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Project code: RSA 5280001
Project Title: Effect of microneedle, penetration enhancers and liposome delivery systems

on skin permeation and stability of peptide and protein

Investigator Assoc.Prof. Tanasait Ngawhirunpat, Fac.of Pharmacy, Silpakorn U.
E-mail address tanasait@su.ac.th
Project Period 2 March 2009-1 March 2012 (3 years)

In this research, the effect of microneedle, penetration enhancer and liposomes on the
skin permeation and stability of macromolecule, peptide and protein was investigated. In the
first part, the effect of liposome and liposome incorporated with surfactants on skin
permeation of meloxiam was studied. The liposome incorporated with surfactants increased
the incorporation efficiency and skin permeation of the drug. These results caused from that
surfactants can alter the fluifity of lipid in the stratum corneum of the skin. In the second
experiment, the effect of hollow microneedle on the skin permeation fluorescein
isothiocyanate dextran (FD) was investigated. The effect of volume of FD injected, the
number of injection on the same volume of FD, the molecular weight of FD and the type of
formulation (solution, emulsion and liposome) was studied. The results showed that increasing
in the volume of injected FD increased the skin permeation. The number of injection slightly
influenced the enhancing of the skin permeation of FD. The higher the molecular weight of FD
injected, the lower the skin permeation of FD was observed. The solution gave the higher skin
permeation than emulsion and liposome, respectively. The kinetic of drug released from the
skin to the receptor solution was found to be Higuchi’ model. In the final part, the effect of
microneedle, penetration enhancer, and liposome on the skin permeation of peptide and
protein was evaluated. The peptide and protein used in this study were peptide 8 amino acid,
superoxide dismutase and bovine serum albumin. The skin penetration enhancers used were
ethanol, ethanol and menthol, and ethanol plus menthol and limonene. The results showed
that increasing in the molecular weight of peptide and protein decreased the skin permeation.
The use of all penetration enhancers increased the skin permeation of protein. The maximum
skin permeation enhancement was found in ethanol plus menthol and limonene. The use of
hollow microneedle significantly increased the skin permeation of protein. The synergistic
effect for skin permeation of peptide and protein was found in the combination of microneedle
and liposome. The good stability was found in the liposome kept at 4°C for 1 month. The
microneedle can increase the skin permeation of protein drug, and the formulation factor is
the key factor for skin permeation of protein drug.

Keywords: Microneedles, Penetration enhancer. Liposome, Macromolecule, Peptide, Protein
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nanuaLitasnn iinaianBurkuneimiiisle gnaziumahdsswiamluana
e lng i laszauennltlunsinwuenanmisls lulestieds lasdsenumanamszuy
lulashadainahanlsidindszantawnssinasenassusnlul 1998 las Henry uazamue
lalasiaraatdurzuuiingsn M nuinnlsznaudaduniawiatantzau lulasiuasniamw
o U A aa 1 A‘f a 6 d' = s ' d' £ 1
Twauatenadislanzwiadalavuninaglwievasnedwed (3UA 1) Wudinanaizdig
AndiaNnueUszanas  100-500 "lﬂmmm%aﬂ'smﬁﬂs:ﬁuﬁaﬂa"m]:a%ilu%'umamﬁfo
° o A A Y oA = 'Y ¢ ° o a2 oA o & A
AnG L dFu R aanIaLdulseanunraatasarinlwn sl lulasialaatNatinassih litia
AN uthalanSoufsununsaesn  nIanELNgINUMTM lwlasiaiaanudl  1998-
2008 Anamanangduunveadulasliizgufiadieg milflulesdadagluuusdnggiuniy
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A m @ < =2 ad A A Ao v a
e LLaZﬁ']TU%’]@I&JLaqal%iy?ju@@nﬁ g Wi LL&Jﬂi:“ﬂdﬂ’]iﬂﬂiﬂ’]’;‘ﬁmﬂﬂ&llﬂiu@ L(ﬂﬂqﬂﬂ'ﬂ,% LN&

miaaﬁmaaﬂmﬁfaﬁaﬂﬁq@ Ve

gﬂﬁ 1 u&a9 Scanning electron microscope vadlulasiiada (a) lulashaidanauenn 150
Tulaswasiadsuannlansdanen  (b) lulasiadannusn 1000 lulaswasfieiovang
LAULAREFA

gmsumsnamsruslulasiadslunsiiudszansmnmahdsmizma
Tuianawwialng) Insemiuduiulu 9 2002 lag Mitszta uszamznmmsings plasmid
DNA encoding Luciferase lagldlulasiiatanasanninszwing 2003-2008 Jnsamls
ﬁﬁdamm@mﬂmaqa%mmﬁ@ \Tw Busaw Bovine serum albumin, antisense oligonucleotide
WHuen mﬁfﬁ'ﬂLﬁmﬁ'umiﬁwvl,uimﬁ@Lawam&l"ﬁ'l,umsmdamm%amImamImﬁaﬁumIﬁuﬁ
ﬁlzﬂizaumwéﬁL%ﬁlgoﬂdﬁ%miﬁu6] atndlsfionuildvfifinadansBuruianiiueans
wiamluanalvg laoldlulasfiaidia 1w aweluansvess anuasdzesnsznItems
TUHW 989 é’mﬂuﬁﬁﬂﬁwﬁmﬁiamiﬁwmizuuﬁmmlugﬂtmui{ 9 laifinsansnidaging
1uszuy

’Luﬂaqﬁ'uﬁmwwmmuLﬁums%wmmaamﬂwLaqasl%@@ﬂslﬂﬂmﬁméa
SABUMIRIMITUEWITN9ER Y 1w mIlEnszuanih Taglud 2007 Wu wszame
ﬁm'ml,ﬁ'mﬁ'umsﬂszqﬂﬁiauizmwmﬂﬂuimﬁ@L?Taua:ﬂsmavlwqﬂw (iontophoresis) tia
LM ITuRNuYas fluorescein isothocyanate (FITC)-dextrans G'fial,ﬂumﬂmaqalmyﬁw;j
ﬁmﬁfamamﬁiawudwmﬂﬁmﬂﬁumiﬁ?mshu 2 AFhwiusnsniansdukiuvesans
Tuanalwguhgfomisnnninislslalasfiadaniemslinszualniinfissosaduoegned
fudagmisaa  madudssininmnsduduianiilesltlalasiiadasauty meld
gILAR AT gNDL39n13TuHM (chemical enhancer) flmmLﬂu"lﬂvlﬁgaﬁﬁ]zmmﬁumﬁmmu
mﬂmaqalmy}%g&ﬁmﬁh Lﬁaomﬂﬂmﬁuﬂ’ﬁ%umﬂ@Ulfaﬁil,i'\aﬂﬁ%wmuﬁmﬁfamaﬂ@;u
LT% menthol, alcohol WaT terpenes vrriiasansnfiumysuruianielauinis 20 wh
WsunURNILUNG I@ﬂluﬂaqﬁuﬂ'ﬂ&iﬁswmm"?%‘mL‘ﬁ'mﬁ'um‘sﬂi:zqm@lﬂlﬂﬂmﬁ@L?Taimﬁ'u
s iInBuruiisEsnTuasluanalnaigunu
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LLﬁiﬁﬂﬁ]ﬁ;ﬁuﬁﬁmmmﬂﬂﬂmﬁ@LaaLﬁaﬂhmﬁmﬁ%wmuﬁmﬁwaams
wiasnluanalngnaiezile wel g9 I UM IANBALINLANUAIAITDIRITNIDEN
luanalwgymarinlalimaianis  lasldlulasilada  susiessguazamz  (2007) wui
owldluAnissansnasuidasarsdm e vl aninwsasuswnsraaauazana
la'lamalun1ssnen mivﬁamluﬂ&jmﬂﬂvlmﬁl,l,aﬂﬂsﬁu mmsngﬂLﬂﬁmmmaﬂ@méuvlsﬁﬂu
A £ 7N . . = o 6 a 3 o o &
A1 et peptidase wae proteinase TarnunTavinanedy induazlusauldaudiay aatu

g v 1 ed 1 g QI J o v 1
1umi‘w<muﬂv1miﬂﬁgumﬂmaﬁmmmmLwmummmmvl,@ﬂ@unwsm%'uﬂ%aglugﬂuuu
sruvihasuuyaynalulasmlu (micro/nanoparticle delivery system) tgu lalyloy luimad
%wﬁswzmumamgmmzé’ﬂumaummmmuﬁﬂgﬁmﬁfaﬁ'@mgmﬂ%’%Ulﬁuimﬁmaa

1 =3 et a = cg’ 1 et o 1
asm"lsﬂm;umhm’mmumﬂﬂuimmL@ai’mnugmmmzuummLmum&mﬂvl,uim/uﬂu
Tunaindseansawlunsfuriuuazanuasdzasaswiamluanalng - wananinisld
lalasfiaifa  SIWNURITLTINITNEIY  LNALANUTEANTAINAITUHIBLAZ A NAIAIVEIRIT
= P o 1 o VA wR Ao Y
m'amT,aJLaqalmywmiﬁﬂm:uummmuuuat&mm"lzﬂm/miu EJGVL&INE\JI?IT]H’]’JE]UL‘]Iuﬂu ol
fasianmnuanuimasmdsginaanludnedu fHTsidiiaglsrasduaimiide
luaatiadnsnmslt lwlashada MIkEanTLs9In13BNENY (penetration enhancer) 3MAL
gﬂLLum:uuﬁmLLUUVLaIﬂIGﬁuluﬂﬁLﬁuﬂizaﬂ%mwiumﬁ'juN'"nuu,a:mwmé'h"uaaﬁm
pwaluanalnglungulylnduazlds@undamaluanauandrnin

%

6 A o
qu‘].lizﬁ\‘]ﬂ?la\‘i‘[ﬂ‘i\? n13738

1. @nwnavaInIlT i lasiafasalse ANT NN TN ITUNIBRIRIFILEZANUAIAIUDS
wilnduazldsunfumaluanacdngg i
2 @nNaraIn Ikt lulashalaa s NN UaN T IMITUHIBRIRIG 8T AN T AW TIANNNT
=< ' ’~ o o & A Ao ' v
sﬁumum%mLLa:mmmmmawaoLﬂﬂ"l,mLLmIﬂsmummm@Imaqama6] b

= a2 \ KR N o o 1
3. AnNaYaINIITIN ATl BT INITUNIBRIRLG e war szuusinaInuy taly oy

' a A PN =S ' a £ o 6 a
AOMTUTERNTNWANILANNNNIDUH BN IR UILAZANNAIAIY a\‘]LﬂﬂvLVl(ﬂLLﬂZIﬂ‘i@l%

BULYANITIVY

a o a}’ & =4 a nq’ 1 = 1 ) 1 1
NwItpaduanuNavaIn Tt lulasiada &13sImITuEIn wazszuuinasuuy lalylasie
MIFNEIwRIRILazanNasetaddd Inauszlisdw  lunis@neasnanaziianlsidding
wazldséu 3 viiafa peptide 8 amino acid (KKKKKKKK), superoxide dismutase Wae bovine
serum albumin (HJudunumuazsddinduazlsdunvmaluanadsgin uazifanldans
1FINTTUHIL 3 Thafa ethanol, ethanol + menthol LAY ethanol+ menthol + limonene

) 5 1 = ' A £ = PN =S ' 6
LU U@IUN WU BIRITLIINIITUNIBRINA U Iummﬂmuwmsmmamsslmmwnad L‘LIUVLY]@LLaz
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lihs@uiuiniugedlosfinsanuavasifadodnig 4 Tadvde 1. nydldlafinmslly

a 2 A , 2 Ada A o o A &2 A \ a
TashalaanIaa LT INITUEIL 2. namnamaanziiniaaslulashalaaingagnaden 3.

A o ' =< ' = ' = AdaA A o o a 2 A
NIMTRITLTINITNEWNLIDEN9ALY uae 4. nymninanzRniaey lulasiaaaties
FUNUMTIAEN I IINITURIUIINAY I(ﬂUnﬂﬂstﬁa:ﬁﬁmsﬁﬂmNamadizuuﬁﬂdﬂamisﬁma
ﬂ’J’]&lﬂ\‘](;f’JLL&Zﬂ’]igﬁ&IN"]WlladLﬂﬂvLﬂ@TLLa:Iﬂiauﬁaﬁlﬁmﬂ&ilﬂaiﬂi‘ﬁmﬁllﬁﬁ;Lﬂﬂvlﬂﬁﬁ%a
Tos@utdwszuuiings

&a 1 V)
ilszlaninaiainazlasu
1 NIUNAVINILT b laIhaLaad ol AN TAWNI TN N TTURIBRIRII LA AN NAIAI D
wilnduazlds@undumaluanacdngg mu
2 NIUNAVDINTITIT bl ATRALARTINNURIILTINIDUHIWHEINIA a1 T FNTAWA IR A TT A
' A @ o & A Aa . v
mumvﬁmLLa‘;mmmmmawaaLﬂﬂ"lm@LLa:Mmummm@Imaqama 5 N
3 NIUNAVAINITLT W LATHALAR 81TLIINTTUNIBAIRS waz Seuusinssuuulaldloudanis

USTANT NN IANNNIBUEWRIRGILAzANAIa a9l Inaunaz Tsan

NINUNINITIWNITN/E@NTAWING (Information) NN
a 2 & ~ o & Ao = [ A
Tulasfiadaduszuundsznavdisdunlvmainszaululasuasniow lwaasana
ﬁ’]éhUIamﬂ%a%ﬁIﬂmLmﬂagj’Lmﬁamaawaama? L%Né’ﬁﬂd’nﬁLﬁnzlffﬁgjﬁwﬁfaﬁﬂrmﬂ’n
= o o ' ' & o o o A ' @
13231 100-500 '1uIﬂsLaJmmmmﬁmmumﬂmn:aglmmammmwswﬂuﬁtamﬁa@
A o = ° o a2 oA o AN e v A & a
wIalawlszananaaassinlwnitltlulasiadatNaiingssn i luvinldiAaanuiduliaiia
WSUINLUNUMIRAET  In1ITewnIINaw UL b lasiaaatnasinun AU se ansaw
mahaspassuaniul 1998 lay Henry wazame 3) msdnwunpanumsldlulasiiads
aaudtl 1998-2008 finsnanamzUuuvrasdulasldiagoiiadnsg 1w lans 4) wazmisld
a 6 a 1 = nq' d' ' a 1 A s =3 U
wadwairfadag  Jlununsltlulasfiadagduuudugiuiuege maefeudninde
| ) o A a | o 1 a2 = o < =<
grfanudeszuniings  adudnsgninadaszuuihadlalasfiada wiaulnsznamsdnm
aa a 2 4o v A o A o o =i & o . o ' =
aﬁmﬂﬁ'lwimmL@awwﬂﬁLﬂ@ﬂ’mawwmmﬂmuaﬂmg@ Wudw  wazlugiieasnand
NenwisRuMIRamnzuusInslumMaivdEinimwmshdmuszansluanavie
lmy'ﬁmsmﬁmﬁu diclofenac4), methyl nicotinate, calcein, demopressin, 5-aminolevulinic
acid, naltrexone, albumin , ovalbumin, insulin, oligonucleotide, antigen vaccine, gene LLag
plasmid DNA tIua
% o o S'QI/ U % o 1 A ' d'd
luﬁﬁ]ﬁ;uuum‘nmmammiaﬂhmmaulamummwmmsmam’lunqwu
P £ a ' a A @ o 1
luanazwalngifisnannaangniniedinmn gu enlusdu weldlunmsinelsn maiss
P1AINadNFINME  uenInIsaasun mbremaianialas lalashaiaasiduin

ad Y, A & A | = = A o o 1 A
'Jﬁﬂ']?sLV\El']ﬂﬂ']aﬂvL@§Uﬂ'J']Nﬁu1'ﬂLﬂua&nﬂEl\‘] aEl']\?vLiﬂ@]'uJﬂ']iﬂﬂ‘hnLﬂﬂ?ﬂUﬂqiuqﬁ\‘]ﬁ"ﬁVﬁﬂ
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pluanalnglagltlulasfiadsdnanuiimmeonuleldwiutieuwnii lasdl 2002
Mikszta WazATAT Mitszta WRSADKANBINITHNES plasmid DNA encoding Luciferase
TaglFlulashalaanasnuinin1Iusaiaanuadtn Aa 8319tawlkns Luciferase 3NANINANTIA
plasmid DNA vnafanibilaslaldltlulasfiaidaiis 2,500 111 Martriano uazaniz Uszynd
msﬁ']ﬁﬁﬂs‘fml,ﬁaﬂszﬁugﬁﬁuﬁ'ﬂu%ﬂ@ﬂl“ﬁs:uﬂﬂmﬁm@aLi’luwaﬁﬂﬁﬁ] 1) 2003 Martanto
AR A ﬂ%’quﬁﬂLﬁ'ﬂaﬁ'UﬂﬁilﬂwIﬂsﬁ@LaaluﬂWiﬁwdaﬁusgﬁuLiﬁgjﬁuﬁﬁfaLﬂunm 4 T luglw
[y A ° v ! % 2 ¢ & € [
wiplFrungniliiduuwnuuazwudn - sdunglaslunuaessfia 80  wedidudainizeu
ﬂQIﬂm'%mTu 7] 2005 Davis WLRZAMAE ﬁﬂw’m’ﬁl”ﬁ@ﬂa%wﬁ@gﬂma (Hollow metal
microneedle) Im”ﬁusgﬁm%gjmkﬁgﬂﬁﬂﬁli’luLmmwuua:wuiﬂﬁﬂsz?m%mwmm@ﬁnmam
= 6 & 6 :’ a' U a o d' % o = nq' o 1 A
4 75 wWasigudaininanalsudw nsavgtnenun i lulasialaainlglunsingsznInie
R A v A o & | aa A ' = o Ao \
pluanalngdsiiumlidunazdszauanudiiaginiiitnisoug  adelsfiawildoninada
myfuruiantsasiasluanalng lasldlulasiiada 1w awaluansvedsn anw
AIAIVDILNTERININITUEY 98Y é’mﬂuﬂﬁm&’]ﬁ@@iamiﬁ@umi:uuﬁﬂmm’Lugﬂuuuﬁ &9
lagmsanuissagiadluwizuy
v A n' = 1 1 = nq'
luagiufianuneeuiunsfuriueesaslaanalnglaslilulasiada
UAUM AN ITNHKEU Y 151 Mslanszua Wi laglull 2007 las wu uazame o
Nenwisnunslegndvznimiltlulasfiadauaznszualni (ontophoresis) Liia
\WWMITUHNUYRY fluorescein isothocyanate (FITC)-dextrans @aiiluansluianalwajidng
A @ £ \ o A \ ad [ ~ \
Aawimasmydwuiinsldnafinnduiin. 2 S5hniusansnfiansBuniusesans
IsJLaqalﬂty'L°1Tﬁgﬁa%ﬁfamnﬂ’hmﬂﬂwimﬁ@Laa%%amﬂfmmavlwwLﬁmamu?}mazhaﬁ
@ o a aa = % i & a { { ~ ' a
wpfmagnuaie  ssnmsdnwainaaduiiniiaulafiosanmaiunmstudinlasitnig
ﬂi‘;ﬂqn@ﬁausz%iwavluiﬂiﬁ@Laaﬁ'um‘ﬂ,ﬁumﬁmﬁuﬁ%ﬁuﬂﬂsjﬁQﬁﬂmﬁfﬁ'ﬂ LRTANTLAN
a 1 { J o v { o 1 et I U
ﬂsmmmse'fmmuﬁgwumamlmm@mﬁlﬂumsmma@aaam:mumsa@@unmaams
o 1 A N o v o Aaad P o, [
maamsmimaqamm@lmﬂ@ #aNINMILENIZUR AL 8903 DU 9 NauTalisInAL
laulasitaiaa letnatNulse ENTAWANTTURIBRINGS 1T NIIMTENILIINIITURIL  1iha937n
MIANNITURIBLa s T3 INITURIBRIRI LIS UULTY  32UUNUSeNaudiey  menthol
Wae terpenes UNNTRARINNTLANANITUEBAIMIIVEIEN ldaNnTe 20 wiAsuRuRIne
1Un@ LLa:sLuﬂﬁ)gﬁ'uifqvl,&iﬁﬁmm”‘;%’uLﬁmﬁ'umiﬂi:qn@“l:ﬁ"l,uimﬁ@Laaiwﬁ'ua’mﬁ'ams%w
inufmibidmiuasluanalwgdaduwidamsidsmihauladnsdsdunsdnmnidodely
wF1zRu T M lulastiataalwn IR N ITUHIBRIRIIVBINLEZRIT
luanalwgnansziia  ludagdwmafiamafisdssaninmmguiiusassinguasnandn
lildfibafiannuasdvasmsddgilidszaninwmahsnlugduuudandanalale
UszEnBnwenuaasms sustassguazame  wudtawloliluimnisannfawulasaaen

o g o

fagrhldlsaninmaesusnndraaasuazana ilanalunsinm - ssnesnlungaiyy
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Induazlusfiu amanngnidfouudaslaodulsflufionitsldisu peptidase uaz proteinase
& o 6 =1 £2 o i ed g; g v 1 e 1 =1
FearurrnvnaadIinauazlUsdnldausiau muulumiwwuﬂvxmiﬂgumﬂmwmmm
o A & ° a v o 1
mwaummiﬂm"l,@ﬂ@zjmummfl,vsaglugﬂLLumzuumaaLmuagn’m"l,ﬂmlmh
(micro/nanoparticle delivery system) LT Tallon luenad 98y McAllister uazamue
s'lmm’hmgmmzé’ﬂumaummmmmﬁw;jﬁmﬁfaﬁomgmﬂvlﬁ%m‘lﬂuimﬁmaa agndlsn
e = =1 Aw U Qs o 1
(il’mtldvl,&l&li’]Eld’]%ﬂ’]ilﬂlliﬂi%@]L@mi’]&lﬂ‘ug‘ﬂLL‘]J]JSZ‘]_ILIW]KGLL‘]J‘]Jalgﬂ’]ﬂvL&lIﬂiluﬂuluﬂﬁi
WulEntnmwlumiBudiuuazanuasdivasssniesluanalng - wenaninmisld  lu
Tashalaa INAUEIIIINITTUNIG LNaLAN LT ENTAWNNITUNIBLAZAMNAIAIUBIENITHID
ldl o 1 v 1 vR a o 1 [
mIaJLaqa‘lmywmﬁﬂm:uummmuuum&mﬂ"l,uim/miu m"l,wgﬂﬂmnﬁmuﬂu ala
Foriangnuanuimadnmadeginaanluiedu fdulsiiiaguemduaimsviniie
luaatiiadnsnmlt lwlashada MIkEanTLsIN1IBNENY (penetration enhancer) 33U
gﬂLLumzuuﬁ,’]daLLUUVLaIﬂIw‘LumiLﬁwﬂszaﬂ%mwiums*f'fjumuLLa:mwmé'f’maami

pwaluanalnglungudylnduazldsdu
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A5 NWNI5IDY
GRRIGEY

