3.87* 321:1:2.50* 327:1:4.22* 

1 PDI 0.42:1:0.05* 0.38:1:0.03* 0.44:1:0.04* 

Zeta potendal (mV) -34.30:1:3.92* -32.85:1:1.91 * -36.53:1:1.78* 

Size (nm) 308:1:4.99* 315:1:3.54* 329:1:4.38* 

2 PDI 0.45:1:0.02* 0.43:1:0.02* 0.43:1:0.08* 

Zeta potendal (mV) -26.00:1:3.12* -34.25:1:1.40* -32.30:1:1.53* 

Size (nm) 316:1:2.05* 323:1:2.52* 331:1:0.25* 

3 PDI 0.41:1:0.05* 0.43:1:0.07* 0.45:1:0.03* 

Zeta potendal (mV) -31.55:1:1.82* -30.48:1:0.75* -30.45:1:1.48* 

Size (nm) 319:1:5.45* 327:1:3.87* 336:1:3.22* 

4 PDI 0.45:1:0.03* 0.46:1:0.04* 0.43:1:0.07* 

Zeta potendal (m V) -30.70:1:0.75* -30.78:1:0.90* -30.63:1:0.42* 

fJI !:It' ~ 
Unrl.:a"ijlJil11J'Uf>l11UlIfJ :I: SD (n =4) 


*hiu~fI~HijdHihrm=htity~fl11lJl~mt'U 95% lrtijlfitl1Jf11Jfl~lJf>l11J'llJ (L~ij'U~ 0) 
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\l1 fl N a fll 'i VI ~a 'fl.:J .... 'U 11 f2 tu1ff.l ij'VJ fl f2 tu1f f.l ijij '\l 'U 1~ 'fl '4I'll fI 'fl d' 'U ci1.:J 

300- 340 nm ijfllfl1'!ifll::\lltJ'\l'Ul~'fl'4fl1f1mgtJ 0.437 ± 0.041 ua::,dm111rJtJl'VifJtJn'U~i1i''U 
l11'iiil'fllt)flJ~l~ltJlJ''U1'Umfl'''''U11 '\l'Ul~'fl'4fl1f1 hjijfl11lJUAfl~H'fldl.:Jijumhflty (p > 0.05) 

'U'flfl\llfl;fld'fl1~fll11'!i::~"'JYh~H1'fl'4fl1f1I'ngtJAa'fl~l1m 4 1~{)'U~f2tu1ff.lij 4 DC, 25 DC 75%RH 
I 4 t t 01 

ua:: 40 DC 75% RH .... 'U11lJfllIV11fl'U -30.80 ± 2.12 mV -32.15 ± 1.26 mV ua:: -32.42 ± 1.31 mV . .... 
~llJm~l'U 

4.2.2.211f1'!il::,,;'11llJltuTJ'Ulffl~'fl1'!ifi"'Ul11'iiil'fllt)flJ 

fl1'!i11f1 n:: ,,;'11llJ 1 tuTJ'U lfflA 'fl hfi'l 11 '!i ii 1{) 1t)flJ I~'U fl1'!i 11'!i~lij'U 

fl11lJffllJn{l'\l'fl\l'i~'UtJlhff\l ''Ufl1'!inm~'UtJl ua::fl1'!i'U'!i '!i~VJ'UlffIA'flhfi" 'U~hi''U l11'iiil 'fllt)flJ 

.. d," ..I... ~ "" IlJ'fllfl'Ufl1tJ Afffl11~fl1'UfllJVI~tu1ff.llJ 4 DC, 25 DC 75%RH 1m:: 40 DC 75% RH llJ'Ul1al 4 1~'fl'U 

QI'". ... . 
Uff~\lNa~.:Jfl1""VI 4.10 Im::fl1 .... VI 4.11 

o 4 C ~ 25 C • 40 C 

0 1 2 3 4 

Month 

.cI "QldQ.l d Q

1Il'ft'n 4.10 fl'!il-nUff~~'i{)tJa::fl1mmfl'U~1tJ1V1~tu1ff.llJ 4 DC, 25 DC 75%RH ua~ 40 DC 75% RH 

"" 4)'!i::tJ::nal 4 1~'fl'U (n = 

100 

t' = 80~ 

u 
6 
~ 

60= c 
~ 
l1li- 40= fI} 

Q. 
l1li 
U 

= 20J';I;1 
:Ie0 

0 
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" ..; '" ~ ...m~i91rrm1::tl1tJfJlIl'IfJW1UJlI 4°C, 25°C 75%RH 1m:: 40°C 75% RH llJ'U11l\1 4 1f1t1'U 
_~ d Go' 0 QI .J 4 i QI .. dtl Q.I d .d, W' , 

llJ'WtJ1YWtJfltJ911'ltJl'Il91'l~1I 'U1'UU'lfl C)f~1I'lt1~1:I::fl1'lflmfltJ~lml\ml'llfltJ 92.34 ± 0.13% 'ntJ11 

oed ." Q,I d .d, QI

l'IfJW1UJlI
.Q 

4 DC, 25 °c 75%RH 11l\:: 40°C 75% RH 1I'lt1~1:I::fl1'lflfl1fltJ~lml\ml'llfltJ 84.69 ± 

0.88%, 86.69 ± 1.04% 111:1:: 85.13 ± 1.00% 9l111i;;'AtJ lf1~~fJW1HJij 25°C 75%RH ijft1~1:I:: 
QI d ~ • d.Q .d.Q 0 Q,I 

fl1'lflmfltJV1t1~l'I~fI 'lt1~l\~1I1tlfll'lfJW'UJlI 40 DC 75% RH 1m::l'IfJw1UJlI 4 DC 9l111l\1f1tJ 

o 4 C ~ 25 C • 40 C 

0 1 2 3 4 

Month 

inrt~ 4.11 ml...J1Lrrfl~ffl~l\::fl1'lfl1'ltJ'l'l'~l~fJW11tJij 4°C, 25 DC 75%RH 111:1:: 40°C 75% RH 

... 
'l::~::11l\14 1f1fl'U (n =4) 

..; ~ , 0 '" 1A I "'1 1 A d i " m'nl'l4.11 Urrfl~dt1~1:I::fl1'ltJ'l'l'~1 'U911'ltJ lJ'l'U t1 C)f1l 11lmfltJm~ 91 . 
.cl 4 !'II .4 

rrfll1::tl1tJfJlJl'I~W11tJlI 4 DC,25 DC 75%RH 11l\:: 40 DC 75% RH llJ'Ul1l\l 41f1fl'U 

lm~tJ1fl~tJntJ"1i'tJ~L91;~1I''U1'UU'lfl;~ijfe~1:I::fl1'ltJ'l'l'V1m~~''hntJ 13.38 ± 0.02% 'ntJ11 

~fJW11tJij 4 DC,25 °c 75%RH Ul\:: 40°C 75% RH ijffl~l\::fl1'ltJ'l'l'~lm~~l'vhntJ 12.40 ± 

· ... 1" Q 4:11"0.11%, 12.70 ± 0.08% Lm:: 12.46 ± 0.12 9l1lJl\1f1tJ fI~l'IflW11tJlI 25°C 75%RH 1I'le~1:I::fl1'l 

16 

14 
b 12'u•c. 10cos 
u 
til) 8 = :a 6•0 
~ 4~ co 

2 

0 

http:m'nl'l4.11


69 

... , 	 ... ..., ... , ~I" .,
4.3 n~n:rOtJm1 ilOUUl nl1ClnJH1'Unl.:lH'1'H'U.:IUil::m1.",Hl'UnH11"''lJ'U'lJO.:ln'UlilIAO &1AtIil~tI ' 

ltl,...loI.", 

4.3.1 'YI~ tYtJ1JflTH1:: l'mJ'\ItJ,:ivh..lltYlfltJh,f 

Vhl1tYlfl tJ 1 1,ft1hJV1~iifl1'H'::l'llvhnll 1~~ 1 ~ lL;h.l~tJ-Ij111~Tt;'l'l::l'l1V~ii 
f1'l1lJimJ1:: tYlJ 1'Ufl11 L~lJf'h~~fl11l'l:: l'llV'\ltJ~~'lV1 L~tl'H'fl11 tll'l~ tlritlV~'lVlifl~ ~'U1~mh~ 

" , ~I , " 151"', .., 0 ... "tYlJ\l1fll 1I1flfl11'Y1~l'ltl~TttJ'l1 n'U ltYLfltJ 1f1tYl1J11t:1l'l::l'l1V fIf1 'UfI'l'Yl1l'l::l'l1t1ltJ'YIl'lUtll'lfltJ ~tJn 

~~1~LHtJfl',*91'll;'n::n1V'lfijflifLflVl~~T.'hn::l'l1V~'llJntJtY11n::n1v...JtltYl...JfI-U...kwtJ! (pH 7.4) 

11 lflfl11'Y1f1n tJ~fl11l'l::n1V'\ItJ~~'U 1tYLfltJ'1,fl'U ~T.;'l'l::n 1VN tYlJ1::11 'h~&tl;;nutJ n fltJ ~tJafltJ 

tYl1n::n1v...JtJtYlWfI-UWi...Jtl! (pH 7.4) ''U6f1nff'l'U~1-1j '1 LflVt.ll1J1f11TttJ'h 6f1nff'l'U 0: 10, 1:9, 

.,. ~I 1~LVl1fltJ 5.27 ± 0.20 mglmL, 7.25 ± 0.89 mglmL,3:7 un:: 5:5 lJfI1'Uflfl11n::l'l1V'UtJ-Ijn'U1tYLfltJ''''.., 

., OJ 	 Q1.4
. 

13.80 ± 0.45 mglmL un:: 82.18 ± 4.10 mglmL fl1lJn1f1tJ UtYfI~f1~tl1Tt'YI 4.12 

100 

--
80 -1 e 

~.-.... 60 
v.... 
0 = = -= 40.... 
C> 

.-b' 
= ,Q
:= 20 
C> 


VJ 


0 

0:10 	 1:9 3:7 1:1 

Ethanol: PBS (pH7.4) 

. 
4 	 , .::I ~I 1 "1 'Q. flQImTtn 4.12 fI 1'U~ fl11l'l ::l'l1V'UtJ-Ijn'U ltY&fltl 1fI 'U tY 11l'l:: l'l 1VNtYlJ1::1111-1j&tl'YIl'lutJnfltJ ~tJnfltJ 

tY11n::n1v...JtltYl...JfI-U...JL...JtJ! (pH 7.4, 32°C, 100 rpm, n =3) 

http:tY11n::n1v...JtltYl...JfI-U...JL
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4.3.2 'YIfI t'l'Vtlf111V~flVfiVV~1fJ1~1VL'YIfliifI 1f1v~1 ~:Ut'l' 

f111'Y1 fI t'l'VtI f111 V~flVriVVLvtV'111''YI11t10.:l O~111~1 '1'U f111V~ fI vri VVV1VVfHl1fl 

1v1iilv1 CJl'lm~~ ~vliiv.:I1 V\l'UO.:lfl11~~~lV'UV.:I~1Vl''Ut'I'l1~~fllV~1flflH \llflf111'Y1f1f1V.:I 

fl11V~flVriVV:n'Ult'1'l~V11 ~1v1iilv lCJ1'lJ1ii VtIf)tlflllVflflVriVVV1:n'Ult'1'l~V11 ~'1 'UlvUtltl 

t'l'11f1~fl1Vlf1V',*t'I'11~~fllVNt'I'1l1~1111.:11V-flflUVflflVsm'iltlt'l'11~~fllv'rlvt'I'l'rl~,j'Yh'rlv1 (1 :1, pH 

7.4) tl~1l1~1 20 mL 1;j'Ut'I'11f1~fllV~1flfll.:1 l'Uth~1V1f1jV.:Il'Uth (Incubator shaker) ~'f,!Wl1fJij 32 ± 
~ d 	 ~ d 

2 °c V~11111100 rpm Nflfl11'Y1f1f1V.:IfI.:Itn'n'YI 4.13 

- FN proniosome - FN solution 

120 -~ 100'-' 

as 
80,.,.. 

lIS 
Go)-e 60
Go) ... 

:;::I 
40.! 

:I a 
20:I 

U 

0 

0 4 8 12 16 20 24 28 32 36 40 44 48 

Time (h) 

. 
tn'rtfl 4.13 	 f111V~flVriVV:n'Ult'1'l~V 11~\llfl~hi'tllvlulv lCJ1'llA'1VL'YIflUfl 1f1v~ 1~:Ut'l' (MW cut 

off 12,000-14,000, 32 °C, 100 rpm, n =5) 

tn'n~ 4.13 'ntl11 f111V~fltlriVV:n'U1t'1'l~Vh~VVfl\llmlhi'tlltllulvlCJ1'll''U'lf1~ 

fl~~i111l~U1fl\llJo~i111l~~ 4 \l~ijf111VflflVriVV~1V1VVfl1l1VVHnfll~11f1vtl~1l1WtJ1~ 
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.... Q Q,I.cQt 9J 4 

4.3.3 't1f1 tHI 'U fll 'i C)f'll Nltl't11.:JN1lftl.:J Ull~fll'iC)f'llNl tI 'VI1.:Jl'I'll'U tI fl1 f.Il't1 fl tI fl Franz 

diffusion cell 

fll'.i 't1 ~tHl'Uf1l'i~'ll~ltl 't1 Hfhlf't!.:J'U fl.:J \1 fl"lfl'i ~l ~u'i f1I n~ IrltI f1l'i 1h~ lijtl 

fl11'llffl'll1'iO 'tlf1l'i~'ll~l1J~tlFhl1,r.:J'UtH~hi''U hhinV1C)f'll~";~tll~tI l~~ihi''U l1hiilV1C)f'll 

... !II!II'" III 	 .. , QI A J! "" 'llfl11'll1'U'll'U1J'UV.:J:ntllff'~Vl'ifU't11fl'U 3.39 mM Ull~1'llfl't1f1fffl'Ut11V1't1fltlfl Franz diffusion cell 

~t;lWlffJij 32 ± 2 Dc Ull~~'ll'~'U~1mh.:J'1J'i::~::11111 0.5,1,2,4,8, 12 UlI:: 24 ~11'll.:J ~l'lliht>l'U . 
NlIfll'i't1f1l1fl.:JUfffl.:Jt>l.:J.fll'VI;14.14 

o FN solution 	 • FN solution (block) 

~ FN proniosomes iii FN proniosomes (block) 

o 	 0.5 1 2 4 8 12 24 

Time (h) 

1l1'W~ 4.14 l1l'llltu~1Jlff'~lflhfi'l11'iiilfllC)f'll~~'ll~l1J~1JFhlf't!.:J\1flrtmU'.imnfl (32 °c, n =3, 

EtOH:PBS (pH 7.4 (1:1) 

II 	 •• 

~'ll~lwitl~hlf'lr.:J'~~fl·:h'tllllu'U'U'Ufl.:Jffl'i1l::1I1~ UlI::,ijflfl'i'U11111 24 i11'll.:J'VI'Ulll'llltu 

~1Jlff';}fl''ifi''tlffl'.i1l::1I1tJ~1flllH1Vhti'U 5.26 ± 1.85 J.1g1cm
2 U~ffl'i1l~1I1tJ~1Jlffl;}flhfi''VI'UlvttJ.:J 

2
2.51 ± 0.45 J.1g1cm 

http:NlIfll'i't1f1l1fl.:JUfffl.:Jt>l.:J.fll'VI;14.14
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fll'j'rlfiffO'U fll'jCi1mhu 'rIH l~1J'UU	 'U O~¥il i''UYJ U lffL~ 0 1'j ~ ,rlu fllnh:aiju 

" 
tI 'j::: ff'rl i Illvt lufl" Ci11J rhu 'rIl ~ 1~1J'UU 1 fI Vnfll 'j1f'lllV1lfliio'U 19 'Uti tlio~ 'rIHfll 'jCi11J F-hu 'rIH 

... ... I ....... "'~ .,." .,... _t':!.,.

1 ~1J 'U U C]f~ff" ff l1J1 H1C]f1JN1U'lfe:H'rIl~'rI1~N111WJ l~Hvt V~LffU 'rI Hltl V1 11 ~ ffl1J1HlLlJ'j V'Ui'rI V'U 

fll'jCi11J F-hU't1H~'lJ1J'U u 'UO.:J¥ili' 'UYJu lff'~0 , 'j~1t1'jili0 1 C]f1Jl-n V'U O''Uff'' -n :::'fnvYJulfflflf)1'j~'M 
1I1tlN-n tl" 'rItl-n f){lvt'U·j, ldon fll'jtltl~~1J'U u t111J1wYJu lffl~f)1'j ~~vt'U1 U ff1'j -n:::-n 1vi'ltl-nH11::: 

-ntl-n.:J lf1V'Ui111J.:J~ 24 f'hi''UYJUlffl~O''j~lt1'jinolC]f1Jvt'Utll1J1WYJUlffl~f)''j~'Uffl'j-n:::alV 

i'ltl-n1.:J1VilO''U 2.83 ± 0.05 I-lglcm
2 thHi'm'hi''Uffl'ja:::alvYJu1ffl~O1'j~vt'Utll1J1WYJulffLflO''j~ 

l'VilO''U 1.94 ± 0.35 I-lglcm
2 ldoltl;V'UL-nV'Utll1J1WYJUlffl~f) h~~ffl1Jl'j(lCi11J~lU'rIH1~1J'UU 

vt'U';)' fhi''UYJUlffl~O ''I~lt1'jillolC]f1Jntll1J1WYJUlffl~f) h~~Ci11J~lU'rIH1~1J'UunhO''U 2.43 ± 

0.63 I-lglcm
2 Ua:::¥ili''Uffl'ja:::alvYJulffL~f)''j~ntll1J1WYJUlff'~O h~~CJ11J~lU't11.:J~~1J'UunhO''U 

0.67 ± 0.91 I-lglcm
2 c;.:Jfll'jl~;V1Jfhi''UYJUlffiflO ''I~1lfod1ultlU'U'U'Uf).:J1 t1'jillf) lC]f1J ffl1J1'j (llii1J 

.. I "'"tl1'jC]f1JN1U'rI1.:Jl~1J'U'U 1tl 

" 
fll'j'rltlfff)'UtI'I::: ff'rlifllvt'U f).:Jt'ili''UYJ U lffl~ 0 h~l t1'j illf) 1 C]f1J't!U 11\'rIfiffO'U 

J. !I" 	 ~I 1 " ~I '" "... .., •'rIfI'll1Jl'U1J'UU 0.1 %, 0.5%, 1 % 'Uf)~n'Ulffl~O 'ItlU-n:::1 % ffl'ja:::-n1VnUlffl~f) l'jfll'rlU'Utl'Utl'l1J 

fI'l'Utl1J (positive control) flf) 2% ffl'ja:::alV11Juf)tlCJf;la (Regaine!lll) U-n:::tl~1JfI'l'Utl1JNaa'UlI:an.i.:J 

lfU~LrI'UcflVUa:::'U'l11tlv1J'1~cflV1,jntl1'j't11ffl'j1f1 ff'lu1J'H'U'l1't111t1'jill f) lC]f1J ltla1 li40'rltlffO'U 

. ....... .,.
fI{lmvt't1 4.15 ua~mvt'rl4.16 

http:ua~mvt'rl4.16
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"'AI ..~ 
tYlJ~ll1'Y1 0 
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\llnNam'i'n~H'6~l1n:if'ni.fl1~'U6~~U111'1'161'i fi'l11'iii1 61CJ1lJ~1J':h , UUl1ft1", 

~ 0 UatUl1fl1"'~ 1 't1"'~\llnlnu'UU't11Aa1J~mV~11iiim'iL\l~~'U6~1-HU'UU'Ul'Jnn~lJm'i'nfllW~ 
'Uffl1ft1"'~ 2 ~1J'h 't11Aa1J~m'Un~lJ~'n1~hi'1J 2% 11'1'iata1V1lJU6nCHfia 1% 

