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Triphala is an Ayurvedic medicine that is frequently used to treat constipation, 

jaundice, anemia, asthma, fever and chronic ulcers. The preparation contains fruit from 

Terminolio chebulo, Terminolio bellirico, and Phyllothus emblico in equal weight 

proportions. Recently, there have been reports that the fruit extracts could inhibit hair 

loss, yet there has been no specific information on Triphala and its activities to hair loss 

inhibition. The purposes of this study are to investigate the mechanism in Triphala 

extracts associated with hair loss inhibition, develop Triphala extract loaded niosomes 

and investigate the hair growth promotion of the formulations. Fruits from T. chebulo, 

T. bellirico, and P. emblica were extracted in 95 % ethanol through the maceration 

process and the active content of Triphala and its individual were analyzed using 

gallic acid and ellagic acid as the standard markers. A comparative study was done on 

the total phenolic content and antioxidant activity of Triphala and each fruit extract was 
·+ • 

analyzed by using ABTS , DPPH and FRAP methods. The mechanism in Triphala that 

effected the inhibition of 50- reductase activity was investigated in vitro. Niosome 

formulations loaded Triphala extract was developed and optimized by using the 

response surface methodology. In vitro drug release study was investigated using dialysis 

bags and the skin penetration was analyzed using Franz diffusion cells. 

The stability of niosomes's formulation was conducted at 4, 25 and 45 °C for 90 days . 



The stimulation of triphala extract on hair growth promotion and skin irritation was 

investigated in C57BU6Mlac mice and New Zealand white rabbits, respectively. Results 

showed that the Triphala extract contained a total phenolic content of 888.02±29.52 

mg GAE/g sample and 692.13±23.00 mg EAE/g sample. The Triphala extract also 

exhibited a gallic acid content of 105.93±0.39 and ellagic acid content of 8.06±0.03 

mg/g sample. Antioxidant activities in the Triphala extract was 318.06±3.59, 484.27±12.98 

mg vit C/g sample (ABTS, DPPH assay) and 56.11±0.41 µmoVg sample (FRAP assay). 

Triphala extract inhibited 50- reductase 56.46±3.02 mg finasteride/g crude extract. 

Optimize formulation of niosomes loaed Triphala extract was 50 mM total lipid, 10% 

cholesterol and 0.10% plant extract. The obtained niosomes had an average vesicle size 

of 180.10 ± 16.34 nm and exhibited the entrapment efficiency of total phenolic content 

at 46.43±4.20%. Niosomes vesicle size showed no significant alteration following 
0 

a stability study at 4, 25 and 45 C for 90 days. The entrapment efficiency value for 

gallic acid was 44.16±0.03 and 79.21±0.06% for ellagic acid. In vitro drug released in 

gallic acid and ellagic acid from niosomes were enhanced compared to the release in 

extract solutions. The skin penetration of gallic acid and ellagic acid from the loaded 

niosomes at 24 hours was 218.64±0.31 and 17.00±0.01 µg/cm
2

, respectively while the 
2 

levels were 0.39±0.11, 17.25±2.11 µg/cm for stratum corneum and 0.29±0.13, 3.12±0.56 

µg/cm 
2 

for epidermis and dermis, respectively. The concentration 1, 2.5 and 5 % Triphala 

extract loaded niosomes could promote hair growth in C57BU6Mlac more effectively 

than the 2%w/v minoxidil solution. The concentration of 2.5% Triphala extract loaded 

niosomes significantly increased the number and size of hair follicle compared to the 

negative and positive control groups (p<0.05). Triphala extract loaded niosomes 

displayed no signs of skin irritation. In conclusion, Triphala extract loaded niosomes can 

promote hair growth and inhibit hair loss through antioxidant activity and 50- reductase 

inhibition. 
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2.1 

2.1 

2.2 

2.3 

2.4 

3.1. 

3.2. 

'11'H'fn~W"ll~ijq'Vl~L'Un1'5V'Uff~ 5a-reductase II 

'11'5'1tl~W"ll~ijq'Vl~L'Un1'5m:::~'Un1'5'1~1~ cytokines Lrn::: growth factors 
CV 4 <Qfd 6' I t=lq, Q II 

'11'5'1n~W"!l'Vl1Jq'Vlol'ltr'Wl11(;1n1'5L"'5t1J'tl8~L'1'UC-J1J 

.., odl .-=il.c11 ,,i .., . . . 
'11'5'1n~W'!l'Vl1lq'Vlf:im::~'U dermal papilla cell u.a::: hair follicle 

na 1nm'5m:::~'Un1'5L"~ru'tla~L~'UC-J1J . ., 

'5:::'\J\J gradient elution 'tla~11'lmf'1Lf'1~8'U~ 

i.J~1J1rua1'5a~ u. '5~~~~1 u.a:::i.J~1J1ruf'lmaaL!'la'5aa "1nm'5l'i'1'U1rutl~mru 

1'tllJ'U~~"'11J~ 

3.3. i.J~1J1ruf'lamaLi;ia'5e:m u.a:::i.J~1.l1rua1'5a~LL '5~~~~1 ~ijc.ia~a'tlm~a'4mf'lffia 1'if1l 

3.4. 

3.5 

3.6 

3.7 

4.1. 

4.2 

4.3 

4.4 

4.5 

4.6 

II U C:: Ill d 

LLa:::'5at1a:::m'5nnLnm11'5an~w"!I 

m1J1flJ'11'5'1n~~i1c.ia~tJ'tl'U1~8'UI11f'lffia L'ifl.J LLa:::~mm:::n1'5tlnLtl'U'11'5'1flVJfj"lf • 
Lnru'ti'm'5L'l-1fl:::LL'U'Un1'5~t1n'tla~1.~'UC-J1J (hair growth score) 'tl8~'Vl~i1ulij'm a1v 

~'UQ C57BU6Mlac 

Lnru'rl1 'U m'5tl'5:::LijtJ n1'5'5:::m mfi a~~1 

~"!1Un1'5'5::f'11mfit1~~1 (primary irritation index) 
J.11 Q .., 

n1'5'Vl~aauq'Vlf:i(;l1'Ut1'4~aaa'5::'tla~a1'5an~ 

~at1a:::m'5nmnua1'5an~ 1 'Uffia L'if1J"1nm'5Pin~ni1"1ij'v~1~ 1 

'tl'U1~atJ111Fi Fhm'5m::"1ve:i'Umf'l f11i.J'5:::" 1vNh~~1atJ111f"l ~ava:::m'5ti'mnu . , , , 
'11'5'1n~ m~"1nm'5Pin"t;1iJ"lij't1~1~Li5a~~'U 
f11i.J'5:::~1vh~1'tla~a1'5an~i;i~~.m1m11JLoU1JoU'U~1~ 1 1ml1tl'51P1"1n 1aaa'U (n=3) 

'tl'U1~a'4111f'lffia L'ifl.J u.a::~at1a:::m'5nn1.nua1'5ati'~fi11vi1~"1nm'5'Vl~aa~~1t115 

RSM-CCD, lvit1m'5u.avi~c.ia"1nf11Lu~t1 

~mm'51Lf'1'51:::i1f'111l.JLL'll'5i.J'n'U'tl8~ regression coefficient 'tltl~'tl'U1"18'4111f'l 
V .., G v 

LLa:::'5m.m::m'5nn1.nua1'5anvi 

4. 7 c.iam'511.f'1'51:::i1f"l11mL tl'5i.1'51'U'tlmal.lm'5wV1'U1l.Jn1~~mM'tlt1~"1J'U1"1a'U111f"l 1.m::: ' . 

., 
\ll'U1 

11 

13 

14 

16 

20 

39 

44 

44 

45 

48 

49 

49 

57 

73 

74 

75 

76 

78 

79 



4.8 

4.9 

thvttJ~ Lnru'11~ ~'l.J'Li '1 "5' CJ~ii ~ft \Pl tlfl1 l'ltl'l.J'1'1.Jtl-:J L ~ a1Ll"l11~"1'\/11Fi1~ L 'Vll.J 1~'1l.J 

LU~CJ'l.JL~CJ'l.Jfi1~l~'11nn11~~fta-:inufi1~1~'11nn11~1u1vn1v1~an11~~ 

Liun~al.l (n=3) 

'Vlu1 

80 

83 

4.10 1"1rua11~m-:imvn1w6Ua~~1foffia1'1fl.lLrimn'l.JH~ 4, 25 LLft~ 45 °c 93 .. 
4.11 favft~m1nmnuu~111ru total phenolic content Lrimn'l.JH~ 4, 25 LLft~ 45°C 

LlltJL1ft1 90 1u 93 

4.12 ~rual.l~m~mvmwa11an~w1~~mffia1'1!11m111L'lll.li'ul'l1-:i 1 Lrimn'l.JH~ 25°C 95 

4.13 {aCJft~n11tlnLtlU gallic acid LLft~ ellagic acid 6Utl~'111'1n~l'l~~fl1ffie:JL'1fl.J1"111l.J 
V ., I 

L 6U1J6U'l.J!Jl1~ 1 

4.14 1~~Ufl~LL'l.JtJn11Wl'l1EJLfia-:i~hlum~l'l1EJ6U11'11CJitJ~ New Zealand 

4.15 1~~'lJnT'S1~1'11mfia~~bltJm~l'l1v6U11a1viuq New Zealand 

95 

106 

106 



2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

2.7 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

4.7 

"' ff 1"a\Jrull1W 

.c:rilQ Q ., 

1~"111i;Jn11L'11qj'IJtl'3L'1Uc.JlJ 

~i;J1LFl1'3'1{1~ finasteride 

nri lnm1aanrivii'IJa'3 finasteride 

~i;J1LF11'3'1{1'3 minoxidil 

tF11'3a{1'3'1Ja'3Lauc.ilJ 

I - I Q V 

"11tl~Vl1~n11~lJc.J1U'IJtl~V1Vl1~c.J1~U~ 

"' 

nrt 1nviF11~11'1::L UUn11e:Jtln'1Vl~'IJtl~'111'1fl~i;J1c.Jrt1 

tl~JJ1ru'111'l.h::nauwuaanviY1u1u'111'1n~ T. bellirica, T. chebula, 

P. emblica LLrt:: triphala 

LF11lJ1LVILLffSlJ'111lJ1i;J1~1U gallic acid um: ellagic acid 

1F11m1VILLmlJ (A) T. chebula, (8) T. bellirica, (C) P. emblica 

1Fl1lJ11VILLffSlJ'111'1tl~i;J~c.Jrt1 

~~mru gallic acid uri:: ellagic cid ~'VIU1U'111'1n~ui;iri::"l1ii~ 

~i;J1LFl1~'1{1'3 (A) gallic acid uri:: (8) ellagic acid 

LF11lJ1LVIUffSlJ (A) complete reaction control uri:: (8) enzyme 

blank 

..,-u1 

6 

7 

8 

9 

33 

34 

35 

51 

53 

54 

55 

56 

58 

59 

4.8 1F11lJ11viumlJ 0.5 µM finasteride 60 

4.9 LF11lJ11VILLmlJ (A) T. chebula, (8) T. bellirica um: (C) P. emblica 61 

4.10 1F11mtviumlJa11'1n~i;i1c.ir11 62 

4.11 civitlum1vu&'3m1'Vi1~1uwu1~tl 5a-reductase '1Je:J'3a11an~"l1ii~i;i1~ 1 63 

4.12 'IJm~m~mFlffia 1~JJviLn~'11na11ri~LL 1'3~'3~1"!1ii~ b.iilt11~~ 65 

4.13 {avri::m1nmnua11an~viLn~'11n'111ri~LL 1'3~'3~1"l1ii~ b.iilt11::" 65 
' 

4.14 favri~m1ti'mnua11'1n~viLn~"1n-t.1~mru1'1Jl1u~'3~lJ~ 67 

4.15 'IJu1~a'4mF1ffia t~JJviLn~'11ntl~mru 1'1Jl1u~'3~lJ~ 67 

4.16 'IJ'l.n~a11mF1ffia t~JJviLn~'11ntl~JJ1ruF1aLrt'1Li;ia1ar1~1'3 1 69 

4.17 {avri~m1nmtiua11'1n~m~"1nt1~mruF1mrimi;ia1arii;i1~ 1 69 



4.18 

4.19 

4.20 

'IJ'U1"1ei'4mflffiei L '111J~LnV1~1m.fl1nru'1T'rnnV1fl111JL 'li1liui;l1-:i 'l 

f ei va:: m1n n Lnu'111'1 ti' V1vfl"1~1 ntl~mru'111'1nV1m11J L 'li1liui;l1-:i 'l 

mTrl'111Jii~ LLa::mTrllfl1'3~1'3 (A) n11\;lClrn'l'UCJ-:l'IJCl'3'1J'U1VICl'Ufl1fl~ 
' 

LnV1~1nm1l1ruflmam;imeia (X2) nutl~1J1ru1'UlJ'U~-:IV11JVI (X1), (B) fl1'j 

;JCJU'1'UCJ-:i'UCl-:l'U'U1"1 m.~fl1fl~LnV1~1ntl~1J1ru'11'j'1tlVI (X3) nutl~1J1flJ 

1 'lflYu x 1>. cc> m1;ieiu'1'Uei-:i'Uei-:1'1J'U1V1ei'4mfl~ Lnvi~1m.flmru'11d'1n"1 

(X3) ti'um1l1rufle1La'1L;imeia cx2> 

4.21 mTrl'111lii~ LLa::m1wLfl1-:i~1-:i (A) m1;ieiu'1'UC1-:i'Uei'3feiva::m1nmnu 

'11'j'1n VI ~LnV1~1ntl~1J1ru1"1mam i;iei1aacx2> ti'ummru 1 "lll1'Ll~'3vr11V1 
(X1), CB) m1;ieiu'1'LIC1'3'Ua'3feiva::m1nmnu'111'1nvi~LnV1~1ntl~1J1ru 

'111'1nVlfi"ll (X3) nutl~111rul'!Jl1'U~'3V11JVI (X1), (C) n11\;ICIU'1'Utl'3'UCl'3 

feiva::m1nmnU'11'j'1nVl~LnVl~1flm1J1ru'11'j'1nVlri'll (X3) nutl~1J1ru 

71 

71 

81 

1'1CJL'1'1L;JCJ1Cl'1 (X2) 82 

4.22 fava::m1nmnu gallic acid LLa:: ellagic acid 

4.23 feiva:m11nmnu gallic acid LLa:: ellagic acid \i;i19\'1~uffiei L'111Jfl111J 
...... 

L'Ul.J'IJ'U 1, 2.5 LLa:: 5% 

4.24 mdt1aV1t1aeimn'jLfl~ei-:ivr1J1v~1m::uut11'1-:iffiei L'111Jnu'11da::m v CA> 

4.25 

'11'jbfl~CJ'3VJ1J1EJ gallic acid, (B) a11Lfl~CJ-:IVl:l.J1tJ ellagic acid 

tl~mru'11'jLf'l~C1'3V11J1tJ~'ii1Jc.i1u.ffuibvru'3 (A) '111Lfl~ei-:ivimti gallic acid, 

(8) '11'jLfl~e:J'3vt1J1tJ ellagic acid 

4.26 tl~mru gallic acid LLa:: ellagic acid ~'ii1l~1uhfl'U.ff'U stratum 

corneum 

4.27 tl~mru gallic acid ~.ij1Jc.l1u1i.flu.ff'U epidermis LLi;:t:: dermis 

4.28 fl1Vlrl1tifl11L~~ru'UCJ'3La'U'U'U1'UVJ\JVl'U~U~fldLYH·t~ '11tJW'UB 
" \I \I \I .. 

C57BL/6Mlac 

4.29 m1L~~qj'Ue:J'3La'U'U'U 1 uviiJ cs 7BU6Mlac mice t11::Liiu;i11JLnru'fim1 

L~~qj'IJC1'3La'UCJ1J 

84 

85 

87 

89 

90 

91 

98 

101 



~ .. 
a1~uru111-w <~a> 

"' 

d ... 
ll1'W'VI 'Vl'U1 

4.30 .n1W~i;J'!J11'3~1'Vli!-:J'Vl'lJ~U~muJa (n) nal.lfnUl"llJ ( 1 n; bJvrnn~ 1~ 2n; ,, ' ' 
ffia 1'l11JLtla1) ('ti) 2% minoxidil solution (l"l) 1 % triphala solution 

(,:i) 1 % tirphala niosomes ('1) 2.5% tirphala niosomes (o) 5% 

tirphala niosomes mt11~n~a-:i~'1'V11'lflltln1"'-:i'!lt11t1 100 Lvi11u 

at1i;i1'1vi 4 '!la-:im'l'Vli;J'1a-:i 102 

4.31 .rnw~i;il'!11Jm1~1'Vli!-:i'!lt1-:J'Vl'l.J~'U~mula (n) mi1ll"l1UFl1J ( 1 n; bJvrnn'l ,, ' ' 
1~ 2n; ffia1'!11JLtla1) ('ti) 2% minoxidil solution (Fi) 1 % triphala 

solution (,:i) 1% tirphala niosomes ('1) 2.5% tirphala niosomes 

(o) 5% tirphala niosomes .rnt11~n~a-:i~'1'Vl'l'lf'ltln1"'-:i'!lt11t1 40 Lvi1 

1uat1i;i1'1vi 4 '!lmm'l'Vli;)'1ti-:i 103 

4.32 '11'1.JTIJ hair follicle L'l.J'Vl'l.J~'U~mLWP!~ '11EJW'LJG C57Bl/6Mlac Lda ,, ,, ' 
,, I 

104 'VJi;J'1tJ\Ji;J1tf'11WJi;J'1tJ'\J;l1-:J 1 



. 
""' \J'Vl'VI 1 

0 

\J'Vl1J1 

'11nri1LL'1'1'1'U1vtJ1 v'tla-.:iflru~-r~l.J'l.11'1~~1~ nci1111 EJ'Vlofil1al'l1n11w~'U1tl1~ L 'Vlfill'l1l.J ... . 
LLc.i'Uw~'U1Lfil1~jjn'1ua~'1-.:ifll.Ju v1-.:i'lf1~ou'l.J~ 11 L ~e:im1w~'U1t11~L 'Vlfil 1V1vt ~ri11l.Ja1~qintJm1 

m1~-.:iL'1~l.lm1aV1i1'1~ v L~v-.:i~1'Ua'tl111we:i~1-.:i L ll'Ue:i-.:ifi11l.J 1~v'111-.:iL'1~l.J'1'tJ1111~fl'U 1'Vlv1 ~i'.lfl11l.J • • 
'1l.l'l.J1WLL~-.:iu1-.:i~-.:i~1-.:imvum:~l'IL'1 w~'U1m1l.l1LLm~~n~~t'Um1V1LLaa'tJ111w'tJe:J'll'l'ULa-.:iri1e:itJfli'1 ,, ,, ,, , 

'ql.l'lf'U a11-.:im11la1'U~1l.J L 'Un11W~'U1'U LfJ'l.J1fJ'11511'1J~~Lff e:ivie:i'1"llll1W fl1'\.J~ n'l.Jn11W~'U11~'1.J'U 
tJ~m1a1011rua"ll t ~1iriru111w w1al.J~-.:im1a-.:i L'1~l.Jm1u W'VlEJV11-.:i L~ r:in m1ww.i'U11~uu~1'U-ii'Ell.J'1 . , . ,, 
q"ll111w'tJe:i-.:itl1~L 'Vlfil Lfl1·m111~vffi~L~'IL ~'Ufl11l.lcl'1~qi L 'U~1'UUqJ'V11'1"llll1W'tJe:J\ltl1~'!11'lf'U ~" L ll'U 

uqivr1q'tJ111wvi1lc.ia i;i e:iq'tJll1W~l'l ~" 1~'Vl~'U fJ n n11 LLm "lJUqJ'V11'1"llll1W L 'U m1a~ ua~ LLtlU qJ'Vl1i:.Jl.J 

~1'1 L 'Utl1~'!11'lf'U ~" L ll'Ui1n1vr1a'tlmwtl1~n1'mi1-.:ivi1l~rn L~ vvie:ia'tJ111w~ l'l'tJe:J\ltl1~'!11'!f'U,\'1'U1'Ul.l1n •t: • • 

c.i11~1-.:i LL2!'1~ hiL ll'Uu QJ'V11'1'tJ111wvi L ll'U B'U 1'111 vii-.:i LL tH11 l'l ul'i L U'U e:i 1 m1~~ -.:ic.i a L~ v \Vi El 

'1"llll1W~l'l ua~'4fl~ n111w"ll EJ'l'Uflfiff,)'1'U1'U111 n LV1 EJl'l1'1 tl 1~'!11n1~1 fa ni'.le:i1 m11111~ c.i11~1-.:i • • 

'11L'Vll'l'tJEl'lc.Jl.J~1'1Ln~1~vra1EJ'11L'Vll'l L'li'U n11l.JW'U5 He:JTil.J'ULWfil hri~~L;fe:i hriL~e:ii'-.:i n11elnL'1'U • • • 
L 'Un11f n~1L1flc.Jl.J~1'1 ~-.:iiiri1111a'U'1'U'11nm1 l iv1f n~1 L 'UU'1'1U'UEJ~mn L ~e:J'1'11nrn mli'Vl11'U 

• 'II 'II 

a1Lvr~LLVl'1~\l'tle:i-.:imm1i:.il.J~1-.:i~-.:inci11 r:i~1-.:ihnl'l1l.J c.Jl.J~1-.:iviLn~'11nw'U~n1111 (androgenic 

alopecia) L ll'U1111~c.il.l~1-.:i~wutie:i vvi'1V1 L 'UL Wfil'lf1EJ .n11:dlL~fon11c.il.J~1-.:i~1~~'11'U t 'Uer'lf1 EJ 
• 'II 

(male pattern baldness) LV1EJ'1~L~l.JLnV11ufoi'Ul'le:J'Utlmv (Nicole et al., 2008) ~\lllc.i11~1-.:i 
androgenic alopecia iiri11l.J~'ULL 1-.:il.J1nl!r:iEJvi1\ln'U 1 tJ'l 'ULLvia~'4flfl'1 wu 1~~\ILL 'U'l.JEl1n11c.Jl.J~1'1 
'Vl~ma'Ui:.Jl.Jrie:JEJ 1 'U1'1'1\1'1'U'Vl~V1~1'11 tl LLl'IL 'UL Wfil'Vlqj-.:i.n11~ hridl!n'1~ 1iiiimm1 LLa~'1~LnV1 L 'U 

~n~ru~i:.il.JtJ1\la-.:i ~-.:i-d'e:i1m1 L'UV11-.:iri~-Un L'U"!11mLa~my-.:i'1~L~l.J~'Udfor:i1~ 30 tJ na 1naa1vrfo 



Cl1fiT'j~:l.JfNLL 'IJ'llif Ei.:i hi LL i.l-a'i;i LL!Jif11i;i-J1 Lni;J'11fiB'VlB~'1'lJtl.:JHtln1l'UL Yll31'!11EJ 1~ 1~;1~1L 'V1'1 L 'V1'1Ll'ltl 

L 'S'U (dihydrotestosterone; DHT) 

2 

«LI I d I Q.I ' 

v11m~n~1111.:i'V1~1'Uf111EJtl1J';i'IJ'11nt1.:iflf11'itl1V111LL'1~EJ1 (Food and Drug Administation; 

FDA) 1'ui1'1'1U'Uii 2 '!ltii;i ~ti minoxidil LL'1~ finasteride) ~1'Vlfo minoxidil L~111'11'LU'UEJ1'1~ 

m111vi'u 1i;ii11'1 LL!Jili~i;i'li'1.:iL~v.:i~t1 a11111rim~(;i"um1.:iein"1Jt1.:iLa'U~11 ~.:ii11:1.111 iL ~t1i;ii;if111~~11~1.:i , 
m1liEnil~t1.:i1t1'.:im11m'UmllJ~U1EJ~iifl111Jvl'UL'1i11'1~1 LL'1ttl1'1Lfli;Jtl1f111'li'1.:JL~EJ.:j ~ti Wfl1EJ , ,, 
L~tl.:J'IJ~L1W~'V11 fl'U l-n!.:i~h~tLL l1.:i LL'1tLii~~'ULLi;J.:J 1~ 'Ut1n'11nif LLa1Ei.:int11 l1Lii~mm1'!!1.:iL~EJ.:ivY.:i 

'it'Utl ~ti 1.:iL1EJ'U \111'1L~'UL~1 ;.:JLU'Utl1f111'li'1.:JL~~.:i~1'ULL1.:J (Abramowicz, 1998) G'f1'U 

finasteride L U'U v1i'n~11Jlt111i;i nV1111n Ll'l iiflwa11u1ii;ii;i m1vri;ii;i~1.:i"1Jt1.:i La'U~1J 1i;i v~unu Ltl'U 1'1fl1 ,, , , 

'llt1.:JE.11ilfit1 fl1111~t1.:im1V11.:iLY1i31'1i;J'1\I ei1'v1~L'Y'lfilhiLL-ii.:i~1 t.J~mrut1'1~i;ii;ii;i.:i L~1'U:IJLl'l L~tJ 
atl.1'1~ n11L'1~qj'lltl.:Jna11JL if t1~i;it.Jn~LL'1tvi11 l1t.J1i;ina11JL if t11'ULL 1-:J (lacy et al., 2008) 

uein'11nilm11iv1vi'.:imh1~t1.:i1 it1~1.:i!Jim ~t1.:i L v.11ti-nnvr~i;i l im'1~vi11 l1m1u111tjf111t~lJ~1.:i 
vl\IL~1J 

vY.:iif 'U m11'lfa~'U1 v.1L ~eii'n~1L1flLL'1t~'U~'1'llfl1'Y'l ~.:i 1~i''llfl11:1.l'1'U L'1t1~1.:i:1.11n L 'UU'1'1U'U 

~1 m vr~~i;ithtm1V1il.:i L ~t1.:iOJ1 n'"1111Jt.l'1 t1i;i.fi' v ~n1J1 n n11v1a.:i Lfl11~"1'V11.:i Lflii 111JvY.:i L U'U 

i;ijjiJ cycy1'!111u1'U~~tJ'Vlt1i;J !Ji t1 n'Ul.11 ~'U1nnum1lJmn nvri;i 1 EJ'Vl1.:i~1 n1v.t1 ~1.:i ~ .:i'lJ CJ.:ifi"!la~'U 1 Yl'i 

mv1'Wt.l1~L 'V11311 'V1EJ ~.:ivi11l1m11~EJfl~.:iffi-Hm1:1.1au 1'11"Um1'Vli;ii;it1.:i1 i(;l~~i;i1;\lt.J1~nt1u~1v~i;i 

'11Jt11 'VlEJ ~'1'11Jt1fiLfln LL'1t~'11Jt'lJ1:1.1t1ei1J li.:i L u'UPin~1ni;i lnm1EiuB.:ia1L Vll'l~1J~1.:i'11nHt1TI1J'U , , 

LL'1t'11n~i;im1Pin~1'Y'lt111 a11ani;ia1J'Ul'Y'l1'11n1Jt"1.11:1.1t1t1:1.1 '11Jt11 'Vlv LL'1t'111t1V4Lnn a11111ri , 

vuB.:irn'UL'l!lJ S<l-reductase II (Kumar et al., 2011 LL'1~ Kumar et al., 2012) 1~ LL'1tir.:i11in 

m1Pin~1m1i11a11ani;i"!lt1.:ia1J'U 1Y11vY.:ia11J'!ftii;i~t1EJ1u\;\'1-rt1(;l~~i;i1m1 i L ~t1mt~'UnTH '1~n 1"1Jt1.:i 
, " , u~ 

LatJ~rn ~.:iii'U m1Pin~11 w·1~.:iif nfl111J L u'U1 u1~a .:i:1.11 n~'1til1\;\' 1-ru (;l~ ~i;i1:1.11~(;1J'U1 L u'U ,, 
~O d I I.I - II 

Lfl'itl.:J'11tl1.:JL 'Y'ltl'1 i;Jf111Vl'l i;J';i'J.:J LL'1~m~~'Uf11';i L '11qj'lltl.:J L'1'U~:IJ 

.:i1'U1~vif L U'U m1Pi n~1n'V1t'llt1.:J(;l~~i;i1;.:i L U'UEJ1t11EJ1'(;1J'Ut 1 u m1-r n~1 LL tJtJtl1EJ'iL1'Vl'lltl.:J ·1 , • 

am~v 1i;iv~t.lLLt1t1~.:iL~1J,r'U'1tLU'Um1i11~i;ill1 3 '!liii;i~t1 ~'1'llt1.:ia:1.1t11'V1EJ '11lt1fiLnn LL'1~ 
1Jt"ll11Jt1t1:1.1 ~a11ntJ l'Ue1(;111'11'U 1: i: 1 1i;ivtl1V1'un LLa1~.:ii111 u-ruu1~'V11'U LL!Ji1'1~~"1 l'U.:i1tJ1~vif 
L U'Uf111U1~'1111 LL!Ji'1~'!f\ii;J1J1'1 ni;i L ~ti 1-H41vi;i ti f11';j'V1~'1tltl'J'Vlt"llt1.:J'11';i'1 tli;JLL!Ji'1 t'!l\ii;J '11mT'U~.:J 

i11a11ani;i'lJei.:i~i;i 11YLLi;ii;i~'!li1i;i1J1~'11Jn'W1 'UeJ(;l11'11tJ 1: 1: 1 1i;ivtl1wun '111'1ni;i(;l~~"1vi1n 

i11m l -AL 'U~U LL 'IJ'IJl'l1lJti';i';i1J'!f1~ '1~ljiJqim f11';j;:IJ~1'U~1Vltl'.:i L ~tl.:J'11 n'111~1flqj~tl~L 'U'111'1 ni;i 

(;l~~i;i1 li;imoY11~a11 gallic acid L uu'111~'111J11rii;iti;i1vtl11~ LL'1~iitl~mru,\'1ni;i L ~mLm "I.I 
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i'.lruvn~~n~TJ ~~L~t1m1J1~v11i;i1-rti 1 "1t1v1 'U1tlLL tJtJt1'Ufl11"1ffit1 L'111J L ~t1'li1v 1'Um1tl1'1~a1'HHi'~1 tl 
el " '\I • 

~~LU 1'Vl1J1 v n11t1 ti n{]'VI~ LL a ~'li1 v1'Un11~11~1'U~1'Vli1~1~~:ff 'U L tit1~'il1nt1'4fl11"1i11t1161111 
tl1~nt1tJ~1v L1"11~a~1~viL ll'U lipid bilayer a11111fiti'mntivY~a11vf a~a1ml11~LLa~a~mv 1'U1 'll2J'U 

(t1-rcyqp 111'Ua~t1v, 2550) 

., ti , 1.2 1flq 1::iHA 

1.2.1 L v1t1Pin~nn'11nm1t1t1n{]'Vlt'llt1~a11an~1J1~i:Ja11 'Um1f1tiET~m1vr~~~1~'llt1~Lam.J11 
i.2.2 ~w.J'U11Ji1foffit11'1111vfti11'iJa11an~1J1~i:Ja1 • 

~ ~ II II 4 I Cit. CV A fl.I ' 

1.2.3 131m~n'J'Yllln1~~'Ufl11~t1n'l1t1~La'Ui:JlJ ua~m11~1"11VL1"1m1J1t1i:J1'Vl'U~'llt1~i:Jai;i.mu'ft 

1 'U~IJ11'Yl~'1tl~ 

1.2 ttJt>\JL -vfl~1u1sre 
,J cl ., • ., :'!'I 'i 1 1-.. .JI .. ( 
'11\J'VI 1 fl11'Vl9lJ'U1~1Jl11Jl11tJ'ULtlL'il1J ~vm1 "!11llfl111JltltJ'1'Utl~'Vl'Ui:J1 response surface 

method; RSM) Lv1t1vr1~1J11i;i1-rtivfL'VllJ1~'11J (optimized formulation) ffii.1'll'U1~tl'4fl11"1t1tj 

L'U'li1~ 100 - 400 nm miHt1V'1~m1nmnua11an~1'Uffit1L'il1J1J1nvla~ LLa~Pin~1fl11lJl"1~1K1 • 
'lltl~~IJ11~i1-rtJ 

ft1\J~ 2 tl1ai;i1i;i1foffit1 L61llJviLvrlJ1~'1lJ'il1n'11'Uvl 1 111'1w.J'U11'im ~ti 1 m~~t1va~m1nmntJ 
'II 

a11a1~cy 1 'Wm111ruvf~~:ff'U Pin~1m1tla~tl~t1va11Lf"1~t1~vr111v'il1m~uti'111a~ffit11'1111 Pin~1m1 
~11~1'U~1'Vli1~an1u 1mn~'llt1~a11Lfl~t1~'Vl111v'il1m:rntitl1a~m t11 '1111 Pin~1na 1nm1~ti8~m1 • 

1.4 tl1:: la'tfu~A1fl11;i::ltl'i'u 

1.4.1 L~lJlJ'1rl1'1Jtl~l.1lJ'U 1 'Vl11'Vlv 1~vtl1111'1w.J'U11'U1tlu tJtJL1"1~t1~'11t11~'U1 L 'U LL'1~LU'ULL'U1 
'II • 'II 

1.4.2 a~m1tl1L .V1a11L1"1iivr~t1i:J~1J1.ti'ru'1~mni:J11~1~'il1nl'h~tl1~L 'Yl131 vh 1 ~L~'U1J1111111 'Via 

t1t1n 1 tlf1~1'i1~tl1~L 'Yl131 L lJ'Um1'li1ml3!11~nin'il'IJt1~"!11~ .. 
1.4.3 VJ11u"llt111'1'Vl1~~1'U1"11111tlf!t1~Ji'mrn~tl1~~'V16fl1w"1Jma11u 1w11 'Ylv 1 um1a~i:J11fN 

'II • 

ua~L ~~m1~t1n'llt1~Laui:J11 eTm llu.Ut111avf iit11~ lv"lltla1'Vl-rtierti~1flf"1 iJni~v LLa~eri:J~IJl 1 "Um1 
'II " 'II 

'1~La~111 iXL tlui:J~i;iJi'ru'11~~tJ"!l1~"1t11 tl 
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Ml::lt, ~ Q I 

2.1 £!Ufl01'aWn1'aLnflll11::~2J'a'N 

d 
'U'Vl'VI 2 

m1~c.Jl.J~1.:iLthJ1111~f111l..l~vitln~e:i~1.:iV1~.:i'!Je:i.:i~1V1t!.:i vmtl'!i~l.J1ru~m.J'1~ 0.2 fi.:i 2 '!le:i.:i 

tl'j~'lf1n1L'1n (Betolino, 2000; Olsen, 1993; Madoni and Shapiro, 2000) LL~lil~WLth.1i1qivr1 

a'!Jm'V'l~L tJ'Ua'Ul'\11EJfi.:i uri~il'l u~a.:ic.J'1L~EJ~ e:ia'!lm'V'l~l'l LL'1~'1.Jfla n111Vi vi1 t-HLnvifl11l.Jn.:i1'1 • • • 
fl11l.JLfl~EJVI androgenic alopecia 1111~c.Jl.J~1.:i~Lnvili!1n'W''U~m1l.J'l!UVl~~'UtltJHCJfll.J'ULVil31'll1EJ 
VitJmn~avi ;.:ia.:ic.J'1n1~V1'1.Ji.:it'U~'tl1EJLL'1~~V1fli.:i i1rnvr1c.Jl.J~1.:i~e:iEJ'1~ 14 L~JJiimm1 L'U~'tl1EJ 

, ,, ,, ·~ •t " 

~ .J.q G II ., II .J.q II I ~ II 

Cl1EJ 15 -17 u Vll.JG'l'!Jil1ViLL"lJ.:JLL1.:J 1CJEJ'1~ 30 VitJL'IJWl11EJVll.Jel1EJ'UeJEJf111 30 u LL'1~'!ieJEJ'1~ 50 'V'ltJ , , " , 
L'U~'l11EJ~iim~mnn11 50 ti LL'1~L'IJ~'Vl~.:JVi'ULne:i'U~eJEJ'1~ 50 (Trancik et al., 2001) 

~ t d.r::t. Cl.I II d 

2.2.1 and rogenetic a lopecia Lu'Uc.Jl.J11.:J~LnVllil1f1Vi'Uqm1l.J LG'l'Uc.Jl.Jl.J1~EJ~e:J'U1Llil'U 

(anagen) ~'U'1.:J La'Uc.Jl.Jii'!l'U1VIL~n'1.:i L~EJn11 follicular miniaturization ;.:iLa'Uc.Jl.Jei'.:Jfl.:JLlil~qJ1~ 
i.:i 3 1~EJ~ LL~Bn 2 1~EJ~ EJ11~'U LViEJtJL1'11 anagen : telogen '11n 12:1 LU'U 5:1 vi11-H'll'U1VI 

'!le:J.:Jc.Jl.J L 'V11ilil~~'ULL'1~L~n'1.:iL~eJEJ I LL'1~iiLa'Uc.Jl.J 1'Ll1~EJ~L VJ L'1 L lil'U (telogen) ~1.:iJJ1n~'Um~tJ1'Um1 
follicular miniaturization Lnl'llil1nHe:ifll.J'ULVil31'tl1EJ testosterone u1m-U1am~LLG'IL~e:Jl'l 

'U 

1'Vlm1EJ'U~1~1.:Jf11EJ ~'Vlt!.:i~1~~He:ifll.J'Llif'1~Ltl~EJ'ULU'Ull'l DHT Ll'IEJLeJ'U1'lll1 5Cl-reductase LU'U 

m~tJ1'Uf111511l.J'tl1~ lil1mT'U DHT ~tJtltJLLeJ'ULl'l1L'1'U~L'il'rlL~rni (androgen receptor) ~ 
hair follicle e:ie:in(]V1~EJ'U&.:im~'U1'Um'!i'1~1.:iLa'Uc.Jl.Jtln~ vi11-HLa'Uc.Jl.J 1 'Vl1i~.:ie:inii'!l'U1l'IL~n'1.:i 
L~ClEJ'l ('11n 0.08 mm L'Vl~ffUeJEJn11 0.06 mm) LL'1~tJ1.:J'1.:JL~eJEJ I 111li.:i~~Vl'1.:J '\l'UL'U~~VILnVI 

... ... 
ll11~~l.J'U1.:JLL'1~1311~~'11'1J 

2.2.2 alopecia areata ~l.1'1~~1.:JLU'U'Vl~Cll.J I irmiJ'Uitln'1l.J'Vl~eJ~ G'l1L'Vl~ii'.:i1JJ'Vl11tJLLUotlVI 

i1'1'1U'UL~e:i11Lnvi'11nnfo•1l.Jn'U~l'ltln~ Lu'V'l1~~L'il'1~11n~l.J Ll'IEJG'l"lln1Vi~1.:imEJtln~ ~l.Jm'1~1.:i , " , , 
'Vl~Cll.J L~ EJ1'Vl~Cl'Vf'11 EJ'VI ~ell.Im~ L 'U11 El~ L U'Ul.J1f1Cl11ilii~l.J~1.:J 1~i.:i~1~~ VI~ e:iii ~l..1~1.:J'U ~ L 1 ru~'U'!Je:J.:j 
~1.:imEJ~1l.J~1EJ u1.:ifl~.:iV11me:i.:i 1~n1EJ 1 'LI 1 ti vr~e:itJ1.:iVia1l.J11rin~ul.J1L tJ'U1 'Vll.J1~an m1'3'n"t;1 



?fb~t.J'Hlr.J~ 'Vf~8r.J1'V11 minoxidil L thJi;i''U 

2.2.3 telogen effluvium L U'U.n11 :::t.JJJ~1\l~Ln111.n1 r.ivrc;r\llil1flij.n11::: LFl~r.Jl'l~1'ULL 1\1~ a 

~1\lfl1r.J vr~a~i;i Lli! L-d'U m1L~utJ1r.i 1 'li'1\I n11t.J1~111 vrc;r\lriria111ui;i1 L U'U~'U 1Ymfi111t.JJJ~1.mc;r\I 
~ . 

L'Vf~fl11nJ~\lfl~11'1.h:::mru 2 n\I 3 L~a'U L~8W'U'1.f111:::m1JJLFl~r.Jl'l~.:!flf1°11 La'Ut.Jl.llil:::.:!aflL'Vfl.i 

LlJ'Utlfl~.n1r.iL'U 6 L~ffU n\I 1 tJ 

2.3 1a~m;11~n1·He>n"!.leNLatJe.111 (hair cycle) 

6 

La'Ut.Jl.llil:::ijm1 \Ian L 'U'li1\IL 1ft1vr~\ILL"'11ii:::vrr.1111\la n vrri111~1\l 1 tl vrc;r\11i11m!'Ulil::: nc;rum\lan 1 vrl.i • • 
LV'U1.:llil1 LLU\ILV'IJ 3 "S:::r.i::: ~\ILL'11'1\IL'U.f11'Vi~ 2.1 (Andrea et al., 1995) 

2.3.1 1:::r.i:::Lli!~i;y (anagen phase) L llu1:::r.i:::L 1"'1\lvfl"!.ICJ\ILa'Ut.Jl.l ~,:iij1:::r.i:::L 1ft1r.J11'U1'U 

~4 ._~-=ti J SI 4., 3 
'th:::mru 3 u Vl18811i1'1\I 7 u W8Fl'UL1181fl"1fl"!.l'UWr.J:::a'U1Llil'UliJ:::a'l.Jft.:IL18r.J ~ b'l.J'l:::r.J:::'Ut.Jl.l"!.18.:1 

fl'UL111i1:::\lam~1tl1:::mru 1 L'il'l.J~wi;i1\;)m~a'l.J 
.!'J II 'I .f I .f 

2.3.2 1:::r.i:::vr~111 (catagen phase) Lu'l.J1:::r.i:::vr~111m1.:ian"!.la\IL'1'1.Jt.Jl.l b'U1:::r.J:::'lJ'11'U"!.18\IL'Ua 

L~a dermal papilla lil:::ur.inavfllil1fl matrix vi11i.1La'l.Jt.Jl.l"!.111'1Cl1vr11111Lir.J\I vi11i.111ia11t.J11vr111L~fl 
fl.:! LL"'11il:::Vlr.Jl'lvl1.:11'1.J'l.J1'Utb:::111ru 1 atl1111\1 vra\lliJ1nt!'UliJ:::L -li1'11:::r.i:::L 'VI Lf!Llil'U . ~ 

2.3.3 1:::m~wn (telegen phase) Lllu1:::r.i:::wn~\lij'l:::r.J:::L1ri1tl1:::111ru 3 L~tl'IJ L'U1:::r.i:::dt.J11 

-;i:::vr'l111~1.:ivvn 1tl ~\ltln~u~1~v11t.JJJii•th:::111ru 100,000 ~a11 1ml1'1.J1'1.Jdth:::111ru~vr.iri::: 10 '1::: 

a~ L '1.J1:::r.i:::L 'VI 1riL lil'l.J L '1.J'Vjn'li1.:i"!.la\l<!iii;ifl'UL 11 ~.:ivi11 i.1t.J11"!.lv.:11111~Ei'~1.:i 'W'V'l~vl.ln'U 

Anagen Catagen Telogen 
•Int PlllM ....... ,.... ..... """' 

d 
'Vl111: Andrea et al., 1995 
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g ... ... t ., ~ 
2.4 m~r1n't!t1n1·m~::~'Un1~{1t1n'tleH1Lfl'Ue..t11 'UiW11'Vlflav.:i 

fl1'jPif1'1~nm~m::~'\J nTHClfl'Utl.:tLa'Ui:J1J 1 ua!Pl1'Vl~mci.:i LvlEJ f11~'Vl~H1CJ'lJfl'Vlm '\J'Vl'U~'U~m ' ., v 

'11E.J~'Uti C57Bl/6Mlac L 'VH'I~ V1fl 7-8 '1tlm'l-1 ~.:iL U'U'11fl~'UtivlilE.J11tl1111Pinli1fl'Vlt1 '1.Jf11'j , \I , , ul 

m::~'UnTml~qj"IJv.:tLam.J1J (Datta et al., 2009) L~v.:t'11nii'U'U~vhvh1\.1'1.:iLnl'lm'jL'1~fY"llv.:tL~'\J 

'U'U 1~~1fl ii1.:i:ziil'ln1'H '1~ru"!Jv.:tLatJC.J1JRa1E.Jtl'U 1 tJ1J'U\iEJ fl1'j'Vll'1'1Cl'U~.:IL~ anPf n\i1 L 'UL 'Wfil~L ~Cl.:1'110 
~ ' v 

fl1'j'Vll'1'1vtJif ~v.:lfl1'j'VJ)1tJfJ'Vlt1um1Ei'u8.:i 011vh.:i1'1.J"!Jtl.:IL v'U1'lltl sa-reductase II ~.:! L U'U 

LCJ'U 1'lltl~Ltl~E.J'U testosterone 1 \.1Ltl'U dihydrotestosterone L U'ULLCJ'U L1'11L'1'1.Jvliif]'VltLL1.:I vivh 1 \.1 

Lfll'li:J1JfN 'Vl'Uvil m 'Ufl11Pinli1R11iiV1E.J'V!'Uv¥ntJ'li'N 7-8 atlm'l-1 L ~Cl\1'11nL U'Uoii1.:i~ii1.:i:ziii;im'j \I , ,, ;; 

L '1~qJ"IJv.:tLa'U"IJ'Uv ~ L '1.J'j::E.J::L 'Vl 1a L '1'\JL tl'Uoii1.:ivlL V11J1::'111 L 'Um1Pinli1'J'Vlt1'Un11m::~u m1L'1~qJ"llv.:i 
,, 'i ,, ' .. ' 1 .. .J ..... , ' 

L'1'1.Jl!J1J'11m::E.J::L 'Vl ~aL'1'1.J L "IJ1~1::E.J::v'\J1L'1'1.J LLa::f11)f'lflli1'11'1.J 'V!qj'Vl1fl11'V11'1'1Cl'U'VI 4 '1 ul'11'VI 

.,j iJ"'' ,J,, (Kumar et al., 2011; Kumar et al., 2012 ua:: Lee et al., 2010) L'UB.:t'11nL 'U'!11.:tL1a1'VIL'1'1.J 

2.s E.11vilm'Lln11i'n't!t11111::e..111~1.:i 

mffi~fum1fu1m'11nB.:ir1m1m'l-11'jLLa::m L ~B 1-ul um1fnli1i:J11~1.:iii 2 "ilUl'l (Muller 

et al., 2001) RB 
2.5.1 finasteride ii~1mhmtltJE.J1Ll1l'lfutl1::'Vl1'1.J "ll'\J11'1 5 mg veJfl~'VIBLl'1E.Jfl1'jal'11::vi'u 

tleJTI1J'\J dihydrotestosterone Ll'lflfl11Ei''U8.:tm'j'Vh.:t1'1.J"IJB.:ILCJ'U 1'lltl sa-reductase II vh1 \.1 

1:: vl'U"IJB.:t dihyd rotestosterone 1 tJ m:: LL'1 L~e:Jl'l LLa::u~L 1CW11a ~ '1~1.:i LatJc.i1Ja!'1a.:i n11~BE.J a:: 

