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ABSTRACT

The objective of this study was to develop the bilayer vesicle formulations, which
can entrap both hydrophilic and hydrophobic substances. The formulations were
evaluated by vesicle formation, entrapment efficiency, irritation, transdermal absorption
and stability. Kojic acid was employed as a hydrophilic substance and kojic oleate was
synthesized as a representation of hydrophobic substance in order to increase
entrapment efficiency in the vesicles. The N,N'-dicyclohexylcarbodiimide (DCC) / 4-(N,N-
dimethylamino) pyridine {DMAP) esterification method was used to synthesize kojic
oleate from kojic acid and oleic acid. The synthesized product was identified by FAB-
MS, 1H NMR and iR. The bilayer vesicles were prepared by the conventional chloroform
film method with mixtures of amphiphile (non-ionic surfactants and phospholipids),
cholesterol and dicetyl phosphate at 9.5:9.5:1.0 molar ratio. The amounts of kojic acid
or kojic oleate entrapped in the vesicles were analyzed by HPLC. Kojic acid and kojic
oleate associated with the vesicles were then incorporated in Carbopol 980 gel base.
The in vitro transdermal absorption through the excised rat skin of kojic acid or kojic
oleate entrapped in the vesicles was studied. Additionally, irritation in rabbits and
performance test of the vesicular formulations in volunteers were also performed. The
synthesized product was identified as kojic monocester (kojic oleate}, which had the
melting point at 34.6°C. Kojic acid and kojic oleate could be successfully encapsulated
in the bilayer vesicles (Span 60, Tween 61 and DPPC vesicles). The entrapment

efficiency of kojic acid in the aqueous compartment of the bilayer vesicles was about



0.01 to 0.04 mole per mole of amphiphile/cholesterol/dicetyl phosphate, whereas kojic
oleate gave higher entrapment efficiency of about 0.25 to 0.35 mole per mole of
amphiphile/cholesterol/dicetyl phosphate. Kojic oleate was expected to be embedded in
the hydrophobic domains of the vesicles. However, Tween 61 and DPPC vesicles could
entrap higher amount of kojic acid and kojic oleate than Span 60 vesicles did. These
vesicular formulations both with and without kojic acid or kojic oleate showed no
irritation on rabbit skin.

The bilayer structure was still intact in gel formulations investigated by TEM. The in
vitro transdermal absorption study through the excised rat skin showed that the vesicles
enhanced penetration of kojic acid but retarded penetration of kojic oleate. The
vesicular formulations showed a 5.73- and 1.88-fold higher penetration of kojic acid in
the receiving solution for Tween 61 and DPPC vesicles, respectively, as compared to
kojic acid in agueous solution. However, in the stratum corneum and the deeper skin
layer (viable epidermis and dermis), kojic acid in agueous solution gave higher
deposition of 1.20-, 1.89- and 1.21-, 2.07-fold comparing to kojic acid entrapped in
Tween 61 and DPPC vesicles, respectively. Meanwhile, the vesicular formulations of
Tween 61 and DPPC demonstrated 3.74-, 9.07-fold lower deposition of kojic oleate in
stratum corneum and 17.06-, 6.26-fold lower in viable epidermis dermis as compared to
kojic oleate in 2% Tween 20 solution. The fluxes of kojic oleate obtained from Tween 61
and DPPC vesicles were also lower than that in Tween 20 solution. The enhancement
effect could also be detected from the vesicles incorporated in gel formulations. Kojic
acid in Tween 61 and DPPC vesicles incorporated in gel formulations exhibited 1.76-,
1.57-fold higher deposition of koijc acid in the stratum corneum, 1.97-, 1.20- fold in
viable epidermis and dermis and 2.45-, 1.96-fold in the receiving solution comparing to
kojic acid gel, respectively. The incorporation of kojic oleate entrapped in Tween 61 and
DPPC vesicles in gel also delayed the absorption for 1.0-, 5.82-fold lower deposition in
stratum corneum and 1.59-, 5.61-fold lower in viable epidermis and dermis than those
of kojic oleate gel, respectively. The performance study in volunteers by Mexameter®
showed that the vesicular formulations had superior skin whitening activity over the non-
vesicular formulations. Additionally, no irritation in rabbits was observed from the studied
formulations. Therefore, the bilayer vesicles prepared from non-ionic surfactants and
phospholipids can be a delivery system of both hydrophilic and hydrophobic substances
for transdermal application. This formulation is potentially an effective cosmetic

preparation.



