Proc. Hoshi Univ. No.52, 2010

gobobbodoooooobbogood

U 0

U 0

gboboo obooobogoo

Development of transdermal delivery system of drugs and

analysis of lipid lamellar structure in stratum corneum

Yasuko OBATA

Department of Pharmaceutics

gooo

0000000000000 16«0 0000000
0000000000000000000000000
00 0000000000000 0000000000
000 00000000D00000000000000
00000000 00000000000000000
00000000000D00000000000000
0000000000000000000000000
00000000000D00000000000000
00000000 0000000000 0000000
00 00000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000 0000000000000000
0000000000000000000000000
000000 0000000000000000000
00000000000 D00000000000000
0000000000 000000000000000
0000000 (Quality of life; QOL) OO0 D000
0000 000000000000000000000
0000000000 0000000000000 10
OpmOD000O000D000O000O000O00000
0000000000000000 0 000000
0000000000000000000000000
0000000000000000000000000
0oooooC

000000000000 D000000000000
0000000000000000000000000
00000000000D00000000000000
0000000000000000000000000
0000000000000 000000000000
0000000000000000000000000

gobooboooboboboboobbooboobobg
gbobooooobobobobobobooooog
goboobogooboobooboboobooboo
goboooooooooooo b pobobboooboog
goboobooobuooboobooobooboo
gboob poboooobooboboboboooooog
00000DO0D0DoooOoooooooo (Figl)
gboboooooobooboboboboboooooog
gobooboooboboboboobbooboobobg
gbobooooobooboooboboboooooog
gobooboooboobooobbooboobog
gboboooooobooboobobobobooobooog
goboobooobuooboobooobooboo
gboboooooooboboboboboooooog
00000000000000000000000020
gbobooobooboobobobobobooooog
goboobtooobooboobbooboobbo
gooboooooooboboboooboooooog
goboobooobooboobbooboobobo
gbooooooboboo

Fig.l O000OO0OOOOOOODO

—9—



Proc. Hoshi Univ. No.52, 2010

1. 0000b00bo0oobooon

pgbooboooboobooboobooooboooboooboobOobo
goobobobooooooboooobooboobooboo
gbobobobooobooobooobooboboboobooo
goobobobobooooobooboobobobooboo
gbobobobooobooobooobooboboboobooo
goboboboboboooooobooboobobooboo
gbobobobooboooobooobooboboboo oo
goobobobooooooooobooobobooboo
00000000® 0000000000000 oo
00000000000000000000®1 000
0000000000000000O00OO0O0oOoO® O
goobobobooooooooobooobobooboo
00 0000000000000000O0O000OO0
000000000000000® 00o0oO00ooooao
gbooboboooooboobooboobobobooboo
goobobobooooooboooobobobooboo
000000000® 00D 0000ooooooooon
000 (ooooo) opopoooooogooooooo
000000 000000000000 ooooo
gbobooobobooooboooboooboooboooo
gboboboooooobooboobobobooboo
gbobooobobooooboooboooboooboooo

gboobooooooobooboboboobooobogon
gooboboboboobooboobuoboboboooo
gbobobobooobooboooboobobobooboo
0000 0o0oo0oooooo FrickOODOOODOO
goobobobooob oo obob boo oo
gbobooobobooooboooboooboooboooo
gboboboboboooboobooobooboboboobooo
goobobobooooooboooobobobooboo
gboobobobooobooboooboobobobooboo
gobobobobooooooooboooo