Y-orezanol (Sigma, USA)

Phosphatidylcholine (Sigma, USA)

Cholesterol (Sigma, USA)

Sodium taurocholate (Sigma, USA)

Fetal bovine serum albumin (Sigma, USA)

peptide 8 amino acid (KKKKKKKK), (Sigma, USA)
superoxide dismutase (Sigma, USA)

Fluoresceine isothiocynate (Sigma, USA)

1,2 Dimyristoyl-sn-glycero-3phosphocholine (Sigma, USA)
Propylene glycol monocaprylic ester (Sigma, USA)
Polyoxyethylene 60 hydrogenated castor oil (Sigma, USA)
Ketoprofen (Sigma, USA)

Deuterium oxide (Sigma, USA)

Cetyl trimethyl ammonium bromide (Sigma, USA)
Tween 80 (Nisshin Flour Milling, Japan)

Sodium lauryl sulfate (Tokyo Kasei Kagyo, Japan)
Methanol (E Merck, Germany)

Methyl paraben (Sigma, USA)

Phosphoric acid (Carlo Erba, Italy)

Propylene glycol (Carlo Erba, Italy)

Glycerine (Carlo Erba, ltaly)

Sodium chloride (E Merck, Germany)

Acetonitrile (E Merck, Germany)

Sodium hydroxide (E Merck, Germany)

Potassium dihydrogen phosphate (Carlo Erba, Italy)
Monobasic sodium phosphate (E Merck, Germany)

Dibasic sodium phosphate (E Merck, Germany)
] ~ ¢
m‘saauaua:qﬂnsm

Hollow microneedles, Nanopass (33 gauge hypodermic needle)

Controlled temperatue water bath
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Dessicator

Side by side diffusion cell (Crown Bio Scientific Inc., USA)
Glass syringe

UV spectrophotometry (Hitachi, Tokyo, Japan)

pH Meter

Magnetic stirrer

High Performance Liquid Chromatography (Perkin Elmer, USA)
Hot air oven

NITANENTEY (0.45hunTamu)

NROALNIFINILLAVAI DN

Guard column for HPLC (Perkin Elmer, USA)

>

~ aAda
TLUEUIDIVY

1. matassanazlsninamansmzaase lngluuulalylss

1.1 w3oulaluloalasls33 reverse phase lagld methanol : chloroform tJu@a¥inazane
waziAsnudasenudutusess (@1319h 1) wWilnduielusauildlunmmesay 3 anududu
%§aaﬁnfuﬁ1ﬂw35@mu1@LLa:ﬂizgmaa"LaIﬂIsmLLazmimﬂ%mmﬁms@ uas % yield maamﬁagj
Iwlaldlaw  Javwauazdszavedlalulow Taslaoldia3as  Zetasizer waziinasillnevie
Iﬂsauﬁaglﬂﬂﬂﬁw asonld sdussazans Triton-X tiverinlwen ﬁagﬂu"laiﬂimuﬁm‘%w
Isuanasnushansazansiila B eans ‘l,ﬁwlﬁmmLiwiuagiumaﬁﬁadmi niwin B e e
wdSunmdyInduazlus@ueas High performance liquid chromatography

1.2 AN MITUHNWAIRIIAN BN ITUENUWAINTIVIA81619 9 las AT luraea
nanailasldginsal diffusion cell 7fia Franz lanlddae1 meloxicam Talududsld (donor
phase) ILlaz Phosphate buffer 7.4 Taluanilosy (receptor phase) I@Uﬁﬁa%ﬁagﬂﬁaagizm’m
Hamadiu I@]UmsazmUluﬁa%'ngﬂﬂuwamaa@nm@T’JUm”if'aaﬂuwamﬁm&imﬁﬂ
(magnetic stirrer) uazaruuannnllild 37 asrumaiGualandvniuguannnianaanis
NANDI ﬁﬂmsﬁiuéfuasj’mmmzmﬂuﬁméﬁa%'uLLazLamﬁuﬁmﬁm{ﬁﬂ%mmwh@uﬁnm
199 Myl nsiUsimeiduriwlagls HPLC

1.3 anagauna lnmMIsueuinivedlaluloulasls Fourier Transform Infared

spectroscopy (FTIR) L8z Differential Scanning Calorimetry (DSC)
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N7 1 URAIFATAITLIY avlaldlounlslunisnasay

Composition (%W/V)
MX PC Chol NaO NaChol DCP PBSpH?7.4

Name (molar ratio)

MX/PC (2:10) 007 077 - 100 ml
MX/PC/Chol (2:10:2) 0.07 077 007 - ; : 100 ml
MX/PC/NaO (2:10:2) 007 077 - 006 - ; 100 ml
MX/PC/NaO/Chol (2:10:2:2)  0.07 0.77 0.7 006 - s 100 ml
MX/PC/NaChol (2:10:2) 0.07 077 - - 0.08 - 100 ml
MX/PC/NaChol/Chol (2:10:2:2) 0.07 0.77 0.07 -  0.08 - 100 ml
MX/PC/DCP (2:10:2) 007 077 - 2 : 0.11 100 ml
MX/PC/DCP/Chol (2:10:2:2)  0.07 077 007 - g 0.11 100 ml

2. nmsdnmenuansaveslalasiafazingnalsaanisduiiwimisvasenlaana
A vl

2.1. maasun lulasiawaa

ww3sulawld hypodermic needle twas 30 danuidnawiaianuazld silicone sheet
& @ o = A v & v A v « A Y It
dudimuaanueidy Ui 2) weldiduunadhgfinitaiugy 40 aseialdaody

Lﬁﬂg’(ﬁmﬁfaﬁiﬁm@hi%’aaaﬂuaﬂﬁ’mﬁfa

27G hypodermic needle

SC
Viable epidermis

Dermis

gﬂﬁ 2 WRAINILEILN hollow microneedles

22 mim%wﬁmﬁfm‘ﬂ,

Aa %

N?%%Gqﬁﬂﬁﬂ%hbaﬂﬂﬁ%ﬁj Wistar rat AaRInbLaziNANNEZaNaa81NINRE Naw

v A& A

1’5@#@ ﬁwﬁ?ﬂﬁuwuﬂﬂi:mm 4 Q1IILTUR LSJG]iLLﬂZﬁ’]vLﬂﬁdiJ%QUﬂiﬂIﬂ@ﬁE]‘]Jﬂ'W‘J%&I NI

e
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2.3 ANEINNITUHIBRAIRHIAN BN ITUHIBRIRIIVIAEN
ﬂ’]i?lﬂﬂ:f’]ﬁﬂ(ﬂﬂ"ﬁgﬂﬂifﬁ diffusion cell TH@ Franz lawld@ae1  Fluorescine
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- Flux %38 Skin permeation rate §1%IUNNITUAY
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Microscope (SEM)
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Eﬂﬁ 3 Transmission electron microscopy maaﬁé"an%umﬁm%ﬂuﬂa‘[ﬂ‘[%u (a) MX loaded in
liposomes (PC) (5,000X), (b) MX loaded in liposomes (PC) (30,000X), (c) MX loaded in
liposomes (PC) (50,000X), (d) MX loaded in transfersomes (PC/NaChol) (10,000X), (e) MX
loaded in transfersomes (PC/NaChol) (30,000X) 8z (f) MX loaded in transfersomes
(PC/NaChol) (50,000X).

muﬁﬂvlaiﬂisnuﬁL@%U&J"L@Tﬁgﬂi”mﬂau SNHULHIITWLAEY (unilamellar vesicle) (gﬂﬁ 3)
uaeflunaszning 89-137 wlwuas mInszanprwaiuay (@17199 2) mitdulamaaasos
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AN 2 °um@1LLazmmLﬂuﬂs:ﬁ;maavlaiﬂisﬁuﬁL@%QNVL@T

Name Particle size (nm) Zeta potential (mV)
MX/H20 2411.6 £84.2 -19.3+0.7
MX/PC 107.0£5.0 -35.0 £0.5
MX/PC/Chol 100.3+0.6 -23.5+£0.2
MX/PC/NaO 107.4+0.5 -43.4 +0.1
MX/PC/NaO/Chol 100.5+ 0.6 -23.1+0.0
MX/PC/NaChol 93.0+£1.0 -32.7+£0.7
MX/PC/NaChol/Chol 88.6+0.7 -28.9+0.5
MX/PC/DCP 137.2+6.1 -35.2+0.6
MX/PC/DCP/Chol 126.5+1.6 -29.3+£0.5

WAaN1INaaed entrapment efficiency Wae loading efficiency LLa(ﬂdlugﬂJﬁ 4 Tuésun
U3398N 2.5 % axdlen entrapment efficiency §9gaude loading efficiency dga iz ludiu
1U3398 70 % axdien entrapment efficiency dgAUGAN loading efficiency gegaatinglafiony
MafaNUITNINzaNATagNIzaNmL 10 % 6N entrapment efficiency Waz loading

. . o > AA 2 A oA ! o = AV A 2 A |
efficiency ludFundasaausdiiusnagizldignitludiunlidusdimumed
iasnnasaauss@siaaz ldunneglulalulauuazimunsiniiudmen ildlulalulan e
= a 2 a Ao ] i v
WisuiauluataaussfelinNyinnsmeaasdwuin sodium oleate (NaO) ke entrapment
efficiency W8z loading efficiency qaqmﬁatﬂ%ﬂmﬁﬂuﬁb sodium cholate (Na Chol) Lag
dicetylphosphate (DCP) u&adlilAniannuaansalunstainmeAuenNLan@19anuuaIgnsan
WI9GIR

lunsansanuasalrvedlalulonvasdrsunesoylailanuliiduna 30 % (3UA

a
aa

5) WU aNUAIMINUANT 4 BIRLTALTERITIANNAITITINIMENIW Laz LAXANga

o & = & o v A =~ v &
@Guu'ﬂ@ﬂ?il,ﬂﬂgnillﬂL@]iﬂllvlmu(ﬂl,ﬂu
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4 q ~F ¢
4% 4 R o) fou 48 . \QC
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@‘P

Eﬂﬁ 4 (A) wWavaddIunmen (2.5, 5, 10, 20, 30, 50, and 70%) ﬁUSi?Q&LuvLaIﬂIGﬁN@ia
entrapment efficiency (Wi98217) wae loading efficiency (\{6N) maaé’amﬁmwlu‘lﬂﬂiw.

ez (B) Namaamﬁmsglm‘h%’mi’me]@ia entrapment efficiency  (L¥9&217) ez loading
efficiency (\fudn) 2a3daenussalulalulaw. (W) nguaiugu (9) lalylon waz( O) nus

waslay (n=6)
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Do
o

{am)

Day1l Day7 Dayl4 Day 30
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100 -
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gﬂﬁ 5 LLamLﬂaisﬁmﬁjaamﬁé”aﬂ%l,muﬁﬂ'\amagjﬂm‘h%’ﬂuLL@ia:gmﬁﬁu (®) PC, (<)
PC/Chol, (A) PC/NaO, (AA) PC/NaO/Chol, (@)PC/NaChol, (O)PC/NaChol/Chol, (H)
PC/DCP, and (C) PC/DCP/Chol  #&sannuiufl (A) 4 aseniaaidus uaz (B) 25 096N
raLdas 1Jwaa1 30
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gﬂ'ﬁ' 7 (A) FT-IR spectra 789R7MInasannsnagaunsturnuiamgaduaa 24 2lug
(B) DSC thermogram 1a9faniisnasannmnagaumysuamianiaiunm 24 salus ;
(a) Untreated skin, (b) PC/NaO, (c) PC/NaO/Chol, (d) PC/NaChol, (e) PC/NaChol/Chol, (f)

PC/DCP, and (g) PC/DCP/Chol
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Injection o
% Number of injections “ %
volume (uL)
5 80.2+3.4 1 (10 uL) 81.2+1.6
10 81.2+1.6 2 (each 5 puL) 823+ 1.0
20 84.6+3.4 4 (each 2.5 pL) 852+ 1.2%

= \ A P v & 1 o & A A
ﬁnﬂwamiﬂﬂmwmﬂugﬂﬂ 9-12 UATENINN  1UEAS IHLABINTNWINATIVBINITRAS
NANIZNULNLILANTR LA DN ITUNIWYBINNIBVEY sodium fluorescein La@28NAH KON L6)
UszanmIauas 80 MDA 8 Tlud 8819l AMINANNAIINARAIR LI IENNLIINIIRARAILATI
d' va A 1 a = g: = =) c.i = 1 a L™ = ) v g: 6‘; d‘y
W IR NS a TN UM IAaA TG 820 RN U1 TUHIRIRIINITAAI I UI B ATIN I

mmqmmﬁ@mnmiﬁﬁuﬁa RUNRENUAIAIVIINUUS D NN TUNI BT NINNIN

32



a7 RSA 5280001

¥
223 Nﬁ“llﬂd;iﬂttﬂﬂ%’]ﬁ\‘l mgﬁwmmamssﬁu N"I%El"l‘[ﬂ Ell&l‘[ﬂiﬁﬂ AR

QO (nmol/cm?)

0
0 2 4 6 8

t(h)

3U7 12 nafuiuvesszunisIndg 9fe asazais (¢) Blatu (M) uazlalulon (a)
#aN TN WRINTIVBY sodium fluorescein lagHollow microneedle

nuansAnsInudzluuuenadanisinsdsonlaslalasfiaaalaswudn
81382AN8 (90% )AL RUSIN N ATURIUNNNNINBNRTY (70%) waz lalulay (3.6%) ausay
gngarafiasnnannisnnive lusdunvveslaldloniduuuuaivqunisdandden
(controlled release) INNNIDUATUHLALFNTALALANNEIGL MNANTNAFaINLIN wlasiaida

a A dl o o 1 dld ] v o o
w8a hollow filamafazihunllunmshaseniiluanalnyld lasgasdiuuszawaluiana
UHAGONITURNIUDBIAILHIBRIRIES
I3 =~ 1 A LY ~ : a

2.3 MmsAnsRanAIEAIVasMsBarwiInkivas FD-4 laalalalasitafaziagnads

MIANBIAUMFAINNITUHNWRIR IV La s T7UNT Peppas (Eq. 1)

M, = the amount of drug released at time t

t
My, = the amount of drug released at infinite time.

M/My, = the fractional drug release

t = the release time

k = a kinetic constant incorporating structural and geometric characteristics of the
controlled release device

n = an exponent which characterizes the mechanism of diffusional release
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n&uN139zLI% Fickian diffusion 61 n < 0.5,
anomalous (non-Fickian) transport N n>0.5-<1.0, case Il transport
zero order (time-independent release) for n = 1.0, and super-case-ll transport for n > 1.0.

mstaadassdransdillu Higuchi model azifwldauaunisaad
Q:Kt”z (2)

Q = the cumulative amount of FD-4 released from the FD-4 loaded skin into receiver
solution per unit surface area (nmoI/cmz)

K = the kinetic constant indicative of the release rate (nmoI/cmzhwz).

diffusion coefficient of FD-4 in skin by employing a hollow microneedle, Dgyn (cm2/h) GRENPH

fMwrtklaanauniin 3
Dt
0=2C,, |— 3)
T
Cy = the initial concentration of FD-4 in skin after direct injection (nmol/mL).

AN 4 eneannsdantaaaisn FD-4 FD-4 NHIWRIMIIN 8 h nasaaues lulasia

Laa“zjﬁﬂgﬂma

Peppas model
MEM, = ke®

Kinetic constant

Exponent (n) o r
Injection volume (uL)
5 0.556 0.689 0.999
10 0.528 1.040 0.967
20 0.485 2.895 0.965
Number of injections
1 (10 uL) 0.528 1.040 0.967
2 (each 5 puL) 0.564 0.935 0.965
4 (each 2.5 pL) 0.564 1.345 0.983
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C
- 1 5 1
VIS SR
g -
0 %-a 3 -
a
F0S S, 2
S
- -l 1 -
: : L3 D
-1 -1 .5 0 1 0.5 1 1.3
log t-t,1h) vtth)

gﬂﬁ 13 Higuchi plot VaIN138@ FD-4 Tusuunssfiuandranudon ssusuaen
Solid line represents calculated value. The values in Fig. 2B and 2C are represented by the
following equations, respectively: A;log Q = 0.56 x log t-t, - 0.16 (r2 =0.999) and Q = 0.75 x
\t - 0.059 (= 0.998), ®:; log Q = 0.53 x log £, + 0.017 (¥ = 0.967) and Q = 1.2 x ¢ -
0.12 (= 0.979), W; log Q = 0.48 x log t-£, + 0.46 ( = 0.965) and Q = 3.2 x \t - 0.15 (* =
0.974).
aﬁﬂgﬂ'ﬁ' 13 waza39h 2 lumsaneraanensaizasnistaalsassrswuin mslaalsas
NIt Iuwuuy Higuchi AafianusunusszritsadSunamsdaaddasaisnuazsin
fxosvasnmfivantseniuduassuazian correlation coefficient ¥NN31 0.97 uwaziien
exponent (n) ln&idesiu 0.5 9n@139A 2 swnsawenasiivesmslsalsasgivasdiy
"3 eJ”I,@T@Taff Injection volume 20 pl (2.9)> 10 pl (1.0) > 5 pl (0.7)  Waz61IU 4@ 2.5 pl 4
%3 (1.3)> 10 w1 A%9 (1.0) > 5 Wl 2 a%1 (0.9)
2.4 Histology 2890135381 FD -4 1@ ﬂi‘fﬂ&dtﬂiﬁﬂlé&%ﬁﬂgﬂﬂ%ﬂL§1§ﬁ3ﬁﬁd%}3
mwmﬂmimUgﬂLﬁaLﬁamaaﬁmﬁh%h&ﬁﬁ@m FD -4 I(ﬂsﬂﬂuimﬁméﬁmﬁ@gﬂmﬂu
gﬂﬁ' 14 wolulasfiadamunsnsiidosn FD-4 hgRanitniusanvaaia LLaxiugﬂﬁ 15 lu
il Ameia e M5 NN URIIRINE RIIULY UAZARRIITITUNLIN G281 FD-4 an

dalngluvinaldiiamifeanindeunsdnsnisdaaddesdmddny
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Eﬂ‘ﬁ 15 UROINIWRAIRHINBRRIN1TAA Fluorescine isothiocyanate dextran-4
1 A) B8N URIIIINA B) 88N uritiud C) anandTuinie



a7 RSA 5280001

NNEaM AN luaaui 2 wudwmmmﬁwa’amﬁﬁmmﬂimaqalmyjs] LB Flurescein
isothiocynate-dextran lélasld lulasiladaziiagnats  lasmsdaudhgiondslasvigs 40
@ A a ﬁ 1 QI a a 1 v 1A a { { g:
AIANURINIG enwzm51quﬂs:amﬂ’lwnﬁ%m’mmmgmvﬁmLﬁaqmﬂmmﬁmmu
& @ o v & = & { o o { IS e
stratum corneum lutuwwibiiwidadusuiiarnindmivfigauaziiu rate limiting step 289
MITURIUTWAINS  ImsAnETnUINTa8nd3anaslen1ide  IUIuATIa9NTaa
A a o @ A ' = ' A @ a 2 A
muﬁﬂiwLaqamaomsmmLLazgﬂJLmugmmiuwwa@amsmmumﬁuﬂ@ﬂiﬂuiﬂsu@L@amu@
3N INMIANFIWLIAIANNRINITD LN TuNsas e lnTwRnba il a LT lulasiaLaanie