60 ~.:i'111J11rtoii1m."1mti''U 111 "l \.1L~'\JC.J1Jii"IJ'U11'1L~na.:i ua::Er.:im'1vi11\.1L~'\JC.J1Jii"ll'U11'11 'Vlqj~'U ~.:i 
c.ian11f flli1iiR111J LLl'l nlii 1\1 tl'U~'\Jtl ~tltJfl1)1'1 tl'U'1'1.J eJ.:t"!JeJ.:tfl1 L 'U LLliia::R'U '11 m1 fl.:11'1.J'V11.:I 

v 

fl11LL W'VlEJ1::, r11 finasteride vh1 \.1c.i111'1E.Jl'1~1\I vr~m.J1J~tJ1m.i1~mh::'Vl11.:i~mrn:: 66-88 
~ ' v 

~i;i1 LR1.:i'1~1.:i na 1flfl1'jeJeJflfJ'Vl5 LL'1l'1.:tvi'.:i.n1'V'lvi 2.2 ua:: 2.3 

0 

CONHC(CH)1 

111~vf 2.2 ijl'l1Lfl~.:iai1.:i finasteride 
cl 
'Vl111: Drake et al., 1994 



OH OH 

~ 
Testosterone Dihydrotestosterone 

CONHC(CH s) a 

0 Finasteride 

ll1'W~ 2.3 naln011e>e>nq'Vl~"lltl./l finasteride 
d 
\11111: Drake et al., 1994 
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m1Pim;1"lJeN Kaufman et al., (1998) 1~EJti finasteride 1 mg h1~'!11EJm~ 18-41 tJ 
wu11 '11'U1'UL'1t.11:.JlJL~lJ;1'U 16.9 LLG'lt -4.1 La'Ui;ia111111'1L'l1'U~L1J"1'l 1'U finasteride 1 mg LL'1tf.11 

\.man mmh~u LLG'l:admtl~EJ'ULViEJun1wci1EJwum'lL\l~'lJ"!la-:1L~'Ui:.JlJb~lJ;'Ua~1'1~m~a_, Lila 

fmn~ 24 L~a'U La'Ul:.ilJEJ11;1'ULL"tvr'U1;1'U~aEJ"t 50 LLG'lt 66 t'U~'!l1EJmEJ 18 - 41 ti t'U 1 tJ 
\I , 

m~ 41-60 ti wu~aEJG'lt 39 LLG'lt 3 dfoiim1ti finasteride Ltl1EJuLViEJ'UtltJE.11Vl'1fln~ 2 ti 

m1Pin"1;1"1.1a-1 Drake et al., (1994) m11im finasteride 1'U~U1EJ 249 f'l'U "!l'U1~EJ1v1'leti 

0.01-5 ij"~nflJi;iai''U wu11 1t~'U DHT L'Um~um~a~LLG'l~~vr-U-:i~hi;~"~"-:i LLG'l~vrGt-11i"U'U1~ 

0.2 ij"~nflJi;ifli'U 6 atl~nl-1 G'l~)~~tJ DHT ~VltJ-1Pi1'!;~ L~~flEJG'lt 60 - 70 €1~1-:iii-Umi1fi'ruV11'1 ., 

ail~ ( p < o. o 5) 'Wiii:.J'1~fl1t~tJ~f!fuJ'U test o st er one L'Um~LLm~a~ "U'U11'1E.11~ 

LL'Uttl'1fia 0.2 - 1 ijG'l~flf1J~Bi'U a1vrfum1'ffl"t;1fl11ti:.JlJ~1'1~Lfil'l\11fl~f!fuJ'ULWPl"!11EJ 

81fl11eU1./lLfiEJ./l"Ua-1m11 i finasteride fia vr~v'U'1lJ11fl'Ut'Vl1'1LWPI f'l11lJ~v-1fl11'Vl1./lLWPI 

"~",, tl~lJ1ruf!'1~G'l~'1'1 vi'EJ1~LWPIL1iLL ~./lvl"l L~1'U1J 1111 11'1EJWu11 ~U"lEJ~aEJG'I~ 3 vtleti'EJ1\l~ii , \I 

a1fl11oU1'1LflEJ-:l~./lmh1 LLG'l~~a-1LetlB~1./lUaEJ 3 Liia'U L~amt~'Ufl11L\l~qj"Ua-1La'Ui:.J1J LLG'ltLetl 

~m~a./l 12 Liifl'U vr1nvrEJl'lm11iEJ1\ltVi'11~mJ~1-:1Lvriia'UL~lJ (Kaufman et al., 1998) LLG'I~ , 

finasteride biii'11m.i1EJ 1 'U~tlLL 'UtJ'V11 L ~fl-1\11flnG'I 1nm1aan~'Vl~"Ua-1 finasteride EJtJ~./lLB'U L'!1JJ 

5U-reductase II ~ hair follicle LL~~~"l'VltJ-1LU'ULa'UL'!1JJ 5U-reductase I 



2.5.2 minoxidil ii'11vri.11E.Jlu1tlLL'U'UE.J1LiJ\il '!J'l.J1\il 2.5 LL'1~ 10 mo Lm~1tlLL'U'ULiitnE.1'1.Jt1n v ~ v 

Fl11l.JL"li':u"li'u~aE.Ja~ 2 LL'1~ 5 1tlLL'U'U~UE.JlJ1iii'n~n.flTJt~l.J~1\l~tl 1tlLL'U'U1ii.n1E.J'l.Jtlfi Fl11l.J v v 

Lil:u'llu~tiE.Jat 2 LLat 5 L~1.JLU'l.JE.11alilfl11:u~u1ai;i;i LL~W'U11vi11iLau~:u.:ian1~ na1nm1vi1.:i1u 

il.:ihiVl11ULL'liii;i E.11QnLtl~E.J'lJLU'lJ minoxidil sulfate 1i;imau1'll~ sulfotransferase ~atj 

'U~L 1ruvri!.:i~1~t minoxidil L ~:u1~EJtau1L'1'1.J 1 iu1u~u LLatvi11 iL'llaa Lftu~:uii'llu1i;i 1vrqj~u 
L\i!EJ minoxidil i1am11'11\1'1~1\I ~\ILL'11il\11u.n1w~ 2.4 

v 

.n1w~ 2.4 ij~~ltm1a~1~ minoxidil 

'1111: Balakrishnan et al., 2009 

9 

fi11Vllil'1ti'U11ilE.Jm1LifE.J\IL'l!aa human epidermal ~1fJ 5% minoxidil solution W'U11 

L'l!aaa1:u11m'1~ruaE.11~u1umnn11L'l!aa1umfa.JFl1'UFll.J (Baden et al., 1983) llilE.J minoxidil .., " , . 
L~l.Jfi11L'1~'1J'tlt!\IL'l!aa dermal papilla L~l.J1t~'U'!Jtl\I Erk LLat Akt phosphorylation ~.:i~m1 

rn1L ~:u'!Jti\I Bcl-VBax vh 1 i1tEJtau1L '1'1.JE.111u1u~u if a.:iti'um1i;i1E.J'!Jt1.:iL'l!aa~Liii;i'11n 

m~u1um~ apoptotic LLatvi1liL'l!aa11n~:um1~u 
fi11Vllil'1t!'lJE.11 minoxidil ~Vl1\l'!Jtl\l~\ILL'1l.lv1'Wii'll'U (Uno et al., 1986) wu11 minoxidil 

L~:u'1i;ia1u'!Jt1\I hair follicle L'U1tE.JteJ'lJ1L'1'1.J i;ii;i,j1u1u'!Je:i.:i hair follicle lu1~E.J~LV11aL'1'U LLat 

L~l.J'!J'l.J11il'!Jtl\I hair follicle 

m1Pin~1'!Je:J\I Abell (1988) V1\il'1eJ'Uf1111i minoxidil L'l.J~'!l1E.1~1X1~1u wu11 ~i;i11'11u'!Je:i\I 

1~fJ~eJ'lJ1L'1'1.Ji;ie:i1~E.JtLVIL'1L'1'U L~l.J~'l.Jvr'1.:i'11nli 12 L~eJ'lJ LlilfJ minoxidil L~l.J'!J'l.J1\il"llt!\1Lft'U~l.J 

L~e:i1mtlLL~1 4 L~e:iu '11fi'!J'U11il 0.029 mm L~l.JLU'U 0.043 mm lu 12 Gltli;i1"1 LLatL~l.JLU'lJ 

0.042 mm L'l.J 24 Gltli;i1"1 

m1Pin~1'!Je:J\I Olsen et al., (2002) vi1m1~n~1Ltl~EJ'ULViE.Jum1li 5 LLa~ 2% minoxidil 

LtJ~E.J'UL ViE.J'Utl'UE.11Vlatin 1 u~'!l1E.J~i1uru1~:u~1.:i W'U11 m11 ii 5% minoxidil '11u1uLau~:uL ~11~u v ... 

18.6 Laui;iai;i111.:iL'll'U~L:ui;i1 12. 7 L'1ui;ie:im11.:iL'll'U~L:ui;i1 lu 2% minoxidil Lrn~ 3.9 L'1u~a 
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"1111\IL'il'U~Ll.lm l ummrnn L~a 1'&'1 tJ LL'11 48 '1tll'n-H ua~Li1al'!.n1vici1tJVitm11L ~11"i11'U1'Um1 
" 

L\J~qJ'!JeJ\ILa'Ue.ilJ~atJa~ 57.9, 40.8 ua~ 23.2 lu s, 2% minoxidil LLa~mvman~ 1 tJ 

im~fo'!Ja\I minoxidil fia 1tm1u!Jiam1W.;1"1th~"ii'11''U L"liu V1~\lm1livi1liXLnl'lm1R''U 

1~f11m~a\lvi'\J\1~1~~ ;\IL iJumm1i1-:i LfltJ\1'11nm1l itJ1 11f11LL vi-:i 11Ja~1 m.J1~n'Uq'll.n1Vi 

LY111~m11.atu~1udL~tJ1num1lJ\11111"1m-HL~am1fn~111flfl11lJ~t11'1i;"1~-:i ~-:i1"1~11lJa~1u 
tl1~nt1&'1'!J.n1Vi LLa~i1mm1i1-:1LfltJ-:1'11nm11-!itJ1 L"!iu 1~fl1m~a-:ivriJ-:i~1~~ R'uvr'\J\1~1~~ vrtl'\I , 

~1~~LLlX\I LU'U~lJLLl'l\I tl1"1~1~~ 1-:iL1tJ'U t.111'1L~'UC'.il'li\lvr1~ wu1u 5% minoxidil mnn11 2% 

minoxidil LL1!11'1~ l iL UlJtJ1'VI~ u~iiu1-:i~1t1~&'111111nl'll'l;1JL i1~n1~LLm~al'l 1~ vi1 l vi'V1'1vl'IL~al'l 
" " 

'!JtJ1tJi;i'1 ~\I WLL 'U~tl11 mm'UeJU1tJ~i1i1ruvi1L~tJ1ti'u~1 l'1 " ... 
~-:i finasteride ua~ minoxidil ~a'llia~1\lvim~a-:iL~a1iXe.iam1fmni1tJ1~a'Vl6mVi LLa~ 

fl11'1~ l i'tJ1~lJ1ru 12 L~v'UL ~ai;i'l'l~'U l'1 L~tJ1ti'utJ1~~'V16e.1'1'!Ja\lt11 vi1nvi~vi mil i'tJ1'1~vi1 l iX 

e.iam1fn~1al'!a\I 4-6 L~a'U (Olsen, 1987) LLa~fl11lJVl'U1LLU'U'!JeJ\ILa'Ue.i1Jal'!a\I 

'1 II Q II 
2.6 na ~nn1-an-a:~t.1n1-SL'1"HY'llv~Lfl'Lle..ill 

na1nm1m~~'Um1L'1~'1J'!lv\ILa'Ue.ilJ th~naul'i1tJ m1eiu5-:inT~vi1\11'U'llv·:iLa'U1'ilu sa -
reductase II ~U~L1ru11ne.111 vi1liX testosterone UJ&'l1lJ11mtl~EJlJLU'U DHT 1~ ff11L~lJf111 

1VlaL1EJ'ULavl'l1 t1Lif EJ-:1V1'\J\1~1'~~ vl1li.1La'Ue.J1.li1fl11lJVl'U1LLa~LL~-:IU1-:1 m~~'Uf111vi1\11'U'!JeJ.:tL'ila~ , 

11ne.111 m~~'U1-:i.;1"1f111L\J~fl1'!Ja.:tLa'Ue.JlJ L '!i'U vl1 l i.1La'Ue.J1JL i1~1~tJ~eJ'U1L\J'U'11nL 'VI L'1L\J'UL ~1;f 'U , ·~ " 
vi11iX1~tJ~eJ'U1L'1'U'U1'U;f'U m~~'l.Jn11&'1~1.:t1'l11"11fl m1&'1~1.:i growth factors na1nm1m~~'Uf111 

L'1~'1J"llv.:tLa'Ue.ilJ t11~naul'i1tJna 1nvi1.:i 1 

2.6.1 auB~Lv'Ul'lf~ 50-reductase II 

m1Eru~.:trn'U1'l1U 50-reductase II vi1liX testosterone W&'l11JT~mtl~tJ'ULfJ'U DHT 

;,:i DHT LU'ULLeJ'U 1vi1L\J'U~iiq'VIBu 1.:i ua~LU'U&'l1L vi~~vi1 l vi'e.111~1\I &'111'11n511lJ'tl1~Vii1q'VIWl'Um1 

eiu5-:irn'U 1'ilu sa-reductase II LL&'ll'l.:t~.:1"1111.:t~ 2.1 m1~n~1na 1nm1aanq'VIB"llv.:t&'l11&'1tlVl~'ll~ 

iiq'Vltl 'Uf111Eiu&.:i sa-reductase II L U'Una 1n~iitl1~a'V1Gfl1'V'l~.:tql'l L ~a.:t\11n 11liiua'ULl'l1L\J'U 1 ti 

m~~'U L vi'Lfil'le.JlJ~1-:I 



d ~ 
'tiE'rlt)tiff1flA'l, 

a1'ld1A''l! 

Carthamus tinctorius extract 1%w/w 

L. 

Phyllanthus emblica extract 1 %w/w 

L. 

Ocimum basilicum extract 

L. 

Oryza sativa L. extract 

Ecklonia cava Hassk. extract 0.5% E. 

cava 

enzymatic 

extract 

male Sprague

Dawley rats 

" ~1m-snei'uv.:i 50-

reductase 1~ 

male Lv11ti'u 24.30 ± 

C56BU6Mlac 1.64 mg 

mice finasteride/g 

crude extract 

~ii.mnvu&.:i 50-

reductase 1~ 

Lv11nu 218.99 ± 

0.40 mg 

finasteride/g 

crude extract 

" 

..... 
E1.:IE.:I 

Kumar et 

al., 2012 

male Sprague- ~11mm)uv.:i 50- Kumar et 

Dawley reductase 1~ al., 2011 

Lv11nu 211.59 ± 

1.00 mg 

finasteride/g 

crude extract 

" ~i111-snei'uv.:i 50-

reductase 1~ 

Lv11nu 216.12 ± 

0.95 mg 

finasteride/g 

crude extract 

11 

Male Wistar 

rats, Female 

Eckol LL'1:: Kang et al., 

dieckol iicivitl'U 2012 

C57BU6 m'lvu&.:i 50-
" male Spargue- reductase i'Unu 

Dawley rats 



a t ~ II 

\>11~1.:iVi 2.1 fl1~fln"V4"1Viihrv15"h.1m~a\Jv.:i 50-reductase 11 <~e) 

d ~ 
'llB'W']'!;fl1il'1'l, 

il1'lft1fl'lJ 

Epigallocatechin-3-

gallate(EGCG) from 

green tea 

Thujae occidentalis 

L. 

Poly~onum 

multiflorum 

Thunberg. 

pure 

EGCG 

10% EGCG 

extract 1 % TOS 

extract 

extract 

Sophora jlovescens extract 1%5. 

Human hair 

follicles 

fuzzy rat 

B6CBAF1/j 

L'1~(\!'11'1.:i hair 
,, 

growth uri:::ei'uei'.:i 

n1'ji;}1EJ'IJ'1.:J 

dermal papilla 

cell 

i'l1'l'1n" TOS 

ei'u~.:i sa-
hybrid mouse reductase type 

2 (IC= 2.6 

mg/ml) L~~n11 

Y-linolenic acid 

u\11;i1n11 

finasteride 

f111lJ~i.JU <j.:J'IJ'1.:J 

~lJ~1.:ivi't~i'Un1<j 

fa1~1~1EJ TOS 

u"::: cyproterone 

acetate Lii"umi 

n11n~l.lv1'l~i'u , 

male Sprague- iiti'Vl~u~.:i1um~ 
Dawley rats 

reductase 

female 

Ait. jlovescens C57BU6 

ei'u~.:i sa
reductase II. 

2.6.2 L~11n1~fl~1.:J cytokines Ui'I:: growth factors 

12 

....... 
a1..:ia..:i 

Kwon et al., 

2007 

Park et al., 

2003 

Chul-Ho et 

al., 2010 

Roh et al., 

2002 

cytokines U'1~ growth factors vi'1V1u1vtlum'j"fl'l'Ufl1Jn1'j"~~1.:i~tl~1.:iLauc.J11u'1~ 

n1'j"L'1~(\!"!leMLa'Uc.J1J L°li'U epidermal growth factor (EGF), transforming growth factor-a 

(TNF-C), (TNF-(3), keratinocyte growth factor (KGF), insulin-like growth factor-I (IGF-1), 



. . 
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interleukin-I {IL-1), basic fibroblast growth factor (Bfgf), vascular endothelial growth 

factor (VEGF) LLn~ hepatocyte growth factor (HGF) ilrn111'11~qjL'Un1'rn1~~'Un1'H'1~'lJ'l.IB\I 

LatJc.J1J '111'11nt':i111J'l11~~ii(j'Vl~Lum~m~~'Um~'1~1'3 cytokines u.i;i~ growth factors LL'1~'3~'3 

1'1111-3~ 2.2 m1Pim!f1L~Eln11L~1Jn1~'1i'1-3 cytokines u.i;i~ growth factors Lllu15m~~n'l!f1~ 

i11'1'U L '1 L ~fl-3'11n'11~L vr~1tle:i~ 1 u11'3mEJ u.i;i~ri1uri11n 11'1~1'3~tl 11'3'l.lfl-3L'1'U~lJu.i;i~n1'H lil~'lJ'l.lt:l-3 

~il'WCf'11fl1i'IPli ... 
auuuu" 

~inflil-6 r.1an11fin111 a1~ii~ n11"fli'lil\J 
ft1'1ft1~'\! 1-U 

Capsaicin Injection lmg/kg male C57BU6 LVh.JnT'H'l~1\I Harada et al., 

mice dermal GF-1 2007 

Capsaicin + Injection lmglkg male C57BU6 'l'::~u IGF-l 1u 

lsoflavone mice L~ilf!L~l.J1'1J 
il1'11'1lJf'l'j 31 

Capsaicin + Oral 6mg/day+ Human f'l'IJ mei1u 5 

lsoflavone 75mg/day volunteers 
.. 

LIJ!il'IJ 

with alopecia 

Raspberry ketone Solution 0.01 % Male C57BU6 LWl.J dermal Harada et al., 

mice IGF-1 2008 

BALB/c mouse 

0.01% Human 
.. .. 
l.Jn1'1L~'l'qj"!Jil\I 

volunteers L'1'1J~lJ 1u 

with alopecia ma1a2Tf'l'1 s 
f'l'IJ mei1u 5 .. 
LIJ!il'IJ 

Chamaecyparis essential 1% solution Male C57BU6 m::~uVEGF Lee et al., 

obtusa oils C. obtusa mice mRNA 2010 

extract Cell culture expression, 

m::~u VEGF , 
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... ~ ... 
'Uil'VU)'l:tf11 i'I ft'3 1tl Ll.\J\J\'l ,,1..1,"m,; "' ... v 

r.iam1fim~n 
fl1'3fl1flty l,j 

n1'3\'lfli'ltl\J il1.:1£l.:I 

Sophora extract 1%5. female 
,, 

Roh et al., m:::;i'U 
' 

jlavescens Ait. jlavescens C57BU6 IGF-1 Uft::: 2002 

extract in 50% KGF mRNA 

ethanol l'U Dermal 

papila cells. 

Clll4 Q II tl ti' .di !'I .Jq Q 

1.:l'lJ1i;)f11'Wil'HY"llel-3L'1'Ui:JlJ 'i::f1v'UV11CJ 3 'i::CJ:: flf) Cl'U1L'1'U Lu'U'i::CJ::VllJf11'iL'1'iqJ 

"lle:i.:iLa'Ui:JlJ tinn1 2-6 ti 'i::CJ::f11Lm'1'U Lll'U'i::CJ::v1La'Ui:JlJ,..,CJvim'iL'1~ru LLG'l::'i::v::LvifaL'1'ULtl'U . ., 

'i::CJ::~n m'im::~'Uf11'iL -,i~qi"lla.:m~''Ui:J:i.J 1viCJvi'11 "1'i:: v::amL '1'UV11'U1'U;i'U ,..,~avi'11 "1'i::v:: 

L vi 1nL'1'UL 'li1tj'i:: v ::a'U1L -,im ~1;i'U '11'i'11f15'i'i:1.J'll1~v1iiaanqV1t~m.:i~ii;im'iL'1~'1J"llt1.:iLa'Ui:J:1.J 

LL'1vi.:i~.:ii;i1'i1.:iv1 2.3 m'i~m~nnn 1nm'im::~'Uf11'iL'1~'1J"llmLam.illv1aanqvit~m.:i~1i;im'iL'1~'1J 

'tl'Cl.:!La'Ui:J:i.Jiif11'i~f1"et1:1.J1f1vt~vi L W'i1::f11'iVIV1'1eJ'U'11'U t ,..,qivi'1 t 'UWI~ ~.:IVl\fvi'l iVl~'1CJ'UiiLa'U"lJ'U~~1 

La'U'tl'Uav L'U'i::CJ::L VI 1m '1'U ~.:i~1v~am'i~m~nLLn::m'i~~i;i1:1.J 
" 

... ~ 
'Uil'WCl'l:tf11flfl'j 

i'111d1R'ty 

Asiasari radix 

Eclipta alba 

Hassk. 

Solution 1 % female 

~olution C57BU6 and 

C3H mice 
,, ' .. .. ,, 

'!l'U L 'Vll.Jl'l1111L 'till 

'!leNau":::'!l'U1~ 

'!IB~L~'Ur.llJ 
.;_ • II 

L~1Jn1''S'U1L'!11 

cysteine 

Roh et al., 2005 

Extract 1.6 mg/15 C57BU6 mice LfilJl'l11lJ,.,'U1LLft::: Datta et al., 
2 

cm and 

3.2 mg/15 
2 

cm 

nT~Ln~'!leN 

follicles 1'U'5'U 

subcutaneous 

Ltl~EJ'U follicles 

2009 



"" ~ 'iJC!fiC)1:H'l1ilfl1 

m1d1R''l! 

Fructus panax 

ginseng 

'11m:m::LV1Lm'1t1 

L ,;'1~~~tl~Eltl1L'1tl 

1 ' .,j 
87.5% tlfl~lll'l 

1~-runw~'n~1~1t1 

"11"11~ 

E. alba 3.2 
2 

mg/15 cm 

Extract 1 mg/ml Male C5781/6 m~~tln11L'1~qj 

FPG mice 

extract 

'iltl.:J hair follicles 

m~~tln1~L'1~qj 

'IJEJ.:JL~tl~ll'11fl 

1ZtJ~L l'1L'1L'1t11~ 

L ,;'1~~~tl~Eltl1L'1tl 

L ~1;f ti 1 tJVlt,i 

(5781/6 

15 

Park et al., 2011 

II Q ~ ~e,1 .. l!'I ) 
2.6.4 n~::f!'LlnTn~~'\J'Uil~L'aaaLflil''nlfl LLuuaa1 (dermal papilla cell LLa::l'tjlJ'll'U 

(hair follicle) 

m1n-rn~'Uf11Wh.:i1'U"lltl.:J dermal papilla cell 1i1~'1i1EJm~~'U1~L~'Ut:.JlJL'1~qjL~ 

L~Cl.:J1il1n dermal papilla L tJmhu~iiL~'UL~Cl~ tl1'Vl11lJ1'Vl~eH~EJ.:J '1111il1nu11lJ'l11~~ijqVI~ 
II 4' • 11.1 ,d II c:it. 

m~~'UL'il"" dermal papilla LL"~ hair follicle LL'1~.:J~.:J(;1111.:JVI 2.4 m1m~~'Uf111L1il1qj"llv.:J 

dermal papilla LL"~ hair follicle 

~/.1 10~~ j 

.re11an'eJ~~u cu 

khanitha
Rectangle
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~111.:iff 2.4 il11flOfloW'tffiijqvi~n1::~u dermal papilla LLfl:: hair follicle 

"" ~ 'Ylil'WCJtifl1flf11 

fl14lfl1fl'lJ 

Ecklonia cava 

Epigallocatechin-

3-gallate (EGCG) 

from green tea 

Medicine plant 

extracts 

Polygon um 

mult!florum 

Thunberg. 

d 
atlutJ'U\'I 

l'6 

Extract 0.5% E. Male Wistar rats ~Trnn\Jl'IJCl.:J E. Kang et al., 2012 

Pure 

EGCG 

cava Female cava 

enzymatic C57BU6 enzymatic L~lJ 
extract male spargue- n1'H';J~qj'IJCl.:J 

Dawley (SD) 

rats 

10% EGCG Human hair 

follicles 

dermal 

papilla cells 

EGCG m::~'lJ 
' 

n11L';J~qj'IJCl.:J 

human hair 

growth u~:: 

" eJUeJ.:Jn11\Jl1EJ 

'IJCl.:J dermal 

papillar cell 

Kwon et al., 2007 

lotion of 0.0 -1.0 % 68 patients Eskander et al., 

medicinal 

plants 

extract 

Extract 4.7mo/12 
2 

cm 

alopecia, 

16 Healthy 

patients 

C57BU6 mice 

vi1.:i1'U'IJC1.:J hair 2012 

follicle 

vlbJvi1.:i1u1iM1 .. ~ 
.:J1'U\Jl'IJ'U 

Lw11,j°1u1uu~~ Park et al., 2011 

'IJ'lJ1\Jl'IJCl.:J hair 

follicles 

m~~'Un11L';J~ty 

'IJil.:JL~'Uc.JlJ-;J1n 

1~EJ::L'Vl1m-;iu1i1 

L ·1foh:m:rnm 
" 

L';J'UL11~'UL'lJ"1'U 
" 

C57BU6 



... ~ ... 
'tiil'WC)~1ftf11 WU.U\J'V1 

'U'U1flfl'l'ti 
.. 

a11d1A''l! l'ti 

Hibiscus rosa- Extract 1% 

sinensis Linn. petroleu 

m ether 

extract of 

leaves 

and 

flowers 

Glycyrrhiza Extract 2% 

glabra L. petroleu 

m ether 

root 

extract of 

G. glabra 

n11'rl flftilt.J 

Female Wistar 

albino rats 

Female Wistar 

albino rats 

n~11vtl~1u~1'i 
fttll'1'il1f11 UL~1J~lJ 

iif'l11lJEJ11 

mnn11 (67%) 

f1~JJvtl~1Uft1'i 

fttll'1'il1f11'1Clf1 

(60%) 

fttll'1'il1m1n'!le.:i 

G. glabra L~1..l~lJ 

iim111m1 

111nn11n~11Vi 

1~1u minoxidil 

u.n::mi11 control . 
..i" 'i::EJ::L 1n1'V1Lft1J~lJ 

L~lJL 'il~tyun::L'il~'lJ 

ftllmru1'1inn1 5-
" 

13 11..1 ci11Jf1~lJVi 

1~1'\J minoxidil 

1'1inm 6-1911..1 

fttll'1'il1m1n'!le.:i 

G. glabra, hair 

follicles ilEJL1..I 
" 

'i:!EJ::il1..11L'il1..I 76 

% un:: 66 and 

45 % 1un~l.l~ 
1~-ru minoxidil

treated u.n::n~lJ • 
control 

Adhirajan et 

al., 2003 

Upadhyay et 

al.,2012 

17 



.. 

~1~'N~ 2.4 a1~an"w11~iiqV15m:~'LI dermal papilla LLa: hair follicle (i;iei) 

..i # 
'llil'l'U]'l:tf'l1flfl'i 

ai,-if1A'qi 

Cuscuta rejlexa Extracts 5% (w/w) Wistar strain 

(Roxb.), 

Citrullus 

colocynthis 

(Sch rad.), 

Eclipta alba 

(Hassk.) 

Zizyphus 

jujube 

of all the albino rats 

three 

proportio 

nate 

extracts 

Essential 0.1,1,10% Female 

oil Z. jujube SALB/mice 

essential 

oil 

2.6.5 L ~1101~ l 'VlaL 1a'LILftv'1 l tlL~a-:ivru-:ifi~'let: 

G. glabra, hair 

follicles a~1u 

~~EJ:::CJ1.11L'11.I 76 

% U'1~ 66 and 

1 ' ..i 
45 % un~11'VI 

lfi'i'u minoxidil

treated U'1~mi11 • 
control 

LWl.Jn1'H'1~qj'llil~ Roy et al., 2006 

L~ue.1111 u~:m~ 

il1.11L'11.I LW11f'l1111 

EJ11'11eN hair 

follicle 

(>0.5mm) 

..i" 
'1f!L 1'11'VIL'11.le.J11 

L~lJ~an U'1~L'1~ty 

CIV1~'111U~ru vh 
" 

t~Laue.111~11 Lllu 

L~1 

~11.111.l'llB~ hair 

follicles a~lu 

Lt 1 % U'1~ 10% 

Yoon et al., 

2010 
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l."11~'11051111'111~~1i~'Vltm:~'U 1-HL~'UL~ €1Vl'!JEJ1V~1-d1v L ~1Jtl11lvmL1V'UL~€1Vl l tJLicM 

'VIU\1~1~: vi1l-HL~m.J111im1L'1~qj '11nm1~n~1'!JcM Semalty et al., (2010) m1~.:i~1~u'11nl."f11 
m1vivtl~'11nti111l'll1~ L ~e:i~n~1n'VJt°l'U1111m:l'ium1L'1~fll"!Je:J..:iLiN'Ut.J1J L 'U'Vl'U Wistar albino L 'W131~ ·1 , •t: " '\I 

"U'U1Vlv1'tifle:i 10% ffi~1Liiv11aL'Vla1 'W'U11 ~1~'U~iia1'Ut.Jl."11J'!Jv\ll."1111."fnviffimL~E.11JBL'Vle:J{ '11n~n 

ivi1'11L1'11 5 -l'U La'Ut.J1JL~1J\le:JOU'1:L'1~flll,"(1Jtl1CU1iL1'11 18 -Ju U'1:LiN'Ut.J111ifl111JE.111~~"'Vl l."111 
·~ " . 

anvi~niVJl."111J11rl n1:~'Un11L'1~qj"lle:J\IL~'Ut.J1J LV!V L ~11 n11l 'Vl'1L1 E.l'UL~e:JVl l tJLi E.1\l'VIU\1~1~: 
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nT~Pim.~nnri 1nm-sL ~11m-s h1ri L 1EJ'l.JLaa~ 1 i.JLiEJ\lvrtl'\l~-s~~ iJm-sPin~Tue.m L ~B\1'11nm-sPin~1a1'1 

'Wa~mn L 'l.Jm-s~~i;i111~ri 

2.7 'VICJ't!t~n1'ILLfi (ageing theory) 

fl11~~1J~'l\I ,j'~ 1~11LU'Ufl11~'Vl~\lvla1J~'UGnU81EJvl1J1fl~'U (Klioman, 1988) zj\IL~B€11EJ . ::. ' 
111n~'l.Jvi1 l l1a'!Ja\1La'l.J~11L tl~ EJ'l.JLL tlri\I Lf'l-s\la~1\1Lm~~rua11mi'llm L'llria~1-:i 1 L tJ~ EJ'U m-svi1\11'U 

' ' f'I 4 <Q. ct. d ct. I c:il ca, 

'lJB\IL'llrtrti;J1\I '1 rt~rt\I '11L'Vli;J'Vl'l.J\ILfl~'11flB'U1Jr!B'11~ 'll\1Lfl~'11fl'S1\lfl1EJ1Jfl1'S'1~'11J eJH1Jrt8'1'S~ I , ,,, ,,, 

111n~'l.J '1'1.JLn~L tl'l.Ja1-svr~a 11l Lri ~rivtiJ~'Vltvi1r11EJ a~lJ"' ~a-s~Ln~'11 nm~u1'Um-s L1J'V11uaa'l111 

'!JB\1~1\1 fl1 El vr~mn~'11 flfl1'S1'U'11'S'11flfl1EJ'UBfl vi1l~Ln~tlfin~E.11n'U1"llir'U11i~1J~1111EJ L 'UL'llrta 

1~LLri 111 Li;Jf'lB'UL~~EJ 1ri L'll L'llll LLrt~Lga~11-U1Lf'l~EJa vi1 l \1iJm-sliaan~L'1'U1J1fl~'U Ln~L tl'U • 
m~lJ"'~a-s~111n~'l.J ria 1 ~Lii~n1-sETuEY\lm-sLn~tlfi n~E.11~1-:i 1 ~"~"' l l1m-svi1\11'U"lla-:i~1" n1EJ 

"'~"'" vi1 l l1 L'llria Lavvr1EJ LLri~vi1\11'U~~tln~ ~",r'U l '1.Ju'1~u'U~\liJn1-stl1a1-svlil~'Vlt~1'U 
a'U11ri~a-s~m1i 1~mu-w1~a1-svt111'11ni51-s11"111~ L~aua-:in'U11l"l~L'llria~1" '1 'lla.:1~1\lmmrn ,,, I "' 

vi1r11v 11iLn~ 1-sf'l~1.:i 1 LLri~vta1~qi'li1EJ"!l~riaf'l1111LLri LLr1~Vin~i;i~~ri1L iJ'l.Jvi11'um~1~'U~m i 
l'U'Vl1\lfl1'SLL'W'VIEJa1~'SL1'V11J1'U1'U tl'S~flBU~'lEJ1i;i1ii'U~ '11-SU'S~flBU"'l.JBafl L'li'l.J gallic acid 

LLrl~ ellaoic acid '11'SL\1a1ifiln'Vlfl 'Ufl1'S~1'UB'l.J1Jrt~'1'S~ UB.:ln'Ufl1'SLn~lJ~L ~\I vi1 L \181EJ~'UEJ11 :') ., , ,, , 

vi11~~'llfl1'W~1\lfl1EJLL~.:ILL )\I "!lr!Bf'l111JLLri a1v1~LLrt~L'llrta~1\I 111iL~BlJ L 'Vl'S1J L'llrta"lJB\ILa'U~lJ 

11iQnvi1r11v LLri~ET\l'!i1m ~11m-s 1vrri L1EJ'ULaa~ 1 tJ Li EJ\lvru\l~-s~~ ila\ln'l.J~11~1" LLri~m~~'Um-s 

~ II .c. II 
2.8 fl1'ar1fl't!t1n1'afl'aZfl'IJn1'IL'1'aru'Uv\ILfl'IJ~11 . "' 

m1Pin~1m-s'V1~'1B'Ufl1-Sm~~'Ufl1'SL '1~CU'!IB\IL'1'U~1J vi1m-sPin~11~m 'llrt~ L 'W1~ Li EJ\I (tissue . ., 

culture) (Harada et al., 2007; Harada et al., 2008; Lee et al., 2010; Roh et al., 2002) 

m-sPifl"d1L'l.J'VlrtB~'Vl~G'IB\I (in vitro study) (Kumar et al, 2011) m-sPin~1L'Uai;i1'Vl~rtB\I (in 

vivo study) (Rho et al., 2005; Park et al., 2011; Soojin et al., 2011; Kang et al., 2012) 

LLrt~m-sPin~1L'UB1'11'1irf'l'S (human volunteers) (Neste et al., 2000) L'Ufl11'V1~'1BUfl11 

m~~'l.Jfl11L'1~CU'!JB\I La'l.J~1J L '1.Jai;}1'Vl~rt 8\1 ilm-sl iai;i1'Vl~r!B\l'Vl"'1 EJ"!lii~ 1~ LLri 'Vl'l.JOUlijm 'Vl'l.J , " ,, ,, 
i;J~Lfl1 'Vl'l.JLLH1J'1Li;JB-f LLfl~ a\I LL~vl-UEJ1J~B 'V1~'1BUL'U'Vl'l.JO'Ulijm L~E.1'11El~'UGvl-Uv11L"lf'Vl~'1B'U 

v v • 

1~uri ·~mou~mL'WPl~'Vl~BL'WPILilEJ '11EJ~'UB C57BU6, C56BU6Mlac L'WPILilEJ C3H v v • 

.. 
L 'rl Pl LlJ El 

BALB/c, Albino 'Vl~i;J~Lfl1 '11EJ~'l.J~vl-Uv1J~B Wistar albino L'WPILilEJ LLG'l~'VI~ Sprague Dawley 

L'WPI~ tl1~Lii'U~rt 1~v 1-U fl11ri1Elfl1'Wfl1'S\1Bfl'!JB\1La'U'll'U m-s1~f'l111JEJ11'!JB\IL'1'U'll'U m-s1~J1vrtl'n 
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'lleN L"''U'll'U "li'NL 1a1vl L"''U~1JL~1J\le:JnLLa ~\le:Jff~'U'11J\j'jru m11\Jl'll'U1\1l'lle:J\l~e:J1J 1 'llir'U ~111J'111J11'1 

1'Um15ucT\ILB'U1'lltl 5a-reductase ~111J'111J11'11'1Jn1'jEJtJ~\I dihydrotestosterone receptor 

'll'U11'l'lle:J\I hair follicle '11nm'j~EJ\lmle:J\l~aV111!3ltl ~1'Um1Pim~nvlLll'U in vitro vi1m1Plm~nCJ'YI~ 

1'1Jm'jcT\lm1vi1\11'U'lJB\ILB'U1'lftl 5a-reductase II wu11 '111'1tll'l'11JEI 1'VIE.J '111'1tl\11'11Je:JfiL!'ln 

(Kumar et al., 2011) ua~'111'1tl\111J~'ll11Jt1alJ (Kumar et al., 2012) LViE.Jrnvi1nu 12.74±0.84, 

11.58±0.84 ua~ 18.99±0.40 mg finasteride/g crude extract (;111Ja1~u 

2.9 a2rulw-afi"lirl'Lln1-a1n"eJ1e.J1Ji1.:i 

'11n~111E.J1e:J1~1L 1'Vl'lle:J\lfl'UL~E.J LLa~m11.U-a~'U1 W1'lle:J\l~'U 

11E.J\11'ULLa:d1vr'1n!1'ULL'11'1\ICi'IC]'Yltl'Um'jm~~'Um'jL'1~tlJ'lle:l\IL"''U~1J ~~(;lfiru'1'11n1111lJ'!l1~vrmE.J 

'!l-Ul'lih1E.J\11'Uei\lt.h~~V15fl1w 1 'U m'jm~~'U m1 L '1~tlJ'llB\I L~'U~lJ 1~m n n11mvl1~ '11 n m1a\I Lm1~~ 

LLa~ii m1V1\11'1 BUCJV1BV11\I~ ~ ij n"Ue:J\1'111'11~ qivl1~'11 ntJ'j'j1J'!J1~ LL a~ m 1~ mi1fl 11 ~~"~'" Ll'l E.J n1'j 

1i frnasteride LLa~ minoxidil vi11~Liil'lB1n1'j-ii'1'1L?iE.J\1'11nm'j1iE.J1 LLm~~a'l1ima~1\l~e:JL~B\I 

vi11 ~ Ln\11~111J hi'1~~l1 n LLf;l~ hhJae:Jl'lJlE.J ~\l,f 'Un1'jtl'1'1~'U 1 'W'j1J11 m 'Un1'jlf e:J\ltl'U~lJ~1\ILL'1~ 

m~~'Un11L'1~ru"!Je:J\IL"''U~1J~\11~~um11J-UE.J1J1J1n~'U ii~111Juat1l'lnE.J1J1nn-J1 ~1~1'Wuw\I mm~ . ., 

,!1\IL~E.J\IUBE.J vr11~~1E.J '11J'U1w~vlt11m1 m 'Un11lf B\ltl'U~1J~1\ILL'1~m~~'Un1~L '1~ru'lJe:J.:IL"''U~1Jii . ' ... 

l II .c::.. II ..i , a ., II "' na nm-amzfl'Un1'aLlil'HU'!lv.:JLfl'L1~2J '!li>WCJ"dfl1flfl'a I a1'a 1flty 81.:Je.J.:J . ., 
... 

EJUEJ\ILeJ'L11'lfl1 50 - reductase II Polygonum multiflorum Chul-Ho et al., 2010 

green tea Kwon et al., 2007 

Carthamus tindorius L. Kumar et al., 2012 

Ocimum basilicum L. Kumar et al., 2011 

Thujae occidentalis semen Park et al., 2003 

... "' 
'11~(;'11'\JeJ'Ll1J'1tJ'1'j~ 

'"' 
Polyphenol Kwon et al., 2007 

L ~l.Jn111V1'1L1E.J'UL~eJ\JlvlvriJ\IP'j'j"eJ~ Hibiscus rosa-sinensis Adhirajan et al., 

2012 



. . 
., .. 

m~i;i'UnTH"il'H\J"llEl·rnrn.JlJ dermal Cysteine 

papilla cells Fructus panax ginseng 

Polygonum multiflorum 

Ecklonia cava 

m~~'Uf111'1~\~ cytokines, growth capsaicin, lsoflavones 

factors Raspberry ketone 

Chamaecyparis obtuse 

Sophora jlavescens 

Rho et al., 2005 

Park et al., 2011 

Soojin et al., 2011 

Kang et al., 2012 
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Harada et al., 2007 

Harada et al., 2008 

Lee et al., 2010 

Roh et al., 2002 

1 .cil4 Q. 'I ' 2 . 1 0 . 1 G'llJEI Vlf.l lJ"!IEl1Vlf.11f'11'1~111 Term in a li a ch e b u l a Retz. 1.:Jf'l 

Combretaceae ii;iL U'U hl~'U~'U"IJ'U1i;imn.:ifi.:i 1'Vlqj 1 rn~m ~L ~f.J1mllJ tJmf.l L 'Ui.1'U1 i;iam U'U'lia 

il~aan·eHlJ~L U'UL 1'1~f.llJ aam ll'U-w1.:i .n1EJ t'UilLlJ~i;iitl~ iJ"1J'U1i;i 11'1qj ~aalJa 1 viEJilm1u1m t -iivi1.:i 

m1LL -nvivu~'U1VJEJ~.:id ~miel'Uil1mtJ~EJ1 il'lvi~L U'Um1~'U1EJ -d1EJ-U''ULG'llJ1'1~LLa~LLmi ernuri il 

C)Vl~LiJ'Ume.l1i;ialJ1'U t oiialJnGf 1rimLnL~'Uria ~aa1rn 1 viEJila11 gallic acid t 'Utl~lJ1ru~.:i ~.:iiiEJlJ 1 -ii 

,%!'1 "" 1 "'( ) '111'ULu'U'111L1'11El.:Ji.11J1f.l 'Uf1111'11'Uf"llJlJ1m~1'U'111'1fWl Ponnusakar et al., 2011 . ... 
2.10.2 G'llJEl'WL.nn il~a1VJEJ1f'11'11'1'f)1 Terminalia bellirica (Gaertn.) Roxb. 1-:ifll 

Combretaceae LU'Uhm'U~'U~.:i 15-30 LlJ~1 LiJ'Uhl~ai;itu 1rn~EJ1 L~EJ.:iaa'U trniJ'Uit11.:i~n1'1-:i 

fi.:iLna'UnalJLLnlJ 1'1i lri'U 1'UnalJn11.:i tJa1EJt'UnalJfi.:iL 11~'U i;iam.rnn~'lrnn 1'U ~mtJ'U1tJm~a1EJ 
'II 

Lna'UnalJ il'1'UL1'1~EJlJ ~auriil1m~m eJ1i;ii.111'U LU'UEJ11~mEJ u1l.:irni;i LLnhriL~EJ1num LLmi 

umi;i~m.:ivi111wun LLnVla.:1~1.:i ua~LLn L'11li.1~~i;i'11ria a11 Lf"lilvi'V'ltJ L 'U'111El'W L.fln hfoti gallic 

acid ua~ gallate L'li'U methyl gallate, l,6-di-o-galloyl-~-D-glucose,3,4,6-tri-o-galloyl-~

d-glucose, 1,3,4,6-tetra-o-galloyl-~-d-glucose a11n~11 chebulic acid LL'1~ chebulic 

ellaoitannins L'li'U chebulic acid ua~a11n~11 ellaoic acid U.'1~El'U~'UG (Pfundstein et al., ::> , ::> , .. 

2010) 



.. 
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2.10.3 11::'1J111tlm.1 ii~a1'Vlf.l1f'l1'1V1111 Phyllanthus emblica L. 1~f'i" Euphorbiaceae 

Lll'U'UJEi'U~'U ~~ 10-12 U.Jm Ltl~an~'UaLV11a11tl1i;i1ri LLV1mll'U~a~m11ti11 ~~n1'ULL~~ Lvrilti11u 

L U'UL 'IJL~ti1aam~ti~ai;iu L 'U1::'U1rn~m n'U itl'llaU'll'U1'U tlri1ti1 UL ll'U~~LL vrri11 1fl'U 1u11'Uvr~m11 
\I 

L 'll1 '1J'1U1 'UL~tJ'IJ LLe.i'UL 'UL~tJ'U ih ~tJ1 ~anaam U'U'!ia ~anikvraa~~v'U'1'1nL~tJ1 nau~anii 

5-6 nau 

11::'1J111tla11lif"lru'111u1l~1ub~'1 (Ryu et al., 2010) ~1ULL'UflVIL~tJ (Matito et al., 

2003) vu&~tJfin~tJ1'18f1~L~.a-'U (Poltanov et al., 2009) L'l1V11tJLL'1::'1~~1~~1 (Jayaweera, 

1980) '1~f111LL~~'lla~e:i1vrtl'~~Ln~~1flU'1~ LL~~ 1~tJf111'1~ff4lJ"aa1:: LL'1::~'Utl'U 1'1l1::LVl~f1LL'1:: 

'Vlv~LL~~1~~ (Chaudhuri et al, 2003) 1'11Lll'UtJ11::'U1tJ'Ui1L'Vl1V1fl11Vla~~n (Thakur et al., 

1989) u11L V11mm1tl1~W'U 'li1tifl1ufl111::~utl1i;i1ri L'ULaa~ 1~e.i1~~1n L'ULLri::L11~~ (Sa bu and • 
Kuttan, 2002> u11LV11mm1Vfa~Lati 1~ti'-''111Lnaauri::'U11 'li1e.i'llui1'1a11:: LLm'llLLri::u11LV11 

mm1tl1~Pi11.i:: 'li1tiu11~L'1U'-J1J (Stuart, 1911) ~1'Uf11ieJmau (Sultana et al., 2004) '1~fl1i • 
fl~u1'1LLri::mL~EJu (Treadway, 1994) 'li1EJll1Laa~ti'1Lmvr~~lvrri u11LV11mm1R'u ~ni.i1hfl 

Laa~aanml.l 11wu tiJ1l!uvra111::L vre.i~1n t rniJuJ1vra11 uri::vht l1e:i1'1!11vr~vri~~~~1~~1~ • 
L~11;fui;i111a1e.i (Chaudhuri et al., 2004) • 

~'1l.J::'!J1l.JU 811 L U'Ul1ii.:it 'U'11!UL W1~UEJ1JL i L fJa'll::'1vfl11l.J un (rejuvenation 

herb) L'Um1u W'VIEJ1'Vle.i1~i11"'ri11::"lJ111ua111111'11Ly;au11~-H1h "!iui1'1'111:: 'li1EJ1::u1EJ u11~~u • • 
'U1i L 'Vl1 v1 n11tl1 ~Via .:i um 'Ii' U1 i .:i LL'1 ~ n1::~ u n11 ~a n'U a.:i L'1U'-Jl.J ~ '1'll8~1J::'1J1l.J t1 a11ii • • 
G111tl1::nau~ua~ntl~111ru~~ L~LLn '11ifl~1J hydrolysable tannins L'liu emblicanin A, 

emblicanin B, punigluconin, pednuculagin (Ghosal et al., 1996) '11ifl~1J flavonoids 

(kaempferol-3-o-alpha-L-( 6 "methyl) rhamnoside, kaempferol-3-o-a lpha-L -( 6 "ethyl) 

rhamnoside), alkaloids (phyllantidine LL'1:: phyllantine), gallic acid, ellagic acid, 

1-o-galloyl-beta-D-glucose, 3,6-di-o-galloyl-D-glucose, chebulinic acid, quercetin, 

chebulagic acid, corilagin uri:: isostrictinnin (Zhang et al., 2003) 1~m,11~wulutflm1~~ 
... 
fil'1 gallic acid um: ellagic acid (Krishnaveni and Mirunalini, 2011) 

2.10.4 i;i~~ri1 (Triphala) Ltlu~n~mam~EJ~th::nau~1e.i m1i11~'1'1Jt1~-rl'll 3 'llli~~ii 

a11wF1ruL vrijaun'U111tl1.:iL U'ULfl~v~e.i1 1~ LLri ~'1'1l.la L 'VIEJ ~'1'1l.lv~Lfl n LL'1::~'111::'lJ111tJa11 L 'U • • 
am1'11'U 1: 1: 1 1~EJJ1vri1n L UU'1m~1~ume.ii'~u::vft -ti''Vl1.:J81EJ1L 1'11~'\JL~EJ m::~'Uf111vl1~1'U 

\J " , , 

'1J'1.:J~1~fl1EJ 1::uu11ij~11nu (Jaoetia et al., 2002) ii11EJ.:J1'Ufl11~fli.i111 ~1i'ui;i~~fl1LU'\JLL'VI~~ 
\I • ::> 

"ll'1.:J vitamin C, ellagic acid, gallic acid, chebulinic acid, bellericanin, 13-sitosterol and 

flavanoids (Jagetia et al., 2002) i;i~~miici'Vl5~1um~lJflaa1:: (Takagi and Sanasshiro., 



. . 