2. 000000000000 00DDO

gbobooooooobobobobo boo oo
gooboboboooooooboboobobooboo
gbobobobooooboobooboobobobooboo
goobobobooooooboooobobobooboo
goboooboooooobooobooboboobooooao
goobobobooob iboboobob o oboo
gbooobooobooobooooobooboboboooo o
0000o0oo™® 0000000000 o0000oooon
gbobobobooobooboooboobobobooboo
goobobooooodobD obobooboooboo
gbobobobobooboobooobooboboboobooo
gb iboboboooobooobooooboboboboo

gooOooDOoOoOoOoOoOoUOOOOOOUOOOOOOOO
oo ooob bo
gdoooOoOoOoOoOoOoOoOoOoOoOoOoOoOoobDOoOoOoOoo
oo uoboo
gooOoOoOoOoOoOoOoOoUoOoOoDOOUOOOOODOOO
oo Xooboobobobo
gdoooOoOoOoOoOoOoOoOoOoOoOobDOoOOoOOoOoOoOo
JdddoooogoogoobobobobobbDb 10
%wO0O0O00O0O0O0O00Oo0o0ooooOo Xgoooo
oo oooooob
gdoooOoOoOoOoOoOoOoOoOoOoOoOoOoOobOOoOoOoOoo
goooiooboobbooobooubboooboboo
OO0 Xooooooooo
g oubo
O0o000oooopooooooooooooon (Fig.
N0 OooDODDoOOoooooooooDoOooooooo
OOooooo (Fig200 ICL)ODODOOOODODOOO
oo oo b
000000000000000000000000*0
oo ooooooooboo
000000o0O0o0ooooooooooooooooon
Fig30O0O0DODOoODOoOOoOOoOooooODO e6nmO0O000O
13nm 00000000000 0004 (Orthorhombic)
0000000 (Hexagona) 0O O OOOOoOooOd
00000000O0® 000000000 ooooao
00000 oODO0DoOdoOOoDOOooooDo l-oopoogoodg
0000000000 0oDooOU0ooooOoO Xooo
oo oo oooooboo
0000 0000000000000 oooO®oI-o0
00000o00oDooooOoooOoD FigddODOOOoDOOd
000000000000 00000000 S=2.4nm*
O000000 sS=27/7am*000000000000

'ﬁ} Y LA R

Fig2 O0O000O0OOOOO (UO 1600000)
(HCE (Horny cell envelop)D O OOO0OOO C (Corneoc
yte)J OO 0O00 ICL(Intercellular lamellae) D 0 OO0 00O
ooo)

—10—



SASHE FELME
EEMSAS  (396nm) firss  (WOo42nmx2. #0.37nmx1 )
BEBESAS GNM3nm AN #HO42nmx3)

888888

Short lamellae

Orthorhombic

Long lamellae

Hexagonal

Fig.3 O00O0O0O0OOOOO

F I-Menthol 0.5%

Menthol 2%

Intensity (arbitrary units)

1 2 3 4
S(nm™)

Fig4d 00000000 OO0O0O0O0DOOOOO00 XOO000
oooooooo

U0 RweO4OO0OODOO0OOOOODOOOOODOO
goooo |-ooobooboooboboooboooo
(Figh)l 0000 OODO0OO0ODOooDOooDOooooOo
gol-oobooobOoOooOooooooooboooooo
googooobobooooobboboooobboooo
(Fig6)l OOOOoDO0O 1-oOoooDobobobooooboo
ggoooobooboobbooboobboobo
000000000000 000000000000
ggoogooboooboobbooboobbooobo
O0oooooo™®
gobodbboobuoobbooboobboon
gboboboooooboobooboobobobooboo
ggoooobooboobbooboobboobo
gboboboboooboobooobooboboobooooo
ggoooobooboobbooboobobooo g

Proc. Hoshi Univ. No.52, 2010

8h
8
r 1 *k
N - 1 *x
6 [ %%
o
S L
o 4
2 -
Control 0 0.5 2

Concentration of
Fmenthol

in 40% ethanol

Figh5 O000OO0O0OOOOOOOOOOOOOODODOO

goboobooobooboobbooboobobo
gooboooobobbbooooooboobobboo
00 00000000000000000000000
gbobooooooobobobobobooobooog
gooboobooobooboobboboboobod
goboooobooobooobobooobboooobobooo
goboobooobooboobboobooboo
gbobooooooobooboboboboooooog
goboobooobooboobbooboobobo
gboboooobooobobobobobooooog
goboobooobooboobbooboobobo
gboboooooooboboboboboooooog
goooobooobooboobboobooboo
gboboooooobooboboboboboooooog
000000000 d-0000® 0oooooooo
gbobooooobobobobobobooooog
000000000 ((Fig7)o OODOoOooooooog
gbobooooooboboboboboooooobog
goboobooobooboobbooboobobo