~U111'1f16hfi'111'iU161CJ1lJ uat 1% 11'1'iata1tJ~U111'Lfl6hfi' L~lJiim'iL\l~~'U6,:u-HU'UU flft,;jU 

~ .: ..; 1 4 40 ... .1. 0 .... I ::"

16Vat 20 'U6~~U'n'nft11'61J fttnltlJ'UU11'ft1Lnft'UU 11'1't1'i1Jn'llJfl11JfJtl'n~11'6~'UH (n uat '11) 

0.1 % uat 0.5% 'U6~~U111'Lfl6, 'ifi'l11'iiH 61CJ1lJV~ '1iiim'iL\l~~'Uml~u'Uu 

'1uffl1ft1'11~ 3 ~1J'h 't11Aa1J~m'Un~lJfl11JfJlJ (n uat '11) n~lJ~'n1~hi'1J 0.1% 

0.5% ~U111'LY;16hfi'111'iil161CJ1lJ uat 1 % 11'1'iata1V~U111'lfl6hfi' L~lJU~1flflL~Unl'j'\l~~'U6~ 
til • • 

,-HU'UUflft,;ju!mJat 20 - 40 'U6~.wU;1'nfl11'61J 'un~lJ;1't11~'hi'1J 2% 11'1'iata1V'lJU6nCHfia uat 

1 % ~U111"f16h fi'111'iil161CJ1lJ ff~1flflL~um'i'\l~~'U6~,-Hu'Uu6th~ifl'\luLrtm;1v1Jfi1Jn~lJ 
4 ... .H ... ~ ~ Ji. .,; .H";.I." I

f111JfJlJ1ftfJlJm'iLn~'U6~lnUNlJflft'1JU16fJa:: 40 - 60 'U6~~U'n'nfl11'61J ua::LnU'UU'n'UU L't1lJ 

iiifAlL'U'lJ 

'1uffl1ft1'11~ 4 ~1J';h 't11Aa1J~m'Un~lJfl11JfJlJ (n uat '11) Lflfl'UUffAWU'lJ 

~" .... ~ .... .H ~ ~ .l ..; I ..l
mnU6fJ 11'~Ln~1't1Um'il\l'i~'U6~LnU'UUL1JU16tH't 40 - 60 'U6~~U'n'nft11'mJ n'llJ'n'YI111'1Hlflff61J 

0.1 %, 0.5% ~U1ffLfl6hfi'111'iil161CJ1lJua:: 1 % ffl'ja::a1V~U1ffLfl6hfi' iim'i L~~ru'U6~L-HU'UU 
u 

til • • 

flfll;jU!6va:: 60 - 80 'U6~.wu;1'nftff61J d1't1i'1Jn~lJ;1'n1 2% 11'1'ia::a1V'lJU6nCHfiaua:: 1 % 
til • 

~U1ffLfl6hfi'l11'i ill tJ1CJ1lJ iim'iL\l~~'U6~L-HU'UU1~lJ.wU;1'nftff61J 'UUiiffAWi1lJiim'j L\l~~'U6~ 
til • 

'J! • " ... 4
lffU'UUlJ1nn11'i6va:: 80 'U6~l'{U'n'YIftff61J 
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6 

D control 
5 El 2% minoxidil solution 

~ ... 
=> 4 ~ O.I%FNv 
U'!I 

i 3 I!l!!ll 05O/!FN"~; • 0 e 
~ Si I%FN... 

2.... 
C':I 

== • 1%FN solution 
1 

0 

0 1 2 3 4 

weeks 

tI "" iI
19l11JlflWcrtfl1'il~'n;1l'U6-!11fflJ'U1J (n = 5) 

fl n~u ff"'-!lfl1'l '~;~'U6-!11~1J 'U1J 'U6-!1'11'lJ ~1J i'fl'l'l1a-!l ~lfll fllJ'U lJUft:: 'VI 1ffU 
JI 

'VI"'ff61Jfl~1J~1-!1 '1 'fl-!l'l11J'" 6 fl~1J ft6 (1) fl~1Jfl11Jf!1J (2) 2% ffl'lft::ftlfli1J1J6flci~ft (3) 0.1% 

~lJlfflI9l6i'l~hhu161CJS1J (4) 0.5% ~lJlfflI9l6i'l~1'l.hU161CJS1J (5) 1% ~lJlffI19l6h~ 

hhu161CJS1J Uft:: (6) 1% ff1'lft::ftlfl~lJlfflI9l6i'l~ 111J'j, l1J'1JtJ"'lHU'lmlft::fftJ"'111~ 1 'U6-!1 

fll'l'VI"'ft6-!1 '11 'lJ~1J i'flnlflfl~1Jfl1'l'VI"'ft6-!1i1i\11Jfll'lL~;~'Il6.:jltflJ'Il1J (fflflft 0) ~61Jl11..1 fftJ"'l11~ 2 

l~1Jiifl1'lL~;~'Il6.:jl~1J'Il1J 1"'flffl'l'VI"'ff61Jfl~1J~ 2 fl~1J~ 5 Uft::fl~1J~ 6 iifl1'll~;~'U6.:jltflJ'Il1J 
JI • 

~6flft:: 20 'U6.:j-WlJfl'VI",ff61J (fflflft 1) ~fl 3 fl~1Jfl1'l'VI"'ft6.:ji1i\11Jfl1'll~;~'Il6.:j1~1J'U1J llJfftJ"'l11 
f 'f JI t 

fl 3 ffl'l'VI"'ff61Jfl~1Jfl 2 Uft::fl~1Jfl 5iifll'lUl;~'Il6.:jL~1J~1Jl~1J~6flft:: 40 - 60 'Il6.:j-WlJfl'VI",ff61J 
• JI • 

.cl' .:s4G Q, fJI 9J Ala 

(fflflft 3) 6fl 4 fl"l1Jfl1'l'VI"'ft6.:j'VIL'Hft61Jfll'lln~'U6.:jLfflJ'U1J'l6t1ft:: 20 - 40 'Il6.:j\11J'VI'VI"'ff61J 

(fflflft 2) Uft:'lJfftJ"'lH~ 4 'U6.:jfll'l'VI",ft6.:j\11rh ffl'l'VI"'ff61Jfl~1J~ 2 Uft:fl~1J~ 5iifll'l1~;~ 
J,I f'" dAd '.d I '4 Q 

'Il6.:jlfflJ'Il1J1Jlfl11'l6tJft:: 80 ~lJlfl1J\1'U'VI'VI"'ff61J (fflflft 5) ff11J6fl 4 fl"l1Jfl1'l'VI"'ft6.:j1Jfll'lI~'l~ 

y y A'..: '!ild • ..: ilY 
'U6.:jlfflJ'U1J'l6tJft: 60 - 80 'II6.:j \11..1 'VI 'VI "'ff61J (fflflft 4) Uff"'.:j t'I11'111J11'V1fl111Jl'll1J'U1J 1% 

~lJlfflfl6 i 'l~1tJ'lU161CJS1J iitJ'l:ff'VIifl1\111..1 fll'llil 1~'Il1J 'U6.:j'l1'lJ~1Ji'fl'll~;~i~;';LfltJ1Jl'..ht11J 

""... ~..i?l'" ... tI iI .1 A _~ ... 
2% ffl'lft:ftltJ i 1J1J6flCJS"'ft (Regaine ) CJS.:jL1JlJ~ftflflWcrt'VIHfl1Hl1 1J6fl'illfllJL1J6llJ'lfl1Jl'VItJ1J 

~i1i'1J~lJlfflI9l6h ~1tJ'lU161CJS1Jt11Jffl'lft:ftlt1~lJlfflfl6 i 'l~\11J'h ~lJlfflfl6i'l~lrl6Ifl;tJ1J1~6V.. 
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(fl) 

Il1Tt~ 4.17 	m"'~~9111J'U11~~hI1'U~'I1'lJ()1J~n':Hrltl (n) n~1Jfl11JfJ1J (1 fl; l1imffT:i'~ 2fl; 

i1hilitliCJflJttJal) ('U) 2% ffT:i"'~~nfJl1J'U6flci1~", (fl) 0.1 % YJ'UlffL9I61nl 

itJ,ilitliCJf1J (~) 0.5% YJ'Ulfft9ltllnfitJ,ili6iCJf1J(~) 1%YJ'Ulfft9ltllnl 

i1.hiiitliCJf1JU"'~ (~) 1% ffl1"'~"'lfJYJ'UlffL9Itll1y;f mfJ'A'fl~tl~,a'VInmr 

fh"'~'UfJlfl40 L'fh''U~tJfll11~ 4 'U6~mn1~atl~ 
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(m) (fl2) 	 ('II) 

(fI) 	 (~) 

('II) 	 (u) 

m'Vt~ 4.18 	f11Vt~~~l1JrJl1CUfJ~fhVl1r~'M'l.Jil1Jim LrlfJ (fI) mj1Jfl11Jfl1J (1 fI; '1i'Y11tYl'j'~ 2f1; 

hhUlfJlCJf1JL1.hh) ('II) 2% tYl'ji'l~i'lltJ'1J'llfJflCjifii'l (fI) 0.1 % :WUltYl~fJ''j~ 

hhUlfJlCJf1J (~) 0.5% :W\.ntYl~fJ 'nll1.hillfJlCJf1J('II) 1 % :WUltYt~fJ''j~l1.hillfJ lCJf1J 

tm::(u) 1 % tYl'i'l::i'llrJ:WUltYL~fJh~ mrJ'~m\'fJ~~i'l't1'j'jfY,rfh"'~CUrJlrJ 100 t,t'h 

hny,j~l11~ 4 CUfJ~fI1'j't1~i'lfJ~ 

http:lCJf1JL1.hh
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.fllvt~ 4.18 m'l:;.fl1vt~ 4.19 '~'lJ.fl1vti~Pll11'U11'1Ua:;Pll11V11'UfH~htnr'l'UfH 

l11AO'UUfl'i fflVi'lJi C57BU6Mlac '~f)flfl1n lm'lfffl'1'Uf)'1Ld'f)lnf)'Uf)'1~hl1U'lL~f)'t1~fff)'U~1V 
ffl'i't1~fff)'U 6 fl~ll Iff) (fl) fl~llfl1'UfJll (1fl; hj't11ffl'i'~ 2'11; hhiHf)lCJfllL1.hh) ('II) 2% 

ffl'ia:;lnV'll'lJf)flci~a (fl) 0.1% Vh.l1ffLP1f)h~l1.hinf) lCJfll ('I) 0.5% ~'Wlff1P1f)h~hhinf)lCJfll 

('0) 1% ~'lJlfflP1f)h~hhillf) lCJfll ua:; (~) 1% ff1'ia:;alV~'WlfflP1f)''i~ 1~V'Olfl.fl1vti~Pll11'U1H 

!j} "0 ... • , <V "..; 4::.
flaf)'I~aVl'i'ifl'lJflla'l'UV1V 100 LV11 'Wff1J~ll1V1 4 'Uf)'Ifl1'iVl~af)'I CJf'l'illfl.fl1vtVl'lfff)'Ivt'U11 hair 

follicle ''lJfl~1l~VI~fff)'U~1V 2% ff1'ia:;alV'll'Wf)flci~a'il:;vt'Ulllfl~q~ 'if)'Ia'llllflf) 1% 

~'WlffL'i1f)h~hhillf) lCJfll 0.5% ~'WlffLPl6h~11.hillf) lCJfll 1% ff1'ia:;alV~'lJlffl'i1f)''i~ ua:; 

0.1% ~'lJlffl'i1f)''i~11.hil161CJfll 'ill11';'~'U 1~mViv'Uti'Ufl~llfl1'UfJll vt'U"h llflfl~llij~1'lJ1'W hair 

follicle U'ilfl~H'Olflfl~llfl1'UfJll6l;''IijumhtlqJ~'i:;A'Ufl11111~m:1'W~ 95% ua:;1~f)l'lJ1tJ'U1VitJ'U 
'i:;l1"h'lfl~llViVl~fff)'U~1tJ 2% ff1'ia:;altJ'll'Wf)flci~ati'U 1 % ~'WlffL'ilf)h~hhillf) lCJfllvt'U'iTn'l 

ffmfl~llij~1'lJ1'lJ hair follicle 1'WN111U'll11AO'U~fl'iLvtfl~',jUPlfl~1'1ti'Wf)dl'1ijumhtlqJ (p> 0.05) 

ua:;L~f)nJ1 tJ'I.J1Vitl'U,1.hl'lJ'U1 'Wfll'i LP1; tJll~hi''U'i:;111H~ 'W lfflPlf) , 'i~l1.h inf) 1 CJfllti'Uffl'ia:;altJ 

~'WlfflP1f)h~vt'U11 ~1'lJ1'W'Uf)'I hair follicle ''lJ~hi''U~Vll~'WlfflP1f)h~11.hil161CJfllij~1'lJ1'lJ'U6'1 

hair follicle U'ilfl~1'1'OlflltJU'U'U'Uf)'Iff1'ia:;altJ6dl'1ijumhtlqJ (p < 0.05) Uff'il'li'l'il1'il'1~ 4.12 

http:lCJfllL1.hh
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..i 0 , f4I .. " GI" .JQ Go' 

~11HI14.12 'illUT'U hair follicle UN1'HU.:J'H1J(l1J'ilfl·H'V4ff~ fflfJ'V4Ull CS7BU6Mlac llJVVI~ffV1J 

~1fJffl'IVI~ffV1JmllJ~1.:J '1 

;11'1.11'1.1 Hair follicle 

mllJfl11JtJlJ 

1~V11ffl'I'~ 39.0±1.41 

1'lhiilvlCJflJ 11hh 36.0±4.69 

2% ffl'Ia::~nfJ1lJuVfl';~a (Regaine'1 67 .6±2. 70*& 

0.1% fJulff19lVhtl'1'lhiilvlCJflJ S8.S±3.53* 

O.S% fJulff19lVhA'1'lhiilV1CJflJ 63.8±3.63* 

1% fJulff19lvhtl'11hiilvlCJflJ 66.8±6.22*a,b 

1% ffl'Ia::alfJfJulff19lV htl' 60.2±4.17*b 

. 
* UPlfl~1.:J'illflfl~lJfl11JtJlJmjHijirmhtit:y'" p < O.OS (n=S) 

a; '~U9lfl~1.:Jtiumh.:Jijirm=htit:y p > O.OS (n=S) 

b; UPlfl~l.:Jti'UVfh{lijirmhtit:y p < O.OS (n=S) 

QI J d1 li!'I 4'" OJ 0'.Q1~fJff9l1V191aV.:JVI 'If &'Uflllt!1::1lJ'Ufllll::fllfJ1f1V.:J flV m::9IlfJfflfJ'n'Ull New Zealand white rabbit 

ldv.:J'illflFh\lv.:Jfl'::~lfJijfl11lJ1JV1J1Jl.:Jua::ijfl11lJ11~Vfll'IfflJNffti1Jffl'Ilflij'~~fl'hfh'tlv.:JfI'U 
dI.. I 0 QI ~I 1 "1-1 "'1 1 ..l .I! 4QI

'illflfll'IVI~ffV1Jfll11::fI1fJ1f1V.:JN1'n1J11 9Il'I1Jn'Ulff19lV 1~ lJ'j'lJ V CJflJVI'n~'Ul't1'lJ'lJ'lJlJ 

" :I! • QI '" ' .Q dll:'4 ...fl11lJl'tllJ"U'tIV.:JfJl1Vllfl1J 0.1%,0.5% ua:: 1 % LlJlfl~V1flll1J1lJUa::V1flllU~.:JVlN1m::P11fJ llJV 

1"'fJ1Jti1Jfl~lJfl11JtJlJNaa1JUa::Na1J1fl (S% sodium lauryl sulphate) 9IaV~11all::fJ:: 72 i11lJ.:J . 
'" 4

Uff~.:J~.:J9Il'jHYI 4.13 

http:11HI14.12
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Pl1'H~ 4.13 1:,j'UfI:UUUfll11:f11mflO~fbium:;~1f)ff1f)iu( New Zealand white rabbit 

t, . 	 • . 
tlQ1J'fI~U8U 1 ili1J~ 24 ili1J~ 48 ili1J~ 72 ili1J~ 

81m, 81tl11 81tl11 81tl11 81m, 81m, 81m, 81m, 

U~~ Ul1J U~~ Ul1J U~~ Ul1J U~~ Ul1J 

Gauze pad 0 0 0 0 0 0 0 0 

5% SLS solution 1.5 0 1.5 0 1.25 0 1 0 

Blank proniosomes 0 0 0 0 0 0 0 0 

0.1 %Finasteride 

Proniosomes 
0 0 0 0 0 0 0 0 

0.5%Finasteride 

Proniosomes 
0 0 0 0 0 0 0 0 

1% Finasteride 

Proniosomes 
0 0 0 0 0 0 0 0 

91 , 11' ..;'IJ0lJClUfffH U1 	 f11mClf) (n == 4) 

A " ,,;,91 _I'" "QI

1110U1f1C1fl1'.i11 f'lClO~l1 f'l~lflfl11lJ'.i::llJU tnfll'.i Uf'l~ UCI :::'U1lJlJ1f11U1tu11":::~'U 

41 ... , 0 OJ 1-1 "'''j "j ..; QI .f!,
fll":f11f)lflO~fl1 (primary irritation index) 'W'U11 ~"'U lJ1U ~O ~C]1lJl1'WIIU1'IJUUU Ul'Jfl 

91 91,","'. .. Q.I& tf111lJl'IJ lJ'lJU lJflO 111flf'lflU 1:::f11mflO~ fl11lJOll1d f)'Ufl"llJfl1 'U fllJflCI CI UUCI::: flCI 'U1fl ~CI0f'l11C111:::f)::: 

72 .g11lJ~ ,j~Ufff'l~'U~11H~ 4.14 

f1"H~ 4.14 1:::,j'Ufll":::f11fllflO~fb (primary irritation index) 

Primary irritation index 

Gauze pad 

5% SLS solution 

Blank proniosomes 

0.1%Finasteride Proniosomes 

0.5%Finasteride Proniosomes 

1 % Finasteride Proniosomes 

o 

0.65 
.... 41 d 91 

1flf'lfll":fl1fllflO~lC1flUOf) 

o , 1ilflf'lfll '.i1:::fIl fllfl 0 ~ 

o , .... 41 
lJ1flf'lfll1'.i:f11mflO~ 

o '1ilflf'lfll'.i1:::fl1fllflO~ 

o '1ilfl~fll1'.i:::fIlmflO~ 



. 
.... 
'UTITI 5 


Q'1UNt'I 0ftU11t1Nt'lUt'l~-«0!Q''U0U'U~ 


... ......... ..~I , .. " .....1 1 ~I
5.1.1 fl1'.iVUJI'Ul1'fi1Lfln:HTt'UlffL~f) '.i~~1U11i fI'.un l1fl'.i1TtlHa1ffm'.i(l'U:~~ 

fl1,ill'Ul~'hi''U~'U lffL~f)h'f1'l 'I.hii1f)1.llL~f)L~1lfl1,cjfllfh'U111~1'IJ1l"'U f1iu 
11'" ..."'... ..~I , "'.fI ......1 1 ~I 4 ,,'.fI .,;" ,,'"
V'lViIl'Ul11i1Lml:HTt'UlffL~f) '.i~~1U11i mll1 l1mlTtlHa1ffll"(l'U:~~ LVif) LHfftn1:11 !'lfll 

QI Q d 1 '.fIl ... ..'" , .., '.fI • ...rI.
'fl1111LHlll:ffllfl'Ufl111LfI'1:HVi'U11 ffftl1:11 'If 'Ufl1'1LfI'.i1::HVJ'UlffL~f) '.i~ ~f)UHll 

4 ClIo Q 4 .. 4 ~I , 0' "QI 4 ~ QI 0

,j,::ffl11itnViUa:llfl1111L'lff)(lf) flf) flU1WflTt'UlffL~f) '~~1U1~ftlf1Lflaf)'U11"f)~~1111a::::alU 

" Nffm:H11~f):C]f1~'.i''U'~{fl'U'\.h l'Uo~nfb'U 60; 40 'l1;1l1WffU~1f)th~n;'fl'U 20 ~L O~nL~1 
t, • JJI 

QI .4" .Q d 1 ..., JlClCI ,

1 mL/min ua::~'.i1~1~11f11111U11f1a'U 210 run r.n~:LLUfll111al 6.0 'Ull1 flVfftn1::::11 fI'Ullfl1 

, d • GIl' • OJ .d ''I ,~ QI, '.fI • 
resolution '.i:H1HViml11fl'U 3.07 fll tailing factor 1111fl'U 1.13 .~f)\! L'U'lf1.:jl1Uf)1l'.i'U fI ua:fI1 

o .::I I QI 

~1'U1'Ul'Wal1l11.:jl1q1:lfJll11fl'U 5,324 

4 • ....,*I .,j 4 ..1........... ....

