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ABSTRACT

This study aimed to develop transfollicular delivery systems for fatty acids from
natural sources entrapped in nanovesicles for anti-hair loss. The bioactive compounds
and biological activities (antioxidative, tyrosinase inhibition, cell proliferation activity
on aged normal human skin fibroblasts) of the extracts from bran of Oryza sativa by
the two extraction methods including ethanolic maceration and supercritical carbon
dioxide fluid technique (scCO,), were investigated. The crude extract prepared by
scCO, gave lower yields, but higher unsaturated fatty acid and total phenolic contents
than those from the ethanolic maceration. Moreover, the crude extract from both
methods did not only show no significant difference of biological activities, but also
gave no cytotoxicity to the aged human skin fibroblasts. The crude extracts from the
three edible plants including O. sativa, C. tinctorius and S. bicolor prepared by the
scCO, method which showed high unsaturated fatty acids contents and biological
activities , were selected from ten edible plants to prepare the semi-purified fractions.
Fraction No.3 of the O. sativa crude extract (OSF3) gave the highest content of
unsaturated fatty acids, high biological activities and the highest Sa-reductase (type 1)
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inhibition on DU-145 prostate cancer cell line. Blank neutral niosomes (Tween
61/Cholesterol at molar ratio 1:1) from chloroform film method and scCO, were
developed and loaded with the bran of O. sativa crude extract as a model. The
maximum loading of the extracts in niosomes from both methods was 0.25 % wi/v.
The physical characteristics including the vesicular size, morphology, phase transition
temperature and the membrane microviscosity of the niosomes entrapped and not
entrapped with the crude extracts prepared by scCO; technique were not significant
different from those by the chloroform film method. The morphology of all niosomes
were in unilamellar structure investigated by TEM with the average particle size of
60.34 + 30.91 nm with the phase transition (gel-liquid) temperature at about 80°C.
The scCO, method appeared to be a suitable alternative technique for the preparation
of niosomes entrapped with the extract because of not only its environmental friendly,
but also its less step requirement as well. Blank cationic niosomes with the
composition at 20 mM of Tween61 mixed with cholesterol and cationic surfactants
(CTAB, CPC, SA, BZKC, BZT and DDAB) at 1:1:0.05, 1:1:0.25 and 1:1:0.5 molar
ratios were prepared by scCO, method. The best physical stability (size and zeta
potential) and low toxicity on human skin fibroblast of the three blank niosomes
including blank cationic niosomes [Tween 61/ cholesterol/ cationic surfactants
(CTAB, BZKC) at 1:1:0.5 molar ratios] and the neutral blank niosomes (Tween
61/cholesterol at 1:1 molar ratio) were selected to investigate by loading with the
OSF3. The CTAB niosomes at 1:1:0.5 molar ratio loaded with OSF3 were the best
formulation when kept for 3 months at 4 + 2, 27 + 2 and 45 * 2°C, respectively , since
it gave the white dispersion with no layer separation or color change with the particle
size of about 160 nm and the zeta potential values of about 55 mV after stored for 3
months. The OSF3 was loaded in CTAB cationic niosomes at 0.1, 0.5, 1.0 and 2.0%
(w/v). The niosomal sizes were slightly increased from 120 to 220 nm and the zeta
potential value of the blank niosomes was decreased from 80 mV to the range of 40-
60 mV after loaded with various concentrations of OSF3. Both FF-TEM and SAXS
analysis of all niosomal formulations showed the uni-lamellar niosomes. The
transitions temperature (Tc) of the niosomes significant increased from 75 to 80°C
when loaded with 0.1 and 0.5% OSF3. Moreover, the blank cationic niosomes gave