(a) (b)
8 FMenthol 0.5% | & FMenthol 2%
r Y Eid
e
6 6 —*
l—*
g 4 4
2 2
"0 05 4 8 ° o 0.5 4 8

Application time (h) Application time (h)

Fig6 000000000 OO0O0OOOOOOOOOOOO
oooooo



Proc. Hoshi Univ. No.52, 2010

_—
[:1]

—
E
(=]

20000 -

10000 -

Intensity (arb. units)

0.0 0.1 0.2 0.3 0.4i
s (nm)

—_
(=
—

4000

3000

2000

Intensity (arb. units)

1000 L L L 1 -
2.0 22 24 26 28 3.00

S (nm)

Fig7 0000000000000 00((XOoooo
o0o0O00o0ooo

oooooooooooooooooOooooon d-o
ooooooooooooooooooooooooo
oooooooooOooooOooooOoooooobooo
oooooooOoOoOoOooOooDooooooooooo
ooboooooooooooooooooooooon
d-00000o0000o0ooooooooooooo oo
oooooooooOooOooOooOooOoooooooo
oooooooooooooooooooDoboooooo
oooooooooOooOooOooOooOoooooooo
ooofooooOooOoooooooooooooooo
0¥l 00000b000do0Doooooooon
ool-ooooooooooooooooOOOOcOoon
ooo0ooooood0o0o0oooooocoooooao
ooo
ooooooooooOoOoOoOoOoOoOobooDObobobooo
O000000000 Xooooooooooooo
oooooooooooOooOooOooOoooooooo
ooooooooooooooooooooooboo oo
oooooooooOooOooOooOooOoooooooo
oooooooOooooOoooooooooooooo
oooooooooooOooOooOooOoooooooo
ooooooooooooooooooooooooo
oooooooooOooOooOooOooOooooooboon
ooooooooooooooooooooDooooo
oobooooooOoooooooOoooooboOoogn

Solid in OIlD00OO0O0O0O0ODODDOOOOOOOO
0000000000000000000 000 Oild
0000000000000000000000000
0000000000000000000000000
000® 0000 0000000000000000
ooooo

000000 000000000000000000
0000000000000000000000000
000 000000000000000000000
(FT-IR(ATR)) 0000 0000000000000
0000000000000000000000000
00000000000 00000000000000
0000000000000000000000000
(Figs.8,9)»0 0000000 10000000000
000 0000000000000000000000
00000000000000000000000000
0000000000000000000000000
0000000000000000000000000
O0000000000000000 0000 FT-IR
(ATR) 000000000000000000000
00000000000000 00000000000
0000000000000000000000000
0000000000000000000000000
00 SNOOODODOOOOOOO0O0O0OO000 0000
00oooo

2850
Wavenumber (ern"l

Fig8 0000000000 CH.OOOOOOOOO

() 2926 (B) 2885
iL é%@ 2854
- 2924 ‘ -
13 & P S 285 ‘6
gaoaf 0O & L X
§ ‘ o 5 2852 6 06
§ 20| ® & H ]
2 2 2se e O
2919“6 oo 2850 L@ OO
f ® o
2916 2349?0——'—'—'
30 50 %0 120 30 60 ) 120

Temperature (°C) Temperature (°C)

Fig9 0000000000 CHOOOMOD OO@MBOoO
goo0oOo0ooooooooDo
(o ; Control, e ; 10 I-Menthol)