.. 

23 

1996) vi1'Ufl1iLni;uJii~11n'UtJflVl~ti.:i (El-Mekkawey and Merelhy, 1995) tJiiL'V11tl1fl1i~i;Jtlfl~ 

'!Jti.:i1:::uuvmrn1V111 '!i1EJai;imfl11Vfa.:i~m{a-r.:i (Mukherjee et al., 2008) ai;i1:::~utl11J11a L'U 

Laai;i (Sabu and Kuttan, 2002) iJr:.ia~a~1L'1LLa:::V1'1tii;JLaa~ rnuf"l11rn111i;i''Ufai11J1 fl1tJf"l11 , , 

f"ltlL'1'1LIJlmern (Mukherjee et al., 2006) fli;Jtl1fl1itl1i;i~h~::: LLa:::tlfua.n1V1~1V111ru ~1'Ufl11 

LLn (Nadkarni AK, 1976) (Rastogi and Mehrotra, 1993) 'Utlfl'11flift'Ul;i111LLV1'V16LLr:.J'U1'VlmL'1::: 

"11-rum EJ1L1'Vl'!Ja.:i ~'UL~ EJ Ei'.:iiJm1u1w ti' i;i mdd 1V1f u t-Htlf utl1 .:i La'Ur:.i11 LL a::: m::: ~'U fl11.:i a fl'!J a.:i L~'U , , , 

r:.i11 '11flm1fi''Uf"l1'1V1u11 Ei'.:i UJV1u11EJ.:i1'Um1tia11ati'i;i1J1~r:.ia1v1nmnu1 'U'U1a L'i!11 

' 2.11 q'V1fiV11.:i.iJ1111'W11e:i.:iwn~~~e.Ja1if1vri'ud.:i Lfl~11nTm1~qJ11e:i.:i Lft'Ue.J11 

m1~ ua L~'Ur:.i11'!Ja.:ia1J1~1J11lmiiurnru11 'VIEJ t 'Uti~1J1~~1'U111iJvr'11EJ15 vr-d.:i L 'U15i;l.:imh1fia m1 
\I ,, ·~ " 

l ia~'U 1 V11 t 'Uwni;i1J1~r:.ia1;.:i~mJfiu~n'U11111 1'1u1r:.im111a1 'VlEJ ua:::11:::'!J111i1a11111a1.:i~1 EJtl11 '1 

a:::m~ '11mr'Uuti.:i111Li;JEJ1i'1i;ia1'Uv1L vi1n'ULLa1U1111'Vltl~ L'Utl1U'U1J:::Vl~11 2 '11'U '1'\JL vraa.:imau 

II ~~1!_1114 d 0 I II II S.: t .J II 4 'Jll I IV 

LL'111Jl.:J'Vl.:J 1 L VILEJ'U'1.:J'U1111nitJ\lr:.J1'Ur:.J1'!J11tJ1.:JLL'11LfltJ 'U.f11'!1'1J:::'VlLL'M\I L1Jv'1::: L '!l'l:::LL tJ.:J111V11Jfli:.J11 

vl.:i H 10 -15 'U1Vl nti'IJ'1i:::r:.JlJ'l:::vi1 t '1r:.i11-U11aa1EJ iltl1m!m ~1J~'ULLG'l:::u1'111~G'I '11'1Jfl11LL Vl'Vl6 , 

'!l:::a1.:i 1~~~1EJ1i;i EJ LoV11:::a E11.:i~.:iu~L 1ruvri!.:iPi1~::: ua::: L~'Ur:.i11v1iJm 1112J'U111 fl fl11tl fl~ 

'11flfl1i~mn Kumar et al., (2011 LL'1::: 2012) 1i;iilm1R'~ma.:iG'l11'1J1Vl1~ilfii'nEJ.n1V1L'Ufl1i , 

u1111~~'1J1L tJ'Ur:.ia1J1firu'1a.:i La~11m1L '1~ru'tla.:iL~'Ur:.i11 V1u11 a11'1J 1 V11v1L th.1a1'Utl1:::nau 1 'Uwni;ilJl~ 
~ , 

r:.i'11L~au1111ati~i;i1ma'Vl1'1Jaa 9 5% ;.:i L ll'Ua11an~v1"11111a t .nt 'U Lf"l~a.:i~1m.:i 1~ iltli:::i1'V15m'Vl 

,, ' 
L'Ufl11VUV.:JLtJ'U1'ill1 5a-reductase 1v1~111n Li;JEJfhi;i'.:in~11LVlEJtJ'111l;J'1ntJq'Vl5'tlti.:JEJ1 finasteride 

;,:i L otlL U'UEJ11111Jli;j1'\J t 'Ufl1if n~1m1:::i:.i11~1.:i L 'UL Vlfil'!l1EJv1iJ'11vru1EJ t 'IJU'l'IU'IJ~\ld G'l11'1n~'11Jtl1 'VIEJ 
~ , 

LViEJrnvi1ti'u 12.74±0.84 mg finasteride/g crude extract a11an~'11ltlWL.nmYiEJuLvhnu 

11.58±0.84 mg finasteride/g crude extract ua:::G111'1n~11:::'!J111i1a11LYiEJtJLVhnu 18.99±0.40 

mg finasteride/g crude extract ;\lr:.J'1i;i'.:inci11G'ftii;Jf"lrltl\ILLa:::~'UV'Ui1m11-Ha11'U1YliL'U'V11.:J , 
rn1LL Vl'Vl6LLt:.i'U1 'VIEJ'111111aEi'ueT.:im1vr'1~~1.:i'tJa.:i La'Ui:.i111~ i;r.:ii!'IJ m11ia11an~v1ila~1 'U"11-ruwni;i 

1J1~i:.i'11~.:iilf"l1111Lll'U1 tl1~a.:i111fl~'l:::u1111~~'U1 L ll'U Lf"l~ei.:i~1m.:i L ~ti'1 i;i m1vra ~~1.:i LL'1::: m::: ~'U fl 11 "' , , 
L 'l~'lJ'tlv.:JL~'Ur:.i11 LL'1:::L ~11'Vl1.:iLaamf 1vrfu~u~lnmlti 1 tl 

'Utlfl'11flrl'ua1a11an~IJl~r:.J'11V.:JilflW'11IU1i~'U ~ vtt iti11.:iLa'Ur:.JlJLLG'l:~VIU.:J~h~::: 1i;i L "!i'U 'J'Vlt 

rn1vi1'Uti~l;J'1~G'l1::: q'VltEi'ueT.:iLLUf"IVlL~EJntihf"ltJ1\l"!IUi;J L'!i'U Staphylococcus aureus LL'1::: 

Pseudomonas aeruginosa (Ahmad et al., 1998) LL'1:::q'Vlt'!i1EJL'Ufl11G'l111'ULLr:.Ja (Kumar et al., 
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2008) 11'miinT~'Vll'lrttl'I L~~EJlJ,,,ff 'lfii:.J'1lJ'1Trn tl~Wl~i:.Jrt1 10% V'l'U11"1i1 E.JL ~11tlm1 nT~Ul'l"lltl'I LLi:.Jrt 

L ~l.Jtl~mru nT~~'I Lm1::lha'U lm•1tiriri1 L \l'ULLrt=:ri l'I m'l LL'1 l'l'ltieJn"lleJ'I Ltl'U 1'i121 metalloproteinase 

L'U~~l'Vll'lrtti'l1~ei~1'liii1mh~qi'Vl1'1'1i1~ (p<0.05) (Kumar et al., 2008) 

2.12 m-athri'l~huvt1.:i-a"ll11"1lu ua::i1'1'1'v~ii~afillm-athri.:ia1-s~1uV11.:i-a"ll11"1l'U v • v • 

L 'U n1'5oW\;ll'U1i:.J~~Ii' ru'1vi'1'1 L'1~11n1'5 L \l~lli'fltl'I La'Ui:.J11 '11111'5tWh 1ml'I El m1tl1'1'1i:.i1'U'V11'1'l"ll11 
., 'II • 

"ll'U !Ji'ei'lfi1u'lfi'li1"~EJ~1'I 'l viiii:.Jrt~eim1~l.Ji:.i1u'V11'11"lll.J"ll'U ~'Id 
'II • 

2.12.1 flrua11UiiLLa::a1111::"1Jll.:il"!JJ"ll'U 

"llm'111viii'fl'Ll11'1th::111ru 1o-70 µm l-nma'U~1~utlnrn'lii'fl'Ll11'1 lvrqj\1::'111l11m ~1lm1tl1'1'1'111 

1~~ 'Ut1n\11nde!'IV'l'U11 'llUl'ILa'Ui:.J1lviL U'U terminal hair iiti'~11m'l;1li:.i1'U"llt1'1'1111l1nn11 
vellus hair (Toll et al., 2004) 

cAc. SI cA I ~I t Cl 

2.12.1.2 1'1\11'111~'fleNL'1'Ui:.J1l11i:.Jrt~llm1'il1li:.J1'U'fleJ'l'111 'r4'U11 1::v::m1L\1'5qJ"lleJ'I 

L"''Ui:.J1lviLvt1l1::'1lJL'Un1'5U1'1'1 DNA 1tl~~~l.J"ll'U ?ieJ1::EJ:: anagen (Domashenko et al., 2000) 

2.12.1.3 ~LUl'l'fltl'l~"Q1l"ll'U ii 2 'llUl'I ?iei ~"Q11'fl'ULL'U'ULUl'ILLrt::LL'U'UUl'l 11'1EJ~~lJ"ll'U 

LL 'U'UUl'l'11'5'1:: hi'11ll1'5fl;11~1'U l~i;i't1'liim1L Ul'l'5"lleJ'1'5"lllJ"ll'UrieJ'U '11\11 -b'm1L U1'1'5"lll.J"ll'U (strippina ,, ,, , ,, , ::> 

technique) (Ladmann et al., 2001) 

2.12.2 a11Uii"lll1.:ia1'5 
.. ,, .. .. .J 

2.12.2.1 'fl'U11'1EJ'U.fl1Fl eJ'U.fl1Fl'fleJ'l'11'l\11eJEJ1~eJ'llJ"ll'U11'1L vrm::'11l vr1nl.J"ll'U1l'l'V1 • • 
1vrqjLnu1 tl'1::f'i1'leitj'UueJ1wu'I vr1nii"ll'Ll11'1L~ n Lnu 1 tl":: u 'Vl1n~1'Ui'U'1m1~l.Jf'rn{L UEJ1lrt'l 1 tle!'l.ff u 

eJ1wu'lvi~nn11 "ll'U11'1'flti'lti'Uil1FlviL vr1J1::'1:1JL vi1Juvi\l::eJEJ'1. 'U'U~L'Jru hair follicles 11'1EJV'l'U11 
• 'II 

'fl'U11'1 320 nm '11lJ11fl;1Ji:J1'UL'll1a hair follicular 1~ (Lademann et al., 2007) 
'II 

2.12.2.2 th=:~"lleJ'leJ~.fl1Fl (Jung et al., 2006) 1~¥im~nm1tl1'1'l~LV'IL'il1l~iitl1::~ 

~1'U'Vl1'1'5'fl11'fl'U V'l'U11 ~LV'l L'ill.J~iith::\l'U'Jn (cationic liposome) Vl~eJii~'ltl1::,-iri'ULLa::tl1::.., ,, , 'I , 'li 

'U1n (amphoteric liposome) '111l11'1~11~1'Urt'l1 tl1urQlJ"ll'U1~~n11~1V'l1'll1l~iitl1::~a'U 

(anionic liposome) 

2.12.2.3 Fl11lJ'11lJ11'1n11a::ri1t1l'U 1"lllT'ULLa::tl1"lleJ'l'111 (Ogiso et al., 2002) 

1~¥f m~rn tl~ti'UL ViEJ'Um1;:1J~1'U"lleJ'IE11viri::rnEJ l utl1LLrt=:~a::a1EJ 1u1 "lllT'U V'l'Ul1 E11via::a1EJ L 'Utl1 

'11l.J11'1~1l~1'UL 'll1 hJ'l'U~"Q1l"ll'U Ll'IEJ~1'U'Vl1'1 outer root sheath L~tlrt'l 1tle!'l.ff'U\1tl''ILL VI (dermis) 

Ll'IEJ1::EJ:: L 1ri1 L 'Um1;1l~1'U"lleJ'IEJ1viri::ri1EJ L 'Utl1,-i:: Lnl'l~'UeJ ~1'li1 'l Lrlm ViEJ'Utl'UEJ1vim~a1t11 u 
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L"!J:iJ'Uzj.:i~hJ~1'U'V11.:J lipoidal pathway ;.:IL lluL'1'U'V11.:!~"li'u l "ll:W''Ut1t1n111"iJ1n~m.1 L "!J:W''U ~.:itTuv1~ 
a~mvL'UL"!J:W''U"il~~11i:.i1u~.:i inner LLa~ outer root sheath 

m1tl1ffit1L'i111111"li1v1 um1tl1'1.:i'111'1nvi'1::"li1v1 '1'111'1nvi'111111'1~11~1'U.ff 'Us:i1V1i!.:i 1~~ 

~u L ~eJ.:i"iJ1n'11'Uth:mt1U"!Jt1.:iffieJ L'il11ii~.:i'11'U~'tft1utl1ua~'tft1UL"!l:W''U '1'4fl1fliith~~ LLa~ 

2.13 .Uv;i1nfl'Ui>.:ln1-SL .Ua1-sanf!;J105"i"i1J'U1~ LLfl::m-st m\JltlU. uuin:v l'll11 

m11i'111'1nviv11~'11f15111l'tf1~'V11n-3U'UVIU-3P'11~~LvJeJm~~'Uf111L"il~fl!"!J€ML'1'U~l.JLV!fJl?l).:J 

vh 1 '1LnVl!"l11l.J 'W'1~Vl'Jf) iiUfljVl1L~tl-3f11);l.J~1'U'V11'3~1VIU-3 L ~tl-3"il1f1'111'1tlV1'111111'1n~'11EJtl11~ 

vi'1t'1m1~11i:.i1uij1vri!.:i1~t!t1v ua~ij1V1i!.:iffim.:i'1~1.:iL tl'U lipid bilayer '111~'111111'1;11eJ1'U 

ij,viir.:i l~~"il::~eJ.:iihY.:ia1u~'tf auJ1ua~'tf eJu 1 "lllT'U '111'1nviii'lJ~111w,j'1nvivi'1 l \1m1i11a.:i hHl.:i 

Li'11vr111v~~t1.:im1 ua~'111'1nviv1'l~fl.:i~1L~mr11er"'nuu'1.:i ;.:i1::uum1i11a.:i"'11t-J1uti1V1i!.:iil 

vra1v1~uu~1vnu l~LLri liposomes, neosomes, phytosomes, nanoemulsion/ 

microemulsion, nanostructured lipid carriers ua:: solid lipid nanoparticle m1Pin~1if 
L~t1n 1-ti'ffiv L'il11LvJatl1a.:i'111'1nvi lt1Ei.:1Li'11V1111v ~.:iii'lit1~ ~.:id ffit1 L'i111L vr111~ri1V!'S'um1tl11111i 
L tl'V11.:J Lfl~tl-3'11B1'3 LL fl~ L m 'U f111U1a-3'111'1 rlV!~L~ "il1f15111l'tf1~ "'1l.J11'1tJ1a.:J'111'1tlV1~'3~ 
'111111'1a~a1vJ1ua~mm1v 1u1 "lllTu L ~11m111fl.:i'11"!leJ.:1'111'1n~ L ~11m1~11i:.i1tJij1vri1.:i '111111'1 

nmnu"'11~iifi1m1a::a1EJLLl?lf1~1.:lfl'U 1~ L ~11~1tl1~a'VlG~a"!leJ-3EJ1 1::~u EJ1tl ~ L 'Um~LL'1L~t!Vl'U1'U 
~u '111aviLL 1.:i1?1~.:is:i1vi'lm um1L1?1~v11ffit1 L'il11"'11111mi1nu'1111 u~1.:imv '1a1v~11~ LLa:: hi 
riv 1 '1LnV!f111LL ~ '11l.J11'1fl1Ufl1lflfil'1l.JU1i~1.:i ., L"li'U "!J'U1Vl"!Jel-3tl'Ufl1fl ,j1u1'U.ff'U tl1~"il~ti1"!JB.:J , , I , , 

2.14 -s::uu1ha.:iiTi:i> l'll11 

1~uutl1a.:iffieJ L'ill.J LtJu1::uutl1a.:i~LV1m::'1l.J 1um1tl1l.J1 tmu'V11.:1Lfl~mri1m.:i ua~tl1a.:i 

'111'1nvivtl~"il1nu1111'!11~ LLa~vi'1t'1'111'1nviiim1l.J1"1.:1'11 

2.14.1 ffivl~11 (niosomes) 

ffit1L'ill.J (niosomes Vl~tl non-ionic surfactant vesicle) ii"'n~w::LU'U'1.:ina11 
' 

"!l'U1V!L~nfl~1vm::Ltl1~ Lnunn'111~1.:i1 11fl1v 1u L~vneJ'4.f11flffit1 L'i11111 L1'1~Lfia (vesicle) ii 
"'n~ru:: Lfl1.:J'1~1.:i"!Jt1.:i~i1.:iL'ilaaL tJu~i1.:i'1eJ.:i.ffu (bilayer membrane) ;.:iLnvi'11nm1iviL~EJ.:i~11~ 
Lt!.:! (self assembly) "!lt1.:i LlJLana"!lt1.:1'111~ilflru'111u~il.ff1 ua::hm.ff1a,il'IJ 111LanaL~v1n'IJ , , \i .. 

(amphiphile) Lnvim1iviL~v.:i~1tvivtl1a1'1J~il.ff1 L 'li1V11n'IJ m1cb't1'1Jnm tJ'IJ~i!.:i'1t1.:1.ff 'Udm'1Lnvi 1~ 
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mnn11V1ii.:i.ff'lJ ,}~tJ~L'lJitlLLU\J lipid-based formulation 'lJU~'Vlii.:iL'li'lJL~EJ1nua1 ~ L'lll..J ma L'lll..J 

a1lJTrnnmiiua11l~~.:i~ii.ff1LLa~ hlii.ff1 a11~iirirualJimii.ff1 (polar substance) \l~rinnmiiu 
• \I 

1uu~nrua1uv1ii.ff1 (polar head group) '11ua11v1iif1ruauu1ihiii.ff1 (non-polar substance) 

\l~Qnnmiiu 11u~L 1rua1u hiii.ff1 (lipid bilayer) 

2.14.2 t1~f'lth::m1u"lliH1ifie L'illJ 

2.14.2.1 a11a~LL1.:i~.:i~1'lliJ~'Wiitlw\I (non-ionic surfactant) ffitiL'lll.J • 
Ln~\11nm1,Y~L~v.:i!Ji'1'lla.:ia11a~LL 1.:J~.:i~1"l!iJ~ 'Wiitl1~~ !Ji'Te:i~1.:ia11a~LL 1.:i~.:i~1'llil~ hiiitl1~~~ 

ilm..11-tl' 1~LLrl glucosyl dialkyl ethers, crown ethers, Ester linked surfactant, 

polyoxyethylenealkyl ethers (L~"LJ Tween®) LLa~ sorbitan esters (L~'lJ Span®) Lth.JIB''lJ '111 

a~ LL 1 .:J~.:J~1 LV1'11dl.'11l..J1)C'I,) ~ L ~EJ.:Jl'i'111l..Jtl'lJ 1~ LB.:J iii;t n~ru~'Vl) .:inal..J ,)~L~EJ.:J!Ji'1 L tJu.ff m~ EJTVl~Cl 

'VI a 1 viu iil~ 
2.14.2.2 '111L~l.Jfl11l..JLL ~.:JLL ).:J'lJB.:J~tl'.:iffiei L'lll..J ~~1"UCJ.:JB'4fl1fl'Vl~B~tl'.:iei'4fl1fl\J~ 

ii n11 L&'l~l..Jfl11lJ LL~.:iu. 1.:i1~ EJn111iriei Laa Ll'IB'laa LLa~a11tl1~ Lfl'Vl "poly (oxyethylene) 

cholesteryl ether" ~.:iii~ti'Vl1.:Jn11~1l1 "Solulan c24®,, LU'U~'lJ ii11EJ.:J1'lJ'VfUl1 ffitiL'ill.J~ii 

ei.:il"ltl1tneimm.:i Solulan C24 ® ~.:iL U'lJa11~iia1'lJvl'llt1utl1'lJ'lJ1~ 1 'Vlqj \1~'11lJ11rit1~1 um~LLa 
L~tl~ 1~"LJTULL'1~L~lJn11'1~'1l..J'lJB.:JEJ1'Vl~Bt11a.:iv1Li1~L'ilaifo~L~.:J 1~~~'lJ (Uchegbu et al., 1995) 

ria Laa Ll'lt11 eiaii ~a fi'u ~ .:i m1 L tl ~ vua m'lJ~'lJti.:i ~ir.:i B'4fl 1ri L ~ ti.:i\11 nV11 n~ru'VIIJ ij~.:i ~ir.:i ff4fl1fl 

ffiaL'ill..J\l~t1~L'lJi;tn~rut~~m'Vla1 (liquid crystal) lJ1nn-)1am'lJ~L\1'1 ~.:itl'lJm11-tla111'Un~l..J 

rimam1P1ei1eiavi'11'1mT.:ia'lJfl1flV.:iri.:itivL'Uamu~L\lav1iim1~u1VJa1~ (Cable, 1989) 
• \I 

2.14.2.3 a11L~l..Jm12..1ri.:i!Ji'1 ei.:irltJ1~nauvl'11~qi'lJt1.:iffiei L'lllJtl1~nt1u~1va11a~ 

LL 1.:i~.:i~1611-U~ 'Wiitb~'1 LLa~a11L~l..Jfl11l..JLL ~.:iu. 1.:J 1'Um!.:iffiti L'lll..JL U'lJ'Vli;r n ei~1.:i 11nml.Jfi.:ien\liia11 • 
~vi'11'1Ln~tl1~\l"UCJ.:JffUfl1fl 1~ L~B h~~1B'lJfl1f1Ln~iiLL ).:J~~ntl"LJ'VJ1.:JU)~\J 1 ~YJ1L vJm ~lJfl11l.Jf1.:J!Ji'1 , , , , 

1'1nuti'4fl1f1 (electrostatic stabilization) L'liu dicetyl phosphate u.a~ phosphotidic acid 

~iitl1~~au LL'1~ stearylamine u.a~ stearyl pyridinium chloride ~iitl1~~L U'lJ\J1n LU'lJIB'lJ 

1~vvi'1ltliJvlJa11L~2..1tl1~\lri11lJLil..Jiu 2.5-5% (w/w) V11n1m'Litl1lJ1rummn'lJ1tlm\l\lt1tlfYu~.:i • 
m1Ln~ffiei L'ill..J 1~ 'lJt1n\11nd£J.:iiia11L ~2..1m1l..Jri.:il'11~ L tJ'lJa11'Vjeia LlJv1;.:i Lriaauv1~1 L Yieivi'11 '1~tl'.:i 

'lla.:ie:i'4mriffie:i L'illJ UJ2..1111lJ!Ji'1n'U (steric stabilization) L~EJ'Vj\J11yjeJaLl..Je:i1'llil~~ii'VI~ poly 

(oxyethylene) a1mwu e:i.:in'lJ m1Lm~ n~l..J'llB.:JeJ'4fl 1ri 1~ vh 1 '11tuudiiri11lJri.:i~1m n~'lJ 
(Beugin-Deroo et al, 1998) 

2.14.3 m1L'1~v3.1ifie L'ill.l 

m1Ll'l~Vl..Jffie:i L'ill.JiiV1a1v15 1~v~11 tlLL~1 m~m'lJm'lLl'l~v11ffiv L'ill.llin 1i'Vji;t.:i.:i1'lJ 
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mLfiv1-liei-:i L'li'IJ fl111J~a'IJLL'1~u 1\IL"U~1 Lth.iiKu 15m1Ll'l~V1Jijc.i'1"1ai;rm~ru~"Ua\lffia 1'11:1.1 1vw 

ma L 6111J a1 lijiji;r n~ru~ L U'IJ'l.:J ffl~J)1 fli'IJ L~ V1'V!~el'V!'11 viu n1~ zj,:iffi a L6111Ja1'1ij"UU11il L~ fl 1i;15.:i 

1~vium 1 UL1J"11 Uelfl'11fllBfl11Ll'l~V1Ji1C.J'1~ff'11'1J1'\Ji'IJ"Uel.:Jel'4i111°1 iJ.:iijc.in l'ia"U'IJ11il fl11fl1~'11V 
l'i'1"Uel\l"UU11ilel'IJ.fl1fl tb~a'Vl5i11W l U fl11 fl nLFl'IJ V1 LL6'l~l'l111J'111J11fl l 'IJ fl11~1J~1'\JL1J1JL 'IJ1'\J"Uel-:I 

' 
a'IJ.fl1fl 15m1Ll'l~v:1.1ffia L'1!1Jij'Vlm£.J15 i;l.:id 1) fl11Ll'l~V1Jffia L'i!:l.l Llilvm1olila11n~n1£.J~Ltrni • 
(ether injection method) 2) fl11Ll'l~V1lffia1'1!1JLlilVvl1L-H'LnlilYJ~mLn~L"UV1v11vi1a (hand-

shaking method) 3) fl11Ll'l~V:1.1ffia L'il:l.l LlilVfl11 lotlfl~UL~v.:i (Sonication method) 4) fl11 

Ll'l~V1Jffia L'ill.J LlilVfl11lotlLl'l~a.:i11l1fl1W~Blil 11ilL'l!a{ (microfluidizer) 5) fl11Ll'l~V1JWBL'il1J LlilV 

fl11lotlLL1.:ii;l'IJ~1'\JU~uma.:i~i1~w~u"U'IJ11ilL~fl (multiple membrane extrusion method) 

6) fl11Ll'l~V1JWB L'il1J LV'lv15n11ni;ru3'!).fl1fl (reverse phase evaporation technique: REV) 

1) nTnl'l~v1Jffia L'ill.J 11ilvnmnum'11nf01111Jul'lnl'i1.:i"Ua.:iam1~fl11l.JLll'Umlilm.:i 8) n11L"1~£.Jl.J 

ffia1'111JLV'!V "The Bubble Method" 9) fl11L"1~£.Jl.JWBL'il1J'11flhhffia1'1ll.J (proniosomes) 

m1Pin~1m tr55m1Ll'l~v:1.1ffia L'1!1JU 'IJ'U ethanol injection i;llilu tla.:i:1.11'11n15 ether injection 

L ~e.M'11m ll'U15m1Ll'l~v:1.1~41v 'W~.:iv1n 1iL1n1U'at:i L'Ufl11L"1~£.1:1.1 Lfl~a.:iiiavi'lml.i611'u'lia'IJ zj,:i , 

., 0 ., 

2.15.1 fl'U.11fl1f'lty 

m1nmnul'11m'11fi'ru L 'Ua'IJ.n1flma 1'll:1.1'1~vi'11-H'"U'IJ1via'Umfl1 Vlru~'IJ zj,:ia1'1 Lnlil ... , , .,, 

2.15.2 m111ruLL'1::'t1Ufl'UeNfl11'1flU. 1\1~.:J~'l 

fl11L~ a fl"11Ulil'1116'1V'l LL 1.:J~.:J~1'1~Fi'1i1.:i5.:i l 'U U~fl111Jtl'1 alil.tl t:J LL'1~1°1111Jfl.:J~1"Uel-:I 

1~\J'IJ wui1a11alilu 1\l~.:J~1"11Ulil ether type surfactants ~ijV1U\la1v 1'll1©"Llil'rn11ua'IJ 

(alkyl ether chain) '1d:irn1:1.1Lllufl~:1.11nn11"1f'Lllil~i1aa\la1t:i1'll1©"1vi1l'l1iua'IJ (dialkyl ether 

chain) LLn~'V'ltJi1a11alilLL1\l~.:J~1"11Ulil ester type surfactant (L'li'IJ Span®) '1~iirn11Jfl\1~1'Vl1\I 

Lfli1LL'1~1'l111JLU'IJ~~uavni1"11ulil ether type surfactants L~a\1'11flVl~LaaL'Vlai"lla\1'111nlilLL 1\1 

~\1~1"11Ulil ester type surfactant '1~a1m1riaa1v~11~1ilt:JLa'IJ1'lll1taaL'VlaL1'1LnV'!LU'IJ 

1i;i1n~L'llahv1ua~mlilh12J'IJ.n1t:i1u11\lfl1t:J (Hunter et al., 1988) Span® ~l:iri1fl111J"1fa'Utl1 ~a 

1'Ul!'IJ (Hydrophilic - Lipophilic Balance; HLB) 1~V1i1\I 4-8 a1m1mnlilL U'U'l-:1'1'4.fl1fl 1v1 
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(Yoshioka et al., 1994) LLi;ia11ai;iu.1-:i~-:i~h~iiri1 HLB wvr'i1-:i 14-17 him:u1~~'1~t11:u11m'U 

m 1Ll?l~CJ:uineJ1 'lf:u ri1 Lu~ EJ"lleM"ll'U1i;JeJ'4fl 1ftffia 1 'lf:u'1 ~ L ~:u;1'U m:um1:u'lJeJutl1vr~a m1L ~:u;1'U 
"!Jel'lrl 1ft11:U'l18'Utl1i;i81 "!.liJ'U"ll a-:ia11a ~LI. 1'1~'1~1 L ~8'1'11nrl 1'Vi~'l.:J1'U aaw~ ~-rn i;!'1'11'11:U fl11 

L ~:u~'U"!.leJ.:Jft11:u6!Jau 1'ilir'U"lleJ-:Ja11ai;iLL1-:i~-:i~1 'Uan'11ndv-:i'Viu'i1ri1m1:u6!JeJutl1i;ieJ 16Uir'UiJcrn 

~atJ1~i'i'Vlfifl1'Vim1fimnuv11i;iCJm1a~a-:i"1Ja-:iri1~-:in~11:v1n 8.6 1tJ5-:i 1.7 ii~'1vi'11-H 

'lh~i'i'VlfiflTrm11fimnuEJ1'1~tl'aCJ'1.:J~1:ui;\'1~tJ (Shahiwala and Misra, 2002) '11'ULvrajaTrni;i 

(Nasseri and Florence, 2003; Ozer et al, 1991) iim1Pin~1'VitJ'i1a11'1~LL1-:i~-:i~b~i1a1EJ 
' ., QJ G 111 I .J~ ft11tJeJ'UEJ11 18 a~1Jrn:u (stearyl chain) '1~u.ai;i-:im1:ua1:u11'1 ~'Ufl11nmnuv1 i;imnm1V1:u 

a1EJft1fom.Jm1 12 a~~eJ:u (lauryl chain) '1.:J8'Ufl1ft~Ln~:v1n Span ~i1tlTvrt'Yn 1:uL'1n'1a-:i:v~i1 
, "I " " 

1a ma Lni;im1~1tl'avu.a ~lift11:uft-:i~1:u1n~'Ui;i eJ m1 L tl~ EJ'ULL tl'1-:irn 1:u~'UeJeJa 1:u~ft (Bouwstra 

et al, 1997) 

1i;iv...i'1ltltJ~:u1ru"1JeJ.:Ja11'1i;iLL1-:i~-:i~1i;ia 1 "lliT'Umn~ai;i L'Ufl11Ll?l~EJm~uut11'1-:iffia 1'lf:u ~a , 
10-30 mM Li1m1'i;i'11'U"ll8'1'111ai;iu. )'1~'1~1i;la 1 "lliT'U:u1n;1''U:v~a-:i~m ~1Jft111Ja1:U11'1 b 'Ufl1)tlnuiu 

EJ1 ~-:i:v~iie.J'1vi'11-H1~uui1ft11iivrui;iL ~1J~'Ui;i'1v (Uchegbu and Vyas, 1998) m1-.ili;iL~EJ'l~1L U'U 

.ff 'U"lla-:ia'4fl1ftffiei L'lfl.ltl1:U'1~a~ L 'Uam'U~°lla-:i L vra1vr~m :va ~'UtltJ 'lruvrJJii 6!JU~"lla-:i 1 "!.llJ'U vi1eJa11 

'1i;JLL1-:i~-:i~1 U.'1~a-:irltJ):::nm.J~'U L'li'U fteJLaml'lawa Lll'U~'U ~-:iJ'U eiruvifliinTHtl~EJ'ULLtla-:i , " 
am'U~ (Tc) ~'IL U'UeJruvrfliim1L tl~EJ'Uam'U~"lla-:ia1)ai;i u. 1-:i~-:1~1 ~-:ii1~a~atJ)~i1'Vl5fl1'Vi L 'U nT:inn , " 
Lnu~1mi;i'-w L"li'U Span® 60 ~i1ri1aruvrfliim1Ltl~EJ'Uu.tla-:iam'U~a-:i:v~"lhEJvi'1t-Hm1fimnua11 , " " 

2.16 fl1)th::Lih.1f1rutl'n~ru::'tlt1'3in:v L6lf1J 

2.16.1 fl11iJa1iJ1)t1 tum)nmnua1 

vl1fl11LLEJ na11a ni;i~hi'1 nfi mntJfl1EJ b 'U8'Ufl1ftm 8 L'lf1J88 n~1EJ'1'11~ei~1'1~a LL~1 " , , 
1Lrt11~~tl~:u1ruaTmfi~~'1nfimnu Hn1v L 'Uei'Umrtffiei 1'lf:u 1i;ivm)v111-H'ei'Ufl1flffiei 1'lf:uLL~n~1v " , , 
dimethylsulphoxide Vl~eJ 50% (v/v) n-propanol vr1ei 0.1% (w/v) Triton® X-100 vr~ei 

2.5% (w/v) sodium lauryl sulfate (Balasubramaniam et al., 2002) 1Lft''n~~vr1tl~:u1rua11 

afi~~~nfimnu L'U8'4fl1ftma 1'lf:u 1"11inru~-:ia:um1~ 2.1 



29 

(2.1) 

vfu11 nTHi;J~fl11ffiv L'i!11~1fl15m1avia1·rn ::a1f!B L5v1 -;i::'11111·rnnmfii.rn11vi'~111nn11 m1 

Li;J~fl11 LVJ fllBnTwh L ~LflV1~~11ua:: L "!1~1~1fliiv 'Uvn'11 nif eJ\l'rfU11i.h::a'VIG.f11Yln11nmn'Ufl1'1:: 

avia.:1Lrlviim1l irima'1Li;J€J1va111n;f'U 1'Liffiv L'il11vi'l iaTrnvi LL 1.:i~.:iib"lfilvi glycerol surfactant 

(Baillie et al, 1985) 

2.16 .2 'll'L11flfl'4111fl LLi'l::nT'jn-a::'11 f.l'll'Ll1fl eJ'4111fl 

1vifl~11tJv'4mriffiv1 '1111iii;rn~ru:: L lltJ'Vl1.:ina11 ~.:iiim11 vi"U'U1vi v'4fl 1ri -;i1 n LatJt.i1'U 

~mr na1.:i~.:iv\'11mvi fl m11 in'1 v.:i~aV111iaitl L '!itJ n'1v.:i~aV111iaitla L~ ni;i1v'ULL uuav.:it.i1'U 

(Transmission Electron Microscopy; TEM) ua::n'1v.:i~a'Vl11iaitl"!filvi freeze fracture 

electron microscopy L ll'LJ~'U iJ-;i~utJiiLri~v.:iiivvi'l iLLa\lL'1L'ilvTI 'LJn11lVJ"!l'U1VJLLa~m1m::-;i1f! 

"!l'U1V1€1'4fl1rl 1vimV1riilrim1m::L~\l"!l€1\lLL'1\l (dynamic light scattering) (L"!i'LJ Lrl~v\l Zetasizer 

"!1€1\l'U~~'VI Malvern instrument) ua::L'Vlriilrim1L~EJ1L'l.J'U"!lv\lLLa.:i (laser diffraction) (L"li'U 

Lrl~v\l Mastersizer® "!Jv\l'U~,;'VI Malvern instrument) Lll'U!Pi''U ;.:iv\'11~1vi 1"1v~1.:ia::mrnLa:: 

11VJL ~1 f111i'V1"!J'LJ1V1€J'Ufl1FILL'1::n11m::'11fl"!J'U1V1€l'Uil1rla11111'1tl11111 m 'U n11'1..h:: Li1'Ufl111lrl\l~1 • • 
"!Jv.:il?l'1~uffiv1'11111"11viflm'1LnumLi;i~fl111tJan11~LL6liLL~.:i~ -20 °c Lll'UL1m 24 i1111.:i a~uti'u 

m11-Hm1i1~v'UL ~vv\'11-HmLi;i~fll.IL tJ~fltJam'U:: L U'LJ"!JmL 111m~vru111.fli1-Hv.:i (freeze thawino) , 'U :;, 

u'11v\'1m11~"!J'U1~LL'1::m1m::-;i1fl"!J'U1Vl eJ'LJfl1 Fl L ~ m.h:: Lii'U rl111Jrl\l ~1'll eJ\l fl 1 Li;)~ fll.l 1~ fl~'111 ru1 
' 

'11 n f11111l.1~1 n'U'llel\l 'El'4fl 1riv\'11~"!J'U1Vl'El'4.fl1rl 1 viaj111 fl~'LJ 
2.16.3 th::'!1w.W1vlel1a'4111fl (surface charge) 

ijfa L 'il1lel1'1iiv.:ir1tJ1:: nv'ULU'LJ'111BL~ri 1m 1a~~L Yi11tJ1::-;iu'UCj1eitJn1ri ~nfl1 vHh ' , 
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1 = µEnrvr (2.2) 

~a ~1iai'nEJ1'rlvh (Zeta potential) f 

µE ~a nTHl'l~e:J'U~aL~l'l hr~ 1 'rl~~a (Electrophoretic mobility) 

4 ct 0 "' 

l'le:J l'l11l.J'Vl'U~6!.le:J\11'111'U 

?1a ~11'l·rvTt~aLal'l'Vl~l'l (dielectric constant) 

m1amh~'1 l YIVJ1~~1'1~ L ~l.181111 L ~1 L 'Um1Lfi~m1~'Un6'll.la~1.:iV1a1lJLLa :::11l.llii'1n'U6!.la.:i . ' 
a~.fl1ri 11'1 il'1~u'Ua1lJ11ni'~fi1iai'nEJ1Ylvh~~1a~ml'l11'141EJLLa~11~L ~11'11EJm11-&'Lri~a.:ina L '!i'U 

Ll'l~a.:i Zetasizer 6!.lv.:i'U~,;-'Vl Malvern Lll'Ul'i''U 

2.16.4 011fim~nnT~tl~titlilmm1vvn'11n~~m~fl1fl 

m1~m~nm1tla~tl'1aEJEJ1vi1 ll'1i:~EJm11 -&'15~..:i l~a~ la~a ~L61.1~11'11va1111ri.:i~ 

Fl1'Ufll.l~ru'V!.Qii LL'1~vi1m1~l.llii'1a~1..:i~ L 1a1 \Ji1.:i ~ L ~a1 Ll'l11:::l1V1Ttfimwm~~ ntla~tl'1 a EJ 
II ~qq 

e:Je:Jf1lJ1~1f.J15'VlL'VllJ1~'1lJ 

2.16.5 n11A11'1avu01-a~AL~a~i1 L tJ'U.U'U 

ffie:i L 'lfl.l LLa~,J 1'U1'Ui'U~~~ L~ EJ.:ilii'1 L ll'U~.:i CJ'4.fl 1fil Lfl~'11n m1~ ~ L~EJ.:ilii'161.1a..:ia11a~ 
LL 1.:i~.:i~b a1m1n~11'1'1a'U lm~EJm1lii'~LL ti.:iffia L'lll.l (cross section) fl1EJ 11'i'n~t1..:i'\la'Vl11131tl • 
1~m11~ (light polarization microscopy) ,J1'U1'U'5'U~~~L~r.J.:ilii'1a1l.l11ci1111'1aatJ 1m~Elf111L-&' 

Lfil~a.:iihi NMR spectroscopy, small angle X-ray scattering LLa~ electron microscopy Ltl'U 

2.16.6 fl11iJfl~i1u~:fl11iiLth.1-W'li"llv~ffiei L'lfiJ 

ffie:i L'lfl.IL ll'U1~tJtJtl'1'1..:im~m;J°'l tJ~tl LL 'U'U'111LL61.11'Uat1EJ ~.:il!mfi~il qivi1~1'Ufil11ll 

'WFl~lii'1'V11..:imEJ.fl1-w 1~ L 6li'U m1Lm~n'1l.ln'U6!.lt1.:ia'Umfil m111l.llii'1n'U LLa~ m1~16!.le:i..:i~ir..:ia'U.fl 11'l , . ' 
L ll'U ~'U il qJVITd a1'1LLm61.11~v m1L~l.la11 L ~llm1l.lri..:ilii'1 'Uan'\11 ni1'Ei'.:ii1il'1 ~ EJ~'U~;\a.:ir11il..:i~.:i 
l~LLri filWalJU~6!.lt1.:ia11~Ln'Unn.fl1EJ L'Ut:l\ICJ'U.fl1Fl iHl.l1rua11a~LL 1.:i~.:i~1 LLa~ h1ll''U 11l.l~.:i • • • 
~WVl.Qii 

m1~n~1Fl11iJri.:ilii'16!.la.:iffie:i L'lll.l m'1vi11~vm1Ln'Ufn~1"1'1fo 1'Ua.fl11~tln~V1~aa.fl11:::L ~.:i 

LU'U1~EJ~L1"1Vltl.:i u~1tl'1m1Ll'l11~'\.1 V11tl~lJ1rua11~1~qiltJ~1f'U iim1~n~1m1l.ll'l.:tlii'16!.la.:i 

ffia L'lfll'l!U~ Sucrose stearate l'j'LJ11 6!.l'U1~e:J'U.fl1Flffie:i L'lll.IWL tl~EJ'ULLtla.:i e:i~1.:ibnml.l 
' 
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90 1''U (Abd-Elbary et al., 2008) '111'1VIU1.:i~.:it:i1~tl1lJ11-tl'Ll'l~EJlJULa1611lJ€l1'1na'W~~ei~1.:imv 

1vi' a~1.:ihnl'l1lJ~tluuumLl'l~EJlJi!bJria1~Lnvimm1'1l1.:iLFiv.:i (Azmin et al, 1985) LL'1~wu11 
Ld ei'Vl via au f'l11lJ L ll'UYl~ 1 'U'VI~ ~tJ LL uu m Ll'l ~v:wd'1viYl~vr~am n1'~.rr1.:i Lfi EJ.:i~ Lnvi '11 fwi'1 EJ11vi' 

(Rogerson et al., 1987) 

..::., U ~ U .Jq ., 1.J I 
~1Vl'l.NLu'Uff'lEJ1~VllJ"ll'U1VI ~Vl'lJ'Vl~Vl"llCJ.:J)1.:Jfl1EJ (Escobar et al., 2008; Potts et al., 

1991; Potts et al., 1992) 1vmf1viL tlt.1J1V1t!mh~111ru~vEJ'1~ 16 "llv.:iJ1V1i!n~1 iivrt!1~tJflf'l'l1l 
viei~lJ~1.:imvvY.:iV11lvi ;.:in1v 1 t.1iitJ'11EJtJ)~'11'Vlfof'1111J~~ nlJ1n111 v L Ylci-ru~m)~mra fl1)flVJ . ,, ,, 

stratum corneum L tlt.1.ff t.1t.1cinavi"lJei.:i~1vri!.:i vi1V1t!1ffi 'U fl1)f'l1'Uf'll.JeJl'l11fl1)~lJ~Tu -Du L vr~e.J • • 
u"~l"lll!'U .ff t.1dtJ)~nciu~1m'11'1a u ut.1~i;i1mLa1 Lfl11~'U L'll'1~Lfl)1~'U~i;J1mL~1 L u'U.ff 'U~ii 
1m .:ia~1.:i m1~vi L ~v.:i ciEi1.:i L lJ'U)~ L ii vu LL'1~iiR111lri1~qim n~~vi"1Jci.:i.ff t.1vri!.:i ri1w~1 .ff t.1V1i!.:iri1w~1 
(epidermis) U1~flij'lJ~1 El L 'llG'la \;11 EJ;.:iiia n~ru~LL 'U'UL ~EJ'U a fl'1.:J 1 tl'1 ~ L U'UL '11'1 a~ e'J.:iii~1i;i LL'1 ~ii 

"1J'U1vi 1 vrqin11 ~.:ia m'l1G'1~'1~~.:iiia n~ru~n"l.Ju"~ t V1qJ:w1 n;1t.1 1viEJ.ff 'U t 'U~vi'1~iim1a~1.:i L'll'1a L~u 1i;i 