III f) '1..11 fftn1:: fI~fla 11 lJ 11f1fff)'Ufl1111L'lff)(l f)" f).:j11i1Lm 1:: H flUVi ~l'W 1 ~ lfl 

" tllVil'.ilijL~f){9lH '1 ~.:jil (1) fl1111fflli'Unl;r.:jl~'U~HVi'U'h iifl1111fflli'UnL;r.:jl~'U~Hl'U,}1.:j 

fl11111"1l,,'U"Y. 50-300 ~glmL '"'' = ua::llfl1 r2·16266x + 6592 .... ....flffllfl1'.ilff'U~H Y ll11fl'U 0.9995 

(2) fl11111~U~"f).:j1i1LfI'.il::""1f1vVi~1'.iWl~lfltll %RSD 'Uf).:j retention time ua::tll %RSD "f)~ 

peak area Vi'U'htll %RSD 'Uf).:j retention time f)~''U,}1.:j 0.005-0.012 Ua::tll %RSD "f).:j peak area 

let ' -4 5't 1 d OJ'" '0 rlQQ4Qf)g L'U'lf1.:j 0.01-0.05 • .:jL1J'Uflll1Uf)ll'.i'U fI (%RSD < 2) (3) fl1111Ull'UV1'Uf)~1'fi1Lml::HVi~1'.iWl 

~lfltll % recovery 'W'U'h iitll % recovery f)dl'U'lh~ 92.42- 102.69 (4) ~fI~lflfl"f)~fl1'.im1~1f1 

(limit of detection, LOD) Ua:~fI~lflfl"f)~fl1'.i1f1'l1;1l1W (limit of quantitation, LOQ) Vi'U'h tll 
, Go" ,. QI 0 Q4.Q rI 

LOD 1111f1'U 0.006 ~glmL ua::fll LOQ L111fl'U 0.02 ~glmL (5) fl1111~lLVil::'Uf).:j11i11f1n::H 

'l1'.i::lij'U~lf1tll retention time (RT) 'Uf)~Vfmrlf)1~lla~'.i'Ufl1'UVi'U'h Ul~::::lWfl~l1al 6.0 'Ulii ua: 

... ;iI ,oQ _I'''' ~, '.fI" ... "~I , .....11 %RSD l1J'U 0.37 MffllJ fl11 fftn1:"" 'If L'Ufl1'11ml::HTt'Ulffl~f) '.iflllfl1111lHlll::::ffllua:: 

• 4 .. ,'.fI
'U1L'lff)(lf) fI 

http:92.42-102.69
http:0.01-0.05
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5.1.2 fll'ji\JJJ'\.n~hi'1JVJ'Ulffl~fl''j~hJltJU1J1Jhhij1fllctf1J 


" 
fll'ji\JJJ'Ul~hi'1JVJ'U lffl~fl' 'j~1 'U1tJ111J1J 1tJ'jijl fll ctfmj'U '~flflfl111J1Jfll'j'Yl~H'fl.:j 
" . 

~'UJ11i~ fl1Jff'U fl.:j~'U N11~tI1 -Nfll'j flflfl111J1Jff1'U Nff1Jfl~Hv.1J'h ff.fl11::Vi 1'H1Jl:: ff1J 1'U fll'j Nii ~ 
""1 1 1 tid " Q,I d" .d do'

1 tJ 'j 'U fl ctf1J 'H 11 'j fl tI~:: fll 'j fl fll fl1J til 11 ~:'j fl tI~:: fll 'j1J 'j'j ~ til "J.:j 'Yl "l~ 11 ~:: 1J 'j::1J 1J 'U 1ff.:j '\I 'U 1~ . " 
Vi1'H1Jl::ff1Jfifl , '\I,j'U";.:j'H1J~1'U~hi'1Jlviln1J 20.26 mM f fltl~::tJ~1J1W '\I fl.:jfl fll'jffl~fl'jfl~lviln1J 

39.03 % '\Ifl.:jtJ~1J1W ''\I,j'U 1~tI'j11J11~::fl111Jl,r1J,r'UVJ'Ulffl~flh~lviln1J 3.39 mM l~tliiffltl~:: 
Qld '01' " '01 do

fll'jflfllfl1Jtlll'Yllfl1J 94.47 ± 1.67% 'jfltl~::fll'j1J'j'j~tlll'Yllfl1J 13.14 ± 0.18 % 11~::1J'\I'Ul~fl'4.fl1f1 

, QI .=i S1 QI ... I d.:s ," QI d "QI 4Q

l'Yllfl1J 292 ± 0.85 run ctf.:jlJ \l \ltl'\l fl.:j~111lJ'j flff'j::'Yl1J N~~fl'j fltl~::fll'jflfllfl1Jmlm::'j fltl~:: fll'j1J 'j'j, 
. " 

tll1J 1 flVi "l~fifl tJ~1J1W''U,j'U'';.:j'H1J~1'U~hi'1Jll~::fl111Jl,r1J,r'UVJ'Ulffl~flh~ ff1'U f fltl~::'\Ifl.:j 
" . 

fI fll'jff1~ fl'j fl~ 'liijN~~flfh~ fl1Jff'U fl.:j";.:j fffl.:j fl~l.:jiiirmhfi'f\I ffl'H i'1J 11 \l.otlVi ii N~~ fl'\l'U l~ fl'4.fl1f1 
. " 

1J lflVi "l~ fifl tJ~1I1W' '\I iJ'U";.:j'H 1J ~1 'U~hi'1J11~:: f fltl~:: '\I fl.:jfl m 'j ffl~ fl 'j fl~ ~11J i;h~1J ff1'U 

fl111Jl,r1J~'UVJ'Ulff1~fl''j~1liii N~~fl'U'Ul~fl'4.fl1f1fl~l.:jiiirtlfflfif\l 
I I 'JI 'JI • • 

.a 0 do .::1, ... 1 0 _t':! d 1.::1'" 4Q I do,"QI

l1Jfl'Ulff.fl11::'Yl1'H 1J 1::ff1J 'U lJ'Yl~~fl.:jctfllm::llJ'j tl1Jl'Yl tl1JfIl'Yl ~ \lH fl1JfIl'Yl ~ \llfl 

o , " '" c:I " ..;, " fll'j'Yll'UltlV.1J11 'j fltl~::fll'j flfllfl1Jtll 'jfltl~::fll'j1J'j'j,m 11~:'\I 'Ul~'\I fl.:jfl'4.fl1f1'Yl ~ \llflfll'j'Yl~ ~ fl.:j 

lVitl1Jn1Jfh~ '~\llflfll'jVil'Ultliifh 1m~'lfitl.:jn'U lrtflVi \l1':iW 1fhflfl~ (Bias) v.1J'h iifillviln1J 

do,. tid " o QI I I " 4Qd
0.15 %,0.68 % 11~:: 0.11 % ~11J~1~1J fIl'Yl ~'Ullff~.:j11fll'jflflflll1J1Jfll'j'Yl~~fl.:j~1t111i~fl1Jff'Ufl.:j 

" .
~'UN11~ tI 1 -Nfll'j fl flflll1J1J ff1'U Nff1J fl~l.:jl~fl'Hl11 \l.otl"J~'j ~h i'1J ffl'H i'1J 1~1 tl1J~hi'1JVJ'U1ff1~ fl , 'j ~ 

ltJ'jijlfllctf1Jiifl111J'\.hl~flilfllrtmh~;'i'1J ltJ'jijlfllctf1J'tJ1~filtJ'j::' ""Hh~N1V.1J'h iifillviln1J 

QI" QI d~.a
-31.60 ± 1.08 mV \llfl'U'U'Yl~fffl1Jfl111JfI.:j~1'Yll.:jflltl.fl1V.ll~::'Yll.:jlf11Jl1J'U'j::tI::11~1 4 l~fl'U'\Ifl.:j . ". 
~hi'1J ltJ'jijlfllctf1JViiWJ'Ul;j'UVi~W'HtJii 4 DC, 25 DC 75%RH 11~:: 40 DC 75% RH N~fll'j'Yl~fffl1J 

fl111JfI.:j~1V.1J'h VJ'Ulff1~flh~ltJ'jijlfllctf1Jii~fl1:lW::l~'Ul\l~~'Uff'U11 (White creamy gel) 11~:: 
. " 

l1ifll~1J~hi'Uflltl1~ff.fl11::fl11Jfl1J v.1J'h ~W 'H tJiill~ ::fl111J;$'U'li ii N~ ~flfl111JfI.:j~1'Yll.:jflltl.fl1V. 

1 _1 ""1 1 ..; '" .1 '1 ' .,. ,'\Ifl.:j lJ'j'U fl ctf1J'YlV.WJ'Ul'\l'U '\I'Ul~fl'4.fl1f1fl~ 'U'lf1.:j 300 - 340 run 1JfIlfll'jm::\lltl'U'Ul~fl'4.fl1f1 

m~tI 0.437 ± 0.041 l1~::lrtmVitl1Jn1J~hi'1J ltJ'jijlfllctf1J~1~1t11J1'U11':ifl (day 0) v.1J'h 'U'Ul~ 

fl'4.fl1f1 'liiifl111J11~fl~Hn'Ufl~Hiiirtlfflfif\l (p> 0.05) lrtfl1~filtJ'j::' ""Hh~N1fl'4.fl1f1~~W'HtJii 
.te:I, 'QI

4 DC, 25 DC 75%RH 11~:: 40 DC 75% RH 1JfIll'Yllfl1J -30.80 ± 2.12 mY, -32.15 ± 1.26 mV 11~:: 

-32.42 ± 1.31 mV ~l1Jih~1J fll'j11ml::l1'tJ~1J1WVJ'Ulff1~flh~''U1 tJ'jijl fllctf1J.fl1t11~ff.fl11:: 

.d .a.d .d 4Q ~Q'"4Q OQl 

"J.:j'Yl"l~ 'jfl.:j~.:j1J1f1fl 'Yl~W'HtJ1J 40 DC 75% RH l1~::'Yl~W'HtJ1J 4 DC ~11J~1~1J ctf.:j1JfIl'jfltl~:: 

Qld .d'Q1 001 

fll'j flfllfl1Jtllm~m'Yllfl1J 86.69 ± 1.04%, 85.13 ± 1.00% 11~: 84.69 ± 0.88% ~11J~1~1J 11~:: 
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.;:{.t=tJl .d. iI!II 4,d. Q 

f2W11.QlJ'YIlJ·H.JtlfI:fl1~U·,n,m"l~'YI"I~flO 25°C 65%RH ~~HfI~lJlf10 'YIf2W11.QlJ 40°C 75% RH 
, 

oQ,lal 4 lGo' 001 

UfI:: 4 °C ;J1lJfll~U lJfllmfltlt'YI1f1U 12.70 ± 0.08, 12.46 ± 0.12 UfI: 12.40 ± 0.11 ;JllJfll~U 

5 .1.3 'YI~ffOUfl1~11f1~11riOtltl1 fl1~C}flJA1'IJ'YI1~ib11lj.:U1f1:fl1~C}flJFhlJ m~l~lJ'll'IJ'llO~ 

11'IJ1ff1;J0'~R'111',iin01CUlJ 

fl11'Y1~ffOUfl1111f1~11riOtll1'IJlffl;JOhR''illM'h,U 111~in01CUlJ l1~ffOUl~tI'~ 

ffl~fI:ifl1t1NfflJ~::11"h~,oiinuOflfl080~flUff1~fI::fl1t1-nOff1-n;J,jTh-nol (1:1) (pH 7.4) 1rltJ 

ffnn:ifl1t1i1f1f1 H'rtu"h fl1~11f1~11riOtll1'IJ1ff1;JOhR'OOfl'il1f19i1,U l111in01CUlJ1'IJ';1~fI~~ 

i11lJ~U1f1'il'IJii~i11lJ{)~ 4 jjfl1~11n~11riotli1t1100fllJloti1{)n~1~1111:lJ1WfOtlfl:i 30 80 'llO~ 
II t, t, • t 

11~lJ1WtlTti~'tllJ~ Ufl::L~lJfI~fl1'IJi11lJ~fl8 un::''lJi11lJ~fl48 'il::jjfll111f1ft11riOtli1t1111~::lJ1W 

fOtlfl:: 98 'llO~11~1J1Wtll..f~11lJft lrlOl fltlUflUl1'IJ 1 ffl;J 0 hR'1'IJ l11UUUffl1f1:ifl1t1'rtu"h jjfll1 

11n~11riotll1tJ lffl;JOhR'OOfl1J1otiHn~1~1 ''lJnfll1fttl~ 2 i11lJ~jjfln11f1ft11riotltl111~::lJ1W 

fOtlfl:: 100 

fl1~'YI~ffOUfll1C}flJA1'IJm~H111U~'llO~~fI"Im~1m'YIflUfi Franz diffusion cell 
• II 

flf2W11f,Jn 32 ± 2 °C 'rtu"h fl1';iC}flJA1'IJ'llO~11'IJlff1;Joh~111~u101CUlJff11J1';ifIC}flJA1'IJi'IJH111,r~ 

'~~fI"h1 'lJl11mJ U'llO~ffl~n:: nl tI un:lrlofl ~U 24 ~11lJ{) 'rtU1111~lJ1Wl1'IJ lffL;JO h~' 'IJ 
41 t ell 2 t ~I ,,, ... 

ffl1n::fllt1;J1f1f1HLmflU 5.26 ± 1.85 I!g/cm U;Jffl1n::nlt1n'IJlff1;JO ';i~'rtUl'rttl~ 2.51 ± 0.45 

2 
I!g/cm 

fl1';i'YI~ ffOUfll';iC}flJA1'IJ'YI1~1~lJ'll'IJ'llO~9i1'Ul1'IJ lffLflO' ';i R''rtU11 LrlO)jfl1';iUft 
, JI 'f 

l~lJ'll'IJ11~lJ1W'llO~l1tJlffL;JOh~fl'rtU''lJffllfl::fllt1i1f1n1{)U'IJ 'il:: n~n{) l~tI ''IJi11lJ{)fl24 ~h,u 

l1'IJlffL;JO hR'111';iul01CUlJ'rtu11~lJlwl1'IJlffL;JO h~''lJffl';ifl:fllt1i1f1f1HL'rhflU 2.83 ± 0.05 

l!g/cm
2 dl11'U,!h'Uff1~fI::fllt111'IJlff';JOh~'rtu11~lJ1Wl1tJlffL;JOh~lYhflU 1.94 ± 0.35 l!g/cm

2 

lrl 0 111';tlmfltlu11~lJ1Wl1'IJ1 ffl;J 0 h ~~ff1lJn (JC}flJA1'IJ'YIHI~lJ'lltJ'rtU11 9h,Ul1'IJ1ffl;JO'~~ 

111';iUl01CUlJjj11~lJ1Wl1'IJ1ffl;JO '~~~C}flJA1'IJ'YI1{)I~lJ'll'IJ1YhflU 2.43 ± 0.63 l!g/cm
2 

UfI:i9h,U 

~I , ""'al" ~I , "d4 • • ... 2 ... 
ff1~fI::fl1t1ntJ1fflf10 ~~lJ1J~1J1Wn'IJ1fflf10 ';iA'YICUlJN1'IJm{)1~lJ'll'IJ1'Y11f1U 0.67 ± 0.91 f.1g/cm CU~ 

fl1~1;J'; tllJ9h,Ul1tJlfflf10 , nilH'od''IJ11111uu111~ul01CUlJffl1J1~(Jl~lJfl1~C}flJA1'IJ'YI1{)I~lJ'll'IJ'~ 

5.1.4 fl1';i'YIAffOu11~::ff'YIi.fl1'rt'llO{)l1'IJlffl;JO h~l11~ulolculJun::fl1';i'YIftffOU 
... .... 1 .., " fl1~~::fI1t11f10{)N1 'lJff;J1'Y1~flO{) 

II 

fl1~'YIAffOu11~:ff'YIi.fl1'rt'llo{)l1'IJlffl;JO h~l11~ulo1CUlJU'IJ '~'~tf;J{'YI~flO{) 

lrl'IJ11'1;dtiu~ml'rtf1ij ~)jfflt1i'IJ{ C57BU6M1ac 61~ 7 tf11~TH 11 ft{)'illf11!'IJ lf1'IJ'll'IJUfI::mffl';i 
II 

'YIftffOUl1{)11lJft 6 fI~lJ flO (1) fI~lJfl1UfJlJ (2) 2% ffl~fI:fllt1'lJ'lJOflcJ1fifl (3) 0.1 % 11'IJ1ffl;JO h~ 
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, " , 1 

ffl'HI:: ~nv~Ulff l\)1fl h~'VnJ11 L;jflffUt!flfll':il1f1l1fl.:Jl1,,{hJ~mnVl1ffl':il1\)1fffllJmilln 2 Ul1:: 
• 'JI , , 

mllln 5 ijtil':il'O;ty'Ufl.:JltfU'UUll1tltl11fflVl1:: 80 'OUl~ll-WUnl1f1fffllJ Otl 4 tl~llnl11iiflijfll':illj);fY 

'Ufl.:J!tfu'UufflVl1:: 60 - 80 'Ufl.:J\4'U~l1f1fffllJ Ufffl.:Jl,rlilu11~f1'l111L1J'1l1J'U 1 % ~Ulffl\)1flh~ 
lU':iulfl lCJ111 iju':i::ffl1im'Vtluflln'hlM''Uu'Ufl.:Jl1'1;!alJ~ml'O;ty'~;hnvlJl\'hftlJ 2% fflHI::1I1V 

iii...... ® ... ~ ......" " "" .1"" "" 0'" ~I 111 " LllUfltlCJ1f1l1 (Regaine ) CJ1.:J&lJUNlIfltlWcrJ111.:Jfll':ifll UlI::Lllfl!lJ':i VlJLl1VlJfl1':ilJl1U lff!fl6 L':ifl 

1 U':iulfl lCJ111ftlJ ffl':i1l::1I1V~Ulfflflfl' ':i~'VtlJ11 !rlfll~; vll~i1ilJ1U1UUlJlJ'Ufl.:J 1 U':iulfl lCJ111 

" . 
ffl11l':it:ll; .:Jfll':i! lj);ty'Ufl.:JltfU'UU 'A'1l1tltl111 U1UUlJlJ'Ufl.:Jffl':i1l::1I1V U fltl'Oltlij,;jflfft11:nm'VtYlfl 