3. 0000oooooooooobooooo

goooooooooOoOoOoOooooooooooo
oooooooooOooOooOooOooOooooooon
ooooooooooOoooooooDoooooooo
oooooooooOooOooOooOooOoooooooo
oooooooOooooooooDoooooooooo
oooooooooOooOooooOooOooooooon
ooooooooooooooooDooooooooo
ooo0ooooo0o0oooo0oooooooooonoon
ooooooooooooooooooooooooo
oooooooooOooOooOooOooOoooooooo
oooooooooooooooooDoooooooo
ooboooooooooooooooooooooon
0000000000000 0o0ooOOoooO®1 000
oooooobooOooOooOooOooOooOooooooon
oooooooOoooooooooooooooooo
oooooooooOooOooooOooOooooooon
oooooooOoOoOoOoOoOoooooDoooooooo
oooooooooOooOooOooOooOoooooooo
oooooooOoOoOoooooDooooooooooo
oooooooooOooOooOooOooOoooooooo
oooooooOooooooooooooooooo o
of0oooooooOooOooOooOoooobooooon
00000®0 0000000000000 OOooOoon
oooooooooOooOooOooOooOooooboooboon
oooooooOoOooooOooooooooooooo
oooooooooOooOooOooOooOooooboooboon
ooooooooooooOooooooooooooo
oooooooooOooOooOooOooOooooooon
ooooooooooooooooooooooo oo
oooooooooOooOooOoooooooobooboon
oooooooOoooOooooooooooooooo
oooooooooOooOooOooOooOooooooon
ooooooooooooDooooooooooooo
oooooooooooOooOooooOooOooooon
ooo0oooooO0o0oooOOo0ooOoOoOoOooooOOoon
oooooooooooOooooOooOoooooooo
oooooooooDoOoOoOooOooooooooooo
oooooooooooOooooOooOoooooooo
oooooooOoooooooooooooooooo
ooo0ooooo0o0ooooOoooooooooonoon
oooooooOooooDoOOoOoOoooooooooo o
oooooooooOooOooOooOooooooooboon
oooooooOooooooooooooooooo o
ooooooooooboooOoooooooooon 2
oooooooOoooOooooooooooooooo
oooooooooOooOooOooOooOooooooon

Proc. Hoshi Univ. No.52, 2010

oooooo?o
4. D00O00O0O0OOobOOobOOoDbOo

oooooooooooooooooooooood
goooooooooobOoOOOOOOOOOOOo
oboooooooOoOoOoOoOoOOOOOOOOOOo
ocoooooooOooOoOoOoOoOOOOOOOOOOo
ooo0ooooooooooooooooooooonn
gooooooooooooooOoOoobooOoOooOoOoooo
ooooooooobOoOOOOOOOOOOOOOO
ocoooooooooOooOooOoOoOooboOooooooon
ocoooooooooOoOoOoOOOOOOOOOOOO
ogoooooooOooOoOoOoOoOOOOOOOOOOo
ooooooooooOoOoOOOOOOOOOOOOO
ocooooooooooobOoOOOOOOOOOOo
obooooooooOoOoOoOOOOOOOOOOOO
ogbooooooooooooooOoOoOoOboDOOOOOoo
ooooooooooOoOoOoOOOOOOOOODOO
ooooooOoooOoooOooooOoboOoOooooooso
DI]I:I®)I:I[I ooooooooooooooooon o
gooooooooooooooOoOoobooOoOooOoOoooo
00 FigloOOOOOO I-OOOOOOOOBOOOO
000000000 00o0ooooo®o

200 *
150
100 |

50

Fluxof PCPZ ( pg/cm?/h)

0.0 0.50 1.0 2.0 5.0
FMenthol ( % )
Fig.1l0 O0O000DO0OO0OOO00ODOOOOOO1-00oood
oooooo
gooo

oooooooooooooooooooooooo
ooooooooooooOobOOOOOOOOOOO
ogoooooooOooOoOoOoOoOOOOOOOOOOo
ooooooooooOoOoOoOOOOODOOOOOO
gooooooooooooooOoOoobooOoOooOoOoooo
ocoooooooooOoOoOoOOOOOOOOOOOO
goooooooobOoOoOoOoOoOObOOoOboOooboooo
ooooooooooobOOOOOOOOOOOOO
ocoooooooooOooOoOoOoOoOoOOoODOOoOoo
ooo0ooooooooooooooooooooonn



