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CA Calcein

cr Chloride lon

CLSM Confocal Laser Scanning Microscope
DDS Drug Delivery System

D,0 Deuterium Oxide

EtOH Ethanol

FD-4 Fluorescein Isothiocyanate-dextran 4 kDa
FL Fluorescein

HPLC High-performance Liquid Chromatography
ISDN Isosorbide Dinitrate

ISMN Isosorbide Mononitrate

LC Lidocaine

Na* Sodium lon

PBS pH 7.4 Phosphate Buffered Saline

HFP Hair Follicle Plugging

HFP agent Mixture of Silicone Grease, Cyanoacrylate Adhesive and Nile Red
TLC Thin-Layer Chromatography

TTS Transdermal Therapeutic System

YMP Yucatan Micropig
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AASRTT (AR 1%, BEEGLOMERSLHBE ZRGET 27200, FEES 41
RICESSEFLOBRBREEETH L, TORELITH L, WD THRENA S
NT-OIXHAR 19 4F (PHJEF 1886 4F) 6 A 25 HICEADIED Y, LI, B0
FOESI - T, MARICKIED i ST E 7o, BIETIHEHEHAKIE R /RN
17 PRk 23 47 3 J] 24 HAAR) Shv, WARRIAERNICKIESN TN D, 2

DYIEDT FITIE, ITFEOR 4 IR /FIFTE & B R OM A & 8 2 72 JF O R IR
BANRD YD . BAGRROBRHEI RO OGN TSI ENBEFoNE, 20Xk

WEIND, FI B EREIE SNDICE > TWD, FRCAMVE AL, $1+
HLIEARE T 5 & 9 Db OAIEAFHICIGEE S TR Y . JARRAIOH
THROBBERDENSTHA TH D, Tk, AAHFEOHE L gk IO
HENDORRPAML L TE 2 e ENERICH D,

SRFIIE, B EICE T 2B ORGSO S L2, SMVHETEALL Sk
HHEAL, A7 V—FI BRI 7 U —2F FARL M & Vo 72 g
FEL, S DI/ E LTHOMHER., V=X Ml m—a Al ST
T NHl R T AT V=R T=TH Ny TRIBFEL TN D

SRR RG BT DRIE, FIB. FEH, AlG, ME, BEEZREDRAIC
KT HFRBITK LT, A2 R FICE M L CEIA & RS L < IRRFEE T
DORFRICEFE L, BFTRIBREET -0 b0 Th D, KL Tlx. 2FEH
WA LTERRBRIE b AAET D, AABJHBOER T < | M8 7R & 27
EHZ L7z b Ol L WA STz s vbiud 2, SIEOKHEED G & T
FEH L &R B DABHEIT, AR & AR L VY SLoTWD, A
By &1L, BRI O T2 D ERN CAEBES 2 R TWEDO Z & T, IBEO B
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http://ja.wikipedia.org/wiki/%E8%96%AC%E4%BA%8B%E6%B3%95

FIZIE C TV T b D, —J7, BRIRSITAITE 2RO LWETH Y | ki
RIEENFET D, BIAIE, RALKER, v v, B2 7V, &iklE
Wik, kT =2 — L 7p EOMPER R, KZ2IlX Lo, A&k T v — Zf
TN A= NI EDKMERRS R DD, IR, FEiEMEAL &= e,
DIKEAN, BRALBGIEAL, &)@ A BHERAL pHARETA, B2 S BIRmAIE LT
FlA S b, ZauboHicix, ®BAID S OF B ORISR B 2k o %
WG 2 WEZRHE T OERMZATL2506H 0 EYxrEL 27 4 (Drug
Delivery System, DDS) %t —ti & LT, XU ZhRAMREETL OB OO

L

Rz BRI T TV D,

R R I AL BUE) (Transdermal Therapeutic System, TTS) #f%2i%, Z DX 57
DDS #fZED—>& L THALEM T b D, BEZ I L7 ok 513, FFelEhE
WENRDZ2VIENT S FY) O FeHE L0 1 R O il & 5 IS o
RN HPRIN TE D7 8 BAKRGITH R THEERADR L, L LR 6,
BBIEAR, KD ORYORAZHT 5720 TR RN E DRSO
A EPIET 27200 E & LTRERANY 7L A L TEY ., FEMITH L
THEBM TRV, BEIT TR E B DR S L, B2 FAikicke< . £
TeREOEINETAETEDNL TS, REDONY THEEO FIRITZ OMfET
B I TR KR e F L EWE O KSR FH L HIRT 5, JEX

BT sy e 7T e =Y BEECHT 57 v =0 D PlEIC R
H=ha Uk IR, VA RO Ty o = — BRI % B
VARF I DD L D7, RHEREZMH LR EZEAT S TTS bHKES
NTWDLD, 2o OFEMINEEENSESFETHY , BHETHL Z &
O, fAEAZZH LT <, FIERBA LT WREZF > Tnd, LaL, TTS
PRI T, e BB I EWEY R, LT L b AlEZERE LT WHE



EELTWDDIT TRV, 2085 23 OB OBEITIL, BRI
REARISEH S D,

T8 VARHE AN 1, 7 /0 = — VB 89 gl 10D e lme = = 7 )L HE 121
T ) em Y R ORISR 1), Azone HH 07 & K
RHEERHLN, H<POOEHEFRELBET DL, &b I HOLN DM
L LTx=#Z /7 —L (EtOH) D, TA T IPF =T = X =)LRy FIZ
EtOH D% R IR B & R L CRI%E Sz TTS o EHITH 5 22, )8

JAE T EtOH DRI DWW TIE, Bifie, M INEE o piEh i o, Mok e
FADIEY DY IAHEOHEK, KFAKFREOZ L, AE S D M FLREEE ~

DR I FF B T BEOEER OREES 2 LY PO rofRE L
THY ORI AMEE SN D EZEZ BN TS, £, EtOH KR I-2 2 |k
—/L L DIRERORBEBIREN R b BE SN TS 72, 2ok Hic,
DOREFEE TITAE DN TEREROFRDEZERRELE LTS TE R, 2
S EOH IZRH DAFFEDIE & A E1d, #¥ & EtOH Z [FlifEH L7258 124 5
NDBRIZOWTHE L TS, T72bb, WEtE LTHET 2 EtOH 20 H D
DR L EtOH 1T LV LT T2 B OEAICIES ROV 43 1T 38 L
WHR A FHM LTV 5, EtOH DifRk Bz WA 1200 S 4 31 oD Bz Jidi st 1 ~CRFAm 3
L%re. FW L EtOH ZRIRFEM 9% & R —iR T OFY OB FHITE & D
254k 0%, EtOH L EMOIENEL S D e BlmbnTND, D0,
EtOH |2 X W B A2 2 1o B DEAITE S R & EDOWREIR A 71 = X AT
DOWTIIBH LI STV o T2,

Z 2 CAGRICTIX, EtOH THIMLER U722 &% T, AL E O F %R 5
B M OVEE T O U St X R IEIHT SRR 217\ EtOH A3 A L 72 2381 b

HiFim A & BN U 7RIS AL DO BRIZ OV T ORI A T = X L D fiRH]