= ' gﬁ 1 a o & a . . . .
gﬂmdwmgdmﬂmﬂumu stratum corneum 41N ﬂ’liLLWﬂuN’mudLﬂWE%@ Fickian diffusion
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= n" a 1 ~ 1 a £ 6
3. msdnmanusnnsazaslalasiadaziaznaraenisdaduwivnzandy induas
Tilseiw
3.1 maassalalasiafaziuuuznaie (hollow type)
lunsidptianansneiowlulasfiadasfiagnaisled lavlsld hypodermic needle Lwes 30
AanNUITNUWIALANLA LT silicone sheet LIUAITIRUAAINNLIILDN LLazlﬁLﬁwLLmLingjﬁmﬁoLﬂu
34 40 aoﬂ%ﬁaiﬁﬂmm%Lﬁﬁ;jﬁmﬁfaﬁ'mmvlaj%"aaaﬂuaﬂﬁmﬁfﬂumimaaa
[ H [ 1 6 Ay a
32  msdnwildeidnadensduiimzasenddinduazllsdulaslslalasianaziing
nag
= o , a = a &2 a \ I
lumiﬂﬂmmﬂmn:maﬂﬂﬂmwwamavluiﬂsu@L@aﬁmgﬂmmamsmmmm 11l
Tneuazlisdin 3 siiafa peptide 8 amino acid (KKKKKKKK), superoxide dismutase Waz bovine
serum albumin 1iludunumuazeddinduazlds@unvmaluanadsgin uazidanldaiis
ﬂ’]i%&lﬂh% 3 ahafa ethanol, ethanol + menthol LR% ethanol+ menthol + limonene
& @ ' o2 a o = & a KR &
LA ILN WY DIRITEIINIIDUNIBHIRIS Tuns@nesmasanuanIturIwasddinduas
lihs@wimintyedlasfnsanuavesiadoedneg 4 daivfe 1. nvdtlaldinlglulasile
2 oA ' =< ' Ada a o o a 2 A ' a A o
LAAWIARIILIINIDUMIY 2. NYBNTNTIzRIMTIae I lashalaarNgsatnafen 3. NI a3
' =< ' ~ ' = AdA a o o A 2 A ' o o
LSINNITUHIWBLNLILNILG 8 ez 4. NINTNNTNzRINIa28 Tl laThalaatN g 95 NUNT IR RIS
1 =S 1 1 s a ) = o 1 1 =S 1
Simguswhinnu  lasynnsdhasiimsfinseavesszuuihaslalulandensduriuva sy
VLVI@TLL&:M?&%?]aﬁlfua:ﬂaﬂﬂaiﬂiwﬁmﬂgLﬂﬂvlwﬁﬂ%aiﬂiﬁwﬂmwuﬁﬂda

S . . a = a
WaN13TaH1UVY bovine serum albumin Taalzlalasfiadazingnads

¥minaasssuawionsuinasvasldsawimanzanlunmsdioufioudsunsia
va1ldsfudngianitilasld bovine serum albumin 51@L°ﬁw;jﬁ'mﬁfﬂuﬂ%mmﬁ@mﬁ'uégaLL@i 5,
10 uaz 20 lulasAasauday mﬂmiﬁﬂwﬂﬁwamw@aadLLam@T\‘lgﬂﬁ 16 naoifilalals Ly
Imﬁ@L?Taﬁ]xvlajwumss?mmwuaﬂﬂiaumﬁ;jﬁaﬁﬁfmﬁnm%zmuvlﬂ 8 Falug mMaANYSum
lunsfialds@uidngionisan 5 wu 10 wuaz 20 pl xRN ISuruAmITIves
Ts@wdAnan azwuinsdatldlelslulasiadauaz1wlUs@udurinuuoy passive diffusion s
linwudred A s saunseiufiamnids sy receptor fluid e waasliiduisnnuida
saslulasiiaifadensdurinuiong lumsmesasioisudsudallasvinmsdanldns
SolustuuszlyIndludsanes 20 waellonanfianmsfinsessumanisesmdaadses
é’hmmmﬁ'mjﬁmﬁfawmwmsﬂa@ﬂdaﬂmLﬂuu,uu Higuchi (mswﬁ 5)I@mﬁ193ﬁmaaﬂw3
ﬂa@ﬂfs’amé’hmﬁmmnﬁ"q@mﬁmiﬁ@ 20 pl 10 pl WA 5 pl AWAIAULAZANNTNNUS
sznivdsu menfiaadsasanianisiuniisesasnadanusu iU UL §uaIng

correlation coefficient ¥1NN731 0.97
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i _...-".'J:'_F:._-—-—"._-_-. *

Cummlaticoe s permeeaded
Cignem |
B E

L
8 - — i ™ - .
i b 4 E [ H
Time qhi

gﬂﬁ 16 myUantaasuad bovine serum albumin A1NAINTI IWUINIAINAAUANAIIN

()20 pl (A) 10 pl LAz (@) 5 ul (M) passive diffusion

@A1319N 5 LLamﬂaVl,ﬂmiiJa@ﬂﬁiawaa bovine serum albumin 1NRIRTEI

Higuchi model
Q = k2
Injection volume [pl] | ¥ [nmolcm*h!?] R’
5 0.75 0.998
10 1.2 0.979
20 3.2 0.974

WevnnanasesiSouiiisunavasmnaluianavasasdamaturiuiaviiives
lusauuaziddndlasdanld fa peptide 8 amino acid (KKKKKKKK), superoxide dismutase
W&z bovine serum albumin Lﬂuﬁumumaamiﬁﬁmmdmaqmﬁﬂ nad wazlngausau
WUIMITUUAIMIITaY peptide 8 amino acid (KKKKKKKK) daifui/Indluianazmna
Lﬁﬂﬁ]zﬁmiﬂaﬂﬂéaﬂmmnﬁmﬁﬂué’mwﬁaﬁgdq@ J098981A8 superoxide dismutase LY
bovine serum albumin MWEFL (UA 17) AnamINARasusasliifiuitznaluanaves
LﬂﬂvlwﬁLLa:IﬂiauﬁiﬁLﬁw;jﬁ'mﬁfﬂ@y"luiﬂsﬁ@L?Taﬁwa@ianws’fmmuﬁfmﬁfamaal,ﬂﬂvlmﬁua:
Tusaulaglulansvesdindafivmnainazunsiiulddninldsaugedamnaluanamalng
saduwldamusunsues Fick 9e5u1e9 msnifawnaluanailngazunsriuldtasniiasy

=\ =3
&JIuLaqamumLan
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Time (h)

U 17 Namawmﬂimaqamaamﬂ"lmﬁ uazlis@usdansduriuianilagls lulashalaa

(A) KKKKKKKK L8z (®) Bovine serum albumin () Superoxide dismutase

100 -
s 80 1
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2 A
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o ° .
X 20 A A .
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0 2 4 6 8
Time (h)

El]ﬁ 18 Nﬂ“llE]Gﬁ’]iLi\‘iﬂ’]i%&lﬁh%l%ﬂ’ﬁ%&JNW%Q’JWIIG’UE](‘lLl]l]vL‘ﬂGT 8 BZﬁI%LLE}‘%@]

(#) Passive diffusion (®) Ethanol 40% (A) Ethanol 40%+menthol 5% uas (M)Ethanol

40%+menthol 5% + limonene 5%
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(#) Passive diffusion (®) Ethanol 40% (A) Ethanol 40%+menthol 5% uas (M)Ethanol

40%+menthol 5% + limonene 5%

100 -
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2 0 4
8 A
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L 2
20 - A *
[ | o
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Time (h)

A ] K K a @ KR v A =
E‘]JY] 20 Namaamimmimmusl,umiﬁmmum%mlumssﬁumumaaaaquu‘lumisﬁwmu
ﬁmﬁwaaé’aqﬁu (#) Passive diffusion (®) Ethanol 40% (A ) Ethanol 40%+menthol 5%

LLae (M)Ethanol 40%+menthol 5% + limonene 5%
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100 + * *
80 - .
A
60 * A
A
40 -
A
20 ¢ u .
i N . . .
[ ] ' o
O . , T T T T T T 1
0 1 2 3 4 5 6 7 8

gﬂﬁ 21 WRTDIENILTIMITURIBLazNIIT W laTialaadan1sTNM1UTad BSA
(#) Passive diffusion (®)Ethanol 40%+menthol 5% + limonene 5% in liposome (A)

Microneedle LLaz (H)Ethanol 40%+menthol 5% + limonene 5% in liposome plus microneedle

A A a

P & = & o @ \ o o . o o A & A &
AN 6 LUaiLsﬁu@TaﬂaaqwuﬂU\‘]ﬂ\ﬁa%Jllu@]']iuelauu@azfﬁmigniuLNaLﬂU'ﬂaqm‘ﬁ.ﬂl]@nﬂG]Lﬂu

u

A
IR 1 Laa

4°c 25°C 40°C
Solution 98.5% 92% 60%
Liposome 99.2 % 97.2% 72.5%
Liposome+enhancers 98.9 % 97.2% 70.5%

IMNMIANBINAVBIINTLIINMITUHUAaM TN uvasld Induazlusdunuin - msldasiss
M3TUKIBAB ethanol (40%), ethanol (40%) + menthol (5%) ez ethanol (40%)+ menthol
(5%)+ limonene (5%) anansnvnnsduriuaslusduuazdd indata i dymeadialas
FNNOLIULABY  enhancement ratio la@NENGUAE ethanol (40%)+ menthol (5%)+
limonene (5%) (2.8 L¥i1) ¥1NN31 ethanol (40%) + menthol (5%)( 2 t¥11) WAz ethanol (1.4
Win) &MU peptide 8 amino acid (gﬂﬁ 18) wazlinaduldlufanmadornudniy
superoxide dismutase fia ethanol (40%)+ menthol (5%)+ limonene (5%) (3.2 1¥i1) ¥NNIN
ethanol (40%) + menthol (5%)( 2.4 1) WAz ethanol (1.6 %) (gﬂﬁ' 19) WazNI0h bovine
serum albumin @8 ethanol (40%)+ menthol (5%)+ limonene (5%) (2.9 ¥i1) 471NN ethanol
(40%) + menthol (5%)( 2.5 t7i) Waz ethanol (1.3 L¥1) (gﬂﬁ 20) ilasanasisemsBurn

’~ o A Ao o A o A @ o A o A o & o A
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Physicochemical properties and antioxidant activity
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Abstract

The objective of this study is to prepare the y-oryzanol-loaded liposomes and investigate their physico-
chemical properties and antioxidant activity intended for cosmetic applications. Liposomes, Composing
phosphatidylCholine (PC) and Cholesterol (Chol), CHAPS or sodium taurocholate (NaTC) were prepared
by sonication method. y-oryzanol-loaded liposomes were prepared by using 3, 5 and 10% y-oryzanol as
an initial concentration. The formulation factors in a particular type and composition of lipid and initial
drug loading on the physicochemical properties (i.e., particle size, zeta potential, entrapment efficiency,
drug release) and antioxidant activity were studied. The particle sizes of bare liposomes were in nanom-
eter range. The y-oryzanol-loaded liposomes in formulations of PC/CHAPS and PC/NaTC liposomes were
smaller than PC/Chol liposomes. The incorporation efficiency of 10% y-oryzanol-loaded PC/Chol liposomes
was less than y-oryzanol-loaded PC/CHAPS liposomes and PC/NaTC liposomes allowing higher in vitro
release rate due to higher free y-oryzanol in buffer solution. The antioxidant activity of y-oryzanol-loaded
liposomes was not different from pure y-oryzanol. Both y-oryzanol-loaded PC/CHAPS liposomes and PC/
NaTC liposomes were showed to enhance the antioxidant activity in NHF cells. y-oryzanol-loaded PC/Chol
liposomes demonstrated the lowest cytotoxicity in NHF cells. It was conceivably concluded that liposomes

prepared in this study are suitable for y-oryzanol incorporation without loss of antioxidant activity.

Keywords: Liposomes; antioxidant; in vitro release; gamma-oryzanol

Introduction

Gamma-oryzanol, a main constituent in rice bran oil,
contain a mixture of at least 10 phytosteryl ferulates
where cycloartenyl ferulate, 24-methylenecycloartanyl
ferulate and campesteryl ferulate have been identified as
the major components, accounting for 80% of y-oryzanol
in rice bran oil.!! It has been reported to exhibit many
properties such as reduction in serum cholesterol lev-
els, inhibition of the platelet aggregation, possession in
anti-inflammatory effect, improvement of the stability
of food and stimulation of blood circulation under the
skin.?*# Tt has also been proposed as a natural antioxi-
dant to improve the stability of foods.>® y-oryzanol is
used as an antioxidant in the conservation of oils and
beverages, presenting a synergetic effect in association

with vitamin E.[ Tt is also described as a multifunctional
cosmetic agent: its properties consist on the stimula-
tion of sebaceous glands and in the adsorption of UV
radiation.® Therefore y-oryzanol is an interesting natu-
ral antioxidant compound for both pharmaceutical and
food application. For cosmetic purpose, it was used as
an active component to prevent skin from aging and
protect the skin from free radicals in cosmetic products
such as sunscreens and hair care products, which ones
are already available in the market.

Although the skin as a route for drug delivery can
offer many advantages, including avoidance of first-
pass metabolism, lower fluctuations in plasma drug
levels, targeting of the active ingredient for a local effect
and good patient compliance, the barrier nature of skin
makes it difficult for most drugs to penetrate into and
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permeate through it. During the past decades there
has been wide interest in exploring new techniques to
increase drug absorption through skin such as penetra-
tion enhancers as well as other chemical methods. One
of the most controversial methods to increase drug
transport across the skin is the use of vesicles or lipo-
somes. Topical delivery of drugs by lipid vesicles has
evoked a considerable interest. Liposomes are colloidal
particles ranging in diameters from 50nm to several
microns formed as concentric biomolecular layers that
are capable of encapsulating drugs. Liposomes have
been widely used as vehicle in the pharmaceutical and
cosmetic field as drug delivery systems due to their ver-
satility and clinical efficacy. They can be administered by
several routes such as the oral, ocular,” parenteral,"
nasal,™” and topical.'® There are many examples of
cosmetic products in which the active ingredients are
encapsulated in vesicles. These include humectants
such as glycerol and urea, sunscreening and tanning
agents, enzymes. Although there are few commercial
topical products containing encapsulated drugs, there
is a considerable body of research in the topic. A variety
of encapsulating systems have been evaluated includ-
ing liposomes, deformable liposomes or transfersomes,
ethosomes and niosomes. Although it has been gen-
erally accepted that the use of liposomes with proper
composition should result in increased drug transport
across the skin, many questions arise about the mecha-
nism of action of these vesicular formulations. The first
publications on interactions between liposomes and
skin appeared in 1980.1' After these first papers, a large
number of studies were initiated and conflicting results
continued to be published concerning liposomes effec-
tiveness. PhosphatidylCholine (PC) from soybean or egg
yolk is the most common composition although many
other potential ingredients have been evaluated.!”
Cholesterol (Chol) added to the composition tends
to stabilize the structure thereby generating more
rigid liposomes (conventional liposomes). Recently, it
became evident that, in most cases, conventional lipo-
somes are of little or no value as carriers for transder-
mal drug delivery as they do not deeply penetrate skin,
but rather remain confined to upper layers of the stra-
tum corneum.!'¥ The previous research studies reported
that many factors have influenced on the percutaneous
penetration behavior of liposomes for example liposome
composition.'” Touitou et al. compared penetration
enhancers with liposomes. Interestingly, they observed
that liposomes can act as an excellent reservoir, while the
penetration enhancers increased the drug transport
through the skin.'® This group developed also a new
system in which liposomes are combined with ethanol.
Most probably the ethanol decreases the interfacial ten-
sion of the vesicles and makes the vesicles more elastic.
These systems are referred to as ethasomes.

Cevc’s group introduced Transfersomes®, which are
elastic vesicles prepared from lipids and an edge acti-
vator, such as a single-chain lipid or surfactant.'*?! An
edge activator is often a single chain surfactant, having
a high radius of curvature, that destabilizes lipid bilay-
ers of the vesicles and increases deformability of the
bilayers. Sodium cholate, sodium deoxycholate, Span
60, Span 65, Span 80, Tween 20, Tween 60, Tween 80
and dipotassium glycyrrhizinate were employed as
edge activators."” Only at the optimal balance between
the amount of edge activator and the amount of bilayer
forming lipid, are the vesicles elastic. If the edge activa-
tor level in the vesicles is too low, the vesicles are rigid
and if the concentration edge activator is too high, the
vesicles turn into micelles. It has been suggested that as
a result of the hydration force in the skin, transfersomes
due to their elastic nature can be squeezed through stra-
tum corneum lipid lamellar regions. These results are
very encouraging and certainly show that transfersomes
have important advantages over vesicles prepared from
only double chained phospholipids and cholesterol
(conventional liposomes). It would be of extreme inter-
est to study new edge activator to prepare transfersomes.
Therefore, in this study vy-oryzanol-loaded liposome
with different compositions was prepared to investi-
gate the physicochemical property intended for cos-
metic purpose. The cholestrol (Chol) was added to PC
to form conventional liposomes. Surfactants (CHAPS,
(3-[(3-Cholamidopropyl) dimethylammonio]-1-
propanesulfonate) or sodium taurocholate (NaTC)) as
an edge activator were added to PC to form an elastic
or transfersomes. The formulation factors such as initial
amount of drug added, type of surfactants (CHAPS and
NaTC) on the physicochemical properties, percentage
yield, percentage drug release and antioxidant activity
of y-oryzanol loaded-liposomes were evaluated.

Materials and method

Materials

vy-oryzanol was purchased from Connell Brothers Co.,
Thailand. PhosphatidylCholine (PC, Phospholipon 90 G,
purity 92.0-98.0%) was used as a gift from Phospholipid
GMBH, Germany. Cholesterol (Chol), (3-[(3-Chola-
midopropyl)dimethyl ammonio]-1-propanesulfonate)
(CHAPS) and sodium taurocholate (NaTC), 2,2-
diphenyl-1-picryl-hydrazyl (DPPH), Tris, Triton-X 100
were from Sigma-Aldrich Co., USA. Dimethyl sulfoxide
(DMSO) was from BDH Laboratories, UK. Minimum
Essential Medium (MEM), fetal bovine serum (FBS),
Trypsin-EDTA and penicillin-streptomycin were pur-
chased from Gibco BRL (Rockville, MD, USA). Dialysis
bag CelluSep® T2 Membranes 6-8000 MWCO) was
obtained from Uptima-Interchim, Montlucon, France.



All other reagents and solvents were commercially
available and of analytical grade.

Methods

Preparation of liposomes

Different formulations composed of bilayer forming
PC, in combination of Chol, CHAPS or NaTC, in molar
ratio of 10:2 were prepared by sonication method.
Briefly, PC, Chol, CHAPS and NaTC were separately
dissolved in chloroform:methanol (2:1 v/v). The mate-
rials were deposited in a test tube and the solvents
were evaporated with nitrogen gas. The lipid film was
placed in a desiccator connected to a vaccum pump
at least 6h to remove remaining organic solvent. The
dried lipid film was hydrated with Tris buffer (20 mM
Tris and 150mM NaCl, pH 7.1). Following hydration,
the dispersion was sonicated in bath sonication for 10
minute and then in probe sonicator for each of 30 min, 2
cycles. For y-oryzanol-loaded liposomes, the solution of
v-oryzanol in solvent was mixed with a solution of lipid
mixture during preparation. The procedure of produc-
tion of y-oryzanol-loaded liposomes was the same as
bare-liposomes.

Particle size and zeta potential

The mean particle size and zeta potential were meas-
ured using photon correlation spectroscopy (PCS)
(NanaZS$4700 nanoseries, Malvern Instruments, UK). All
the formulations were analyzed after appropriate dilu-
tion with filtered deionized water. Each value reported
was the average of three measurements.

Incorporation efficiency and loading capacity

The incorporation efficiency of gamma-oryzanol in lipo-
somes was evaluated by addition 0.1%w/v Tritron X-100
solution (1:1 ratio). The mixtures was stirred for 30 min
and centrifuged at 4°C, 15,000rpm for 15min (Sorvall
Biofuge Stratos, USA). The supernatant was directly
determined by using UV spectroscopy at 326 nm. Each
sample was run in triplicate. The value of drug incorpo-
ration efficiency and loading capacity of y-oryzanol in
each formulation were calculated as follows:

% incorporation efficiency = (C, /C,)x100 (1)

Loading capacity =C, /A 2

where, C, is the amount of y-oryzanol measured in the
liposomes, C, is the initial amount of y-oryzanol added
in liposomes, and A is the weight of lipid in the liposome
formulation.

In vitro y-oryzanol release
The in vitro release studies of y-oryzanol were operated
using a dialysis bag ( MWCO 6000-8000 CelluSep®) in a
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shaker incubator (Model:SI4, Amerex Instruments, Inc.
Lafayette, CA, USA) at 150rpm, One milliliter of 10%
v-oryzanol-loaded liposomes was placed in the dialysis
bag, and then immersed in 15 mL Tris buffer solution at
37+0.5°C. At certain time intervals of 0.5, 1, 2, 4, 8 and
24h, aliquots of the releasing medium were withdrawn
and the same volume of fresh medium was added. The
sample solution was analyzed by UV spectroscopy at
326nm. All experiments were performed in triplicate.

DPPH free radical-scavenging activity

The antioxidant property was determined by the DPPH
free radical-scavenging activity. The DPPH free radical-
scavenging activities of y-oryzanol were determined
according to the method described by Chen et al.?!!
Briefly, dilutions of vy-oryzanol or +y-oryzanol-loaded
liposomes (in 100% DMSO) were treated with a solu-
tion of 100 M DPPH in ethanol for 30min at 37°C.
Scavenging potential was compared with a solvent
control (0% radical scavenging) used as a blank. Radical
scavenging potential was determined photometrically
by reaction with DPPH free radicals and the absorb-
ance was measured at 550 nm using a microplate reader
(Universal Microplate Analyzer, Model AOPUSO1 and
AI53601, Packard BioScience, CT, USA). The antioxidant
activity of y-oryzanol and y-oryzanol-loaded liposomes
was expressed as IC,, which was defined as the con-
centration of y-oryzanol required for inhibition of the
formation of DPPH radicals by 50%.

Antioxidant activity in cell culture

Normal human foreskin fibrobast (NHF) cells were
plated in 90 pL of Minimum Essential Medium (MEM)
supplemented with 10% FBS at a density of 8000 cells/
well in 96-well plates. When the cultures reached con-
fluency (typically, 48 h after plating), all tested formula-
tions diluted with DMSO were added at 10 pL/well. At
16 h post-incubation, the cell cultures received a culture
medium supplemented with 125uM H,O, solution at
100 uL/well. After 3h, 25 uL of MTT (5mg/mL) was
added to each well and then incubated for 4 h. Then, all
media were removed and 100 uL. of DMSO was added.
Plates were incubated for 30 min at 37°C and the absorb-
ance was measured at 550 nm using a microplate reader;
% cell viability were then calculated and compared with
control.