vi

A A = = I 8 o = ar o ot ns: 4 ) &
FDISDIINUNUT MINUNNNIA 1ATNLAZBYWUT luoymamisrestuwe [9n1unias

GARES
8} =t et 1 -
HIYY wNaMn Tesmsena
Ysyan Iemaasquiuda (naTuTagFnm)

o [eR = = L4
amznssNMIAUTnyIIneinug

57t. a5, oFu wTuafen dserunssums

Prof. Dr. Masahiko Abe AFIUNIT

s#t. a3, Taias wTuaTow ATTUAT
Unanta

E +
o ar =]

m3RviiiagUszmdiftewanndsueymantirestufiannsafiufnimsiazas
”lmfmaxmsﬁazaw‘lm‘i’wﬁuTﬂaﬂss;ﬁuﬂnmﬂmszﬁﬂmmwmﬂ anuaniselumsnuin
M3 anwszmefes asduiuAmiumzanuns  18ldnsa Tadnfludumuvesas
azanelh nagldFunssindnledlenvinnnlndnuaznsaTedsnTneldlade Tnwnda
m$Tuladlud (ce) / TammFaseiTulnsau (DMaP) ite1#iudumureimsazansly
iy uay RgnTiendnusivesansiidansier 18470 FAB-MS, 'H NMR s IR ‘Idisdoy
synamiaaosiuTneiinse Iskeuflafonarsnauvosesfivhe (arsnaussiafiaziia
Hszquazdoalwaia) napladmeseaias lusanaeamlaiisasidauTudts 9.5:9.5: 1.0
ulﬁ?tﬂ‘i'l&’ﬁﬂ?&l'imﬂiﬂiﬂ:ﬁﬂuaxiﬂ%ﬂiﬂamﬂiuﬂ‘Léﬂ'lﬂN'ﬁdﬂ‘é)x‘i“lq;juTﬂﬂlﬂéﬂﬂﬂimiﬂﬂﬂﬂw
VOUNAWMUUTNTTAULYY (HPLC) mm‘fu”lv%’ﬁ‘lnm‘lﬂ%ﬂuazTﬂ%‘ﬂTaﬁmnﬁLﬁuﬁ’ﬂiuﬂumﬂ
afameasunaiasuwaiumTunea 980 uazldinisnanssmsdurvesnsaladnuns
Tﬂﬁﬂiﬂﬁlﬂﬂﬁgmﬁuﬁﬂuﬂ‘L‘limﬂﬂﬁ'ﬂﬂﬂqgumuﬂﬁ'\mud FmaNINATeLMIneTEAY
Lﬁ'ﬂq’luﬂswhEJu.azmsﬁmemhzﬁ‘w?mwmmﬁﬁuwmﬂwﬁmmguﬁ’ummﬁﬁﬂs WIS
Funsedawson @i nsalnTueamed (TndnTodion) Teliganasumarii 34.6 eern
(FUALNTA ﬂiﬂ'[ﬂ%‘ﬂLmzTﬂ%’ﬂTaEm‘wmmsgmﬁuﬁ'n’l.uwmﬂwﬁmwﬁ”’uﬁmﬁmm1ﬂﬁuﬂu

