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Abstract

AHARTE, £EHERRKONDTEILEZMTHEI VRV —LOREBETH (> TBHIET, F0D
B (DFE, Bk, AEY) CELELEAORE REEOREERERELORRZ
BV, BREYIXES AT L ( Transdermal drug delivery system, TDDS ) OB ZBHEL TV
o NEER, UVEBEBEEEEIIT 7 NEREZETS VIO IILET I R(GIcCen)ZAWVTURY
—LZERL, TORAICNAARIN—OEBILETS CETEYOKBUYE L WAEYE
OHAZTV, REZHMICHULAEOHEZH &,

F£T. GlcCere UVIEEZRAWV T, RMELNBOINMD JRY —LZERL 1= ( GlcCerlipo[+] ) » RIC
AFAUESETHBIERNY R BT RETEMED VELF M (PCHI) 28/
L. GlcCerLipo[+]&MEICFEE{L L = ( GlcCerLipo[+]-PCHI ) o J7RY —L ( Lipo[+] ) £ LB L
TGlcCerlLipo[+] & GIcCerLipo[+]-PCHIT (&, BRBEAMLID A bA 2/, £, GlcCerlip
o[+]-PCHIE, pHICIUTE—REBNUNFENRL., PTI/EEVVBREICHRTZEEZRLEZ, p
HEK 2> TH7 I OREREEFAH IS T, RUN—BILT AU HEAF A HOYEE
ThENHATRENTEL, TSI, pHERLEBD LT, REZRABFIBD N TEL
o T, URVY—LRAINAARIR—EXTOHBREEENTSHET, RUN—OERE
PRECHE>TYEZREESERIENTEL,

RIZ. DMSO & KMIREBMIZGlcCerLipo[+]-PCHIZ S B E B /=& 25, Lipo[+]G KB E ODMS
OKBBHTHIZEL I=. —7. GlcCerLipo[+]-PCHIlE. 90voI%DMSOKARHP TELRHEZMHIFL
. MAFMOELEARShiz, TZT, DMSOICEN L IHBMERZRMLIZECS, A7t
LREEBEREY, BVREMETRLE, COB, BRFPICLBOREEERZRML THRKSZE K
BRELBET, BREHHES BRI ENTE L,

REDELSIC, REYPEILCHITZRIN—BOBRNUZRHTIZ T, WEOHALRRE, &
SIERBRHCE > THRIMZRTIDETHEHERIH I B EN TE L,

In this study, we prepared biobased nanocapsules by the polymer deposition over the ceramide-
containing liposomes to render abilities to load and release versatile substances to aim for
transdermal drug delivery.

First, we prepared a liposome composed of glucosylceramide (GlcCer) and phospholipids having a
hydrodynamic diameter of approximately 80 nm. Next, phosphorylated chitosan (PCHI) was
synthesized by reaction of chitosan (CHI), with phosphorus pentoxide. By depositing PCHI onto
GlcCerLipo[+], an amphoteric capsule (GlcCerLipo[+]-PCHI) was obtained. The structural stability
of GlcCerLipo[+] and GlcCerLipo[+]-PCHI was found to be improved compared to Lipo[+]. Anionic
and cationic substances could be incorporated by adjusting the charge of GlcCerLipo[+]-PCHI to
be positive and negative, respectively. Their release was tuned by controlling the pH value. Next,
lysozyme, which is an enzyme that can degrade CHI, was deposited onto GlcCerLipo[+]-PCHI to
obtain a capsule (GlcCerLipo[+]-PCHI-Lyso) with the enzymatic degradability. It was found that the
number of fragments of degraded PCHI was significantly increased at the optimal condition for
Lyso, and that the release of cargos was triggered by the enzymatic degradation. Next, we
evaluated the structural stability of GlcCerLipo[+]-PCHI in the mixture of water and DMSO by
measuring the change in turbidity and Dh of capsules. It is noteworthy that GlcCerLipo[+]-PCHI
maintained its size even in 90vol% DMSO solution whereas Lipo[+] showed a significantly low
solvent resistance. These results suggest that the inclusion of ceramide in the lipid membrane and
the formation of PCHI layer could allow for the improved structural stability and high organic
solvent resistance. In fact, we could load a lipophilic dye into GlcCerLipo[+]-PCHI in the DMSO
aqueous solution (50vol%) without rupturing. Next, the dye could be released from
GlcCerLipo[+]-PCHI by adding a small amount of a surfactant. We expect that the obtained
liposome-based nanocapsules will be applied for a transdermal delivery of various drugs/actives.
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1. HREREBEOHE