Proc. Hoshi Univ. No.52, 2010

gbobobobooobooobooobooboboboobooo
gooboboboboooooobooboobobooboo
gbobobobooobooobooobooboboboobooo
goobobobooooooboooobooboboobooo
gboboboooboooboobooobooboboobooooo
gooboboboooooooobooboooboooboo
gboboboboooboooboooboobooboboboo
gooobobooobooboobooLbooogooo
gbooboboobobooboobobobobooooo
goobobobooooooooobooobobooboo

gbooboooooooobobobobooboogonDo
gooboooogo

ao

goboobooobooobo 21000000000
gbooboooooobobobuoooobooogog
gboboooooooboboboboooboobogoo o
gboobooooooboboboboobooogog
000000&000000000000000000
goobooooo

Ooooao

1) Elias, P.M., Interaction among stratum corneum defensive function, J. Invest. Dermatol., 125, 183-200(2005).

2) Wertz, P.W., The nature of the epidermal barrier: biochemical aspects, Adv.Drug Deliv. Rev., 18, 283-294 (1996).

3) Okamoto, H., Yamashita, F., Saito, K., Hashida, M., Analysis of drug penetration through the skin by the two-Layer
skin mode, Pharm. Res., 11, 931-937 (1989).

4) Hirvonen, J., Kalia, Y. N., Guy, R. H., Transdermal delivery of peptides by lontophoresis. Nat. Biotechnol., 14, 1710-
1713 (1996).

5) Burnette, R. R., Ongpipattanakul, B., Characterization of the permselective properties of excised human skin during
lontophoresis. J. Pharm. Sci., 76, 765-773 (1987).

6) Prausnitz, M. R., Bose, V. G., Langer, R., Weaver, J. C., Electroporation of mammalian skin: A mechanism to en-
hance transdermal drug delivery. Proc. Natl. Acad. Sci. USA, 90, 10504-10508 (1993).

7) Mitragotri, S. and Kost, J., Low-frequency sonophoresis: a noninvasive method of drug delivery and diagnostics.
Biotechnol. Prog., 16, 488-492 (2000).

8) Bellhouse, B.J., Kendall, M.A.F., "Modified releases drug delivery technology", eds. by Rathbone M.J., Hadgraft, J.,
Roberts, M.S., Marcel Dekker, Inc., New York, pp. 607-617 (2003).

9) Rautio, J., Nevalainen, T., Taipale, H., Vepsalainen, J., Gynther, J., Pedersen, T., Jarvinen, T., Synthesis and in
vitro evaluation of aminoacyloxyalkyl esters of 2-(6-methoxy-2-naphthyl) propionic acid as novel naproxen prodrugs
for dermal drug delivery. Pharm. Res., 16, 1172- 1178 (1999).

10) Barry, B.W., Mode of action of penetration enhancers in human skin. J. Conr. Rel., 6, 85-97 (1987).

11) de Queiros, W.P., de Sousa Neto, D., Alonso, A., Dynamics and partitioning of spin-labeled stearate into the lipid do-
main of sttrsatum corneum, J.Contr.Rel., 106, 374-385 (2005)

12) Wertz, P. W., Swartzendruber, D.C., Madison, K.C., Downing, D.T., Composition and morphology of epidermal cyst
lipids, J. Invest. Derm., 89, 419-425 (1987).

13) Bouwstra, J.A., Gooris, G.S., van der Spel, J.A., Lanvrisen, S., Bras, W., The lipid and protein structure of mouse
stratum corneum: a wide and small angle diffraction study, Biochim. Biophys. Acta., 1212, 183-192 (1994).