Z B Lo, AGRSCH 1R Tl flix B o B 2 M 4 Al L8 EtOH JREE 2

IZHEE L, EtOH ALPR L LG O S e Zs it & DOBIEIZ DWW TR L7, 56 2
Tl LFWHE OB BN 2 MRS 2 5EZ IS L, ZEREIZ
FET2AE & BEOENENDOMNZ & Db WE OFEEMEIC XIET EtOH
OB 270l L=, 25 3 Cld. BUEESEUED b B %2 I 2185+
AF U DOWNDIERZEFD Z LI2L V| EtOH AL U 72 B RS O KRR O REIC
DOWTHER Lo, RZRICHE 4R TR, Bt X BEFERZITV. ARET ok
FPREEIZ K IE T EtOH LB DFEEEZ DN T, EDIRE Z &2 L~ TREf L
Too TOXIITAKRFHILTIE, Brx 2 7iEZE W, BE~? EtOH M D8 %
Z AN B OFEMICAHFZE LT,

EtOH |38 BERIRHE RN SR LIS & . BEEAMEW B Ot BA TR &0
R R DA, AR OBGIEAL O AR, i ETHRIANE R L i S
ELODEHLE LTOMELH D | ERM 2T T < EEEA AR IS
BWTHLZIEIZHZ 5 HITHEH STV D, £ 6P D EtOH & A =135
—kB U PRS2 FTHY | HEAETEICIBW TR 23R D EtOH 732
FHCHER T DR N B D, I KT D EtOH OERZH LT 5 Z L iE, &
WIS AR50 EtOH &8 A OB, 2 O EtOH & BAI D L 47 I b ik
MAT&2%, ZOXo2, KFROBEIEZERT D Z LI2L - T, EtOH & A fAl
OFFAMEZ @D D7D DEAIRFERICEBE T 52 ENTEDLLEZX TN D,



% 1w
ML REDOTS ) — VTR LI RED
LR E R O L >

EtOH 2 &A1 24N RANCIE, v—a VAl ZFAAlL U =22 bR ERN
MHNTND, ZHBARAAITOEDIL, AEEES LITREMNBHEE %
RCEEEE L, AR T D, —KIC, RIEMRIRE R &R 7= o pz
FEEIIT. FAEEERE LD bHEMEEY Y Tl LS icm< b, £
E TTIRSCBRE L VS RENBRERERENOEMLETEE N TS 2O

i

ThdEEADLNTWD, L, REMEEHE DR L TORERITLEE
KD 0.1%FETH Y P AWK T HZDOFGITMATEH 20D, f
JE 3 TR BRIFR BRI 70 D & ST & T,

FBITEBALIC L > THEARD H OO K20 BOAEMIEN LK Y SL->TEY
FNENOFERRROR Z MR IEE Ao T\ 5 ¥, ZomEiieiks LT,
NRIAME CERME AR O AL FPWHE OB E %225 L IR 258E 7223
THEEFED, HYORLZFRIZEB N TITAE DO/ TRED R S EE /2R &
LTRSS TRy, BEMEFEEOOLESE LT, BRABRIEER TH S
EtOH "Z S T& 7z,

BZJEZ JIE T EtOH Ok & LT, IBE oAt NTREREMMEDH R, NEE 1~
DIWEIFE DR B ARFREDZE L, ML ~DEE, roF o2
IR ORENE, RIEEGIZ R EREE Sh T D B0, 2 b ORI EtOH
HR-CHEY RS AR ICR DN b DO TH LD, ZNHLOHEEANEDL DI
{EZEE O e GBI IREEIZ B - T A 2%, EtOH O, bbbz o



RESCHEM TIEIZ LD BpoTn g RS D, EEE. AMHERE LR
THICIT B s— » RSt/ S—k > D EtOH 28 8 L1- 0413 % & 171
LTWD, L Lad o AL WE O B g2 K IE 3 hk % 72 R 2 O EtOH 44
BOEBIZOWT, AT D MR E UM T—AICHHM L 72 @& 13722
VY, RO M2 B LT EtOH S R sh DBHFEIZIX. £ D & O e SLHEG
FHERD,

Z 2 CARR T, R G ISR~ IR O EtOH /KIAHKR 2 BTV A L, {LZFHE D
g EEE~DRBELZRETHZ &L Lz, Al 2@ IR+ 52 LT, &
HIHF T EtOH O i b2 RSP IR G VR E 2 RN T D 2 E 3 RE L 72 5,
BT NVEIEIIE T 2RI U T, iUk, 7 F 6 CoZiE s Ot
M%< B0 LB DT X R G ERIERC T & R ORI RIS W T
EREFIZEE L TV D Z R HE SN TV A TH S ¥, =7 1LEW
(X, LogKow &3 FEZZRL T, #H/K (D0), 1Y V/IE Rl ATV
(ISMN) ., A ¥ YL ¥ R g 27 /L (ISDN), Z/tEA 2 F FY A (CA)

EORXTNF LB AT HTHE— =T FA KT (FD-4) ZEIRLT-,



B1HE RBRITIE

1. EBRE

EtOH. D20 (TAEHiHE T3kt (RBk. AAR) 22BRA LI b D2 v
7zo ISMN., CA [FHU LA TS (A, AA) NOEALZb D%
W7z, ISDN (T EERERASM (S8, BA) Koftsnzboz vz,
FD-4 /% Sigma-Aldrich Co., Ltd. (St. Louis, MO, US.A) XVWEALZH DA H
Wiz, ZOfMOFREE N CEEHIT TR OFHE S L <I1d HPLC o & 0 2 ke
(ZHWz, Table 1 IZET /LA OMBYLFRI ST A —Z ZRT,

Table 1 Physicochemical properties of model compounds

Model compounds M.W. Log Kow?
Deuterium oxide (D,0) 20 —
Isosorbide-5-mononitrate  (ISMN) 191 -0.151%)
Isosorbide dinitrate (ISDN) 236 1.22%
Calcein sodium (CA) 668 -3.5%)
FITC-Dextran 4 kDa (FD-4) 33004400 -0.773%9

a) Logarithm of octanol/pH 7.4 PBS partition coefficient at 37°C

2. FEREW

aN B~ r7aI=T% (YMP) OEHMEELHART v—/L A « U S—ff
Atk CGER. AAR) om0 A L, AL YMP EJEIL5%E
BRBHAA E T-80°C THRE SNz, T TOEBRITIRI K LB B E 2HE > T

1T-77,



3. BEORHE

HBURAED YMP H R 2 i TR L 7o, £ Dk, REKLOEK BBz
% —= h—2 (Acculan® 3Ti Dermatome : B.Braun, Tuttlingen. Germany) | CE
BT E K OB Tl e OB REN & B LT, 7. REKOER EEHOE

X 12mmil2 b L O IR E LT,

4. Invitro FZEZRERRE

i H# O YMP 2 (full-thickness skin & 72 1 stripped skin) % 5 2hif it i £ 3.14
cm® OFEFRLECE LV (Fig. 1) 1IC3E8 L, L o—3—fll (EEM) ([2pH 7.4 U~
FefE e (PBS) 18.0 mL %M L7-, YMP stripped skin izt w5 —7® (=F
VRS, B BAR) CHAREMZ RIS 28 EE 50 B0 KL, ARE A5
EIZHY FRWZ G & Uiz, E Dk, 0%, 20%, 40%, 60%. 80%. 100% (viv)
(ZAHEd U7z EtOH /KR z R —M (REM) (2 1.5 mL M L, 12 Befi] DRl
BAAToTz, ALPREIC R R ZREOKT 3 R L, Ly — A —Fik%E 2
B L7 PBS (D0 O EHEs) & L <X PBS (ISMN, ISDN, CA, FD-4
DB FEERE) & ARz 7=, RIZ.55.2 mM @ D,0,700 mM ISMN, 4.0 mM ISDN,
1.0mMCA, 1.0mMFD-4 Z R —MliZi@EM L7z, 7»36s. FxbFEWED NI —
FHRIE PBS ISR L CREE L 72, MERYEE L NIE 32°C 1Tk, AX —TF—TC
HFR U7, & sEiRIE 8 ] (ISDN). 12 B#fH (DO, ISMN), 30 KrfE] (CA
FD-4) 20 L7z, REEFAICERAAIE /L35 500 uL D L 3 — =gk & 7
YT LT, EREERDTEOICH L 2 5AR L7 PBS & L < 1X PBS #[Al&
RLT,