KBTI, EEREREOH T ELEZMTHZ VRV —LDORBETHA VT BIET. 2FORY (2FE. B

BRKME, FEM) KCELELEINORE - REEONSERBEEZEHORREZHN., BREYWEES AT A
(Transdermal drug delivery system, TDDS) DRAFEZBEL TW3, xFEIF. VVEBEEEHICT 7 MURBEE
B2Vt 5 3 R(GlcCenzAWTYRY —LEFRL, ZOREICNAFR)T—DEELETI>IZET

fE 42 DKBMEYME SHBAEMEDORAZITV., BIBEZLICIH CeREOHIEE A7,

F9. GlcCer& ) VEEBEARAWT, FEHKN80 nmDYRY —LEEE L (GlcCerlipo[+]) » JRIZ. AFF itk
SRETHDIF N UE) VLT S THEMEDY VBB{EF MY (PCHI) &M L. GlcCerlipo[+]DXRMEICFERE
{t L 7= (GlcCerLipo[+]-PCHI) , Y /KRY—LA (Lipo[+]) & H# L TGIcCerlipo[+] & GleCerlipo[+]-PCHITIZ, &
MENMLETZZENbh o7, F7. GlcCerlLipo[+]-PCHIIZ, pHIZIHLTE—9 EuALELL, FI/EEY Y
FAEICHETZ2mMEER L, pHICE > THTBILOEEREEARH T2 T, RYT—BICTZA U HEEHTF
FUMEOMEEETNTNHATEZIENTE L, THIC, pHEEILSEZ 2 E T, REEASHT DI &N TE L,
Fre, YRV —LREICNAFR) T - ZDONRBREBBL TSI LT, R)T—DBRIBICH > THEER
HIEBZENTEL,

RICZ. DMSO & KDRERMRICGlcCerLipo[+]-PCHIZAREIE €7 & T 5. Lipo[+]IFERE DDMSOKAKR A THIIE
L7z, —7. GlcCerLipo[+]-PCHIiZ. 90vol%DMSOKBRH CHRRAZMIFL. MAFEORLELARONE, 22
T. DMSOISEAN LIHAMBRERMLIZE IS, A T7EIVEREET. SVREEER L, OB, BRPIC
DEOREEMRZRML CTHRKBEHRIEZILT. BREBRBEIEDZEHTEL,
UEDELS I, HRMEICHT 2RI T—BOHMMEEAMT 22T, MEOHALFRRE. SOIKRERHICEL S
THRMMEZRGHTHIE TREEZFIEHT DI ENTER,

2. ARAMREBEOBE (RR)
In this study, we prepared biobased nanocapsules by the polymer deposition over the ceramide-containing
liposomes to render abilities to load and release versatile substances to aim for transdermal drug delivery.
First, we prepared a liposome composed of glucosylceramide (GlcCer) and phospholipids having a
hydrodynamic diameter of approximately 80 nm. Next, phosphorylated chitosan (PCHI) was synthesized by
reaction of chitosan (CHI), with phosphorus pentoxide. By depositing PCHI onto GlcCerLipo[+], an amphoteric
capsule (GlcCerLipo[+]-PCHI) was obtained. The structural stability of GlcCerLipo[+] and GlcCerLipo[+]-PCHI
was found to be improved compared to Lipo[+]. Anionic and cationic substances could be incorporated by
adjusting the charge of GlcCerLipo[+]-PCHI to be positive and negative, respectively. Their release was tuned
by controlling the pH value. Next, lysozyme, which is an enzyme that can degrade CHI, was deposited onto
GlcCerLipo[+]-PCHI to obtain a capsule (GlcCerLipo[+]-PCHI-Lyso) with the enzymatic degradability. It was
found that the number of fragments of degraded PCHI was significantly increased at the optimal condition for
Lyso, and that the release of cargos was triggered by the enzymatic degradation. Next, we evaluated the
structural stability of GlcCerLipo[+]-PCHI in the mixture of water and DMSO by measuring the change in
turbidity and Dh of capsules. It is noteworthy that GlcCerLipo[+]-PCHI maintained its size even in 90vol%
DMSO solution whereas Lipo[+] showed a significantly low solvent resistance. These results suggest that the
inclusion of ceramide in the lipid membrane and the formation of PCHI layer could allow for the improved
structural stability and high organic solvent resistance. In fact, we could load a lipophilic dye into
GlcCerLipo[+]-PCHI in the DMSO aqueous solution (50vol%) without rupturing. Next, the dye could be released
from GlcCerLipo[+]-PCHI by adding a small amount of a surfactant. We expect that the obtained liposome-
based nanocapsules will be applied for a transdermal delivery of various drugs/actives.
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