Cell cytotoxicity

NHEF cells were plated in 90 p.L. of MEM supplemented
with 10% FBS at a density of 8000 cells/well in 96-well
plates. When the cultures reached confluency (typi-
cally, 48h after plating), all tested formulations at
varying concentrations were added at 10 pL/well. After
16h post-incubation, 25uL of 5mg/mL MTT [3-(4,5-
dimethyldiazol-2-yl)-2,5 diphenyl Tetrazolium Bromide]
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was added to each well and then incubated for 4 h. Then,
all media were removed and 100 pL of dimethyl sulfox-
ide was added. Plates were incubated for 30 min at 37°C
and the absorbance was measured at 550nm using a
microplate reader; % cell viability were then calculated
and compared with control.

Statistical analysis

All results were expressed as mean + SD. Data were ana-
lyzed by one-way analysis of variance (ANOVA) followed
by LSD post hoc test. Differences of P<0.05 were consid-
ered statistically significant.

Results and discussion

Characterization of y-oryzanol-loaded liposomes

Leaving all the other parameters constant, in this
study the two variables composed of initial amount of
v-oryzanol loaded in liposomes and type of surfactant
(CHAPS and NaTC) were varied. All formulations were
produced at under the same condition during the pro-
duction process. Particle size analysis of all formulations
was monitored. The particle sizes of conventional lipo-
somes (PC/Chol) were less than 100 nm (Table 1). This
result indicated that this method could produce small
unilamellar liposome (SUV). The mean particle size of
formulation composed of PC/CHAPS was larger than
that of PC liposome. However, no remarkable increase in
particle size was observed in the formulations composed
of PC/NaTC and PC-Chol. This result is in accordance

Table 1. Particle size and zeta potential of formulations composed of
different compositions

Composition Particle size (nm) Zeta potential (mV)
PC 72.40+1.10 —-0.40+1.30
PC/Chol 63.00+0.60 —-0.60+0.60
PC/CHAPS 126.67+1.10 -4.03+0.18
PC/NaTC 44.59+1.55 -17.93+1.17
PC/Chol/3% 63.70+2.80 -0.40+1.60
y-oryzanol

PC/Chol/5% 83.90+1.20 -2.90+0.70
y-oryzanol

PC/Chol/10% 97.40+1.50 -2.50+0.60
y-oryzanol

PC/CHAPS/3% 69.10+1.04 -4.63+0.07
y-oryzanol

PC/CHAPS/5%y- 62.10+0.80 -2.10+0.11
oryzanol

PC/CHAPS/10%y- 57.70+0.80 -5.10+1.30
oryzanol

PC/NaTC/3%y- 130.60+40.78 -10.70+0.26
oryzanol

PC/NaTC/5%y- 37.93+0.45 -13.03+£1.02
oryzanol

PC/NaTC/10% 39.30+0.50 -5.20+1.00
y-oryzanol

with previous report in that the intercalation of CHAPS
in to lipid bilayers can induce vesicle fusible.”? The
addition of vy-oryzanol, a hydrophobic compound, led
to smaller particle size in formulation composed of PC/
CHAPS and PC/NaTC. This suggests that the insertion
of y-oryzanol molecules induce the disintegration of
vesicles or the formation of transient structure. Although
previous work reported that transient structure was not
formed at the molar ratio of PC/CHAPS and PC/NaTC
of 10:2 prepared by dialysis membrane at 25°C.?2%! One
possible explanation regarding this discrepancy is the
different of experimental method. Due to high energy
of sonication method used in this experiment may lead
to higher partition of surfactant in bilayers resulting in
the coexistence of vesicles and transient structure in
PC/CHAPS and PC/NATC at molar ratio of 10:2.

The zeta potential of formulation composed of
PC/NaTCwasmorenegative than other formulationsdue
to the anionic charge at head group of NaTC. Whereas
the zeta potentials in the formulations composed of
PC/CHAPS and PC/Chol were not different from that in
PC liposomes. Since CHAPS is a zwitterionic molecule
and Chol is a non-ionic molecule. They have no net
charge in their molecules thus the surface charges were
not apparently altered in the formulations of PC/CHAPS
and PC/Chol.

Incorporation efficiency and loading capacity

The incorporation efficiency and loading capacity of
v-oryzanol in different composition of surfactants and ini-
tial amount of y-oryzanol loaded in liposomes are shown
in Figure 1. In all liposomes, with and increase in the initial
amount of y-oryzanol from 1, 5 and 10% of lipid weight,
the loading capacity appeared to increase from 1-10% of
lipid weight. High percentage incorporation efficiency of
72-105% was obtained. It was also found that increasing
initial amount of y-oryzanol from 1, 5 and 10% of lipid
weight, decreased the percentage incorporation efficiency.
The percentage incorporation efficiency of y-oryzanol-
loaded PC/Chol liposomes was less than PC/CHAPS lipo-
somes and PC/NaTC liposomes. This might be attributed
to the different structures of Chol, CHAPS and NaTC. Since
Chol has a planar structure while CHAPS and NaTC have
wedge structure, the available areas for loading the hydro-
phobic molecule in bilayer of PC/CHAPS liposomes and
PC/NaTC liposomes were more than PC/Chol liposomes
leading to higher percentage incorporation efficiency of

y-oryzanol.

In vitro y-oryzanol release

The highest loading capacity was investigated in 10%
initial amount of y-oryzanol loaded in all type of lipo-
somes. Therefore, 10% <-oryzanol-loaded liposomes
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Figure 1. The effect of initial amount of y-oryzanol (3, 5 and 10%)
added in liposomes on the percentage incorporation efficiency
(white bars) and loading capacity (filled diamond) of y-oryzanol-
loaded liposomes composed of different compositions: (a) PC/Chol,
(b) PC/CHAPS, (c) PC/NaTC. Each value represents the mean + SD of
three experiments.

were selected for in vitro release study. The release pro-
files of y-oryzanol from the prepared 10% <y-oryzanol-
loaded liposome formulations are shown in Figure 2. All
formulations showed a slow release of y-oryzanol. The
release of y-oryzanol from liposomes in all formulations
was less than 40% over 24h. This might be attributed
to a preferable of y-oryzanol molecule to adhere with
PC molecule ware than dissolve in receptor medium.
However, the significant difference in the percentage
of y-oryzanol released in the receptor compartment at
24h can be observed (Figure 2). The y-oryzanol-loaded
PC/Cholliposomes showed highest in vitro release at24h
of 33.89%, whereas in vitro release of PC/CHAPS lipo-
somes (20.28%) and PC/NaTC liposomes (15.62%) were
significantly lower (P<0.05) than PC/Chol liposomes.
The results indicated that the type of lipid composition
affected the release of y-oryzanol. This might attribute to
the formation of the transient structure such as bilayer
fragments and/or mixed micelles leading to entrapment
of the free drug into these mixed micelles resulted slower
v-oryzanol molecule diffuse from the formulation to the
receptor medium. Andrieux et al. showed that the tran-
sition of the vesicles into mixed micelles is achieved at a
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Figure 2. Release profiles of 10% y-oryzanol-loaded liposomes com-
posed of different compositions (8 ) PC/Chol, (4 ) PC/CHAPS, (s) PC/
NaTC. Differences values * were statistically significant (P<0.05).

total concentration of NaTC added lower critical micelles
concentration (CMC).?¥ This result was consistent with
the particle size, which showed that the particle size of
PC/CHAPS liposomes and PC/NaTC liposomes were
smaller than PC/Chol liposomes.

DPPH free radical-scavenging activity

The scavenging effect of y-oryzanol was investigated on
DPPH radicals. The inhibition percentage was propor-
tional to the concentration of y-oryzanol. The y-oryzanol
exhibited IC_; of 32.51 pg/mL. Additionally, the inhibi-
tion percentage of y-oryzanol-loaded PC-Chol liposomes
(38.72 pg/mL), PC/CHAPS liposomes (35.21 pg/mL) and
PC/NaTC liposomes (40.05 p.g/mL) were not significantly
different from pure y-oryzanol. This demonstrated that
the antioxidant property of y-oryzanol-loaded liposomes
was still effective.

Antioxidant activity

In order to compare the influence of the liposomes on
antioxidant activity, the cell viability of the y-oryzanol-
loaded liposomes formulations-treated cell after the
induction of free radical in NHF cells using 125puM of
hydrogen peroxide was observed. Antioxidant activities
of pure y-oryzanol and +y-oryzanol loaded in varying
formulations are showed in Figure 3. Statistical analysis
was used to consider the antioxidant activity compar-
ing between H,O,-treated cells with formulations and
H,0,-treated cells. No antioxidant activity was found in
the bare-liposomes (PC/CHAPS liposomes, PC/NaTC
liposomes and PC/Chol liposomes). Dose-dependency
values of antioxidant activity of pure -oryzanol ranging
from 0.01-10 pM were found with a significant increase
in cell viability. The antioxidation activity of y-oryzanol-
loaded PC/CHAPS liposomes and PC/NaTC liposomes
was significantly different from H,O,-treated cells from
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Figure 3. Percentage of viability of Normal human foreskin fibrob-
last (NHF) cells after 16h incubation with pure vy-oryzanol and
y-oryzanol-loaded liposome formulations at equivalent y-oryzanol
concentrations of control ((J), H,0, (.)' 0.01 (£3), 0.1 (EA4), 1 (M), and
10 (®)pM after 3h of 125 uM H, 0, inducing free radical. *The mean
difference is statistically different from H,0, (P-value <0.05).

0.01-10 uM, whereas y-oryzanol-loaded PC/Chol lipo-
somes expressed antioxidant activity from 0.1-10 pM. It
can be seen that antioxidant activities did not increase
after treatment with higher concentration of formula-
tions. On the other hand, an incident of cell death at
higher concentration of all formulations was observed,
which could be related to cytotoxicity effect (Figure 4).
Both +y-oryzanol-loaded PC/CHAPS liposomes and
PC/NaTC liposomes were shown to enhance the anti-
oxidant activity in NHF cells compared to that of pure
v-oryzanol. This might due to the small particle size of
liposome, including its bilayer structure that assists the
cellular uptake and antioxidant activity enhancement.

Cell cytotoxicity

To investigate the cytotoxicity of gamma-oryzanolloaded
liposomes, the cell viability was performed by MTT assay.
The cytotoxicity of the free gamma-oryzanol, loaded
liposome formulations at various concentration of gam-
ma-oryzanol was examined in NHF cells. Cells without
treatment of the dispersions were considered as a con-
trol with a cell viability of 100%. Low cytotoxicity of pure
v-oryzanol was found at all concentrations with more
than 90% of cell viability. Figure 4 demonstrates an effect
of liposome formulations on cell viability. Compared to
pure y-oryzanol, y-oryzanol loaded liposomes resulted
in a decrease in the % cell viability values as concentra-
tion of formulations increased. y-oryzanol loaded PC/
CHAPS liposomes and PC/NaTC liposomes demon-
strated dose-dependent cytotoxicity, while y-oryzanol-
loaded PC/Chol liposomes demonstrated % cell viability
values higher than 90% at all concentrations. The same
trends of cytotoxicity were observed in bare-liposomes
(PC/CHAPS liposomes, PC/NaTC liposomes and PC/
Chol liposomes). A decrease in the % cell viability values
at high concentration of PC/CHAPS liposomes and PC/
NaTC liposomes formulations could be explained by a

120 1

100 1

80 A

60 A

Cell viability ( %)

40 1

20 A

oryzanol-loaded oryzanol-loaded oryzanol-loaded
PC-Chol PC-CHAPS PC-NaTC
liposomes liposomes liposomes

oryzanol

Figure 4. Percentage of viability of Normal Human Foreskin fibrob-
last (NHF) cells after 48h incubation with pure <y-oryzanol and
y-oryzanol-loaded formulations at equivalent y-oryzanol concentra-
tions of control ((J), 0.01 (E&)), 0.1 (E4), 1 (1), and 10 (B)pM. *The mean
difference is statistically different from control (P-value <0.05).

presence of free or bound surfactants. Cytotoxicity of bile
acids has been reported against biliary epithelial cells.?

Conclusion

The liposomes can be produced by sonication method
and the obtained particle sizes were in nano range. The
decrease in particle sizes were observed in y-oryzanol-
loaded in formulations of PC-CHAPS and PC-NATC,
suggesting the disintegration of vesicles or the transfor-
mation of some part of liposome to transient structure
such as bilayer fragments and/or mixed micelles. The
release rate of y-oryzanol-loaded PC-Chol liposomes
was higher than those of PC-CHAPS and PC-NATC. The
antioxidant of y-oryzanol-loaded liposomes was not dif-
ferent from pure y-oryzanol, suggesting their potential
for cosmetic purpose.
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Abstract

The aim of this study was to prepare and characterize electrospun polyvinyl alcohol (PVA) nanofiber
mats loaded with capsaicin (CC) as a transdermal drug delivery system. The amount of CC loaded in
the base PV A solution (10 %w/v solution) was 0.025, 0.0375 and 0.05 %, based on the dry weight of
PVA (% wt). The average diameters of these fibers ranged from 121 to 165 nm. In all concentrations
of CC loaded in spun PVA fiber mats, an amorphous nanodispersion of CC with PVA was obtained.
The tensile strength of the as-spun fiber mats was lower than that of the as-cast PVA films. The
release rate of CC from CC-loaded as-spun PVA was significantly higher than from CC-loaded
as-cast PVA films, and increased when the CC content in both CC-loaded as-spun PVA and
CC-loaded as-cast PVA films increased. Our research suggests a potential use for CC-loaded
electrospun PVA mats as a transdermal drug delivery system.

Introduction

The electrospinning process has recently attracted a great deal of attention due to its ability to produce
ultrafine fibers with average diameters in the sub-micrometer to nanometer range.'” These
nanofibers exhibit several interesting characteristics, including a high surface area, mass to volume
ratio and a small inter-fibrous pore size with high porosity, opening up vast possibilities for surface
functionalization.*®  These advantages make electrospun polymeric fibers good candidates for a
wide variety of applications such as tissue-engineered scaffolds, and drug delivery systems.!’ "% One
of the obvious advantages of the electrospinning process over conventional film-casting techniques is
the highly porous structure of electrospun fiber mats, which exhibit a much greater surface area that
would potentially allow drug molecules to diffuse out from the matrix much more conveniently.
Capsaicin is the capsaicinoid compounds extracted from peppers and/or chilli. It uses for the
temporary relief of minor aches and pains of muscles and joints associated with arthritis. The effect
appears to be that the chemical mimics a burning sensation, the nerves are overwhelmed by the influx,
and are unable to report pain for an extended period of time. Capsaicin is now available in the topical
dosage form of creams, gels and dermal patches. However, very few data for the development of
nanofiber mat of capsaicin is available in the literature. In the present study, mats of electrospun PVA
nanofibers containing CC were fabricated. Morphology of neat and CC-loaded electrospun mats,
tensile strength and strain at maximum, actual amount of CC within electrospun mats of neat and
CC-loaded electrospun mats were investigated. Lastly, in vitro release studies of CC from
drug-loaded spun mats and films were investigtated.

Materials and Methods

Materials

Polyvinyl alcohol (PVA; white powder; degree of polymerization ~ 1600 and degree of hydrolysis =
97.5 to 99.5 mol%) was supplied from Fluka (Switzerland). Capsaicin was purchased from
Sigma-Aldrich (USA). Sodium acetate (Ajax Chemicals, Australia), and glacial acetic acid (Carlo
Erba, Italy) were of analytical reagent grade and used without further purification.
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Preparation of neat and CC-loaded PVA fiber mats and films

A weighed amount of PVA powder was dissolved in distilled water at 80° C for 3 h to prepare a PVA
solution at a fixed concentration of 10% w/v. After the solution was cooled down to room temperature
(25° C), CC 0.025,0.0375 and 0.05 % wt, based on the dry weight of PVA (% wt)) was added into the
PV A solution under constant stirring for 4 h. Prior to electrospinning, the as-prepared solutions were
measured for their viscosities and conductivities using a Brookfield DV-III programmable viscometer
(Brookfield Engineering Laboratories, USA) and an Orion 160 conductivity meter (Orion Research
Incorporated, USA), respectively. Electrospinning of the as-prepared solutions was carried out by
connecting the emitting electrode of positive polarity from a Gamma High-Voltage Research
ES30PN/M692 high voltage DC power supply to the solutions contained in a standard 50-ml syringe,
the open end of which was attached to a blunt gauge-20 stainless steel needle (outer diameter = 0.91
mm), used as the nozzle, and the grounding electrode to a home-made rotating metal drum (outer
diameter =9 cm), used as the fiber-collection device. A fixed electrical potential of 15 kV was applied
across a fixed distance of 15 cm between the tip of the nozzle and the outer surface of the drum (i.e.,
the electrostatic field strength of 15 kV/15 cm). The rotational speed of the rotating drum was 50-60
rpm. The feed rate of the solutions was controlled to about 1 ml h™ by means of a syringe pump. The
CC-loaded PVA films were prepared by solution-casting technique from a PVA solution having a
concentration of 10% w/v and CC (0.025, 0.0375 and 0.05 % wt). The thickness of both the
electrospun mats (for the mats that were electrospun for about 24 h) and the as-cast films was
controlled between 20 and 30 pum.

Morphology study

The morphological appearance of both the neat and the CC-loaded as-spun PVA fiber mats was
observed by a JEOL JSM-5200 scanning electron microscope (SEM), JEOL, Japan. Each of the fiber
mat samples was sputtered with a thin layer of gold prior to SEM observation. Based on these SEM
images, the average diameter of the PVA electrospun mats was measured and reported as average
values from at least 100 measurements.

Mechanical integrity study

The mechanical integrity in terms of the tensile strength and the strain at maximum of both the neat
and the CC-loaded as-spun PVA fiber mats (0.025, 0.0375 and 0.05 % wt) was investigated using a
Lloyd LRX universal testing machine at room temperature (25° C) conditions. Each specimen was cut
into a rectangular shape (10 mm x 100 mm). The crosshead speed and the gauge length were 20 mm
min" and 50 mm, respectively. The results were reported as average values (n = 10).

Actual drug content analysis

The actual amount of drug in the CC-loaded as-spun PVA fiber mats and as-cast PVA films (cut into
circular discs of ~1.5 c¢cm in diameter) was quantified by dissolving each sample in 4 ml of
dimethylsulfoxide (DMSO). After that, 0.5 ml of the solution was pipetted and added into 8 ml of
acetate buffer solution. CC-containing dilute solution was measured for the drug amount using a
spectrophotometer (Perkin Elmer, USA). The amount of drug originally present in the as-spun PVA
mats and the as-cast PVA films was then back-calculated from the obtained data against a
predetermined calibration curve. The results are reported as averages from at least five measurements.
In vitro release of CC from CC-loaded PVA fiber mats and films

The in vitro release experiments were performed using a Franz diffusion cell (MatTek Corporation,
USA). The cellulose acetate membrane was mounted between the donor and receptor phases of the
Franz diffusion cell. The temperature of the receptor solution was maintained at 32° C using a water
jacket connected to a water bath. The receptor phase has 4.0 ml volume and 1.28 cm? effective
diffusion area. Each of the dry CC-loaded as-spun fiber mat or as-cast film samples (cut into circular
discs of ~1.5 cm in diameter) was placed on cellulose acetate membrane, which, in turn was placed on
top of an acetate buffer solution on the Franz diffusion cell. In vitro release was run for 2 h. A part (0.3
ml) of receiver solution was withdrawn and replaced with the same volume of acetate buffer solution
to keep the volume constant. The amount of CC in the sample solution was determined using
spectrofluorometer (Perkin Elmer, USA). These data were carefully calculated to determine the
cumulative released of CC from CC-loaded PVA fiber mats and films
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Statistical analysis

All results were expressed as mean + S.D. Data were analyzed by one-way ANOVA followed by LSD
post hoc test. Differences of p< 0.05 were considered statistically significant.

Results and Discussion

Morphology of neat and CC-loaded PV A fiber mats

The as-prepared 10% w/v PVA solution in distilled water was electrospun under an electrostatic
field strength of 15 kV/15 cm. A selected SEM image of the obtained fibers (CC loaded PVA
electrospun nanofibers 0.05%) is shown in Figure 1. Cross-sectional round fibers with a smooth
surface were obtained. The average diameter of these fibers (n = 100) was 165 + 11 nm. Due to the
smoothness of the resulting fibers, the 10% w/v PVA solution was used as the base solution into
which various amounts of CC were added. The SEM images of the CC-loaded as-spun PVA fibers
revealed no presence of the drug crystals or other kinds of drug aggregates on the surface of the
fibers. This implies that the drug was molecular dispersed within the electrospun fiber.

Figure 1 Scanning electron micrographs (5000 x) of as-spun PVA fiber mats from 10% w/v PVA
solutions loaded with CC at 0.05% by weight of PVA. The electrostatic field strength was 17.5 kV/15
cm and the collection time was 5 min.