~111'U'l1.:JUl1::fll11fJ1'l'Ufl.:J~b11'J.:J'Ufl.:J11'1;!alJ~m fflV';Ul C57BU6Mlac UlI::fft11:111f1Hfffl.:J'Ufl.:J 
" • , f .... '0 .. ,.ct " .. 44 .d

lUflWfl'VtlJ'll lj)lU'lU hair follicle LUtllllll1111f1'lV 2% ffl':i1l::1I1t1 LllUfltlCJ1f1l1'O:'VtlJllltll1t!f1 

':ifl.:JlI.:Jlllflfl 1 % ~Ulffl\)1flh~lU':iulfl lCJ111 0.5% :WUlffl\)1fl'':i~lU':iulfl lCJ111 1% ffl':il1::l11V 

~I iii " ~I iii "1- I "'1 1 0'" "" "" ... IIl1Ulffl~fl !':iflUlI: 0.1% l1Ulffl\)1fl !':ifl lJ':iU fl CJ111 ~l11lllf1lJ lllflLl1VlJtllJtlllllflllJflll'VtlJ'll 

'Y.Itltl~llij~lU'lU hair follicle U\)1tl~l.:J'Oltltl~llfnlJflllflVl.:Jijum;htit:y (p < 0.05) UlI::lrlmnVlJ 

~hilJ':i::1111.:Jffl':i1l::1I1V'llUfltl';~lIftlJ 1 % :WUlffl~fl'':i~1U':iUlfl lCJ111'VtlJ11 fll':im:~Ufll':iL'O;ty 

'Ufl.:JLtfU'UUl1'1;! 'lhl\)1tl~l.:JftUflvl.:Jijumhtity (p> 0.05) ull::~i1imJfl.:J:WUlffl~flh~lU':iUlfl lCJ111 

I ... " liI"d I 'I .1
ffl11l':if:ll':i .:Jfll':i' tjJ':i ty'Ufl.:JlffU'U U LflAntl'll!UllJUlJlJff1':i1l::1I1V 

4~1iI t evt! "c:..d. 
l1f1fffllJfll':i':i:fI1mflfl.:JN'l LUm:~lVfflV'VtU'1 New Zealand white rabbit fI'ltl'lli 

closed patch 'VtlJ11 9hilJ1U':iUlfllCJ111~f1'll11,1J'll1J'U 0.1%, 0.5% Ul1::1% ~Ulff'~flh~ 
'1itifllM'!nflfll':i':i:f11mflfl.:JF:hLrlflAmVlJlnfJlJftlJtl~llfl'llJflllNlIlJ'ltl (5% sodium lauryl sulphate) 

~lIflflnlll':i:t1: 72 i'llm 

'OltlNlIfll':ifft11:11fflll1':if:lfflU'~11 tl1':i,;mU19hilJ~UlffL~flh~lU':iUlfl lCJ111ij 

U':i: ffl1i tll'Vt 1 Ufll':i CMll r-hu l1Hl1Jll'UUUlI::fflll1':itU;.:Jfll':i I'll; ty'Ufl.:JltfU'UU 'Ufl.:J l1"illJ~m !'Vtfl'~ 

fflv';Ul C57BU6M1ac 'A'flvHijU':i:ffl1im'Vurlfl!nVlJfllJNil~tTtucrJ111Ufltl';~1I UfltltjJltl;l 

:WUlff'~6h ~1U':iulfl lCJ111 ij'.:Jffl11l':if:ld .:Jfll':iltjJ;ty'Ufl.:JltfU'UU '~~tl111U1UUlJlJ'Ufl.:Jffl':i1l::1I1V 

UlI: '1itifl1 M'lnflfll':i':i:fI1mflfl.:Jfh,rlm;'fll':il1f1fffllJ'um:~lVfflt1';Ul New Zealand white 

rabbit 
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'" ..."'... ..~I , .. " "''''1 1 ~I5.2.1 t11'l''W\J.II'\.,I111i1If1'l'l::'Hn'\.,l1ff!;Jfl 'l';J;J1t111i finn 'YImlnl'H'Cl1ff1J'l' 'l'fI'\.,I::"l.:j 

~'\.,Ilffl;Jflh~Ir!'\.,Iffl'l'mhJ 4-aza-3-oxosteroid ~1~1'\.,1t11'l'i'ml1fl11::~1Ji1.:j1'\.,1• 
1'Wfl''lflt1 ~ijfflm ~1I1'illn";'\.,Ilm'l'1J'Hlfl fJfl{l1J '\.,I 1'Wfl'cb.:j Ir! '\.,I ffll'H~~'W'U1I1t1~"l~ (Chen et al., 

2010) Idfl.:j 'illn~ '\.,Ilffl;J fl' 'l'~ij ff! Un;Ji'1Jfil'l'~~nn'\.,lUff .:jtifl'\.,l,j'H~l~.:j hiffl111'l' fl1If1'l'l::..r~1t1 

l'YIflijflfflun l;J'l'ff lnil'~ 'Hlfl'Hln'il::~fl.:j1If1'l'l::..r~1m'YIflijflrl'~llr!'\.,I~fl.:j\h~'\.,Ilffl;Jfl''l'~1I1Vh 
u~m tllfl'U ffl'l' §'\.,I flfl'\..l! ~fll~1J fflU n;Ji'1Jfil'l'~~nn'\.,lU ff.:j '\Jfl.:j ffl'l' u,j''l':: tI:: !1'Cll1'\.,I filnhu ~mtil 

" . 
'\Jfl.:j ffl 'l' 'il::1eNI1'Cllff'\.,l U~ ti fl '\.,I ,j'1.:j ~.:jtlln U'Cl::1ffm1 'Cl 1111 n'H 1n~1fl~1.:jn~fl.:j11f1 'l' l::,.(ij ~ 1'\.,1 1'\.,1 111 n 

" " '\.,Ifln'illnilir.:j 'liffl111'l' fll~'U~1fl~1.:j'~,~~11r!'\.,I~fl.:j1~';'\.,I n 1'W'l' l::'HlnVi.:j, ~'\.,Il'\.,1 m'ilijfil'l' 'l'::m tI 

'\J fl.:j~1Vh'Cl::'Cllt1 ~1~ ~.:j~fl.:j ij fil'l''';I'JI '\.,Il1~1If1'l' l::..r~'\.,Ilffl;J fl' 'l' ~I~fl1M'ij fl111J1'H 111:: ff1Jn'U 

... ..... '" ,.... - 1 1-1"'1 1 .d '" .1 ..,j ...fil'l'1If1'l'l::'H U'l' 1I1tl.1YJ '\.,I 1 ffl;J fl 'l'~ 1'\.,IllJU'U'U lJ'l''\.,I fl Clf1J'YI'W\J.II'\.,I1'\J'\.,IU'Cl::;J'l'1'ilfffl'Ufl111U'I1flflfl 

'\Jfl.:j1~1If1'l'l::..r 'illnfil'l'ffml1 '~ijfil'l'IWn~'\.,Ilff!;Jfl h~u'U'U!ml~tI'\.,I~ (gradient) ~1t11;Jfl1f1 
• I JI. • JI 

Ifl nfl'\.,l n'l' ::Wj,.:j 11JVi'Cl Ufl 'Cl nfl fJfl-cfnuu lU'Cl ::1;J fl1f1 Ifl n fl'\.,l n 'l' ::Wj,.:j fl::ci11 m''\.,I';J {fl'U'I11'W 'U'j, 
" .

~'\.,Ilffl;Jfl h~'Cl:: 'Cllt11 '\.,1'111 '~~1 U~'Cl::'Cllt1'~~1 '\.,I~1Vh'Cl::'Cllt1V'\.,l 'YIl6 'illnn1'l'fft11:I1'W'U'j, 

. . " 
1r!'\.,I1;Jfl1f1If1nfl'\.,l n "h'H i''Un l'l'oW 'ill'l'tl.Ilfil'l'IWn~'\.,Ilffl;Jfl' 'l'~11f11'l'IWnU 'U'U '~ir'\.,loW 'ill'l'tl.Il 'illn 

, ".:s.", GII'l.Q. .".:1,. ,
fI1 Scouting gradient run fI11Jfll'\.,1fltln11 0.4 fl1'l'IWn l'\.,1U'U'U fl Clflfl'l';Jn U;JfI11JfI1111nn11 O. 4 

.:s 0' 4 "Q,I 4.d I• 
fl1 'l' IW nil 'U 'U In 'l' I~ tI '\.,I;J 'ill n ~ 'Cl t11 'l' 'YI ~ 'Cl fl.:j 'W 'U 11 I1J fl IW n ~ 1 tl1;J fll fI IfI 'Cl fl '\.,I 'YI 'l':: 'H 11.:j 

fil'l'IWnU'U'Ulm l~tI'\.,I~rl'ffl111'l'fltil'\.,11tl.1 fil'l' Iwnu'U'U 'fllClflfl'l'~n'~ 1~tlffl1Jl'l'fltil'\.,11tl.1 'illn 

1 fI'l' 1I11;JU m 1J U 'U'Ulm I~ tI'\.,I ~ 'illn ~'Clfil'l' 'YI~'Cl fl.:j'W'U11 1;Jfl1f1 IfI~fl'\.,l ~ 'l':: 'H 1HI1J Vi 'Cl Ufl'Clnfl fJfl-cf 

" I I " 

n'U '111 ti 1 '\.,I1tl.1 '~V;J'l'lff1'\.,1lfhfl'U 65:35 U'Cl::1;Jfl1f1If1nfl'\.,ln'l'::'H11.:jfl::ci11m' '\.,I';J {n'U'I11 til'\.,11tl.1 

'~V;J'l'lff1'\.,1 Ifh fl'U 50:50 IrtflVilfil'l' IWn~1t1V;J'l'lff1'\.,1~.:j mh1'W'U11 tll'il::Utln~n'Clllfhn'U 
. ." 

13.5 '\.,Iln U'Cl:: 8.8 '\.,Iln ;Jl1J'C;'~'U ~.:jUi''UV;J'l'lff1'\.,1'l'::'H1H1;Jfl1f1If1nfl'\.,ln';.:jfffl.:j 1'W'l'l::ij 

'l':: tI::1 1'Cll~ 1 ~1 '\.,I nl'l' IltI n~ n YJ '\.,11 ffl;J fl' 'l'~1J In 1 ~ til~1J U i''U 'illn~1Vi 1'Cl:: 'Cllt1V'\.,I 'YIl6flfl'\.,l 

Idfl.:j'illn~'\.,Ilffl~fl' 'l'~'Cl:: 'Cllt1 '~~1 '\.,I~1Vil'Cl::'Cllt1V'\.,I 'YIl61~tI!wn~'\.,Ilffl;J fl' 'l'~~1t11;Jfl1f1 
, I " • 

Iflnfl'\.,l n'l'::'H11.:jI1JVi'ClI!fl'Clnfl fJfl-cfn'U'I111 '\.,IV;J'l'lff1'\.,1 70:30 'W'U11 tll'il::lwnn!1'Clll't"fl'U 4.8 '\.,Iln 

U'Cl::lrtflIWn~'\.,Ilffl;Jfl''l'~~1t11;Jfl1f1If1~fl'\.,l~'l'::'H11.:jfl::ci11;J'l"'\.,I ';J{flmll1'\.,IV;J'l'lff1'\.,1 60: 40 til 

.d '''' ",.d~1 ,.. d.l '~I , .. " 
'il::IWn'YI!1'Cl11'Y11n'U 6.0 '\.,Il'Y1 Clf.:jn'\.,llffl;Jfl 'l'~Qmwnflflm'l'1'\J'\.,IUff~.:j11n'\.,l1ff!;Jfl 'l'~ffl1Jl'l'fll'\Jl 
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tiu1~~ti'U1~ fl1fl tfl~OU~~~\l nUrJnOOn1JlnOU tdo-n~n'Hl.l1fl111Jffl1J1Hl , U m':i LWnY4nOOmnn . " ... ,!I " '" 1 Q " Q Q,Inu 110rJ U':i::m:nflTVU111Jl::ff1J ,Wvtill':iWlfl111Jt111J1::ff1Jillnfll resolution ':i:111HvtmHffO~.. 
til tailing factor Ufl:fll')lU1ULvtflYlYll~l1fJ1:Ia (number of theoretical plate) vt'U'~h LdourJn~1rJ 

, I JI • • 

1~fl1flLfliiouih::'I1"h~0::Cjfl~':i'U'~{timh'Utl~n1:i1u 60:40 ijfl111Jt111Jl::ff1J;;qfl Lijo~illn 

ijfll resolution ':i:'I1'-h~Y4m'Vhti'U 3.07 fll Tailing factor nhti'U 1.13 ab~0~iu')h~~rJ01Ji''U1~ UfI:: 

I 0 Q I Q,I : ~ 4:.4 4::U:t4 tI.d 
fl1illU 1U tvt flYI YI HYI fJ1:I ~ tY11 n 'U 5,324 ill nuU il~~':i1il ffO 'U fl111JL'1fOflO'IJ0~1ti 1Lfl':i1::11Y1 

... .1 1 ... ... ... .. Q .JJ "" !I J.!vtWlUl'IJU flrJ'rHl1':iW1illn (1) fl111Jff1JvtUtiL'1f~LnU~Hvt'U11 o~ U'1f1~fl111JL'lJ1J'1IU 50-300 

. "" ~g1mL UfI:ijflll L~U 0.9995 (2) fl111JL-r1rJ~'IJ0~1i1Lfl':i1::"ylf1rJ1Lfl':i1:::"ycil '1 tiu 6 fli'~ vt'U,.h 

ijfll %RSD 'IJO~ retention time od'u,h~ 0.005-0.012 UfI:::fll %RSD 'IJO~ peak area od'u,h~ 
c9 ~ • ~ Gf , 91 t/ 1 '"'0 <C:Io.c:lQ

0.01-0.05 CJf~LlJUfllY1ffl1Jl':iflrJ01J':i'U fI (%RSD < 2) (3) fl111JU1JUtll'IJ0~1ti1Lfl':i1::11 fltlLYltI'U . . " 
fll;;1f1 , ~tim;';;Unil;~ fln;~ffO~fl1':iijfll'nn'Ltltl~tiu~~ Ufffl~11m':i1tfl':i1:"yijfl111J\ln~0~\l~ 
.li. I ... , ~, '" " ,
CJf~lJ':i::L1JUillnfl1 % recovery illnm':ifln1:l1vt'U111J % recovery O~ U'1f1~ 92.42- 102.69 

(4) ~fI')ltifl'IJ0~m':i~nil1f1UfI:::~fI')ltifl'IJ0~m':i1f1tJ;1J1W L,hti'U 0.006 ~g1mL UfI: 0.02 ~g1mL 

~l1Jf;'~'U (5) fl111J')lLvtl:::'IJ0~1fi1Lfl':i1::M'W'U11 LdOL~1Ja~':i'Un1UfI~'U':i:'U'Uil:: 1,jijNflm:::Y1'U 

: 0 i'" 4 tI 0 QI' i • I"" 1 !Ii 4 : Go' ct
ffU Y11 11ffl1Jl'fl1Lfl':il:::11"'lU1U~10tlH UlJ':i1J1W1Jln fI U':i:tI:nfllV1ffU Ufl::tI~1J 

... ... <Ii .1 o,!I A.I':!....... ~ 
fl111Jt111Jl:ff1Jn'Um':i11fl':il::11 U~lUlJ':i:ill fI (routine) L1JOLlJ':iV'ULYlV'Un'Um':ifln1:l1'IJ0~ Demir, 

"''''' "~I , .. ® i. 1 c;$ P "" Cucu UfI:: Sakarya (2006) Y11Lfl':il::11l'1UlffL~0 ':ifl (Dilaprost) UllJu'U'UtIlt1JfI~nVLYlflUfl 

liquid chromatography lf1vif Nova Pak C18 column L~U1~.fllflfl~~ ffn1:l1~f,}W11(Jij 60 ·C 1f1~ 
fl111Jtl11fl~U 210 nm 1Lfl':il::"yiultJ1L'U'U'0lCJftfl':i~nlf1vif water lacetonitrilel tetrahydrofuran 

!'it... Ad... c;$!'it .1"" d, !I .. •
(80/10110, v/v/v) 'lJU1~.fllfllflflOUYI 0~':i11nLlJU 2 mLI min lJ':i1J1~':iYl '1f flO 15 ~L vt'U11 til 

4 Q,I .. d 1" I qd -d .I J. .t::ti": fI ,. Q,f

UVnYlL1f11LYlln'U 36 U1Yl CJf~\l:::l11U fl111tiYl'WWlUl'IJUU1J':i:::V::L1f11Y1 '1fffUn11 

5.2.2 m':iliWlUl~hi''U~Ulff1~01':i,;'iultJU'U'U ltJ':iill0lCJf1J 

" " .li
n1':i1 i viU fli'~ilL~U n1':i L~; V1J;; li''U~U lffL~Oh,;'l tJ':i ill 0 lCJf1J CJf~L ~u 

lY1fllu lf1~':i::~'UU11utJ':i:::lfIYl11ii~~ffl1J1':ifl'lhri~N1UYll~1'lJ1J'lJu1~ (07qJqJl1J lUfffOtl, 2008) 

m':il~;tl1J;;li''Ui..rodiultJU'U'U ltJ':iill0lCJf1Jij.f1o~flo ;;1i''U~l~;tl1J\l::ijfl111Jfl~;iTm~mV.fllvt 

hitfl fI n l':i 1m::n ~1J flU 11;0 n 1':i ':i 11J;i1tiu'IJO.:J 0'4 fllfl UfI::: rJ1 hitfl fI n 1':i fffll tI;i1Y1 H L flij ~1V 

http:92.42-102.69
http:0.01-0.05
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tJfifllr.l1 1fJ 1~':i1~cifff (Almira et al., 2001) 111:I::ff1lJ1':iflcjflJ~l'\.U.,j'1~fl111ir~ 1~~lm'Vi':i1::ij 

V~fltJ':i::flVtJ'\JV~UV1:IflVfJV~'u~hltJ (Bharti, Loona and Khan, 2012) ff111ltJfll':i'~ltllJ~hltJ 

~U 1ff'~ V 1 ':i ~1 tJ ':i inv 1 C)flJ 'iI::'~l tllJ~1t1i1i1 flV::'C)fV 11~U II tJtJ IItlfl1~fI1fl ''Vi ':i 1::'rJU''YIflUfl~ 
... J' 111 !II' , !II !II '" '" ";,!II 0 '" 	 , ,!II 00 	 '" 

ff1lJ1':ifl1mtllJ'\J'\.J l~~lr.J 'lU11:11UVtI 1111J1::fltJ~1':itJ'YI 'lfff111':itJ'YI1f11t1UVflU1:I::fll':i U 'lf~l':itJ 

" 
1tJ':iU1V1C)flJ,rJU':i::tJ1J'\l1ff~tl1'Y1Hfl1't1ir~iru 11J~V~':iV111:11'Ufll':i'fl~ hydration ~ff1lJ1':imh1 tJ 

m::'iI1t1'Utll'tiu ''lfU viJ1:Iiu ''iI1:1'm::;f~~ 1~tI~1tJ1ifuff11J1':ifl'lf1t1"r,rJu,hltJ~',*ntJfl111ir~ 
"1:I::,rJu~1'lhm;V'ilH~1ff1':iff1fif\l1~ 

fll':i";~U1f11ltJ~U 1ff'~V1 ':i~1tJ':iu1 V 1 C)flJ "rcjflJ~lU'YIH1~lJ'\JU VVH1111J1::fflJ 

'iI::~'iI1HU1'i11fl (1) '\JU1~V'4f11fl 1~tI'iI::~V~ij'\JU1~V'4f11fl'U'lf1~U11U'lJ~':i vd'U'lh~':i::11'h~ 
,... " .... <i , 111 !II ,

300 - 600 run ''Vi':i1::'\JU1~ U'lf1~Uff1lJ1':ifl'YI'il::C)flJ~lU'YI1~1~lJ'\JU l~ (Tarl et al., 2011) ,m:: 