10



o =5
Compartment

Skin membrane ———VF——>

Receiver

compartment .— Water jacket (32°C)

Magnetic stirrer bar

Synchronous motor

Fig. 1 Experimental set-up for in vitro skin permeation study using vertical-typed

diffusion cell

5. ExLFEMWEOEERE

D,0 DRI IL, W 7Vl BE (18,000xg, 5min, 4°C) L7=t&. o1
7= EiE% CaF, /L0 OEBSE - 0.025 mm, MK : 30 mmx4t) (V—x %A x>
AEAS, B, BA) ICAIL, 77— U B HRN G IEOEER (IRAffinity-1 ;
RS S ERERT, 58, BA) 2T O-D fifEiEEsRE (2512 cm™) %
HIE L TRD=,

CA KN FD-4 OREEIL, o7 n%m050HE (18,000xg, 5 min, 4°C) L7=
BRI DN BiEE ., BORIEEEEE (RF5300PC ; MRUASHEEHRUERT) %
WTHIE L TR 7o, HIE S, bk &A% 488 nm (CA) S OF 490 nm (FD-4)
HHHE R 515 0m (CA) K 1UV520nm (FD-4) Th o7,

ISMN & O ISDN D2 1X HPLC (Prominence ; BEASAEEERUERT) 2 W
THIE L TRz, ISMN O EZHEFEERD L2 —/3—H% 7)1 200 uL (2 A Z
J—VERIBREMZ, [FHED ISDN O 7L 200 L (2 NEEHEYE 2350 L
TR (Lpg/imL4-& Ra U ZRERT TV AKX ) —)V) ZRIEENMZ. £

NZENZHEHE - w0508 (18,000xg, 5 min, 4°C) L7-, B biiz Eigd 20 uL

11



% HPLC [ZHEA L CTOMTZ1T o7, HPLC > AT ATAR 7 (LC-20AS ; #iiSA
I ERUERT) . 77 & (Unison UK-C18 3 um, 4.6x75 mm; A > % 7 FERE4E,
AR, HA), A—hA T =7 % — (SIL-20A ; B SHEEBHERUER) . UV K&
H#F (SPD-M20A ; #EE S ERT) . T 27 4 (LC solution ; BN
FEEHERUERT) 2 e, ISMN OE &R O BB IZITE MK, HPLC H7 & k
=hUn (9:1) %. ISDN O &R OBENHICITEMAK HPLC HT & =k
Uv (3:2) ZAv, #iElE 1.0 mL/min, UV EEIX220 nm & L7z, 728, &

T AT —T L 40°C IZRE LT,
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W2H HiR

1. KREZERNTA—Z0OHEMH

KRIEHZRFER NGB, BT LAY O R EEEE -7 7 7
A NS, S EERE P (permeability coefficient, cm/s) Z%HiH L 7=,

AT L > TRR DB OO, 20 BOARMIREN G720 | JEHRITK
20um TH D5, AEIIERINE LD 1 A LETOlERIZER LT\ 2o, HEiakE
DEHZ Lum LET D &, EEIEE (Pges) 135 1x10%cm/s & 72 %, L=
ST MNP E BT DT DI Pges LEDO P BB L7205, ZD L H T,

PIIEM DR ERE I OEIR L 725,

WL Fick DO VIEANZHEW, B () T4 C oY o ARLIZ K
oS THLHL - BT 5, EBROKRGIIZEECTH L5, TROAEZTZRK - HX
TNV TREMENZ &6 < DL FEWE O R FEBEFEFRIZIB T, BHEx 1
JERE & AE L CRENT S5 2 &3 CT& B, In vitro B2 S ERR CIE, IEHUC R
% B D DS RN 6k LT LT 2 0T, BE T o YR Fick
D 2 EHITHIT SN D, 22T, RP—RENS—EIRZL, Ly— 13—
THEIC I FMEPAL L T D ERGE L, Fick O 2 IR0 AL &, B
REHEREYS 72 0 O RS EEE Q (moliem?) 13X (1) DXk HICEEHT Z LN TE
%40,

D-K-C ?) 2K-C,-L&(-1) D-n’. 7’
= - — |- v exp| - — 7t
Q L ( GDJ e Zl: n’ p( E )

XD D, K, Co. KWL 1, E0EH., HEWE DG 7 HPIEHBEREK
(diffusion coefficient. cm?/s) . BORENY T S EFN SRS (partition

13



coefficient) . M (mol/lL) . XOVEJENY 7T OER (cm) 277, &5
12, 2 (1) ARt Oy Uy AR Y 72 0 o JZ S B dQ/dt (mol/cm?/s)
RTLEX 2) OLHITRD,

dQ D-K-C, D-n’*.z (2)
i {1 22( —1)" exp( — t)}

dQ/dt 28 —E L 72 D EFRIETIX, X (2) OHLE 2 He Bl T,
X (3) IZflilgLTE 2,

dQ D-K-C,
gt L

=P-C, (= flux) (3)

P, EFIREROEY ORI ERIEEE (flux) ZEHWEIRE TR 2L

WZEEMHL, X @) TRIND,
D-K D
P— ——(K-L (4)
L |_2( )

ZZT, BN T OEREFET LITELARWERET S L, DIL iEiEES
Z A —%# (diffusion parameter, 1/s). K-L |Z43fl/XT A —% (partition parameter,
cm) L LTRTZENTED, LI, FonlcEYER T v~ 7 4L (Fig. 2)
/175 time-lag method % VN CTHABGEERERFH Tiag (h) 2R L7z, 7238, Tiagl
X (D) IZo0Tt BHDICRENVFHTHELNIERKICQ=0%2ATSHZ
itk X (B5) LLTHRIND,

14



BONE TS DI ZHI L, &5 (4) ITEATSHZ L TK-L 25
L7z,

S o
S
S 3
S&<
o 3 &
E2L
c C =

o
q)-l—'
=28 E
EE
> O
O <«

Lag time
Time, t (h)

Fig. 2 Typical skin permeation profile
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B3I MR