Tensile properties of neat and CC-loaded PVA fiber mats and films
In terms of the tensile strength and the strain at maximum, the mechanical integrity of the neat and the
CC-loaded as-spun PVA fiber mats and as-cast PVA films were investigated. The thicknesses of these
fiber mats and films ranged from 20 to 30 um. The tensile strength for all the as-spun fiber mats was
in the average value being 16.5 MPa, while the tensile strength for all of the as-cast films was in the
average value being 20.7 MPa. The much greater tensile strength of the as-cast films compared to that
of the as-spun fiber mats was also reflected in the observed lower strain at maximum of the films
compared to the fiber mats. Specifically, the strain at maximum for all the as-cast films was in the
average value being 3.5%, while the values for all of the as-spun fiber mats were in the average value
being 16.2%. The presence of CC in the various concentrations tested did not affect the tensile
properties of both the as-spun PVA fiber mats and the as-cast PVA films. The as-cast films showed
slightly greater tensile strength than the as-spun fiber mats, while the strain at maximum of the
as-spun fiber mats was about 5 times greater than that of the as-cast films. This finding suggests that if
the CC-loaded as-spun fiber mats are to be developed as transdermal patches, there is an advantage
over the corresponding as-cast films with dramatic improvement in the flexibility of the obtained
patches.
Actual CC content in CC-loaded PVA fiber mats and films

The actual amount of the drug incorporated into the CC-loaded as-spun PVA fiber mats and
as-cast PVA films was determined prior to investigating their skin permeation characteristics. The
actual amounts of CC in the CC-loaded as-spun fiber mat and as-cast film samples were determined to
be about 80.2-85.5 % and ~89.9-95.7%, respectively. Additionally, due to the smoothness of the
surface of the CC-loaded as-spun PVA fibers (Figure 1), it is postulated that CC was also
encapsulated within the fibers.
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In vitro release of CC from CC-loaded PVA fiber mats and films

The release of the drug from the CC-loaded as-spun PVA fiber mats and as-cast PVA films
were determined. Fig. 2 shows the release profiles of CC. The percentage of CC release shows a good
linear correlation with the square root of time. These results indicate that the drug in donor system is
dissolved and a concentration gradient exists. The equation 1 used to describe the release of CC.

M, = kt (1)

where M; is the amount of drug released at a given time, k is release rate. Eq. 1 could be used for
elucidating the release kinetics of the CC from as-spun PV A fiber mats and as-cast PVA films.

a) _ b)
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% Cumulative release of CC
% Cumulative release of CC
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. . 172,
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Figure 2 Release profile of CC permeated from (a) CC-loaded electrospun mats at (¢) 0.025 %, (m)
0.0375%, and (@) 0.05% by weight of PVA and (b) CC-loaded as-cast PVA films at (¢) 0.025 %, (o)
0.0375%, and (0) 0.05% by weight of PVA (open symbol) . Each point represents the mean + S.D. of
three to four experiments.

The cumulative amount of CC release of the CC-loaded as-PV A electrospun (at 2 h) was about 69, 79,

and 93% for the mats loaded with 0.025, 0.0375 and 0.05% wt of CC, respectively; the amount that

CC released from the CC-loaded as-cast PVA films (at 2 h) was about about 33, 51, and 60% for the

the PVA films loaded with 0.025, 0.0375 and 0.05% wt of CC, respectively. The release rate for

CC-loaded as-spun PVA film for 0.025, 0.0375 and 0.05% wt of CC was 5.25, 8.86, and 11.2 %

min""?, whereas the release rate for CC-loaded as-spun PV A electrospun samples for 0.025, 0.0375

and 0.05% wt of CC was 13.5, 14.3, and 17.3 % min™". These results might be due to the high surface

area of electrospun comparing with the film. An increase in the CC content in the polymer matrix

provided a reduction of the relative amount of polymer as a diffusion barrier, which resulted in

increased CC release.

Conclusions

Capsaicin(CC)-loaded electrospun nanofibers were successfully performed through electrospinning.

The as-spun fibers had average diameters ranging between 121 to 165 nm. The release rate of the CC

permeated from CC-loaded as-spun PV A was significantly higher than from CC-loaded as-cast PVA

films, and increased when the CC content in both the CC-loaded as-spun PVA and CC-loaded as-cast

PVA films was increased. These results suggest a possibility for utilizing CC-loaded electrospun

PV A mats as transdermal therapeutic agents.

Acknowledgements

The authors would like to acknowledge the financial support from Silpakorn University Research

and Development Institute (SURDI 54/01/25) and the Thailand Research Funds (RSA 5280001).

References

[1] N. Bhardwaj and S. C. Kundu: Biotechnology Advances Vol. 28 (2010), p. 325

[2] T. J. Sill and H. A. V. Recum: Biomaterials Vol. 29 (2008), p. 1989

[3] N. Charernsriwilaiwat, P. Opanasopit, T. Rojanarata, T. Ngawhirunpat and P. Supaphol:
Carbohydrate Polymers Vol. 81 (2010), p. 675

[4]Y.T. Jia, J. Gong, X. H. Gu, H. Y. Kim, J. Dong and X. Y. Shen: Carbohydrate Polymers Vol. 67
(2007), p. 403



Product Design and Manufacturing
10.4028/www.scientific.net/AMR.338

Fabrication of Capsaicin Loaded Polyvinyl Alcohol Electrospun Nanofibers
10.4028/www.scientific.net/AMR.338.42



Advanced Materials Research Vols. 194-196 (2011) pp 549-553
© (2011) Trans Tech Publications, Switzerland
doi:10.4028/www.scientific.net/AMR. 194-196.549

A Hollow Microneedle Carrier for Enhancing Skin

Penetration of Large Molecular Compounds

Nanthida Wonglertnirant'?, Tanasait Ngawhirunpat'®, Praneet Opanasopit'*,

Hiroaki Todo*® and Keniji Sugibayashi*®
! Faculty of Pharmacy, Silpakorn University, Nakhon Pathom 73000, Thailand

2 Faculty of Pharmaceutical Sciences, Josai University, 1-1 Keyakidai, Sakado, Saitama 350-0295,
Japan

2 w.nanthida@gmail.com, ° tanasait@su.ac.th, °praneet@su.ac.th,
4 ht-todo@josai.ac.jp, ¢ sugib@josai.ac.jp

Keywords: Hollow Microneedle; Drug Release; Injection; Transdermal Delivery; Large Molecular
Compound

Abstract. Delivery of drugs through skin is obstructed by the excellent barrier properties of the
outermost skin layer, the stratum corneum (SC). A strategy employing microneedles have recently
emerged as a minimally invasive device for disrupting the SC structure and creating holes for
molecules to pass through. Hollow-typed microneedles permit drug delivery which can be
modulated over time via active delivery controlled by hand or pump. In this study, the potential of
hollow microneedle for overcoming the outermost skin barrier and facilitating drug delivery into
skin was investigated. Fluorescein isothiocyanate (FITC)-dextrans (4.3 kDa), FD-4, was used as a
model large molecular compound. The effects of injection volume and formulation on drug release
behavior from skin were determined. FD-4 was favorably loaded into the lower epidermis as well as
the superficial dermis of the skin by a hollow microneedle. The release profiles of FD-4 were
analyzed by Higuchi model based on Fick’s law of diffusion. The higher the volume of FD-4
solution injected, the faster the FD-4 release rate from skin. Liposome formulation exhibited no
difference on drug release profiles compared with the solution. The results provide information for
designing an effective hollow microneedles system.

Introduction

Skin is a large and logical target for drug delivery, however, its basic functions limit its utility for
this purpose. Only a limited number of drugs (essentially the small molecular weight drugs and
lipophilic molecules) can cross the skin at therapeutic rates by means of the conventional
transdermal patches with little or no enhancement [1]. Many strategies, including chemical
enhancers and physical enhancer techniques such as iontophoresis, electroporation, and
microneedles, have been developed to enhance the skin permeability. Microneedles have been
recently gained much interest. Since they are minimally invasive devices and can effectively and
painlessly deliver a variety of compounds [2], especially for the macromolecules across the skin [3].
The concept employs an array of microscopic needles that are sufficiently large to deliver drug
effectively, but small enough to avoid causing pain [4]. Hollow-typed microneedles exhibit the
advantage over the solid ones because they can be used to deliver the therapeutic drugs across the
skin by a single step via a passive or an active delivery controlled by hand or pump [4].
Microinjection from hollow microneedle arrays contributes the push pressure to propel the drug
toward the skin. The enhanced and rapid macromolecular delivery could be achieved. To determine
the optimum design of hollow microneedles system, information on the effect of several factors
must be considered, for instance, various needle parameters including injection conditions (e.g.
length of microneedle/ injection depth, needle numbers, distance between each needle, pressure of
injection, etc.), physicochemical properties of drugs (e.g. molecular weight, lipophilicity, etc.), and
formulations.
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The objective of this study was to evaluate the influence of variables related to the hollow
microneedle system on in vitro drug release behavior of hydrophilic large molecular compound
from skin. FD-4 was used as a model compound. A single 33-gauge hypodermic needle was used to
represent the hollow microneedle array in order to reduce the effect of needle parameters. The
effects of injection volume and formulation on in vitro drug release from skin were assessed.

Experimental methods

Chemicals and animals Fluorescein isothiocyanate (FITC)-dextrans (FD-4; average molecular
weight, 4.3 kDa) was obtained from Sigma Aldrich (St. Louis, MO, U.S.A.).
1,2-Dimyristoyl-sn-glycero-3-phosphocholine (DMPC) was supplied by NOF Co., Ltd. (Tokyo,
Japan). All other chemicals were of analytical grade and used without further purification. A hollow
microneedle, manufactured from a 33-gauge hypodermic needle (i.d., 0.20 mm) connected to a
27-gauge hypodermic needle (i.d., 0.22 mm; o.d., 0.40 mm), was kindly provided by Terumo Co.
(Tokyo, Japan). Male hairless rats (WBM/ILA-Ht, 7-9 weeks-old, body weight: 180-250 g) were
supplied either by Life Science Research Center, Josai University (Sakado, Saitama, Japan) or
Ishikawa Experimental Animal Laboratories (Fukaya, Saitama, Japan). All animal experiments were
conducted under the guidelines of Josai University.

Histological imaging. To observe the penetration of hollow microneedle into skin and the
pathway of fluid injection, a small amount of Evans blue dye was injected into skin by a hollow
microneedle. After removing the microneedle, the skin sample was frozen in isopentane
(2-methylbutane) cooled by dry ice with an optimal cutting temperature compound (Tissue-Tek;
Sakura Finetek, Torrance, CA, U.S.A.) in an embedding mold container. A freezing microtome
(Leica CM3050S; Finetec, Japan) was used to make the vertical sections of 10 um thickness. These
sections were examined histologically using a phase-contrast microscope (IX71; Olympus, Japan).

In vitro skin release studies. The upper part of full-thickness skin from the dorsal region of
hairless rats was used as the model membrane for skin release study. The thickness of excised skin
was about 1.0-1.3 mm. Fluorescein isothiocyanate (FITC)-dextrans (FD-4) was used as a model high
molecular weight hydrophilic compound. The effects of injection volume and formulation on the extent
and rate of FD-4 release from skin injection site were investigated as follows; (1) Different volumes
of FD-4 solution (5, 10, or 20 pl) were administered into the excised dorsal skin by single injection;
(2) Different drug formulations (solution and liposome suspension) at 10 ul were injected into
excised skin by single injection. The skin was mounted on a Franz-type diffusion cell with a water
jacket connected to a thermo-regulated water bath at 32°C, each having 6.0 ml volume and 1.77 cm®
effective diffusion area. The SC side of skin faced up to the donor compartment. The receiver
compartment was filled with pH 7.4 phosphate-buffered saline (PBS) and stirred on a magnetic
stirrer with a bar. The experiment was performed at 32°C for 8 h. A part (0.5 ml) of receiver
solution was withdrawn and replaced with the same volume of pH 7.4 PBS to keep the volume
constant. The concentration of FD-4 in all samples was assayed by spectrofluorophotometer (RF
5300PC; Shimadzu, Kyoto, Japan) at the excitation wavelength of 495 nm and emission wavelength
of 515 nm. After the release study was ended over 8 h, the amount of drug remaining in the skin
was determined by separating the skin from the diffusion cell. The skin was cut into small pieces
with scissors and fine forceps, and homogenized (at 12,000 rpm for 5 min) with 2 ml PBS to extract
the FD-4 under an ice bath. Acetonitrile (2ml) was then added and blended with skin homogenized
solution using a vortex shaker to precipitate protein. After centrifugation at 15,000 rpm for 5 min,
the clear supernatant was taken for analysis. The obtained value was used to calculate the
percentage of drug release from skin.

Formulations for injection. Solution and liposome suspension were considered to examine the
effect of formulations on the drug release behavior from skin after injection by a hollow
microneedle. (1) FD-4 (1 mM) solution was prepared by adding to pH 7.4 PBS; (2) Liposome-based
formulation was prepared by the reverse phase evaporation method [5]. Briefly, the lipid phase
(DMPC) was dissolved in a mixure of chloroform and isopropyl ether (1:1, v/v), and then mixed
with the aqueous solution containing 1 mM FD-4 in a sonication bath for 5 min to obtain a
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water-in-oil emulsion. The organic solvent was evaporated using the rotary evaporator. The
liposomes finally became an aqueous suspension. The freeze—thaw cycle was performed and
repeated three times. The liposome suspension was then extruded through polycarbonate
membranes with pore sizes of 0.4 pm, 0.2 um, and 0.1 pum, respectively. The extrusion process was
run 5 times per membrane pore size. Liposomes were separated from non-encapsulated FD-4 by
ultracentrifugation at 289,000 xg for 10 min and the vesicles were resuspended in PBS for four
cycles. The entrapment efficiency of FD-4 in liposomes was 2.19%. Size distribution was
determined by dynamic light scattering (Malvern Instruments, Southborough, MA, U.S.A.) and
revealed a mean vesicle diameter of 106.3 nm.

Data analysis. The cumulative amount of FD-4 released through a unit area of skin, O, was
plotted against the square root of time, 7. The FD-4 release rate can be determined from the slope
of the graphic plot in accordance with the simplified Higuchi model [6] as follows;

0=k'" (1)

where £ is the kinetic constant indicative of the release rate. Higuchi describes drug release as a
diffusion process based on the Fick’s law, square root time dependent. Eq. (1) is confined to the
description of the first 30% of the release curve.

Results and discussion

Characterization of hollow microneedle injection. To investigate piercing of the skin barrier and
delivering the drug across the skin by a hollow microneedle, the small amount of Evans blue dye
was injected into the excised back skin of hairless rats. The needle was fixed with a triangular
silicone sheet to maintain an angle of insertion (#) of 40° and constant insertion depth in the skin
barrier, as illustrated in Fig. 1A. No bending of the needle tip was observed after removing the
needle. A histological study was performed by examining skin sections under a light microscope.
Fig. 1B shows a typical cross section of a skin piece. The blue dye in the skin corresponded to the
needle insertion across the SC and epidermis as well as into the superficial dermis.

A

Fig. 1. Schematic representation of hollow microneedle piercing into skin with a 33-gauge
hypodermic needle (A) and histological cross section of the excised skin from hairless rat pierced
with a hollow microneedle in vitro (B). A small amount of Evans blue was injected into skin. The

paths of fluid injection are indicated by the presence of blue dye.

Effects of injection volume on the release behavior of FD-4 from skin To evaluate the effect
of the injection volume, 5, 10 and 20 ul FD-4 solution were loaded into the skin using a hollow
microneedle. Up to 20 pl (bolus injection) of FD-4 solution was successfully injected into skin
without any leakage from the skin surface or from the bottom (dermal) side of the skin. The

r
c
El
I
=
'
3
3
E
2
'
-
&
3
E
=3

o
—
g]
(g]
Q
o
Qo
(@]
~
B




552 Advanced Engineering Materials

deposition of FD-4 solution in skin was visualized by the appearance of a greenish-yellow region
spread around the injection site (Fig. 2). FD-4 solution was released approximately 80% from the
skin over 8 h in all cases (data not shown). Fig. 3 shows the graphic plot of the cumulative amounts
of FD-4 released per unit area from skin against the square root of time. Linear relationships (R’ =
0.974-0.998) were obtained. These results demonstrated that the release of FD-4 followed the
Higuchi diffusion model validated when drug release was less than 30%. The drug release rate (k)
can be calculated from the slope of the graphic plot. It was shown that higher volume injection (from
5 to 20 pl) increased the release rate almost proportionally (Fig. 3).

[ 4 ;;-.' : :
Fig. 2. Photographs of the excised hairless rat back skin after injection of 20 pul of FD-4 solution
using a hollow microneedle: (A) top surface, (B) bottom surface. The black arrow in (A) indicates
the needle insertion site. The greenish-yellow regions represent FD-4 localization within skin.

Higuchi model
Q = kti2
Injection volume [ul] | & [nmol/em*h!?] R?
5 0.75 0.998
10 1.2 0.979
20 3.2 0.974

Fig. 3. Analysis of the effect of injection volume on the FD-4 release profile using the simplified
Higuchi model. Symbols: A, 5 ul; @, 10 ul; M, 20 pl. The table expresses the release kinetics
derived from the graphic plots.

Effect of different formulations on the release profile of FD-4 from skin. The feasibility of
formulation for modulating drug release after loading into skin by a hollow microneedle was
studied. For this purpose, solution and liposome suspension were investigated. Fig. 4 shows the
FD-4 release profiles of two different formulations after delivery using a hollow microneedle. The
release profile of FD-4 from the liposome-based formulation over 8 h was not different from that of
the solution. The implication of these results may explain by the low entrapment efficiency of FD-4
in liposome. FD-4 was highly solubilized and mostly presented in the buffer vehicle outside the
lipid vesicle structures, therefore resulting in the same release profile as of the solution.
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Fig. 4. Effect of formulation on the release profile of FD-4 from skin. Symbols: @, solution; O,
liposome suspension. Each point represents the mean + S.E. of four to six experiments.

Conclusion

The present study demonstrated the utilization of hollow microneedle for facilitating
macromolecular drug delivery into skin. A single 33-gauge hypodermic needle was used to
represent the hollow microneedle array and insert into skin with an angle of 40 degree. The device
could avoid the SC barrier and successfully load drug into skin. The advantage of single needle
device is capable to investigate several factors such as administration volume, needle penetration
depth, and pressure of injection. Injection volume was one of the factors which can be utilized to
control the drug migration rate from the injection site. Further studies need to be performed for
obtaining additional details to develop the effective and controllable hollow microneedle system.
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Abstract. The aim of this study was to prepare and investigate the isosorbide dinitrate transdermal
patches (IDPs) in the concentration of 40 mg/cm?. Acrylic pressure sensitive adhesives (PSA) were
used to formulate IDPs. IDPs were prepared by casting method. The effect of content of PSA, and
concentration of enhancer, propylene glycol, in the formulations were evaluated. IDPs were
investigated for their thickness, weight/area ratio, adhesiveness and in vitro skin permeation. The
higher the content of PSA in the formulation, the higher the thickness and the W/A ratio. Propylene
glycol added in the formulation (2.5, 5, 10%) significantly enhanced the skin permeation of ISDN.
The higher the content of PG, the higher the flux of ISDN through the skin. Our research suggests
that isosorbide dinitrate loaded with 10% of propylene glycol in acrylic matrix pressure sensitive
adhesive can be potentially used as a transdermal drug delivery system.

Introduction

All patch-type transdermal delivery system developed to date can be described by three basic design
principles: drug in adhesive, drug in matrix (usually polymeric), and drug in reservoir. However,
the simplest form of transdermal drug delivery device, which is now most commonly employed and
interested, is the drug in adhesive system due to its simplicity of preparation and the lack of dose
dumping which can be taken place when the drug in reservoir was employed [1,2]. Isosorbide
dinitrate patches (IDPs) are used for angina pectoris treatment. Two types of IDPs, drug in adhesive
and drug in matrix, were studied by various investigators. Polyacrylate adhesive polymers are most
widely used as an adhesive film for fabricating TDDS, especially for lipophilic drugs such as
isosorbide dinitrate, and nonsteroidal anti-inflammatory drugs. In vitro evaluations of TDDS
typically include drug release from the device and drug permeation through the skin. In vitro release
is used as quality control test to characterize the TDDS and is applied to assure batch-to-batch
uniformity and to support scale-up in the industrial preparation. On the other hand, in vitro skin
permeation is used to investigate the rate and amount of the drug permeation across the skin.
However, physicochemical evaluation of TDDS such as thickness, W/A ratio of matrix,
adhesiveness should be simultaneously studied and compared with in vitro evaluation [3]. In this
research, we studied the physicochemical property and in vitro evaluation of isosorbide dinitrate
transdermal patch using acrylic pressure sensitive adhesive as polymer matrix. The formulation
factors such as content of polymer and type of enhancers on skin permeation of drug were
investigated.

Materials and methods

Materials. Acrylic pressure-sensitive adhesive (Acrylax® ER-7306), siliconized paper and
polyolefin backing membrane were a gift from Neoplast Co., Ltd., Patumthani, Thailand. Isosorbide
dinitrate (ISDN) was purchased from Sigma (St. Louise, MO, USA). Other reagents were all
analytical grade and used as received.

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of TTP,
www.ttp.net. (ID: 202.44.135.34-09/02/11,10:49:58)
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Preparation of IDPs. The composition of formulations of IDPs was shown in Table 1. The
preparation area was 40 cm?, and the content of the drug in the matrix was 1 mg/cm’. For each
preparation, isosorbide dinitrate and enhancers were dispersed and evenly mixed with acrylic PSA
(solid content 45 %w/w) in a glass tube. The mixture was poured on a sheet (12 x 12 cm) of
polyolefin backing membrane that had been fixed onto a clean glass plate. The thickness of IDPs
was controlled by a Thin-layer chromatography (TLC) plate scraper (Camag, Switzerland). The
film was dried at 60 °C for 2 h and then was covered with siliconized release liner.

Table I Composition of IDPs in preparation area of 40 cm’

Composition(g) F1 F2 F3 F4 F5
ISDN 0.04 0.04 0.04 0.04 0.04

Acrylic PSA 9 19 9 9 9
Propylene glycol - - 0.105 0.209 0.418

Determination of isosorbide dinitrate content. A sample of 1 cm x 1 cm of the patch was
dissolved in 100 ml of phosphate buffer solution and magnetically stirred for 48 h. The solution was
analyzed by high performace liquid chromatography (HPLC).

Thickness of IDPs. The thickness of the patch was measured using an electronic digital caliper.
The thickness of the adhesive matrix was determined from the difference in thickness between the
patch and the backing membrane plus with siliconized release liner.