~'U;1''Utj.fft.1'U'UL~CJEJ , U'1~L~Cl;1''Utj~1'1.J'U'U L'l1'1a'1~~aEJci tli''U~1La.:J 1 ~LL 'U'U';1'U'1.:JLL'1~-uuJ1cicin 
vi1 L~L'l1G'lau"1.:i .fft.1vrt!.:in~1L ut.1.ff'U~'l.J1.:J~'1Vl"llv.:Jt:i1vri!.:i 1VJEJ'Vl'U1L1l~EJL WEJ.:J 0.25 mm LL'1~'11'1.J~ • 
Vl'U1~'1V1'1~Vl'U1LWEJ.:J 1 mm Lvi1ift.1 ~ei ~1iiv ~1LVJ1 LLG'l~u1.:iavi~LtJ~cini;i1 V1i!.:iri1n~1Ei.:iLll'U~1 • • 
a~1.:i~l.J "ll'U LL'1~L~u .fft.1vri!.:iri1n~1a1111)rtU tl.:iaan 1v1L ll'U.ff'UEiaEJ 5 .ff'U .fft.1~iiR111lri1~qiLL'1~ 

LlJt.1.ff'U~IJie.J.:ifl1)L~~1fuffia1'111l;lJ~1'U ~a .ff'U stratum corneum vr~a horny layer LU'UL'1!'1a 

hiiia hliiu1Lfl~EJ"' Li1t.1L11ma~i;i1EJua1 hliim~u1'1.Jfl1)Ll.Ji;J11u~~lJLnvi~'U iim11J~'U~1 L~Eln 
corneal cell 'Vl~CJ corneocytes '11t.1tl1~nciulvrqi ~CJ Lfl11~'U (keratin) ;.:itl1~neiuv)1EJ 

insoluble cysteine-rich disulfide crosslinked protein ~CJEJ'1~ 65 Lllt.11tl1~'1.J~LLtl1'1fl1VilJ1 

'11m'l1G'la.ff t.15'1.J~e.Jtjan".:i 1 tJ 'W"~"1EJJ1 'Vlt.1!Jici£111Lflii ~.:ivi1vrt!1~ri1~qi 1 t.1m1i1ci.:in'U~1V1i!.:i'11n 
'11)~~ Lttt'1aLV1a1d~m~cilJ1~i;icin'U1v)v)1EJ waxlike substances Ra1EJfl11L~EJn11 skin fat ;.:i1v1 

'11nm1a'11EJ~1"ll e.J.:JL'l1'1'11 t.1m~u1t.1m1~avi L tl~ EJ'UL '11'1~~1 (keratinization) "lle.J.:i L 'llf!a.ff 'Ua1.:i 

skin fat d t])~nauv11EJmvil"lllJ'U (15-25%), ceramides (40-50%), cholesterol (20-25%), 

cholesterol sulphate (5-10%) (Gray et al, 1982; Long et al., 1985; Wertz et al., 1985) 
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T II II 
2.18.1 Lfl"i{lfl"i1{1'Uel-11Lfl'Llt.111 

La'Ut:.11l~vnm-,:i1m'l!a'1~L~EJn11 L~v1l!a utltlam (dermal papilla) ;~-,:i~ 

L'1~qJ~~'U1LULU'UL'l1'1'1 hair follicle ua~LLU~~1'1~1~La'U~lJ at:.ilJ fl11lJ'Vl~n"llv~t:.llJ "1'1"1 'VllJ~ 

~)~~"lJCJ~fl'UL'nili;imJt:.ilJ tJ1~111w 80,000 5~ 1,200,000 ~VlJ ~'Uqm1lJLU'U~1rl1'Vl'U~,)1'UTU 

'11U~ ua~~"llv~L'1'Ut:.ilJ 'l-11J1~'l-1'1n"llv~ L'1'U~lJ ~CJ tlv~ti''U~1'l-1U~ 'l-1~vPh~~1111~L~EJfl11lJ~v'UlJ1n 

Ln'U 1 tl La'Ut.Juu~a~ Lamvn'11m~rn{l!a LL tltlaa1 1tJLU'UL'lla'1~L~vn11 UlJ'Vl~n~ (matrix) ;~L U'U 

Liim~v~t.Jiil'lL'lla'1t:.111 L~m'lla'1duu~~1u1n~'U -,:i~~'UL'lla'1il~'L11tl'li1~u'U'1'Uvtjmuv~Tv1tT~ Lflla'1 
I II I ti 

~lJViQnt.J'1n;i'UmL~ew i -,:i~~vv j l'l1V "lJW~L~mn'Llnt:.iiil'l'11'HR11~'U (keratin) Vivm3'U;i'U a11 

Lf111~'Utl'1~ L~V~~1 L lJ'ULa'U"lJ'U1'U U~a~ La'U"lJCJ~ Lf111~'U'1 ~Qn€i~~~ tl'U~1 V~'Uli~ L~i'a L wi;luvi;l'U 

(disulfide bond) L~t1'111Lfl11~'U'1nt.J'1n1~a~~'U ., -,:i~ilm1L~V~~1uu~vvmtl'U 3 'lf'Ui~L'1'U;f'U 
"' "' I 

~'ULLn'Una1~L~vn11 LlJ~aa1 (medulla) 'lf'U'1~vvnLtlL~vn11 flv{LVin'ii (cortex) '11'U.f'U~1'Uvn , 

~~ L~vn11 fi1~Lfia (cuticle) 

2.18.2 'tiUfl'UiHLfl'Llt.ilJ (hair) 

2.18.2.1 lanugo hair Lll'Ut:.ilJLa'ULan ci 'Wil~ L'li'U t.JlJ"q~LL1mn~l'U'Vl11n 'li1~ 

mvfl'fin1~'l-111~ 16 - 20 '1tlm~ tln~-,:i~~1~'l-1a~1tJ 4 '1tli;i1~nv'Uflavi;i , . 
2.18.2.2 vellus hair LU'U"lJ'UeJCJ'Uj Lfi~;f'UU'Vl'U lanugo hair l!nhJila La'ULan 

"ll'U1~Lam.h~'UEJna1~L1iLfi'U 30 µm m111v11L1iLn'U 2 cm 11fiJun'Una1~"lJCJ~t.JlJ L'li'U "ll'U 

.er, QJ ' .., .., 

'U1L1W'l-1TVl'U11 1nLL 1 'Vl'U1~ Lfl11 LL"lJ'U LL'1~"lJ1 

2.18.2.3 terminal hair "lJ'ULLa~t.JlJLa'Ul'Vlaj 'VIV1U LLa~v11n11 vellus 
v v 

hair ilal'l1lJL~Cl"ll1~"lJCJ~Uvl'1~fl'U L'li'U ~lJ'U~L1W~1~~ fi1 LL"lJ'U LL'1~"lJ1 

2.18.3 lfl"i{lfl~1{1'tJtJ..:iLa'Llt.ilJ (hair follicle) ~~ua~~l'Um"r'l~ 2.5 L'1'Ut.JlJtl1~nvu~1EJ 

2.18.3.1 La'Ut:.ilJ (hair shaft) U1~nv'U~1V medulla Cl~l'l1~na1~ avlJ1CJU 
'II 

~1V cortex ua~ cuticle ~lJvtj 

2.18.3.2 m~Ltl11~t.J11 (hair bulb) Lll'U'11'U~1'1~"lJa~vivlJt.JlJ luwvmll'U • 
ni~L U11~t.JlJ 1JnalJLfl!a'1~u U~~1El~1~11~L ~1 fiei matrix ;~iJ'VliJ1~'1~1~La'Ut.JlJLL'1~"lJ'U , 

2.18.3.3 dermal papilla fiei '11'U"llEJ~'l-1ir~u..1'~tl1~nau~1ma'Utl1~'11'Vl LLa~ 

'l-1'1EJ~L~Eli;i ~'UL'li11tl'l-1am~v~L'l!aat.JlJ'U~L1w hair bulb ;~"ll'U1~"lJEl~ dermal papilla ii 
F111u'111~'UGfl'U"tl'U1~"tlEJ~La'Ut.JlJ ll1 dermal papilla il"tl'U1i;J 1 'Vlqj L'1'Ut:.ilJ'1~ij"tl'U1i;J 1 'Vlaj~1EJ 



111w~ 2.s Lfl':i-ta~1-i11tJ·mY'L!~11 
d 
'1111: Alexa et al., 2008 
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--

m1~m;·1'!JCJ\I Rho et al., (2005) 'YWtatl'ULl'lEJLeU'111'1tll'l Asiasari radix 'Y11Vt'1.:i'lJCJ\ll1~ 

C57BU6 'rlu11 '111111{)m~~'Um1L"iJ~fll'!JCJ·nam.uJ 11'lEJnw~t.1"il1m~EJ~L'YI 1aL"iJ'Lll~Li1a1~EJ~ , ·~ , ~ ,, . 
B'U1L"il'UL~1~'U L~l.lfl11lJL6ii1J'!JCJ.:JaLLa~'lJ'Ll11'l'!JCJ.:JL'1'Lle.i1J m1Pin~1'!JCJ\I Park et al., (2011) wu11 

'111'1nl'l Fructus panax ginseng m~~'Un11L"il~fY'!JCJ\I hair follicles LLa~m~~'Un11L"il~fY'11CJ\I 

La'U~lJ"il1n1~ fl~ L 'YI faL"il'Ut ~L 6ii1a1~EJ~CJ'U1L"il'UL ~'~'UL 'UVl'U c51su6 LLa~011Pin~1'!JCJ.:i 
" " 

Roy et al., 2006 'rl'U11 n11LeU'111'10l'l'!JCJ\I Cuscuta rejlexa (RoxbJ, Citrullus colocynthis 

(Schrad.) LLa~ Eclipta alba (Hassk.) "li1m~l.lfl1'~L"il~fY'!JCJ.:JLa'UeJ1JL'U1~EJ~CJ'U1L"il'U L~l.lfl111Jfl11 

'UCJ\I hair follicle (>0.5 mm.) LLa~vi1l~La'Ue.JlJL"il~fYCJ~1.:i11~L11 

2.19 'Tiv.:i'Yl1\lm':i~11~1u'tle:i.:ia1':i'Yl1.:Jel1V1'11-3 

'5'U~1l1tl'.:ith~nau~1EJ hair follicle ~Bl.ILVl~CJ (sweat grand) ;.:iLll'U"1iCJ.:i'Yl1\l'UB\1'111vl"il~ 
m~"il1m-U1a'5'Ul1tJ\ILL~ v1vl~CJ\l~l.le.i1'U'5'U~1VltJ\l"il~{)n'11ti'~11'lEJ.ff'U stratum corneum Ll'lEJ"liCJ.:i 

" " 
'Y11\ln11~lJe.i1'U~1l1tJ.:Jth~nCJ'U~1EJ 3 "liCJ.:J'Yl1\I (Bolzinger et al., 2012) ~\ILL'11'l\IL'Ufl1l'lvl 2.6 ~CJ 

2.19.1 e.i1'lJL'ij'1'1'!JCJ.:Ji31VttJ\I (transcellular, transcorneocytes l1~CJ intracellular 

route) Ll'lEJL'ij'1~'!JCJ\I stratum corneum i1La'Ulvhh~'ULU'Ua.:ir1th~nmJVl'1n ;,:ii1~.:ia1'Uvli1.ff1 
LLa~G'i1'Uitwi1.ff 1 ~.:iJ'U'11':ivl"il~LL 'rl~e.i1'U 1~~flT~"il~'1~'11EJ 1~~\I t 'Utl1LLa~J1iJ'U 

' ,, 
2.19.2 eJ1'UV11.:ietia.:i11.:i1~wJ1.:JL'ijaa (intercellular route) ~\IL'U1~l111.:iL'ijaa1 t.t-!T'U 

stratum corneum th~nCJ'U~1EJ'lJB\IL l1a1vlL U'U 1 'lllJ'U '111vl"il~~lJeJ1u 1~~"il~~CJ.:ia~a1EJ 1~u1.:il 'U 

1 'lllr'U LL~~a.:i hia~a1v t 'U 1 'lllYt.t~"il'ULfl'U hJ ij,;i~J'U~1EJ1"il~{)n~u 11lt.1.ff'U~1wu.:i hitl~av t '1v1e.i1'U 
" 
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2.19 .3 ~1'U'Y11\l~L Ul'l'Vl~aviau'U~1'VIU\I (trans appendageal) 1~ LLrl l'imJ1 "llil'U ~'Ql.J"ll'U 

LLa~~mJL 'Vl~a hair follicles L U'l.l'!im'Y11\l~'oij~,j1t11V1~aG'f111 tJ fJ\1~1LL 'Vlil'laanq'VIB LL'1~ L U'U'lia.:i'Y11.:i 

~t111;m hmn~G'fl'l L 'Um1-rmn hfl'Y11\1~1'VIU\I LL'1~ hair follicles eJ\IL U'ULU1'Vll.!1t1m1.ijl.!~1'l.1"1lfl\I , 

"1lfl'ltl1'Vl~aa11vll1m~mfl"IJ'U11'1L~fl (nanoparticles U'1~ microparticles) (Jacobi et al., 2005) 

L~eJ.:J'oij1fl hair follicles tJ1~nau~1m'1'ULaal'l'!J'U11'1L~mL'1~ii'!la.:i'Vl1.:i~1'UL-fi1~al.!1"1lil'U ~'oij~~1'U 

L oU1~L'1'Ue.JlJ ~.:ii!'LJ G'f11~~1J~1'LJ hair follicle 'oij~G'f11J11'1~1'UL iti1L'if'1~L i1'm~mL'1~1~UU 1 'Vl'1L iEJ'U 

Laal'l 'Vl~flL~EJ.:im1~1'U.ff'U stratum corneum L'!i'U m1~mn"11a.:i Hanna et al., (2010) Ll'ltiti 

fl1L v-lB'U L'U'iUU 'UULL '!Jl.J'W 'WU11 'V1'1\l'oij1fl 1i'Vl1 5 'UTVi i1n111Jl11'.ijV4'lJ':i~~Ufl1Lv-lB'LJL 'l.lfl'i~LLG'fL~fll'l 
"' "' 

Vlllbl• 
epidermis 

100p.m 

sm:rtum ......,.,. 
Dermfs 

d I cl I A &I 

ll1'VfVI 2.6 'Uil.:!\'11.:ln1';i'll2.Je.111J'llil.:!£11\'11.:!e.11'Vl1H 

~111: Bolzinger et al., 2012 

2.20 n1';ifln'li1naln01':i~fl4i:u1.1v.:ia1';ianflfl~~a1 

ii11t1'l1'UnT~~m~nq'Ylt"!Ja\la11ati'~ G'fl.!a1'Ylti G'fl.!ffWL.nn LL'1~:U~"IJ1lJUeJlJ "11J11'1eJU8.:i 

111 .., ~ ~ T cilv ~ .c:i1 

5a-reductase II l'l (Kumar et al., 2011; Kumar et al., 2012) '1\l'l.l'U 'U~fl~'ifl.J'Vlnmnui;m.J'11 

t11'.ij~l1q'Yltl'Um':iei'u8\lrn'U1'lftl 5a-reductase 111~L'li'Un'U LL'1~Bnn'11n~a q'VIBt'l.lm1Eru8.:im1 
' 

LnVJeJHl.Jaija':i~ (antioxidant) U'1~fl1~-J1t11'.ij~tl1~.:i"1':i~1'U'Y11\l':i"!Jl.J'tl'l.I .ij.:ii;i'a.:ii1"1J'Ll1~'!Ja\la'Ll.f11fl 
• " \I , , 



... 
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fl1'j'j~fl1EJL~Cl.:1~1VJiT.:iLU'UCJ1fl1'j'li'1.:iLfiEJ.:ivri1.:i~Cl1'1VnJ'11nfl1'jLeU~a\Jlnru'1~li~TUU'j~nau 

'!Ja.:i~1mri1~cy a1'j'!i'JEJ~h.:i ~ 1'Ui;J1i'u fl1'jLii~fl1'j'j~fl1mRa.:i~1vriJ.:i;firntjnuvra1vt1'1~EJ L'!i'U 

fl11lJL'!ilJ'!i'1J'!Jv.:iEJ1 'j~EJ~na1~"'lJ~'1 fl11lJitl'Um'j"'lJ~a i;l1LLvrti.:i'!la.:i~1vriT.:i eJ\Jl'j1n1'j~lJc.i1'U 

LLa~ri11lJLlluiima.:ia1'jmi (Shisombat et al., 2007) 

1~uuffia L'illJ 'lh~nau~·:ma1'ja~LL 'j.:l~.:i~1'!lu~ Ulli'l..h~~ LLa~flmaaLl'lv'rna ~.:imwi.:i~a 

IJiam'jwri1m~a.:i~1vriT.:i LLa~a1'jan~l'l~~a1 LU1J'11'j'1n~'!Ja.:i~a12! 3 '!IU~ ~.:ili~'Vltrth.im~ V1'1 

Lii~ fl11'j~fl1m~a.:i~1vriT.:i 1~ 1 'Ufl11'Vl~aaun1'fi~rl1EJ L~a.:i~1vru.:iilvlJvi11 'U m~vi1t:1'!J11 a1vw'U~ 

New Zealand 



-. 
.d 

'U'Vl'VI 3 

~1'U1'1vd LU'Um1Pinti1n111'1m~~'Vl~aa~ (experimental research) L~aPinti1na1nm1 
aan q'Vl~"!Jfl~'111'1 n~ lil~'-1 a1 L 'U n11rJ u ~~ fl11'VI'! i;J~'"l~"!la~ L~'U'-111 i \;l.J'tJ1 ~1~Uffi a L '1111~U11~ '111 

'1n~lil~'-Ja1 Pinti1'l'Vltm~~um1~an"!la~L~'U'-'11LLa~m11~fl11EJLfia~lil'a~1V1i!~"!la~"'~lil.ti'ru'11'U 

«lil1'Vl~aa~ ~~11Em~LBEJ~lil°a hJd 

., .. 
3.l 1if'JLLa:a1·nfl11 

3.t.1 .w11mmt.m1-afin~1 

'-JaLLoH.:J"!leJ~'111a1'VIE.1 (T. chebula) '111anLilfl (T. bellirica) LLa~lJ~"!l1lJua11 

(P. emblica) (u~,;''Vl aafunufll 11~1 ~1n~ '1~V11i;iL~E.1~lV11i) 

3.1.2 fl1'aLlil'iEJ11~1~U[la L'ti11 
® 

span 20 (Sigma-Aldrich, Inc., USA), dimethylsulphoxide, cholesterol, 

ethanol absolute (Carlo Erba Reagenti SpA, Italy), 95% ethanol (ltalmar Co. Ltd., 

Thailand) 

3.1.3 n1-a1Lfl':l1::\.fm111rua1-at1-a::nvutl1Jviin 

gallic acid, ellagic acid (ACROS organics, USA), folin-ciocalteu's reagent 

(Carlo Erba Reagenti SpA, dialysis tubing cellulose (cellu Sep T4® MW cut off 12,000-

14,000, Membrane Filatratoin Product, Inc., USA), 
Q ~ J11 .Q " 

3.1.4 fl1'a1Lfl':i1::~Cf'Vltilil1\Jililfl'tiL~1f\J 

2,2-diphenyl-1-picrylhydrazyl (Sigma-Aldrich, Inc., USA), 2,2-azino-bis (3-

ethylbenzthiazoline-6-sulphonic acid (ABTS) (Waka Pure Chemical Industries, ltd., , 

Japan), potassium persulfate, vitamin C, vitamin E, methanol, acetic glacial acid 

glacial (Carlo Erba Reagenti SpA, Ml, Italy), gallic acid, ellagic acid (ACROS organics, 

USA), ferrous sulphate (J.T. Baker Inc, USA), sodium acetate-3-hydrate, sodium 

acetate 3-hydrate (VWR International Ltd, England) 
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3.1.5 n1'j1Lfl'j1::'1ft1'Hfl~o.:ivri.11a gallic acid LLi'I:: ellagic acid ~1a1fi HPLC 

gallic acid, ellagic acid (ACROS organics, USA), acetonitrile (RCI Labscan 

limited, Thailand), orthophosphoric acid (VWR International Ltd, England) 

3.1. 6 n1'j'VlflftO'Ufl'Vl~L 1Jn1'jV'IJB.:im'j,;1.:J1'lJLO'LI 1 'lf,j Sa-red uctase 

testosterone, ~-Nicotinamide adenine dinucleotide 2' -phosphate reduce 

(Sigma-Aldrich Inc., St. Louis, MO, USA), dithiothreitol, propyl p-hydroxybenzoate 

(ACROS organics, USA), finasteride (S. tong chemicals co., LTD, Thailand), 

dichloromethane (Carlo Erba Reagenti SpA, Ml, Italy)· 

3.1. 7 n1'jAn'tf1m'jtli'tfltlaovft1'jLfl~o.:ivri.11a'11m::uu-U1i=i.:iillo l'lfi.1 

dialysis tubing cellulose (cellu Sep T4® MW cut off 12,000-14,000, 

Membrane Filatratoin Product, Inc., USA), polyethylene glycol 400 (Witthayasom Co. 

Ltd, Thailand), dipotassium peroxodisulphate, di-potassium hydrogen phosphate 

anhydrous, sodium chloride, potassium dihydrogenphosphate, Disodium 

Hydrogenphosphate (Carlo Erba Reagenti SpA, Ml, Italy), potassium chloride (VWR 

International Ltd, England) 

3.1.8 m'jfin'tf1m'jiiii.1~1t1Shvrtl'.:i 

Franz diffusion cell (Crown glass company, Inc., USA), ~h111tl'.:iu~L1ruVi'e:i.:i'lJt1~ 

~n~mLL 1mnvi (f"lru::: Ln~1m'1i;i{ 11vr11V1tnat1~ua11'!1u1i1) 

3.1.9 fl1'j\'lflftil'U\h::itv16n1v.m'jm::M'um'jL'1~ru'Ut1.:JLflt1'U1JL1J'Vl1Jiiu:5'm • ~ v 

® 
minoxidil (Regaine®, Johnson & Johnson), zolitil (Virbac, Thailand), Vf~'11EJ 

w'U5 C57BU6Mlac (Plmjai;i1V1viae:i~LLl'i.:1'!11&i 11vr11'Vltnam.J~via) 
• v 

3.1.10 nT~'VlflftO'l.Jn1'j'j::fl1mf10.:iil1'Vlu.:i l 1Jfl'j::~htt 
sodium lauryl sulfate (Carlo Erba Reagenti SpA, Milan, Italy) m:::~hEJ'll11 

'11EJli'U5 New Zealand (Pl'U~ai;i1'Vlflae:i.:iu l-1~'111~ i.1vr11V1tnat111~via) 
• v 

3.2 1fiti1Lihm1'j1:5'tt 

3.2.1 fl1'jLfl'itt11ft1'jftflflfJ'ti 

L'Um1'1nV1v;'l1t"li15m1vrirn .;.:i~i;iuthwi11 Kumar et al., (2011) w"llvtlm'U~1'U1"5't1 

i1 RB ~.:iu~.:i'tle:i~~a 11::'tl1l.Ji1t1l.J '1l.IBL'Vlt1 ua::'111e:iwL.nn tl1~.:1LL~~111'1nvi~1t1~1vha::a1t1 
ethyl alcohol 95% LV1t115m1vrirn (maceration) LVIEJtie1i;i11a1'U~.:ILL~.:I 1 a1'U viu~Tvl1a1EJ 

4 a1'U ~1t11'U 3 1uu ~ a:: 24 i11l.J.:i '11nifutl1a1'Uvi't~,:nnm1vrirm.J1me:i.:i~1EJ~1'lJ11u1.:i 
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LL"1tmtl'l1~n-rn.:i '!l'U11'1 0.22 µm i;i111'11~u '11ni!i.rrnLvrE.1~1vi1"1t"11E.1aan 11'1EJLenLf'l~eN rotary 

evaporator (BUCH! R205, Switzerland) '1tJ 1~a1'H'ftll'l'VIE.11U'!leJ\IW"lfLLi;l"1t"lfiJl'l LL"1tvi1m1 

LV1~E.111a1"5an111i;i~r:Jn11111E.1 i11a1"5anl'lvrmu'!la.:ir:Jn 11!~.:i 3 "lfiJl'll.11r:Ja11n'Ut ·we)i;i"51a1tJ 1: 1: 1 1111E.1 

J1vri!n U"5"5'1a1"5an1111ti'!l1111a"lf1 LLntlll'lr:Jiln LLntLnu Bt 'Waruvr.fln 4 °c L vla"5am1Pln~1i;la hJ , , ~ 

3.2.2 n111Lfl"51::-MtA111rua1"5tl"5::m>1.Jw'Uvan Lflan11 

m11Lfl"51toMtl~111wa1"5thtnau~'Ua~n L111E.1"5111 (total phenolic compounds) 

'V11'laau~1E.115 Folin-Ciocalteu (Onanong et al., 2011) Ll'IE.1f11"5LVl~E.111a11ntn1E.1 folin

ciocalteu reagent a1"5ntn1E.I sodium carbonate (Na2C03) a11~1av1.:i~lilt'Vll'l'1eJU L~11 

'111ntn1EJ folin-ciocalteu reagent ~.:iH 5 'U1Vi '11mT'UL~11'111ntn1E.1 Na2C03 Lnut~~tJLLa.:i 
40 'U1Vi 1'111m"5~111n~'ULLa.:i Ll'IE.1LiLf'l~a.:i Spectrophotometer (Biomate 3, Genesys 10, USA) 

~f'l1111E.111f'l~tJ 725 nm a~1.:im1v-J111V11!1'LI gallic acid LLnt ellagic acid L~mViE.1uvr1m111w 

'!m.:ia11tl1tnau~'Ua~n~'11ll;Jnti'u gallic acid (mg GAE/g sample) LLnt~a11l;jnti'u ellagic 

acid (mg EAE/g sample) 

3.2.3 n111Lfl"51::-MtA111rua11Lfl~v\IV1111al'lJa11anfl 

L'Uf11"51Lf'l'l1t~vr1tl~111ru'111'11riqJ-;i1nVi"lf L~anli gallic acid LLnt ellagic acid 

Lllua11Lfl~a.:ivr111v (marker) ri1vr~uf'l1uf'l11111V1"5~1'Ua11an~ 1Lf'l'l1t~tl~111ru~1mf'l~a.:i High , ... 
Performance Liquid Chromatograph (HPLC) (Thermo Dionex UVNis, USA) column: 

Novapack® C18 (150 nm x 3.9 mm, id 5 µm) 1Lfl11t~~1E.11tUU gradient elution '!leJ\I 

mobile phase; solvent A: acetonitrile, solvent B: 0.1 % v/v phosphoric acid in DI 

eJl'l'l1L ~1 (flow rate) 0.8 mVmin LL'1tVl'l1-;J1'1'l~m111t111f'l~'l.! 254 nm Ll'IE.1tl11a~1.:im1v-J 

l.11m!1'U'lle:J\lf'l1111'111w'U5wvr11.:im111L'li'11.U'U'!le:J\1'111'1tn1E.I gallic acid LLnt ellagic acid nu 

~'U~L~wn LL~1vna11 tl1"5 L~'Ui;J'l\I LL'1tvr1'111thti1'V1B'1vr'111i'U5 (R
2

) '11 mrui11a11'1 tll'IW"!ll.11 

1Lm1t"1 m'lLi;J~E.Jl.l'111~1av1.:iL~a1Lm1t"1 nta1v'111an111~1E.1~1vi1ntn1EJ~l-Uan111 '11mT'U 

0 1tl I ., 0 J' ~ ...... 0 tl.. .,, 
m ma.:icnum::1111~ma.:i '!l'U11'1 0.22 µm LLn1lJ1"fj'\.J'VJ~i;ivm m'U1wvr1 'l111rua1'lLf'l1a.:ivr111E.1 

'11f1~'Uv1'l~v;f'l~Ltl'U'111111m!1'1.J Ll'IEJ~'ltUU gradient elution '!le:J\I mobile phase LL'1111.:i~.:i 
.,j 

Vl111\l'VI 3.1 
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{;l1'a1..:J~ 3.1 -azuu gradient elution 'tlv..:J1A.fl1f1Lflgtl'U~ 

L1fil1 (min) 0.1 o/o v/v phosphoric acid in deionized (%) 

0 90 

5 90 

6 70 

14 60 

22 60 

30 90 

55 90 

II •cl -+ 
3.2.4.1 n11'Vl~'1tl'U~1EJ1i5 ABTS 

m1'Vl~'1m..Jn'Vlt~1'1.Jt1'1.J1J'1~h'11~~1E.115 2 , 2 - a z i n o - b i s ( 3 -·1 , v 

ethylbenzthiazoline-6-sulphonic acid; ABTS ~~LL'l.Ja.:i15~n~n1~m Roberta et al., (1999) . ,, . 
L~E.ln11L(;l~EJ1J ABTS reagent 1 ml L~E.JoU'I K2S20 8 0.66 mg L~1Jtl1n~'IJ (deionization water; 

DI) 1 ml L~1.m.:il'IJ ABTS 3.60 mg vf.:iH 12 - 16 '!i'111J.:i L~11J1n~'IJ ~'l.Jf'11'U 100 ml tl11'l.J1~fi1 
n11~~ni'l'1.JLLa.:ilm~ 0.7±0.02 ~f'1111JEJ11f'1~'1.J 734 nm L\;l~EJ1Ji;i'1e:i~1'1'111'1n~LLl'ia~"!liJ~lm~ 

20 µl L~11J1n~'IJ 100 µl L~1J ABTS·+ reagent 2,000 µl vf.:i11l~Ln~'l.Jfin~m 6 u1Vi tl11'l.J1~fi1 

m1~~n~'IJLL'1'1 L~EJLiLf'1~e:i.:i Spectrophotometer (Biomate 3, Genesys 10, USA) ~f'1111JE.l11 

f'1~'LI 734 nm af1.:im1~1J1(;11!1'1.J"!JeN1(;11iJ'U~ fi1'1.J1wvr1 vitamin C equivalent antioxidant 

capacity (VEAC) ~1nm1~1J1(;11!1'1.J 

3.2.4.2 n1~Vlfl'1eJuvi'1EJ1fi DPPH. 

m1'Vl~ae:iuq'Vlt~1'1.Jt1'41Ja~a1~~1E.115 D P P H • ~~LL'l.Ja.:i15Plm~11~E.J 

Kriengsak et al., (2006) a~mE.J 2,2-diphenyl-1-picrylhydrazyl (DPPH) ~1E.J methanol Lm~ 

f'1111JL"!i1J"!i'IJ 0.069 mg/ml L(;l~EJ1J'111an~-n"!lul'ia~"!lii~ L~E.Ja~a1E.JL'IJ methanol -;:nni!m~1J 
methanol vf.:it11.'IJ~ii~t~Ln~'l.Jfin~EJ1 30 'IJ1Vi tl11'l.Ji~fi1m1~~n~'ULLa.:i 1~EJLiLf'1~e:i.:i 
Spectrophotometer (Biomate 3, Genesys 10, USA) ~f'1111JE.111f'1~'1.J 517 nm '1~1.:im1~ 

1J1(;11~1'1.JimiJ'U~ LLGl'JU1fi1vtJ.~1J1LL 'Vl'IJ 1 'IJ'11Jn11~ 3.1 ... 
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% inhibition = Abs control - Abs sample xlOO (3.1) 

Abs control 

... 
% inhibition ~el ~eJCJ~::n1~EJuEJ~ 

4 I 4 IV I 

Abs sample fleJ fl1fl11~"1m=t'IJLL'1\l'!JeJ\1'111meJEJ1.:I 

3.2.4.3 fl11'Vl"1'1eJ'U~1EJ15 FRAP 

fl11'Vl"1'1eJ'lJfl'VJ~~1'1JeJ'IJ1J'1a'11:::~1EJi5 FRAP ~"1LLtl'1'li5~m~11"1EJ Ronald ., • 'II 

et al., (2005) Ll"lflfl11Li;)~fJ1J FRAP reagent L\;l~fJ11 acetate buffer pH 3.6 Ll"lfJLoU sodium 

acetate-3-hydrate 1.5 g ft:::'11EJL'IJ glacial acetic acid 8 ml tJ~utl~111\;11~1EJtl1fl~'IJLiXfl1U 
... ' 

500 ml fl11Li;)~fl11 20 mM ferric chloride 1~mti ferric chloride 0.054 g ft:::'11EJL'IJU1fl~'IJ 

i.ffut.l~1J1\;11LiXfl1'U 10 ml n11L\;l~EJ11 10 mM TPTZ (TPTZ 62.4 mg L"1EJ'1:::ft1EJL'IJ 40 mM HCl 

tl~um1J1i;i11iXfl1'U 20 ml ~1EJ 40 mM HCl am1a1'1JL'!Jfl11Li;)~EJ11 FRAP reagent ~el 10:1:1, 

acetate buffer: ferric chloride: TPTZ Lnu1iX~'IJLL'1.:I fl11Li;)~EJ11a11111m~n1..1 ferrous sulfate ... 
5 mM Ll"lEJLi ferrous sulfate 0.6950 g ft:::i;i1vtutl1fl~'IJ tlfom111m~1vtl1fl~1..1tiXfl1U 50 ml 

Li;)~EJ11a11anl"ln"lfLL~fl:::"lf'LI"1 -;:nmTutl1111L~1J FRAP reagent, DI LLft::: ferrous sulfate 1u 

er i;) 11~1 'IJ 10: 1: 1 ~ .:i 11'11..1~1j "1 8 1J 1 Vi tl 1ttJ-r"1ri1 fl 11 ~ "1 fl~ 'IJ LL a .:i L "1 fl 1 i L fl~ el .:i 

Spectrophotometer (Biomate 3, Genesys 10, USA) ~fl1111EJ11fl~'IJ 593 nm '1~1.:im1'W 

1l1\;11;i1'1J'!JeJ\I ferrous sulfate .,. 

3.2.5 nT'i\'lflftvUtl1:a\'15111'WL'Un11au8.:i 5Q-reductase 11 

L\;l~EJ11 rat microsomal suspension i;)11115vtl~eJ5'U1EJ Ll"lfl Kumar et al., (2011) 

Ll"lEJvll"lvlU'!Jil.:l'VI~ Sprague Dawley 1iXLU1.J~'IJLafl 1 '11fl,r'IJL~11 sucrose 0.32 M LL'1::: 1 mM 

dithiothreitol 11..1 0.02 M phosphate buffer pH 6.5 ~'IJL'H~EJ.:l~fl111JL ~1 4500 x g, 0 °C 

30 1..11Vi 2 W'U Lfl'U supernatants LLft:::LnuH~ -50 °C fl11'Vl"1'1eJ'Ufl11EiuET.:i 50-reductase 

L"1EJLi;)~EJ11'111ft:::fl1EJ 3.0 ml ~.:itJ1:::fleJ'U;f1v 0.2 ml "lleJ\1'111'1n"11'1J 50% ethanol, 1.0 ml 

0.02 mM phosphate buffer pH 6.5, 0.3 ml 500 ppm testosterone L'IJ 50% ethanol LL'1::: 

1.0 ml microsomal suspension fl11L~11tl!)n~EJ1L"1EJL~1J 0.5 ml 0.77 mg/ml NADPH 1u 

phosphate buffer ~.:it1'1.iXLnl"ltl!}n~v1~~ruvrJJlJ 37 °c LlJuL1'11 30 mVi vr~l"lm1Ln~tl~n~v1 
l"1EJL~11 5 ml dichloromethane '11fli!m~11 0.5 ml 100 ppm propyl p-hydroxybenzoate 
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L'U 50% ethanol L~~EJ1Ji;i'1mh:ihwnTH'll~1 1 'U1Vi ~'ULVl~EJ.:l~R111JL~1 400 x g 10 'U1Vi 

'11ni!'ULLEJ menri1'U~1vi'1a:::crn.1'11'U1'U 4 ml -s:::L VIE.IL oHLL oH\l L~EJ 1 etlLf'l~v.:i rotary evaporator 

(BUCH! R205, Switzerland) a:::a1vcii1'U~Lvr~eil'i1EJ 5.0 ml methanol '11n'1'U1Lf'l'S1:::-H'l'i1EJ 

HPLC (Hypersil®-ODS column (Thermo Scientific, USA) 250 x 4.6 mm, i.d. diameter 5 

µm) 1-ff testosterone Lllmnrn1~·rn1'U 1~.f11f'lLf'l~v'U~~tl 65% methanol rJ~"l1L~1 1 ... 
• '1 II .idf .J • u ,_J t o 

mVm1n ~"l1'11~~1EJFl111JEJ11f'lrt'UV1 242 nm f'l1'Uf'l1Jvruvt.f11Jf'lvrt1J'UV1 40 °C '11n'U'Uf'l1'U1ru 
' ' " 

II ILi:;._, .J 
"lvEJa:::m"lEJ'UEJ\I ~.:ial.lm"lvi 3.5 

% inhibition = [(rsample- r rxn)/r ctrl - r rxn)JxlOO 

% inhibition 

rsample 

r rxn 

r ctrt 

"' .c:tl II IV U 

Flu WEJrt:::n1"lEJ'UEJ.:I 

~ei el~"l1C'i1'U~'Uvi'ti;lf;n testosterone/internal 

standard) 'llv\1~1tl~1\I 
d U I J' ~ l.IQI 

f'lv v~'S1'11'U'Yi'UV1 L~vm testosterone/internal 

standard) 'tlv.:iufin~m~Lii~alJ\j"lW (complete 

reaction) 
.di U I X dsr SI.cl 

Flu v~"l1'11'U'Yi'UV1L~vm testosterone/internal 

standard) 'tlei.:iufin~mvtl.liiirn'LI1'l1l1 (enzyme 

blank) 

(3.2) 

1 eif finasteride L tl'Ua1-smm~1'U fi1'U1ruu~1J1rua1-s~vi'11 ~m1m oii1Joii'U'llv\I ... 
finasteride ~a~a.:iftiEJ~::: 50 (1(50) '11n testosterone ~Lvr~eiei~1'Ui;i'1ti~1.:i 1~ei~L'Uvrii1EJ 

iia~n1'1l~tinf1Ja1"lan~vrEJ1u (mg finasteride/g crude extract) 

3.2.6 n1-aLM~aJJme l~JJ~u-a-a,fl1-aflnfl~~a1 

m·n~~EJ1Jffiti L'i11J 1~EJ 1-tt15 ethanol injection 1~EJ~~LLua.:i15n1'H~~EJ1J'11n Maitani 

et al., (2001) ~.:iif~ei i\lf'lvLaaL~V'rna a1-san~ ua:::a1-sa~LL-s.:i~i.:iib"!liJ~hiiiu-s:::~ a:::~1EJl'i1EJ 
rnvi1'Ueia '11mT'Uil~a1'Sa:::~1EJ~1'UL~1JLuei{ 21 a.:i1'Utl1fei'Uu~m~-s 20 ml ~m1.1vr11iJ 60 °c 

' " 

.qi .., 4 
'U1Vl ~1ElLFl'rn.:i probe sonicator (VC 50T, USA) 
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3.2. 7 nTnh:Liju~rua1Jtm'!lv\lrn:v 1'lf1J 

3.2. 1 .1 m11'wt.1'U1V1e:i'U.fl1f"1uri:::m1m:::-,i1EJ"l.l'U1V1e:i'Umf"lrn:m'lll.J • • 
iJ1U[e:iL'11lJ 100 µl L~eJ'11\11'Utl1U11131'11n1e:ie:ie:i'U 900 µl LL~1iJ1hJ1V1 

"l.l'U1VIB'U.fl1f"lffie:i L'lll.J Fhm1m:::'11EJe:i'Umf"l ur1:ri1tl1:::-,i 1 'V'lv:t1viCJ1e:i'U.fl1f"l LVIEJ 1 'lf'Lf"l~e:i\11Vl"l.l'U1VI 
• , 1 , 

B'4.fl1f"l (Malverns/Zetasizer NanoZS, England) LVIEJn111'VI 3 ~1 (n=3) n1'J'Fl1'U1fl.IV!1"l.l'U1VI 

L'1'U~1'U ~'UVfirt1\l"lJeJ\leJ'4.fl1f"l L~'11nm.m1"J"'i.JeJ\1'1 L(;} mLri::: 1e:i'11(;}tl (stokes-Einstein) (Washinton, 

1992; Finsey, 1994; Allen, 1997) ~\1'1l.Jfl1'J'vi 3.3 

d = kT (3.3) 

3npD 

d ~CJ La'U~1'Ul3l'Llvnr11\l"lJCJ\le:i'Ll.fl1m11\lnru.1 
~ . 

o ~CJ Fhal.Jtl1:::ih1trn1un~ 
4 I 4 llU ~ I 

p f"leJ f"l1f"l11lJVl'Ul'l"lJeJ\1'111(;}1nrt1\l'YICJ'4.fl1flLL"lJ1'UrteJEJeJ~ 

k ~CJ fi1f"l\lvf"lJCJ\ILUrt'Yl'!i"m'LI (Boltzmann's constant) 
4 I llU ' 

T f"ICJ f"l1eJ\11311'1lJ\j1CU 

3.2. 7 .2 n111'1'1th:::~ 1'V'lv:t1viCJ1e:i'4.fl1f"l 

i11i1teJL'lllJ 100 µl L~eJ'11\11'Lltl1tl11f3!'11n1eJBCJ'U 900 µl -,i1ni!'Ui111tJ 

11'lri1tJ1::: -,i 1 'V'lvhviCJ1eJ'Ll.fl1f"l LVIEJ1 i Lf"l~eJ\11Vl"ll'L111'leJ'U.fl1f"l (Malvern/Zetasizer NanoZS, • • • 
England) 1vi 3 ~1 (n=3) -,i1mY'Ufl1'U1ruri1th:::~1'V'lYhvfCJ1CJ'4.fl1f"l~1EJ'1l.Jfi11"lJeJ\I Helmholtz 

Smoluchowski 

3.2. 7.3 m1iLf"l11:l-1vr1~eJEJrt:rn1nmnu'111'1nl'IW'l1L'Uffie:i L'lll.J (% entrapment 

efficiency; EE) 

m1i Lfil11:::l-1~e:iEJri: m1nmnu'111anl'!W'l1 L 'Llffie:i L'lll.J 1 "115 direct method 

~"tJwm:iu~1EJ 2 G'i1'U ~e:i '11'U"lJB\1'111'1n'1viQnnmnuluffieJL'lllJ 1VIEJtlLtl(;}ffiei1'11lJ 1,000 µl l~ 

L'Llq\11Vle:i:::1rt~'1 L~l.J release media ~\IH 18 i1Ll.J\I -,i1mTutJLtJ(;)ULCJL'lllJ 100 µl L~l.J 
dimethylsulphoxide 900 µl L~eivi11'1Xi1te:i1'11l.JLL(;}fi i111tlvr1iJ~lJ1ru'111th:me:iuYJ'Ue:ian L'1EJ 

LViE.Junu'111lJ1(;)1!1'U gallic acid uri: ellagic acid G'i1uvi 2 ~ei m1vr1tl~1.11ru"lJeJ\1'111'1nVI 

~\l'VllJVlvi'li Lf!EJULtl(;JffieJL'lllJ 100 µl L&il.J dimethylsulphoxide 900 µl iLfil11:l-1tl~mru gallic 
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acid 1vitJL ViEJ'l..Jn'UG1111J11'l1!1'U gallic acid LL'1~ ellagic acid f"i1'U1W'Vl1~e:JEJ'1~n110nbn'U'111 

ati'vi1uffia1'll1J '11na1Jm1~ 3.4 ua~ 3.5 

1) '11nm1fi1t.11N total phenolic content 

~aEJa~m1nmn'l..Ja11th~ na'Uflua~n 1viEJ111J = tfi111Na11tl1~na'l..J~t.1a~n 1viEJ111J~'1nnn ., 
Ln'\..J 1uffia 1'll1J xl OO/tl~1J1W'!Ja~a11tl1~na'l..J 

(3.4) 

2) '11nm11Lfl11~~~1EJ HPLC 

~aEJa~m1nmn'l..J = tl~mN'!Ja~a11Lri~m'VlmEJ~~nnmn'l..J 1uffia1'll1J x 1 oo (3.5) 

3.2.8 m"IAnti1il'1'1aftih:.JafieJm"ILP'!~a11~1i''UffieJ l'U11 

1um1~~u1ffial'i111L~EJ'\..J11~a11anvii;i1~a1 lu'li1~LL1m1~Ltlt.1m1~n~1i1'1:il'EJ~ij 

~a~am1Li;i1ei1Jffia1'll11Li1'mi;iu 1viam1Pin~1vla~i;l1uth (one variable at a time) L~LLrt 'lli1vi 

'11'j'1V!LL 1~~~eJ1 m111WL '!JlJ'U~~'Vl11VI tJ~111NflaL'1'1Ll'lEl1El'1 LL'1~U~l.J1W'11'rnnvi ;~ij~a~EJ'!J'U1VI 

aun1ri m1m~'11 ti El't.11 n ri Pi1tl1~'11 Yl~1vi~1aun1ri ua~~aeia~m1nmn'l..Ja11anvi '11ni!utl1 , , , , 

i1 ., .,j4 .f II .,j ., "" ""'1 1 II """"' J{ "" '1'1 EJ'Vlf31 n~1 L 'l..JEJ~l'l 'U'Vl1'1fl 11 ~'VIL V1111~a1J ~ u n11Ll'l1EJ1J'U a 'l!11vi1 ei1irn111'1 a'\..Ja'U a~V'lt.1~1 

(response surface methadology; RSM) 1vieivi1m1Pin~1i1'1:il'EJ~a~i;l1LLtl1 LL'1~~n~11viei15 

RSM 

3.2.8.1 m1Pin~1i1'1:ilEJvia~i;l1u tl1 

1) 'tli1Vl'111'1VILL 1~~~CJ1 

1 um1~n~1'1~ t-Ua11aviu 1~~~el1'tli1~ 'WijtJ1~~~1u1u 2 'tli1vi ~a 

Span® 20, Span® 60 1vieil'li'ri1111L'li11'1iu 15 mM 1viein1V1uvil-Htl~111wrimaaLl'le:J"Iaari~~ 

Lvi1n'l..J 15 mM LL'1~'111'1nV!W'tl Lvi1n'l..J1'mm~ 0.5 

2) m111WL"lllJ'U~~'Vl11VI (total lipid content) 

tl~111 w1"lllYu~ ~'Vil.I vi~ a tl~111 N'!J a~ a11avi LL 1 ~ ~ ~~1 ua ~ 

flaL'1'1Ll'le:J'Iaa 1viei~n~1tl~lJ1NL"lllJ'U~~'V11JV!a~'li1~ 0.5 - 50 mM tl~111N'111'1VILL1~~~eJ1 LL'1~ ., 
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m111cul'll~'1Ji{IVl2Jfl m111wa1"ifttlU "i{l~{li'.h m111 WfUJ LftaL~£1"i£1ft 

(mM) (mM) (mg) (mM) (mg) 

0.5 0.25 1.73 0.25 1.93 

1.0 0.50 3.46 0.50 3.86 

10 5.00 34.60 5.00 38.66 

25 12.50 86.50 12.50 96.66 

50 25.00 173.00 25.00 193.32 

3) tl~mruFJmfl'1Li;JffHlfl (cholesterol content) 

tl~mruFJCJ Lf1'1Li;JCJ"iernviii~"'~ 'El'tl'IJ1 ~'El'4111Flffi CJ L 'if1J LLfl:~'El em :m"in n 

Lnua1"ian~Y4"1J 1~vti1vr'IJ~ l i.;tl~111rua1"ian~F1.:ivi L vi1ntJ~eJEJa: o.5 LLa:tl~mru 1 'tJ~u~.:ivr11~ 
LvJ1ntJ 50 mM m1J1WFl'ElLfl'1Li;J'E'J"i'Elfl LLa~mmru'11"ift~U"i.:l~.:lij'J LL'1~.:l~.:1{;11"i1.:lvi 3.3 

~1"i1{lff 3.3 tR111CUf1£1LftaL~£1"i£1ft LLa:tR111wa1"ifttlU "i{l~{lij1 ff iie.ia~£J'll'U1flB'4.f11fl 

i!fo lll111 ua:~mm:01"inmih.1a1"ianf!~11 

m111CUfl£1LftaL~£l"i£1ft m111cua1"iftflU 'a{l~{lil1 m111CUfl£1LftaL\;1£l"i£1ft 

(%) (mM) (mg) (mM) (mg) 

0 50 346.0 0 0.00 

15 42.5 294.1 7.5 57.99 

30 35 242.2 15 115.99 

45 27.5 190.3 22.5 173.99 

60 20 138.4 30 231.99 

4) tl~111rua1"ian~f;"IJ (plant extract content) 

tl~mruaTrnn~viii ~a~ 'El'tl'U1fl'El'4.f11f"lffi'El L'if1J ua:~CJva:m"inmnu 

'11"i'1nfl L~E.ln1Vl'U~Li.; tJ~mrul'tllJ'U~.:1"11J~f"l{jvi Lvi1ntJ 50 mM tl~lJ1'1.lf"l'E'JLfl'1L{;l'E'J"i'Elfl LvI1ntJ 

~'E'Jfjft~ 15 (7.5 mM Lvi1ntJ 57.99 mg) LLfl~'11"ift~LL"i.:l~.:!~h LvJ1tltJ 42.5 mM (294.1 mg) 

mmwa1"ian~~Pin~n ua~.:i~.:1(;11"i1.:lvi 3.4 
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m111rua1-aanfllil~&:.1a1 

(%) (mg) 

0.01 2 

0.10 20 

0.25 50 

0.50 100 

1.00 200 

3.2. 8.2 m1Pi n~na.n 11~viL V1m~a11rl1V1~'ULlil~EJ11ffia 1 'll11~1 EJ151il aua'Ua.:ivf 'LJ~1 

~a 1~ih1~EJviiii:.i'1~anTHlil~EJ11~1~uffia 1'll1JLL"'1 i11i1'1~EJ~1LL th~'LJviPim~n 

Ra tl~111ru 1 'll2Y'LJ~.:i'V11JV'l tl~mruP1m'1mlilma'1 LL'1~tl~111ruaTHH1vi 111V11a.n11~viL V11.11~a111 'lJ 

m1Llil~v11ffia 1'll11 1viEJn1V1'LJV'lU'1"5'v~1LL tl11i1111vi~a.:im1fia 1) ~ew'1~m1nmntH'f11anV'l 1 'U 

ffia1'll1J (% entrapment efficiency) 2) '!l'LJ1V'la'4.fl1f'"l'lla.:iffia 1'll1J (size) ~1v15m11ila'Ua'LJa.:i 

if'LJ~11V'lEJLmtl1LLm11 Design-Expert® v~rsion 7 (Stat - Ease, USA) 

3.2.9 m-af.tm~nm-atlafltlrim.1a1-aLfl~v.:i'V1111a gallic acid LLa: ellagic acid ;i1n 

1:uutl 1ri .:iil'fo 1 'lnJ 

i11ffia1'l11Jvinmnua11anvi m1J11il1 1 ml 'U11'l'1.:!1'Uq.:ihrn~1'1.ija (cell u 
® 

Sep T4 MW cut off 12,000-14,000, Membrane Filtration Product, Inc., USA) 

vhm1Pim:~n1viv1ia11'1~'11v1Ji'1nm.:i (release medium) Pia 30% polyethylene glycol 400 

1u phosphate buffer pH 7.4 t1~1J11il1 50 ml L'll~1~1EJ incubators shaker viflW'VliJij 32 °C 

alil11L~1 150 1a'U~el'U1fi vhm1Ln'UIJi'1a~1.:itJ~1J11il1 1 ml vin'11 15 'UTVi 1, 3, 6, 12 LL'1~ 

24 i111J.:i L~1J 30% polyethylene glycol 400 l'LJ phosphate buffer pH 7.4 1 ml vinri~.:i 
u"'1i11a11'1~'11vhlma.:i U'1~1Lri11~-HV11m111ru gallic acid LL'1~ ellagic acid ~1mri~a.:i HPLC 

(n=4) 

3.2.10 nT~An<tt1m1~hJe.i1'U~1·tm.:i gallic acid LLa: ellagic acid '11m:uutl1ri.:iffiv 

1'lf1J 

3.2.10.1 m11Lm1~-HV11tl~111ru gallic acid LL'1~ ellagic acid vi~fa.Je.i1'LJ~1VIU-3 

1~a11anV'llil~i:.J'11vi'1~'11EJ~1EJ 30% polyethylene glycol 400 l'LJ 
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phosphate buffer pH 7.4 1.1.'1:.:'11'H'fn~111~t.J'11~nrnnu1'1.Jffia1'1111'1..:ilu donor chamber LL'1:.: 

tJ~ donor chamber ~'lfJ'Vl'IJ..:i'lmLL 1mn~ \11ni!t.n11 hJ'Vl~G'feJ'U~'lmfl~a..:i Franz diffusion cells 

(Crown glass company, Inc., USA) (Aranya et al., 2012) L~f11i' 30% polyethylene glycol 

4001'1..1 phosphate buffer pH 7.4 tl~111"11 14 ml ~~fl.IVIJJil 37 °c Lnui;i'1a~1-:itl~111m 

300 µl ~L1'11 1, 3, 6, 12 u.i;i:.: 24 off1111-:i L~11 30% polyethylene glycol 4001'1.J phosphate 

buffer pH 7.4 300 µl vinfl~-:i LL~'ltJ1'11':i'1:.:'11f!f1W-:ILL'1:.:1Lfl':i1:.:-H'vi1tl~111ru gallic acid LL'1:.: 

ellagic acid ~'lmfl~a..:i HPLC (n=3) 

3.2.10.2 m1iLfl11:.:-H'V11m111ru gallic acid U.'1:.: ellagic acid ~~11e.h'l.J 1 tl1'u.fft1 

stratum corneum 
., 

~1..:l'VIU..:l'VllJ~1'1.J'U'l.JC31~1fJ phosphate buffer pH 7.4 '11t11'1.J 5 fl~..:! 