the highest microviscosity indicating the most rigid membrane at 25 °C and followed
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by 0.1, 0.5, 1.0 and 2.0% OSF3 niosomes, respectively. The gel incorporated with
2.0% OSF3 loaded in CTAB cationic niosomes (gel OSF3 niosomes) was developed.
The gel OSF3 niosomes, OSF3 niosomes, gel OSF3 and OSF3 solution were
investigated for physicochemical characteristics and transfollicular penetration
through porcine skin using follicular closing technique by Franz diffusion cells. Gel
OSF3 niosomes demonstrated physicochemical stability with the zeta potential values
of -36.28 mV and the total unsaturated fatty acid contents of more than 84 % after
stored at 25 °C for 3 months. Although the gel OSF3 niosome gave less
transfollicular penetration of the unsaturated fatty acids into the receiver compartment
than the OSF3 niosomes, it was a more convenient system for topical use because of
the superior occlusion effect that will be beneficial for the saturation of the
unsaturated fatty acids (the key bioactive compounds for Sa-reductase inhibition) in
the skin with less risk of systemic effects than the OSF3 niosomes. Various
formulations containing 2.0% (w/v) of OSF3 (OSF3 solution, OSF3 niosomes, gel
OSF3 niosomes) were investigated for skin toxicity and in vivo hair growth promoting
activity in C57BL/6 mice model. Gel OSF3 niosomes exhibited similar anagen
induction to OSF3 niosomes in C57BL/6 mice. But, OSF3 niosomes showed slightly
higher skin toxicity both in vitro on human skin fibroblasts and in vivo on rabbit skin.
Gel OSF3 niosomes exhibited higher in vivo hair growth promotion activity with the
hair growth score and the mean hair length at day 21* of sample application than the
standard dutasteride of 1.50 and 1.92 times, respectively. Furthermore, from the
histological analysis, all formulations containing OSF3 including gel OSF3 niosomes
induced the hair follicle to differentiate from telogen to anagen phase. Therefore, this
study has suggested that the gel containing 2.0% w/v OSF3 loaded in cationic
niosomes (gel OSF3 niosomes) was the best formulation for transfollicular delivery
systems of fatty acids from natural sources entrapped in nanovesicles for anti-hair loss
because of its non-toxicity, high hair growth score, long hair length and producing

anagen induction in hair follicles.



viii

A

Yoi309Inentinus FEUDNAIRIUFYNUVUVDINTA U UINGTTUFIAN

<3 o Ay 1] 1
nunnTugeuinaun Tumeiloanumuiig

a Iy Jan a
A1lerny UNE ITUNT SNHATIY
a ] a [ d
YSyan MnenansguRuNg (ndrnans)
4 Fl o P o
AZNIINMINUITNMINNTUNUS a. a5. o5 uluaden 21915603 nuIMan
a ] P '
7. 93. 9519% uluados 219158N1U5 N3V
a o H 1
A.a3. 113 Ing o) 219156N1U5 N3V
U |
UNAAEID

[

a LG & A @ o 1 1 @ ad &
QWU'JFﬂfJﬁ?J Gli;lﬂigﬁ\?ﬂlﬁﬂwwu1i$ﬂﬂu1ﬁ\1W’lugelgllelluell@\iﬂi@ﬂ;"\ll]‘l!i]’lﬂ‘ﬁﬁﬁ‘“%?ﬁﬂlﬂﬂ

(% d‘ 9 [} 1 = = o AQ( = Q(
ﬂﬂ“lquumuﬂmwa‘ﬂmﬂuwmaa TﬂﬂﬂﬂﬂWL‘LEfJ1JL‘VIﬂﬂﬁ?ﬁﬁ?ﬂﬂ]ulmgf]ﬂ‘ﬁﬂﬁﬂﬂﬂﬁw (N5

Y
U

Y a £ % a £ Y a I 4
muauyaaaig Qﬂ‘ﬁﬂﬂﬂﬂlﬁuulc]fﬂﬂlﬂiiﬁtu’ﬁ l,!,a$i]1/1‘ﬁﬂ§$@uﬂ'l‘iﬁlimu"llﬂﬂl“]faahl”l/n“ﬂi‘ﬂﬁ'lﬁﬁ

'91 aA  ax

a @ J. v o - v
mﬂN’J‘I’iuﬂJL‘l’]&lﬂ) ﬂl@ﬂﬁﬁﬁﬂﬂﬁﬂ?ﬂ%?ﬂﬁﬂgﬁ’l (Oryza sativa) ﬁllﬂflﬂﬂﬂﬁﬁﬂﬂ 29599 19019

] an d aAaa v 14 4 a 1 o o
wmﬂum‘ﬁmaa Lla$'3‘ﬁ“IﬂJHJf]‘iﬂi@ﬂﬁﬂ?‘iﬂ’f]ullﬂﬂﬂﬂhl%ﬂwg’E]ﬂ WU ATANANYIVIING

v

an J aa J J a o J J a 1 1 2
111 TaeT5gleinsAnaniveu laoon luagde tnjesiudnananiiosniualilsuim

) 1A o = Aa ' ] Aan o 2
nsa lviu liouds nagnsailuednunnnasanaainismsninluesiuea uenanil a1s

@ o 9 4 an A £ = 1 a3 a ' J ' ' v
ANAYMYIVINGIVII NN 2 IFUYNTNWYININ uazmm"lmﬂuwwmcma "l,mmmmﬂu