14) Obata, Y., Hatta, I., Ohta, N., Kunizawa, N., Yagi, N., Takayama, K., Combined effects of ethanol and I-menthol on
hairless rat stratum corneum investigated by synchrotron X-ray diffraction, J. Contr. Rel., 115, 275-279 (2006).
15) Obata, Y., Maruyama, Y., Takayama, K., Mode of promoting activity of O-ethylmenthol as a transdermal absorption

enhancer, Pharm. Res., 23, 392-400 (2006).

16) Hatta, I., Ohta, N., Inoue, K., Yagi, N., Coexistence of two domains in intercellular lipid matrix of stratum corneum.
Biochim. Biophys. Acta., 1758, 1830-1836 (2006).

17) Hatta, I., Nakazawa, H., Obata, Y., Ohta, N., Inoue, K., Yagi, N., Nobel method to observe subtle strcture modula-
tion of stratum corneum on applying chemical agents, Chem. Pys. Lipids, 163, 381-389 (2010).

18) Kikuchi, K., Takayama, K., Nagai, T., Effect of d-limonene on the amounts of ethanol and indomethacin in pene-
trated from aqueous gel ointment to rat skin, Chem. Pharm. Bull., 40, 13108-3109 (1992).

19) 000000 20100 50 250

20) Tahara, Y., Honda, S., Kamiya, N., Piao, H., Hirata, A., Hayakawa, E., Fujii, T., Goto, M., A solid-in-oil
nanodispersion for transcutaneous protein delivery, J. Contr. Rel., 131, 14-18 (2008).

21) Obata, Y., Utsumi, S., Watanabe, H., Suda, M., Tokudome, Y., Otsuka, M., Takayama, K., Infrared spectroscopic
study of lipid interaction in stratum corneum treated with transdermal absorption enhancers, Int. J. Pharm., 389,
18-23 (2010).

22) Watanabe, H., Obata, Y., Ishida, K., Takayama, K., Effect of I-menthol on the thermotropic behavior of ceramide
2/cholesterol mixtures as a model for the intercellular lipids in stratum corneum, Colloids and Surfaces B:
Biointerfaces 73, 116-121 (2009).

23) Watanabe, H., Obata, Y., Onuki, Y., Ishida, K., Takayama, K., Novel preparation of intercellular lipid models of the
stratum corneum containing stereoactive ceramide, Chem. Pharm. Bull., 58, 312-317 (2010).

— 14—



Proc. Hoshi Univ. No.52, 2010

24) Obata, Y., Takahashi, S., Ishida, K., Takayama, K., Evaluation of the structure and barrier function of a skin care
formulation containing optically active ceramide 2 and cholesterol, Asian Journal of Pharmaceutical Sciences, 4, 292-
299 (2009).

25) Obata, Y., Otake, Y., Takayama, K., Feasibility of transdermal delivery of prochlorperazine, Biol. Pharm. Bull., 33,
1454-1457 (2010).

Development of transdermal delivery system of drugs and analysis of lipid lamellar structure in stratum corneum
Yasuko Obata

Department of Pharmaceutics

Transdermal drug delivery system has many advantages compared with conventional administration methods such
as injection or oral administration. However, barrier function of lamellar structure of intercellular lipids in stratum
corneum prevents invasion of foreign material. Thus, it is thought to be difficult to deliver sufficient drug for treatment
of disease by systemic circulation via skin in normal state. To overcome barrier function of stratum corneum, co-
administration of transdermal absorption enhancer such as I-menthol is considered to be a promising strategy. The mode
of action of transdermal absorption enhancers has been investigated as increase in partition of drugs to skin surface and
also increase in diffusivity of drugs in skin. But, the effect of those compounds on lipid lamellar structure in stratum
corneum has not been clarified yet. The synchrotron X-ray diffraction was used as a tool to determine the microstructure
of stratum corneum. As a results, it was clarified that I-menthol affected directly to hexagonal packing to derive liquid
crystal phase. The analysis of microstructure of stratum corneum might have potential to development of effective topi-
cal, cosmetic and transdermal formulation.
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