14 ¥ ¥
60 N3u 61 uazdAfid Inensalndngriiuinludurhveseymamisassiuldussua 0.01



vif

8¢ 004 Tuareluavessuivhemasmamoson/lawafiaema vz lninleBiengn
¥ -4
wudn ludwarareluthiuvesoymamisaosdnla 0.25 84 0.35 Tuase Tuavewsuvhes
] ¥ ]
ansiaaweses/ lamAanomda Tasfieymamivassuiimiounnniu 61 uazaiRF 1y
d o o S o = = & = = 1 o’;‘ o A
wesiduanmsthuinnsa Indauaz Inva Todien ulTmaiigendteymaresiuiiteTonn
v ' ¥
autly 60 wennnitsmiivawsoyldnaivsznoudlsnazilsiainnsalavnuas Indn Tofien
TinelfifanssemofiosroAmisnsseny
= = = Ad o ot & w Af L4
nsa Indnuaz IndnTedeniinudnlueymamisaestudinsaninlumaiums lunea
Ed ]
980 lumsdAnmnsdurumiianywueyn AT es e RN IT TR U Y Yed
¥ ]
nsaladnuanduaamsFudumimyvesIninTofion  symamisaasruivionanniu
adaam A 2 o = ) o w A A
61 uazARRTRYMsTNRUnTanyvesnsaTadndlu 5.73- uaz 1.88- hawdwuierfioy
3
fuasazaronsalain ednelsfiam menzauvesnsaladnluduaaifunesifiomezmile
o e ' o v o 9 Ao ama & w9 a_a '
wydufanndn GFumlsdminddidauesruniam) vesmsazaionsalainiiaunnnd
a  d 1 a dSd w o 3 1
Tnofeudly 1.20-, 1.89- uag 1.21-, 2.07- mvssnsalnaniAudnlueymamisassduinsoy
L] i 1
1NN 61 nazARfFawd 1y luvazidiiueymenisdosruilmionnnniu 61 uazhi-
oo o = 9} v o 1 o 3 o ar o
#dinsazanveslndn lodonfesndntly 3.74- uaz 9.07- v lumlmyduamsduaes
4 ] .
oy uas 17.06-, 626+ wluAmmiduitanimuddy Wedeunulainlodontums
{ = dycu ] o = = 12 w
azane 20% YeInIIFY  wenvnisasInduRumisiyveIadn Tedlenifiudnlu

o S 4 a A asss g ' a a
aymemlsgesruimionanniu 61 nashniigiesndnInen lodion luansozaiu 20% ves

Ed ]
or =i 1

- - - a oo o A é’
wWintdy  nsalasndudnlueymamisaessuiiogludiiveagneadummnniy  Tae

QO

Aot 1 -

mgmﬂwﬁ'qam%uﬁm?ﬂmmw%u 61 uazAnnaTIiumsazanvewnsalnindu 176,
- 1.57- uilufmieduamddunedifion uaz 1.97-, 1.20- Lﬁﬂuwﬁ’wuﬁuﬁﬁnﬂﬁw HazuN
aanily 2.45-, 1.96- whlumsazaeimsumuidudiefousunsalninlwee manauiadn
Tﬂﬁm=nLﬁuﬁ'ﬂiuaumﬂwﬁmwﬁ"uﬁtﬂ?ﬂnmﬂﬁu 61 uazAnATaeluMmFDIRaYIeYTaems
aaduiuminyvesininledenanauihy 1.00-, 5.82- wilum ey fuaaidunedilo
uag 1.50-, 5.61- hhumianydui annhaudriu snmsfylsednEnmmeildim
Jueraaias lavlindesmnmiime fuaaslfitudviiunadiinsnlninuaz TndnTodten
ﬁuﬁ’n’luagmﬂwﬂ'qﬁeq%"uwrfuagiﬁﬂﬁ’ﬁwnﬂ'jw‘h%’mammnmTﬂ'ﬁ?mmﬂﬂ%nhﬁmﬁ
Y I8 udn ey maniiaresty onvniyndduiiimsanuds hineldifanisseae

9 i o H
Wesmermily  Anudifuiidsznoudrvoymemisassruiimisuanasanusafeiivia



viii

9 1
Tutilszguazoarodlammsninnidifluszninidmsinfmis s fiazarelu

3 - oy or 0w w 1 o gk a oW ¢ A& o 8}
uumzmiwazawiuumu ﬁ'l‘illﬂ\‘lﬂﬂ']"d'ﬁ'lll"liﬂu'llfﬂ‘]ﬂ‘l—lNﬂﬁlﬂﬂl“ﬂtﬂiﬂx‘iﬂﬁnﬂﬂ