!II <i '" _'I ..; <i _I ..6 ~ ,
ff1lJ1':ifl1'\J1f1~V1t11::'1J1111J1t1'Y1fl11lJ1:IfllJ':i::1J1Ol 600 - 1200 ~m (Wing et al., 2011) C)f~'1JUff1U 

'\JV~~VlJ1'\JiJu (sebaceous gland) mi11flV,rJU V1t11::'~1111J1t1'Ufll':ill1ff~tl1,i4VHi'Ufll':ilmn 

h fl ~lJ'h~,rJUl1VVlJ (androgenetic alopecia) ijff1111 ~lJ1'i11fl";U~m ':i lJl1lV fJv{1lJU,'VifY (Alex 

OQ.l.dd a'" 	 " Gold .d
et al., 2008) (2) ~1':itJ'YI'~':itllJfl1':ilJfl1':iVtl1:I::fll':itJ':i':i~tl1U1:I:: (3) ':iVtl1:I::fll':iflfllfltJtl1'Y1"l~ 'il1flfll':i 

'YI ~ 1:1 V~'Vi tJ 'h ffl':i 1:1 ~ U':i ~ ~ ~ fl1'lfU ~hjij tJ ':i:: ~,U fl ~ lJ V '4";U i'\J V~ C)fV ih, 'YIU 'iI::,,rfh f V tl1:I:: 

Q.I d.d .dl 	 .d d' 

fll':iflfllfltJtl1'Y1"l ~''Vi':i1::lJfl1 phase transition temperature 'YI"l ~'m::lJfl1 hydrophilic lipophilic 

balance (HLB) ~1 ff1':i1:l~UH~~fl1fl1':iijff1t1 1CJf'\JV~11~ alkyl ~tl11~~'iI::ff1lJ1':iflnfll~tJtl11~"l~ 

(Yoshioka, Sternberg and Florence., 1994) ~~'~Vfl',*ffUtJU 60 (CIS) ,rJUff1':i1:l~UH~~fl1 ff111ltJ 

iI 'iI ~tI~ff~ ~1:I~V'\J U1~V'4f11fl fVtl1:I::fl1':itJ':i':i ~tJ1U1:I::f Vtl1:I::fll':infl ,~tJ til'U fl1':i'~l tllJf11ltJflV 

" 
tJl1J1W 1 '\JiJu ";~l1lJ~ f V tl1:I::tJl1J1W '\JV~flV' ':i ff'~V':i V1:1 , Uf11ltJu1:1:: fl 11lJ ,.,j'lJ.,j'u~u 1ff'~V1 ':i~ . 	 " 
fll ':i111 ff fI11::Vi 1111J1:: fflJ' U fll ':i'~l tllJf1 IItJ V Vfl II tJ tJfl1':i 'YI ~ 1:1 V~1 ~ tI' '*i1i ~V tJ ffU V~..;U fl1 

(response surface methodology, RSM) 11lJntJfll':iVVflUtJtJff1U~fflJfl1:l1~ (central composite 
..6 " " 

design, CCD) C)f~ i1iil ,rJU fll':i 'Ill fflJfll':i'YI1~flW~fY1 ff~{1I1:I::fll':i thU10l'YI H ffil~1J1'~tJU";U!1U .. 	 " 
'\J V~ fflJ fll':i 'Vi \lU llJ (polynomial equation) ,..; vih1 tJ~.,j'V\!1:I Vi'~'U fl1':i 'YI~~ V~ 1 ~ tI.,j'V\!1:Iil 

ff1lJ l':ifl vim tlV' U ~':i flltl1'\J V~~1UtJ ':i Vff':i::111:11t1 ~1U tJ ':i~ ff ~ ~1:1~ V~1U tJ':i ~ llJ 1~ ~~ij.,j'v~~ 
" 

111 UV fl11fll':i VVflU tJtJ "lmf11ltJ l~tI'~i1i~~'~lJflV ff1lJ1':i f1ffmnV'u mflltl1'\JV~~1U	tJ':i Vff':i:: 

" 
111:11 tI~1U tJ ':i 1~' '\.J 111:11'~ tl1nU~~'lf1t11:1~fl11lJ fl~'Vi1:l1~ 'il1flfll ':iffmnVi 1:I::i1 'iI ~tI'\l V~i1i~~ '~lJ1 ~ 

o '!IIWJ!II 0 '" ..;... J' 	 .!'" ,
U1:I::'YI1 l1l~"l~':i~1':itJ'YIlJfl11lJ1111J1::fflJlJ1fl'\JU (Xiaoyun et al., 2010) UVfl'il1flUtI~'lf1t1 

tJ':i::l1ff~111:11'm::ff1':i'flij (Xiulian, Quinghong and Zhonghai, J. 2011) 

http:tJfifllr.l1
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'Olfl~~fll'j'Yl"~HI~'VnJ'h ~i1i'1JW'U lffl~ V 1 'j ~hhillVlC1f1J iifVtI~:::fll'jnf11~mJ1 

v~''U'Ib~ 71.95-95.44 fVtI~:::fll'j1J'j'j~~1t11V~''U'li1~ 1.20 - 43.05 U~:::'U'Ul"'Uv~'j:::1J1J'\.hri~ 
" V~fllflV~''U'Ib~ 219-346 run 'Olfl~m.!~ij ffl1J1'j~'Hlfl111Jff'1Ji'Ui''Uv~t! 'O~tI'Uv~~1U'lh flff'j:::flV 

tJl1J1W 1 'U,j''U i~'H1J" , 'U~i1i'1J f VtI~:::tJl1J1W'UV~flVl'jff1~V'j V~11~:::fl111J1~1J~'UW'U lffl~V 1 'j~n1J 
I "QI d " " ...'" fllfll'j~ V1J ff'U V~ ('j V tI~:::fl1'j flf11fl1J til 'j VtI~:::fll'j1J'j'j ~ til 11~:::'U'U1"'U V~ V~fllfl) "1t111ifll'j 

" ~V1J ff'U V~~'U~b (RSM) 11~:::uff"~1~'U ff1JflWvn'!'U l1Jfhn~ ffV~1 ~ 'Olflff1Jfll'j ffl1J1'j ~~'j1'OffV1J 

fl111J\Jfl~V~'UV ~l tJ 111J1J fll'j'Yl"~ V~1$1 l"tI-v. 'Ol'jW l'Olf1fh (1) fhff'1JtJ'j :::ff'Ylffll'j~"ff'U' '0 (R2) 

(2) fhff1JtJ'j:::ff'Ylffll'j~"ff'U''O~tJi'1Jfh (R
2
adj) ~~fhi~ffV~fl1'jiifll1~1'fl~ 1 ~~uff,,~1$i"h 

~1UtJ'jflff'j:::ii~~~Vfllfll'j~V1Jff'UV~lm::: (3) fll P-value 'UV~ Lack of fit fl1'jiifll1Jlflfl'h 0.05 

dI dI I " QI d
'0 ~ '0:::11ff" ~~~fl111Jl'H1J1::: ff1J'U V~ ff1Jfll 'j .... ~ 'U l1J 'Olfl ~~ fll'j 'Yl" ~V~ ....1J11 ff1J fll 'j 'j V tI~::: fll'j flf11fl1J 

til f VtI~::: fll'j 1J'j 'j ~ tll11~::: 'U'U 1" 'U V~V~fllfliifllff'1J tJ'j::: ff'Yl f fll'j~" ff'U' '011 ~:::fll ff'lltJ'j :::ff'Yl ffll 'j 

~"ff'U ''O~tJi'1Jfll1~1 'mi' 111~:::fll P-value 'UV~ Lack of fit iifll1J1flfl'h 0.05 'O:::n~'U 1~'h~111tJ'j 

flff'j:::ii ~~ ~Vfl 1 fl1'j ~V1J ff'U V~ 11~::: ff1J fll 'jiifl111Jl'H1J l:::ff1J' 'U fll'j Vi1J lt1 V'U ~ 'j illtl1'j:::'H 'h ~ 

~111tJ 'j fl ff'j::: 1" tit! '0 ~tI'U V~~1UtJ'j flff'j :::~ii ~~~VfllfVtI~::: fll 'j n fll ~1J tll11~::: f VtI~ :::fl1'j1J 'j 'j ~ til 
. " 

1J1flVi"l"flV tJl1J1W 1'U,j''U ";~'H1J'" 'U~i1i'1Jlm:::fl111Jl~1J~'UW'Ulff1~ V 1 'j~ ff1'UfVtI~:::tJl1J1W'UV~ 
" . 

fl Vl'jff1~V'j V~1liii~~~Vfll~V1J ff'U V~..;~ ffv~vdl~ii,rmhflqJ ffl'H i'1J t! '0 ~tlViii ~~~V'U'U 1"V~fllfl 
. " 

1JlflVi"l"flV tJl1J1W 1 'U,j''U'';~'H1J'" 'U~li'1J11~:::fVtI~:::tJl1J1W 'UV ~flm'j ff1~ V'jV~ ~l1J~h~1J ff1'U 

fl111Jl~1J~'UW'U lffl~V1'j ,,1liii ~~~V'U'U1"V~ fllfl Vdl~ii,rtlfflflqJ . 
40 001 0 1001 

l1J V'U 1ff1J flU .... "1 'U 11J fll ~~ ffV ~ 1J1 fl1 'U 1W'H 1 ff fl11::: 1M 1J 1::: ff1J .... 1J 11 ~ 1 'j 1J 

W'Ulffl~V 1 'j~1tJ'j illvlC1f1J v~' 'U lflWcti'~~V~fll'j ffl'Hi'1Jfll'j 'I.11ri~ ffl'j ~1'U 'Yll~ ~'1J'U'U iifllfVtI~::: 
Old IQ,I " 101 .cI 

fllmf11fl1Jtll1'Yl1fl1J 94.47 ± 1.67% 'jVtI~:::fll'j1J'j'j~tll1'Yllfl1J 13.14 ± 0.18 % 11~:::1l'U'U l"V~fllfl . . " 
V~''U'lb~ 292 - 340 run ljjmllfffl11:::Vi1'H1J1:::ff1Jij1J1Uff"~fl111Jff'1Ji'Ui'1~'Uml'rJffl1Jij~U~::: 

' ,.4 ~ ... IQ QI ~ , 0 QI 0 , "" QI d .ca I ~ J'I
flHrJ1flH'jl~""1J1111JV1....1JlJ'j1J1W ! 'U1J'U 'Yl~'H1J" 'U~l'j1J'O:::'Yll 'H 'j VtI~:::fllmf11fl1J tll1Jfl11....1J'U'U 

11~fVtI~::: fll'j 1J'j 'j ~~1t11~ ,,~~U~:::lrlVl~1J tJl1J1W'UV~ fl Vl'j ff1~V'j V~ 'O:::,,fflIfVtI~:::fll'j nf11~1Jtll .. . 
" .Q' .Q " I .Q ... IQ I .Q" 

~,,~ ~ U~::: 'j V tI~::: fll'j 1J 'j 'j ~ tll1Jm fl~ 'Yl U1J 11fll'j1.... 1JlJ'j1J1W 'II V~ fl Vl 'j ffl~V 'j V~ '0::: '1nm....1J 'j VtI~::: 

fll'j1J'j'j~~1t11 (Mokhtar et aI., 2008) 11~tJl1J1W'UV~flVl'jffl~V'jV~~'.n'Ufll'j'Yl"~v~iitJl1J1W 

~~1 ~~fll'jl~1JtJl1J lW 'U V~ fl Vl'j ffl~V'jV~ 'O:::ii ~~~Vfl1'j 1~1J~'U 'U V~fVtI~::: fll'j1J'j 'j ~~1t11 lrlVl~1J 
tJl1J1W'UV~flVl'jffl~V'jV~1Jlflfl'h 20 mol% (Mohammed and Perrie, 2005) 11~:::fll'jl~1JtJl1J1W 

'II V~flm 'j ffl~ V'j V ~'O:::ii ~~~Vfl111J fl~~1'11 v~'j:::1J1JillV lC1f1Jlm:::fll'j ~11 ~l'U~b'H,r~ (Rogerson, 

• .4":' " ." 111 " 0, "'" I " .o;;!1Cummmgs and Florence, 1987) 11~:::11JV1""1Jfl111Jl'U1J'U'U'UV~l'1'Ulffl~V !'j"'O:::'Yll 'H1Jfl1'jVtI~::: 

http:71.95-95.44
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QI el" ..:. .1 11 .. di~.r ~.., '!:!I
nl'l fl fUfl'U mm,:: 'l tllJlI::nl'l'U 'l 'l ,mnul 'II '1..1 tl1eJ O)I'~ ~lInl'l 'VIflll tH 'VI tI'I..I f16flfl tltNfl'Unl'l nfl'll 1 'II 6~ 

Xiaoyun et aI (2010) ~fffl'lllnl'l'H1f1fl11:~nnJ1::f111'IJ6~ dihydroartemisinin ~1eJ'l::'U'U'ihrl~ 
QI " ...", .l... <!/ • A":' .'i!" i"'"i '1111 '1..11flfJ i 'lf11ifl6'Uf1'1..16~'n'U ~1 1l1flnlUffl'll1'n'U11 11161'nllfl11111 'U1I'IJ'I..I'lJ6~fJ11l:: 'Hfl1'l6fJlI:: 

..:. .1 A..:.... i '" 1: i" QI i"11 QI '" ,.. el
nl'l 'U 'l 'l ,fJ11'n1l'IJ'UU 1I::11161'nlltJ'l1l1W 'IJ1I'U 'VI~'HlIfl 'U fl1'l'U 11:: 'VI 1 'H -:I 6fJlI:: nl'l fl fUfl'UfJ111f11 

..:..1 , " di' .rQI ,A":' _I"" i '" .. i"111'n1l'IJ'UUlI: fl'IJ'I..I1fl6ljfl1f1'V1 'Ht!! 'U6fl1l1fl'UfJ~'n'U11 11161'nlllJ'l1l1W'lJ6~ 'IJ1I'U1l:'VI1 11-:16fJlI:: 

",el ""..:..l~ A "',. i"''':' .1, i~1 , .....
nl'lflfUfl'Umllfl11'n1l'IJ'Utl1fJ 1'U6~1l1flll"6~11~'IJ6~ 'IJ1I'Ul'n1l1l1fl'IJ'U f1~~1I 'Hn'U1f11f16 HIO)I'~ 

• III II 

1r1'UmiiijfJwf111,j~"6'U1I:1I1fJi 'Ui 'IJiJ'Uf1111l'l ilU 'VI'lfl6d'U; 1101';6~11~'IJ6~ i 'IJiJ'UUiii nl'l fffl'lllU 

c2 "d t i cv.:l t" QI d QI ~QI1l~ Uf1fl~ i m'H 'U 11 'IJ 1I'U11 ~1I fl6'l6 fJlI:nl'l flfllfl 'Ufl1fJ1U 1I::'IJ 'U 1fl'IJ 6 ~6lj.fl1f1 '1..16 fl1l1 fl'UfJ ~ 

f16flflf{6~ti'Ufll'lfffl'll1'IJ6~ Mahmoud et aI (2008) ~fffl'll1i111~fJi'U~i1i''U~ij~lIfl'l::'VI'U~6fll'l 
tifU~'U flurbiprofen Ull::t1f1'l11~1i'l..lnl'ltJlIfltJn6fJm'IJ6~~hi''U1 tJ'li11610)1'1I 111flfll'lfffl'll1'n'U11 

..:. , QI 0 QI " " '" 0 QIi i"11 el ..:..1 '_I""nl'l1'n1l 'IJ1I'U 'Ufl1'l'UUlI::f111111'IJ1I'IJ 'I..I'lJ6~fJ11l::1I~1I'V11 'H -:l6fJlI::nl'l flfllfl'UfJ11'n11 'IJ'U "fllJ'l1l1W 
, , " , , 

'IJ6~mii'U'l 'l ~fl1fJ i '1..1 11::lIflll~ lij61iifJ'Uti'U ''IJiJ'U'ti~'HlIfl U 1I::Lij61i;1If111111-r1l-r'UfJ1fi6 i 'IJiJ'U 11:: 

o i "11 .... el" ..:. .1
'VI1 'H -:I 6fJlI::nl'lfl fUfl'U mUll:: 'l6fJlI:: nl'l'U'l'l ,ml'nll'IJ'U 

lri6'V1flf16'Ufl1111f1~9i1111~nlfJfl1'n'IJ6~~hi''U~'U1f11f16i 'l,;'1 tJ'li11610)1'1Ifl1fJ i~ . 
Q Q I5:It.. 

f1fl11::f11'UfJlI'VIfJW'HfJlI 4°C, 25°C 75%RH Lm:: 40°C 75% RH l1J'I..I'l::fJ::11111 4 lfl6'1..1 'n'U11 

1tJ'li11610)1'1Iij5f1'l1W::lr1'1..1Lllll~'I..Iff'IJ11 (White creamy gel) 1~Wff'IJ6~1tJ'li11610)1'1I1l::i,jlflfl 
• II 

nl 'l 1 tJ~ fJ'UU tJlI ~Ull:: i,jlflflnl 'l UfJfloM'I..I'IJ 6~16iilIU611 fl6 @J6~66fl1l11l1fl~i1i''U ti~ 'U6fl11fJW'H fJij 

.l , ' '''' 1-1 "'1 1 d QI ,I A 0 i-IQI 0 QIUlI:f11111'lf'U 1I11~1If16f11111f1~fl1'V1HnlfJfl1'n'IJ6~ lJ'l'l..l 6 0)I'1I11'n~'I..I1'IJ'I..I 1116'1..11f11'l'U lJ 

1fl'IJ 'U1flU1I:fl1fl1 'l fl'l:: 111 fJ'IJ '1..11 fl'IJ 6~6ljfl1f1 1i461r1'Ufl1 'l ';1'1..11 fJfl1111 f1~9i1 'VI 1~ fl1fJ.fl1'n'IJ 6~ f11i''U 

,. _I "',. ,. , el 1 QI ,,"""'... .., .. 51!
llJ'l'U l6 lO)l'lI'l ::111Hnl'l1fl'U flfJ'IJ'I..I1fl6ljfl1f11flfl1fJ11i nl'l m:11l~"f1~"U'U'n1l1f1 0)I'~11J'U 

4 ~J " -d Q ...dQ

nl'l 1f1116'U11'IJ 'U 1I~'IJ6~f111111'IJ1I'lJ6~Uf1~'VIfl'l::Lll~ UlI::1flPl1l1flnl'l lf1116'U 'VI'lJ6.:J6ljfl1f1 (Zhang 

et aI., 2010) 1flfJ'IJ'U1fl'IJ6~6'4fl1f1f11'lij'IJ'U1fl~iflf{1flfJ~ti'l..l,i46{16~ti'Unl'l'nl::millti'U'lJ6~6lj.fl1f1 
· i"Q, ,., i,,1I::f1~ ~1I mflfl nl'lflflfl:f16'U f11nl'lm::1l'fJ'IJ'I..I1fl'IJ6~6lj.fl1f1ll:'U~'U 6flil~'IJ'I..I1fl'IJ6~6lj.fl1f1 'U 

II, • 

f11i''U11ijfl1'flf{1flfJ~ ti'U1I1flU'6f.1l,"fJ~ i PI fl1U f11'lijfl1iiufI'U U 1I:fl1tJ'l:1 i fH~hiiN16'4fl1f1,rI'U 
• II. 

fl1iiti~'U6fl~~f11111f1~9i1'IJ6~f1'i''U1 tJ'li1161 0)1'11 fl'Ull:1P1tJ;1I1W 'IJ6~01gflfl'l6'1..1iiN1'U;nw 
II III 

shear plane 0'1fl1Uijfl1111flfl11 130 mVI Uf1P1~11'l:'U'Uijfl1111f1~9i1AUlI::0'1fl1UijflT'l~~~ 60 mV . 
, Q QI 44 I 