\11ni!u vh tape striping ~1m'Vltl1'1 (3M #600 '!Jtl1~ 3/4", 1" x 36 'Vl'11, 3M, tl1:.:LV1M1Vlfl) 

'tl'!..11~ 2x2 cm '11uTu 20 fl~..:i L~f!fl~..:iu.111~ strip t\1~-:i1tl "il1ni!'l..lt11ltl'1nvi~1fl 30% 

polyethylene glycol 400 L'U phosphate buffer pH 7.4 iLF111:.:-H'tl~111w'111a1f"i'cy~1fJ HPLC 

3.2.10.3 m1iLfl11:.:-H'V11tl~111w gallic acid ui;i:.: ellagic acid ~~11e.h'l.Jltl1t1.ff'U 
epidermis u.i;i:.: dermis 

., ., t ..... " "" ..: J' .,I ~ • 1tJ ., 1 l'l~'VIWl'V111 'V111'!J'l.J1~L'1n LYWL~lJ'Vi'l.J'Vln1':i'1:.:'11fJ "il1n'l.J'l.J'l.J1 '1nvi 'lJ 30% ,, 

polyethylene glycol 400 L'l.J phosphate buffer pH 7.4 ui;i:.:1Lm1~l1tJ~111ruG'l11a1f'lcy~1fJ 

HPLC 

3.2.11. V1flat1ufl1111fl.:ii1'tleH1~1i'uinei llll11 

m1Pi fftf1flfl.1'11l~'Vl1..:i m wn'Vi 1.1.'1:.:V11-:i Lflij"IJ eNi;\' 1i'uffi a L '1111 1~ f!t11 i;hi'u~L"11f111 • 
1~Ln'UH~aW'Vlflil 4, 25 LL'1:.: 45 °( \11ni!t11VlflflJ'11l'U1i'Vl1..:ln1fJil1W"!Je:J..:IG'll'l':ii;\'1i''UULaL'11111i;i'LLn 

• \I , \J 

., I • I 1 .. 1.~ .,I.,. "' .... " ., n1':i'li;J"IJ'l.J1Vlel'4fl1fl n1':in':i:.:"il1flel'4fl1fl fl1 u':i:.:~ nTI1Vlt.J'le:J'4fl1fl Lb'1~':ie:JfJ'1~n1':iHf1Ln'UG11':i'1f1VI 

LUi''l.J~ 1, 7, 15, 30, 60 LL'1:.:~ 90 1'1.J 

3.2.12 V1.-iae:iuqV1tlun1-sn-s::~unT~.:ie:in'tlei.:iLa'U~11lu'Vl'lJav~n-s 
3.2.12.1 ~mi1~'Vl~m:.:~t1m':iL"il~qJ"!Jel..:IL~'Ll"IJ'Ll"il1nm'Virl1fJ (Photographic 

evaluation) 

L~f! 1 tl1Ll'lflel'11~fom1~u1ei-:i"il1nflru:.:m111n1'~'1"11'Vl~'1ei-:i 11'V111'Vlf11"'fl 

€l'U'1':i1"115TU 'l-'1'1.J~1m'l.Jf11':iPimfl~el 'Vl'IJ~tJ{n1 G'f1fJW'l.J5 C57BU6Mlac LW\il~ e:J1fltl':i:.:111w 
1 \I " • \I 1 

6 '1'tli;n'l-1 '11t11u 30 1Ji1 Liv-:i1uaru'Vlni1 23 ± 2 °c m111if'l..l«11~V16~af1'1:.: 35-60 1:.:v:.:ni;i1~ . ,, 
'111e7G'fu.'1..:i~a iju.G'f..:iG'f11..:i 12 i111l'I u.i;i:.:UlilLL'1..:i 12 off1fu..:i LLu..:ivimtlt1 6 mi11&1 i;i:.: 5 i;i1 ~..:id ~a 

,, • I 
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n~11~ 1 negative control : blank niosomes 
' 

n~11Vi 2 positive control : 2% minoxidil solution 

n~11~ 3 n~1l'VIVl'1BU 1 % triphala in propylene glycol, ethanol, DI 

n'111~ 4 n'111'Vlviaeiu 1 % triphala niosomes , , 

n~11~ 5 n~1l'VIVl'1BU 2.5 % triphala niosomes 
I col I • • 

n~11'Vl 6 n~1l'VIVl'1BU 5 % tnphala n1osomes 
.c:il '1 0 ILi I I.I • ® • • 

aau'Vl~'1u~m ~1'U1'\J 30 i;i1 neJ'\JVl1E.J Zolet1l 100 (t1letam1na 

250 mg u.a~ Zolazepam 250 mg) 'IJ'U1Vlvi'l'!i 50-75 mg/kg LL'1~Ln'IJ'IJ'\JU~L1ru 'Vl~.:i1\1ij 

~'\J~ff'l1\l'IJ'\J1VI 2 cm f.111 4 cm 'Vl1'11"i'Vl~'1eJU'1\IU~L1C\Jl1"'\l'Vl'UU"i~1J1W 0.1 ml LVIE.J1-tt' 
"' 

'VIVl'1BU ~1mT'Ua\ILfii;Jfl111JL-U'1l'!JeJ\l~'IJ'\J~Lfi~;f'IJt'Uai.Jvi1"1~ 0, 1, 2, 3 LL'1~ 4 1\1"i~~umna 
m"iL~~GJ'llB\ILa'U'IJ'l.Ji;J111Lnru'fi'm"iL~~GJ'llB\ILa'IJ'IJ'U (Naphatsorn et al., 2012) 1viE.Ji11 

I ti.. .. .., col 0 .,j 0 V .¥ col V 1 
.f11'Vim f.1111 L "j EJUL 'VIE.JU nua Lfi'1'Vl n1l1'U~ L Vielfl1'U1C\J'V11"ieJ f.1'1~'Vi'\J'Vl fi1"j\leJfi'IJB'IL'1'\J'IJ'U 'U 

' ai;i1'Vl~'1eJ'IU.'1~'Vl1fi1LU~E.J (n=5) 

3.2.12.2 Pin"et1m"iL~~GJ'llB'IL'1'U~11~1mifm~eiai;i1'Vl~aei'I (Histological 

evaluation) 
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uima~~i'Um"iPin"et1 l'U'IX1.Vei 3.2.12.1 vi'1m"im~wE.J~1i;i~1EJm"i"i1JBL'VleJ{ 
u.a~~~~1'VIU\l'IJB'l'Vl~1\1lj'!J'\J1~fl111J'Vl'IJ1 5 cm ~1mT'U~'ILL'l1l'IJ 10% neutral formalin LL~1i;J~'I 
l'i'1E.J paraffin wax ~~'IJ'U1~1m~ 5 µm ua::EYei111'11E.J~ hematoxylin LL'1~ eosin (H&E) ~1mT'U 
i!1ltJamt'i'1E.Jn~m~a'Vl"i"iF1u~n1~.:i'IJmE.J 40 u.a~ 100 Lvl1 L~eiPin"et1Lifmgei'!lei'l~1'V1'1!.:i (Soojin 

et al., 2011) 

I t.f I ll 

~~1"iru1~1n'!l'UVi'leinii'U111 u.a~.:i~.:ii;i1"i1.:iVi 3.5 ~.:iij 
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d ' ,., fl Cll .., 

~1':i1.:J'Vl 3.5 LnW'rln1':i L'Vlfl::LL 'IJ'IJn1':i.:Je:Jn'tlv.:JLa'IJ'tl'U (hair growth score) 'llv.:J'Vl~ntrnn':i 

ft1EJ~'IJ~ C57BU6Mlac 

fl::LL'U'U 
II .ol .. u ,& ..1..1 

n1':i.:Je:Jn'tleNLft'U'tJ'UIJJVL'V1£1'UO'U'W'U'Vl'Vl'Vlflftel'U 

0 hlvmm':i.:ian'tla.:iLa'IJ'!J'U 

1 L'1'U'tl'U'lani!min11-raEJ'1:: 20 

2 L'1'U'tl'U.:ian111nn111'av'1:: 20 u.~i!aEJn-J°11avri:: 40 

3 La'U'!JtNan111nn111'aEJ'1:: 40 u.~tl'aEJn11-rava:: 60 

4 L'1'U'tl'U\lam.nnn11-rav'1:: 60 u.~tl'avn111'ava:: 80 

5 La'lJ'tl'lJ\lvm.i1nn111'ava:: 80 

..i 
'V12J1: Naphatsorn et al., 2012 

3.2.13 'VlflfteJ'Un1':i':i::fl1mfie.:ii'.l1'VIU.:J (skin irritation) 1un':i::Pi1a'tl11 

1~v 1th 1i;i fl a a hH'u m':i-rtrrn.:i\11 nflru:: m·rnm':i~i;i1'Vli;iaa.:i l.JV111vi EJ1~ E.J 

~'lJ'1':i1"1151U 'Vl~'1eJ'lJn1':i':itfl1fJLReJ'l~1'VllJ\l L 'Um~~1vi;l1m 'VlflUfl closed patch test (Schmitt 

et al., 2008) i11m::~1fJ'tl11'11fJ~'Ui5 New Zealand ~1'1J1'U 3 i;l-;, Ll'l131~ 2 i;l1 U.'1::L'V'l131LijfJ • v 

1 i;l1 1n'Ll'tl'U'lJ'iL'lru'Vl~\l'tleJ\ln':it~1fJh1'ij'tl'IJ1~th::mru 6 cm 
2 vi1m':i~i;ichvi1LL~a Lm~'tl°IJ1i;J 

1 x 1 cm n1'Vl'IJ~ 1'1m::~1fJ 1 i;l1 'V11~11'uvY.:ivr11i;i 6 nzjl.J'Vli;]'1eJ'I fiv 

sulphate) 

n~l.J~ 1 fleJ n~l.Jfl"l'Uf"!l.J~aau (negative control: gauze pad) 

nal.J~ 2 Ra na11fl1ufl11~aau (neaative control: blank niosomes) , , , ::> 

na11~ 3 ?iv na11fl1ufl11c..iritnn (positive control: 5% sodium lauryl • • • 

nal.J~ 4 fia nal.J'Vli;J'1eJ'lJ 1 % triphala niosomes • • 
nal.J~ 5 fia nal.J'Vli;J'1eJU 2.5% triphala niosomes • • 

I .::I d I • a 

n'll.J'Vl 6 fleJ n'll.J'Vl~aau 5% tnphala nrosomes 

48 

iJ1~11'uvY.:i 6 nal.J tJ~111runal.J'1t 0.1 ml 'V11'1\IU'IJ'Vl~'ln'St~1fJ lJi;iviui;i'1v • • 
guaze pad ~Li;i~v11 Hu.'11iJ~i;l'1m1.c.Juvm1a~nvlhiriv1 -H'Lni;im':i':i::fl1mRa.:i~1 tl1m::~1vn~u 

L "li1n':i.:i1. vr1lam~11~.:iH 4 -&'1111.:i '1i.:iu~nru~1 n':i::~1v~1vtl1a::a1i;i tJ':i::LijtJa1nTrn~.:i 

(erythema) u.a::eJ1n1':iU'll.J (edema) i;l1vm':i~\1Lni;i (visual scoring) ~L1'11 1, 24, 48 LI.rt:: 72 

-&'1111.:i u.a:: 1-H'fl::U. 'IJ'\Ji;)1l.JLnru'11 '1Jm':itlWLij'Un1':i':itfl1fJLReJ'l~'l Ll.'1~\l~'li;]1':i1\I~ 3.6 LL'11tl1c..ia 



.: 
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m1'Vl~'1e:iuvhmtlfi'1'l.nru i;i1l.l'1l.lm1~ 3.6 L~e:itl1:::Lij'Um11:::fl1mfie:i..:ie.i1i;i1lJLnw'1 primary 

irritation index bb'1~..:i~-:im11..:i~ 3. 7 

jjm m1LL~..:i1:::~utl1'U mn-:ifi..:ii'Ubb 1..:i bb'1 :::m m1u11Jtl1'U mn..:i "U'U1~ 

tl1:::lJ1ru 1 mm 

.,; 
\11111: Kirwin C.J., 1984 

fl1-S1.:i;1 3.7 fi'11iln1-s1::f11mf10.:1El1 (primary irritation index) 

primary irritation index 

0.0 - 0.4 

0.5 - 1.9 

2.0 - 4.9 

5.0 - 8.0 

.,; 
\11111: Kirwin C.J., 1984 

0 

±1/2 

1 

2 

3 

4 

Primary Dermal Irritation Index (POii) = POI for 1, 24, 48 and 72 hour (3.6) 

4 

Lrle:in1vr'U~1,x 

Primary Dermal Irritation Index (POii) fie:i 1:::~um11:::f11m~e:i..:i~1 

POI fie:i "i:::~tJfl11"i:::fl1m~e:i..:i~1~b 1'11 l, 24, 48 bb'1::: 72 i1 'GJ..:i 
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""' If II 3.2.14 mn Lf111::'V111a~a 

m11LF111::~'li'a11'1 '1i'ellJ'1''11nnT1'VIV1'18\1~1~'1::LL'1Vl\llu1tl f"i1Lu~tJ ± '1Tu v v v 

L~tJ\ILtJUlJ1(;11;)TLJ '11nm1'VIV1'1el.:im.hruatJ 3 J11~LLri m11LF111::i1'tJjlJ1rua11tl1tn8u ... 
vhJ8~ n f)11(;111 '11 Lm1::i1tJjmrua11LFl~8\l'VllJ1tJ1 ua11a ti' VI f)1)'VJVl'1eltJ qviBi;hu8'42J'1 B'11:: 

'll 8\1'111'1 tll'I n11'VIV1'1eltJ q'VIBL lJ n11 vu~" 50-reductase m1Pi n~1i'J '1~tJviii~'1i;l8 f111L(;l ~ tJlJ 

i;l1~u m11'V1'!Jt11V1aufl1F1i1181'll1J tl1::..-i 1 vNhvi~belumFI m11LF111::~vr1~atJ'1::m1nmnua11 . .. . 
anl'lw'!lluffiel L'l!1J'11nm1fl'1u1ru total phenolic content m11LF111::i1vr1~eltJ'1tm1nmnu 

a11LF1~el\l'VllJ1tJ1 uffiel L'l!1J'11nm11 LF111::~~1tJ HPLC m1Pi n~1 m1~1le.i1utl1vri!.:i'!Jel\1'111 

LFl~el\l'Vl1J1EJ gallic acid LL'1:: ellagic acid '11m::uutl1'1'lffiel L'lllJ f111'VIVl'1eltlf1111::1'11m~el\I 

el1vri!.:i (skin irritation) 1 umti;l1EJ LL'1::f111'VIVl'1el'UFl111JFl\l~'l'!Jel\1~1foffiel L'lllJ 

m1mafl11::~Lvrmta1JG'i1vr~'ULl'l~E.JlJffiel L'll11 LV1E.JiLF111::i1"1lel1Ja~1t1 ANOVA ~'ltJ 
'IJ 

LU1LLf111l'11L~'1ltl Design - Expert version 7.0 1LF111::~F111llLLl'lni;l1.:i'V11\1'1Cl~~'ltJ15 Duncan 

test 1~vn1vr'UV11::~ui!t1'11~ruviLLaV1.:iF1111JLLl'lni;l1.:ivi p < 0.05 'VIV1'1el'UF11111«1li'Ufi'!Jm"ll81la 
~ v 

~1 ti m11LF111::i1f"11«11tJ1::~'VIBavr«lJi'U5 (R2
) LLa::i LFl'n::i1F111llil1L~eloa'll8\1'111m1'Vl1.:i 

F1rui;ip11ai;i{vifl'1'1.nru1mV1t11m5 Student - Fisher's test 

f111'VIVl'1el'Un'Vl~1lJn11n1:: ~lJ f111 \I el f)'IJ el\I L~lJ'lll.11 UVllJ OU~ f)'; '11 tiVf '1.Jfi ·1 • ,, • 

C57BU6Mlac LL'1Vl.:i1'uitJ R1Lu~E.l ± f"11m111F1a1V1Ll'l~el'l.J'11n'11un'11.:i (standard error of 

measurement; S.E.M) 

m1Pin~1Lif m~eltl1vru\l'!lel\l'Vl'l.JO'U"5'm a1viufi C57BU6Mlac LVIEJ1LF111::~~1t1 
'IJ • 

Dunn's Multiple Comparison Test 1LF111::i1m111ui;ini;l1.:i'V11.:Ja'1~~1EJ15 Kruskal-Wallis 1~w 
' ' 

n1'Vl'l.JVl':i::~'\JUt1'11~qJViLL'1Vl\IFl111JLL(;lf)\;)1.:iVi p < 0.05 



...; 
'U'Vl'Vl 4 

~an1-aftni;1 LLa:m1"je>ilth1v~a 

4.1 m"i1Lfl"i1::\1Ui111cuft1"itJ"i::m1t1~'Ut1an (total phenolic content) 

'11"ith:mtiuwtrn~mtJ'U'11"i~ij'J'Vlt·vn.:i~hflTVfvrmEJt1fi1'3 L'li'U q'Vlt~hum"ina1EJi'U~ ~1'U 
.t:::1rt. G II 11L1 II ell •llLI I II JI I 

fl1'HMllJ~L "i'3 Vl1'Ufl1'rnnL'1U LL'1~Vl1'Utl'U11'1tl'11~ ~1fl11EJ'31'Un1"i"J~EJfltl'UVl'U1'U ViU11 
1 " 

'111·th~nt1UW'Ut1~m U'Unzj11'111~~tJlJ1fl~~l'l L 'U'111'1tll'lVl~~a1 (Singh et al., 2008) fl11Plfl'l!f1 

L'Uflf'3d~'31mLfl11~\·hn·ah~nt1tJW'Ut1~nl'U'111'1nl'l~.:i 3 'llUl'l LLa~L'U'111'1nl'l1111 3 'lliil'l L'U 

e1vi11'11'U 1:1: 1 Ll'lEJtl1"1Ufl ~L~EJfl11'111'1tll'lVl~~'11 lLfl11~"1~1EJ15 Folin-Ciocalteu '1~1-3 
m1li111m!1'U gallic acid LLa~ ellagic acid L~t1LViEJumtl~111ru"!lt1.:J'11"ith:mt1uYJ'Ut1~fl~'1l.ll,j'1 

nu gallic acid mg GAE/gsample LLa~~'1lJlJ'1tlU ellagic acid mg EAE/g sample ~am1 

D mg EAE/g sample r.;i mg GAE/g sample b 

1000 938.73 c 
a a 888.02 

824.90 821.91 b c 
...,800 a a c 
2 640.61 
c 
0 
u600 
u 

::;, 
0 

~400 
.£ 
a. 
]§ 
~200 

0 

T. belUrica T. chebula P. emblica Triphala 

111-w~ 4.1 UiiJ1cuft1"itJ"i::nt1t1~'Llt1iin~-wt1tuft1"iftnl'l T. bellirica, T. chebula, P. 

emblica LLi'I:: triphala, *p<0.05, a p<0.01, b p<0.001, cNS not 

significant 
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tJ~111ruaTnh::nt1tJW'Ut1~nllJ'11'H1n~ T. bellirica, T. chebula LLrt~ P. emblica ii 

tJ~mruL~1J~'Ui;i111L'i1~tJ Fla 640±11.69, 642.93±15.23, 731.66±13.72 mg EAE/g sample 

LLrtt 821.91±15.00, 824.90±19.55, 938.73±17.60 mg GAE/g sample t~v P.emblica ii 

tl~mruW'Ua~mLi;in~h'3-;nn T. bellirica, T. chebula m.i1'3iium1'1~cyvi1'3a~~ (p<0.001) LLi;i1.1J 

LLi;in~1'3'11na11an~i;i~~ri1 (p>0.073) ;'3 l 'Ua11an~i;i~~ri1iitJ~111rua11tJ1::nat1W'Ut1~n l lJ 

tJ~111rulnaLfiv'3nt1a11an~L~v1 fia 692.13±23 mg EAE/g sample u.ri:: 888.02±29.52 mg 

GAE/g sample i;i111rl'1~t1 

a11an~11::'!J111ua11ijmmrua11tJ1::nat1WlJt1~nmn~~~ ~'3u.i;in~1'3-;i1nn11~m~11~11v'31lJ 

t~v Kumar et al., (2011) -nt111 '12.ltl~L.nn LLrtt'11JEI 1viv ijtJ~mrua11tl1::nt1'UWlJt1~n 
Oil.'~.,:' d 1.J 

370.85±26.80 u.ri:: 286.04±3.37 mg GAE/g sample m11ri1~tJ V1'3lJEl1'1L'UEl'31J1'11nU.'Vl'1'3Vll.J1 

'!JB'3'11J'U L 't11U.rtt1fim1a n~a11u.i;i n~1'3tl'U l'h l-H'tl~1J1rua11vf 1 Lfl11tt-i° IJ.(;l n~1'3tl'U • 

4.2 mcavi"S1'11Lfl"S1~-K'm:u1wa1·nfl~eHV12J1v (marker) l1.1a1"S~H1'fl 

n1'~U1'111'1 n~i;i~~'111J1 Li;J~V1Jvi1~tJ -;i1 L U'U ~ El'3fl1tlfl1lflt:l.lil1't1'!JEl'3'111Lfl~El'3'Vl1J1V ~'3ijqvit 

l'Um1m::~'Ufl11L'1~fY'llEl'3L'1'U~1J t~vl'Um1~n'li1fl~'3ifL~t1n gallic acid LLrtt ellagic acid LU'U 

...i ... !'i l" ... .,. ..I l .. ' '111Lfl1El'3"11J1V IJ.'1t(;l11'11Lfl11t'VI ~~v '!ILVlfl'Ufl HPLC f31n'li1'1.f111tV1L "1l.J1t'11J lJn1"S1Lfl11t"1 

t~v1Lm1::t-1~1v1t'UtJ gradient elution a~1'3m1w111i;i"S~1'U'lltl'3fl111l'11l~'UB1t'Vll1'3fl111l 

L'li11'1i'U gallic acid U.rtt ellagic acid nt1if'Uvtli;Jv;n '11lfl11L~'U\;11'3 LL'1t'Vl1a1JU1t~Vlt 

'1'Vl'11l~'UB (R
2

) ~;;im1Pin'li1'11V~1J'Wbfl11J1LVIF111W'!JB'3'1111J1(;11~1'U gallic acid I.I.flt ellagic 

acid, T. chebula, T. bellirica, P. emblica u.;;i~ Triphala extract LL'1~'3~'3.n1'rlvf 4.2 - 4.4 

u.;;i::~;;im1Pimntl~mru gallic acid u.;;i:: ellagic cid vf-wul'Ua11ati'~u.~ri::'!lij~ LL'1~'3~'3m'l"lvi 

4.5 
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1 - Gallic acid - 4.354 

~00-
2 - ellagic acid - 11.717 

00-

00-

00-

" 
,_ 

00 5.0 10.0 15.0 20.0 25-0 

ll1~;f 4.2 lf'l·rn1 l'Vlum11a1'n.11~1!1'U gallic acid LLit:: ellagic acid 
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A. 
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c. 
-
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500-
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250-

-

111'W~ 4.3 Lfl'Ul1L'VIU.n~11 (A) T. chebula, (B) T. bellirica, (C) P. emblica 
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700-

600-

500-

400-

300-

200-

•oo-+-~~~~~~~~~~~~~~~~~~~~~~~~ 
0.0 5.0 "10.0 "IS.O 20.0 2e.o 3 

m-n~ 4.2 L1'111J1L'V1Uffl1J'1111J1i;J1!1'U gallic acid u.at ellagic acid L~EJLoU gallic acid 

u.at ellagic acid l'l'l11JLoU1JoU'Ua~1u'li1~ 0.045 - 1.56 LLa:~ 0.002 - 2 µg/ml Fi1?11Jn1"i 

L;f~Lau~"j~ Lvi1nu y=0.5044x + o.1s1 u.at y = 3.6417x + 0.0687 Fi1'111'lh~aV1t?1vra11~ucr 

(R
2

) Lvi1nu 0.9982 u.at 0.9985 ijfi1 retention time "!la~ gallic acid LLa~ ellagic acid Lvi1nu 

4.4 u.at 11. 7 ~111'11~u 
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12'.J Gallic acid 

• Ella~c acid 

105.93 

4.44 

T. chebu(a T. belUrica P. embUca Triphala 

111wfl 4.5 \R111ru gallic acid u.a: ellagic cid ~wvtuft11an~LL~a:'Ylil~ 

1mm1'Vlm1vh.1ei.:iaT~ gallic acid u.a~ ellagic acid ~bth.1aTu.nm~1'U bba~~'WtJL'U611) 

61n~ T. bellirica, T. chebula, P. emblica u.a~G11)'1tl~ triphala ii retention time bvl1fltJ 

4.3 bba~ 11. 7 !'1111'11~u tJ~mru'11)bfl~tl.:t'V11J1EJ~l'ltJL'U'11)'1tl~~.:i 3 'l!U~ l'lti11 T. bellirica, 

T. chebula, P. emblica ihJ~mru6111 sallic acid bba~ ellagic acid bvl1fltJ 56.28±1.07, 

90.42±0.77, 146.19±0.24 u.a~ 8.79±0.01, 7.27±0.00, 4.44±0.01 mg/g extract m11'11~u 

u.a~1mn~61il~ triphala iitJ~111ru gallic acid bba~ ellagic acid bvJ1fltJ 105.93±0.39 bba~ 

8.06±0.03 mg/g extract 1'1111'11~tJ 
~ ~ 

~am1~mfl l'ltJ11 '111'1n~l1.:i 3 '!IU~ u.a~a11'1n~l'l~~m iitl~mru gallic acid ~.:tbb~ 

56.28 - 146.19 mg/g extract bba~ ellagic acid 4.44 - 8.06 mg/g extract ~.:iiitJ~mru gallic 

acid ~.:in11tl~111ru ellagic acid aei~ri~ei~ilum1~n~1'lleJ.:t Mahdi et al., (2009) ~l'ltJ11 

tl~mru gallic acid L'Ucm1l! 3 'llU~ P. emblica iitJ~mru gallic acid mn~~~ (~eiEJa~ 1.79 -

2.1) 1ei.:ta.:i111 f1ei T. bellirica (~eiEJa~ 0.79-1.01) u.a~ T. chebula (~eiEJa~ 0.28-0.80) 

(;1111~1vltJ 
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~~ Q ~ 
4.3 n1'a'VlflfleltJC}'Vlti~11Jel'4\jiltlfl'a~'lleNfl1'aflOfl 

a1L V1~vi'11~qilh:m1-aV1i1-:i"lla-:inTnnvi~11fN Lnvi'11n111'li1en~111n~'U zj-:i'1tvi11 ~wuu fl1'l 

vi1-:i1uL'l1'1~~1-:i ., vi1-:i1u 1~'1vi'1-:i a1L 'Vfi;)'Vfi1-:iLnvi'11na1'le:i'U11'1aa'ltviLnvi~'Uf11e.i t 'U~1-:ime.i LL'1t I , , \I 

'11flfl1'l'Pimn Viu11 a1'lanvivY-:ia11e:i lvm a11ciViLfln LL'1t1lt"l1111ue:i11 lh:me:iu~1e.i gallic acid 

LL'1t ellagic acid viiiq'Vl5'i;l1ue:i'4l;J'1B'1'lt~-:i (antioxidation) LL'1tmvi11qV15'i;l1ue:i'4l;J'1B'1'lt 

"lle:i-:ia1'lvY-:i 2 '!luviviflu t ua1'lati'vii;i~~'11mliJ•tb e.imt~um·n '1~qJ"lle:i-:i Law:.i11 lvi e.i"li1e.i"llt'1e:im'l 

LLrl"llB'IL'll'1~ (Nadkarni, 1976) fl1'lPimnq'Vli~1'UeJ'41;J'1~'1'ltL'Ufil~-:itlvi1m'lPimn 3 15 ~e:i 
ABTS·+, DPPH

0 

U.'1t FRAP ~'1fl1'lPim;inVJ~~1'UeJ'U11'1B'1W"lleJ-:!'11'l'1tll'lvY-:i 3 '!!UV! LL'1tL'U'11'l ., . ,, 

ABTS* DPPH FRAP 

Antioxidant 
(mg vitC/g sample) (mg vit C/g sample) 

2+ 
(µmol Fe /g sample) 

Gallic acid 2,123.50±21.02 2,393.95±66.30 163. 75±6.17 

Ellagic acid 1,758.32± 71.66 3,166.65±84.94 161.07±1.65 

T. chebula 264.09±7.54 370.00±5.02 37.17±0.62 

T. bellirica 287.50±3.68 406.09±10.23 54.54±1.30 

P. emblica 410.53±8.15 642.67±3.58 66.13±2.44 

Triphala 318.06±3.59 484.27±12.98 56.11±0.41 

~'1 fl1 'l'VIV1'1eJU nV]~i;i' 1'1.J eJ'l.111'1 B'1'lt"ll eJ-:1'11'l'1 ti'vi LLl'i'1 ~"l!U \11 LVI tJ L tJ~ tJU L Vi E.11.J nU'11'lbfil~eJ'l'Vl111tJ ., . ,, 
gallic acid LL'1~ ellagic acid 'Vlviae:iu 3 15 1vim11'l'1tll'l~'I 3 "1l'UVI nu11 T. chebula, 

T. bellirica U.'1t P. emblica i1n'VIB~1'UeJ'U11'1B'1'lt'1-:l~'U ~111ci'1~u ~1'U1'U'11'l'1nvii;i~~'11 Viu11 
"I , " " 

iiq'VIBtn~ Lf1 tl'I tllJ'11'l a ti'vi L~ tl'J LL ~'1t"l!U VI 
~ v 

qVJ5i;i'1um~1;J'1B'1'lt"lle:i-:iaTahtne:iu~uci~n iiue:itjti'u 3 i1'1ie.i ~ci ~1'U1'U hydroxyl group 

L'U LlJL'1fl'1 'lt~tJfl1'lL~B11"lleJ'I galloyl units u.at~1'U1'Ufl1'l'Vll.J'U"lleJ'lf1~11 galloyl ~'1'lt (Hatano 

et al., 1990; Pulido et al., 2000) '11fl~'1fl1'l'Pim.i1 nu11 '11'lati'vivY-:i 3 'lliivi LL'1t'11'l'1tlV1 

i;i~~'11i1q'Vl5'~1ue:i'41;J'1B'1'lt~-:i L~B-:1'11fl'11-S'1tlVILLi;i'1t'!lUVltl'l~ne:iu~1e.i gallic acid LL'1t ellagic 
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acid zj\lbU'IRf11vit1~L'Un~1J~'Ut1~n bU'U'111viiiq'Vlti;11'Utl'4lJ"El'11t ~\I gallic acid ua:: ellagic 
I I 4' V 

acid ii,J1'U1'U hydroxyl group LLM1\l~\li11Yi~ 4.6 ;'lq'Vl5~1'Ut1'4lJ"a'11tVl\I gallic acid bbat 

ellagic acid Ln~r'11nvi hydroxyl group vi1V1iJ1viLtJ'Ui;\1-ruaL~1"1"11t1'U bbat1'!-1ab~l"llil1t1'Uti''U 

El'4lJ"a'11:: (Sepulveda et al., 2011) ua::qV1ti;11'UEl'4lJna'11::n1"1111J'1t1~1"1Gi't1\lnutl~mru 

'111tl1tnt1u~'Ut1~nvivm1 'IJ'111ati'~~\I 3 '!IU~ LLat L'IJ'111'1n~lil~i:..ia1 ~\l,r'U ti'Vlti;11'Utl'4lJ"Ei'11t 

'!Jtl\1'111'1 n~lil~i:.J a1 l.11'1:: L U'IJ~ n1"1ru'11J~'Vl~'lvi'!b Cl L 'IJ m1rn:: ~'IJ m1L '1~n ''!J tl\I L'1'1Ji:.J2J ' . ·~ 

0 

OH 

BO 
OH 

HO OH 

OH BO 

A. B. 

111~~ 4.6 ij~'alfl'a\lfl'i1-11 (A) gallic acid UiilZ (B) ellagic acid 
cl 
\11'1: Salcedo et al., 1838 

4.4 m-aviflflt>\JC]\'ltl'IJmcaau8~ 50-reductase 

m1Ln~i:..i1J~1'liiV1a1vtl1::m1 viiim1~n~1n'IJ1J1n fia Ln~lil1nm1vi1\11'U'!JeNLt1'U1'lltl 50-

reductase zj\lvi1V1i!1ffi'Ufl11LU~EJ'U testosterone 1"1Lll'U dihydrotestosterone LLat DHT 

L lJ'IJ androgen viiiq'VltLL 1\1 L U'U'11L V11J1'11f'lqivivi11 "1i:..i1J~1\I 1~vvi11 "1 hair follicle ii'll'U1~ L~n 

vi11 "1L~'Ui:..i1JviL lil~qJ~'Um L 'Vlli 11iu ~\ILL 1\1 ua:: 1 'Llvi'1~'1tvi11 "1L~'Ui:.J1J~1'11~ V11nii'111~'111J11ri 
eJU8\ln11vl1\11'1J'!JeNLEJ'U1'llll~\lnci11if '1tvi1l'!-1 dihydrotestosterone a~a\I °li1EJa~n11Vl~~~1\I 

'!ltl\IL~'Ui:.J1J nTl"Pi n~1u1::a'VIGi11'YiL 'IJn11eTu~·m11vi1\11'U'!Jt1\I rn'U1'lltl 50-reductase L ll'U 

m1Pin~1uuu in vitro '!JB\I Matsuda et al., (2001) 1~vnviGYnm1~B tl1a11an~1J1vi1 

tl~n~mti'u testosterone uatLt1'U1'lltl 50-reductase (rat microsomal suspension) 1~'11n 

m1'1n~i;\'U'!JB\IVI~ Sprage-Dawley 1Lm1::"1u~mru testosterone ~1EJL'Vll"lUl"l HPLC Fi1'1J1ru 

tl~mrum1vu8\I (% inhibition) '11fieJlil11~1'U'!JB\l~'Uviti;lYJn testosterone ~ti internal 

standard '11mT'UFi1'U1ru1"1111Ja1m1ri L 'Um1Ei'u8\lrn'U 1'lltl 50-reductase '11nmTW1J1lil1~1'U ... 
finasterone L~E.111EJ\11'Ui:.Jn1'Uiuuuu finasteride equivalent anti-50-reductase activity; 
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FEA (mg flnasteride/g sample) r:Jrtfl1'jPifl't;1rt1flthJ'V'ILf"l'jlJ11vim1~ complete reaction 

control, enzyme blank, flnasteride, T. chebula, T. bellirica, P. emblica LL'1~ Triphala 

extract LL?tl'l.:il'l.:imnvi 4.7 - 4.10 LLrt~(]V1tltJrn'jVtJ~.:Jfl1'jvi1.:i1'ULt1'U1'11li" 50-reductase LL?ll'l~ 
' 

l'l~mnVi 4.11 

A. 

70.0- ::z - __ ._._..,r_ro - •-T•O 

eo.o-

so.a-

40.0--

30.0-

20.0-

"10.0-

0.0-1----~-~~-~-

B. 
rnAfJ 2 - tiestostleron - 8.780 

80-

60-

40-
1 - pro pyl p-hyd1 lo tybezoata -5.613 

20-

. ) ) 

-10 min 

2'.5 
I I I 

12.5 
I I 

0.0 5.0 7.5 10.0 15.0 17.5 2( 

ll1'W~ 4.7 lfl-a1111v1LLn'aJJ (A) complete reaction control LLa:: (8) enzyme blank 
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ea- 2 - ._•to.teron - 8.7~3 

80-

70-

'50-

50-

40-

30-

20-

10-

-10--+~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~"''l-"1 ~ 
0.0 2.!5 5.0 7.!5 10.0 12.!5 1!5.0 17.5 24 

ll1'W~ 4.8 lf'l'a111l\llLLffUI 0.5 µM finasteride 
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A. 