1. D,0 ® YMP KEZRIZKIET EtOH RiLE D5

£, D0 @ YMP full-thickness skin #1412 & 1E 7" EtOH RiiLER D 2R Z S
WTERER L7, KR D EtOH /KA CRTLEE L 7= & % VT, DO D&%
IR AT 572, Fig. 312 D,0 @ 12 RIIZH 5 YMP B¢ d% 0 &2 I F Rl
B EtOH B JE D84 /R4, RILELD EtOH JEE I 59, D,0 O YMP i JE
BREICITIFEAEENAONR D 5T, DF Y EtOH FIALERILZE DR IR
o3, KOREZGREIZIZIFEAEEE LW ERbhoTz,

w
o

N
ol

[EEN
o

o
(S

Cumulative amount of D,0O permeated
(mmol/cm?)
¢ ! =N ¢
(6] o
——
—
—

0 20 40 60 80 100
EtOH concentration (% (v/v))
Fig. 3 Effect of different concentrations of EtOH pretreatment on the cumulative

amounts of D,O permeated through YMP skin over 12 h

Each point represents the mean + S.D. (n=3-4).
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2. FD-4 ® YMP B ZERIZKIE T EtOH RiLE D E
fHEWT, FD-4 ® YMP &%t (full-thickness and stripped skin) (2 &1 EtOH
ATALER D B8 (2 >\ CRfi4E L 72, FD-4 @ YMP full-thickness & YMP stripped skin
W A2 Z 24 Fig. 4 1279, FD-4 @ YMP full-thickness skin @il &1, K
I EtOH ORI TR L7 b 00, ik EtOH ORTLELTI3Te L A L
726 0% F V) 1T/K BB T ORI & 100%-> F U |% EtOH Bl T ORI D
30 FEfE]IZ B % FD-4 ¢ YMP full-thickness skin i & 4 LLig 3% & | EtOH HLET
JLBR L 72354013, AKEBRTREE L7256 O 20 730 1 OFiE & L) DAL/ mn
ST, ZOBBNEIGD E DM/ EOH MEM T2 Z L TRlE R Z ST 5
DT, stripped skin (I TRIERICEHEAZ LT L 2 A, ZREDZE
3K 255D 1 ETHEE -T2, 725, EtOH BT full-thickness skin &4 L 72
WIERD FD-4 OB EICRE <HEM L7z, L7zai-> T, EtOH 13/ &I /EH
T5HZET, KEMEORE G TEACEYOREGE R ZZ(LIED Z L nbio
7o
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a) Full-thickness skin b) Stripped skin
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Fig. 4 Pretreatment effect of different concentrations on the time course of cumulative
amount of FD-4 that permeated through full-thickness YMP skin (a) and stripped YMP
skin (b)

Symbols: water (e), 20% EtOH (o), 40% EtOH (o), 60% EtOH (<>), 80% EtOH (A),
100% EtOH (x)

Each point represents the mean + S.D. (n=4-7).
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3. M4 {LEWD YMP REZBHAEITKXIET EtOH BiILE DRE

Z 2 CRIT YMP BEZE M M AE AR EtOH IR E DB % . 70 8721
TR REEL B 57 WbAEY (D0, ISMN, ISDN, CA, FD-4) Tl
e L7z, ASHTALER EtOH IR EE 1Tt 2L E O [ G iR ¥ A Table 2 12, /K
RLERIEE OO R S B ImAR s & D% Fig. 512, IS EBRE DX & D% % Fig. 6
R T, KIEHELE Y TH D ISMN, CA, FD-4 O % iREk L, KR E EtOH
DORTALEETHIR L7z, L L, BiTALEE EtOH R AY 60% % #8 % 5 & il Zz &1k
BV O R EZEBREOTRA LTz, F8IZ, 100% EtOH TORIALEERED CA <° FD-4
D J JE B BIR BT AL D Z U R TEHE LB Lz, —FH., WiEwmE <
&5 D0 RNREMEL S DOFRIETH 5 ISDN O R BRI 33 % EtOH il
WMEL DR BIT/NE < | EtOH BEDEWIZ X 52N HALEWY O R iR D 2
XIFEAEHR LN oT, ISMN & ISDN O5 1 BIX RIS 230 5T,

&R EI T %5 EtOH FijALEL D 22\ DWW CIT R B 2@ 2 R LTz,

Table 2 Permeability coefficient of model drugs that obtained from their skin permeation

profiles

EtOH concentration
(% (VIV))

0 20 40 60 80 100

Poso (CM/s) X106 1.46 + 050 1.67 =019 178+ 030 149 +032 152+ 045 1.46 + 0.70
Pun (CM/s) X107 146 +0.36 2.70 + 0.35 344 +0.88 261+ 034 192+ 093 097 + 0.62
Pon (CM/s) X106 277 +0.05 332 +0.69 299 +042 265+ 077 258+ 1.06 257+ 0.82
Pea(cm/s) X108 4.99 + 110 11.6 +4.26 882+ 174 387 =006 267 +120 029+ 0.07
Peps (CM/s) X109 7.97 +2.99 139 +7.03 131+ 851 7.68+=340 292+250 073+ 0.66

Each value represents the mean = S.D. (n=3-7).
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a) ISMN, CA, FD-4 b) D,O, ISDN

Normalized permeability coefficient

0 20 40 60 80 100 0 20 40 60 80 100

EtOH concentration (% (v/v)) EtOH concentration (% (v/v))
Fig. 5 Pretreatment effect of different concentrations of EtOH pretreatment on the
normalized permeability coefficient of model compounds. The normalized data were
calculated by dividing the value of permeability coefficients with EtOH treatments by
those for 0% EtOH.

Symbols: D,0 (o), ISMN (o), ISDN (), CA (A), FD-4 (x)

Each point represents the mean + S.D. (n=3-7).
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Fig. 6 EtOH-concentration profile of logarithm of skin permeability coefficients of model
compounds
Symbols: DO (o), ISMN (o), ISDN (), CA (A), FD-4 (x)

Each point represents the mean + S.D. (n=3-7).
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KA AW O 1 535 AR A I T ATALER EtOH R I L » TAfb L7, EtOH AL
PRI X 2 KL B D B8 IR DO A D ER Z i~ 2 72, Fil 7 w7
7 ANWVINOILH N T A—F KOG R T A—F 2 ZNENHEH LI, Thb o
RIA—=BITTHALLYRDTZ, FD-4 & ISDN O L fFERIZI 1T 5 43l <
T A—Z R OYEH/ N T A —Z 2 RIETRIALE EtOH IR E DB % Fig. 7 177,
HKIHREFDILE T A —F K OGENNT A= DENENEZ T hr—L b L,
% EtOH IR 2 2N END /T A—=Z TR LTz, FD-4 DILE/ ST A
— XX EOH BEICL O TIHE—ETHo7e b DD FE/NT A —H [T 40%E T
7 EtOH ALBE-CTEEN L. 60%LL D EtOH JREE CIdfRk ~ 12 L7, EtOH JRJE
EEL T A —Z DEARICE T 2 ZET, Fig. 5 T/ L7z EtOH 2% & &% iE
REBOBRICE T 258 & L EITW e, —J7, AT EtOH IRE1C X - TR E
RIS Z & A LD B 720372 ISDN Tl JEBNT A — & ROV ST A
— XX EOH BEIC L 6T HiICiZEF—ETh -7,
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a) FD-4 b) ISDN
4 ¢ 4 r
g s 3
IS
S
s
- 2t .. 2
E | é e 1.4
§ <>-"‘-——-‘-——-‘:";,__i“_-. 1() .................................. g ........... o RO 6
O I I I R o 0 I I I I I
0 20 40 60 80 100 0 20 40 60 80 100
EtOH concentration (% (v/v)) EtOH concentration (% (v/v))

Fig. 7 Pretreatment effect of different concentrations of EtOH pretreatment on the
normalized diffusion and partition parameter of FD-4 and ISDN. The normalized data
were calculated by dividing the value of diffusion and partition parameter with EtOH
treatments by those for 0% EtOH.