The weight/area ratio of IDPs. The patch (1 cm x 1 cm) was cut and weighed accurately. The
difference in weights between isosorbide dinitrate patch and the backing membrane when divided
by area provided W/A ratio of matrix film.

Adhesiveness of IDPs. The adhesive property was measured by Texture Analyzer. The
formulation patch (1 cm x 1 cm) was compressed by rounded spherical ball probe. The force was
applied to pull out the spherical ball probe from the formulation patch. The obtained force was
plotted against the time, and the area under curve of this plot showed the adhesiveness of the patch
(N.sec).

In vitro skin permeation studies of IDPs. Shed snake skin of Naja khaothia [4] was kindly
donated by the Saowabha Institute (Bangkok, Thailand). A modified Franz-diffusion cell was used.
Each of the cells was stationed in a cell-mounting block (Franz 6-cell drive consol, Crown Glass
Company, Somerville, NJ). The shed snake skin was mounted between donor and receptor
compartment. The isosorbide dinitrate adhesive matrix was fixed on the epidermal surface, donor
and receptor compartments were clamped together and placed in a water bath maintained at
374+0.5°C. The volume of receptor cell was 15 ml and the effective surface area available for skin
permeation was 12.6 cm”. The receptor cell was filled with pH 7.4 phosphate buffered saline (PBS)
and stirred at 600 rpm with a star-head Teflon® magnetic bar (Nalge Nunc International Co., Ltd.,
Minnesota, USA) driven by a synchronous motor. At predetermined time intervals, 0.8 mL of
sample was taken from the receptor compartment and was replaced by the same volume of fresh
PBS. All experiments were carried out at least in triplicate. The skin permeation of commercial
product of isosorbide dinitrate from Japan was also evaluated and compared.

Analysis of isosorbide dinitrate. Isosorbide dinitrate concentration was assayed by High
Performance Liquid Chromatography (HPLC). The reverse-phase HPLC system consisted of an
Agilent HPLC system (Agilent 1100 series, USA) at a flow rate of 1.0 ml/min at 35°C. A mobile
phase of acetronitrile: water (55:45) were used. The internal standard was ethyl paraben. The
detection wavelength was set at 220 nm. The detection limit of the analysis was 1 pg/ml.

Results and discussion

Characteristics of IDPs. All preparations of IDPs were colorless, transparent without any air
bubbles, and their surfaces were smooth. The thickness and W/A ratio of the nicotine adhesive
matrix flilms demonstrated low standard deviation, indicating a good reproducibility in the
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production of IDPs. ISDN recovery from the IDPs was in the range of 99-102 %. This result

indicated that isosorbide dinitrate is stable during the preparation process. The thickness of IDPs

was in the range of 71-98, the W/A ratio was 45-99 and the adhesiveness was 0.433-0.468.

It was found that the higher the content of PSA, the higher the thickness and the W/A ratio.

However, the adhesiveness was not affected by the content of PSA and propylene glycol in the

formulation. The physicochemical properties of isosorbide dinitrate patches is shown in table 2.
Table 2 The physicochemical properties of isosorbide dinitrate patches*

% of initial amount | Thickness W/A ratio | Adhesiveness

Formulation (%+SD) (um+SD) (g/m*+SD) | (N.sect+ SD)
F1 9+1.5 71+2.3 45+2.1 0.468 +0.15

F2 99+ 1.5 98 +2.5 9+22 0.462 +0.10

F3 101 +1.4 73+2.6 47+23 0.461 +0.08

F4 101 +2.4 72 +39 46 +2.1 0.456 +0.23

F5 102 +2.5 74 +3.5 45+2.2 0.433 +0.18

*Each value represents the mean + SD. (n=3-6)

In vitro skin permeation characteristic of IDPs. The in vitro skin permeation of IDPs in each
formulation and commercial product is illustrated in Figure 1. The cumulative amount of drug
increased with time after a short lag time (0.5-0.8 h). Figure 2 shows the flux of ISDN, calculated
from the slope of skin permeation profile in each formulation. The flux of ISDN in F2 was slightly
higher than that of F1. This might be due to the higher content of PSA in F2, resulting in lower
release of drug and consequently lower skin permeation. Therefore, F1 was used for incorporation
of propylene glycol for study effect of penetration enhancer on the skin permeation of ISDN. The
flux of drug permeated through the skin in the formulation with propylene glycol (F3-F5) was
significantly higher than the formulation without any propylene glycol. The higher the content of
PG, the higher the skin permeation of ISDN through the skin. F5, containing 10% PG gave the
highest skin permeation. Unexpectedly, the higher flux in F5 than commercial product was also
observed. In the literatures, propylene could increase the skin permeation by interaction with the
stratum corneum lipids at the head group of lipid bilayer, then the lipid bilayer packing was
disrupted. Moreover, propylene glycol increased the permeation by increasing the partitioning of
drug into the stratum corneum [1]. Many studies reported the enhancing activity of propylene glycol
on the skin permeation, such as tamoxifen, diclofenac sodium, insulin, nicardipine, carbamazepine
[4-6]. In this study, propylene glycol also showed enhancing activity. Therefore, in preparation of
isosorbide dinitrate patch, propylene glycol can be used to be an effective enhancers added in the
formulation.

Summary

The isosorbide dinitrate acrylic matrix transdermal drug delivery system was successfully prepared
by casting method. Propylene glycol added in the formulation significantly enhanced the skin
permeation of ISDN. The higher the content of PG, the higher the flux of ISDN through the skin.
Our research suggests that ISDN patch with propylene glycol 10% can be potentially used as a
transdermal drug delivery system.
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Figure 1. In vitro skin permeation profile of isosorbide dinitrate transdermal delivery through shed
snake skin. Each value represents the mean + SD. (n=3-6)

g 1.5 ] T
S T
i - 7
% | = T ; %
o
<& <v < < <® &
Formulation 006\6\

Figure 2. Flux of isosorbide dinitrate transdermal delivery through shed snake skin. Each value
represents the mean £+ SD. (n=3-6)
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The goal of this study was to develop and evaluate the potential use of liposome and transfersome vesicles in the transdermal
drug delivery of meloxicam (MX). MX-loaded vesicles were prepared and evaluated for particle size, zeta potential, entrapment
efficiency (%EE), loading efficiency, stability, and in vitro skin permeation. The vesicles were spherical in structure, 90 to 140 nm
in size, and negatively charged (—23 to —43 mV). The %EE of MX in the vesicles ranged from 40 to 70%. Transfersomes provided
a significantly higher skin permeation of MX compared to liposomes. Fourier Transform Infrared Spectroscopy (FT-IR) and
Differential Scanning Calorimetry (DSC) analysis indicated that the application of transfersomes significantly disrupted the
stratum corneum lipid. Our research suggests that MX-loaded transfersomes can be potentially used as a transdermal drug delivery

system.

1. Introduction

Transdermal drug delivery systems (TDDs) offer a number
of potential advantages over conventional methods such
as injectable and oral delivery [1]. However, the major
limitation of TDDs is the permeability of the skin; it is per-
meable to small molecules and lipophilic drugs and highly
impermeable to macromolecules and hydrophilic drugs. The
main barrier and rate-limiting step for diffusion of drugs
across the skin is provided by the outermost layer of the skin,
the stratum corneum (SC) [2]. Several strategies have been
developed to overcome the skin’s resistance, including the use
of prodrugs, ion pairs, liposomes, microneedles, ultrasound,
and iontophoresis [3-6].

Various types of liposomes (LPs) exist, such as traditional
liposomes, niosomes, ethosomes, and transfersomes [3, 7—
12]. Various LPs have been extensively investigated for
improving skin permeation enhancement. Liposomes are
promising carriers for enhancing skin permeation because
they have high membrane fluidity. Previous reports indicate
that liposomes can deliver a large quantity of hydrophilic
drugs (e.g., sodium fluorescein [13], carboxyfluorescein
[14]), lipophilic drugs (e.g., retinoic acid [11], tretinoin

[12]), proteins, and macromolecules through the skin. Many
factors influence the percutaneous penetration behavior of
LPs, including particle size, surface charge, lipid composi-
tion, bilayer elasticity, lamellarity, and type of LP [7, 12].

Cevc’s group introduced Transfersomes, which are the
first generation of elastic vesicles. Transfersomes are pre-
pared from phospholipids and edge activators. An edge
activator is often a single-chain surfactant with a high
radius of curvature that destabilizes the lipid bilayers of
the vesicles and increases the deformability of the bilayers.
Sodium cholate, sodium deoxycholate, Span 60, Span 65,
Span 80, Tween 20, Tween 60, Tween 80, and dipotassium
glycyrrhizinate were employed as edge activators. Compared
with subcutaneous administration, transfersomes improved
in vitro skin permeation of various drugs, penetrated intact
skin in vivo, and efficiently transferred therapeutic amounts
of drugs [9, 15, 16]. However, the mechanism by which LPs
and their analogs deliver drugs through the skin is not fully
understood [14].

Meloxicam (Figure 1) has low aqueous solubility, and
it is a highly potent, nonsteroidal anti-inflammatory drug
(NSAID) that is used for treatment of rheumatoid arthritis
and osteoarthritis [6, 17-19]. MX shows similar efficacy
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FIGURE 1: The chemical structure of meloxicam and the lipid compositions of the liposomes.

for reducing pain and inflammatory symptoms, but it has
lower toxicity than other NSAIDs. Although MX is relatively
potent and safe, its limitations include low solubility, low
incorporation in formulations, and low skin permeation
[6, 18-25]. In this study, vesicles were used as a novel MX
transdermal drug delivery system. The system was developed
and evaluated for its physicochemical characteristics, such as
particle size, surface charge, entrapment efficiency, loading
efficiency, stability, and in vitro skin permeation. The type
of vesicles (liposomes and transfersomes), the composition
of lipid in the liposomes (cholesterol), and transfersomes
(cholesterol and surfactants) were evaluated. Three surfac-
tants that differ in length of carbon chains were used for
the preparation of transfersomes: sodium oleate (NaO, C;s),
sodium cholate (NaChol, Cy4), and dicetylphosphate (DCP,
Csz). Characterization of skin permeation was performed
using FTIR and DSC. Figure 1 shows the chemical structure
of meloxicam and the lipid compositions of the liposomes.

2. Materials and Methods

2.1. Materials. Phosphatidylcholine (PC) from eggs was
purchased from GmbH. Cholesterol (Chol) was purchased
from Carlo Erba Reagenti. Sodium cholate (NaChol) was

purchased from Acros Organics. Sodium oleate (NaO)
and dicetylphosphate (DCP) were purchased from Sigma-
Aldrich. Meloxicam (MX) was supplied from Fluka.

2.2. Preparation of Meloxicam-Loaded Liposomes, Transfer-
somes, and Suspensions. Liposomes containing a controlled
amount of PC and various amounts of MX were formulated.
The MX concentration was varied from 2.5 to 70.0 wt. % of
the PC. The sonication method was used to prepare different
formulations; they were composed of bilayer-forming PC
and either Chol, NaO, NaChol, or DCP in a molar ratio
of 10:2. The PC, Chol, NaO, NaChol, DCP, and MX were
each briefly dissolved in chloroform:methanol (2:1v/v).
In preparing MX-loaded liposomes and transfersomes, the
materials were deposited in a test tube, and the solvent was
evaporated with nitrogen gas. The lipid film was placed in
a desiccator connected to a vacuum pump for a minimum
of 6h to remove the remaining organic solvent. The dried
lipid film was hydrated with Tris buffer. Following hydration,
the dispersion was sonicated in a bath for 30 min and
then probe-sonicated for 2 cycles of 30min. The lipid
compositions of the different formulations utilized in this
study are listed in Table 1.
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TaBLE 1: The lipid compositions of the different formulations used in study.

Name (molar ratio) Composition (%W/V)

MX PC Chol NaO NaChol DCP PBSph7.4
MX/PC (2: 10) 0.07 0.77 — — — — 100 mL
MX/PC/Chol (2:10:2) 0.07 0.77 0.07 — — — 100 mL
MX/PC/NaO (2:10:2) 0.07 0.77 — 0.06 — — 100 mL
MX/PC/NaO/Chol (2:10:2:2) 0.07 0.77 0.07 0.06 — — 100 mL
MX/PC/NaChol (2:10:2) 0.07 0.77 — — 0.08 — 100 mL
MX/PC/NaChol/Chol (2:10:2:2) 0.07 0.77 0.07 — 0.08 — 100 mL
MX/PC/DCP (2:10:2) 0.07 0.77 — — — 0.11 100 mL
MX/PC/DCP/Chol (2:10:2:2) 0.07 0.77 0.07 — — 0.11 100 mL

(a)

0.2 ym

0.1 ym

(d)

(e)

(b) ()

0.1 um

()

FIGURE 2: Transmission electron microscopy of MX loaded in vesicles. (a) visualization of MX loaded in liposomes (PC) (10,000x), (b)
visualization of MX loaded in liposomes (PC) (30,000x), (c) visualization of MX loaded in liposomes (PC) (50,000x), (d) Visualization
of MX loaded in transfersomes (PC/NaChol) (10,000x), (e) visualization of MX loaded in transfersomes (PC/NaChol) (30,000x), and (f)

visualization of MX loaded in transfersomes (PC/NaChol) (50,000x).

For the preparation of MX suspensions, the saturated
solubility of MX in water was determined to ensure excess
drug in MX suspension. The solubility of MX was deter-
mined by adding excess amount of MX to 5mL of water
in a glass vial and stirring by a magnetic stirrer for 24 h.
The sample was filtered through 0.45 ym membrane filter in
order to remove undissolved drugs in the saturated solution.
The concentration of MX was analyzed by HPLC. The MX
suspension was prepared by adding MX to distilled water at
a concentration 2 times higher than the solubility of MX and
stirring for 24 h to ensure constant thermodynamic activity
throughout the course of the permeation experiment. The
particle size of MX suspension was determined, and the
MX suspension was used in the skin permeation experi-
ment.

2.3. Characterization of Liposomes and Transfersomes

2.3.1. Particle Size and Surface Charge. The droplet size
and zeta potential of the liposomes and transfersomes were
determined by a Laser Scattering Particle Size Distribution
Analyzer and Zeta Potential Analyzer at room temperature.
One mL of the liposome and transfersome suspensions were
diluted with 14 mL and 2 mL deionized water, respectively.

2.3.2. Transmission Electron Microscopy. Transmission Elec-
tron Microscopy (TEM) was used to visualize the liposomal
and transfersomal vesicles. The vesicles were dried on a
copper grid and adsorbed with filter paper. After drying,
the sample was viewed under the microscope at 10-100 k
magnification at an accelerating voltage of 100 kV.
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FiGURE 3: (a) The effect of initial amount of meloxicam (2.5, 5, 10,
20, 30, 50, and 70%) added in liposomes on percentage entrapment
efficiency (white bar) and loading efficiency (fill square) of meloxi-
cam loaded in liposomes composed of PC. Each value represents the
mean = SD (n = 3) (b) The percentage entrapment efficiency (white
bar) and loading efficiency (fill square) of meloxicam loaded in dif-
ferent formulations: (shaded square) liposomes and (white square)
transfersomes. Each value represents the mean + SD (n = 6).

2.3.3. Entrapment Efficiency (%EE) and Loading Efficiency.
The concentration of MX in the formulation was determined
by HPLC analysis after disruption of the vesicles (liposomes
and transfersomes) with Triton X-100 (0.1% w/v) at a
1:1 volume ratio and appropriate dilution with PBS (pH
7.4). The vesicle/Triton X-100 solution was centrifuged
at 10,000rpm at 4°C for 10min. The supernatant was
filtered with a 0.45 ym nylon syringe filter. The entrapment
efficiencies and the loading efficiencies of the MX-loaded
formulation were calculated by (1) and (2), respectively.

G

% entrapment efficiency = ( C ) % 100, (1)

1
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where Cy is the concentration of MX loaded in the formula-
tion as described in the above methods, and C; is the initial
concentration of MX added into the formulation

. . D
loading efficiency = ft’ (2)
t
where D; is the total amount of MX in the formulation and
L; is the total amount of PC added into the formulation.

2.3.4. Stability Evaluation of Liposomes and Transfersomes.
Liposomes and transfersomes were stored at 4 = 1°C and
22 + 1°C (room temperature, RT) for 30 days. Both the
physical and the chemical stability of MX were evaluated.
The physical stability was assessed by visual observation for
sedimentation and particle size determination. The chemical
stability was determined by measuring the MX content by
HPLC on days 0, 1, 7, 14, and 30.

2.4. InVitro Skin Permeation Study. Shed snake skin from
the Siamese cobra (Naja kaouthia) was used as a model
membrane for the skin permeation study because of its
similarity to human skin in lipid content and permeability.
The skin samples were mounted between the two half-cells
of a side-by-side diffusion chamber with a 37°C water jacket
to control the temperature. The dorsal surface of the skin was
placed in contact with the donor chamber, which was filled
with the liposome formulation. The receptor chamber was
filled with 0.1 M PBS (pH 7.4) and stirred with a star-head
Teflon magnetic bar driven by a synchronous motor. At time
intervals of 0.5, 1, 2, 4, 8 and, 24 h, a 1 mL aliquot of receptor
was withdrawn, and the same volume of fresh medium was
added back into the chamber. The concentration of MX in
the samples was analyzed by HPLC. The concentration of
permeants in the samples was analyzed by HPLC, and the
cumulative amount was plotted against time. The steady-
state flux was determined as the slope of linear portion of the
plot. Lag time was also obtained by extrapolating the linear
portion of the penetration profile to the abscissa.

2.5. HPLC Analysis. The MX concentration was analyzed by
HPLC [28] using an Eclipse XDB-C18 column. The mobile
phase was a mixture of potassium dihydrogen phosphate pH
4.4, methanol, and acetonitrile at a ratio of 45:45: 10 (v/v/v).
A 20uL injection volume was used with a flow rate of
1.0 mL/min, and UV detection was viewed at 364 nm. The
quantitative determination of MX in the tested sample
was obtained from the calibration curve, which gave good
linearity at the range of 0.1-50 yg/mL.

2.6. Characterization of Snake Skin after Skin Permeation

2.6.1. FT-IR Analysis of Shed Snake Skin. Following the
skin permeation study, the skin was washed with water
and blotted dry by keeping in the desiccator for 24 h. The
spectrum of the snake skin was recorded in the range of
4000-500 cm ™! using an FT-IR spectrophotometer. The FT-
IR spectrum of the untreated skin was also recorded and used
as a control.
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FIGURE 5: (a) The skin permeation profile of meloxicam from (solid circle) MX suspensions (control) and (solid square) MX/PC/NaChol.
(b) The fluxes of meloxicam through shed snake skin from different formulations: (solid square) control, (shaded square) liposomes, and
(white square) transfersomes. Different values * were statistically significant (P < .05) compared with MX suspensions (control). Different
values % were statistically significant (P < .05) compared with liposomes. Each value represents the mean + SD (n = 3-6).

2.6.2. Differential Scanning Calorimetry (DSC) Analysis of
Shed Snake Skin. Thermal analysis of the skin after the
permeation study prepared with the same method as FTIR
was performed with a Sapphire DSC. The skin sample (2 mg)
was weighed into an aluminum crimp pan. The samples were
heated from —30 to 320°C at a heating rate of 10°C/min.
All DSC measurements were collected under a nitrogen
atmosphere with a flow rate of 100 mL/min.

2.7. Data Analysis. Data are expressed as the means +
standard deviation (SD) of the mean, and statistical analysis
was carried out employing the one-way analysis of variance

(ANOVA) followed by an LSD post hoc test. A value of P < .05
was considered statistically significant.

3. Results and Discussion

3.1. Physicochemical Characteristics of Liposomes and Trans-
fersomes. The particle size range for all formulations, except
the MX suspensions, was less than 200 nm (89 to 137 nm)
with a narrow size distribution. The particle size range of
the MX suspensions was significantly larger than that of
the liposomes (Table 2). The vesicles containing cholesterol
had a slightly lower particle size than without cholesterol.
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FIGURE 6: (a) FT-IR spectra profile of shed snake skin after 24 h transfersomes skin permeation. (a) Untreated skin, (b) PC/NaO, (c)
PC/NaO/Chol, (d) PC/NaChol, (e) PC/NaChol/Chol, (f) PC/DCP, and (g) PC/DCP/Chol and (b) DSC thermogram of shed snake skin after
24 h MX suspensions (control) and transfersomes skin permeation. (a) MX suspensions, (b) PC/NaO, (c) PC/NaO/Chol, (d) PC/NaChol,

(e) PC/NaChol/Chol, (f) PC/DCP, and (g) PC/DCP/Chol.

TABLE 2: Particle size and zeta potential in various formulations.

Name Particle size (nm)  Zeta potential (mV)
MX suspensions 2411 + 84.2 -19.3+£0.7
MX/PC 107.0 + 5.0 —35.0+0.5
MX/PC/Chol 100.3 = 0.6 —-23.5+0.2
MX/PC/NaO 107.4 £ 0.5 —43.4 +0.1
MX/PC/NaO/Chol 100.5 = 0.6 —-23.1+0.0
MX/PC/NaChol 93.0+ 1.0 —-32.7+0.7
MX/PC/NaChol/Chol 88.6 + 0.7 —-28.9+0.5
MX/PC/DCP 137.2 £ 6.1 —-35.2+0.6
MX/PC/DCP/Chol 126.5+ 1.6 -29.3+0.5

Each value represents the mean + SD (n = 3).

These results might be attributed to cholesterol causing the
bilayer to be more compact [10, 26, 29-31]. The particle
size of the transfersomes with different types of surfactant
did not show a significant difference. These results indicated
that the particle size of the vesicles was not affected by lipid
composition (cholesterol) and surfactant.