""""'-:242 nm 

70.0-

eo.o-

50.0-

40.0- 1 - pr-..,Y• p--hyd i-v.,. _____ - s.eoo 

30.0-

20.0-

10.0-

B. 

eo.o-

eo.o-

1 - proPVI p-hyd Joapc.y.._ ____ - 5.813 

30.0-

20.0-

m<-

10.0 2( 

"I - pr-pyl p-hyd pcyb _____ - 5.800 

\ 

m•-
5.0 10.0 "1!5.0 "1"7.5 2( 

ll1'W;14.9 1fl~1J11flum1J (A) T. chebula, (B) T. bellirica ua:: (C) P. emblica 
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2 - ._.tc:oateron - e. Y!S3 

eo-

70-

60-

so-

40-

30-

20-

10-

0 

1- ml 

0.0 2.'5 '5.0 7.5 10.0 .... 2.!5 1e.o 17.5 
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'P 60 
u 

~ 50 cu 
"O 
::I ... 
u 
on 40 

I 30 

on 20 5 
<( 
w 
LL 

10 

0 

...; 
ll1'W'VI 4.11 

T.chebula T.bellirica P.emblica 

b 
56.46 

Triphala 

qvitl1.101-aauB.:i01-a~1.:i1mv1.1l'lf~ sa-reductase 'Uv.:ia1-aanvi11uvi9i1.:i '1 

*p<0.05, ap<0.01, bp<0.001, NS not significant 
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i:.iam1Mm~m1viWl'Un1"HJUtT.:inTwl1.:i1'ULB'U 1~tl Sa-reductase L~EJ Lfl1lJ1 L 'VILLmlJ propyl 

p-hydoxybenzoate (internal standard) ua~ testosterone i1 retention time 'U1Vi~ 5.5 

LLa~ 8. 7 i;i1lJrl'1i;i'u i:.iam1Pim~ndaa~ri~e:i.:intJ~ii11EJ.:i1'Um1Pin~n i1 IC50 "Ue:i.:i finasteride 

Lvi1nu 0.31 µM 011Pin~n (Kumar et al., 2011) Lvi1nu 0.39 µM ua~m1Pin'l!}1 (Park et al., 

2003) Lvi1ntJ 0.34 µM m1Pin'l!}1q'Vl~"tlv.:ia11an~l'Um1EYutT.:im1vi1.:i1'U"Uv.:iLe:i'Uhn1 
5a-reductase 1~mViE.JtJntJn11~mi;i1~1'U finasteride 1'UVIU1EJ finasteride equivalent ... 
5a-reductase inhibition activity (FEA) vr1na11~i1rh FEA ~.:i LL'1~.:ii1a11if'Uiiq'V1Bl'Um1ETutT.:i 
m1vi1.:i1'U"UCJ.:ILB'U1~"1~a.:iL'ti'Un'U '-lnfl11Pin'l!}1 'Vlu11 P. emblica ui;iMh.:i"'iJ1n T.bellirica B~1.:i 

\I 

iitl'mf1f'lqiv11.:iaii~ (p<0.05) ui;ibj~1.:i"'il1n T. chebulla (p>0.05) LL~a11an~ triphala iiq'Vl51'U 
v • v 

m1EYuei.:imnVi~~ui;in~1.:i"'iJ1na11an~n.:i 3 "tl-W~ e:i~1.:ii1iJmhf'i'qiv11.:iaii~ (p<0.001) 

"'il1fl'-lnm1Pin'l!}1 lJ1~aV1GflTW t 'Ufl11EiutT.:im1vi1.:i1'ULtJ'U 1~tl Sa-reductase "Uma11an~vT.:i 
3 '!1-W~ ua~a11an~i;i~'-la1 -wu11 a11an~vT.:i 3 '!1-W~i1q'Vl~1'Un11EYut.:im1vi1.:i1'ULC1'Ul'lftl 
sa-reductase 'Wui;in~1.:in'U u~a11an~i;i~i:.ia1i1qV15t 'U m1EiutT.:il.J1n~~~ ;.:ia11~fl1~11i.11"'il~ii 

qV151um1vuEY.:im1vi1.:i1'ULtJ'Ul'l!tl Sa-reductase ~"Wu1ua11an~i;i~i:.ia1 ~e:i gallic acid LLn~ 
ellagic acid L~E.Ja11vT.:i 2 'lfU~iin~lJLLflVifle:in (catechol) CJ~L'U~i;i1Lfl1.:ia~1.:i LL~C]'Vl~L'Ufl11 
vutT.:iLe:it.11~iJi;i.:infi11LU'ULL'U'Ueltl'U (ICso > 100 µM) (Richad et al., 2002) ~.:iif'U a11an~i;i~i:.im 
tl1"'il"'iJ:d'.ia11"tl-U~~'lJ ~ ~'ti1E.11 'U fl11L'1~lJq'V151 'Un11vutT.:ifl11vi1.:i1t.1Le:i'Ul~tl 5a-reductase 
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4 _,f I ~ 
f11-Sf'lmn'ULLl'ln1Jn:i'11nnTH'lff~n'tlt1.:J Kumar et al., (2011; 2012) 'Wu11 T. bellirica, 

T. chebula LLa:: P. emblica i1q'Vl~L'Uf111EJU~.:i 50-reductase Lvi1nu 11.58 ± 0.84, 12.74 ± 

0.84 LLa:: 18.99 ± 0.40 mg finasteride/g crude extract 1'112.J~1~U ~.:idL-dt1.:i'11nLL'V!~.:Jv1m 

'ilt1.:ia11LLi;ini;i1.:in'U LLa::a1'Utl1::nt1u1'Ua11anl'll'l~e.Ja1 t11'1iia11'!Jill'l~'U 1 v112.J1~~mn "!i1EJL'U 

f11-SL'1~lJ')'Vl~m1E!u~.:im1vh.:i1mt1'U1'in1 5a-reductase Vl11"1a11anl'll'l~e.Ja1iiq'Vl~2.J1nv1~l'l 
i;J.:ii!'U e.Jam1~n~n L'UFJf .:idL tl'Um1aiJua'4'Uf11) 1 ia11anl'll'l~e.Ja12.J1nn11m11 ia11anl'lL~EJ1 1 

LLa ::e.Jai;i'.:i mh1u1'1::'ii1 EJal'l m1vra 1'1~1.:i'tlt1.:i L~'Ue.JlJ m::~'U f11)L "~n ''ilt1.:i L~'Ue.JlJ 1~ ' ' ·~ 

4.5 nT~ff n~1i11'l'1v~ii~ai;ie:im1L\Jl~EJiJ~1i'uITTe:i l'lfiJ 

a11a tl1'1'11n511l.16111~ L U'Ua11YiiitJ1:: LEJ611U LLi;iV11ntl'1lJ1 L m 'I.fit! LL 'UUl'l12.J5))2.J6111~ 
" ' ,, 

ucyV11L~a.:im1l.I Uia::l'l1n 1 'Um1tl'1l.J11 i m1;l.1~1'UtJ1V1iJ.:i 1~i.Jm.1 a11anl'liitl~l.l1ru'11nl'l i;J.:iiJ'U 

nTHl'l~EJl.la11a ti'~ 1 l1't11:11'U1tla'Un1FJffia1'1ll.I '1::'1i1EJ L 'U m1nmnua11anl'l..r.:iv1a::a1mi'1 LLa:: 
" " ' 

bla::mmi'1 '1i1EJ 1l1a1l.l11fi;l.l~1'Ui'.i1V1u.:i1~~;-'U LLa::"li1EJi.11a.:ia11a ti'~ 1 tl~.:il'l1 LL vrt.l.:im-saanq'Vlt 

~.:iL tl'Um-sL ~l.ltl1::aV15m'Wq'Vlt'ilt1.:ia11anl'l -s::uutl'1~.:iffieJ L'lll.IL tl'U-s::uuvi-W\;AJ'U1l.11:u1nm 'W L'1ll.I 

~.:iii'llt1~l.J1 nn11vra1mh:: n11 L 'li'U )::uuint1 L'lll.liiFJ11l.IMIJi'1'V11.:iLflii~-:i iifo111l.li.Ja El~.n'EJ 

L~eJ-:i'11na1)a~LL -s-:i~.:itJ1'tlill'l 11Jiii.Jw:ua1~.n1mrn1EJ!Jl11 'U~1-:imEJ1~ ~'U'Vl'UL 'Un1-SLl'l~1:1l.l11Ja.:i 
' ' " 

L-deJ-:i:u1naTrnl'lLL -s.:i~-:itJ1'lJil~ 11Jiii.J)::~11m~ nn11 phospholipid a1l.J11fit1n Lnu 1~..r-:ia11v1 
a::a1mI1LLa:: 11Ja::a1mi'1 m1Ll'l~1:Jl.Jffia 1'1ll.la1m1mi;i~EJl.I 1~via1EJi5 i;i'.:iJ'UL~m thm11'W(;lJ'U1 

ai;i11'11fuffit1 L'ill.J L ~El L 'V!L~'!J'U11'le:J'U.fl1flvi L Vll.11t'12.J LLa::a1l.J1){) nmnua11anl'l L m~mnv1a~ " . . 
'11L U'U~e:i-:iPin~1il"il~EJi;i1\I 1 YiL ut1~1t1i.J1::nt1u L 'Un1-SLl'l~1:JlJ~1fuU1t1 L'1ll.I LL ti.:i m1Pin~1L U'U 

' 1 ' ~ "' .,. ., • I ~ o ."1 ., ..1... .f " ..I 2 6111\1 ~E.16111\ILL 'SnL U\.Jf11-Sf'ln~TVJa::mLL u) '11fl'U'U'U1u'1"i!EJ'Vlf'ln~1L U€1-:Jl'l'UVl1'1.fl11t'VIL 'Vf2.J1::£12.J 

1 .. ~'I,,..... .r ... 
'Ufl11L\Jl1E.JlJ'lJ ~'3 L'1llJ~1EJ15fl1)1'1€JU'1'lJB-:J'W'Um (response surface methadology; RSM) 

4.5.1 n1~fin~1ih1'1v~a::i1u th 

4.5.1.1 611Ul'l'11'rn~LL -s-:i~.:itJ1 (surfactant type) 
... ,f ,,,,, ...... , I :'1 

'11fln1)f'ln~1LUB.:J\Jl'U L°l1'11'rn~LL1-:Jl'l-:Je.J1L'Un'll.I tween LLa:: span Lu'U 

a1'UU'rnnau1'Un1)Ll'l~EJl.Jffi€1 L'1ll.J 'VlU11 span 1 "1ruualJU1i'ile:J-:Jtl'U.fl1flffie:i L'1ll.l~n11 i;J.:ii!'U ~.:i • • 
L~an1i span tl'1l.l1~n~1i;iv ua::rn)~n~1L'Uflf-:idL~vn1i span ®20 LLa:: span ® 60 e.Ja 

fl1)~ n~1'!JiiV'l'ilv.:ia1)a~m )-:J~.:i~1v1a.:ie.Jai;ie:i'tl'U1V'la"Un1F1ffiv 1'1111 uri::m111a11J1)C"1 L 'Ufl1)nmiiu • 
' 

a11ati'V"1 uaV'l.:ii;i'.:inTrfYi 4.12 uri:: 4.13 
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195.56 

166.89 

Span 20 

14.91 

Span 20 

190.56 

121.89 

Span 60 

Non-ionic surfactant type 

10.23 

Span 60 
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:"!'j'j ., .,~ ., I ® @ .. 

"lJ'U1i;i"lJeMeJ'4Jl1fl'ULcH'1!1J u.a~1mm:m1·rnmriu'111'1rii;i wu11 span 20, span 60 1J"lJ'U1i;i 

e.l'4Jl1flffieJL'1!1JLvi1nu 195.56±3.21 LL'1~ 190.56±3.17 nm LrlmYiEJunuffieJL'1!1JLtfah Span ®20 
® I "1 0 U ~ Cf Cll 

LLa~ Span 60 L'Vl1fl'U 166.89±2.09 LL'1~ 121.89±1.22 nm i;i11Ja1i;iu "!1'Ui;i"Ua.:ia11ai;iu.1.:ii;i.:ii:.i1 
..i.. I ., ., ~ .,j I ® ., OJ ~ .J 
'Vl1Ji:.t'1i;teJWEJ'1~fl11flflLfl'l..J'111Lfl1eJ.:J'V11J1EJW'U11 Span 20 1eJEJ'1~fl11flflLfl'l..J1J1fl'Vl~i;J 

~1 fl m1~ ri~1"!1iii;i'111ai;i u.1.:i~.:i~1"!1ii i;i UJih.J1~~ ~ eJ"lJ'U 1V1 B'4.fl1 Rina L '1!1J LL a~ 
II Cl.I G .,, I ~ ® ® dc11 .., QI { ) .. 

1eJEJ'1~fl11flf1Lfl'l..J'111'1flVI wu11 'VI.:! Span 20 u.a~ Span 60 'V11J'111'1flVli;t1i:.t'11 0.5% 1J 

"lJ'U1i;iffia L'1!1JL ~11~uLrla L YiEJunuffia L'1!1JL tl~1 {blank niosomes) ~.:idL ~a.:i~1fla11ati'V1i;i~i:.ia1 
tl1~fleJU~1EJ gallic acid u.a~ ellagic acid ;,:i gallic acid ~~Qflfi'mnu11l'Uri1'U11a.:i polar 

head group '11'1.J ellagic acid ~flnmnu11lu'11'U lipid bilayer vi11-H'm~.n1flffiaL'1!1Jij"lJ'U1i;i 

1vrqj~u a1'U~eJEJa~m1nmnu'111ani;i Y4u11 Span ®20 a11111'1nmnua11'1nV1L~~n11 Span® 60 

~.:iifL~eJ.:1~1fl Span ®20 iiri1 Hydrophilic-lipophilic balance {HLB) ~.:ifl11 Span® 60 Fia 8.6 

LLa~ gallic acid LU'U'111via11111'1a~a1EJtl11~ Qflfi'mnu1'Ua1'U polar head group fl11L~1J 

hydrophobicity "!JeJ-:1 Span® 60 ~.:iUJiji:.ia~am1nmnua11anV1 

4.5.1.2 m111ru1"1Jl!u~.:ivr11V1 <total lipid content) 

tl~ 111ru1 "ll l! 'U vi L ti 'Uri 1utl1 ~fl au "ll a .:i e:i '4.n1fli11e:iL'1!1J tl 1~fle:iu~1 El 

flmami;imaa u.a~ a11aV1u.1.:i~.:i~1"!1iiV1 UJiitJ1~~ i:.iam1~fl~Tt.l~1J1ru"Ua.:i 1 "lll!'U~.:ivr11V1via.:ii:.ia~a 
"lJ'U1i;ieJ'Ufl1flffit:i L'1!1J LL'1~fl111J'111J11'1 t 'Ufl11tlflLfl'U'111'1tli;i LL'1Vl.:J~.:!Jl1Wvi 4.14 LL'1~ 4.15 

' 
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mmru 1 'lllJ'U~~\11J~ t]'):melU~1f.1'11')'1~LL 1~~~~b LL'1tfleJL'1GH~el·Hm ~ii 

c.J'1~elfelf.1'1~n1')nmnu ~u11 tl~mru1'lllJ'U~~'H1J~ 1, 0.5, 10, 25 LL'1t 50 mM '111J1')flnmfiu 

1~L~1J,,,'U ~11Jci°1~U a1'Utl~:1.J1ru1'lll1'Uv1?i~t.i'1~el'lJ'U1~el'U.fl1FlffielL'ij1J ~u11 'IJ~mru L61JlJ'U 25, • 
1, 50, 10 LLat 0.5 mM 1-H'61l'U1~el'U.fl1flffiel L'ij1JL~1J,f'U m1J~1~u • 

L ~:i.J~'U L ~el~-;:nnflmaaL~elW'1'1~L i11 tlu ·mn 1 'Ua1'U lipid bilayer 'llel~el'4.f11Flffiel L'lll.l LLatm1 

nmnU'111'1tl~'1tQntlnLnUl'Ua1'U'llel~ lipid bilayer LL'1~ polar head group ~11\1'll'U1~ 

el'4.fl1Fli11elL'll1J1 'Hqj;i''U LL~f el f.1'1 ~ m1n mnUG11')'1n~ 1l.i LL~ n ~1~ tl'U vr~if L ~el~'11ntl~1J1 ru 

flmaaL~el')elm!~iitl~1nru~1 ~11-H'c.Ji!~el'U.fl1Flffiel L'll:i.J 12.iu ~~LL')~ ~~~1l-Hm1nmfiua11'1n~1~ • 

'11 ')'1 n ~ L ~1J,,,'U L ~el ~'11 n,J1 'U1'Uel'4.fl1 Fl'll el ~i11 el L'll1Jii1J1 n~'U ~1'Hi'U n 11 tin Lnu '111 

(Uchegbu and Vyas, 1998) 

4.5.1.3 tJ~1J1ruflmam~elW'1 (cholesterol content) 

tJ~:1.J1ruF1 el Laa L~el 1ela L ll'Ua1'U'l11t nelUf1'4.fl1Fli11 eJ L'lll.l 1~ f.1~11~el'4fl1F1 

i11ei L'll1Ji1Fl11:1.J fl~~ 11~~~'1.J ~11-H'c.Ji!.:i el'Ufl 1F1i1lv L'lll.liifl 11:1.JLL ~~LL 1 ~ m1~ n~nt1~:1.J1ru • 

cl 
fl1~'Vl 4.16 LL'1t 4.17 
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flEJL'1'1L(;JEJ'rna~mm~ o, 45, 60, 15 ua~ 30 l'111~'U'U1~EJ'4mflffia1'111JL~1J;1'U (;111J'11~t1 ri1'U 

tJ~mruAmam(;lEJ1t1avli'.icm~a~mm~m1nmnt1a1':HHi'~ 'Y'l'U11 flEJL'1£'1L(;lmEJa~af!a~ 45, 60, 30, 

0 LL'1~ 15 £'111J11'1tlflLfltl'111Lfl~B.:J'H1J1f.J1~L~1J~'U (;111J~1~'1.J 
'11nm1Pin~1fl11L~1JU~1J1'1.lflEJL'1'1L(;lEJ'jEJ(;l ~.:JLL~~Elf.J'1~ 0 - 30 ,-i~l-111-H 

'll'ln~ffia1'111JL~1J~'U L~El.:J'11nflma£'1L(;lEJWavlL~1J~'U'1~L·lh1tJu·mn1'Uri1'U lipid bilayer u.a~m1 
nmn'Ua11an~vi lipid bilayer u.a~ polar head group vh1-Ha'4.n1Affiat'111Jij'U'U1~l"Hqi~'U 

· ~af.Ja~m1nmn'Ua11an~L ~1J~'U L ~El.:J'11nflma'1L(;lEJ1EJavlL -Yi11tlLL 'Vl1n lmhu lipid bilayer l-111-H 

lipid bilayer i'.im11JLtJ'U hydrophobicity u.a~l'111-Ha'4fl1flilfl111Jfl.:JtJl1L~1J~'U (Bernsdorff et 

al., 1997; Gregoriadis and Davis, 1979) ~.:ia11J1'rnnmn'Ua11an~ 1~1J1n~'U LL~Ldm~1Jtl~1J1ru 
AmaaL(;lt11aa~.:iu.i;i~af.Ja~ 45 - 60 nGtt1'Y'l'Ui1 'll'IJ1~a'U.n1Affia L'l11J'WLL(;ln~1.:in'U u.i;l~aEJa~m1 , 
ti' mn'Ua11a ti'~ a~ a .:i vY.:iliL ~ a.:i'11 ntl~1J1WflEJ La a L(;l a 1 ·ernvl L ~1J;1'U '1~ L -Yi11 tl LL wrn L'U~1'U 

lipid bilayer Ln~fl11LL 'li.:i'Yl'Utl'U1~'Hi1.:JflEJL'1£'1L(;lEJ')EJ(;ltl'IJ£'111£'1tl~ 1'Un11LL 'Vl1flL -Yi11tl1 'IJ~'Uvii1.:i 

'Ua.:i lipid bilayer u.a~m1L ~1Jtl~mruflma'1L(;lt11aaLn'IJ~~:$1n~ t11'11tl1un1'U 1A1.:ia~1.:i 

L1J1JL tJ1'UvlLtJ'ULa'U(;11.:Jtln~'UEl.:JEl'4fl1fl 1~ (EL-Samaligy et al., 2006) l'111~El'4fl1flllEJL'111Jhl 

L~1J;1'ULdailm1L~1Jm1J1UJflEJL'1£'1L(;lEJ1El'1 
4.5.1.4 m1J1rua11an~ (plant extract content) 

dja~ n~1~1'1Jtl1~ na'Ul 'IJ 011 L(;l ~ f.J1J.EJ'IJ.fl 1 flULa L'll1J~.:J'!l'ii~a11a ~ , 

LL 1-!l ~ .:i SJ1'!1U~ h.iijtJ1~~ tl~1J1W1 'lllJ'U~.:J'H1J~ u.a ~tl~1J1'1.lflEJL'1£'1 L(;leJ1El'1 ~1'1Jviri1R'qifia 
m1Pin~1tl~mrua11an~via11J11nnmnu 1vil. tJ1~uuffia L'l11J ;.:im1Jtl n~a'IJ.fl1Affia L'l11Ja11J11n , 
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-;i1nm":i~n~ni..fhnruaTrnn~vin~al1iei'!.lu1~v'4111flffiew111.1 wu11 a1":ian~ 

~mm~ 0.01, 0.10, 0.25, 0.5 u.a~ 1.0 li.1-iiu1~eiumflffiv1'111.1L~1.1~u 1Jrn.1~1~u tf'hnrua1":ian~ 
' .::J.q I t.I V ~ CV I lllJ t.I 

VllJ~fl!Jltl":itlfJ'1~f11":if1f1bf1U'11":i'1f1~ 'Y'IU"J1 '11":i'1f1~":iBEJa~ 1.0, 0.5, 0.25, 0.01 Lrn~ 0.10 '11lJ1":i'1 

nmn'U'11":i'10~ 1~L fllJ~'U IJ11lJ'11~'U 
' " 

';J1f1f11":iPif1'\i1f11":iLVflJ~ClfJ'1~'!.ICJ'l'11":i'1tl~l'i'.:iLLl'i 0.01 - 0.10 wu11 '!.l'U1~ 

eiu111flffia L'lllJL vllJ~u 1a EJa~m":inmnua1":ian~lJ1 n~u ..r.:idL-dv.:i-;i 1na1":ia n~vitJ":i~neiu~1EJ 
' 

gallic acid Qf1nmnulu~1u polar head group '11'U ellagic acid Qf1nmnulu611u Lipid 

bilayer vh 1"1ei'4111fl ffiv L'lllJii'!.l'U1~L~lJ~'U LLl1iL~m ~1.1tl~111ruivEJa~'!.IB'l'11":i'1n~~.:iLLl'i 0.25 -

1.00 n~u'Vlu11 '!.l'U1~B'4.f11flffiei L'lllJL ~lJ;'U LLl'i~CJ EJa~m":inmnua1":ian~a~i;i.:i ..r.:idm~ 
L-dv.:i1.11~1na1":ian~iJtJ~inru6llv.:ia1":ian~via~a1mJ1lJ1n u.l'i~uvil um":in n Lnua1":ia ti~ l u611u•1rn.:i 

polar head group ii~uvi,J1n~ v11ll-1m":inmnua1":ian~a~i;i.:i '11utl11.11rua1":ian~vi1lia~a1mJ1 
iitl11.11rul!vEJ u.!Ji~uvilum":inmnua1":ian~lu lipid bilayer iJ~uvi1.11n v11li.1ir.:ia1lJ1":i'1nmnu 

'11":ian~Hl~ ~.:im":iPin'\i1dfl'11mi'um":iPin'ti1'!.lv.:i Pham et al., (2012) Pin'\i1Ltl1EJULViEJ'Uf11":i 

L1J11EJlJ~L'VlL'lllJLLa::ffiv1'11lJLvJvnmnu caffeine ~.:iLtJua1":ivlri~i;i1mi'11~ u.i;i~ spironolactone ~.:i 
L iJua1":i~ri::a1v l utl11~uCJEJ 'Vlu11 ~eiEJa::m":inmnu caffeine vtj":i::vd1.:i 2.5 - 9. 7 
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b V1m~a11eit11 u"li1.:i 100 - 400 nm zj,:i bU'l.J'IJ'l.J1Vl~ijf"l'J111b V1m~a111 um1tl161.:iV11.:i1'1J1l'll'l.J bbi;:t~ 
'IJ 'IJ' 

favi;:i ~f111tlf1 bfltJ a11a nvi 1 VIL~'lfimru111 nviavi i:.Jaf111~f1~1~Btli;:t~f111nf1bntJa11anvi1 'l.JB'l.J.f111"1 • • 
ffiei1'if11'11nm1Pim~nih1~t1~1.:i 1 u.avi.:i~.:ii;n11.:i~ 4.2 

iJ,,iafiffn-~1 II °" A ., ·n1aa::m1nmnua11anfl 

'!luvia11i;:iviu.1.:i~~~1~uviUiiju1~'1 span 20 14.91±1.14 • 
span 60 10.23±0.22 

m111ru1'llli''U (mM) 0.50 9.55±0.37 

1.00 10.15±0.07 

10.00 9.56±0.80 

25.00 10.21±0.58 

30.00 14.91±1.14 

50.00 17.22±0.70 

u~l.l1ru1"1mam(;rn1eia (%) 0.00 24.16±0.13 

15.00 25.27±2.04 

30.00 16.33±0.79 

45.00 8.40±0.47 

80.00 8.56±0.67 

mmrua11anvii;i~~a1 (%) 0.01 37.43±2.97 

0.10 47.65±1.56 

0.25 27.91±0.82 

0.50 14.60±0.48 

1.00 10.34±0.31 
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d t • ti ~ .. 1.'!t d.,. II OI 

~1"a1.:J'VI 4.3 'll'Ll1'1v'4111fl fl1m-am::;i1av'4111fl fl1 -a:~ mn1'VIN1v'4111fl ua::-aeiaa::m-ann 

Lnum-aftntl ;i'Lt1;i1nm-aff n~1iJ;i~mdei.:i~u 

ih1~vni1An~1~L~UJ1::a11d1\1W ,,'Ll1fli.1'4111f'I 

n11LJ1°1ai.1Uli.11"1111 

mmruL'lllJ'U~~,,,l.li;i 30 mM 

'11'H'ln~IJ1~~'11 0.5% 

tJ~mrul'lllTt.1~~,,,lJi;i 50 mM 

aTrnn~"~~ri1 o.5 % 

mmrul'll2Tt.1~~l1l.li;i 50 mM 

a11an~"~~m o.5% 

f'ICJL'1'1LIJli.l'Hl'1 15% 

mmrul'tl2Tt.1~~,,,11i;i 50 mM 

f'ICJL'1'1LIJ1Cl1Cl'1 15% 

m111rua11ani;i1J1~~f11 0.1 % 

(nm) 

195.56±1.52 0.07±0.03 

194.89±1.70 0.08±0.02 

194.33±2.54 0.19±0.03 

164.89±0.47 0.20±0.01 

.;1th::li! 1 w-W1v! 

j'.j1£1'4111f'I 

(mV) 

-38.47±0.98 

-40.68±0.25 

-38.13±0.76 

-36.68±0.70 

(%) 

14.91±1.14 

17.22±0.70 

25.27±2.04 

47.65±1.56 

~am1Pin~nu'1'1EJL deN~'U ~ije.rn~anTH(;l~v111Ji1fuffia L'l111L rfo 1,,,1~'llu1via'4.f11Rffia L'l111 

a~L'lJ'Yi'N 100 - 400 nm ua::1m~~ava:m11nmnu'111'1nvi111n~"!V1 -wu11 '111'1V1LL1\l~\l~b6!1UV1 
hiihh~~~m111~'111 fia span ®20 tJ~111rul"tJl!u~-m11vi Lvi1nu 50 mM tJ'i111ruflmam~m-ern 
~ava~ 15 ua~tJ'i111rua11'1nvi~ewa~ 0.1 o (;1111ci'1~u 1~"tJu1viawnfl ~1n11m~'11vau.f11fl . , 



~1-a1~~ 4.4 fi1tl-a::~ 1 vh~111t1~a1-aftnfl~'i~a1P1112.1L -&'2.1.Uu~1.:i '1 tuJ1t1-a1f1~1n la a au 
(n=3) 

fl112.1L-&'2.1-U'uft1-aanfl~'i~a1 (mg/mO fi1tl-a::~ l-W.W1ft1-aftnflfl 'i~a1 (m V) 

0.20 -18.90± 4.49 

0.40 -19.57±10.21 

0.80 -19.23±3.11 

1.00 -22.90±7.37 

2.00 -22.70±1.85 

20.00 -21.27±2.91 
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Li1tJi11aTrnnlill'l~~mililri1tJ1:r;i 1vh~1 'Wu11 '111anlili;i~~ i;ni1fiT1.h~~ 1 l'IYJ1 L ll'Uau , . 
eJ~L'Uezi1.:i (-18.90) - (-22.90) mV ~.:itJ1~~lrh~1"lleJ.:J'111'101ill>l~~a1Liilil'11nfl11Liilil~'Ut'i~ 

1~Llil1L~'W~1m1J2Jl~1i11eJn~ (OH group) fitJ~L'ULfl1.:J'1~1.:l'lleJ.:J'111 gallic acid LLa::: ellagic acid 

ua:::m1L ~1Jf"l111JL 'Yi'1J-il'W"lltJ~a11anlil hiii~a i;i eJfi1t11:::'11 't'Jw1'1JeJ.:ia11anlill'l~~m ~.:iJu Li1eJi11a11 , 

anlili;i~~a1mnnu)u 1tiffitJ L'll1J ~:::vl1t~ri1t11:::-;i1ww1vifJ1eJt1mfli!fo 1'llm ~1J~'W L ~€1.:i'11nm1Liilil . , 

..I o &I .. ~ 'i" II ""'"'" .f ""' 4.5.2 n1'a'V11ft1111::\'IL'V12J1::ft11ft1'Vl'a\JL~''rn2J'lJ Lel L'l111fl161ll~tl\Jft'Utl~'W'lJ~1 

Lifo 1~-ileJ1J'1U'1~ EJvii1i:.rni;ltJm1Ll'l~fll.J~1~uffieJ L 'll1JLL~1 ~.:iu1u-;i~ EJ~1 LL tl1~'WviPim!f1 
'II 

fleJ tl~mru 1 "llir'U~.:l'Vl1Jlil fltlL'1'1Ll'leJ1eJ'1 LLa:::'111'101il~'!1 :U1'Vl1'1fl11~~L m..n:::m.J lufl11Ll'l~EJ1J 
i1fo t'l!11 tlilariTwuflu-;i~a~1u tJ1i;i11J~~tJ.:im1fiei 1) ~tJaa:::m1nmnua11Lfl~tJ.:ivrma 1t.1ilttJ Lfl11J 

(% entrapment efficiency) 2) 'i.lt!11ilfl'4fl1flffie:JLfll:U (particle size) ~1a15m1l'leJU'1t!eJ.:J~'UfJ1 
LlilEJLmtl1um1J Design-Expert® version 715~ii'!itJ~n11icrL~1JfltJ '11m1'1Pin'l!f1~1LLtl1vra1a~ 
'!1ilfl'W~€11Jrl'U f!11u~am:::'VluviLnlil-;i1n~1u t11vi~n'l!f1~11Jnt1 ua::: t-Hna112.J'W1'U L 'Wn11Pin'l!f1 LlilEJ 

m1Li;i~al.Jai;i1~1~uffici L'll1JvY.:ivt1Jlil 20 '1l'l1~1fu LL'1lil.:i~afi1i;ieJu'1uci.:iL uufi1Lo~a ~.:iU'11il.:i1 'U 
'II 'II 

i;i111.:ivi 4.5 '11nJ'Uu1L'Yi'1~1tl1LLfl11J Design-Expert ®version 7 ~am1~m!f1'1fl11:::viLvr1J1:::'11J 
'11vt~'ULl'l~EJ1JffitJ Lf1!1J~1a15i;iciuauci.:i~'U~1 ~.:iLL'11il.:J L'Um11.:ivi 4.6 
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-" f!'i'T 11 .., a ..,~,, 11 ~ .. 
i;t1'l1~'VI 4.5 '!l'Ll1fltl~ll1fl'LI Ltl Llij1f u.~::'lt1a~::n1'lnmn-ua1'lftn.i'VI t.ilil1nm'l'Vlfl~t1~.i1a1G 

RSM - CCD, lf1Vn1'l'U.afl~~fllil1nfi1tn~EJ 

., d 

l "' :: "' .. m1nmnua11 
'1111UVl./l\UJfl flt!LilflLPlil7ilil a11anfl'W'll 'llU1flil~ll1fl "' ... 

~fl1Pi1fu anfl'W'll 

(mM) (%) (%) (nm) (%) 

1 32.50 25.00 0.20 194.56 22.81 

2 32.50 25.00 0.20 194.00 20.83 

3 50.00 40.00 0.30 203.56 12.22 

4 32.50 25.00 0.20 207.00 19.14 

5 32.50 25.00 0.20 195.44 15.71 

6 15.00 10.00 0.10 137.44 11.09 

7 32.50 0.00 0.20 154.44 18.3 

8 32.50 25.00 0.20 204.89 25.23 

9 32.50 25.00 0.20 211.00 22.14 

10 15.00 40.00 0.30 207.78 10.26 

11 50.00 10.00 0.10 168.22 47.54 

12 32.50 50.23 0.20 169.67 16.33 

13 32.50 25.00 0.03 155.33 38.3 

14 32.50 25.00 0.37 207.67 10.16 

15 50.00 40.00 0.10 190.00 25.56 

16 15.00 40.00 0.10 156.44 19.35 

17 61.93 25.00 0.20 245.78 38.34 

18 15.00 10.00 0.30 135.00 10.98 

19 50.00 10.00 0.30 196.11 34.48 

20 3.07 25.00 0.20 126.00 9.36 
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f111~ ~ 'U 1 i;l1 i''U i11 a L'illl L .v; a 'Vl1 '11111~viL'VIlJ1~£1lJ"iJa\l~1'11 ~1i''UmaL611lJ hw 15 

I'! a 'U £1 'U a \l ~'U~1~1 t115m1aamL 'U'Ua1'Ur:..J'1llfl"'1\l (Response surface methodology with 

Central composite design; RSM - CCD) 1~miil'i'1LL'lhaa1~ flfft.J~inru1"llir'l.J~\l'VlllVI (X1), 

U~lJ1UJl"leJL'1'1Ll'lB1B'1 (X2) LL'1~U~lJ1rua11anvi (X3) LV!tl X1 iirhatj1~vr11\l 15 - 50 mM, X2 il 

ri1avwvri1'l.rat1'1~ 10 - 40 LL'1~ X3 ilri1av1~'Vli1\l.rat1'1~ 0.1 - o.3 ri1"lla\ll'i'1LL'l11mG'l1ffi~ 
v v 

iJ"IJ'U1VIB'U.fl11"lffiaL'illJCJ'i1~'Vl11\l 126 - 245 nm LL'1~-rat1'1~fl1".lnmn'U'111'1nV!BV1~'Vl11\l 10.26 • ~ v 

- 47.54 ~\lLL'1V1\lL'l.Jl'l111\lvi 4.5 LL'1~r:..J'1rn1Pin~1a.fl11~viLvrm~alJ"llB\l~i;i1i;l1i'uffia L6ifll 1viti15 

l'IB'U'1'UB\l~'Ut:i1 ;)1t115m1aanuuut.11ur:..iallfl'11\I (Response surface methodology with 

Central composite design; RSM - CCD) '11ll1WLLG1Vi\ll"l11ll'1ll'W''UCT1~'V111\IU~~tl"IJCJ\ll'i'1LLU1 

aa1~fia iJ~mru1"lllJ'U~\l'Vl:l.JVIL'l.J~1i''U ~Btl'1~"1JB\ll"leJL'1'1Ll'leJ1B'1 LL'1~F111:1.JLoUl.J6ll'U"IJCJ\l'111'1n~ fl'U 

ri1rn11'laua'Ua\lL tl'Ual.Jm1-w'Vlu1lln1~\laa\l Fla "iJ'U1~a'UmF1 u'1~-rat1'1~m1nmtiua11an~ LL'1~ • • 
c:i11 2 tcv OllLI cv.J' 

lll"l1 R LVl1fl'U 0.8546 LL'1~ 0.8971 i;J1:1.J'11Vl'U ~\l'U 

"il'U1'1B~.fl11"l = 201.20+23.63X1+10.74X2+13.06Xr7.82X1X2-0.93X1X3+4.93X2X3 
2 2 2 

5.55X1 -13.97X2 -7.10X3 

all n 11VO'J'U1 ll n1 '1' \I a a \l ( q u a d r a t i c ) ~LL 61vi\l-U1 \l ~ 'U L tJ 'U LL u u lil1'1a\I'VI1 \I 

Q '.,j .,j Q 1" I 2 I 2 I 

fHlJ (;l 111161 (;11 'VI L'Vlll1~6'll.J'VI~~ 611ll11'1~~11ru1 ~~1fll"l1 R l"l1 R adj F11 p-value "iJB\I Lack of 

fit LL61Vi\l~\1(;1111\1Vi 4.6 LLn~ 4. 7 
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~111.:t~ 4.6 ~am11Lf111::,.;'f111iiLL\hth1'U'tleH regression coefficient 'tleN'tl'U1flil'41l1fl 

., .," "' -,iu1flv\lll1fl 'iilEJfl::m1nmnm111flnfl • 
Source 

Regression F-value Regression F-value 

coefficients coefficients 

130 201.20 21.41 

Linear 

x 1 23.63 28.53* 8.56 56.57* 

X2 10.74 5.89* -2.93 6.63* 

X3 13.06 12.38* -6.07 28.49* 

Quadratic 
2 

-5.55 
NS 

x1 1.66 

2 * 

x2 -13.97 10.53 

2 
-7.10 

NS 

x3 2.72 

Interaction 

-7.82 
NS 

-6.47 18.96 * xix 2 1.83 
NS NS 

xix 3 -0.93 0.026 -2.15 2.09 
NS NS 

Xl3 4.93 0.73 -1.16 0.61 
2 

0.8546 0.8971 R 
2 

0.7236 0.8496 R . 
adJ 

c.v. % -0.0635 0.6873 

Vl1J1EJLVI~; NS = not significant 

~nn:ivi 4.6 rha11tl1:::~'V1BnT~l'i'~~'LI1'i (R
2

) LLa:::rha11tl1~~'V1Bm1~fl~'Uh~tl~\.1LL~1 (R
2
adj) 

wui1 t 'U'Vl nfh n1'S"1BU'1'UB·:nff-:i'!J'U1fltl'U.fl1flffia L 6il1J LLa~~mrn::: 011 n mnua11a nfliif11111 n ni1 • • 
o. 7 u.afl-:ii1 ~1LL'll1~a1:::ii~a~af11m1~at1a'Ua-:i ua:::bl1avh11-su.nf11 F-value 'lJt1-:i1'11a11tl1:::~'VlB 

'UB-:i~1utl1 {hr•~' E.J'!Jt1-:i~1 LL tl1Ba1:::~ii~a~t1'!J'U1flB'U.fl1flffia L'iil.l "'i11na11m1L~'Um-:i wu-J1 m-s , 



79 

L ~lltl~mru L"UlJ'lJ~~VllJl'l t1~111ru1"1mmnl'1a1m1 ua~tl~mruaTrnnl'l i1f:.lavi11~a'4ml"lffia1'1111i1 
"U'U1"1 L ~lJ~'lJ a~ 1~ijiJ m:11~ lli'Vl1~'1fi ~ b 'U'11J n11WVl'U11J n1~,:1'18~ 'W'U'i 1 n1':iL ~1Jtl~1J1UJ 

~ ' 
1"1mam\Jla1aa i1c.i'1vi'11~"U'U1"18'4.fl11"lffia 1"ilmll'l'1~ a~1~i1ii'vi:i1~v'Vl1~aii~ LLa~f:.lamt'Yl'UvlLiil'l 

'11nih1~mi1u th~a1t~aaun1flffia 1'11ll v'fu11 'Wu\Jln~1~nu u'1'1v~i1c.iai;la~avatm1nmfiu 
' 

a11anl'! '11ni:fllm1L6lum~ wu11 tl~ll1rul"Uir1..1vf~,.,lll'l t1~111rurimaaLl'1a1aa LLattl~111ruG'f11 

i:f nl'l iJf:.la~a~avatm1ti'mfiua11anl'l Fia djm .filltl~mru 1 "UiruvY-3vi11"1 '1t°l'i11 ~m':inmfim11':i 
i;'f tll'l L ~lJ~'lJ LL~ Ljjm .filltl~ll1rul"laL'1G'fL\Jltlitl'1 LLa~tJ~1.11tlJ'11':i'1 n~ '1~vi11 ~~tlEJ'1~ fn':itlnLtltJ'11':i 

'1tl~'1"1'N t1V1-3iJii'vi:f1f'i'cyV11'3'1fi~ LL'1tL~t1i;'11':iru1c.iamt'Vlm:nn~1LL tl':i~Pin~n WtJ'J°1 Ljjm ~lJ 

mlnru1'tliJ'1JvY-3Vllll'lLL'1tl"ltlLai:fL(;1818'1 '1~Vi1L~~tlEJ'1~f11':itlnLtltJ'11':ii:ftl"1'11'1'1'3 tl~1'3iJiJmhf'i'cy 

'V11'3'1i1~ 

~U1flB1¥J1fl 

., .,., ., .. 
1ava::n11nnmuo11ant1t1~ 

Source F F 
OF SS MS SS MS 

value 
p-value OF 

value 
p-value 

Model 9 15701.63 1744.63 6.53 0.0035 6 2003.54 333.92 18.89 <0.0001 

A-A 1 7623.96 7623.96 28.53 0.0003 1 999.93 56.57 <0.0001 

B-B 1 1574.19 1574.19 5.89 0.0356 1 117.23 6.63 0.0231 

c-c 1 2329.79 2329.79 8.72 0.0145 1 503.53 28.49 0.0001 

AB 1 489.06 489.06 1.83 0.2059 1 335.15 18.96 0.0008 

AC 1 6.94 6.94 0.026 0.8752 1 36.98 2.09 0.1718 

BC 1 194.54 194.54 0.73 0.4135 1 10.72 0.61 0.4501 

A
2 

1 443.28 443.28 1.66 0.2268 

B
2 

1 2813.75 2813.75 10.53 0.0068 

c2 1 726.11 726.11 2.72 0.1303 

Residual 10 2672.52 267.25 13 17.68 

Lack of fit 5 2400.59 480.12 8.83 0.016* 8 175.86 21.98 2.04 0.2246 

Pure error 5 271.93 54.39 5 53.94 10.79 

Cor total 19 18374.15 19 2233.34 



.ffi~J'ULLi;Jn~1\ln'Ua~1\liJUEJa1~qivn:ia~~ (p<0.05) '11'Ufl1fi1"5i;J8tJ'1'Ue:l\l~mm~n1'~nnLntJ 
aTrnn~ 11lu.i;in;l1\ln'We:iv1\lii'LJEJa1f"i'qi'V11.:iaii~ (p>0.05) LLa~.:i~.:ii;i1"51.:ivi 4.7 L~ai11alJm"5 

mmrul"ll~'U~\l,_,lJ~ (mM) 15 50 

10 40 

0.1 0.3 

126 245.78 

9.36 47.54 
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~e:i-rf~1"5ru1alJm"5'1~'1aEJ1J11lJL~e:i'Ul"ll~\lmh1 '1"5tl1~11 am1~viL,.,lJ1~alJ1'Um"5Li;J~EJlJ • 
i;i1foffia1'iflJ1~u"lJ'U1vie:i'4.n1rrn~1'Uitb.:i 100 - 400 nm u."~t~t1~mru-Sm.m~m"5timnua1"5ail~ 

mnvi~~fie:i tl~mrul"ll1Y'U~\l'l-1lJ~Lvi1nu 50 mM tl~lJ1ruf'lm"mi;ie:iw"Lvi1iltJ~e:iEJ"~ 10 LL"~ 
tJ~lJ1'1.1'11"5'1tl~Lvl1tl'lJ-S'eitm~ 0.l 1~"ll'U1~8'U.f11f'lii18L'iflJLvl1n'lJ 188.10 ± 16.34 nm LL"~ • 
~mm~m"5nmnua1"5anviLvi1tiu 46.43 ± 4.20 ;\1'1.nTl~vimm~alJd a1lJ1"5mLa~\ILllu 

F111lJ~lJ~'UB"5::'1-111.:it1 ~ :5' EJ"lle:i.:ii1 u. i.haa"5~ nul"i1m1i;iaua'U cN L tl'Um1-na1lJil~ u.":: m1'rllfl1.:i 
' 

~1\1 (contour) u.a~\l~\l.f11'YiVi 4.20 LLm~ 4.21 
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0.20 

X3 {°lo) 0.15 
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X2(%) 

40 

34 

~ 
28 

~ 22 

16 

0.30 

i 020 
~ . 

O.IS 

0.10 

22 

15 22 

0.30 

0.25 

~ 020 
~ . 

O.IS 

16 

29 36 43 

Xl(mM) 

YI (nm) 

29 36 43 50 

XI (rnM) 

22 28 34 40 

X2(%) 

111'W~ 4.20 n-·a-1~a12.1ij~u.ft~n11vfLfl1{1i1{1 (A) 011flaua1.1a{l'Uew111.11fla'4111fl~Lnfl'11n 
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.. 
\A2.11ruflt>LftflLfl£11£lft (X2) nu\A2.11w\'UJj''U\1{1\112Jfl (X1), (8) 01'ifl£l'Uft'LliH'U£l{I 

'U'l.11 fl £1'4ll1fl~ LO fl'11ntl'i2.11 ru ft1 'ift n fl (X3) nutl'i2.11 rul 'U>i'LI (X1>. 

(C) fl11flt>Uft'U£J{l'!J£l{l'U'U1fl£l'4ll1fl~Lnfl'11n\A2.11rua11anfl (X3) nu\A111w 

flt>LftftLflt>'it>ft (X2) 
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0.10 

40 

30 

~ 20 
~ 
e;, 10 

s;! 0 
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~" M 
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34 

16 

22 29 36 43 so 

Xl(mM) 

Xl(mM) 

0.30 

0.2S 

~ 0.20 

O.IS 

0.10 
10 16 22 28 34 40 

X2(%) 

111,.~ 4.21 n11wa13.ID~u.n::m1W1Ft·H·h~ (A) 011f!e:iuaut1.:J11ei.:1ie:iaa::n11nmnua11 

i'ltlfl~Lflfl;)1flmmruf'ltJLfli'ILflil1tlfl (X2) ntJtn3J1Wl'!l2JUi.:JVl3Jfl (X1), (8) 

n11Ae:iuaut1.:J'!lt1.:Jie:ian::n11nnLnua11anfl~Lnfl;:i1n\A3.11wa11anfli1'tf cx:J 
nutfi3.11w l 'll21ui.:J'M3Jfl cx1>. cc> 011f!t1uaut1.:J11t1.:Jie:iaa::n11nmnua11 

fltlfl~Lflfl;J1fltn3J1Cl.li'l11i'ltlflrf'ti (X3) tltJtn3J1Wf'ltJLflaLfltl1tlfl (X2) 
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BeJf1LL'U'Uci1'Uc.1'11Jfln1\I (Response surface methodology with Central composite design; 

RSM - CCD) 

flT'fl~ 4.20 LL'1VJ\ltl~mru1'1llT'U~\IVl1JVJ tl~mruf'lmnml'le:i'rn" bLnttl~lJ1rua11ati'VJ ~iJc.in~e:i 

"ll'U1VJeJ'4fl1f'lffie:i L'111J "fltrh fl11L ~lJtl~mruf'leJL"'1Ll'le:i1e:i" tJ~lJ1ru1"lJ2J'U~\IVl1JVJ bL"tfl11L ~1J 
tl~mrua11anVJ vi11 l1ffie:i L'l11JU"lJ'U1VJL ~1J~'U ~\1'1eJVJf'l~e:i\lti'uFi1~"tl1ta'Vl5"llm~1 bL thL'U'1llm1 

LL" tc.i" fl1'j1 Lf'l11t,.;Fi1f'l111l bL tl1i.J 111J t VJ EJ~ VJ~ LL'1VJ\I L 'Un 11~a11Jii~ LL"~ n11'rltm \1~1\1'1 ~ bL'1 VJ\I 

'1fl11~~L'VllJ1~'11J"lJeJ\1~1~UilteJL'111J 

m"fl~ 4.21 LL'1VJ\ltl~1J1ru1"lJ2J'U~\lvr1JVJ tJ1mruf'lmn'1Ll'leJWn LLnttl~lJ1rua11ati'VJ ~iJc.ia~e:i 

1e:ivn~m1nmnua11anl'1 'Yiu11 n11L ~1Jtl~mru L "lllJ'U~\l'VllJl'1 'Vi11-H~e:iEJn~m1nmnua11ati'I'! 

L ~lJ~'U a1'Ufl11L ~1JU~lJ1ruf'leJLn'1 Ll'l eJ1eJ'°' bLn~fl11L ~lJtJ~1J1 fil'111'1tll'l '1~'Vi1 L ~1'eJEJn~fl11tl mn'U 

a11a ti'VJn 1'1n\I ~\lae:ivif'l~ e:i\lntJ Fi1a1Jih~aV1~"lle:i\1~1bLtJ1t1J'11J 1111 bLn tc.i"n111Lf'l11~,.;Fi1 f'l111J 

bL tl1tl11'U 11'1 EJ ~vi~ bL'11'1\I 1 'U m1~a11Jii~ bLn ~ n11'rltf'l 1 \1~1\1'1 ~ LLMl\1'1 fl11~~ L Vl1J1~'1lJ"lleJ\1~1~tJ 

ilte:it'lJ11 

'11n1T'UU1'1fl11t~L VllJ1~'11J 1 U'Vll'1'1 eJ\1~1 L mEJu L VivuFi1vTlv1'1~\ltl'lJfl1vi1'1'11f1f111'Vi11J1EJ ~\I 
., .,j I :"!'i° 'i ... OV c0 ., ..Iii ... 

imf111'VlVJ"fl\I bL'1Vl\11'1\11'1111\l'Vl 4. 9 "flU11 "lJ'U11'leJ'4fl1f'l'U ~el ~61j1J LLn~1eJEJntf111f1f1Lfl'lJ'111'1f11'1'Vl LI'! 