Uf1P1~11'l:'U'UlIfl1'1If1~fl1'V1P111'fl (Mehnert and Mader, 2001) 1l1fl~lInl'l'VIflf16'U'n'U11 

'tJflfJW'HfJijij'IJ'U1P16lj.fl1f16di'U'tb~ 300- 340 nm Ull:ijfl1nl'lfl'l:111fJ'IJ'U1P16ljfl1f1m~fJ 0.437 ± 

0.041 cii~6d''U,r1~~Ufl'U ,ri61iifJ'Uti'Uf11i''U hhu1610)1'1I~'fI;fJ1I1'Umfl'n'U11 ,,jijfl1111UflflfiH 

6th~ijumhfity (p > 0.05) 1l1l:1d61P1fl1tJ'l::1',"·lh~N16lj.fl1f1''il~fJfl1I6P1'l::fJ::nll14 '~6'1..1 
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, Q..c::I " '1.1 "'1 1 .J G1 .I Q <V QVn.J1111flfJW11t.J1J1Jfl11J1flfl11 -30 mV Uffill-311 'j::lJlJ lJ'j'tJ tl CJf1JVI'V'tWJ'tJ1'U'tJ1Jfl111Jfl-3f11~ u-n: 

d t 0 QI .c:I tI Q. .J QI ~ .dQ ~ d Q

~:1'I1'tJL~1119l1'jlJl1'tJ1fflf1tlL'j~ ltJ'j'tJ1 tl lCJf1JVI'V'tWJ'tJ1'U'tJUffill-3tJ'j:,-nlJVI fl1tl~fI1flWIVllf1nl1J~lfl 

CJftlfiuVI'tJ~-31~'tJ ff1'j-nillm -3~-3 ~bLtiijtJ'j:, 111~~I~'tJI,$'tJrl'I'V't'j1:CJftlfiuVl'tJ Liiillfl1'j~tl;1Ji11~'tJ 
11ff~lfi-n1 illtJij fltll'j fflf1tl'j tl-nUVl 'j fltlg'j:'I1'h-3 flU-3'Utl-311ff~lfi-n I~tl,$1tJ1'tJ fl1 'j lvi1Jfl111JU~-3U~-3 

1~v1~1~tl1Jfr'tJ!:1 81~ 'jl'il'tJ~~lU11 U-3fl lfl'tJ'Utl-3 fltll'jfflfl tl'j tl-ntilJ~l L1 11 U-3 ~-OH 'U fNCJftliiLlVI'tJ 

QI ,: 0 ~ QI " 

(Behrooz, 2005) u-n: fl1'J UVI'lflfl1'U tl-3fltll'jfflfltl'jtl-n'tJ ~:Vl1111 Ltltl tl'tJ tJ'j: ~flHfl'tJ 'U11J (counter 

ion) 1'tJ 'j :lJlJLfi~fl1'j tlillcVlJ~fj1'U tl-3tl~fI1fl ~-3't;,1 H'u ff~-3 tJ'j:: ~-nlJ~ fj1tl~tl1m ::lJlJ,hri-3 

(Varapom, Veerawut and Tasaneeya, 2008) ff1111lJfl-n Lflfl1'jlvi1Jfl111JU~-3UH'Utl-3fl,.r-3'J::lJlJ 
" \hff-3~1tJfltll'Jfflfltl'Jtl-nilL~'tJUlJlJ sterle stabilization (Behrooz, 2005) 

" ff1 111 lJfl1'JVlillfftllJfl111Jfl-3i1V11-31 flijU'tJ u,Jl:ai1'tJ1.h:ifVIifI1'V't1'tJfl1'jtifll~lJ 

tJ1Lm::fl1':ilJ'j'j'V11'tJ~11lJl,hultllCJf1J~fJW'I1t.Ji1 4°C, 25°C 75%RR u-n: 40°C 75% RR 1~'tJ 
.... r 1-1 "'1 1 0 .... ..." .... d ... ~ " ...'j:v::na14 lilltl'tJ 'V'tlJ11 lJ'J'tJ tl CJf1J't'Jflfl1'JlJ1J'JtltJa::fl1'JflfllfllJtJ1fl~L1I'tJ'JtltJ-n: 86 ua:1J . ."

~tltJ-n::fl11lJ11~Vlfiilll~'tJ~tltJ-n: 12 llflf2W11 t.Ji1iiVi1fl1'JVI~ atl-31ill VfJW11 t.Ji1iivh1'If,iTn-3fftl-3ijti1 

1J1fl~"lillfitl~f2W'I1t.Jij 25°C 75%RR L1~I~tlLtJ;mJLiitJlJtilJ~11lJ~If1;tJ1J1'tJU'jfl'V'tlJ'h ~tltJ-n: 
fl1'jtifll~lJVlua:~tlVa:fl1'JlJ11,Vl1tiUflfl~1-3~lfl1'tJU'jfltl~1-3ij,.rtJff1tlty (p > 0.05) fl1'j~ijti1 

fl1'J tifll~lJ tJ1~1J-3 J'tJ 'il::U-3lJtl fl{)-3fl111J1 fftl tJ'j'Utl-3 'j:: lJlJ U1ff-3U -n:: fl1'J ij ;htJ'j::ffVlifl-n~fi (Lee 

et al., 2002) 

5.2.3 VI ~ fftllJ fl1 'j tJ-n~tJri tlVVl fl1 'j c;mh'tJVll-3 fj 111U-3 IIa:fln C;1J ~h 'tJ Vll-31'lJ1J'U 'tJ 'U tl-3 

~'tJ1ffLfltlh~ltJ'jultl lCJf1J 

'il1flfl-nfl1'JVI~fftllJfl1'jtJa~tJritltJ~'tJ1fflfltlh~tltlfl~lfl~11lJ1 tJ'jultl 1 CJf1J'V'tlJ'h 

fl1'jtJ-nilltJritltJtJ1tltlfl'il1fl~11lJ ltJ'jultllCJf1J~:uU-3fl1'jtJ-nilltJritlVV1L~'tJ 2 ,$1-3 fitl tJ-nilltJritltJ 

~I 1 " · d 1 .6':" 1 .. .:.. 1 ..I • .1... •rn'tJ1ffll9ltl nltltlfl1J1tlVH11~ln '\.J')f1-3fl'J-3'J11 1J-3mfl'il'tJfH'J11 1J-3V1 4 "1f1-3'tJ11tJfl11 initial burst 

release Lii~ ~lfltJ1~tlg''tJ1 tJfjff'j:~ 'ti'~tifll~lJ1'tJ1 tJ 'jultl 1 CJf1J u-n:tl1~tifll~lJtldlJ;nwfj1'Utl-3 
1 tJ'j ultl1 CJf1J'il:tJ -n~tJritltJtltlfl1J1ntl'tJ ~-3'il:ijqVlt, 'tJfl1'j 1fl1l1';'tJiiu-n:I~m 1-n1 N1'tJ1 tJtJ;1J1WtJ1 

..1.1 .1 r d. .I. A d...I, .:.. 1..1 , .:.. 1..1 ... 
VllJ-nilllJ-ntltJtltlfl1J1~:l'V't1J'U'tJL'jtltJ '1 U-n:L'j1Jfl-3V1 'tJ'l:f1 1J-3V1 8 u-n: 'tJ'J11 1J-3V1 48 ~:1Jfl1'j 

"" .
tJa~tJritlV~'tJ1ffll9l tl h ~tJ'j :1J1W!tleJa: 98 'Utl-3tJ; 1J1WV1';-3 111Jill ,$1-3Ufl111JI~1J~'tJ'Utl-3tJ1iitl~ 

<II . '.:It_"QI Q ",,4IGo1d4
fI1V1'tJ Q-311J1JUlJ 1 'tJ fllJff1 'j-n:-n1VI9I1fl-n1-3 ~::1J fl111lL'U1J'U'tJ VI IVl1fl'tJ ~-31'j tJfl'J11-3 'tJ11 steady state 

A... '" ~I " '" .1 .6... .1 .1 r ~ • • '" rrelease l1JtllVltJlJfllJn'tJ1ffll9ltl L'j~ 'tJllJUlJlJff1'j-n:-n1tJCJf-31Jfl1'jlJ-n~lJ-ntltJ111'tJ 2 'J11-31'J1'tJfl'tJUI9I~:: 

'V'tlJ11IftfJ-3 2 ci111J-3U'jflijfl1'JtJ-nilltJritlfJ~'tJ1ffll9ltlh~tltlfl1J1tlVl-3n~1~1LntllJff1J\l1W ua::li1J 

..I .s "_1 ..I~I 1 " .1 .1' .... 11 'I .:.. 1..1 .6
fl-3V111Jtln-n1fl1'tJ lJ fl11V1n'tJ1ffll9ltl 'J~\lfllJ-n~lJ-ntl[Jtltlfl1J11fltllJl tlv-n: 100 ,'tJ"1f1 1J-3V1 48 CJf-3 
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cff1fl'h 1 'U1tlu1J 1J '\Itl.:J ffl'HI::n:nmr!'U r'H1lJ1\11flij fl1'itif1l~1J~'U1fflt1tl1'i ri1~fl1tJ1 'Utll!fI1fl'\ltl.:J 

1 tI'iultllGlflJ 1 t1V~'U1fflt1tl 1 'i A'c;.:Jl;j'Um~SjfJtu fflJ,j~'fIt ,l1tJ 1 'U 1 '\IiI'U ff1lJ1HlU'rl'ifltld1J;ntu 

'iftl.:J 1H'\l tl.:J 1 '\lil'U 1 ~ c;~1hJ.otJ~ ij ~HI ~tlfl1'itl 'fI t1 tI rl tlV'\l tl.:J tJ1\l t l;j 'U H 'fIlJ 1"l1fl ~u t1 '\I tl.:J 

lt1'iultllGlflJlU'It tl.:Jfltl'it fltl1J '\I tl.:J 1 '\IiI'U 1 'Ufi1i'1J lflmUTt1tfffl rl1'U '\I tl.:Jfltll'i fflt1tl'itl'fl\ltSjfn'l 1 'U 

fl1'i'flfl'flt1'i1fl1nhlfltlrltltJm1'U'if1~1~lJ~'U111flijffflrl1'U~tJ;.:J (Mohamed, Labiba and Nawal, 

... :: 1 "'1 1 d... J.s ... _I .1.1 ' 42005) fl.:J'U'U tI'i'U tl GlflJ'rllt1'i tJlJ'\I'U 9.:JlJIlJU1J1Jf11'ilJ'fIfllJ'fItlumU1J1J sustained release 1\Jtl.:J\llfl 

m~\lf1l~1Jtifl1 ~fnu1 'U \ltfltltJ ~ \lfltl'flfltlrltltJtltlfl\llflHir.:J'it1Jlnhrl~tltlfl~1t1f11flfl1U'Utlfl 

(Pillai and Salim, 1999) c;.:J\lt'if1tJ1~lJtI'itB'rlifl1Tt1'Ufl1'ii'f1'J:n (Lu, Zhang and Yang, 2003) 

1 'Ufl1'i'rlflfftl1J fl1 'iciflJ fi1'U'rl1.:J NTH ir.:J1~N111ir.:J1J;ntu11 U1,",tl.:J'\ltl~ Qfl"lfl'iU 'ifl 

Iii~H;j'UN111 ir.:J ~1'fItl.:J ITt 'i1tSj 1 fl'i ~ff~l~'\ltl.:J N111 ir.:J1Ult fl11lJ ff1lJ 1 'ifl 1 'U f11'i ciflJ fi1'U fbm;'ltJti1J 

N111 ir.:J'\ltl.:JlJl!lI V(Miclmiak-Kohn et al., 2005) lfltJfl11lJff1lJ1'ifl1'Uf11'iciflJfi1'U'VIHNTHir.:J\lt 

.1 ... -'! " d,,, d... "" ....s.:: "" ... 1" d
'\l'Ufl1J (1) fl11lJl"lJ'\l'U'\I tl.:J tJ1'rl ~ m'rllJfl11lJ 1'\1 lJ '\I'UtJ;ntlJf11'i GlflJH1'U~'UH111 'U.:J fllJ1fl'rl"lfl 

(2) fl11lJ'I1'U1'\ltl~N1'11 ir~ c;.:Jl;j'Ui1\l.otJm;fl~ rl.:JH'fI~fJfl1'iciflJ fi1'UN1 il'1;7'U N1'1111.:Jijfl11lJl1'U1lJ1fl 

\l~rl~H'fI1,rff1'iciflJfi1'U1~UfJU U'fIt (3) ff1'i'flt'fl1V~1fl'fl1.:J (Victoria et al., 2012) c;~tlfl~ .. 
fl1'i'VIflfffJ1Jfl1'iciflJfi1'U'VI1.:J~bl1ir.:Jir'U'VI1~ OECD guideline u'U::\h111'~ isotonic buffer th11'f1J 

dI:, Q 4 Q,fQI"
f11'i'VIflfffJ1Jf11'i ~lJH1'U'VI1~H1'11'U ~fl1tJ1'V1fl 'Ufl Franz diffusion cell ff1'i 'fit 'fI1Vfl1fl'fl1~ \It'flt'fl1tJ 

.. .. 
ff1'i'VIflfffJ'U 1~1Ult11jSjH'fI~fJf11'i~flciflJ (Gillet, Evrard and Piel, 2011) \llflf11'i'rlflfftl1Jfli'.:JU .. . . 
Tt1J11 ~'U1fflt1tl1'iPl'1t1'iiHfJ1~lJijfl1'iciflJfi1'U'11'Uph11'J.:J lfltJ-ri'itVtl1'f11 24 '1111lJ.:J Tt'UtI;lJ1tu 

'\lfJ.:J~'U1fflt1tl ht;{1'Uff1'i'flt'fl1V~1fl'fl1.:Jl'rhti'U 5.26 ± 1.85 J.lglcm
2 U~ff1'i'flt'fl1V~'U1fflt1tl''iA' 

... 2 .. "... ~ d .t:! ...
TtmTtV~ 2.51 ± 0.45 J.lglcm Glf.:Jfftlflfl(ltl.:Jfl1Jf11'infl1l1'\ltl.:J Joana et at. (2012) 'VIllJ'iVm'VIU1J 

f11'icifmh'U'\ltl-IJ triamcinolone acetonide 1'U1t1n1J1Jff1'i'flt'fl1m;iv'Uti'U'i t1J1J'thrl-IJtll!fl1fl 1 '\IiJ'U 

'it~1J'U11 'U (Nanostructured lipid carriers: NLC) Tt'U11 ldtllt1~ VlJ 1'W ItlU'U1J'\ltl.:J NLC Sjfl1'i .. .. 
ciflJ fi 1'U Fhl1 ir.:J , ~~ fl111 'U 1 tin1J'U'\ltH ff1'i'fl t 'fI1V l1.:Ju l;j'W H'fIlJ 1\11fl fl11lJ fflJvt'U:6'it 'I11H 

tl.:Jfltl'itflfJ'U '\ltl.:J , '\l iJ'Uu'fltm~tld1 'U ~hi''U~'if1tJ1~lJ fl1'ilhrl~ff1'iloG'l~N1 

f11'i 'VIflfftl1Jfl1'i ciflJ fi1'U 'VI1.:J 1 "AlJ'\l'W'\ltl.:Jiihi' 1J~'W1 fflf1tl 1 'i Pl'l;j'U f11'itl'itlij'U .. 
tI'i t ff'VIifl1Tt 1 'U f11'i cifllfi1'W'VIH1"AlJ'\l'W 1 flVijfl1'i 1 ~1l1V1lfliitlmg'UiJfl'iftl ~ 'VIHfl1'iciflJ fi1'U'VIH 

l"AlJ'\l'U \i.:J,thhfff1'iff1lJ1'iflcifllfi1'U'iftl~'VI1.:J'\Itl~~1'11ir.:J '~1i1t1~1~'U'VI1.:Jl~tJ1 (Aranya et at, 2012) 

l;j'UH'fI1,rff11l1'ifllm U1Jl;i V1Jf11'iciflJfi1'U 'VI1~1"A1l'\l'W'\Itl-IJfhi'1J~'U1fflfltl 1 'iPl'1t1'i ul tllGlflJl;iV1Jti1J 

~I , (lq" , 4 1 ''''!:'I 0 ... ~I 1 '" ff1'i'flt'fl1Vn'W1fflt1tl 'ifllfl \llflH'fIfl1'i'VIfl'fltl~Tt1J11 1lJtl lJlJf11'ilJfll"All'\l'U t11'i1Jn'U1fflt1tl 'ifl 

lt1'iUltllGlflJffl1l1'iflciflJfi1'UN111ir~1~1'fhfi1J 5.26 ± 1.85 J.lglcm2U'fItff1'i'flt(l1t1~'W1fflt1tl1'iPl' 
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ffl2J1'fJ~lJ~h'U'VI1~NI'11,r~1~1 ...;,ti'U 2.51 ± 0.45 ~glcm2 lrl61meJ'Ul.;jeJ'Uti'U;:b'l1'U~~ijfll,tI~ 

1,lJ'U'U1't'U'h 11;lJ1W~'Ulfflfl6'H1'~~lJHl'Ul'lJ'U'UfI~lJl1'U ffl' fI::flleJ~Im'HtjJ::fI~fI~ LVn 1:: 

~'Ulfflfl6 h;l'tjJ::ffllJ"fJ~lJH1'UNI'11-U~ '~..r6~'VIH1~eJl 1~eJciI1lJ~~ 24 fhi''U~'Ulfflfl6h;l' 

111,il161ctflJ1't'U11;lJ1W~'Ulfflfl6 ,,;l'1'Uff"fI::flleJ~lflfll~lVhti'U 2.83 ± 0.05 ~glcm2 ttl'11i''U 
II 

ffl'fI::flleJ~'Ulffl~6' 'i;l'1't'U11;lJ1W~'Ulfflfl6 ''i;l'll'ilti'U 1.94 ± 0.35 ~glcm2 ~~-U'U ~;,i''U 

~'Ulfflfl6''i;l'111,il161ctflJffllJ"fJ~lJH1'U'VI1~1'lJ'U'U '~l'Vhti'U 2.43 ± 0.63 ~glcm2 UfI:: 

ffl'ifl::flleJ~Ulfflfl6 1'i;l'ij11;lJ1W~'Ulfflfl6h;l'~ffllJl'ifJ~lJH1'U'VIH1'lJ'UU1Vhti'U 0.67 ± 0.91 

~glcm2 ffl11'~'h fll'i1fl1fJlJ~hi''U~'Ulff'fl61'i;l'1..r6d1'U111u'U'U'U6~111'iil161ctflJffllJ"fJ,TilJfll'i 

~lJHl'U'VIH1,lJ'U'U 1~lJlflfl'hl'U111u'U'U'\l6~ffl'ifl::fI1eJ fll'i~~hi''U~'Ulff'fl61,;l'111'iilltllctflJ 

.. • ~",t ~ ,............... ~ .... .J 

ffllJl'ifJctflJ Nl'U'VI H1,lJ'U'U L~'U 'UIU'U NfllJnlflfl1eJ 'U1,lJ'U'UlJfll'i Nflflctf'UlJtjJlflfltllJ L 'UlJ'U ctf~ 

II • • 
0 4

.c:IQ!A OIQ ' Q,t ='t ~.:::l tV." 1ctf'U lJlJfJW fflJ'U fl ")16'U fI:: fll eJ 'U 'U llJ 'U tjJ ~lU 'U 1ff'U 'VI H 'VIl'I1lJl:: fflJ fl 'U eJ I'll 'i tlffl' 'VI ")16 'U fI::fllfJ U 
'.II , , " 

'Lhli'U U~ tjJ:: 1~'Ui1 tjJ i'eJofl 'Ii~'U11~fl1'i\hff~ffl'i .;jijfJWfflJoU~fI::flleJ1'U 'Lh1"'~UfI:: l11'iilltllctflJ'~'U 
• II J} 

~11't l.;jij fJ WfflJoU~ 'I1tl'U fI::fI::flleJ 1 'U1l1,j'U ~~ijfll'i 'I1f16lJ'i IlJ ti'U CHoUlJl'fI::~lJHl'U1~1ttl,lJ'U'Uil 1 '" 

ttl '11 i''Ufl fI 1 fl l'U fl U~lJHl'U 'VI H NI'11 -u~ 'U tl ~111 'i illtll ctflJ1't'U"h 1rl6 'VIl~hi''U 
J} • • 

l11'iil161ctflJfI~'U 'UNI'11-U~ 1l1Yi6d'U'U NltjJ::ff~NfI 1..rlfi~fl1'iI11~eJ'U tjJ lfl111 'i illtll!1]flJ1..rtlyl 'U 111 
J} 

'Utl~il161ctflJ (Sudhamani, Priyadarisini and Radhakrishnan. 2010) ~lfl-U'U~~lfi~fl1'i~lJH1'U1~1~ 

Fh'l1-U~ 1 ~ eJi1tjJ i'fJ~ ff~ NfI~6fll'i~lJ Hl'U l~l~NI'11-U~111~1,lJ'U'U,f'U ~'U ti'U (1) fJ WfflJlli1'Utl~ffl'i 
• II 

1..r'U 'U'Ul~tl'l1fl1f11't'U"h 'U'Ul~tl'l1fl1f1'Utl~fhi''U l11'iilltllctflJYi1fl1 VlJ ,~,ru tjJ::ij'U'Ul~6dl'U..rI~ 
.J ~ ,..; ... ... .... '" ,~", .1!'"