The zeta potential of all vesicle formulations were
negative (—23 to —43mV) due to the net charge of the
lipid composition in the formulations. PC is a zwitterionic
compound with an isoelectric point (pI) between 6 and
7 [32]. Under experimental conditions (pH 7.4), where
the pH was higher than its pI, PC carried a net negative
charge. The surfactants used were anionic surfactants, and
the anion form of MX was also the predominant form at
pH 7.4 [25]. Therefore, a negative charge in all formulations
was observed. Because the negatively charged liposome
formulations strongly improved skin permeation of drugs in
transdermal delivery [12], these formulations were chosen to
be tested for MX permeation in our study.

The morphology of the two-dimensional vesicles was
further evaluated by TEM, justifying the vesicular charac-
teristics. MX loaded in liposomes prepared from PC and
PC/NaChol was spherical in shape (Figures 2(a), 2(b), and
2(c)) and spherical with unilamellar vesicles (Figures 2(d),
2(e), and 2(f)), respectively.

3.2. Entrapment Efficiency and Loading Efficiency. The
entrapment efficiencies and loading efficiencies of the MX-
loaded formulations are presented in Figure 3(a). The 2.5%
MX-LP formulation had the highest entrapment efficiency
but the lowest loading efficiency, while the 70% MX-LP
formulation showed the highest loading efficiency but the
lowest entrapment efficiency. Therefore, there should be an
optimum ratio between PC and MX for developing MX-
loaded vesicles as carriers for transdermal drug delivery. The
optimum ratio, which offered high entrapment efficiency
and high loading efficiency, was 10% MX-LP. This ratio was
used to prepare the vesicles.

The entrapment efficiency and loading efficiency of
transfersome formulations were significantly higher than
the liposome formulations (Figure 3(b)). The entrapment
efficiency of MX in the vesicles ranged from 38% to 71%.
The entrapment of MX in liposomes was lower than trans-
fersomes except in formulations with DCP. This result might
be attributed to interactions between the surfactants (NaO
and NaChol) and MX when the complex was inserted into
the transfersomes bilayer. Fang et al. reported that adding
surfactant (sodium stearate) to phosphatidylethanolamine
vesicles significantly increased the entrapment efficiency of
5-aminolevulinic acid [26]. The results indicated that the
type of carrier systems and lipid composition affected the
entrapment efficiency and loading efficiency of MX in the
vesicle formulations.
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The entrapment efficiency of the vesicles with and
without cholesterol did not show a significant differ-
ence. However, the entrapment efficiencies of the trans-
fersome formulations changed depending on the type
of surfactant used and ranked PC/NaO(C,3)>PC/NaChol
(C24)>PC/DCP(Cs;). The lower the carbon chain length of
the surfactants in the formulation, the higher the entrapment
efficiency. The increase in the carbon chain length of the
surfactant increased the lipophilicity and the solubility of
lipophilic drug in the bilayer [10, 27]. This characteristic
may explain the increase in entrapment efficiency of MX
in the bilayer of the vesicles. Surfactant may also compete
with MX when arranging in the bilayer and therefore exclude
the drug as it assembles into the bilayer of the vesicles. The
data indicated that the entrapment efficiency and loading
efficiency are independent of cholesterol but dependent on
the surfactant in the formulations.

3.3. Stability Evaluation of Liposomes and Transfersomes.
Liposomes and transfersomes were stored at 4°C or RT for 30
days. The physical (particle size determination) and chemical
(percent MX remaining in the formulation) stability of the
vesicles are presented in Table 3 and Figure 4, respectively.
No sedimentation was found in any vesicle formulation after
fresh preparation. After storage at 4°C for 30 days, there was
no sedimentation, but the average size of the vesicles in all
formulations slightly increased. Nevertheless, the average size
remained under 200 nm (Table 3). After storage at RT for
7 days, no sedimentation was present in any formulation
(data not shown). When evaluating the chemical stability
of the vesicles, the percentage of MX remaining at 4°C for
30 days was in the range of 93% to 99% (Figure 4(a)),
but it was 4% to 33% for the samples at RT (Figure 4(b)).
The degradation rate of the MX-loaded vesicles stored at
4°C was not significantly different than those that were
freshly prepared. This reveals that the degradation of MX
is independent of lipid composition but dependent on the
storage temperature and age.

3.4. In Vitro Skin Permeation Study. Figure 5(a) illustrates
the permeation profiles of MX suspensions (control) and
MX-loaded transfersomes with NaChol. The cumulative
amount of drug increased linearly with time after a short lag
time (0.5-0.8 h). This linear accumulation was also observed
for other formulations (data not shown). Figure 5(b) shows
the flux (F) of MX through the snake skin calculated
from the permeation profiles. The F of MX permeated
through the skin in all vesicle formulations was significantly
higher than the MX suspensions. The vesicle systems were
able to promote skin permeation of an active drug by a
variety of mechanisms: (a) the free drug mechanism, (b) the
penetration-enhancing process of the liposome components,
(c) vesicle adsorption to and/or fusion with the SC, and (d)
intact vesicle penetration into and through the intact skin
and the localization at the site of action [33-35]. Moreover,
the similar predominance to the lipid bilayer of biological
membranes [36] and the nanometer size range of the vesicles
may be also influenced [7, 26, 30]. These results indicated

that the vesicle system can overcome the barrier function
of the stratum corneum by various mechanisms and their
physicochemical properties.

The F of MX permeated through the skin in transfer-
somes was significantly higher than in liposomes. Transfer-
somes have shown to be successful in the delivery of drugs
into the skin, including diclofenac, triamcinolone acetonide,
hydrocortisone, and estradiol. Because transfersomes are
composed of PC and surfactants, they can squeeze through
the pores in the SC, which are smaller than one-tenth their
diameter [3]. They can also adsorb onto or fuse with the
SC, and the intact vesicle can penetrate into and through the
intact skin.

The F of MX in the vesicles composed of cholesterol was
slightly lower than vesicles without cholesterol. An increase
in cholesterol could lead to increased stability and rigidity
and decrease the permeability of the lipid bilayer, which
may cause lower release of MX and lower permeation of
MX through the skin [31]. The F of MX permeated from
transfersomes with different compositions of surfactants are
ranked as follows: NaO (Cig)~NaChol (C,4)>DCP (Cs,).
The lower the carbon chain length of the surfactant in
the formulation, the higher the skin permeation of MX.
The particle size and %EE of the vesicles composed of
NaO and NaChol were smaller and higher than vesicles
containing DCP, respectively. These results indicated that
the barrier function of stratum corneum can be overcome
by several factors, including physicochemical properties of
vesicle systems (size, charge, and %EE), lipid composition
(cholesterol, surfactant), and type of vesicle system (lipo-
somes, transfersomes).

The research results indicated that the skin permeability
of MX-loaded transfersomes and liposomes were greater
than that of MX suspensions and that both PC and surfactant
were key factors. Surfactants are enhancers that solubilize
the lipophilic compound; they also have the potential to
solubilize the lipid within the SC. Surfactants swell the
SC, interact with the intercellular keratin, and fluidize
the SC lipid to create channels that allow increased drug
delivery.

3.5. Characterization of the Skin. The FT-IR spectrum of the
snake skin as a model for the SC provided a measure of
fluidity of the SClipid. The comparison of the spectral profile
of the untreated skin and treated skin with transfersomes,
with and without cholesterol, resulted in shifts to higher fre-
quencies. There was an absorbance broadening for both the
C-H (CH,) asymmetric stretching peak near 2920 cm™! and
the C-H (CH,) symmetric stretching peak near 2850 cm™!
(Figure 6(a)) [37]. The data indicated that flexibility of the
SC lipid upon application of transfersomes occurred. Thus,
it can be hypothesized that transfersomes permeated through
the skin by disruption of the SC lipid structure.

The disruption of the SC lipid by the application of
transfersomes was further evaluated by DSC (Figure 6(b)).
The SC lipid of the snake skin exist as a solid gel at
temperature of 244°C. In the DSC study, when the skin
was treated with transfersomes, which exists as liquid
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TaBLE 3: Particle size of formulations composed of different formulations following storage at 4°C for 30 days.
Name Practicle size (nm)

Day 0 Day 1 Day 7 Day 14 Day 30

MX/PC 107.0 = 5.0 113.4 + 4.3 114.0 = 1.1 114.5 + 3.7 126.9 = 16.0
MX/PC/Chol 100.3 = 0.6 130.3 £ 15.5 159.0 + 1.2 163.1 £ 2.5 182.6 = 4.5
MX/PC/NaO 107.4 = 0.5 93.8 2.3 91.7 £ 0.9 93.8+6.9 97.4 2.0
MX/PC/Nao/Chol 100.5 = 0.6 99.9 = 1.1 96.1 = 1.2 100.5 £ 5.5 110.6 = 25.7
MX/PC/NaChol 93.0+ 1.0 93.0 = 1.0 93.6 £2.0 94.5 £ 1.6 92.1 £2.1
MX/PC/NaChol/Chol 88.6 = 0.7 74.0 £2.5 87.4+78 85443 85.1 2.0
MX/PC/DCP 137.2 = 6.1 144.5 + 6.8 1524+ 1.2 162.3 £2.9 162.0 = 4.9
MX/PC/DCP/Chol 126.5 + 1.6 131.6 +3.9 139.5 +2.8 166.3 +£12.9 184.9 £ 3.0
Each value represents the mean + SD (n = 3).
state vesicles, their thermal properties shifted (melting Acknowledgments

point; Tm) as follows: PC/NaChol, 198°C; PC/NaO, 207°C;
PC/DCP, 218°C; PC/NaChol/Chol, 207°C; PC/NaO/Chol,
222°; PC/DCP/Chol, 221°C. The data indicated that the T,
of skin treated with transfersomes was significantly lower
than that of the untreated skin. The change into lower tran-
sition temperature suggests an increase in the gross fluidity
of the SC lipids. This is consistent with the general view that
the mechanism of action of the surfactant is attributed to the
alteration of the lipid organization and an increase in lipid
lamellae disorder in the SC. Moreover, the T,, of the skin
treated with transfersomes with cholesterol was significantly
higher than those without cholesterol. If cholesterol could be
complexed with phospholipids in the skin, it could add more
structure to the bilayer. These results were in accordance with
skin permeation data showing that transfersomes increased
the skin permeation of MX, and the addition of cholesterol in
the transfersomes also led to a decrease in skin permeation of
MX when compared with transfersomes without cholesterol.
Transfersomes may be used as alternative carriers for trans-
dermal drug delivery potential because they interact with
solid gel phase SC lipids and thus leading to disruption and
fluidization of the SC lipid.

4. Conclusion

In the present study, MX-loaded transfersomes were success-
fully prepared by a sonication method. The use of surfactants
containing medium length carbon chains, including NaO
(C1g) and NaChol (Cyy), in the transfersomes resulted in a
high entrapment efficiency. Transfersomes provide greater
MX skin permeation than liposome and MX suspensions.
The mechanism of this increase in MX permeation may
be through transfersomes’ disruption of the SC lipid. The
data indicate that the barrier function of SC was affected
by several factors, including physicochemical properties
of vesicle systems (size, charge, %EE), lipid composition
(cholesterol, surfactant), and type of vesicle system (lipo-
somes, transfersomes). Our research suggests that utilizing
MX-loaded transfersomes as a transdermal therapeutic agent
shows potential.
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Abstract. The aim of this study was to prepare and investigate the potential use of liposomes in the
transdermal drug delivery of meloxicam (MX). The vesicles containing a constant amount of MX,
phosphatidylcholine (PC), cholesterol (Chol) and cetylpyridinium chloride (CPC) (1:5:1:1
MX/PC/Chol/CPC molar ratio) to obtain liposomes. MX loaded liposomes were investigated for
particle size, zeta potential, entrapment efficiency (%EE) and in vitro skin permeation. The results
indicated that the liposomes were spherical in structure, 77 to 100 nm in size and charged. The %EE
of MX in the vesicles ranged from 55 to 56%. The elastic liposomes consisting of
MX/PC/Chol/CPC provided a significantly higher skin permeation of MX compared to the other
formulations. Fourier Transform Infrared Spectroscopy (FT-IR) and Differential Scanning
Calorimetry (DSC) analysis indicated that the application of liposomes may disrupt the stratum
corneum lipid. Our research suggests that MX loaded elastic liposomes can be potentially used as a
transdermal drug delivery system.

Introduction

Liposomes are the lipid-based delivery system. Liposomes have been extensively evaluated as
vesicles for topical drugs because liposomes are small, spherical vesicles consisting of
phospholipids which form bilayers similar to those found in biomembranes. It is recognized that
liposomes are able to improve skin penetration enhancement of an active drug by a diversity of
mechanism, e.g. the free drug mechanism, the penetration enhancing process of the liposome
components, vesicle adsorption to and/or fusion with the stratum corneum and intact vesicle
penetration into and through the intact skin [1].1It is established that transfersomes are the first
generation of elastic liposomes which were introduced by Ceve’s group. Elastic liposomes are
prepared from phospholipids and edge activators. The edge activators are often the single chain
surfactant with a high radius of curvature which destabilizes the lipid bilayers and increases the
deformability of the bilayers of the vesicles. The edge activators are including sodium cholate,
stearylamine, Span 60, Span 80, Tween 60, and Tween 80. Transfersomes are known that can
improve skin penetration of various drugs [2, 3]. Meloxicam (MX) (Fig. 1) is a non-steroidal
anti-inflammatory drug (NSAID) used for controlling inflammation, pain and swell in rheumatic
diseases. MX is soluble in organic solvent, but practically insoluble in water [4]. Therefore, it would
beneficial to improve skin penetration of MX which has low skin permeability. In this study,
meloxicam loaded in elastic liposomes with edge activator were prepared and investigated for their
potential use in the transdermal drug delivery.
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Materials and Methods

Materials. Phosphatidylcholine (PC) from eggs was purchased from GmbH. Cholesterol (Chol) was
purchased from Carlo Erba Reagenti. Cetylpyridinium chloride (CPC) were purchased from
Sigma-Aldrich. Meloxicam (MX) was supplied from Fluka.
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Fio. 1 The chemical structure of meloxicam and the lipid compositions of the liposomes.
Preparation of meloxicam loaded vesicles. Vesicles (liposomes, elastic liposomes) containing a

controlled amount of MX, PC, Chol and CPC were formulated. The sonication method was used to
prepare different formulations; they were composed of bilayer-forming MX, PC, Chol and CPC in
Table 1. The MX, PC, Chol and CPC were each briefly dissolved in chloroform:methanol (2:1 v/v). In
preparing MX loaded vesicles, the materials were deposited in a test tube, and the solvent was
evaporated with nitrogen gas. The lipid film was placed in a desiccator for 6 h to remove the
remaining organic solvent. The dried lipid film was hydrated with Tris buffer. Following hydration,
the dispersion was sonicated in a bath for 30 min and then probe-sonicated for 2 cycles of 30 min.

Table 1. The lipid compositions of the different formulations used in study

. Composition (%W/V)
Name (molar ratio)
MX PC Chol CPC PBSpH74
Liposome: MX/PC/Chol (1:5:1) 0.07 0.77 0.07 - 100 ml

Elastice liposomes: MX/PC/CPC/Chol (1:5:1:1) 0.07 0.77 0.07 0.07 100 ml

Characterization of meloxicam loaded vesicles. The particle size and zeta potential of the
vesicles were determined by a Zetasizer Nano series. Transmission Electron Microscopy (TEM) was
used to visualize the liposomal vesicles.

Entrapment efficiency (% EE). The concentration of MX in the formulation was determined by
HPLC analysis after disruption of the vesicles with Triton™ X-100 (0.1% w/v). The vesicles/Triton"
X-100 solution was centrifuged at 10,000 rpm at 4°C for 10 min. The supernatant was filtered with a
0.45 pm nylon syringe filter. The %EE of the MX loaded in the formulation was calculated by Eq. 1.
Where Cy is the concentration of MX loaded in the formulation as described in the above methods and
C; is the initial concentration of MX added into the formulation.

% entrapment efficiency = (C/C;) x 100. (1)

In vitro skin permeation study. Shed snake skin (Naja kaouthia) was used as a membrane for the
skin permeation study. The skins were mounted between the two half-cells of a side-by-side diffusion
chamber with a 32 °C water jacket. The receptor chamber was filled with 0.1M phosphate buffer (pH
7.4) and stirred with a star-head Teflon® magnetic bar driven by a synchronous motor. At time
intervals of 0.5, 1, 2, 4, 8 and 24 h, a 0.5 mL aliquot of receptor was withdrawn, and the same volume
of fresh medium was added back into the chamber. The concentration of MX in the samples was
analyzed by HPLC using C18 column. The mobile phase was a mixture of potassium dihydrogen
phosphate pH 4.4, methanol, and acetonitrile at a ratio of 45:45:10 (v/v/v). A 100 pL injection volume
was used with a flow rate of 1.0 mL/min, and UV detector was used at the wavelength of 364 nm.

FT-IR and DSC analysis of shed snake skin. Following the skin permeation study, the skin was
washed with water, blotted dry by keeping in the desiccator for 24 h. The spectrum of the skin was
recorded in the range of 4000-500 cm™ using a FT-IR spectrophotometer. In the DSC study, the skin
sample (2 mg) was weighed into an aluminum seal pan. The samples were heated from 0 to 300 °C at
a heating rate of 10 °C /min. All DSC measurements were collected under a nitrogen atmosphere with
a flow rate of 100 mL/min.
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Results and Discussion

Physicochemical characteristics of vesicles. The particle size for the vesicles was 77 to 100 nm and
the zeta potential was negative for MX/PC/Chol and positive for MX/PC/Chol/CPC due to the net
charge of the lipid composition in the formulations (Table 2). The edge activator used, CPC, was a
cationic surfactant, therefore a positive charge in MX/PC/Chol/CPC was observed. The morphology
of the two-dimensional vesicles was further evaluated by TEM. MX loaded in liposomes was
spherical in shape (Fig. 2). The %EE of MX in the vesicles ranged from 55 to 56% which were not
significantly different (Fig. 3). These results indicated that the edge activator affected the particle size
and charge of the vesicles, but not the %EE of MX in the vesicle formulations.

Table 2. Particle size and zeta potential in various formulations

Name Particle size Zeta potential ~ Entrapment efficiency
[nm] [mV] [%o]

MX/PC/Chol 100.3£0.6 -23.5£0.2 56.38+£0.33

MX/PC/Chol/CPC 77.1£0.4 +34.5+1.6 55.77+0.61

Dl o,

Fig. 2 Visualization of MX loaded in liposomes (MX/PC/Chol) (30,000X).

In vitro skin permeation study. Fig. 3 illustrates the flux of MX suspensions (control) and MX
loaded vesicles. The cumulative amount of drug tended to increase with time after a short lag time
(0.5-0.8 h) (data not shown). The flux of drug permeated through the skin in all vesicle formulations
was significantly higher than the MX suspensions. The vesicle systems were able to improve skin
permeation of an active drug by a diversity of mechanisms [1]. Moreover, the small size in nanometer
range of the vesicles and the similar predominance to the lipid bilayer of biological membranes may
be also influence [5]. The flux of drug permeated through the skin in transfersomes was higher than in
liposomes. Because transfersomes are composed of PC and surfactants, it can squeeze through the
pores in the SC and it can also adsorb onto or fuse with the SC, and the intact transfersomes can
penetrate into and through the intact skin. Both PC and surfactant were key factors. Surfactants are
enhancers that also have the potential to solubilize the lipid within the SC by disruption and
fluidization of the SC lipid. This result suggested that the vesicle system can overcome the barrier
function of the SC by their physicochemical properties and various mechanisms.

Characterization of the skin. The FT-IR spectrum of the snake skin provided a measure of
fluidity of the SC lipid. The comparison of the spectral profile of the treated skin with MX suspension
and the vesicles formulations resulted in shifts to lower frequencies. There was an transmittance
broadening for both the C-H (CH,) asymmetric stretching peak near 2920 cm™ and the C-H (CH,)
symmetric stretching peak near 2850 cm’ (Fig. 4A) [6]. In addition, the disruption of the SC lipid by
the application of vesicles was further investigated by DSC (Fig. 4B). The SC lipid exists as a solid
gel at temperature of 230°C. When the skin was treated with vesicles, their melting point (Tm) shifted
as follows: MX/PC/Chol, 228.8 °C and MX/PC/Chol/CPC, 228.2 °C. The data suggested that the
change into lower transition temperature demonstrates an increase in the gross fluidity of the SC
lipids. These results were in accordance with skin penetration data showing that vesicles increased the
skin permeation of MX. The vesicles may be used as alternative carriers for transdermal drug delivery
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potential because they interact with solid gel phase SC lipids and thus leading to disruption and
fluidization of the SC lipid.
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Fig. 3. The flux of drug permeated through the skin of () MX suspension (control) and ()
liposomes formulation. Each value represents the mean + SD. (n=3-6)
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Fig. 4 (A) FT-IR spectra profile and (B) DSC thermogram of shed snake skin after 24 h vesicles skin
permeation. (a) MX suspension (control), (b) MX/PC/Chol and (¢) MX/PC/Chol/CPC. (B) DSC
thermogram of shed snake skin after 24 h vesicles skin permeation.