Symbols: diffusion parameter (@), partition parameter (o)

Each point represents the mean + S.D. (n=4-7).
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FAH BE

KRBT 2B FEFRICH N ZFDOIEZIT 1.2mm IZRE L TEY . —fiKHY
REZMFERTHNONORE Y BIELN D D, \LFWED T 2 B %1
X, AEEIC L o T T B LB SR TRY 9 BEMBOREL L BT flux
DOMPBIE SN D DT —~ b — LRI ERTLEZ T Y M52 & RERK
b Tng ¥ TR LOERICEZFBROIZL X 28T 5101, 4 —
~ b= A TOKREMERICEFETOTE LT THEZ Ty M52 ENEFEL
< AT TR 2 E D IZ3%E L=, FD-4 @ full-thickness skin }% " stripped
skin BIEFEF DN S, ZORMICB T HL ARG RNFIEEMETH Y .
Z1EE UTRE L THITT 2 2 LI W EB 2 bz,

EtOH /KIEHRIZ L DAL, KEEHILEH TH L ISMN, CA, FD-4 DRJE
TR A 2L S 7=, FD-4 O full-thickness skin & O stripped skin 7518258 7>
B, EtOH /KIFIKIZ K 2 RiTALER I I A g o O KEMEAL G ) OB % I |2 S8
HEFEZONT, ZILHKEMHALEY O JEE BRI O AL, IEBST A —
G LR T A — 2 Do BRI S . BE DB EDZAITER T S Z LA
TRENTD, FOEDOREIZOWTIZH S TIZ 7w,

EtOH O JFLIITI I £ S ERWE DK FEZEMICHEL RIET 2 LRmbn
T 5, ARIREE EtOH [3/ 8 T O FE O UREIE 2 KRB IT/EH L TR &
WHH, EEE TIAEERMHEER ST 720 % & 512 100%OHE TIIAEE
B EALRRE SOl K &S & L D, o R fEFEEE B SED L
Pivd, Hatta 1% EtOH ZAEICEH L7z, RITEMEENELS D721 TR
SHABEMIATDY 7 r T F o ORENTENICHBEE S, Mk iEE
EtOH 7 — ARSI D Z EvD ., EtOH (XBIKMEYE 738 2 Rl ie i 2 1F
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HEMELTND M, 51T, EOH XA E R - BEDO K VX ED
EMESIER T L, SEIOKEHALE YO R EFEmMEDZA LD
Rix, 2 b D EOH DIFAPEAERICHAE DIV | Fl X, A7 ZEHRIC
BIFAZERE (FiEL— NEFER) OLEFO XS RBERRENTEL, 1
DAREMACE Y DEE~DEMEDO L E L TBIE SN b D EE X BND,

—J7. KOEIEL L THWZ D0 RIFHEMHLAEWOIEIE L L THW = ISDN
@ full-thickness skin 37518 &2 %9 % EtOH RIALEE D 2T EtOH I E I D0 b B
FTIEEAERLNR D -T2, T, EtOH BIALELDS KLCASIAMEA L & D IL B
MOGEPEIIRIF LA ERE LN L 2R L TWD,

IKYEMEAL AW D K Bz K IF 3 EtOH 3 ] o0 78 BE L L2 D4y F
BOWBLEZ DVNEND L E LIV, ZOREIE, FD4 TR RE <,
DO TIXFE A LRGN, ZOHEB & LT, KEMELEY OB MIRIRIZIL
RESDVERDEBOBREPFMEL, TOFEENEHLLTNDLZERNEZDL

o KT DR FENIEHEMEIE, R E SORKE TR TH D 7w, F§IZ EtOH
B ZNE L CTHlTE A EEDLR, LorL, FD-4X° CA DX 9D R KRERGT
T, £ KRV TOR T T )¢, EtOH 132 OEELEE(LEE 5

EEBEZ BT, MOKEMALEME K TRRDZEH 2R LIERIOBE & LT,
FEBREFOFENRH D0 LV, FHF—IRIEET /b EW % PBS IR
LTHRL, Ly —"—RIZIEPBS # VTS, DO DA, KOBRE L
LTI R TR Vo= R—ERTIEE A EED LR, PBS BREIREN
THREIZMOMEM ORI L 2D, ZhEDZ EBERTDINEND D)
H LR,
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HEHN IE

AR TIX, F—~ F— AT THIBEL 727 # B 2 AV C, Fli 2 JREEOD EtOH T
RUER U 72 B DA P E B D Hi 24T o 7, £ OFER, EtOH 13/ B I 1EH
L. KEVEAL G O R EHE R AL S, OB T EPRE VLS
WTHECTHDLZ ENRHLMNE ot £, IKIREE EtOH O B ALPRITAKEENE
IbEYO K EHERREE LR ST 00, ERE IR LATREZRD S
DT LNbnol, EOEMIE, KEVALE Y O A IE~0 5Bk D 2 A 2R
RO TND T ERRENTED, FUL, KEATAEL TV L EEDOZELIE
ALTAELEb D EEZ LN,

— 5 BREMEAL B O K G HE R EtOH 13T & A B L e o 7=, LLED
FEFIX, KEMALEME BRI &5 K 5 RRESEES A OB A H 721
WEMRDIZAD,
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5 2
LB O R EFRIEICRIET
TZ ) —/NVEILELEERETT v X TUEDORE
B1E
HBEEROEEE N LI ALRWE O BE %8 M 0 FE >

B LIS CLKREMEAL S O K RSB ML EtOH RILERIZ X » TELT 5 2 &
AL LT, REREITITEICABEEN LD TR, BEOTRE VST
R R e B RN mRET DRk & 7o T D, A A B A A R AR

BAENTEY, 2L LTREEOWEZ R Z ENmbN TIN5, £
DIz, KEHALEWIIAEFEEZZE LIC L, BRI FEPREWNEEY
TlX, TOREHEBICITBEITIRE Vo L R EMN BN ERENEEIC /> T
BEB2BNTET,

Scheuplein i%, KEMHEILEM THHRWREEBRNS oML Z D, BEITY
¥ > b pathway & LTI & FHIL T 4 BFE0 fz i mil LR Sk o4
EEALTBY, EffiZLonb & LA TcEbRL TS, LarL, T
DL WHEE L 2o TRV ALFHE OB BICH T H Y THEMENEEZ BN
TW5, KEMED @S T EALAWITZ ORI AR SRS 5 & THIL
FEHENBEIC SN TWD P, Lo, BEICHEM S b F B IR
LI E ORI TRIEEE S 5 AIREMERN & 272, AIEFHE L EEME AR E D)7

WOWEOBBRBEOFGREOREITH L, BRERT- LG EZ RO TG F
7% 8 LTehiZEi3 72, AU E O BRE 38 M E T B RO 5B &

nulL
pEds
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TLHLEBRFIECEAL IV 2GS TEBY . KEEZGEOT %GO
5 EBFEEOIRNEAERE & A5 R R Ot &t U B AR E OB A T
b O AEBMLARNT y NEEEARBAOT v B O Lk TEE I
FIFTBRBEOREEADOEELFHI- b0 N BREEO R DI O/
JE R D Hol: CBBIEIC R T BADOKDO B LR~ - b0 O BENEET D
TR & BENTFE LR WEE LG OFZRMEO BRI LY EEOFEOF T
DEBEFHTZ D O EnNb b, LnLAERL, ZALDOHETIE, MLy
SO TREE RS BB A AT D EHE T E O Gt A L T b
CEFE AT ALTFWE O G ERIIKIE T EREOZE L ERICTHE TE T
WARBMEDY B B, Feilt, BRI M2 LA CTHL T, (L PWE O S Z
EUBALER AR 9% FIENBRFE S %), L, ZhboFiEEIGH
LC, AEEESEED LGSR FEMICHNT Lo i X £ 72720, Aifmic
BT, EtOH ORTAEIZ LV Mg DKL S O FZMEN LT 2 2 & 2R
L7223, KM O R EHZRICBWCIIEEMNBSRELEETHY . KA
AL EY DR G FHWIZ I 1T 5 EtOH DORTALERD BRI SOV CTREM R BE 2 15 5
ik, KRB E AT 2B AT A NERH D,
ZZTARRE 1 ETIE, KEMNBRE CTHLEBEIZERL, BRI
WE DG HEREZ M CTERVDRET LTe, 7 /727 U b— FREEEH &
Y a—r 7Y ZADRAWTERER A D 5 HiEEHWT, BEERI
FWE O G E w2 S L, B OFEME 2 ISR Lz, Rk, K
D FEERIZITYMP I CTlx7e < =07 &% B OIMAIR R 2 38R L 7=, Z i
ST X EEROBEALHFE Y 72 0 OFBORENS YMP HFHOEN LY £ %<, 1k
TWE D EFE PEREMICE L CWH B X T Th D, £, 7 XITTIR
AL L TRV BB R =2 U VR R O i YLEO B iF 2 &I
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SWEATTH ADoK L Vg PHEREIND, £/2. TARZ U UIRIEE
FEONHNZER > TWDH, D=, 72 HOREMNBIE ZN LI (b5 WmE
DREEFEIRIT., FICEBERITEZNTLLOEHHETE D,
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B1HE RBRITIE