300 340 run ctf.:lIU'U'I11~l1ffl2J1'ifJctflJN1'U'VI1~NI'11'U~1'UlfJ1'IJlJ'U'U L~ 11't'1::'U'Ul~ltT'UN1I!fUVflfll~ 

'''1 • .1.... J .... 1'U6~1'lJ'UU6~l'U'I11~ 10-70 ~M (Andrea et at., 1995) 'Utlfl~lfl'UV.:I'U'Ufl'Uf111lJffllJl'ifJ 'Ufll'i 

fI::fllvl'U1 'U,j'UUfI::tll ~~~'Ulfflfltl1 'i;l'ijfilf111lJffllJl'ifJ 1'Ufl1'i fI::fllV l'U 1 'Uli'UufI::tllnhti'U 

3.53 i'~1~'U ffl'i flqlJ~ijfJWfflJmlfl::fI1vtllli'U, "'~ ~~ffl'i l'UflqlJifffllJ" fJ~lJHl'U'~l~l'lJ'U 'U~ 
• J} 

lt1~ '~lJlflfl'hffl'i l'UflqlJYiijfJWfflJ,j~fI::fllV1l1'~A (Yakov et al., 2007) (2) 'O:fl'i~hi''U 1,s'U 

.... • ..;."1. .., • 1 .... .... l ""1 1 ... "I '" .JA •fll'V11f1::fllVl1tlg L'Ufll'i'U1't'U11 'Ufl1'ilfl'iVlJfll''U lJ''U tl ctflJlJfl1, L'.I1ffl'ifl::fllVItl111'Utlfl ctf~ 

1~'U ffl'i1'Ufl qlJ'U tl~ 11tlfl fl tl8ml~..rIV1~lJfl1'i~lJH1'U'VIl~NI'11-U~ufI:a~lJfll'i ~lJHl'U 'VIl~l'lJ'UU1~ 
~ QI 01": J.d0 Q.f

(Yadav, Saroha and Sharma, 201l) 11't'il::fJWfflJ'Ufl'U6~fll'V11f1::fllV~::111 'I1'11'Ufffl'ilfllJfltl'il'UVlJ 

ijfl1'i1'ttl~~1 vhl..rVlffllJ"fJl~11'IJlJ'U'U''''lJlfl~'U (Meidan et al., 2005) ~~fftl'flfl~tl~ti'U 
fl"fffl'l,:I1'Utl.:l Toll et at. (2004) ~ffml1fl1'i1l1ff.:l'lJ'UtlflCi~fI'~11'lJ'U'U1't'U':h lrltllcf 

... "!'II ... • A."" ~ ...... 1 J16 'VI flUtl flfl6 8tl fl1 U 'U fll'V11 fI::fll vtjJ ::1't'UlJ 'ilJ1W LlJ'U tlfl ctf'fl flftl V 'U 1 ,lJ'U'U lJlfl 'U'U UfI:: 

(3) fl1'i1fl1VlJ~1i''U 1'flVl~111f11U lf1V'Ul1'U..rIVl'Ufl,,1l1ff.:lffl' ~~fl1'ifffl'l:11'U6~ Rao et al. (2008) 
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fffl1:l1 f11 ~jI~hnl1'\.JU1I::f11'n,.:: fflJ'tI tH fh i''lJ'Vh..ll ff1~ tlh Pl'ltlli 1 'VI 1.lJ (ethosomes) 'lJ'I..I P:b 'Yt'lJ 'h 

fll'j ~~; tJlJW'l..llffl~tlhPl'l'l..ll'11U'lJ 'lJ1tlli1'VI 1.lJff1lJ1'jfl1vi lJfll'j 91lJ N1'1..1 ~hH'u~'~lJ1flfl"llfll'j1~; tJlJ 

~1i''lJl'l..ll'11'tItl~ff1'j1l::1I1tJ 

fll'jl~;tJlJ9hi''lJ i'l..ll'11U'lJ'lJ'tItl~1'11'jilltll.lJ~ii'tl'l..l1~tl'l-Jfl1f1tldi'l..l'h~'I..I11 'I..IllJ~'j 
" 

flll'fl i'l..lf11'j91lJN1'1..1'V1Hfb,.nr~'tItl~1 '11'jiHtll.lJu'I..I t.\'1tJ1W'I..I1ff1~tl hPl'odl'l..ll'11LL'lJ'lJ'tItl~tJ1f)ff'j:: 
.d ~ " ' ~ _ : G! , tI.cS d' I • t , "''1:414. 

.~m'l..ltJll '1..1 fllllJ'VIlJ'lW fflJ'lJ~1I::1I1tJ'I..I1lJ'I..I ~~ tJn::.lJN1'1..1'V1H')1tl-!l1H'j::t11Hl.1I11 L'I..I')1U 

ff~n~lJfl011'iltJlJ ~~lrici'l..lFht1u~~aflll~' '11 t.\'lW'I..I1ffl~tl''jPl'nm~'lJ' ~fl1tJi'l..l~l1i''lJ l'11'jilltll.lJ.. 
'iI::iifll'j91lJN1'1..11~1~r:bt1ir~1'I..Il'11U'lJ'lJ'tItl~l1ffci11filll~tJff1lJ1'jfl91lJN1'1..11~1~i-'ht1t!~,~ 2 1 '11U'lJ'lJ 

titl (1) ii fll'jt1 1I0lJ'j1lJn'lJci'l..lffm1~lJfl011il tJlJUlI::'11lI~'11~tltJtJ1W 'I..Ilffl~ 0 , 'jPl'i 'I..Il '11tJ1f)ff'j::1~1~ 
JI , JI • 

i'uFbt1U~ (2) iifl1'j91lJN1UL~1~1"AlJ'tIU lfltJ~H lfltJ~11i''lJfiN1'1..11'''U'VIHil'~'iI::~tl~ii'tl'l..llflfi 
" " LttlJ1::fflJ ulI::ii '11;lJ1W-U11'1..1 r:bt1t!-!llJlfl;~'iI::,r1tJ1M'ihi'u ff~'j1,jlJfltl11iltJlJiif11n'tl~~1'ti11M' 

" ff1lJ1'jflN1'1..11"''I..I'VI1~il'~ (Maghraby, Barry and Williams, 2008) 'il1flNlIf11'j'VIfllltlnm'h 9i1i''lJ 

""1 1 ..;, ... .1:1.....;, ... , .. ..t , i 'JI:1I'll 'j '1..1 tl .lJ'VI'Wm'l..ll't1 '1..1 '1..1 'I..IlJ 'tIU lfl'VI 1t1 lJ l::fflJUlI:: lJ ff1'1..1 NfflJ'tI O~U tlllfltl ~tlll.-!I')11tJ t1')1'1..1 

ff~ 'j 1 ~lJfI tl11il tJlJiifll 'j'Wtl-!l ~1;~ ffllJl 'jfl91lJ N1'1..11~1~1"AlJ'tI '1..1 , ~ 
" < 

f11'j 91lJ Nl '1..1 'tI tl ~W'I..Ilffl~ tl , 'j Pl'Nl'1..1 'VIl~1"A lJ'tI '1..1 t!'1..1 ii~tl;lLtt cUtJfl11 f11 'j91lJ Nl'1..1 'VI 1~ 
" . 

fi1t1u~ fl~11titl V1 '~~0~N1'1..1 fi1t1 t!~i''I..I ff~'j19i1Jfltll1il tJlJfil11u9i1tUfl'tl11 ~fl1'j91lJN1U 'VIH 

fi1t1t!~ UlI::fl1tJ i 'I..I1"AlJ'tI'I..Iiitl1tJ1::~t'hflf.Yfftl m;'I..I'tI0~~1i''lJ1tl'l..l1fl'jn)'I..I~~iifl11lJd'lJ~'I..I,fn'lJ1 'jfl 

, ..;,... ... .. t/l 1 1 ..t '" NlJ'j1~ 'VI1Ml'illflfl'j'jlJ'W'I..IllUlI::~tl'j lJ'I..Il'V1ff 'VIffl~tl 'j'l..l (androgenetic alopecia) .~l'lJ'I..IfflLtt~ 

mifl'tltl~fll'j1n~1'jflNlJ~1~ i'l..l1'WfI'')11tJ (Alexa et al., 2008) 

5.2.4 flU 'VI fl ffO 'lJ '11 'j:: ff'VI i fl1'W'tI O~W '1..11 ff1~ 0 h Pl'1 '11 'j ill0 1.lJ11 1I:: f11 'j 'VI fl ffO'lJ 

...... " ..... 
fll'j'j::fl1tJ1f10~N1l'I..Iff~1'V1flllO~ 

" .iJ 'iI ~iT'I..I iitJ11TttJ-!I 2 ')1ilfl1'tiTU'l..l fi o~ti'fll'j01t1 1'j UlI::tJl't10 ~ fft1 i'! 01lJ;f11O'l-Jf.Yl~ 

i M'i~i'fl1:l1fJ1fll'jNlJ~1~tiO 'lJ'I..IOflci1AlI (minoxidiI) Ull::W'I..I1ffl~0hPl' (finasteride) (Prince, 1999) 

d : 4.': dJl! cv i ... 1 i .. "d QI0 cv 
.~tJ1'V1~ 2 ')1'1..1~'I..I 'iI::lJ'1J0'il1fl~ '1..1 fll'j'jfl1:l1 ~tJ1U'W1:: '1..11'j0~'tI0~ NlI'tIH1f1tJ~UlI::0~nfll'j'jfl1:l1 

~iM'NlIfitl'l..l~H~l (Hye, 2011) lfltJ'tl'l..lOflci1A1I111'1..1tJli''lJ'11'j::'VI1'1..1~'~l'I..Ifl1'ji'fl1:l1~ihtJ11f1 

fl11lJ~'I..Ill1i1~lJ~ U9lNlI~H1titJ~'iI1flfll'j'~tJ1'W'lJ11 ff1lJ1 Hl'tl1 , M'lvilJ~1'1..11'1..1't10~1"''I..INlJ'~ ;-!lii 

fl1'j U1lJ l'~lUfl1'j i'fl1:l1 1111:: NlJ~1~ t.\'1 1~i '1..11 '11u'lJ 'lJ'tI O~fJl i''lJ '11 'j :: 'VI 1'1..1 'iI::ii NlIfl'j::'VI'lJ 91 0 

fl11lJ~'I..Ill1i1~ 'tiliM'fl11lJ~'I..Ill1i1~lIfllln'l..lfioiM'lnfl6'1..1~nfJufi~l~tJ1 ;~iif11'j~1I'1..11i M'odi'l..l 

l'11U'lJ'lJtJl'~fl1tJUOfl (Nicole et al., 2008) 'tI'I..I1fl~l~t1~'I..Iffl'j1l::1I1tJ'lJ'I..IOflci1AlI~iifl11lJl~lJ~'I..I 
" 2% 1111:: 5% (Price, 1999) "ht1i''lJflll'fl''I..Ifll'ji'm.,n'tl0~tJ1 'lJ'I..IOflci1AlIt1'1..1~~'~'VI'j1'lJflll'fl ''I..Ifll'j 
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i'fl'Wl~mjum..l u91m~lLnPl ~lflflll 'fl~iifl111J'1.nJ';uif1tJflW fflJtl~fl1l''I11111tJU'\Itl~.uatlPl (Wester• 
, QI 	 QI '114 d •fl. ,I 

et at, 1984) fl1lUtJ~~1'\1tl~1Il)fllll1VilJ'\IUUll::fl1lff~lflll::'I1P11tlU1tl (Mon and Uno, 1990) 

Utlfl~lflrl'iJ~1~UF-Illm::'YItJ~lflfl1liJtJ5~~mlllJumu lPlll~U (Nuck, Fogelson and Lucky, 1987) 

~~ LU~'h ~::ii fln 1~'lJ 'U tlfl9f~ ll' 'U" 1.1 11tJ tJtJl'Y11.fl1 tJu tl fl u91 ~iil tlfl1 fflnPlfl1l lYilJ~ l'U 1U'\I tl ~ 
• 	 II II 

l~UF-IlJ''UtJ;!1wVihj~tl~fl1l'~ (Nicole et aI., 2008) dl'11i'tJtJ1~U1ff1~tlhfltrU u~~tluuii 
• 	 • II 

~l'11thtJm'Vn::1u,,1.1utJtJ'\Itl~tJ1i'tJ'lh::'YI1'U ull::iiflll'fl1ui'fl'W1Viuuutlumh1fltl ';1'11 U'lViiJtJiJ~ 
• ~ 	 J/!'It ~ 'I 'I 

l'Ufl1l11.1atJU8tll llJUl'YIffl'YIffl~tl l':iUl'111lJU8tll llJU LPI L81Plll'YIffl'YIffl~tlhu (Gormley, 1995) 

~~1~Uffll'11fJ'I15fl'\ltl~fl1l lnPlF-llJ; 1~ '\IU1P1tJ1~uu::ih1'""~,U fl1li'fl'W1fltl 1 iillafli'lJ91tl1U 

J/ ... '" _I .. 0 1 J/ • ... .... ...... ~l
F-Ill'\ll~lfl tJ~ ~1flfl1 l l tJ lJl::'YI1UtJ1f1tl'YI1 '11'11 tJtlU fflJl l fI.fl1Vi'YI1~lVi fl Ull::lJ F-IllfltJff~l lJmHl PI tJ 

1l::ff~F-Illm::'YItJ91tl~1fltlU~1~U1Vifl'JfltJ (Nicole et aI., 2008) UfiVitJ'hti'liifln 1,",tJl~Ulffl~tl'lfl 

_I 1 J/ 1 J/l J/ J/ ..l... 0 .... 1 1 ~ • "I J/l1	'U"lJUtJtJ'\Itl~tJl 'IUl1tJ'UtlflUll:: '11 Ufl11lJl'\llJ'\I'U'YI1VitJ~Vitlfl~::lJlJl:: tJ'JfUlJlflfl11fl1l L'I1 U 

_I '" _I J/ ... ..l .... J '1J/
1lJlltJtJ'\Itl~tJlltJlJl::'YI1U IVill::ffllJnflllPlF-lll'\lHlfltJ~'YIll::lflPl'\lU LPI (Daneshaouz et aI., 2005) 

, U iI ~~tl'U U'l~~::ii~'Ulff1~tl'l fl~l'11UltJ1u,,11utJtJ'\Itl~tJli'tJ11l::'YIlul'rh,rU llfiX 

iifl1lfffl'Wl~;'i'tJ~ulffl~tl , lfl' 'U 11.1UtJtJtJl'Y11.fl1tJUVfll~U~lU1U lJlfl 1'lfU fl1l fffl'Wl'\1tl~ Thomas 
'I J/4 ..l.... J "I_ J/ ~I 'I ~ ..l 

et aI. (2000) LPlflfl'W1F-111m::'YItJ'YIlflPl'\l'U1l1flfl1l L'ij'ff1l11::111tJY1Ulff1~tl L lPl (solution) 'YI 0.25 11ll:: 
• 	 II 

0.5 % flii F-Illfi tl 8tllllJU'PI , g1 Pll l'YIff1 'YIffl~Vh 'U 1l1flfl1lfffl'W1U'WtJ 'h l::~tJ 8VlllJ U 

l'Y1ff1 'YIffl~tl1 l 'UlnPlfl1l11.1gtJUU1.1ll~fiPll~U 23 % Ull::l::~tJ8tllllJU'PI '81Plll'YIff1'YIff1~tlh'U ii 

fl1l 111gtJuu1111~fiPll~U 16% ~~ffVPlfI~tl~ntJfl1l11.1gtJUU1.1 ll~'\Itl~8tllllJU1'YIff 1 'YIff1~tl1 l'UUll:: 

8VlllJ'U , PI' 81PI l l'YIff1 'YIffl~tlhu' 'U 11.1UtJtJtJli'tJ11l::'YI1U ~ lnPlfl1l1 1.1gtJUU 1.1ll~'\Itl~l::~tJ 

8tllllJUfi'\1~U 140/0-50% 11ll:: 110/0-76% ~llJih~tJ 11ll::fl1lfffl'Wl'\1tl~ Amnon et aI. (2000) ,~ 

fffl'W19'hi'tJ antidrogenic ~ff1lJ1':ifl fll::~Ufl1l11llty l~tJ1 ~'\IV~'\IU '111,4 ~\lfllfl'U '\IU 1PlVfl1ll~; tJlJ 

0'" ~I 'I ~ _.I 'I ~"I _ I J/ ~ J/. ~ 
~ll tJtJ1Y1U 1ffl~ tl L l PI Ull::Y1 ~~1 LlJPI LU llJ 11tJ tJlll11 U1l1f1fl 'W1f111lJ tJ11 1ffUF-I1UUtJflllHU ll:: 

J/ ... .... 1 tI : 4 '0 ,01 	 "1f1Hffl l~'\Itl~ l:: tJ::fl1':ilntyl~tJ ~'\IV~lffU'\I'U nlJ'YI~flfl'W1fl1l !lVil '\I V~~1':itJI1l11VitJ11 fl1':i 1 'll' 

~U1ffl~V , lflUll::-W~~l' lJfll 'U 11.1UtJtJtJ1 1 ~.fl1tJU tlfl ii 1.1 l:: ff'YIifl1Vi' Uflll i'fl'Wl male-pattern 

baIdness ,~ 

fln 'YI PI ff V tJ 11 l:: ff 'YI i 11 1 Vi '\Itl Hi 1 i'tJ~ U 1 ffl~ tl , l fll 1.1 l '111 tl 11l)flJ~ ~ I~ 'U 

fl1l l1.1; tJmVi tJtJ 11 l:: ff'YIi 111 Vi '\1m tJ1 1 ~111tJ'U tlfl 1 PltJ11l:: lii 'U flll 1~ l ty '\I tl~1~u '\I'U l:: '111 H 

ff1l ll::llltJ' lJ U tlfl9f~lllVitJtJ ntJ~U lff1~V , lfll1.1l '111 vlC)flJ~UU tJ tJ'\Itl ~d'~ 1''YIPllltl~~'~'U 

flU fffl'W1Ull::11 l:: liiu fl1l I~ lty'\ltl ~ I~'U '\I'U ~,~numh~fl~H'\I1H1riU '11 1,4 il tJ i'fll fflV';Ui 
.. .. 01 QI fI~Q 44 A 4 1 !'It