Summary

The elastic liposomes consisting of MX/PC/Chol/CPC provided a significantly higher skin
permeation of MX compared to the other formulations. The edge activator affected the particle size
and charge of the vesicles, and also enhanced the skin permeation of MX. Our research suggests that
MX loaded elastic liposomes can be potentially used as a transdermal drug delivery system.
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Cremophor RH40-PEG 400 microemulsions as transdermal
drug delivery carrier for ketoprofen

Tanasait Ngawhirunpat, Narumon Worachun, Praneet Opanasopit, Theerasak Rojanarata, and
Suwannee Panomsuk

Faculty of Pharmacy, Silpakorn University, Nakhon Pathom, Thailand

Abstract

The aim of this study was to prepare novel microemulsion for transdermal drug delivery of ketoprofen (KP). The
microemulsion composed of ketoprofen as model drug, isopropyl myristate (IPM) as oil phase, surfactant mixture
consisting of polyoxyl 40 hydrogenated castor oil (Cremophor RH40) as surfactant and polyethylene glycol 400
(PEG400) as co-surfactant at the ratio 1:1, and water were prepared. The viscosity, droplet size, pH, conductivity of
microemulsions, and skin permeation of KP through shed snake skin were evaluated. The particle size, pH, viscosity and
conductivity of microemulsions were in the range of 114-210 nm, 6.3-6.8, 124-799 cPs and 1-45 puS/cm, respectively.
The ratio of IPM, and surfactant mixture played the important role in the skin permeation of KP microemulsions. As
the amount of surfactant mixture and IPM increased, the skin permeation of KP decreased. The formulation composed
of 30% IPM, 45% surfactant mixture and 25% water showed the highest skin permeation flux. The incorporation
of terpenes in the 2.5% KP microemulsions resulted in significant enhancement in skin permeation of KP. The rank
order of enhancement ratio for skin permeation enhancement of terpenes was a-pinene > limonene > menthone.
The results suggested that the novel microemulsion system containing IPM, water, Cremophor RH40:PEG400 and

terpenes can be applied for using as a transdermal drug delivery carrier.

Keywords: Microemulsions, Ketoprofen, Terpenes, Skin permeation

Introduction

Ketoprofen (KP), a non-steroidal anti-inflammatory drug
(NSAID), has been utilized for the treatment of rheuma-
toid arthritis and related diseases. However, it has adverse
side effects including gastrointestinal irritation when
administered per oral. One promising method to reduce
its adverse effect is to deliver the drug through the skin.
KP has log partition coefficient=3.11, and aqueous solu-
bility=0.185mg/ml, therefore, its properties are appro-
priate for transdermal delivery. Various methods have
been attempted to enhance the delivery of KP through
the skin such as liposomes, incorporation of penetra-
tion enhancer, microneedles, transdermal patches, and
microemulsions.

Microemulsion is a promising tool for transdermal
drug delivery as it has favourable properties such as
easy formation, optical isotropy and thermodynami-
cally stable transparent systems. Its composition is oil,

surfactant and water. It is frequently in combination with
a co-surfactant with a droplet size usually in the range of
20-200nm. They can be classified as oil-in-water (o/w),
water-in-oil (w/0) or bicontinuous systems depending on
their structure. Researchers have been studied about the
skin permeation enhancement of drugs by microemul-
sions. Sakeena et al® reported that the skin permeation
of KP by microemulsion was higher than that of conven-
tional commercial gels of KP. Although various systems
to prepare microemulsions for transdermal drug delivery
were reported in the literature,®® the novel system for
preparation of microemulsions is still important to inves-
tigate for an effective drug delivery carrier.

The aim of this study was to prepare microemulsion
for transdermal drug delivery of KP. The formulations
composed of KP, isopropyl myristate (IPM), polyoxyl 40
hydrogenated castor oil (Cremophor RH40), polyethylene
glycol 400 (PEG400), terpenes and water were prepared.
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Their viscosity, droplet size, pH, conductivity, and skin
permeation of KP were evaluated. The effect of content
of oil (IPM), surfactant mixture (Cremophor RH40 and
PEG400), and three terpenes (limonene, a-pinene and
menthone) incorporated in microemulsions on the
physical properties of microemulsions and skin perme-
ation of KP was also investigated.

Materials and methods

Materials

Cremophor RH40 was purchased from NOF corporation
(Osaka, Japan). IPM and PEG400 were purchased from
Fluka chemie AG (Seelze, Germany). KP, indomethacin,
limonene, a-pinene and menthone were obtained from
Sigma chemical company (St. Louis, MO, USA). All other
chemical and solvent were commercially available and
analytical reagent grade. The chemical structure of KP is
illustrated in Figure 1.

Construction of pseudo-ternary phase diagram

IPM was used as the oil phase. Surfactant mixture com-
posed of Cremophor RH40 as the surfactant, and PEG400
as the co-surfactant (C). The ratio of surfactant and
co-surfactant used was 0.5:1, 1:1, 1:2 and 1:3. Pseudo-
ternary phase diagrams were constructed using water
titration method at ambient temperature. The mixture of
IPM and surfactant mixture was prepared at weight ratios
of 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2, and 9:1, respectively.
These mixtures were titrated dropwise with water under
magnetic stirring. After being equilibrated, the systems
were visually characterized. Transparent fluid systems
were characterized as microemulsion. Based on these
pseudo-ternary phase diagram, the KP-loaded micro-
emulsion formulations were selected from surfactant
mixture at the ratio of 1:1. The compositions of KP micro-
emulsion are shown in Table 1. In order to improve the
skin permeation of KP, the microemulsion formulation
resulted in the highest skin permeation was selected to

o} CH,

OH
L

Figure 1. The structure of ketoprofen.

Table 1. Composition of the microemulsion formulations.

be incorporated with three selected terpenes (limonene,
a-pinene, and menthone) at the concentration of 5%w/w,
and their skin permeation of KP were evaluated.

Evaluation of microemulsions

Centrifugation

Thermodynamic stability of the microemulsions was
evaluated by ultracentrifugation (Optima L-80, Beckman
Instruments, USA) at 40,000 rpm for 30 min at 4°C.

Conductivity measurements

The electrical conductivity of the microemulsions was
determined using conductivity meter (EC Testr 11*, USA)
at 25°C. The measurements were performed in triplicate.

Viscosity measurements

The viscosity of microemulsions was measured using
a Brookfield DV-III ULTRA rheometer (Brookfield
Engineering Laboratories, USA) fitted with a CP-52 spin-
dle. Brookfield Rheocalc operating software was used to
control the rheometer. The sample cup temperature was
controlled to 25°C by circulating water bath. The mea-
surements were performed in triplicate.

Particle size measurements

The droplet size of the microemulsion formulations
was measured using photon correlation spectroscopy
(Zetasizer Nano series, Malvern, USA). The measurement
was performed using a He-Ne laser at 633 nm with clear
disposable zeta cell. The measurements were performed
in triplicate.

Skin permeation studies

Shed snake skin of Naja kaouthia was used as a model
membrane because it was reported to be similar in
permeability with human skin.”! It was donated by the
Queen Saovabha Memorial Institute, Thai Red Cross
Society, Bangkok, Thailand. The post-shed whole skin of
these snakes was kept immediately. The shed snake was
obtained from 5-7 different snakes. Each snake skin can
be divided into 10-12 pieces. The thickness of shed snake
skins was about 0.02-0.03 mm. It was stored at —10°C
prior to use. After thawing, the skin was cut to a round
section of 1 inch? and was then immediately placed on
the diffusion cell. The skin sample was mounted between
two half-cells of Franz diffusion cell (6.0 mL volume and

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12
IPM 20 20 20 30 30 30 40 40 40 30 30 30
Cremophor 22.5 25 27.5 22.5 25 27.5 22.5 25 27.5 22.5 225 225
RH 40
PEG 400 22,5 25 27.5 22.5 25 27.5 22.5 25 27.5 22.5 225 225
Water 32.5 27.5 22.5 22.5 17.5 12.5 12.5 7.5 2.5 22.5 225 225
Ketoprofen 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Limonene - - - - - - - - - 5 - -
o-pinene - - - - - - - - - - 5 -
Menthone - - - - - - - - - - - 5
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2.31cm? effective diffusion area, MatTek Corporation,
USA) with a water jacket connected to a water bath at
32°C. The dorsal surface of skin was placed in contact
with the KP loading microemulsion formulations. The
receiver was filled with phosphate buffer pH 7.4 (PBS)
and stirred at 1,200rpm with magnetic bar. A part of
the receiver solution (1 mL) was collected at 1, 2, 4, 6, 8,
10, 12h, respectively, and the same volume of PBS was
replaced to keep the volume constant. 2.5% KP dissolved
in polyethylene glycol 400(PEG400): water at the ratio 7: 3
was used as the control vehicle. The samples were stored
at 4°C until analysis. The cumulative amount of KP was
plotted against time, and the pseudo-steady state flux
(J,between 4-12h) was determined from the slope of lin-
ear regression analysis. The intercept on the X-axis was
determined as the lag time (T, h). In order to evaluate
effect of permeation enhancer, the enhancement ratio
(ER) was determined by equation 1

Flux from formulation with enhancer
ER= — (1)
Flux from formulation without enhancer

HPLC analysis

A Perkin Elmer Series 2000 HPLC (Perkin Elmer, USA)
was used to quantify the amount of KP. Chromatographic
separation of KP was achieved using a symmetry C18
column (Water, USA, particle size=5 pm; column
dimension=4.6x 150mm) operating at 1 ml min™. The
mobile phase composed of 0.1% (v/v) phosphoric acid:
methanol (25:75, v/v) was used. Indomethacin was as an
internal standard. The injection volume was 20 pl, and
UV detector was set at 254nm, respectively. All of the
sample solutions were filtered through a polytetra fluoro-
ethylene (PTFE) filter (average pore size =0.45 um) prior
to injection. The calibration curve for KP was in the range
of 1-50 ug ml™ with the correlation coefficient of 0.999.
The intra-day and inter-day percent relative standard
deviation (%RSD) were in the range of 0.05-0.18%.

Statistical analysis

All experimental measurements were triplicately per-
formed. Result values were expressed as mean value +
standard deviation (SD). Statistical significance of differ-
ences in steady state flux was examined using analysis of
variance (ANOVA) with post hoc test.

Results and discussion

Determination of pseudo-ternary phase diagram

It has been reported IPM gave a good solubility and
relatively high skin permeation enhancement of KP.["
Cremophor RH40 and PEG 400 were used as surfactant
and co-surfactant, respectively as their high solubilizing
properties for KP.”! The increment of drug solubility by
lipid-based formulations can enhance the skin penetra-
tion. Therefore, IPM, surfactant mixture of Cremophor
RH40 and PEG400, and water were combined to develop
microemulsion formulation. Figure 2 shows the pseudo-

© 2011 Informa Healthcare USA, Inc.
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ternary phase diagrams with various weight ratios of sur-
factant mixture. The shaded area refers to the translucent
microemulsion region, whereas the outside of the region
indicates turbid regions. From Figure 2, The largest micro-
emulsion region was observed in the system composed
of surfactant mixture at the ratio of 1:1 (Figure 2b), and
these area decreased in size when the ratio of surfactant
mixture was decreased to 0.5:1 (Figure 2a) or increased
tol:2 (Figure 2c) and to 1:3 (Figure 2d). Huang et al also
reported that the isotropic region tended to narrow down
with increasing S:C ratios in the oil-poor part of pseudo-
ternary phase diagram.! All microemulsion formulations
were clearliquids. No phase separation was observed after
ultracentrifugation at 4°C. The pseudo-ternary phase dia-
gram of microemulsion at surfactant mixture at the ratio
of 1:1 were selected to be loaded with KP.

Physicochemical properties of KP-loaded
microemulsions

The physicochemical parameters of the KP-loaded
microemulsions are shown in Table 1. The droplet size of
microemulsion was in the nano-size range (114-210nm).
The pH of microemulsion was between 6.3 and 6.8.
Incorporation of KP slightly decreased the pH of the
microemulsion due to weak acid property of KP. The
viscosity of microemulsion was in the range of 124-733
cPs, and tended to increase as the amount of surfactant
mixture increased. It might be that the hydrophilic chain
of nonionic surfactant are strongly hydrated and con-
nected together with hydrogen bonds allowing strong
interaction.™” The electrical conductivity of microemul-
sion formulations was in the range of 1-45 puS/cm. The
electrical conductivity of microemulsions increased by
the increasing the amount of water. The increase in elec-
trical conductivity might be caused from the increase in
dissociation of surfactant as a function of water content.
It has been previously reported that the conductivity of
w/o microemulsions was at lower than 10 pS/cm, and the
o/w microemulsion have relatively high conductivity as
compared with w/o microemulsions (about 10-100 pS/
cm).3-4 Therefore, F3, F6, F8 and F9 could be classified
as w/o microemulsion, whereas the others were o/w
microemulsion.

Skin permeation studies

In vitro skin permeation of KP microemulsions through
shed snake skin were performed. Figure 3 represents skin
permeation profiles of KP in selected microemulsion for-
mulation (F4, F10, F11, F12). The cumulative amount of KP
in the receiver chamber increased linearly with time, and
lag time was about 3h. This linear accumulation was also
observed in other profiles for microemulsions (data not
shown). The flux of KP in the steady state calculated from
permeation profiles of KP are shown in Table 2. The flux of
the control solution was significantly lower than all micro-
emulsion formulations. Various mechanisms for skin per-
meation enhancement of permeants by microemulsions
have been proposed. Firstly, microemulsions act as drug
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A
CremophorRH40 : PEG400 ratio 1:0.5

B
Cremophor RH40 : PEG400 ratio 1:1

100 . o
olPM Wateriw = & 7 @ = « » 2 wn o IPM

Figure 2. Pseudo-ternary phase diagram of microemulsion composed of isopropyl myristate, surfactant (Cremophor RH40), co-surfactant
(PEG400) and water at various surfactant: co-surfactant ration; 1:0.5 (a), 1:1 (b), 1:2 (c), 1:3 (d). The shade area is the microemulsion region.

reservoirs where loaded drug is released from the inner
pseudophase to the outer pseudophase and finally further
into the outer. Secondly, microemulsion droplets might
breakdown on the surface of stratum corneum and then
release their content into skin. Thirdly, skin permeation
of loaded drug occurs directly from the microemulsion
droplets to the stratum corneum without microemulsion
fusion at the stratum corneum. The last mechanism has
been frequently supported by findings of other groups and
indicates that the enhancement effect of microemulsion is
caused by the nano-sized droplets dispersed in continuous
phase which can move easily into the stratum corneum
and carry the drug through the skin barrier.*?!

As the amount of IPM was fixed into 20-40% and the
amount of surfactant mixture (Cremophor RH40 and
PEG400) increased from 45% to 55% (Figure 4), the skin
permeation flux had a trend to decrease, except in F1. KP
is a practically water insoluble drug but very soluble in
the surfactant mixture.!”’ The thermodynamic activity of
the drug in the microemulsion at the lower concentration
of surfactant mixture was a significant driving force for
the skin permeation of the drug. Therefore, the increase
in content of surfactant mixture in microemulsion might
decrease the skin permeation of drug./"'%

IPM significantly affected the skin permeation flux of
microemulsion formulations. As the content of surfactant
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Figure 3. The permeation profile of ketoprofen from ketoprofen
microemulsions (¢ )F4, (=) F12, (s) F10, and (e) F11 through shed
snake skin. Each point represents the mean + SD of three to five
experiments.

mixture was fixed to 40-55% and the content of IPM
increased from 20% to 40%, the skin permeation flux
significantly decreased, except in F1. IPM enhances skin
permeation by acting as a fluidizer of intercellular lipids,
and affects the lipid-rich phase in the stratum corneum,
thereby reducing its barrier function.'” However, the
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higher content of IPM resulted in the higher solubility of
KP. The thermodynamic activity of KP in microemulsion
at the higher content of IPM was lower than that at the
lower content. Therefore, the driving force for the skin
permeation of KP of microemulsion at the higher concen-
tration of IPM was lower than the lower content of IPM.
The highest skin permeation of KP was observed in the
formulation F4 (30% IPM, 45% surfactant mixture and 25%
water). These results suggested a suitable composition for
formulation of microemulsion with high skin permeation
enhancement. F4 was also selected to study the effect of
drugloading and effect of terpenes in microemulsion.
Compared between conductivity and the flux of KP
at the same content of IPM and/or surfactant mixture, it

2.0

Flux (pglem’Th)
>

40

% Iy

Figure 4. The effect of amount of surfactant mixture and isopropyl
myristate on the flux of ketoprofen through shed snake skin from
ketoprofen microemulsions. Each point represents the mean + SD
of three to five experiments.
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is observed that the flux of w/o microemulsion was sig-
nificantly lower than o/w microemulsion. Podlogar et al'"
reported that the o/w microemulsions provided higher
membrane fluxes of diclofenac diethylamine and KP than
the w/o microemulsions. According to the permeation
of drug-loaded microemulsion droplets attributed to the
permeation enhancement effect, the oil droplets of the
o/w type might permeate into the epidermis easier than
the water droplets of the w/o type at the same surfactant
concentration owing to the lipophilic nature of the stra-
tum corneum. The oil can enter the hydrophobic tail of the
stratum corneum bilayer, perturb it by creating separate
domains, and induce highly permeable pathways in the
stratum corneum. In addition, a hydrophobic drug is pref-
erentially encapsulated in the oil droplet and the highly
drug-loaded droplets favor partitioning into the epidermis,
resulting in the higher flux.l® Moreover, it might be that the
stronger interaction between microemulsion components
in w/o microemulsion led to slower KP released from the
formulation and permeated through the skin.!

The percutaneous penetration flux of KP increased
with the addition of terpene (a-pinene, limonene, men-
thone) in the microemulsion (Figure 3, Table 2). The
presence of terpene enhancers (F10-F12) produced a
1.3- to 2.0-fold flux increase over the formulation without
any terpene (F4). The possible mechanism of terpenes in
skin disruption may be due to the lipid fluidizing activity
of terpenes." It has been reported that terpenes extract
lipids from stratum corneum resulting in disorder of lipid
domains."®' The flux was increased with terpenes incor-
porated in the formulation. The ER could be ranged in the
following order: F11,a-pinene (ER=2.1)> F10, limonene
(ER=1.6)> F12, menthone (ER=1.3). Our results were
consistent with Bilek et al® that the ER of a-pinene for
KP in ethanolic solution was higher than limonene. The
differences in permeation enhancement ratio of various
terpenes may be attributed to the presence of different ter-
penes with variable molecular weight and boiling points.
The higher enhancement of a-pinene and limonene may

Table 2. Characteristics and permeation parameter of KP microemulsion formulations.

Formulations Particle size (nm) pH Conductivity (uS/cm) Viscosity (cPs) Flux (ug/cm?/h)  Lagtime (h)
2.5% KP in 70% - - - - 0.062+0.005 1.51+0.22
PEG400:30% water

F1 114.73+3.79 6.76+0.01 45.12+0.02 799.31+0.95 1.28+0.02* 2.85+0.11
F2 206.13+9.62 6.71+£0.02 33.10+0.01 592.25+1.66 1.02+0.08* 2.95+0.12
F3 207.47+17.46 6.55+0.02 9.83+0.01 261.05+2.53 0.57+0.06* 3.24+0.14
F4 186.40+5.62 6.35+0.02 35.50+0.02 722.02+8.16 1.73+£0.10% 3.09+£0.17
F5 152.27+11.50 6.47+0.01 23.30+0.01 511.48+3.31 0.98+0.05* 2.95+0.12
F6 143.68+3.41 6.2910.01 7.50+£0.02 201.11+1.66 0.44+0.03* 3.21+0.12
F7 123.40+3.75 6.7710.02 13.20+£0.01 460.74+0.95 1.01£0.02* 3.05+0.15
F8 193.33+12.76 6.70+£0.01 3.25+0.01 223.72+1.66 0.78+0.06* 3.32+0.17
F9 176.40+5.62 6.55+0.02 1.02+0.01 124.02+8.16 0.31+0.02* 3.33+0.21
F10 210.03+16.56 6.58+0.01 24.11+0.06 663.33+2.52 2.78+0.06%** 2.88+0.21
F11 198.30+26.97 6.53+0.00 25.12+0.06 666.24+7.21 3.48+0.06%** 2.66+0.27
F12 186.80+16.61 6.44+0.01 25.65+0.06 628.30+5.96 2.28+0.06%** 2.89+0.13

*P<0.05 compared with 2.5% KP in 2.5% KP in 70% PEG400:30% water.

*¥P<0.05 compared with F4.

© 2011 Informa Healthcare USA, Inc.
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be attributed to their low boiling point and molecular
weight. The low boiling points of terpenes indicate the
weak cohesiveness or self-association of the molecules?!,
and therefore they may more easily associate or interact
with lipid components of stratum corneum and alter the
barrier property. Moreover, our results were consistent
with previous reports of Narishetty and Panchagnula®?
thatforhydrophobicdrugssuch asindomethacin thelipo-
philic terpenes such as limonene, terpinene were found
to be most effective, whereas for hydrophilic compounds
such as 5-fluorouracil and propanolol hydrochloride, the
hydrophilic terpenes containing functional moieties with
hydrogen bonding ability such as menthone are effective
in enhancing skin transport.

The ratio of surfactant mixture and IPM had no effect
on lag time of the microemulsion formulations, however,
addition of terpenes in the microemulsion formulation
slightly decrease the lag time (Table 2). The results were
in agreement with previous report of Maghraby™®! that the
lag time of hydrocortisone was not significantly different in
microemulsion formulations. The lag time is a permeation
parameter depending mainly on the diffusivity of drug
through the skin. However, it does not depend directly on
the drugrelease. Considering this with no significant differ-
ence between the lag time values obtained after application
of different formulations will further indicate that the skin
permeation of drug did not depend on drug release.

Conclusion

The KP transdermal patched using acrylic matrix terpenes
and water has been successfully prepared. The ratio of
surfactant mixture played an important role on loading
capacity, physicochemical properties and skin permeation
of KP. The incorporation of terpene in the microemulsion
significantly increased the skin permeation of KP. The high-
est skin permeation flux was found in the microemulsion
consisting of 30% IPM, 45% surfactant, 25% water, and 5%
a-pinene. The results suggested that the novel microemul-
sion system composed of IPM, Cremophor RH40:PEG400,
terpenes and water can be applied for using as an effective
transdermal drug delivery carrier.
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