1. EBRAE

U KB A R (LC) 1 Sigma-Aldrich Co., Ltd. 2> BEA L7726 D & HW\ =,
FD-4 1355 L & FEED & D& W=, F A v by RIFZBIR b A 1k (ROR,
HA) MOEALTELDOE AW, ZOMOFRIER VEBII T IROFHHK S L <
X HPLC H D & O & R IZH W2, Table 3 IZET /U LA M OMEYL TR /X
T A= LRT,

Table 3 Physicochemical properties of model compounds

Model compounds M.W. log Kom? pKa®
-0.93"

Lidocaine hydrochloride (LC) 289 7.9%
0.399

FITC-Dextran 4 kDa (FD-4) 3300-4400 -0.773%46) 6.4%9

a) Logarithm of octanol/warter partition coefficient at 37°C, b) determined with pH 5.0
phosphate buffer, ¢) determined with pH 10.0 carbonate buffer, d) determined with pH 7.4

PBS, e) acid dissociation constant

2. EBREWY

oL X B IR A SIS EEBRE MG (BT, BE. BAER) 1 HmK
RO L DOEREA LT, MRS 7 ¥ B IXERRMG £ T-30°C THRE Shi,
FRT O EBRITIRG K F B BRI E > THT o 72,
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3. BEOMHE

WS NI T 2B a Yy 7HR& OR VRTEE L, 37°C OIRK TRE L7z,
R th ., FERUK CRERR 2\ o7z, BEINY BV R OEE Y = — " —|C
THIEH, AAEZRAWTREERML L, ORI %2 I T T Il
DR, D%, REKOEKZ BEHAZ S —~ F— A TER TEEORT
MR OB TRENT & 0B LT, e, REKOEKZ FEHORELD 1.0 mm (272
5 EDICRRE Lic, fitl Lo 7 % R I3EiR B A Bt 9 2 £ T, PBS TEDH
HleF LU A T RICES, BEETERB - BRI NK 512 LT,

4. BBST7oXv T (HFP) ik

HWEOFTAN Ly REEN LY T 2727V b— FREEA] (TrrT 7
7 BU =W a=ukAStt, Kk, BA) ERIEDOVY 23— 27 U & (Super
Lube® Silicone Dielectric Grease: Synco Chemical Corp.. Bohemia, NY. US.A.) %
JRA L. HFPagent ZFH8L L7-, BEAN LA WE DR EHERE T 5720,
FERBMEE T (SZ-61: AV v 3 ARASt, B, HA) 12T, HFP agent % fi
U777 % g O FFER I A U (Fig. 8) . HFP LB % fits U 735643 O i f
X, FEEBERSEOT O X h AT (DP2L: AV R ARRASAH) TR LR
H U7z, 1 DBFITx L CHFP & fd L 72454 0> B 2 i o0 AL I A& 134 0.006 cm”
Ll GBEk L 9 5 ETOEREL HFP B L5413 A& R4 (1.77 cm?)
DKy 2 BlOHERE A 5 5, HFP B A i U7 KR I1E, MAfEfl% i LT, PBS
TEOEZF LT A7 RICEE, £930 25 MkE L,
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Fig. 8 Effective penetration area of pig ear skin before (a) and after (b) HFP treatment

with HFP agent

5. Invitro 7 &% EBRE

7 % HZJE (non-treatment skin 3 7213 hair follicles-plugged skin) % 75 20516 i
i 1.77 cm® ORI eV (Fig. 1) 12855 L, Ly— S—fil (M) 12 PBS
Z60mLEM Lz, £k, FI—l M) ICHRKZ ImLEH L, 15K
I ORFIEL AT > 72, 1 RIS R — DRSO 2 B Y BR& | pH 5.0 IZFR%
L 72100 mM LC (1/30 mM U »E2#% 1) . pH 10.0 (ZF#%& L 7= 10 mM LC (1/30
mM SR ERREERR) . PBS IZ¥fE L 72 5 mM FD-4 % 1.0 mL i# ] L 7=, LC %, pH 5.0
TIEA AU, pH 10.0 TN E LTHET 5, MEEIEHEALNIT 32°C 12
o, AKX —F—THA Lz, &ilbFERIT 8 K] (LC). 12 Kl (FD-4) i
L 720 BRIFIIC B R L 738 500 uL D L 3 — =¥l A o 7Y v 7 LT,

—TEBmAEOT-DITH L PBS ZFEKE LT,
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6. FLERL—F—FRMEEIC X 2 REEME A BIRE

FD-4 5 AIHEIC B L T, il S8Rk T1%& ., R L 727 & B f§# i 2 PBS T
Pevg L. wE @Al (Super Cryoembedding Medium, Leica Microsystems Inc..
Wetzlar, Germany) TaHE L, -80°C o VX1 & U HIZ THSCNTHTE S W7,
WE S MOEEEEY R (B 10 ym) 227 74 4 A% v b (CM3050: Leica
Microsystems Inc.) (2 & 0 {ERL L | 3646 S L — - —EAAEATMEE (CLSM, Fluoview

FV1000: A U v X2 fk&tt) TR 2IT - 72,

7. RBxbFEMEOERE

LC DOREIX HPLC # HWTHIE L7z, LC OEEHZMIEFRDO L v — S —H
7L 200 uL \Z NERIEYEW)E 2880 L= 1AL (20 pug/mL 4-& K a2 BEkT
NS TR R=RUV) EBRESEIA, - 5058 (18,0009, 5min, 4 °C)
L7z 3607z EIED 20 L 2 HPLC I[ZVEA L Tt 21T > 72  HPLC & A7 A
717 LEE Liw & RO b D& W -, BEIFEIZIX pH 6.5 IZFH#E L7 10mM Y
CERRERE HPLC 72 F=F VUL (1:1) ZMv, #diE 1.0 mL/min, UV
WL 230nm & L7z, 7o, BT LA —T 13 40°CITRRTE LT,

FD-4 OPEIE, 25 1R & [FERD 7k 2 W THIE L7,
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W2H HiR

1. BREZER/NT A —F OFFHT

B2 25168 FEBR TG D 2L E O BB S i — R 7 e 7 7 A LTI
e 2 BT H 72 W O EZRESY 71y 35720, HFP LB % i
LB DEBENBEINLINERN DD, ZOLEDEET T X T aMil
T2 DR 2 IE L7 AL E O R JE R Qu, (mol/lem?) 12 (6) @