C57BU6 (Datta et aI., 2009) lUtlnlfl'l114f1tJ~mffltJViUl'UlJ1~n'ij'1~fl1l1ntyl~tJ ~llJUl::tJ:: 
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Lrtl~fll{ltJtl'U'IltJ~lJ'Ifl:j6U~U~fl9il~tllJl~tJ~';i:w~nal~1rtlJ'lh~m';il'il;ty (Rebecca, 2003) ua~ 
.. .. 'J! ~.. .., ,,<11 ~ A I~ ft I .. ~.....l,,,,
1J melanocyte C]Nffl1~l1JAffl1JallJlJ A 'il~ffl1J1Hll11lJm';illJatJlJ1LlJa~'IltJ~ff'lllJ1'1mA'IllJ AtJtJl~ 

QJ Ai d.c:: ,q S! ~ d d: At (AI GI "., 

'lfAl'illJl1JtJ1Jm';i 11latJlJ';i~ tJ~n1':i 1'il';ity'lltJ~lfflJ'Il'U l'Vin~m';i ffll~l1JA ff'UlJ 'il~ 1Jfl111J ff1J'VtlJ1ifl'U 

';i~tJ::m'i1'il;ty'lltJ~L~lJ'IllJ 1AtJm';ifffHl~AiY'il::'Vt'U1lJ';i~tJ~ anagen phase ('Il'Ufffil) nilJlJ 

(ff'llAl11'~ 4-6) Ldm~lij';i~tJ:: catagen phase ('IllJffl1'11) 'il~l1~Afffl~l~Aff (ffllAl11'~6-7) 'illflJ'U 

... " , t d ~ <4 01... 1 tI ~ 41;)! I 

'il~L'Ill~';i~V~ telogen phase ('IllJ';i1~mlJN1ff'lf1JlJ) (fflJA111 7-1 1) lla~1':i1Jfla'Ul'Ul~';i~tJ:: anagen 

phase 1m.i1lJffllAl11'~ 12 (Muller-Rover et at, 2001) lJtJfl'illflf)1';iff~m~fl111Jl~1J'IltJ~ff'lllJ~ 
... .1 1 ,.. ~ 11 '!!I .... .1!," '!!IOJ QI

mA'IllJ l1lJC]NllJlJf)1'j~anllW~fI1tJlJtJfl1L't11 tJ~ffl1Jl';iflnnlllf)1';iL'il';ity'lltJ~l't1lJ'lJlJ A'illnf)1';innlll 

1 m ~fffH'IltJ~liftJlgtJr:;111lr~~1tJf)1HiAilJnltJ'1l1ltJ1Jff ua::a'tJ~fI1tJ 1~nl{tJ~,a1'1'j'j tnt l;4tJ~ 
QI .. OJ QI ..f ... 
aflllW~'IltJ~ hair follicle CJf~f)1'jff~m~anllW~'lJtJ~ hair follicle lJ ffl1J1':ifl'UtJm~tJ~f)1'll'il'lty'lltJ~ 

l~lJ'lJlJ'~ (Ogawa and Hattori, 1983) 1AtJt5'lLCJfa~ hair follicle ii~llJ1lJ1Jln1La::ii'lllJ1A111~1La:: 

tJdiina~'llfl1tJ 1 lJ i'U 1~r:;111lr~1LffA~11tJd1'U'l~tJ~'lJtJ~ anagen phase LL~t5'lLCJfa~ifii'IJlJlALgnLLa~ 
'" m~'illtJ~1tJdL~tJ~'.ilJl1lr~LL""'1LffA~11tJg1lJ'l~tJ::'lJtJ~ telogen phase (Datta et aI., 2009) 

'" '" m'l1~tJ1lJfli'~ihiltJn1,*11'I,,{i'U~m ffltJ'tilJ{ C57BU6Mlac L'Vtff6 mq 7 ffllAl11' 

d ... 1 tI~1d d ~ .dQ

CJf~mq 7 fflJA111lJ1Jfl111Jm1Jl~fflIUa::1J'l::tJ:: telogen phase 'lJtJ~f)1'jL'il'lty1'1f1~1'1 (Hye, Nannan 

and Dong, 2011) 'illnf)1'l1'1AfftJ'UTttJ11 1lJff'llAl11'1LmUa~ffllAl11'~ 1 'IltJ~f)1'l1'1AatJ~ l1~{i'U~m 

'rlnmi1Jf)1'l1'1AatJ~'ll'Vt'Uf)1'll'il;ty'IJtJ~LtflJ'Il'U ~~11~1lJffllAl11'ifiitJlq 8 11a:: 9 ff'llAl11' ~l1Jiiui'U 
~~'il~tJd'lJ'h~ telogen phase 'IltJ~'j~tJ~f)1'l''il;ty 9itJ1Jl1lJff'llAl11'~ 2 l~1Jijf)1'jL'il;ty'lltJ~l~lJ'lJlJ 

lAtJmi1J~1'11 2% ffl'ja:altJ'1JlJtJncif~aua::n~1J~1'11 1 % \1lJlffL~tJ ''jfl'11l'ju1tJ1CJflJ iiLtf'U'Il'U~lJ 
~ .. 0 d" .. .... " d .I. ..; , QlAI ..~ 
L1JlJm~ , flffA1LnfllJtJtJ LLa:lJm'llnty'IJtJ~Lff'U'IllJ'illJ'~lJ'Vt'U1'11'1AfftJ'U lJ fflJA1111'1 4 'IltJ~ 

'" '" f)1'l1'1AfftJ'UUffA~1»'!'.hf;hn~lJ1'1AfftJ'U";~ 2 fl~1JilffllJl'jm;~m'lL'il;ty'IJtJ~L~lJ'Il'U '~A L'Vt';il~ii 

... .1! .1 1 '1AVffllJ1HlLH l1'l~tJ:'IltJ~ telogen phase na'UL'Ill~'j:tJ~.... " , anagenf)1'lLnty'lltJ~1tTlJ'IllJ'IllJ l1lJ · '" 
d .I .... QI , ~QI "t " 

phase Ln'lllJLlJtJL1'1tJtJf)'Uflq1Jfl1'UfJ1J (Van et aI., 2000) lJtJfl'illnlJtJ~'Vt'U11f111lJL'Il1J'IllJ'IltJ~ . '" 
\1lJlffL~tJ , 'l fl'fj1.n lJf)1'j 1~'i tJlJ~li''UlrlJ ijNa~tJf)1'jL 'il;ty'IJ tJ~L~lJ 'lJlJ1AtJfl11lJl~lJ~'U~~ffllJl'l fl 

d~f)1'jL'il;ty'lltJ~L~lJ'Il'U'~Afl11f111lJl~lJ~lJ~1 ~~fftJAfll{tJ~tl'Uf)1'jffnlll'1ltJ~ Han ef aI. (2004) 

'Vt'U11 'lJlJtJncif~affllJl'jfl'.imh'»'LfiAf)1'lLLt.i~~1'1ltJ~ dermaI papilla cell '~lJ'lh~ 0.01- 1 J.lM 

.1.... ~1 " '" '!!I 1 'J! .I. ..... ...1AtJ'il~'Il'Un'U'l~tJ:L1al!La::'lJlJ1A'IltJ~tJl1'1 'If ua::llJtJnnlll flHfflH'IltJ~LlJtJWtJN111lJ~'IltJ~11~ 

{i'U~m1lJffllAl11'~ 4 'IltJ~f)1'j1'1AatJ~'Vt'U11 1'Un~lJ~1'11 2% ffl'la~altJi1JlJtJncif~~1La~n~lJ~l'11 

1 % \1lJlffL~tJ inl11l'lultJ lCJflJ ii~1'U1lJ'lJtJ~ hair follicle ~llJ1lJlJlnl1a~ii'lllJ1A~'myn11LrltJ 
.. ..... .. 11.... -'! "" .....1!~... ,,, .. 

L1'1tJ'Un'U n "llJfl1'U fJ1J CJf~fftJAfI't1tJ~n'Ufl11lJl'UlJ'Il tJ~ff'lllJlla~f)1'l L'il ';i ty'lltJ~LnlJ'IllJ1'1ff~m~ A CJf~ 
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'" ~.. "'..; d '1" , .,. ~ '1'\I1flt'lfl1:l w::1m,H1'lH'Uf)':'fl1'H'\..I':''YIll1'\..1t'1'llJ1'Hl1J.:j1Jf)fl fl11fl1'J l'\l'H!J'Uf)':'lU'\..I'U'\..If)g '\..I'J ::V::'Uf)':' 

,.... ... ~ ..; d '1 anagen phase LflVt'lfl1:lW::fl1'Jl\l'Jty'Uf)':'lU'\..I'U'\..I'YIll1'\..1\1::f)g '\..I'J::V::'Uf)':' anagen IV-VI (Muller-

Rover et aI., 2001) lrlf)lm V1J1ViV1JIUU1J1J~1i'1JYJ'\..I1t'1'l~f)h~1 '\..IIUU1JlJt'I'l'Jt'I::t'l1VtllJ 

1 U ,,11 f) 1 CJ1lJ 'Vt lJ ';h t'l'1'J t'I:: t'l1 vYJ'U 1t'1'l~ f) 1 'J ~t'l'llJ U od.:, flU 1\I ~ ty'Uf)':'l ~'\..I 'U'U 1 ~~1fl'h 
" . 

VJ '\..11 t'I' 1~ f) 1 'J ~1U 'J ij 1 V1 CJ1lJ l'Vt 'J 1:: I U U lJ lJ 'U f)':' t'I' 1'J t'I :: t'l1 VU'U I1j f) ~1 'ti 1 t'I:: t'l1 V 'J:: I'H V1 U 

... 'I" ..;...... 0 1"'" , ... ... 'I ,,!it"; 1W'\..I1t'1'l~f) l'JfI'\I::Ifl1::'YIfl1'H'\..I':' 'YI1 'HlJfl1'Uflfll'Jt'I::t'l1Vt'lflt'I.:, Ut'l::W'\..I1t'1'I~f) L'JflllJ'UV1'Y1t'1::t'l1V '\..I 

:' ~ ,,: ~, 1_" .., '1 P ".A .d.. Q.I '1". J!4 QI , 4. d

'\..11 Lfl ~ 1'\1':' t'I'.:, flt'I 11 fl1'J CJ1lJ fl1 '\..I 'YIH fl1'H'\..I':' L9>I'\..1 f)V 1'\..1 f)':' \l1flV1'Y1 \I:: CJ1lJfl1'\..1 N1'H '\..I':' Lfl flflf)':' lJ 

" " fJW t'l'lJ,j~')ff)lJt'I:: t'l1V l'Uthut'I::1l1,j'U 1 fl~lfiv.:, tl'\..l ~1m'H~flt'I~.:,mh1~,:,ff ':'flt'I 1 ..rfl1'JI\I~ty'Uf)':' 

l~'U'U'U'Uf).:,t'I'l'Jt'I::t'l1VVJ'\..I1t'1'l~f) 1'J~~lfl'hVJ'\..I1t'1'I~f)1'J~lu'Jij1f)1CJ1lJ 

fl1'J';\JlI'\..I1~1i'lJVJ'\..I1t'1'l~f)1'J~1u'Jij1f) lCJ1lJ~";\JlI'\..I1~'\..It!'\..Il"''\..Ifl1'J1l1L'YIfl1'\..11t'1v 
.., "\' 1"1 ... 0' .t ... " ... r ~ 'J::fl1J'U1&'\..IlJ1 ')f '\..Ifl1'J'Vt\Jll'U1fl1'J'\..I1t'1'.:,t'I'l'J CJ1':'lJ'Uf)flfl11fl1Hlfl1:l1'Um Thomas et aI (2000) Ut'I:: 

Amnon et aI. (2000) l'Vt'J1::~li'lJ1 u'Jij1f)1CJ1lJ\I::t'I'llJ1'Jil'If1miilJfl1'JC)$lJN1'\..1'Y1HN1'HU':''Uf)':' 

" VlYJ'\..I1t'1'I~f)1'J fl1 ~lJ1flfl-.h1'\..11 UUlJlJ'Uf).:,t'I'l'Jt'I::t'l1VUt'I::1 'UIUUlJlJI '\I t'I 'UfJfl\llfliJV':' 1;1'\..1 fl1'J1l1ff':' 

V1VJ'\..I1t'1'l~f)1 'J~l~1~fJ1V1:: 1~1'HlJ1V~1~1 '\..I fl1'Ji'fl1:l1fll1::fllJ-l 1':' 1f1v~'J ':'~fJdfl1vl'UI"AlJ'U '\..I 

u21'\1::ilfl1'Jflfl1:l1'Uf)':' Tabbakhian et aI (2006); Rao et aI (2008) 1'\..1fl1'J1f1;VlJ~1i'lJVJ'\..I1t'1'l~f)h~ . . " 
1'\..1 lUUlJlJ'UfJ':' 't'11u1CJ1lJut'I::If)'YI11i 1CJ1lJlfffJl'WlJfl1'JcUlJN1'U'YIHI"AlJ'U'U u9ifl1'Jflfl1:l1iJV':' hmfl1'J 

" 
U'J ::Lij'\..lU'J::ff'YI1fl1'Vtfl1'Ji '\I~ty'Uf)~l~'\..I fllJ'UfJ~~1i'1J'fl':' 1 '\..I'Ht'I fJfI'YI flt'lfJ~ Ut'l::1'\..Iff~ 1'Y1f1t'1fJ~ ff':' flt'I 

1 " ... 0...... 'I "1- 1 ... ,. 1 ... ~ ..,g, ..; '" .K! ...
'H fl1'J lfl 'J VlJfl1 'J lJW 'U 1t'l'1f1 fJ L'J fI lJ 'J '\..I LfJ CJ1lJl'VtfJI'Vt lJ fl1 'J CJ1lJ fl1'\..1 'YI H l"AlJ 'U'U 'YI'Vt\Jll'\..ll'U'\..I '\..I '\..IlJ 

f111lJtht'l''\..I 1 \lUt'I::t'I'llJ1'J01l1 1 U';\JlI '\..I 11;1'\..1 Vl1~mv'\..IfJfl9ifJ1u1~ Ut'I::litf)n1fl~1i''1.l1u'Jijlf) lCJ1lJ 

..; ....K 1"1 0" A !it .t ""'... ".1I'YI'Vt \JlI'U1'U'U t'l'llJ1'J 0 ')f 'U fl1'J '\..I1t'1'.:,fl1'U'YI1':' I "AlJ'U'UCJ1':'llJ'\..I t'l'1'\..1 'H'U':''UfJ':'fl1'H '\..I':'Ut'I ::fJ~f1lJ'J:: flfJlJ 

1'\..1~1i'lJ lu'Jij1fJ lCJ1lJU'J::flf)lJ~1Vt'I'1'Jlflii 1li';h,,::l"''\..It'I'l'Jt'lflUH91,:,N1 Uf)t'lflfumii't'I'l'Jl'Ht"if 

,jmif)1lflflfl fl1'J 'J::fl1mflfJ~ Ut'I:: fl1'J Ofllt'l'lJUnN1'HU ~ u9i~~'U tllJfl11lJg,'Ufl1'J fflJ Ht'I'tllJt'I'l'J 

f111lJl~lJ~'\..I1'\..I fl1'JfflJHt'I' 'J:: V::l1t'11l'Ufl1'JfflJHt'I' ~lU'Htl~'Uf)':'N11'\..Ifl1'JfflJHt'I' Ut'l::f111lJL;1'\..1'W1:I 

'UfJ.:,t'I'l'J t!'U ~.:, ~ll;1'UllfJ':'fl1'J iifl1'Ju'J:: lij'\..l fl1'J'J::fl1mflf)':' N1nfJ'U fl1'JU 1 1 ul~ \l1flflt'lfl1'J'YIflt'I fJ':' 

, 0'" 1. I ""'1 1 ..; QI .K " ... ..,g "'" " !it ". I 1'VtlJ11 ~l'JlJ lJ'J'U f) CJ1lJ'YI'Vt\Jll'\..l1'U'\..IL1lJ'\I::lJt'I'l'Jt'lflILH~':'fl1Ut'l::UfJt'lflf)8f)t'lllJ'\..IfJ':'f1lJ'J::flfJlJ '\..I 

~1 i'lJ 1 U 'J inf) 1CJ1lJu9i ~1li nfJ 1 lflflfl f)1 fl1 'J lJ1lJUt'l::fJlfl1'J UfI':'~ N1'U f)':' fl 'J:: 9i 1 mrlfJ1Viv1J tllJ 

mllJfl1lJfJlJ~t'lfJfll1t'11'J::V:: 72 ~11lJ':' 
!II •• 

~':'U'\..I fl1'J 1~; VlJ~1i'lJVJ'\..I1t'1'lfi fJ 1'J~Vi t'l'llJ1'J01'WlJfl1'JcUlJFh'\..l 'YIH I "AlJ 'U '\..I 1 ~ 
.K ... ".1 1 0 1,....... 1 1~0 ...'U'\..IfllJ'U'U1f1'Uf)':'f)ttfl1f1 fJ~f1lJ'J::flfJ1J '\..I~l'JlJ Ut'I::fl1'J'\..I11Vlfl '\..I Lt'lV'J::fllJ'\..I1 '\..IlJ1 ')f &'Ufl1'J 

';\JlI'\..I1~1i'lJcb.:,'VtlJ'h ~hi'lJYJ·'\..I1t'1'l~ f) 1 'J~1u'Jijl f) 11l1f1Jift'l'llJ1'J 01l1ff~N1'U'YIHI "AlJ'U'U 1~ 

http:Ut'I::litf)n1fl~1i''1.l1
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\J Ofltlfltl~li'tI~\JlffLflOh ~1111 i!lo1qf1J~-31i'lh:; ffl1im'nfi1:; ~\Jm'nt;f.l!'IJ 0 ,m~'U'u\J '''';l 
Liivtlnhti'tlffl'H':;(llV '1J\J OflCj~(l (2% Regaine®) U(l:;1i'l.h':;ffl1im'n~fl11ffl'j(l:;(llV 

~\Jlff1f10h~ \JOfl'infltl~-3 ':lioo,..rlflflfl1'j'j :;fllVLflO-3fi'Jldmh 11.11flr!\JVll11fl1V\J Ofl 

5.3.1 fl1'jfffl'l:l1mnl(lfl t1rl OVVlfl1'j lt1'; Vtll-n Vtlfl111J1,r1J,r\J 'lJ0-3Vl~\Jlfflf10 , 'j~ 

'\J~hi'tllt1'ji!lo lqf1J~fl111Jl,r1J,r\J~1-3 '1 LiiVtlti'tlfflHI:;(llV'1J\JOflCj~(l U(l:;1ifl1'jlmVtll-nV1J 

fl1'jtl(lfltlrlOVV11dOl~tI'~fl1Vl~fffl11:;fl1t1tJ1J~~t:U11f.!ii~1-3 '1 ti'\Jlr!\J11(l141~O\J 
5.3.2 flfl'l:l1fl111JL,r1J,r\J'U0-3~\JlffLflO''j~1t1'ji!lolqf1J~1ifl111Jl,r1J,r\J~H '1 '\J 

01fflff,jfl'j~1r!\J1'jflfl11:;f11J;1-3 l~otl'j:;Lii\JtI'j::ffl1ifl1'n'IJO-3~li'tllt1'ji!lolqf1J~i~\Jl~\J 
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