'11nm1V1!'1neJ\lbLn~Fi1vTli;l'11nm1'Vi1'U1EJi1Fi11n~LfiEJ\ltl'U 

.,j .f.i!I .. 1 ..Iii II ., I ..Iii II 0 lll .,j 
fl111{1'Vl 4.9 hJ1EJUL'V1EJUfl1'V1 LV1"1n1111'V1"av{lnUfl1'V1 LV1"1nn11'V111J1a111a flflll11:'Vl 

L'Vl1J1:a1J (n=3) 

fi1fluUfl'Uv{IU"~'-' fi1il~"1nn11\11u1a fi1il~"1nn11'V1Aau{I 

"lJ'U11'1fl~fl1f'l (nm) 180.10 ± 16.34 163.89 ± 4.43 

., " d: " 
wEm~m1nmnua11'1nl'! (%) 46.43 ± 4.20 47.68 ± 4.68 
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4.6 m,.1Lfl')1::oM1111;e:iaa::nTnih.Jnna1caLfl~e:i.:1111i.i1aluffie:i l'ifi.i 

Lija L~'1/l11::~L vri.i1::'1i.it 'Un1'H~~EJ11i;l1~uffiti L'l!l.I 1~EJ 1'1i15nT~~t1U?f'Uti~~'Uel1LL~1 1~ii 

m,.Pin~11Lri,.1::v1t1~111w'11,.Lri~a~vr111EJ~i;l1~uffiti L'l111'11111,.rnimnu1vi fia gallic acid LLa:: 

ellagic acid 1Lri,.1::v1vi1EJ15 HPLC ~rnm,.Pin~1~tiEJa::mcaLnutin'11caLri~ti~vrmEJvY-l 2 'l!U~t'U 
ma L'l11J LL'1~-l~~/l1'W~ 4.22 LLa::~tJEJa::m')timnu gallic acid LLa:: ellagic acid 'tltl-l~~,.i;J1~u 
~1 ...... .... .J ..J.!'! ..... ..i .... 
'U~tl 'l11Jfl111JL"IJ1J'tl'U 1, 2.5 LLa:: 5% LL'1~~~~/l1ffVI 4.23 'l!~LU'U~~')~1'iU'VIW~'U1'11nn1')'Vl1 

..I ... ....... .¥ .. ""t"' .... "' ..i t~"' .J '1/l11t'VIL 'V11J1t'11J~1 EJ1!)fl1'j~ tlU'1'Utl-lW'Uf.J1 L Wtl 'Vl'111J1')'1nmnu'11')Lfl')tl-l'V11J1EJ 'VI ~~1J1n'VI~~ 

LLa::L~t1i11LtlV1~'1tlU m,.tJavitl~tiEJ'11,. gallic acid LLa:: ellagic acid '11m::uui11a-lffiti1'11l.J 

Pin~nm,.~11~1tJCl1vru~"llm gallic acid LLa:: ellagic acid '11m::uuu1a~ffia L'l!lJ~1EJ'VIU~'VllJLL ,.n 

Liivi f11'j'VJ~'1tJUtl ')tii'Vl~/l 1W t 'U n1')mt!Ji'1.Jn1')-ltl n'1Jtl-l L~'Uf.Jl.J l'U~~1'Vli;rna-l LLrtt'Vl~G'f tlU f11'j 
' 

')tf11mfiv~i31'Vli1~ (skin irritation) 1'U~~1'Vlviflti~ 

90 
79.21 

~ 80 
., ... 70 ~ ... 
IV 
E 60 ... 
0 
:>. 50 44.16 u 
c ., 
u 40 Ci: 
't .., 

30 c ., 
E 
a. 20 
IV ... .., 
c 

10 w 

0 

Gallic acid Ella~c acid 

111"W;1 4.22 -ie:iva::mcanmnu gallic acid ua:: ellagic acid 

'11nm,.Pin~1~vEJfl::m,.nmnu gallic acid LLa:: ellagic acid -wu11 ?11l.l1,.rinmnu 

L~Lvi1nu~vEJa:: 44.16±0.03 LLa:: 79.21±0.06 ~111a1~u ~~m,.nmnu ellagic acid ~-ln11 

gallic acid tl,.::111w 2 Lvi1 vY-lifL~tl-ll.l1'11nflW'11lU"ii'1Jti~'11,.vY-l 2 'l!U~ LL~n~1~n'U fia gallic 

acid LU'U'11')~'11l.l1'rnft::a1mi'11v1 '1tQntimnu1'Uci1'U"lltl-l polar head group a1'U ellagic acid 

L U'U?11,.v1UJa::a1mi'1'1::Qntimnu ttJa1tJ'1ltl-l lipid bilayer LLa::tl~111W'11'Hfl~tl-l'Vll.l1EJvY-l 2 'l!U~ 
l'U'11')'1n~~1f.Ja1iiml.l1W WL vi1n'U vi11 iHtiEJ'1tn1')rlnLtlUG'f1')'1tlVILL~ n~h-ln'U Lvl 



120 

100 

~ 80 j ... 
IQ 

E .._ 
0 60 
>. 
u 
~ ·o 
~ 40 
+' c 
Cl 
E 
ii 20 
.I:; 
c 
w 

0 
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Concentration of triphala extract in niosomes (%} 

111'rt~ 4.23 ~e:iaa::m~nmiiu gallic acid u.a:: ellagic acid ij\J1~~1i'ume:i l~11fl1111 
., ., 

L'!l11'!1'1J 1, 2.5 u.a:: 5% 
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Lrlmi;i~EJ11ffi'1L'!1l.I Ll'Wi'.i~mia:mTHi'mnu gallic acid ua~ ellagic acid 'll'1.:l~l'11~iT~'t.1 

ffiei L'l!l.lfl11l.IL "1111-U'IJ 1, 2.5 ua~ 5% ~.:iL ll'U'1mPi'1fo~-W'viJ'U1l.11'11nm1vr1'11111~viL vr111~'111vi1v 
" 

1Gn11"1fltJ'1'Ufl.:ll{'UCJ1 L ~fl 1 l1'11l.111rt ti' mnu '111Lf'1~fl.:!'Vll.J1El1vimnvrnf1'1~ Ll'l~ Ell.I~ 1 ~tJ L ~fl'Vll'l'1 '1tJ 

hi'1i;i1'Vll'lam11"J -wu11 ~m~1~uffieiL'lll.Jf'111l.JL-fi11-ti'U 1, 2.5 LLa~ 5 % '11l.111rtnmnu gallic acid 

ua~ ellagic acid 1vi'Lvhnu~eiva~ 38.64±2.19, 36.09±5.63,35.17±4.28 LLa~ 86.04±7.41, 

74.92±8.63, 93.91±6.64 m11ci'1~u 

'11mmm1~m~.n~eiEJa~m1ti'mnu gal lie acid ua~ ellagic acid '!leJ.:i~ i;i 1 ~1fui11ei1'1111 

f'11111Li11-ti''U 1, 2.5 ua~ 5 % '111111riti'mnu'111Lf'1~ei.:ivr111v gallic acid LLa~ ellagic acid 1vi 
... ... 

~.:ii!'U '1i;i1Pi'1~u~.:i 3 m1m i11-ti''IJ '111111ritl'1 h.l'Vll'l'1eiuth~a'Vlfi111-w L 'Um1n1~~'Um1L '11rn'llei.:i " . ·~ 

Lft'U'll'U ua~'Vll'l'1'1tJm11~f'11m?iei.:i~Tv1i!.:i (skin irritation) lua~rJ'Vll'laeJ.:i ~n~nm1tlal'ltlaeiv'111 

gallic acid LLa~ ellagic acid '11m~uutl'1'1.:iffiei L'lll.J ~n~nm1iii11e.i11..1~1vri!.:i•1rn.:i gal lie acid 

LL'1~ ellagic acid '11m~uutl1'1.:iffiei L'l!l.J1'11v~1vri!.:ivriJ1Vi'ei.:i'!Jei.:i'1mLL 1miil"l • 
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4. 7 nT"Ifim~nnT"Itla~tlat1aa1~ gallic acid tta~ ellagic acid '11m:uut11a.:iffit1 l6ll11 

'11nnT~Pin~1eYm1L~1t'l..lrn~tJi;w1tl'1amn1 gallic acid LL'1~ ellagic acid '11m:::uui11i;1..:i 

ma L'ifl.J L tJ~EJ'UL ViEJutiua11ati~~EJ~L 'IJ~tla11i;:i:::i;:i1EJ t~a 1i~..:i1"e:idi;:i~~ (molecular weight 

cut off 12,000-14,000 Daltons) vi1m1~n~1t~wti'a11a:::i;:i1EJ~1ni;:i1..:i (release medium) ~e:i 

30% polyethylene glycol 400 l'IJ phosphate buffer pH 7.4 L~a'li1m~l.lfl11'1:::mEJ"l.IEJ\I 

ellaaic acid L"l.lfi1vl1EJ incubators shaker ~tlfill11lii 32 °C c)'V111L~1 150 1tl'lJ~tl'IJ1fi i:-1'1 :> • ,, 

m1~n~1rn~tl'1'1tl'1t1EJ'11'j gallic acid LLm: ellagic acid '11m~uui11i;1..:iffie:i L'l1l.l LL'1Vl\l~\lll1'Vl~ 

4.24 
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-+- 1 %triphala extract nlosomes 

--- 1 %triphala extraxt solution 

1 2 Time(h) 3 4 5 6 

8. 

-+-- 1 %triphala extract in niosomes 

-a- 1 %triphala extract solution 

0 2 3 4 5 6 

Time(h) 

n1w~ 4.24 n1'jtlafltlavt1a1'jLfl~e>.:i'H111al\l1n'j::uutl1a.:iffia l'lf11nua1'ja::a1a (A) ft1'j 

Lfl~v.:J'H:IJ1EJ gallic acid, (8) ft1'Hfl~v.:J'Hll1EJ ellagic acid 
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'11nm')Pim~nm')tlrw1tl~mmTnfl~eNvr111EJ'11mtuui11a.:iffia1'if11 wu11 m1tla~tl~aEJ 

LLU.:JLth.1 2 -d-N -d1.:iLL')nlu 15 'U1Viu')n e)i;i')1m')tla~tlciamn~~'Ua~1.:i')1~L~1 ~.:iLn~'11mn') 

Lfl~a.:ivr111EJ~'b.i~nnmn'U L 'Uffia 1'lf11 ~.:iiim1ata1EJaam.11 l 'U~1na1.:ivivi1m')Pin~1'ti''UVi Lrn t 

Vl~.:J'11n 15 'UTVi eJ(;l')1n1')Ufl~tlcivEJ'1tLO~Cl~1.:J-tt'1 ~ ;.:Jn1')Ufl~tlriaEJdLn~'11nG'f1') 
.al .,j U d ., ~ 'j ., .,j of of I .al ., of I 

LflW.:JVl1J1EJ'Vl~nnnLn'U L'U'U Ltl L'if1J L'U"IJUlt'Vln1') ufl~ uflCJEJG'f1')Lfl')CJ.:JVl1J1EJ L'Ui uG'f1')fltfl1EJ WtJ11 

eJ~')1n1')Ufl~tl~CJEJG'f1')Lfl~v.:ivr111mn~i1~.:iL'U gallic acid ua:: ellagic acid 

"" • ,.. .. • I • I I "" .,j ., "' ., :'!'i 'i ., • I 
L1JCJL uW'U L 'VIEJ'Un1') u a~ uf!CJEJG'f1')Lfl1Cl.:JV11J1EJ'Vlnmn'U L 'U'U Ltl L'iflJ LLflt L 'Ul uG'f1')fltfl1EJ 

'V'l'U11 er111')1m')tlfl~tl~aEJa1')Lfl~a.:ivr111E.Jvlnmn'U1'Uffia1'if11iiel'm1 L ~1n11 l 'U~tla1')a::a1 EJ 

L~CJ.:J'11n ft1')fl~LL ').:J~.:iil1-d1m ~1Jeli;J')1n1')fltfl1EJ"IJCJ.:JG'f1')Lfl~CJ.:JVl1J1EJ gallic acid LLflt ellagic 

acid zj.:JftCJ~flrlCJ.:Jfl'Un1')Pin~1"1JCJ.:J Zaki et al., (2014) L~EJG'f1')fl~LL ').:J~.:iil1"lfil~ hJijtJ')t'! 

(span® 20) '1tL ~1Jm1ata1EJ"IJCJ.:JE.11~a::a1mi'11v1uaEJ LLfltn1')tla~tlciaEJG'f1')G'fn~;1'Un'U,j'Tu1'U 
alkyl chain via~L'U Lfl').:JG'f~1.:J"IJCJ.:JG'f1')fl~LL 1.:i~.:iil1 fia '1'1'U1'U alkyl chain i'U am1n1') 

tla~tl~CJE.l\1.:Jn11'1'1'U1'U alkyl chain '11EJEJ11 

4.8 011fin'li1011~11eJ1t1~1"1Jv~ gallic acid u.a:: ellagic acid \11n1Z'U'Uthfi~illv L'lf1J ~1EJ 
., ... 

vrt1~qn1u. can m~ 
. "' 

4.9.1 m1fin'li1minru gallic acid u.a:: ellagic acid fi~lJeJ1t1-ti't1~1vrt!~ 

m')Pin~1m')~lJi:.i1'Utj1vr'li'.:iiiF11111'111'i'qJ L y;a L oH'VJ')1'Ufi.:i-da.:ivn.:i 1 t.1n1');11e-!1'U 

tj1vr'li'.:i"llv.:JG'f1')G'f0~ m')Pimnm1~11i:J1utj1vr'li'.:il"li15 franz diffusion cell L~EJ1-ilr:i1vru.:i"IJei.:i~m 

LL 1mn~ L tJuu uulil1fla.:i L ~a.:i'11nffiF11.:ia~1.:i·1rn.:itj1vr'li'.:iLLfltF111ua11111ci 1 um1~1Je-!1uF1~1EJnu 
" 

tj1vr'li'.:i-tl't.1 stratum corneum "1Jt:1\11Jt.1~tl (Michnial-Kohn et al, 2005) 1~wH 30% 
' 

polyethylene glycol 400 Lt.I phosphate buffer pH 7.4 tl~mm 14 ml LU'U receptor 

medium ~t:1ruvrfll1 37 °C '11niTui.h1tliLF111::l'itl~111rum1~11i:J1'Ui'.J1vr'li'.:iv11E.Ji5 HPLC t:-Jfl 
• 'IJ 

n1')Pin~1tl~111ru gallic acid LLflt ellagic acid ~~11i:J1u.ff'Uc:J1vr'li'.:i LLG'f~.:i~.:imwvi 4.25 
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A. 

250 

0 1 %triphala extract in niosomes 218.64 

200 l2J 1 %triphala extract solution 

ti' 
E 150 
~ 
::l. ....... 
c 
0 

i 100 
E .... 
Ill a. 51.71 c 
~ 50 39.89 

30.50 

0 

3 6 12 24 
Time(h) 

B. 

18 17.00 

O 1%triphala extract in niosomes 
16 

~ 1%triphala extract solution 
14 

C' 12.19 

E 12 
~ 10.40 

3-
c 10 
0 
+; 

8 IV 
GI 
E 
tii 
a. 6 

4.42 
c 

:52 4 Vl 

2 

0 

1 3 Time(h) 6 12 24 

"" • ~ d ..i... • ~ ... ., ( ) d • ( ) fl1~\'I 4.25 u·n.11ruaTnfl~t1.:Jvr111a\'ltU11~1'U'tf'Ll~'l'Vl1J.:J A fl1~Lfl~eN'M111V gallic acid, B 

a1~Lfl~v.:Jvr111v ellagic acid 
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~1nm1~n~T1.fonrua1'Hl"l~B'IVl1J1f.l~~11cJ1'Ut:iTwu..:i 'l'fl.Jl1 '11'Hl"l~B'IVl111f.I gallic acid ~ 

'1nnrnfiut 'UB'U.f111"lffiBL'i111 ~ 24 .a-1 L11'I '111111'm~11cJ1'Ut:i1V11J'l1~111nn-J1 oallic acid ~a~il'U1'1.J 
\I , ::'.> " \I 

'111'H'l~mf.I 7 Lvi1 1.1.M1'1~'1.f11'Yi~ 4.25 (A) 'l.J~111rum1~11cJ1'U ellaoic acid ·~fonnmtiu1'UB'U.f111"l 
::i ,, ' 

ffiBL61l11 ~ 24.a-1fu'l1~111nn11 ellagic acid ~B~L'U'111'rn~mf.I 1.7 Lvi1 LLal'!'l~'l.f11'Yi~ 4.25 (B) 

4.9.2 m111ru gallic acid Ufl:: ellagic acid ~~11~1'Ultfl'U-#'U stratum corneum 

m1~n~1'1.J~mru gallic acid 1.1.'1~ ellagic acid ~~11c.11'U1'1.lt'U.ff'U stratum 

corneum Ll'IEJ tape striping ~mm1~n~T1.fi:i.nru gallic acid LL'1~ ellagic acid ~;11t.h'U1'1.ltu 
v ' 

tlf'U stratum corneum LLal'l'l~'l.f11'r!Vi 4.26 

c 
0 
;::; 

m 
E 
ij 
Q. 

c 
:iz 
VI 

25 

20 

15 

10 

5 

1.61 
0.39 

0 

1 % triphala extract solution 

• gallic acid 

· ·~ ellagic acid 

0.39 

1%triphala extract in niosomes 

111w~ 4.26 m111ru gallic acid mt:: ellagic acid ~iti11~1'Uttfl'Lli'U stratum corneum 

m1~n~1tl~111ru gallic acid 1.1.'1~ ellagic acid ~;11c.J1'Ul'llt'U.ff'U stratum corneum 'rl'Ul1 

gallic acid Lta~ ellagic acid ~Qnti'mfiutum~.n1flffit1L'lllJ '11111W~l.lt-h'U.ffu stramtum 

corneum 1~Lvhnu 0.39±0.11 1.1.'1~ 17.25±2.11 µg/cm 
2 91111~1~'1.J ;'lm1;11c.J1'U ellagic acid 

~'lffJ1 gallic acid th::mru 43 Lvl1 
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4.9.3 mi.11ru gallic acid LLa::: ellagic acid ~iiii.1~1\JL'IJ,!'IJ epidermis LLa::: dermis 

m'lPin~ntl"ii.i1ru gallic acid ua~ ellagic acid ~61i1J~1'1JL'IJ.ff'IJ epidermis LLa~ 
dermis vhm'lPin~n 1~EJ~~\1U\l\11J 1 ~ll'!l'IJ1~L~n L ~m ~1lif'IJ~m'la~a1EJ crnm'lPim~ntl~mru 

'II 

gallic acid LLa::: ellagic acid ~;1J~1'1JL'IJ.ff'IJ epidermis LLa~ dermis LL'1~\l~\lfl1~~ 4.27 

4 

• galUc add 

4 
3.12 fi1I ellagic add 

3 

G' 
3 E 

j 
c 2 0 

+; 

m 
E 

2 ij 
Q. 

c 
J2 
VI 

0.49 

0.05 

0 

1% trfihala extract solution 1 %triphala extract in niosomes 

d . ~ 

llTVfl'I 4.27 tfi:IJ1W gallic acid LLa::: ellagic acid fiiii:IJ~1'1JltJl'IJ.J'IJ epidermis LLa::: 

dermis 

i:.Jam'lPimntl~mru gallic acid ua~ ellagic acid ~nmntJL'U8'4fl1Rffia1'1l1J ~61i1Je.i1'UltJL'U 
:; • • c:f I I .., 2 0 CL/ ci 

"!l'U ep1derm1s LLa~ dermis 1JR1LVl1ntJ 0.29±0.13 ua~ 3.12±0.56 µg/cm tJrn..Ja1~'U '1l\ln1'l 

~1Je.i1'1J ellagic acid ~.:in11 gallic acid tl'l~mru 10 Lvi1 

B'4fl1Ri11a 1'111ltl'l~natJ~1EJ 1ri'l.:i'1f1.:i~L U'U lipid bilayer th~neJ'U~1EJ~1'U~"ll8tJtl1LLa::: 
bi'!mtJtl1 '11'1Jth:::natJ'!l8\li11:a 1'1l1l~\1?11'la~ LL 'l.:i~-:1~1"!lii~ hliitl'l:::'1ua:::rima?f L(;18'l8'1 '1~~1ci L 'U • 
m'l61i1Je.i1u~1"1tl'-3'!18\1?11'lLR~B\1"11J1EJ (Sarpotdar and Zatz, 1986) 1~~~'U '11nm'l~m~1 

tl~mru gallic acid ua::: ellagic acid ~61i1J~1'Ui'U~1"1U.:I ~tJ11 gallic acid ?111J11Cl;1Je.i1'U 

~1"1i!-:i1~~n11 ellagic acid ~-:idLi1a.:i'11n gallic acid LlJ'U?111~a:::mEJtl11~ QnnmntJL'U~1'U'lJ8.:I 
polar head group "ll8-l8'4fl1Ri11a 1'1llJ L~t1;11~1'U~1"1i!.:1'1::: 'WQnti'mntJ 11 ua:::"lJ'IJ1~8'4fl1R 
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WBL'ill.JB~L'U'!i1.:i 0.2 - 7 µm '111l1'rn~11~1'U transappendageal 1~ '1e:ii;ifl~a.:inum1Pim~n"l.IB'I 

Lademann et al., (1999), Lademann et al., (2001), Lademann et al., (2006) LL'1::: 

/Schaefer et aLf 2001) Y4'1.J11 "ll'U1i;ie:i'41l11"1ffia L'il11i-:iu~iimm11 3 -10 µm '11lJ11{1~11~1'UL ih 

transappendageal ~1'Ui~lJ"ll'U ~'l"il:::'!bm vilJfl11t.1'1ri.:i'111Lfl~B\IV!lJ1fl 1 tJ V\1~1LL V!U\lfl11€1BmJ'Vlt 

ri"l'Utl~mru gallic acid LL'1::: ellagic acid ~~11~.h'UltJL'U.ff'U stratum corneum Yl'Ui1 ellagic 

acid "iltihfimrulJ1nl'Ll.ff'U stratum corneum ~\lifL~B\l"il1fl ellagic acid Qflnmnul'Uri"l'U"l.IB\I 

lipid bilayer LL'1tL U'U'111~"lfeJtJ 1 "tJlY'U ~\liif11~11tJ1:::~'Vltm1m:::li!1fl L 'Uii'1LLa:::tl12J'U (partition 

coefficient) mnn11 1 liJ:::vhl~ ellagic acid V\lfl\IB~L'U-ff'U stratum corneum tJ~111rulJ1fl 
ri1'U gallic acid LU'Ua11~'!rn'Utl1 "iltWQflnmntJl'U.ff'U stratum corneum L'!i'UL~fl"ltltJtl~mru 
gallic acid ua::: ellagic acid ~~11~1'U1tJL'Ll~'U epidermis LLa::: dermis l'ltJl1 ellagic acid 

V.:lfl\IY4tJtl~mrulJ1fl L 'Ui'U epidermis ua::: dermis a1'U gallic acid Y4tJtl~mruiiafl L~€1\lli!1fl~1J 
~1'UL'!!1.ff'U hypodermis LLa::: hair follicle 

4.9 m-a'Vl~aeiufl1111fH~1'Uei.:i~1i'uffiei 1'l111 

lil1nm1V1i;i'1Bum1lJfl\li;J1"llB\li;\'1foffiB 1'il11 1i;imnu H~~ruvrJJii 4, 25 u'1~ 45 °c LU'U 

1:::v:::na1 3 L~B'U ua:::i.11111th:::di'U1"1'1J'1lJ'U1i'Vl1\lfl1Vll1Y4"l.IB\li;\'11'uffiB L'il1J l~LLri fl111'i;)"lJ'U1i;) • 
... I • I 1··1-~ d.. l ... G B'41l11"1 m11i;im1m:::lil1V"ll'U1i;JB'41l1fl fl1 u1:::~ nn1'Vli:J1B'41l1fl ua:::!"11111'11lJ11{1 'Ufl11flflLfl'U 

6111'1 ni;i L '4e.i Pi fl~1 f"111lJfl.:li;l1 ua::: fl1) Ln'U1fl~1~1~'1.Jffiti L 'ill.J i:J'1 m1Pi fl~1fl11lJf")\1~1'!Jtl\1~1f 'U 

ffiB 1'illJ LL'1i;}\l~\lm11.:i~ 4.10 ~t1fla:::m1nmnu'111'1ni;i u'1~.:i~.:im11.:i~ 4.11 f11111fl\1~1"1JB-:1 

~1'11i;\'11'uffit1 L'illJl"1111JL '!!lJ'!!'U 1, 2.5 ua::: 5 % L U'Ufl11W\Pll'U1~1'J)i;\'1ftJL 'i4Bi11 ltl'Vli;J61€JtJ~'Vlm 'U 

m1m:::iri'Ufl11LliJ~ni"lle.J'IL~'U"l.l'UL'UV!'U C57BL/6Mlac • ·~ v 

d 
1'1111\l'Vl 4.12 uri::: 4.13 



.. d 
1::EJ::L1fl1n1'1 - ~W\11\]2.J'Vl'Vlflilil\J 

'Vlflilil\J < 1u> 
f1Wil2.J\JPl'V11~n1Elfl1'W 

4°C 25 °C 45 °C 

1 ,,1J1flil'4fl1f'l (nm) 166.22±2.84 166.22±2.84 166.22±2.84 

m1m:r~1EJu'Ufl1f'I 0.20±0.04 . 0.20±0.04 0.20±0.04 

fi1th::~1vNhfi~1ut.1fl1f'l (mV) 34.41±0.26 34.41±0.26 34.41±0.26 . . 
,,1J1flil'4fl1f'l (nm) 170.07 ±2.15 174.41±2.07 168.85±3.43 

7 m1m::~1EJrJ'4fl1f'I 0.19±0.03 0.25±0.02 0.21±0.02 

fi1th::';llwvhvi~1uwnf'l (mV) . . 36.60±1.64 36.51±0.91 36.25±1.16 

,,1J1flil'4fl1f'l (nm) 173.48±3.86 178.19±2.06 164.11±2.58 

15 m1m::~1EJu'Ufl1f'I • 0.18±0.02 0.23±0.03 0.17±0.02 

fi1th::~lwvhvi~1uwnf'I (mV) 35.00±0.97 35.20±1.64 35.97±0.99 . . 
,,t.11flil'4fl1f'l (nm) 172.89±3.42 168.07±2.41 161.52±2.90 

30 m1n1::';l1EJu'4fl1f'I 0.19±0.03 0.23±0.02 0.17±0.04 

fi1tJ1::-;ilww1fi~1u'4mf'I CmV) 37.36±1.10 36.07±1.36 32.21±1.75 

,,t.11flil'4fl1f'l (nm) 178.63±2.81 168.37±2.84 158.37±2.87 

60 m1m::~1EJulJfl1f'I . 0.23±0.02 0.22±0.03 0.15±0.04 

fi1tJ1::~lww1~~1ut.1mf'l cmv) . . 35.11±2.32 37.62±1.31 33.80±1.45 

,,1J1flil'4fl1f'I (nm) 200.93±6.21 170.19±3.36 166.78±2.73 

90 m1m::~1EJrJ'4fl1f'I 0.30±0.03 0.22±0.11 0.11±0.04 

fi1tJ1::~ 1 vlw1vi~1ut.1mf'l (mV) . ' 36.18±2.56 37.71±0.79 35.24±1.54 

fl1'j1'3~ 4.11 ~e:>va:n1'jnmnuminru total phenolic content ulmnu11~ 4, 25 LLa: 

45 °C Lth.1L1t'l1 90 1'LI 

1::EJ::L1fl1n11'Vlflilil\J 
., .,d 914 

'ji1EJa::m1nnmua11anJ1-w11 

<1u> 4 °C 25 °C 45 °C 

1 48.84±2.00 48.84±2.00 48.84±2.00 

30 52.47±4.03 51.97±5.85 54.35±4.79 

60 51.03±3.51 52.73±6.78 46.75±5.76 

90 52.01±4.43 52.59±3.10 44.24±2.89 
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"' 0 "' ::'IT 1 .,; d 111..I ., ..I 1 
i: .. mnT~'VllilGHl'Ufl'l1l.Jfl./l\9l1'!J8./l\9l11'\J'U ~8 'Yjl.JLl.JaLn'IJ TYi 90 1'U 'VI 4, 25 LLrlt 45 °C ~w 

tl1td)'UflW'1l.JU~V11·m1EJ.fl1Vl'!l8.:ivi1~tJffi8 L'Y:!l.J L 'U~1'U '!l'U11i18'4.f11fl m1mt'11EJ'!l'U11i18'4.fl1fl 

uat~htl1t~ 1 vlvhvi~1a'4.f11fl ualil.:i~.:ii;i 111.:ivi 4.10 uat{8E.Jritm1nmntJa11ati'lil'!Ja.:il'i1~tJ 

ffi8L'Y:!l.J ualil.:i~.:ii;i111.:ivf 4.11 

i:.m f111'Vllil'1a'U fl'l1l.Jfl./I "11'!! 8./1~1~'1Jffi:8L'Y:!l.JvitJ11'1 a11a nlili;J~i:J a 1 .f) 1f.J ti;la.f) 11 tvl fl1'1J fll.Jvi • • 
8ru'Vl.f1iJ 4, 25 urit 45 °c LlJ'U1tE.JtL'la1 90 1'U L1i1E.Jtl1tLii'Uflrual.JtJ1lv11.:imEJ.f11Vl'!J8.:il'i1~u 

• \I • 

iH8 L'Y:!l.J wu11 ii18 L'Y:!l.Jl1~n~rut~J1mJ'!J11 ~hiL tl~EJ'ULL tla.:i llJl1m11J1n\9ltf18'U'!J8.:Ja11anvi 

LL'11il.:Jl18W'Vl.f1iJ uatfl11l.J~'U llJl1i:Jri1Ji8 fl11l.Jfl.:il'i'1V11.:i mEJ.f11'W"tl8.:J~1~uii18 L'Y:!l.J LLrit L~8tl11 tJ1vi 
• \I 

'!J8./18'U.f11fl L lJ'Ufhvf tJ8nii.:i'!J'U11il'!J8./18'U.f11fl 1 'Uvi°1~tJ11i1fi11n'1LfiEJ.:Jtl'Ul.J1nUeWL vfo.:i tvi LLatfl1 • • 
tl1t'1 l vlvhvi~18'U.f11fl L lJ'Ufi1vitJ 8nii.:im1l.JF1.:i"11·1rn.:ivi1~uii18 L'Y:!l.J ri1-d''1ti'vitl~l.J1ru'!l 8.:J • • 
Q d .Jc. Q l.I I 3 I I 0 Q.J .d QI d 

mani;i1a"U'Vli:J1'1.J1L'lW shear plane mm'Umnm1 30 mV 'Vl111f.lfl11l.J11\9l11'1Jl.lfl'l1l.Jfl.:Jmlil 

uat'111"hda.:iii.:i 60 mV 'Vll.J1f.lfl11l.J111'11fol1m1l.Jfl.:i"11~l.l1n (Mehnert and Mader, 2001) 
\I 

'11ni:Jam1'Vllil'18'1J'VjtJ11 'Vlm~ruV11JiJvlV11i1'1eJ'IJ i1"tl'U11ilt1'4fl1fl8~L'U'li1.:i 150 - 200 nm fi1m1 

mt'11EJ"tl'IJ11il'!J8.:ie:i'4fl1fl 0.203 ± o.042 uatl1fi1tl1t~ 1vlvhvl~h"tle:i.:i8'4fl1flLu~EJ\9la8mtE.JtL1m 

3 L~eJ'U 'WtJ11 'Vln8U.l'Vlfliil1fi1mnn11 -30 mV uavi.:i1TrntJtJii1e:i L'Y:!l.Ji1fl11l.Jfl.:i"11~ m1vle:i{l.l"11 
• • \I 

tl'4fl 1fll1 fl11l.J LL ~.:i LL 1 .:Jl.J1f1~'U L ~ 8./1'11nn11Lnlil~'Uirn 1~ Llil1L '1'U 1t'V111.:i span ®20 nu 

flmaaL\91818'1 '1tvl11'Vl18e:ie:i'Utl1t:vm.:in'UoU1l.J1 'IJW'IJ'IJ Lnvim1vivisntJvi~1'!J8.:J€l'Ufl1fl ~.:ivl11 ~ 
• \I • 



~1-a1.:ivf 4.12 f1Wa11Uii\11.:1ma111·tut1-aanfl~~~a1il1E tfij11f11111Lil11ilu~1.:i 81 L~mntJHvf 

25 °C 

'iZtlZL'Ul1 - fl 1111 L oU11oU\.lft1'ift nflPl~~a1flnmnt1lu;r(a1'1111 
01'i'1Plfliltl 

f!Wfl11tlP1'11~ 
;r(a 1'!111Ltlih 

<1'u> 
n1t1mf'f 1 o/o 2.5% 5% 

'1Jtl1fl8'4111fl (nm) 172.89±1.31 232.33±1.75 413.89±6.97 6722.22±669.22 

1 rn·mw~1t1t1'4111fl 0.141±0.01 0.274±0.02 0.355±0.08 0.253±0.07 

l'i1tl'i::') lYIYl1fleh 
-31.36±0.26 -37.1±1.06 -38.17±0.21 -39.09±0.73 

tl'4111fl (m V) 

'1Jtl1fltl'4fl1fl (nm) 167.67±1.63 254.67±6.09 459.22±5.29 5686.56±429.95 

30 f11'if1'i::~1E.18'4111fl 0.242±0.01 0.253±0.01 0.362±0.02 0.232±0.03 

fi1tlw') lYIYl1vleh 
-37.62±0.23 -37.5±0.65 -33.28±0.18 -36.01±0.37 

tl'4111fl (mV) 

'1Jtl1fl8'4fl1fl (nm) 171.89±2.49 255.33±2.96 451.78±4.58 7096.22±313.91 

60 f11'if1'i::~1E.18'4111fl 
0.165±0.01 0.212±0.01 0.384±0.02 0.252±0.04 

fi1ll'i::') lYIYl1fleh 
-33.53±0.39 -37.73±0.47 -37.91±1.47 -35.23±0.41 

8'4fl1fl (mV) 

'1Jtl1flil'4fl1fl (nm) 181.53±1.50 622.78±53.97 2703.33± 79.36 5727.11±151.89 

90 f11'if1'i::~1E.lil'4111fl 
0.255±0.05 0.367±0.04 0.396±0.04 0.825±0.18 

fi1tl'i::') l Y1Yl1vl~1 
-37.21±2.85 -40.59±0.56 -49.68±1.17 -38.84±2.12 

8'4fl1fl (mV) 

II II • 
fl1111L 'tJ11'tJ\J(;l1.:I 81 

a1-aanflfl~e.Ja1il1E lfij11 (%) gallic acid ellagic acid 

1.0 38.64±2.19 86.04±7.41 

2.5 36.09±5.63 74.92±8.63 

5.0 35.17±4.28 93.91±6.64 
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" 0 " ~ 1 "' I.I .d ~ 1".J ., t.J'1t111'Vl~avtJFl1111Fl.:Jm"!JeJ.:J~11'U'l.JLel 'lf11Fl1111L"IJ11"1JlJ 1, 2.5 LL'1::: 5% L11'1Ln'U 'J'Vl 90 'JlJ 

~ 25°c1~r.i'lh::aijlJf"Jrua11UiiV11.:imr.iJl1'rl 1~uri "lllJ1~'1'4fl1Fl m1m:::~1r.i"1JlJ1~'1'4fl1Fl LL'1:::m1 

fi1tJ1:::~1~vhvi~1mp11F1 ua~.:il'i'.:i~111.:i~ 4.12 u'1:::~vr.imm11nmntJa11LF1~v.:ivr111r.i gallic acid 

LLm~ ellagic acid LLavi.:i~.:i~111.:i~ 4.13 

m1L~11tJ~111rua11anvi~~t..ii;i1 vi'11 i.1"1JiJ1via'4Jl1F1ffia L'lf11iiLL 'U1 l-U'11L~l.J~'U LLl?i1'mm:::m1nn 

LntJa11LF1~v.:ivr111r.i hJ1?11.:inlJ ~m~1ftJviiiF11111F1.:i~1111n~'1~fiv ffia L'lf1JF11111L ii11-illJ 1 % 

1v.:i'1.:i111 ~a 2.5 U'1::: 5%~111ci'1~u1~r.i"llmvia'4fl1Flffia1'lf11v~"l.'U'l11.:i 0.2-7 µm "lllJ1VIB'4fl1Fl 

ffiv1'1111tla11111'1vl~:::~11~1m,J1~ transappendageal L,J1~ hair follicle 1~ ;.:Jt.J'1t111Pin~1tl 
av~Fl~a.:inum1Pim:n"lla.:i Lademann et al., (1999), Lademann et al., (2001), Lademann 

et al., (2006) ui;i::: Schaefer et al., (2001) Pim:n"lllJ1~'1'4Jl1Flffia1'lf1lL~al11'1.:iLen1~ 

transappendageal 'rltJ11 "!JlJ1VleJ'4Jl1Flffia1'lf11~.:iu~-Uar.in11 3-10 µm a11111'1~1'UL,J1 
transappendageal 1~ ~.:itl"lllJ1Vl'1'4Jl1Flffiv1'1111~:::~1'UL-iJ15.:i hair follicle ~n '11~ ~lJvtjnu 
'lb.:im1vi'1.:i1'U"1Jv.:i hair follicle L'!flJ LalJt..i11n1'1.:i.:ivn u'1:::iim1t..i~~J121'lJ ~:::iia1'U'111r.illJnT~~11 
~1'\J"IJB.:JB'4fl1Fl 1~ m1t11a.:iV11.:i transappendageal ii,JB~ fiv aTrnnvia11111men15.:i~1LL vril.:i 

m1vvnq'VI~~ hair follicle 1fi'l:~r.i~1.:i 'li1m ~11'l.h:::~'VIGJl1't'la11an~ U'1:::L ~11tJ1:::~'VIGJl1'rlL 'Um1 

fn~1 U'1:::fi1tJ1:::~1~vhvi~1'1'4Jl1F1rT.:i111nn11 -30 mv LLl?ia~1~1ftJffivl'lf11m1m,J1lilJ~vr.i'1::: 5 . ~ 

L ~11 'U.iF1.:i~1 ~.:JU~ L~CllJ~G'f Cl.:JL U'U~lJ 1 ti L~11iim1~n~::: nv'U"!Jel.:JG'f11an~ ~.:itlL ~ ij.:J~1 nm111rua11 

an~~1l1mnu vi'1 l '1-1vt1Jl1Flffiv L'lf11nn LtltJ 1i;1111~.:JV1l.J~ LL'1:::vi'1 t i-1Fhm1m:::~1 E.J"IJ\J1~el\JJl1Flii • • 
vr'11r.i"1Jmvi l'i'.:ii!'U ~1fuffiv L 'lf1lvim1l111 tJ-W~mL llt1LFl~v.:i~1m.:iL f1va.:i La~11m1L ~~qi"lla.:iLaut..i11 
~a ffivL'lfl.JF1111lL-if1l-iflJ 1 U'1::: 2.5 % a1lJ~vm=1:::m1nmfiu gallic acid 111nn111'mm::: 35 ~.:i 



4.10 n11'Vl~aauq'VIBl'Llm1m::~um1.:ian'tJa.:iLa'U~11luvr~ilu~ma1a-W''Llq C57BU6Mlac 

fl11'VlV1'1aun'Vlt'!.lcM~11'uffieJ1 '1n.J~'U11'1'111'1 fl VI \Jl~t.im L vfo m::~'U fl11 L '1~f.ll'!.I ti·m1'1.Jt.J1J L 'U ·1 , • ~ 
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a1J11'VI ~a a.:i m1Pimfldc.i 1'U m-a ai.J2!~1~ EJ F1ru::m111 m1'1~E.Ju1111m-a1~EJ1 'Ua vi1V1V1a a.:i • 
11't-111V1EJ1av~ua11'l101\J rn'!.lv1'lua'4m1 10 #6 12556 !fhesis 1V1EJ'VIV1'1autu,.,~~u~ma1EJ'W''Uq 

C57BU6Mlac tl1EJ 7 atl~1~ Ll'lfil~ ~\ILU'U'11E.1-W''Ufi~ilEJ11i.11111V1~'1t1Uf111L'1~n16lJa\ILa'Ut.i1I 
" \I , ·~ 

L ~eN'11f1'Vl'U'11E.IW'Utfilii'fl'U~~1 vh 1 \1a\1Lf1\Jlfl11 L '1 ~f.ll"lltl\I La'U'!.l'U 1~~1EJ ii1.:i;l1vifl11L '1~n l'fJeJ\I La'U \J , e.I ID~ 

"ll'UF1~1E.Jnu t 'U11'Ui;v a1v,,,mw1 'U'ti1.:i 1-8 at1V11i.1 L u'U'ti1.:i~ii1.:i;J11J1m1L 1i)~fll'!Ja.:iLa'U'lJ'l.JeJEJ1 'U 
• , \I \I •t: '\I 

wEJ::L 'VI la L '1'1.J L tl'U-d1.:ivlL vrm::a111 u m1Pini;1qV1tt 'Um1m::~'Uf11'H'1~fl!"llt1.:iLaut.i11'11n1::EJ:: 

L'Vl1'1L'11J L-ti1'11::EJ::t1'1.J1L'1'1.J ua::m1~ni;1'111JL'VIWvi1fl11'VIV1'1eJU~ 4 atJm~ (Kumar et al., 
'II ~ 

d ... 'I "' .. "' .f .,j 2011; Kumar et al., 2012; Lee et al., 2010) LlJti.:1'11f1L'1'1.J'll'U~'U'1Vl1'VlV!aa.:i.:iamvi11'V'l1J'VI 

'VIV!aau rn1~ni;1t11::a'Vl6fl1V1 t urn1m::~urn1.:ian'!Ja.:iLa'Ut.i111 'Ua\Jl1'Vl~a a.:i L u'U rn-aL tl~vuL ViE.Ju • 
a11an~1J1~e.ia1~timiiu 1ueJun1F1ii1a1'1111tiut.i~ 1J1nru'1~m uVf a.:1\Jla1V1 fa EJ 1 i 2% minoxidil • 
solution L U'l.Jf1~11fl1Ufl11e.J'1'U1f1 (positive control) ua::m1~ni;1if L uum1Pini;1tl1::a'VlGfl1'rl • • 
'!JeJ\1'111'1nV!vi ~e.ia1vi ti mnu L 'UCJ'4.f11flffiti1 '!111 111, 'liL UlJ m1Pimn na lnm-aaeJ nq'Vlt"lJCJ\1'111'1nVI 

vi~'°'a11V1EJUtfon~11rn1'VlV1aa.:iaamtl'U 6 n~11 fia n~11F11U~l.Je.iaau (negative control) n~l.J 

F11Ufl1lt.iau1n (positive control) n~11V1~aau 3 n~11 fia '1\Jl1~1i'ua11atiV1vi~t.ia1ffia 1'1111fl111l 
• , • \I 

L-ti11-ti'U 1, 2.s ua:: 5 % ua::'111a::a1va11anV1\Jl~e.ia1F11111L-ri11-ti'U 1 % 1V1vn~11F11uF111auLLti.:i • • 
~uvl'VIV!aauuu,,,a.:i'!J a.:i,,,m u'Ui1v LL a ::'!.111 ~1ui1 EJ hiV11a11 '11'1.J ~11.1'!.111V11iJ1a 1'1111 L t1~1 

'II 

1 I I 1 A .f .,j ~ tl ... ... 1 
una11mu1"111u1nua::na11V1~aau V1EJ'Vl1a11V1~'1aUL1J11l'rl1J'Vl'VlV1'1t1'U m1r1ni;1 -a::a'Vl5fl1'rl 'U • • • 
m-am::~'U f111L'1~fl!'!.1Cl.:I La'U'!J'U t 'Ua1Jl1'Vl~aa.:i ua::a.:i Lf1\Jlfl111J L -ti11'!.lt1.:l~'!J'l.Jvl LnVl~lJ L 'l-12.i Pin'l!f1 

Lifmga~1vri!.:i'tJt1\l'Vl'U Ly;atl1::Lii'U1::EJ::m1L'1~ru'!.la.:iLa'U'!.l'U (hair cycle) LLa::,j1'U1'1.J hair 
'II ~ 

follicle vinu lu~1vrtl'.:i tV1EJvi1rn1V1V1nt1.:i 4 i.'1tlV11~ t.iam1Pim~ntJ1::~V15.mn1 'Ufl11m::~'Ufl11 

.:ian'!Ja.:iLa'U'!J'U 1'Ui.'11Jl1'VIV'lna.:i uaV1.:i~.:i111l'I~ 4.28 
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(n) Negative control ln): W'Vl1~1':i1~ 2n): 'V11 blank niosomes 

(~) Positive control 

(l"l) 1 % Triphala solution 
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(~) 1 % Triphala niosomes 

(~) 2.5 % Triphala niosomes 

(u) 5% Triphala niosomes 

! 



.. 
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nTa~~qi'lJe:i.:i La'Uc.ilJ 1 'Ua1Jl1'Vll'lm:i.:i vfu111 'l.J'1tJl'l1"1vi o 1imn1'a~~qi'lJe:i.:iLa'U'lJ'l.J 1 '1.JVjnnzjlJm1 

Vll'll.'le:J\I 

1'1.JatJl'l1"1vi 1 ..,u11 vr'dnu:5'm1'UnzjlJ~vni;J1~uR11lJLilJi'U 5% L~lJl1m1.:ie:in'lJe:i.:iLa'l.J'lJ'l.J 

'limm11~e:iEJ'1~ 20 'lJeJ\l~'Uvi'Vll'l'1e:iu Ll'lEJl1'lJ'l.J~~1L~lJ.:ian LL'1~L~lJl1'lJ'l.J~~11'UtJ~L1ru~'l.Jvi'Vll'l'1vtJ 
a1'U L 'Ufi~lJ'Vll'l'1€ltJ~'l.J 'l EJ\I 'U.i'rltJfl11\lvn'lJv·Ua'U'lJ'U 

L'Ua'IJ1'11"1vi 2 'rltJl1 nzjlJR1tJF)lJCJ'1'1tJLL'1~nzjlJvi'Vl1vi1EJ'111'1~l.'11EJR11lJLeUlJon'U 1 % 'lJCJ\I 

a11anl'l1J1~CJ'11EJ\l'U.i't'ltJfl11\lvn'lJe:i.:iL'1'U'lJ'U ncilJ~'Vl1vi1EJ 2% minoxidil solution 'rltJfl1':i\lvn'lJ€1\I • 
La'U'lJ'l.JU€JEJ n11-re:iEJ'1~ 20 'lJ€1.:J~'Uvi'Vll'l'1€JtJ nci:uvi'Vl1vi1EJ'11':i'1 nl'l1Jl~CJ'11W€J L'lllJR11lJL <U'lJ-if 'U • ., ' ' 
1 LL'1~ 2.5 % wum1.:ie:in'lJe:i.:iLa'l.J'lJ'l.J -raEJl.'I:: 20 - 40 'lJe:i.:iw'l.JVi'Vll'lae:iu a1'1.JncilJVi'Vl1vi1EJa11'1nl'l • 
IJl~c.i"1ffie:it611lJR11:uL-iflJi'U 5% wu1111.:ie:in'lJe:i.:iLa'U'lJ'U-raEJl.'1:: 60 - 80 'lJe:i.:i~'Uvi'Vll'l'1e:iu 11'lma'l.J 

'lJ'Uvi.:ie:in'11lJ1':ifla.:JLnlJl L ~'U 1viafl1.:iil'lL ~'U LLl.'l~'lJ'Uil~i;l1L oiflJ 

L'Ua'IJl'l1"1vi 3 wu11 nzjlJ~'Vl1vi1EJ 2% minoxidil solution wum1.:ian'lJa.:iLa'l.J'IJ'U-raEJ'1:: 

'liaEJn11~e:iEJl.'I~ 20 'lle:i.:i~'Uvi'Vll'lae:iu ncilJ~'Vl1vi1EJa11anl'l1J1~CJ"1ffia L'lllJR11m <U'l.loif'l.J 1, 2.5 LLl.'I:: • 
s % 't'lum1.:ian'lJmLa'U'lJ'U-raEJl.'1:: 60 - 80 'lJe:i.:i~'Uvi'Vll'l'1au Ll'lma'l.J'lJ'U~.:ian'11m1ria.:iLn1J1L-H'l.J 

1vimJ1.:iil'lL ~'U LLl.'l::'lJ'UmM1L '!ilJ uim tJ~EJu L ViEJununcilJmtJRlJ~.:i5.:i 'Wwu m1.:ia n'lJa.:iLa'l.J'lJ'U • • 
1'1.J'1tJi;i1l-1vi 4 wu11 ncilJmtJRlJwum1.:ie:in'lJe:i.:iLa'l.J'lJ'UU€JEJni1-ram~:: 20 'lJ€1\l~'l.Jvivil'l'1€ltJ ' . 

r ..:::J II • II II J' .c:J 
f1't:U'VIV111'11EJ 2% minoxidil solution WtJfl1':i.:J€Jn'lJa\IL'1'U'lJ'l.J1€JEJ'1~ 20 - 40 'lJ€1\IW'l.JV1V11'1'1€JtJ 

' 
ncilJVivi1vi1EJ'11':il.'l::l.'11EJ 1 % 'lJe:i.:ia11anl'l1J1~i:Jm'rltJfl11.:ie:in'lJa.:iLa'U'lJ'l.JU€1EJn-J1-re:iEJ'1:: 20 'lJv.:J • 
~'Uvivil'lae:iu ~1'UncilJviV11vi1m'l11'1nvi1J1~c.imffiat'll:um11lL-if1li'U 1, 2.5 LL'1:: 5 % Y1um1.:ie:in , 

II ~ .f .J II .... 0 II ci II 111 .f .J 
'lJtl\IL'1'U'lJ'ULIJllJW'U'Vl'Vll'l'1tltJ L'1'U'lJ'UlJ'1Vl1L'lJlJ lJfl1':i\ltlfi'lJtl\IL'1'1.J'lJ'UlJ1fin111€JEJ'1~ 80 'll€J\1Vi'U'VI 

'VIV1'1€JtJ 

CJl.'I n11a.:i LnlJl n11 .:ieJn'lJa.:iLa'U'lJ'UL 'UVl'l.Jnu:5' n1L Viiiic! a1 EJ'W'U~ C57BU6Mlac L 'U ncilJvi " "' , , 
'VIV1'1atJvi1EJ'11':i'1nl'llJl~CJl.'11ffia L'lllJR'J1lJL oUlJoU'U 5% wu11 el!Jl':i1fl11\1€Jfi'lJ€J\ILa'U'lJ'U~\lf111'11':i'1nvi 

{;l~CJl.'11Rd1lJLilJ'!i'U 1 LL'1:: 2.5% L~€1\1~1na11anvi1J1~CJ'11R111JL'lilJ<U''U 5% ii'lJ'U1Vltl'4i11RW€JL'lllJ 

' "' 
6.27±0.66 µm ~\l'lJ'U1V1€J'4fl1RU'11lJ1W~lJc.i1'UL'!i1'V11.:i transappendageal '1€11'1R~tJ\lntJ 

fl11~fi~1'lJ€1\I Lademann et al., (1999); Lademann et al., (2001); Lademann et al., 

(2006); Schaefer et al., (2001) c.i1mi1~ hair follicle 1vim.U1h.Jm::~'l.J hair bulb LV!EJIJ11\I 
v • 
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... ' ' 
m1Pin"M1 L um~a~1'VltJ-:J"lltJ-:J'Vl~~'U:5' ma1m~"u~ CS 7BU 6M lac L Via Pi f1'MT~::EJ::f11Wil~qj 1il1'U1'U 

LLa::'lJ'U1~"lltJ-:J hair follicle LL'1~-:il'i'-:ifl1'Vl~ 4.30 - 4.31 

6 

5 

~ 4 
0 
u 
"' 
~ 3 

e 
QI! 