S o

1 o Y A o o 9 - o o
DYWUUHYTN ‘EUllﬂlﬁ’f)ﬂﬁﬁﬁﬂﬂﬁﬂ?ﬂiﬂﬂiﬁﬂi (O. satlva) FsanareIuIINAenaIloy

g

(Carthamus tinctorius) tag esanane1uIn1ve (Sorghum bicolor) M@3ena1n3s

2 a £ o A

Jd aa o 4 J a = o X
giilesasanamsvoulaoon laagda Tilimsouaisanansusgns vinasanaini

Q

g‘/ a d‘ = Y |Q' % = Q( = 1 v &
MNua 10 %umummﬂuﬂ‘%mmﬂm”lﬁuuu”lmum HAZNHNBTNWFININGI WU d15aNANI



U

A £ d A o o Y A ;@ ) A o ~
‘Uiﬁ‘ﬂ‘ﬁltﬂiﬂ%uﬂ 3 NANTANAYI1UIINIT U1 (OSF3) uﬂiNWmﬂiﬂUlﬂlﬁJuquﬂuﬂﬂﬁdﬂQQ

v
v @ ~ <

< = ~ £ o v A v a A { s
f]T]‘ﬁV]’N‘If?ﬂ’leﬂ Llazllf]ﬂ‘ﬁﬂllﬂ\u'ﬂullcﬁll S'E]fﬁ/‘h JANAE (YUAN 1) quﬁﬂiuwaanzﬁﬂ

Q

1 A o 1 1 J
ApUQNUNIN (DU-145) U TeTounlaimisuainniv 61 aAstadnasea luonsiaiuluais

= A 2 A 9 33 o < @ [ o 9 =
1:1 5]\1E]ﬂl@]iE]llellulwai”]ﬂﬂuuu‘]_ﬁna@\j NAFDUMINUNNAITTNAYIVIINI IV WTJ31UI@

<] [ @ o v 1

' o U H %l
Tylardananausamnunnasananeiuanniidnlauniga 025 % Iasiminge

[

= A =) Y as g’; a Y 4 I ar d asy d an
YSuas wawssna1eIsauauMIsevsnianas lswesuaududan nazisyluleiasana
4 4 a 1 YN [ a {
m5vou lavonleangda NUNTUTANIINIEAIN (VINAOYNA ANHULVDIDYNIA QUNYIN

) td' % ' A 1 v A = Li' = g’l
umsgﬂaﬂuuﬂamgmﬂ Hag mmmawqummwmuiﬂw) ot lo TuiasenaINniaod

v o

ay 1 1 7 ] = % = = % gJJ = =
2hil VliJLWIﬂﬁNﬂu’OfJN‘JJHEJﬁ1 2’ Tﬂﬂuiahmnﬂqmwuwumm TagHvuialseun 60.34

'
Aaa

+30.91 1 Tuwas wazligunginimsnasuntasigma Uszua 80 seruaaiBod Jadon

a J aa o J 4 a 4 1

Waphulesasanansuoulavenleangda e lHasouiiTe Teunlanlszquanainniuel

ADIAAINDIDA 1Az A150ALSIAIAIIZUIN (CTAB, CPC, SA, BZKC, BZT 1az DDAB)
@ v 1 J 1A 1 =

eas1aIuIuals 1:1:0.05, 1:1:0.25 uaz 1:1:0.5 wu Wle lyunlargasniuel asmameson

=2 a A o | A =
oz 130U IR9HI152UI0 (CTAB 1ag BZKC) Noas1diuluais 1:1:0.5 uaziile lawy
' = A o U 4 = o '
nla1mnnIuel Aetaaaesea NEATIAIUINATS 1:1 UANUAIAINTNMENN (VUIABYAIA A
{ ~ <3| a 1 J a @ Po =R o A 4
ndaa) Anga nazlinnuiluiivdemad I Tusuaradainaviianyudd 30ii To Tauna
S o = o A = oA
3 gATHUNUNN OSF3 LAazANEIAMNAAIN 4 £ 2, 27 £ 2 11ag 45 + 2 oaAuvaFod Wy iilo
TyugasnIuel AolaaAosoa Haz a1saausaasinlszuinia laswia won TuilonTus
J Ao J 1 3 o = @ ~ 12 )

lua (CTAB) Noan1a@auTuans 1:1:0.5 1Hufn OSF3 Ianwasaamniiga Tae lulimsuensu
A = =) =\ " v I Y

vaemsnlasunilasd nagivinaeymalszua 160 W1 Tuwas vagamdndaalszuia 55

A a s A < Y Aad A = d o ~ Yy 9

HadTan Wornu13n 3 gaigiiilunar 3 weu Jununn OSF3 Annududu 0.1, 0.5, 1.0

¥ o 1 =Y = o 1 1 ~
1oz 2.0% Iagrmin aelfinias luiiTe Tougasaanald nud vuiaveseyniail 1o ey