LR TZENRTED,
Qunp =Q/(1-H) (6)

XD QIFFERO KL EFERETH V| HITA LGB EAEIxT 5 HFP WLEE %
it U= 5By O OEIS Zo~d, 4RO in vitro B EHRFER CTHW D 7 % )8
X, BEnfkg L, BEITREN O R D REMBRE. TR ESRK -
HE TSN TV D, LEOREMN B E I EEEOHEFEIT &5 5 E 6 )
NS FTRBOASTZRE - BRIIANY TEREMENZ &206, HFP AU L 72
JE T O AR S [FERICEEZ 1 @ L OE LTI+ 2 2 LR TE D EEBRT
NI —IREN =R, L — N— I THIZT 7 REFPREIL L TN D &
RETDE, 1TEEDOPIX, X (7) OXITRTILENTE D,

_ flux

P== (7)

v
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B3I MR

1. FD-4ER%DOREEHF DBE

F9°. BFERIE4E HFPagent THWD 5 Z LIk, BELEN LIALEHE D
FEEBEBPER T G TWD N E D EERTH L & Lic, HFP WP L
TR & RO G2, BHWE TH D FD-4 T ZniH L, BT
FEIEY & LR L — Y BRI TR NBIEE LT (Fig. 9), ARMFRREC
(X, BALE D BEBEBIZHNT T (FAJEEm D 5K 400 pm) FD-4 HISR OGS

R, — . HFP AL %2 i U 7= K8 Tld, BFEFIZ FD-4 HEOHEBITR S

NT, REREIZOLEEDBESNT, 2D X 91T, HFP LB I WE D
FE~OBITENT D Z LRSI NT-,

a)

Fig. 9 Two typical CLSM images of pig ear skin after skin permeation test of FD-4 with
(a) or without (b) HFP

Green color means distribution of fluorescent for FD-4 and red shows that of nile red.
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2. AFUBRVGFR LC 07 ¥ BEREHREICKIET HFP LB DOEE

T, A AR LC O 7 % BEfZJE (full-thickness skin) @z c
FAE T HFP ALBE DB SOW TR L7z, HFP B A i L7=% . pH5.0 H L <
(% pH 10.0 IZFR#E L 7= LC KIAIR & Ko & H Ui FEBR 21T Qnp Z HH L 72,
LC %, pH5.0 TiZA A& LT, pH10.0 TIEH I & LTIFEET D, A4
K OV LC @ 7 % HE & (full-thickness skin) 128 %88 % 11241 Figs. 10a,

blZRT, A AU LC ORJEFEREIX HFP AFRIC L > CREL B LT, 81
W1tk O RSB E THET 5 & HFP i 2 & T4 47 LC O JEHiR
K6 D1LETIRT Lz, —H. 1% LC DREZBEICITIZE A EEITR
Sgotz, £7-. KIEEMEIC HFP agent 2840 LT-HE . A AL RO T
o LCIIRICEEZIZT LA EHE Lo 7z, K-> 7T, LC L HFP agent THLEH
LIy DR EITIZ L AV ERRFBE L2 T & bR S LT,
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a) pH 5.0 (lonized LC) b) pH 10.0 (Unionized LC)

©
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Fig. 10 Time course of changes in the cumulative fraction of LC that permeated through
pig ear skin at pH 5.0 (a) and 10.0 (b). The cumulative amount of LC permeated through
a unit area of skin was calculated using excluding the HFP agent treated area.

Symbols: non-treatment skin (©), recognizable all hair follicles-plugged skin (x), whole
skin penetration area-blocked skin (o)

Each point represents the mean + S.D. (n=3-6).
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3. LC & FD-4 07 % ERGFRMIZ KT HFP BOEE

Z Z ¥ TlT, HFP agent & 7= HFP ALE L 2B DEFe 2N LIz iEia & 1)
TN FETHD Z BB INT, 44U LC OREFRMEN HFP (2
Ko TEHELIIHESNIZZ L EZT, A I LC DR EFmME & R %
LD 72 SLER S O BRSSO W TRkl L 7o, 7 % HaBil FEBR O A 20 i fi £ (1.77cm?)
FHZR VT, FERBEMSEBIZE T CHAIC THEICEMRTE 2 B0RITBB L Z
60 KCThHDZ LGRS NIz, £ 2T, BN A D 508 A 0, 10,
20, 30, 40 |ZF%E L, HFP QL4 IC pH 5.0 IZFHEE U721 A 2 TF LC KR D 4
JEEBEFER AT, Qup ZFH L=, HFP 2 i L7= 7 X HE &N LA A4 FE
LC OFE R =EN 4 Fig. 11a |2, Z OFE@EZFEEN )b HE M U7c EHRFRE & HFP X
& DREfR% Fig. 11b 1239, HFP 0N & & 612 LC O fE s il L,

EARVEDAHE (r=-0.95) AAbhT,
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a) b)

°

£ 008 4

2 9 Pc=-3.6X%10%0 X 4+2.1x10°8

o 5 r=-0.95, p<0.05

3 0.06 g _ 3t

= T S g

kS E £S5 0o

23 004 | l 82 2 F

3 E = =

e \3-, l é =2 X

® 002t S é g 1

k= & 3 33 E

> &= [3)

IS 0 8 Q § ) ) o 0
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Time (h) Number of hair follicles plugged

Fig. 11 Time course of the cumulative amount of LC that permeated through pig ear skin
at pH 5.0 (a) and effect of number of hair follicles plugged on the skin permeability
coefficient of LC (b). The cumulative amount of LC permeated through a unit area of
skin was calculated using excluding the HFP agent treated area.

Symbols: number of hair follicles-plugged; 0 (), 10 (A), 20 (o), 30 (), 40 (—)

Each point represents the mean + S.D. (n=3-6).
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RICEw T R&ICEW T 5 FD-4 O REZiEaME & HFP DB 4§~ 72, HFP
#% 0, 10, 20, 30, 40 (2% L. HFP LERM%|Z FD-4 /KIFIR D 7 & H R &5l
FEERZATV, Qup & B L7z, HFP % L7 7 ¥ B JEIZEBIT 5 FD-4 D% &%
W A Fig. 12a 12, REEBIREE HFP £ L O E% 4 Fig. 12b 1237, HFP
O E & HIT FD-4 DR JFFEm T L, AEREMREOHEB (r=-0.93)

MBIz,

5 a) b)
g 012 12 ¢
& i Pros = -L4X 101 X +7.7 X 100
g i r=-0.93, p <0.05
s 009} 2 09
Qo SR
5 5 RN
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Fig. 12 Time course of the cumulative amount of FD-4 that permeated through pig ear
skin (a) and effect of number of hair follicles plugged on the skin permeability coefficient
of FD-4 (b). The cumulative amount of FD-4 permeated through a unit area of skin was
calculated using excluding the HFP agent treated area.