.: 2 
IV 
I 

0 

0 

_._ 5%triphala extract in niosanes 

----- 2.5%triphala extract in oosomes 

___.,.__ 1%triphala extract in niosanes 

····><:··· 1%triphala extract solU:ion 

···• ••• positive control (2%minaddil solution) 

···• ••• negative cortrol 

f 
······················1 .... ····················· j 

... l..... ········· ············· i ...... ~ ................. ······ 
········ ················ T ················ 

2 
Week 

3 4 

II 

Lflt.1~11. mean±S.E.M, n=5 

1:mm1Pin"M1i.h::~V1fiflTnm1m::~tJm1L~~qi"lla-:iLa'U"ll'Uth::LijtJi;i111Lnru'1m1L~~'Y'lla-:iLa'U 

'll'U'lla-:i"1'1i'uffial'!l1J~'U':i':i~a11an~i;i~~a1f"l1111L'll11i'U 1, 2.5 ua:: 5% (triphala niosomes) 

a11a::a1EJ 1 % a11an~i;i~~a1 (1 % triphala solution) f1~1Jf"l1'U~1J'U1fl (positive control) 

ua::mil.1mufl1J'1'U (blank niosomes) l'U'Vl'U5uim '11EJ~'UG C578U6Mlac LV'll31eJ 'Yiu11 a11 
• • \J , \J 

' ,, 
an~i;i~1:..m1ffiaL'!l1Jf"l1111Li11i'U 1, 2.5 ua:: 5 % '111J1':iClfl':i::~'Ufl1':iL~~qj"llel-:JLa'U"lJ'ULW1J;j'U 

~11J~11'J'U ula L mEJ'UL Vi EJ'Utl'U mi1Jfl1'Ufl1J'U1 f1 ua:: mi1Jf"l1'Uf"l1J'1'U , , . . 
~1fl~'1fl11Pifl'M1th~~'Vlfifl1'Yif11':ifl':it~'Ufl1')L~~qj"lltJ-:JL"''U~1Jtl':itLij'Ui;i111Lnru'1n11L~~qj'lltJ-:J 

La'U~l.J La'Um1-n~uanm1L~~qi"lla-:iL"''U"lJ'Ui;J11Jtln~fia La'Um1vtl'U'Vl~ffi11"t~V11a111~ ~ G'i1'Um1 

L~~ni"!JtJ-:JLa'tJ'!l'U 1 'U'Vl'U~'Vl1~1EJ 2% minoxidil solution f11':iL~~ru'!ltJ-:JLft'U'!l'U~::L U'ULL 'U'Uf"l-:J~ bl 
·~ ~ ~ 

Ltl~EJ'ULL tla-:i LLi;JL 'Ufl~l.l'Vl'U~'Vl1~1va11an~i;i~~a1ffia L'!l1Jf"l111JL i1J'l!'U 1, 2.5 ua:: 5 % ~tmt~'U . ~ . 
m1L~~qi'lla-:iLft'U'll'U 1~v~tL~1Jci'i;i11m1L~~qi'lla-:iLa'U'll'U ~-:im1Pin"M1~aa~f"l'1a-:inun11Pin"M1'!Ja-:i 
Kumar et al., (2012) 
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(lfl) (2fl) ("lJ) 

(fl!) (-:I) 

(:U) (\l) 

ll1~~ 4.3o ll1~~fl'tl11.:ii31V1u.:i'Vlutiuimuh1 en> mfa.1A1ufl2.1 Cln; 'W'Vl1a1-a1fl 2n; ... . . 
ifh:i lra2.1L\Ja1) ('ti) 2% minoxidil solution (fl) 1 % Triphala solution 

(.:i)l % Tirphala niosomes (\I) 2.5% Tirphala niosomes ('l) 5% 

Tirphala niosomes ll1t1l'1nt1il.:i~a'Vl"a"af1Un1~.:i'tlt11ll 10x lufl'\J911\1~ 4 "llil.:i 

m-a'Vlfla il.:i 
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(ln) (2n) ("ll) 

. _- .. ;.. - .. ·_ .... ·. 

(~) ~) 

( '1) (0) 

ULtl 1'if2JLthh) ('ll) 2% minoxidil solution (fl) 1 o/o Triphala solution 

(~) 1 o/o tirphala niosomes (") 2.5% Tirphala niosomes 

(Q) 5% Tirphala niosomes .n1vl~nav~"avi-a-afltln1fl'~'!lv1v 4x L'UtltlA1<Mfl • 
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150 

"' E 
E 
" 100 
"' .!! 
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~ ... 
'iii 
J: .... 
0 

Q; 50 
.0 
E 
:I z 

0 

116.27* b 

a 

Neg ln Neg 2n Positive 1% Triphala 1% Triphala 2.5% Triphala 5% Triphala 

control solution niosomes niosomes niosomes 

d • 'I .. "' ., ., ~ d 
111'Wfl 4.32 '11'Ll1'LI hair follicle ~'Ll~~ClU'1mL'Wf1~ ft1E.l'W'Llq C57BU6Mlac L11ilfl~ftilU 

ll1aft1'l'f!Aftilu~1.:i 'l mean±SEM, (n=5) 

* uftn~1.:i'11nnq11A1u~JJmh:iih!mhR'qifl1.:i ftil9i~ p < 0.05 (n=5) 

a; lJjLLflnfi1.:in'LleJEh.:iih!a~hicyf!1.:iftii9i p > 0.05 (n=5) 

b; LLIJln~1.:inumh.:iih!mhR'tyfl1.:iftil9i~ p < 0.05 (n=5) 

.J d CV QI oQ, IV 0 

.f11'rfYI 4.30, 4.31 LLrtt.f11'YWI 4.32 .fl1Y'll'l~l'l1lJ'!J11\I .fl1Y'll'l~l'l1lJf.111c.11'Vl'U\l'WI~ LLrtt'11'U1'1J 

hair follicle '!Je.J\ln~lJ'Yl~'1e.Jt11'LIWl~~tJ~m '11f.1~'1Jq C57Bl/6Mlac L~e.iPin~1Lf"l'H'1~1\l'!Je.J.:J 

Lif m~v~1'Vlu.:iLne.i'Yl~'1vt1vi'1f.l (n) n'1lJF11t1f'llJ (1 n; hivi1a1'j1~ 2n; ffie.i L'illJL tkh) ('!J) 2% • • 
minoxidil solution (f"l) 1 % triphala solution (\I) 1 % tirphala niosomes ('1) 2.5% tirphala 

niosomes (o) 5% tirphala niosomes L~IEJn1'jMn~1.n1ni;l~"ll11'3'11lJ1'H1tle.Jn,j1u1u 

hair follicle ~Y'ltJ 1vi Lrle.i'1e.i.:i.n1f.lt~naei.:i'1rt'Yl'j'jfllun1'1.:i"llf.11f.l 1 Ox '11u111wi;l~l'l1lJf.l11iJ1vriJ.:i • 
'11lJ1'HltleJ mtr.i::m'jL '1~qj'!Je.J\IL'1'LJ"ll'U 1~ Lnm=ie.i.:i~1 v na Cl'3~rt'YJ'j'jfl!Un1'1.:i"IJV1f.l 4x h1'1t.l~TH~ 4 

'!Je.J\ln1'j'Yl~rte.J\I Y'lt111 '1'1'U1'U hair follicle 1un~lJ~'Yl~'1e.it1~1v 2.5% tirphala niosomes nt1 

mn~~~ 'jtJ\lrt\llJ1~tl 1 % triphala solution, 5% tirphala niosomes, 1 % tirphala niosomes 
• • • • O IV d o11C1i1 CV I I I .J I/ 

LLrtt 2% m1nox1d1l solution 1'11lJrt1~tl LlJtJL'Ylf.ltJnunqlJmtJf"JlJ nu11 nqlJ'Yl'Y1~'1e.itJmf.l 2.5% 
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tirphala niosomes ihhuTu hair follicle LL~nl'h\ln\Jt1~1\liitl'v~1R'qi'Vl1\1"1il~ (p<0.05) LLrt~Ldti 
iCI Cl.I I d 11 • • • • I I d V 0 

L'VIV'Un'Un'j1l'Vl'VIVl'1€1'1..Wrrn 2% m1nox1d1l solution ~u11 n't1J'Vl'VIVl"1€1'Umv 2.5% t1rphala 

niosomes ii'11\J1\J hair follicle LL~ni;i1\ltl\J€1V1\liitl'v~1R'qi'Vl1\lail~ (p<0.05) LLrt~r.:.J'1m1Pimn 

fl1~~Vl~11J V11"!.1€1\l~TVIU\I ~u11 1~ v ~ n11 L '1 ~qj"!.1€1\1La\J'!J'U1 u nzj1J~'VIVl"1 €1'U~'l V'111"1ti~~~r;.Jrt1 

UL€1L'1l1JF1111JL'll1l'll\J 1, 2.5 LLrt~ 5% €1VL\J1~V~tl'U1L'1\J L~€1\1'11nii'11'U1'U hair follicle L~lJ;f'U 
'U 

Ldti L tl~m.JL Vivunumfa.1f'l1'1..Jf'l1Jr.:.Jrttnn • • 
I .J II Q./d ~,.. 1111 IJ 

na1JVl'U'VIVIVl'1€1'1..J~1V'111'1n~mr;..ir11'U Lt! L'1l1Jf'l111JL "!.llJ"!J'U 1, 2.5 LL rt~ 5% '111JTH1n1~~'Un11 
• 'U • 

L'1~qj"!J€1\1La'U"!.l'U 1~ L ~€1\1'11n a11ati~~~r.:.Jrt1'UT'1~ 1 UL ~1Jn11vl1\11\J"!.1€1\I hair follicle LLrt~m~~'U 

1::v::L'VILflL'1'U1l1L'll1"1~v~tiu1L'1'U LL'1~Lti\J1'1ltl 5a-reductase 1m'i!ria11nr;..i1JLU\J'11LV1~V1ii\l~vi'1 
'U , 

li.1L'1lria11m . .12.11i"!.l\J1~L~na\I (Sinclair., 2004) u.a~-;i1nm1Pim~n'lvi~l'IJm1EYu~\lm1vi'1\11'U"!lt1\I 

rnu1'1ltl 5a-reductase ~'ll11 a11"1nVl~~r;..ia1"111111riEY'll~\lm1vi'1\11'U"!.l€1\IL€1'U1'1ltl~\lmh11~ vi'1 

l\11::~'UL€1\J 1'1!11 5a-reductase lm'lla a11nr.:.J1l'1Vlrt\I vi'1 l i.1tl~i11ru DHT rt~rt\I -;i~vi'1 l i.1 

hair follicle 1i"ll'U1~ l 'Vlaj~'U u.a~vi'1 l l1La'U"!J'U~L'1~qj~'IJ1J1 L'Vlijii"!.l'U1VI l 'Vlaj~'U LL ~\ILL 1\lif 'U 

"1€1V1f'lat1\lnum1Pin~1"!lt1\I Kumar et al., (2012) m1t15u1vi1' a11J11rit15'1..l1v1~-;i1n!'l111J«1l-Wut5 

1~'Vl11\lrt1 FEA n'llq'VIBl\Jm1m~~'Un1'1L'1~qj"!l€1\ILa\J"!.l'U Rt! a11an~vliiri1 FEA ~\I '1~L~1J 
'11\J'l'IJ"!lm hair follicle uri::i.h 1 tlam1L ~11m1L'1~ru"!.lt1\1La'IJ"!.l'U 

'U "' 

4.11 Vl~flil'Un111::f11mt1v.:Je:i1'Vli1\I (skin irritation) t\Jm::~1a'!l11a1vvf'u~ New Zeland 

m1'Vl~atium11~f'l1mfit1\1~1VIU\11um~i;i1v"!l11 a1v~'Ut5 New Zeland LV1vm1Pin~1i1'~.hu , 

n11€1'4lJ~L~VflW~n111Jn11'1~V15111J n111~ v 1 u«~1'VlVl'1B\I 1J'V111Vlm~ V~'Urt11"!1u1il La"!Jvl1 u 

B'4mi ID #6 12556 !Thesis m11~!'l1mfim~1vitl'..:iLU\JB1n11'!!1..:iL~V..:iV1ii..:ivlt11'1~'U'11nm11i 

r;..iiii;ifiru'1~ii"1\Jtl1~nmJ"!lt1..:i~1v1~1R'qi a11~1vi;i1\I ~ lui;hfo m1Ln~m11~ri1mfit1..:i~1V1i!..:i 

~\Jvtjtl'UV1'11Vi.1'0J~V L'li'U fl111JL'll1l'!i'U"!.1€1\IV1 1~V~L16'11~«1JeJ4'1 ri1111tl'Um1«11e1a ~1U.'V!i.l\l"!.ltl\I 
~'l'VllJ\I a~11m1.ij11~1'U LLrt::fl'l11JL U'U~mti\14'111m cti (Jeeratikorn et al., 2007) n11'VlVl'1€1'U 

m11::fl1mfit1..:iij1V1tl'..:i lum1~n~1i1' '11L U\J~t1\l'Vl~'1t1'll L ~m-;i1na11Lri~t1..:ivi111v gallic acid LLrt~ 
ellagic acid mm'Um1Pin~1 1iq'Vl~LU'Un1VI LL'1~Ltlum1Pin~1ri1111tlat1~.ti'V"!JtJ1Vl'lltl\1'111'1tlVlvl 

1 -at \J n11Vl~'1€1'U m1m~~'U n11L '1~qj"!.1 €1\ILa'Ur.:.JlJ n11'VlVl'1€1'1..J n111~ fl1tl LRB\1~1'VIU\l L 'U« ~1'VlVl'1€1\I 

~1m VlflUl'l closed patch test (Schmitt et al., 2008) 1~vu.oJ..:inzj1l'VIVl4'1t1'Ut1t1m U'IJ 6 nzj1l r;..ia 

m1'Vl~4'IB'l..lm11::f'l1mfia..:i~1V1tl'..:ilu«~+v1V1at1..:i U.4'IV1\l~..:i~111..:i~ 4.14 u.a~ 4.15 
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d .. .. 
1:m:a1n1Y1Y1flilt1u;iuo.:im'iUiffl.:im1'i::fmJLflt1.:i 

1 i1bJ.:i 
nq11Y1flilil\J 

24 i1w.:i 4s i1w.:i 12 i1w.:i 

il1n11 il1n11 i11n1'i i11n1'i a1n11 il1n11 i11n1'i i11n11 

Ufl-11 \J1ll Ufl-11 \J1ll Ufl-11 \J1ll Ufl-11 \.1111 

gauze pad 0 0 0 0 0 0 0 0 

5% sodium lauryl 1.7 0 2.0 0 1.0 0 1.0 0 

sulphate 

blank niosomes 0 0 0 0 0 0 0 0 

1 % triphala niosomes 0 0 0 0 0 0 0 0 

2.5% triphala niosomes 0 0 0 0 0 0 0 0 

5% triphala niosomes 0 0 0 0 0 0 0 0 

mjll'rlflifil\J Primary irritation index 
., .. ... 

'1::fl\Jn1'1'1::fl1EJLflil-llf.11 

gauze pad 0.00 'W'i::fl1mflt1.:i 

5% sodium buryl sulphate 1.42 
... .. " -S::fl1EJLflEJ.:IL~n'UBEJ 

blank niosomes 0.00 'W'i::fl1mflt1.:i 

1 % triphala in niosomes 0.00 'W-s::fl1EJLfltl.:I 

2.5% triphala in niosomes 0.00 W'i::fl1EJLfltl.:I 

5% triphala in niosomes 0.00 W'S::fl1EJLfltl.:I 

ffi'11'111.1~vi1nTn'l~Hrn'UL~mtl~EJ'ULViE.Junu positive control (5% sodium lauryl sulphate) 

1~EJijfi1f'"l:::U.'IJ'IJf1111:::fl1EJLfieN~1VltJ.:I Lvi1nu 0.00 V11J1EJR111111 uJLfi~f1111:::fl1EJLfieN~1VltJ.:I 

'11 rn.J'1f111Vl~avu m11:::R1EJ Lfiv.:i~1vitl'.:i 1-u m::: i;i1 EJ 'WY-lu m11::: R1 EJ Lfiv.:1'11 n i;l1i''U~Vl~ a CJ'U 

~.:iif L~v.:i'11nG'i1'1Jtl1:::nv'U"llmi;i'1foffiv 1'll11th:::nv'U~1EJa11'1~LL 1.:i~.:i~1'llii~ l1iijtJ1:::~ ~.:iL tl'IJa11 

m1iL U'IJ~~v~1.:lf11EJ U.'1:::EJ.:t'111111'1'1'11EJ~11'IJ~1.:lf11EJ1~ ~1'1J'111Lfl~e"J.:IVl1J1EJ gallic acid U.'1::: 

ellagic acid ~nnmtiu1'1J~1'1J'!Jv.:i polar head group LL'1::: lipid bilayer "ll'1.:tv"11fl1Rffivl'i111 ~.:i 
'1::: 'W'1l.l~anu~1vitl'.:i 1~EJ~1.:i '1:::"!i1EJ'1~mm1 'WVi.:itJ1:::a.:ifl u.ft:::m11:::R1EJ LfiCJ.:i~1vitl'.:i 1~ 



d 
\J'Vl'VI 5 

fll'lh~Jfln11ffm~1 'Yi'mflueiuu:: 

5.1 a1t1e.ian1'~Ant-J1 

5.1.1 m'l1Lfl'i1::t-hfi111nia1'itl'i:mauvh.miin 

'11'5'1tll'l~.:i 3 'lliil'l ~a '11Jt1VlL1m '11Ja1vm LLrt::l.J::'!J11Jut11J ihflmru'11'5th::nauf1·1rnan 

Lvl1nu 640±11.69, 642.93±15.23, 731.66±13.72 mg EAE/g sample LLrt:: 821.91±15.00, 

824.90±19.55, 938.73±17.60 mg GAE/g sample i;i11Ja1~u LLrt::L~a1Lfl'51::ihfimru 

'11'5tlwnauvhrnam11nm'5tl1'11'5'1tll'l~.:i 3 'lliil'lm'511Jti'IJ luitl'!Jt1.:i'11'5'1tll'li;i"it:Ja1 'Y'ltJ'.i1 ijtJ~mru 
'11'5tlwnaufl'Uanan Lvi1ti'u 692.13±23 mg EAE/g sample LLrt:: 888.02±29.52 mg GAE/g 

sample ml.Ja1~u 

5.1.2 n1'iA'i1'11Lfl'i1::\1tA111rua1'iLfl~t1.:i'V!i.11a (marker) L'Ufl1'iflnt'I 

m'5m1'11Lfl'51::~tl~l.J1W'11'5Lfl~tl.:J'Vll.J1f.l gallic acid LLrt:: ellagic acid 1'1J'11'5'1nl'l~.:i 

3 'lliil'l 'Y'ltJ-:i1 '11'5'1tll'l'11JCJWLfln '11Jtl lvm LLrt::l.J::'!J11JUtll.J ijtJ~l.J1W'11'5 gallic acid LLrt:: ellagic 

acid LvJ1tltJ 56.28±1.07, 90.42±0.77, 146.19±0.24 LLrt:: 8.79±0.01, 7.27±0.00, 4.44±0.01 

mg/g extract i;i11Ja1~u LLrt:: 1'1J'11'5'1tll'llil~t:Jrt1nt1~111ru gallic acid LLrt:: ellagic acid Lvl1nu 
. " 

105.93±0.39 LLrt:: 8.06±0.03 mg/g extract IJ111Ja1~tJ ~-.:1'11'5'1nl'l'\-1.:i 3 'lliil'l LLrt::'11'5'1tlVllJl~t:Jrt1 

ijt.J~111ru gallic acid ~.:in-:i1 ellagic acid 
J~ Q u 

5.1.3 m'i'Vlflaauq\'15A11.1a~JJaaa'i::'Ua.:ia1'ianfl 

' " m'5vil'laauqvi5~1'Um.p;1aija'5::'!Jm'11'5'1nl'l'i-1.:i 3 '!lul'l LLrt::a1'5ati'l'l1J1~t:Jr111viavil'lae:iu 

3 15 fia OPPH", ABTS•+ LLrt:: FRAP 'Y'ltJ111\.1i:.mm'5Pifl"cl1L'Vli1eJ'Un'IJ fie:i '11'5'1nvi1J::'!J11JUeJ1Jijqvi5 

~1'1.JCl'Ul.Jrt ij'1'5::1J 1 fl~ '1 ~ '11'5'1 tll'l IJl~t:Jrt 1ij nvi 5~1'1.J Cl'Ul.Jrtij'11:: t n~ Lfi a.:i n tJ '11'5'1 n ~l.J ::'!J11JU Cll.J LL rt:: , v • ., , \I 

qvi 5~ 1uei 11~ rt ij '11::ij fl 1111il.Ji'IJ cr nu tl~m ru '11 '5tl '5:: fl e:i u fl uei an 11'1 aa11~ ij tl~l.J 1 ru '111tl '5:: fl eiu 

fl'IJCla m1,:i '1 ::ij nvi5~TUCl'U1Jrta'1'5:: '1-.:1 L "!iti n'IJ ~-.:I n1'5 Pi fl~1m \.1 t:J rt n1'5 Pi fl~1 '1Cll'lfl~Cl.:J n'IJ LLrt::nvi5~1 'IJ v ·1 , ,, "' 1111 1 

Cl~l;jrta'1'5::'!Jtl.:J'11'5'1tll'l1Jl~t:Jrt1L U'Uanqvitt-1~-3~€11'1'1:: 1 t.Jm::~'Un1'5L '1~qJ'!JCl.:J L~'Ut:Jl.J ~1 f.Jn1'5UeJ-.:I n'IJ 

"!ll'l'll11.:J LLrt::n1'5LU~f.l'ULLtlrt.:it11~'!Jtl-.:IL~'Ut:Jl.J (Chao-Chum et al., 2014) 
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.!l ... ~ 5.1.4 'Vl9lflvtlq'Vlfi \.ln1'ltl'l.IEHl Sa-reductase 

nTl'Vli'IG'IB'UC)'Vltt 'lJn1'HJ'U8.:JLB'lJ 1'lfl1 50-reductase Yl'U11 G'l1'H'ltli'11J~'ll11JUB1JLLIJln~h.:i 

,-i1nG'l1'HH1'~a11aViLfln acl1.:i1ltl'vri1f'i'qivi1.:iaii~ (p<0.05) ui;i1l.i~1.:i,-i1naTrnnl'IG"111a 1m1 (p>0.05) 

a1'lJq'Vlt1'lJn1'HJu8.:i 5o-reductase 'tlB.:JG'l11G'ln~i;i~e.ia1ui;in~1.:i'11nG'ITrnn~~.:i 3 'llil~ acl1.:iii 

tl'mhf'i'qiV11.:iai1~ (p<0.001) G'l1'H'1n~i;i~r.rn11iqvit1'lJmcs5u8.:iLti'lJ1'lfl15o-reductase111nn11G"11-s 

'1tli'IL~ f.11 L ~B.:J\11 na1-san~i;i~ e.J'11B1'1iiG'l1"S~'lJ ~ viii C)'VltL'1~1Jn1"SeJ'U8.:imcsvi1 '11'lJ'!JeJ~ LB'lJ1'lfl1 

5o-reductase vier~hi1~Pin-cn ~~e.iamcsPin-cnifG"1tl'ua11'lJmcs1'11a1-sG'lnl'l1J1~e.ia1viLvrilan-hmcs1'11G'l11 
an~L~f.11 LLa~q'Vlt~.:imh1if,-i~vi11~\fi111ru OHT a~a~ ~.:J'1~'1i1E.Jai'ln1"S'Vl~~~1~'llmL~'lJe.J1J1~ 

cl ..3., .. !'!TT 11 .... ,f.,. 
5.1.5 n1'l'Vl1flll11::'VIL~Ul1::fl2.J'11'Vl'lULfl'ltl2.J'lJ ~v ~tU11fl1£116~vtlfl'Uv~'W'lJN1 

e.ianT~Pim~1'1f111~vi L vr111~a11ri1vrfom1 L1J1~v11il1a L'if11~1£J15i;iauG'l'lJa~-tf 'lJ~1 fa £J 

rl1'Vl'lJ~~1LL 'lhBG'l'l~~B tl~111rul'!Jl1'U~.:J'V11Ji'l tl~1J1Wf'leJL'1'1LIJlB'leJ'1 LLa~tl~1J1UJG'l11'1tl~ ~1LL tl1 

i;iauG'l'lJB.:J ~a 'tl'lJ1l'lti11mf'lffiti L'if1J ua~~ava~m1nmtiua11anl'l 'Vlu11 ~a~1'llt1~111ru1'lll1u~~vr11~ 
L vi1nu 50 mM tl~1J1Wf'IBL'1G'ILIJltl"S'1'1L vi1n'U~tlf.1'1~ 10 LLa~tl~1J1WG'l1'lG'ln~L vi1nufCJ£J'1:: 0.1 1~1"h 

n111JlB'UG'l'UeJ~'!l'lJ1l'l'111fl1f'lffiBL'if1JLvi1nu 188.10 ± 16.34 nm LLa~fmm::m1nmnuG"11-san~Lvi1nu 

46.43 ± 4.20 ~~l'i1vi1~'11n01'lvi1u1v~1v15i;iaua'lJu.:J~'lJ~1iiFh1n~Lfiv~tiufi1vi1~'11nm1vil'laa.:i 
'1~~ ~a '!lu1~aufl1f'lffiat'if11Lvi1nu 163.89 ± 4.43 ua~~tivmm1'lnnuiua11an~Lvl1nu 47.68 ± , 

4.68 ~~J'lJ mcsvr1G'lfl11::viL vr111~a11ri1vri'um1Li;i~v11ffiti L'if11~1vifim'l1J1B'UG'l'lJB~~'lJ~1 L lJ'lJ15viii 

f'11111tl1L ~a~a ua~1ltff ti~~a a11111ciPimn~1 u t11vrm£J ~ ~1LL tl1'Vlf ti11n'lJLLa~V1'l1rn.rn m::viuviLnl'l 

'11n~1LLtl'lvivhm'lPin-cn 

5.1.6 m'l1Lfl'l1::~V1T~vt1ft::m'lLnutina1'lLfl~v~'Vl111t1l'lJffia liu11 

e.iam11Lf'l"S1::~~tif.la~m1timtiua11Lf'l~B.:J'Vl1!1E.J gallic acid ua:: ellagic acid L'U 

a11mf'lffit1L'if1J 'Vlu11 a1111'lcinmtiu gallic acid ua:: elllagic acid 1~Lvi1nu~mrn:: 44.16±0.03 

ua:: 79.21±0.06 i;i111~1~u L'lJffiti1'if11viu'l-S'1'111anl'li;i~e.ia1f'l1111L-ff11.ff'U 1, 2.5 ua~ 5 % a1111'lci , 

nmtiu gallic acid 1~111nn11~tif.1'1:: 35 ua~ elllagic acid 1~111nn11~t1E.Ja:: 80 ~~ gallic acid 

'1~Qnti'mtiu1'lJa1'lJ polar head group LLa:: ellagic acid '1~QnnmtiuHvi lipid bilayer 1ua11fl1f'l 

ma L'if1J ~~G'l1"SLl"l~CJ~'V11J1f.J~~ 2 '!lil~ 1lq'VltL'lJn11V'U8~m'lvi1~1'U'lJB~La'lJ1'iftl sa-reductase vi11\1 

testosterone 1l.ia11111m tl~mJL llu DHT vi11 \1t1~111ru DHT a~a~ ~~'1~'ii1val'lm1vr~i'l~1~'!lt1~Lau 

e.J1J1~ 
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5.1. 7 fl1".iAn~1m".itl~f'ttlaavaT'.i gallic acid u~:: ellagic acid "i11m::urnha.:iina L6lf3J 

~G'lm1nT~Pim:flnTn.k1i;itlcieivm1 gallic acid LLG'I:: ellagic acid "il1m::t1t1i11'1.:imei L611lJ 

'VitJ11 m1tlG'li;itlcieimn1 oallic acid LLG'I:: ellaoic acid vlt:1nnrnfiut 'UB'Ufl1flmB L6113J"il:mntlG'li;JtlaeitJ 
~ ~ \I , \I 

1~~n11 t 'U~tl"'11G'l::G'l1t1 LLG'l::m1tlG'li;itlaei m U'ULL t1t1Fieiv 1 tlG'li;itlcim..1"'11Lfl~ei.:ivilJ1£Jeieim.J1 '11'U 

oallic acid LLG'I:: ellaoic acid vlv£JL'U1tl"'11G'l::fl1tJ"iJ:mntlG'li;itlcim.meinlJ1B~1.:i11i;iL~1 ~.:i"'1tl1~11 :::> ::> \I \I \I , 

i;T1i'uffiei L611lJvlnmfit1'111mi'i;i(;l~~"1ij m1tlG'li;itlcieiv"'11Lfl~ei"'VllJ1v LL t1t1eiein{]vitL ti'U zj.:iihiei~flei "i;i 

'11'U1'Uflf .:it 'Um11 -ii LLG'l::r;:ii;imm1 b1Yi\ltl1::"'"fivlm"il Lni;im11::fl1mflei.:i ~1vii!.:i 
5.1.8 fl1".iAn~1fl1".ieU3J~11Je'.11'Y1u.:i'tlt1.:i gallic acid u.~:: ellagic acid "i11m::uuiha.:i 

ffiv L6lf3Jf11v'Ylu.:iqn".iu. ".imnf'I 

~G'lm1Pin·entfo.nru"'11Lfl~B.:iVllJ1tJ gallic acid LLG'I:: ellagic acid vl.ijiic.J1'U.ff'U~1l1i1.:ivi 
24 i11l.J.:i 'Vit111 gallic acid vlnmnt11'Uffiei1611lJ '11lJ11t:1eiiiic.i1'U,Y'U~1'!.1tl'\11~mnn11 gallic acid vlei~ 

L 'U~tl"'11r;:i::mv u.G'I:: ellagic acid vi~nnmntJ 1 'Uffiei L611lJ"'1m1t:1.ijiic.J1'Ui'U~1'!.1iJ\l 1~mnn11 ellagic 

acid vlei~L'U~tl"'11G'l::mv 
~G'lm1Pin~ntl~ii1ru gallic acid LLG'I:: ellagic acid vleiiiit:.i11..11tlt'U,f'U stratum 

corneum yjtJ11 ellagic acid vi~nnmfit11'Uffiv1611ii "'1m1t:1.ijlJc.i1m.ff11tlt'U,f1..I stratum corneum 

1~mnn11 gallic acid LLr;:i::.ijiic.J1'U1~mnn11 ellagic acid viei~L'U~tl"'11G'l::mv 

~G'lm1Pim~ntl~ii1ru gallic acid LLfl:: ellagic acid vfeiiiic.i1'UL1..l,f'U epidermis LLG'I:: 

dermis "r'lt111 ellagic acid vi~nnmnt11'Uffiei1611ii "'1ii11t:1.ijlJc.J11..1Li1hJ11..1sff'U epidermis LL'1:: 

dermis 1~mnn11 gallic acid LLG'l::.ijlJc.i1'U1~mnn11 ellagic acid vfei~L'U~tl"'11G'l::G'11tJ 

zj\1"'1lJ11t:l"'1tJ1~11 1::t1t1i11'1.:iffiei L611lJ'11lJ1t:1i11'1.:i"'11Lfl~B\ll1lJ1tJ gallic acid LLG'I:: 

ellagic acid 1~~\IY11\1~1l1i1.:i LLm~V11\l~"IJlJ'll'U (transfollicular) zj\IL U'U-li'B~'IJB\lfl11i11'1.:i"'11 

Lfl~B.:Jl1lJ1v1 ti V\I ~1 LL V1tl.:i m·rnan{]vi t1~wm .:i LLG'l::"li1 m ~lJtl1::~vi B.fl1'Vi L 'Um 1BBfl{]V1t•1rn.:i"'11 

Lfl~eJ.:Jl1lJ1£J 
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5.1. 9 fl1".i'Vlf'li'lv\Jfl113JfH~1'tlei.:1;hi'uffiv L6lf3J 

m1vii;i"'eit11"111iifl.:i~1·1m.:ii;l1i'uffieil611lJLdmnt1Hvi 4, 25 LL'1:: 45 °c Lll'Uw£J::nm 

vineiruvi.flijei£J11..1"1i1.:i 150 - 200 nm ri1m1m::"i11tJ"t.1'U1i;ieiu.rnflLu~mvi1nt1 0.203 ± 0.042 LLG'I:: 
, 1 \I \I , 

F11t11::"i11vh~1vi~1eJ'U.fl1flLtl~tJi;JG'leJi;J)::£J::L 1G'l1 90 1'U Vlflelt\J'Vlilijflf11mnn11 -30 mV LLG'l::~BtJG'I:: 
• , , , \I 
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e.Jafl1)~ffl~1fl111Jfl'l~1"!.la'IGn~an111\;l~~fl1~nmnu1t1ffia1'll1Jfil':rn.Jb"!l1Ji'U 1, 2.5 bbG'lt 

5% ~u11 "!Jt11i;ia'Umflffie:i1'lll.Jati1'U'!i1'I 0.2 - 7 µm fii1'\.J'jt'11~vhvlel1aw11fll.!1nn-J1 -30 mv u~ , \J , , 

a11ani;i\;l~~aTvinmnult1ffie:il'll:1.Jm111Li:1.J'iJ'U 5% L~1lhlfl'l~11t1L~e:i'U~ 2 Ltlt1~'U1u 1i;u.1L~1liim1 

(;ln(;l:::nau'!Jt1'1a11ani;i um::'!Ju1i;ia'4111flii"!.l'U1i;i1my~tJ '11t1iavG'l:::m1nmnua1'jLfl~t1'lvr111v 

a1:1.J11rinmnua11Lfl~a'lvi111t1 gallic acid 1~:1.J1nn-hiat1f!t 35 Lbfl: ellagic acid 1~mnn-hiavf!: 

80 i;r'l,r'U a11ani;i(;l~e.m1vinmnultJffit11'll1lfl11:1.JL-iil.J'llt1 1 LLfl: 2.5 % Lll'U~l'l1~1fo~f111'1:~w.itJ1 

1'1.J'Vl1'1Lfl~a'l~1tl1'1~fli;ln1)Vl'1i;]~1'1'!Ja'ILa'Ul~.J1J Uf!t'!i1t1mt~'Ufl1)L'1~fll'!Ja'1Lat1~11~a hJ • • ·ii 

5.1.10 01'j'VJflfte:J\JqVlfl \Jn1'jfl'jZ~\Jn1'j·rnn'!Jv·ml\J(:UJ1 UaA1°'Vlfl'1tl'3 

n1'j'YJ111a au nVJ~1'Un1'jn1::: ~'Un 11-:i an '!Ja-:i La'U"llt11 tJvrt1 ~ u ..ij' n1 L Yi f'1 ~ a1 vo/{tJ fi .. , , \J \J , 

C57BU6Mlac uu-:imll.Jfl1)'VJi;J'1a'ILU'l.J 6 na1J 1~ml'Yf 2% minoxidil solution LU'l..tna1Jfl1Ufl1J , , , , 

i:mu1n \'i1m1Piff~1 4 a'\Ji;i1~ a'!Ln;Jfl1'j.:Jan'!JeNLa'U'!J'U'11nmwci1t111'1tifl111i.1'fltLL'U'Utl11'1an"!Ja'I 

ba'U'!J'U l'Ua'\Ji;i1l1~ 1, 2, 3 Uf!t 4 YiU'J1 na1Jtl11'Vli;Jfla'l~'Vli;laau~1tJ'111ani;i\;l~em1vinmnu1'U • 
ffia 1'll1Jfl11l.JL.ff1J'IJ'U 1, 2.5 UG'lt 5% WUfl1'j.:Jan"lJa-:iLa'U'!J'Ul.J1nn-J1iat1G'I::: 80 1'1.Ja'l.Jml1vi 4 ~'lil 
L ~a-:i'11naTH'lni;i\;l~~a1L ~1JeJ(;l'j1fl1'j'lan"lleNLa'U'!Jt1 l'i1 l i.1 Lat1'!Jt1t111L ~1~t1 zj'lt111 L ~1n11nzjl.Jfl1Uf'l1l 

,, I • II 

Uflt~'1m1Pim~m iimva~1viu'l"!.la-:ivr'U~u'1m 'nvo/{t1fi C57BU6Mlac Liia~t1ai;im1a'ILfll'lfl1'j'lan ,, . . 
'!Ja.:JLa'U'!J'U ltia'\Ji;i1l1vi 4 WU11 nci1J~'Vli;J£'fCJUi;i'1t1'111'1nl'l(;l~~fl1vinnuiul t1ffia 1'1l1Jfl111JLil.J.ff'U 2.5% • . "' 
ij,j1t11t1ua:::'!J\J1i;'l'!Ja-:i hair follicles L~1J;j'U Lb;in~1-:i'11nnzjl.Jfl1Ufil1Ja~1'lijtl'mhR'ty'Vl1'1'1~~ 

(p<0.05) '11t11:::t1tfl1'j'lamat1'!J'U'11:1.J1'jri'l.Ja n 1~'11n111m if m~a~i;i1'11:1.Jt111 w'U11 wv::: m1'lan"!Ja'I 

Lat1"!J'U 1 t1 mh.1vi'Vli;i aa'U~-:ivil.Ji;iav '1 t1'jt v:::a'U1 L '1'U L ~a-:i '11 nYi 'U m1-:ia mrn'I b 'l!a'111 n'!lt1,j1t11t1:1.J1 n . ,, 

m:::~'Um1L'1~ru'!la'ILat1'!Jt1'11m:::v:: b'VI L 'VIL'1'U 1 i.1'b i1'11:: v::at11L'1t1 m::~'Um1v\'1'11'U'!leJ'IL611mh1n'!l'U 
, " \J , 

1u1::1:J::at11L '1'1.J Lvi1J'!J'IJ1i;J"lJa'lb'llf!Gh1n"lJ'l.J l'i11i.1La'l.J'!J'Uvi·:rnn~'U1J11'Vlliii'!J'U1i;] lviqj~'U LL'1::LL~'ILL 'l'l~'l.J 

5.1.11 'Vlflftv\Jfl1'j'jZfl1mfiei'3i31V1'1'3 (skin irritation) 1uaA1'Vlflav.:i 

~G'lfl1'j'Vli;J'1fl'U tl1'l1tfl1 mfia'l~1vru'l l t1m:::~11:J'!J11a1v~t1cr New Zealand LL ti-:inci1J • • 
fl1'jYJi;l'1EJULU\J 6 n~1J 1i;iv1-ff 5% sodium lauryl sulphate LUt1nzj11fl1'Ufil11 '1'1Lfl(;lfl1'l1tfl1mfia'I 

~1vii1-:i~ 1, 24, 48 ua: 12 i1111-:i f'l'U11 a1'jani;i(;l~~a1~nmn'U1uffia1'1!1lfl111JL'!l11'1lt1 1, 2.5 LLfl:: 

5 % 1liwum11::fl1mfit1-:i~1vri!'I ~-:iil'L~t1-:i'11na1'l'Lfl~a-:ivi111t1 gallic acid Ufl:: ellagic acid 

u1-:i'11'1.JQtlnmn'UL'Ut1'4fl1fl LEI L'll1J vh 1 l1'1:11'jLfl~8'1Vl1J1EJvY-:i 2 '!ltli;i 1lial.J~'1n'U~1VllJ.:J Li;JEJ(;l'j'I 

~.:i 1li Ln111 m'l'l:::fl1m~ a-:i~1vrl1-:i 'Ut1n'11n-d'a1'jfli;l LL 'j-:t~-:i ~1'!1tli;-i 1lJijth:~~ L llua1uth:: na'U'!Ja.:ia'4mfl 

i11a 1'll11 L llt1a1'lvt°WL llt1-W~ a1:1.J1'jfl1:fa1v~1lt1~1'lmt11~ 
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l'i°1'11'U"UCJ'ILCJ'U 1'1111 5Cl-reductase ~'3LU'ULCJ'U1'!1l1viLi.J~v'U testosterone 1l1LU'U DHT vh1l1i.J~111ru 

DHT ai;wM ~'I" ~'!b V ai;i n1'a1ai;i ~1'3"UCJ'I La'U~11 hi LLa~nVJ tl 'UnT~ ~1'\J CJ'U11'1 aa·rn"UCJ-3'11"S'1 tl i;i (;1~~'11 
, ·1 ·~ 

tl1"iift1'U'li1V'!!~'1Cln1"S LLtl"UcN L'!!aa 'li1V'1i;ln1"SVl'1i;l~1'3"UCJ-3L~'U~111vi'L '!i'U n'U '11"S'1tli;J \;1~~'11'11111-St:l • 
L(;l~f.J1J 1 l1nmnu1 'UWCJ L'll111vi' "1nm-sPin~n'1fl 11~viL Vl111~'111~1V15m-s(;lCJU'1'UCJ-3vr'U~1 vh 1 mvi' 

am1~viL Vl1J1~'11l 1 'Un1"SL(;l~f.J11'11"S'1ni;J(;l~~a1vinmnu l'Uffici L'll11 1~"lJ'U1i;)CJ'4f11FlffiCJ L'lli.JviL Vll.11~'11l 1 'U 

nTStl1ft-3V11'31"lJ1l"lJ'U LL'1~ 1vi'fciva~m-sfi'mnU'111Lfl~tl'IVl111V oallic acid 111nn-h~'civa~ 35 LL'1~ 
'U. :::. 

ellagic acid 111nni1fciva~ 80 ~'la11LF1~B-3V1111v~'I 2 '!!iii;i iiqVJ~1'Um-svue-3m-svi1'l1'ULt1'U1'1111 
.£ ., .. .,j., G 1 ~ r .,j ., ., 1" 

5<l-reductase Vl"S1Ut)Vlti"lltl'l'11-S'1ni;i(;l1~a1V1nmnu 'U'U ~CJ ~'ll1!V1'11111-st:1m~~'Un1"S-3CJ n"UB'IL'1'U~11 i;i 

li;iva1-sani;i(;l~~a1vi11\1-s~v~LVJ1m"'UL'!l1a1~v~ci'U1L"'U m~~'Um-svi1'31'U"llt1'I hair follicle 1 'U 
'U • 

I I II II 

-s~v~CJ'U1L"'U L ~1J,j1'U1'ULL'1~"ll'U1i;J"lJCJ'I hair follilce vi'11l1L~'U~11Vi'lan;i'U1111vr~ii"ll'IJ1i;J1 vrqj;i'U LLa~ 

LL ~'ILL -s-3;1'U ua~a1-sani;ii;i~~a1vinmnu 1'Uffia1 'll11iim111i.Jacii;i.t1v hi Lni;im-s-s~F11mF'ici-3~1vri!'I ~-3,r'U 
a11ani;ii;i~~a1viti'mnu l'Uffia 1 'll11m-s"~tl11 i.J'W~'U1~a l 'UV11'3~(;la1vrn-s-s11 L ~ciai;im-svr~i;i~1'l"lJB'ILa'U 

~11 n-s~~'Um-s 'IB n"UB-3 L~'U~11 ua~ L U'UanV11'1 L~ci nvr~'la1vrfu ~viiH'.lnivr1~11~1'1 
• 'U ·~ 

5.2.1 m1Pin~11m-si.Jai;ii.J~m.1a1-sati'i;i"1m~uutl1a-3ffici L'll11m-svi1vi'1v15 franz diffusion 

cell L ~B-3"1 n~1fuvi-W~tn;t''UL U'U-si.J LL uutl1a-3V11'1~1vri!-3 a1'Um1Pi m~nm1i.Jai;ii.J~civvi'1v dialysis 
'U 

bag a1-sani;i"~LL'Vi1L'UVJni11'1VJ1'3vi~11~ati'u release medium 

5.2.2 F111iim1Pin~1a11'!!iii;i~'U ~ 1'Ua1-sani;i(;l~~a1 L~citl11i.Jtii.J-s~ 1v'!!tl~ci1tl 

5.2.3 F111vi1m1Pim~mi.J~vuLVivui.J1~aV16m'Vi"llB'l~1fufficil'!111viu-s1~a11ani;ii;i~~a1L~ci 

m~~'Un11L"~t1J"UCl'IL~'U~111'UCJ1'11'1lJFl-Svii:ii:JqJV11~11~1'1~Cl1 tJ 
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50 mM total lipid (100% =50 mM) 
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2) 10% cholesterol 
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3) 0.10% plant extract 
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