Y

' < Vo oA P § < a a
Tnaruandszana 120 1y 200 v Twuas edngra uNNAIUINY Tz 80 131 40-60 ad

o

=\

s A 2 o ~ A X ' I = Ad o o w
Tran Werhunn oSF3 TutiTe Iy agelsnaw 1 e laninunn OSF3 Nagasdsy I
Y g’/ = A a J Y Y ’a 1 ] 9 [ [ ~ [~
HINFUIRLIN AT ITHAINADIgaNIsAIBIANAT o UL U dRIr U Tna ] FasAI0d 19 LA

4 Y a o <] < {3 o
(FF-TEM) 11az1a304ii0ian13nszieuessamdndyuan(SAXS) uagiiTo Tsuitnunn OSF3



v
= a A

A = ~ (% A dy a3
0.1 uaz 0.5% Nguvgunumsnlasuulasigaiamuyuainiszana 75 1y 80 vam

a
Y

= A A ~ ~ 1 ~ < v A
yaFea UoNINUN 25 paruralsae 1 1o Taula1lszauanianundaus sveaniail To Ty
A A =\ A d o o A
WNNgATeIaAe U lo Tsnilszguaninunn 0.1, 0.5, 1.0 tag 2.0% aua1al 1wanl OSF3
<3 Y] ~ = ] 49! = @ = 1
unnTuiiTe Teuilseuan (CTAB) 399nWAILNTY HASANYIANUAIAIASMITTUFIUNILG
Y] =1 Y] =3 A Y A ~ 1 9y 3 [
yuyulunidany Feuieuny HleTeununn OSF3  wanll osE3n luldinunn wag
1 A 3 o = = = Al v daY ' o
a15a2a18 OSF3 WU wand OSF3 tNunnluti To TxuiA1unInla IasladngsauniIng -
a a 4 =1 o 12 o A o w 1 [ < 9/14'
36.28 Haa lnan uazidSunansa lviiu lisuduras ludsuuinni 84% viasannu'ldn 25
= I A Y1 A S o = = 1
paraed 11191 3 1oy 1 1wanll OSF3 NUAnTuti To Teua s oBuRIUNIF YUY
1 ~ A SN Y Y 1A A d o [ A < [ ~
adldluanidavines lddeeni1ii To Tsununn OSE3 ua wani OSE3 nunnluilTe Tay
¥ A o o q ¥ o A o o P
azarnlunislenianimiis vazawisaviilinsa lvaiu lisuda (@usodudueula 5-
v I A w A g o 1 ~ Y 9 Aa Y] 43!
oaih Fanma Muaungd1AYv0301NITHNTIY) NANUTVTUNHIMNITININUY Lazaanl
3 a a 1 { [ Z},
AunyanmsFuan I lunszuaTadia ldana13i Te Tsununn OSE3 90 UTMIANEIAY
I A 1 A o £ Y o Aa 3 o =
Auiyaor111e nazgninszdunuIon lunya1 C57BL/6 vowail OSF3 tnunnluiile
= A d ] 1 A A < o =
Toy WloTwuAUAN OSF3 taza1sazals OSF3 WU wand OSE3 tnunnludile Tawy
d‘ o d‘ a 9 Y 1 a 9 A v A d'
aunsamtienhmsndeuresmsnsgvouduvuliegluszezinig ldmieunuti To Tauan
< @ (= A d o = I a [ o a o
NUNH OSF3 tail 1 TsuNnuAn OSF3 HANURIUNYADIYAR 1UHADANAADY LATUUAINIIY
1 ] dy A A 3 (% = = Y 9
nIzABNINN NIV HonIntl 19afll OSF3 nunnluiiTe Tauliazuuumsnszquld
=1 1 4
YUIBN HAZTANNIIVOUFUIUNINA N TNIATTIUgUATIND 15 Uszua 1.50 nag 1.92

MIAUEIAY 1INNTANHINNNGITTAINVDUFAaNAIMIIVDINY A1 Wud1Tull

daulsgneudu osF3 mwsamienildsinvuiegluszogsinnlaowiuszezinigla

= o !

g { A ] [ ~ < Ao A @ o X
JUULIANY OSF3 Lﬂ‘]JﬂﬂGlMUI@IGBNLﬂHQ'@TﬂWﬂq@LW u1ﬁﬂﬂiﬂ1ﬂ]ﬂuﬂ1ﬂﬁ15ﬁﬂﬂﬂ\1

[

£ o ] [ 4 Y] 1
vignsnnsrimnuin lugeunan Tuiugyuvuveaiiotlosiumusig