Symbols: number of hair follicles plugged; 0 (©), 10 (A),20 (o), 30 (), 40 (—)

Each point represents the mean + S.D. (n=3-6).
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FEVN T HFP ALERIZ X 5 A A B LC J N FD-4 @ B J& 25 M DA 12 9757
Bt B ED T 52 EnE i~ T, T LB D EIEE & O & 5y
BT A—213, F 1iR& RO EZ W TEHE Lz, HFP RQBHIR: DHLHL
INTA=ZROPGENTA—ZDENENZ 3 br—)L& L, HFP BUIxi4
HENEND/NT A—H D% Fig. 13 1Z/R" T, A4 4T LC X OVFD-4 3#:iZ, Jk
BT A—ZIZBWTI HFP B b b TR A EER A b7, —
Ti A F T LC O FD-4 DZNE NGB/ ST A — 21X HFP 0 & Ttk 4 128
YL, ENENAEREMEDOFB (r=-095 XU r=-091) RnHbiT,

a) lonized LC b) FD-4
Yoo =-3.9%103 X +1.0 Yoo =5.7%10° X +9.4%x101
50 (r=-0.71) o0 (=074)
YL =-14%102X +9.2x 101 YL =-1.9%x102X +9.9x107 |
(r =-0.95, p < 0.05) (r=-0.91, p < 0.05)
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Fig. 13 Effect of number of hair follicles plugged on the normalized diffusion parameter
and partition parameter of ionized LC (a) and FD-4 (b). The normalized data were
calculated by dividing the value of diffusion and partition parameter with HFP treatments
by those for 0—HFP.

Symbols: diffusion parameter (@), partition parameter (o)

Each point represents the mean + S.D. (n=3-6).
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FAH BE

HFP LB B2 &I U 7oA O B 251t % 15T 2 D& fesd 2 728 \HFP
SVER - Jifi U 72 F JE S a e T D FD-4 Za ] L7z, AL —3 —BisEE %
MW EO R Eg 284+ % & AEERE TOAH FD-4 OEIEHBILE ST,
—J5. intact skin TIZEEOR T FD-4 HEROEIENBILE S, LTz - T,
HFP agent CE%IR A HLD 2 WX, BEE2NT HILFEWE O K& %R % 1
FHrHEMRFBETH D EDNRRMICHR ST,

% ZTIRIZ, EtOH RALERAZAT o TV W FIZEBIT 5. A 4 U LC KUYy
T LC O EHBB~DEFEREDOEFGIT OV THF L2, LC ® pKa (X 7.9 T
BH57- % pH 5.0 TIX 99.9%LL E23A 4 ¥ LC & LTHEAEL, pH 10.0 Tix
99%LL LN FIELC & L CHAET D, £ 2 CTA 4 VI LC DR fEFEEMEIL pH 5.0
@ LC solution 1 H# DFER B | 43 LC O REFEENEIL pH 10.0 D% DfE R

SREM L7, HFP UER L, o AT LC O & E M2 mEl L, /7 LC ©
RIEFBMEICIXIFE E A EREBEE G 20Tz, £, 4 T L1 LC 1%

|2 HFP agent 2 2 ICEBA L7c @A BZBIE Lozl b, v a—r o
DALY T 7770 b— hREEERETFT AN Ly RIZL DAL, LC DS

W2 SHNRMBI T D Z L bR S LTz, £7o. HFP &P Z W ARWFSE
Mo, ATV LCITFICERELR TEEEZRT H B2 06N, I HIT, BE
TR 2H50 2 HReD 5 WUBREL DI NN K > T A A 2T LC O i sl 38 L, HFP
& BEE R IT BAF 2B G BT, 2 O R E GBI OB I3 A
U LC DEE~OSEMEOR FIZ L Vi Sz, 372bH, HFP A
AU LC OFBBRE A FES Z L2 A AT LC OB TE D8 0 23 -
Tl EHBRLTND, HEICBIEREREER 22T T I vF 7L
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FIZBNTYH, A AU LC OREERITLT s (Fig. 10a), =
I AT VLN T T v X 7 L TWRWARBIE, TR, RO OESE (52
REEMEE T CIIRRMICHR TE RS- B%E) 2R CBEBLEZ-OTHD L
Ezobhb, —J7. pH 10.0 DHAIE HFP WEL O FHEIZB L 59, LC D%
WHEXFEICTHY, 2O NPT LCITEICAEEE LR CERTLEE
Zbhic, Fio, EEERREIL D ERECITBIR I K E <KFETH DT,
g & BEIZB T D LC OREREBREDOEIT, T ENDOFEEREIEIIATT 5
LC OOrBlMERIEHIME R RE S BAR D L2 R"T B2 b,

fe\ T, FD-4 O RS FEIRMEIC IE T HFP JLEL OS8O\ T BT 5, FD-4
DA~T VAT y FMEEEBEI N ETICLHE S TR Y 9, FD-4 1TUkiAE
IO TR THDZ EMD, B TR LIZEL D IC EtOH T L 72354121344
JESE RTINS D ENATRETH LD, RAHEDGEITILIEFED L 9 & )&
HRAEEREZ FICERTLHEBZZ LN TND, FD-4 2B THA 4B LC
D L RIS, HFP ALBRIZ L - CREZmEITRED U, REHRmfRE L HFP
BITIX B 72BN A Bz, ZhUEA 42 LC L[HER, FD-4 2353l il RE
72585y BARRMICIZERZOmEBELZBD ST LItk eEx LN, Lo T,
FD-4 O EERMEIC K IETEBEOTFHIIE N2 LR ENT, 20X I, K
OGS TRV EEEZR T HI1C1L, BENPEBELRRE THDH I L nH
EINDFD-4FB T 77 7 A NS R 5 R FERRE LB T A — 5
TBNTA—=ZDIEHLDEN LC OFNLEYD B REWVDIL, FD-4 DR Z i &
D IRNT ER0, X HITIE 12 KR Tl FD-4 OB\ EFIREEIZZE L Ty
AREME BT BV D,
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K 1 BT, ALFWEOREHBRIECRKIETBEOFGEH LTS
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R 2 W LT S5 EtOH DR & OREIZ S\ ToOWREIZ I
FETIEH BN, YO R GFFEREK Z & Otz &IF 3 EtOH D)
B ipiuid, ERENLRH Y O M B FROPEE DS C 2SN A OB IZ B\
THEMRERERIETE D,

Z ORI 2 2= TIE ALFE O F & FE BRI T T EtOH BiALEE D8 % |
AEEE L OCEEOFZNENOFERE Z S IEBNC M5 2 & 2t Lz,

KEEEDET EEWE LTISMN, 442 LC, 7AALbtvA T Y oA
(FL). FD-4 Z3®R L, EtOH O ZJE AL & HFP JLBR % Jiti L 7= 7% 12 in vitro &
B FER ATV, A8 EE RS N O BRI OB S E R R EE T hEh
A L7z, & 50T, RERTLERIC V72 EtOH KIEH Z [N L Cifg 7 n~ h 7
7 74— (TLC) Z3#rd % Z LI KV BEIC EtOH O eErERE D 1 > & LT
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B1HE RBRITIE

1. EBE

FL IEFEAE T3S AE ORI, BAR) 226l A L7 b O & Hv iz, EtOH,
ISMN, FD-4 135 1 #R & RMED & D% A7z, LC, T A /vy RIIARSE 1 =
EFRBED S D&MWz, ZOMORIE KR OEHIT TR OFR S L <X HPLC
Db D EERETICH Wz, Table 4 IZET MEAEMOMBULTFHI T A — X %
N I

Table 4 Physicochemical properties of model compounds

Model compounds M.W. log Ko pKa?
Isosorbide-5-mononitrate  (ISMN) 191 -0.151°43) —°
Lidocaine hydrochloride (LC) 271 -0.93%43) 7.9%9
Fluorescein sodium  (FL) 376 -0.62°4) 2.3 4.3, 6.5%
FITC-Dextran 4 kDa (FD-4) 3300-4400  -0.773"%0 6.456)

a) Logarithm of octanol/warter partition coefficient at 37°C, b) determined with pH 7.4
PBS, c) determined with pH 5.0 phosphate buffer, d) acid dissociation constant, e)

electrically neutral compound

2. EBREW
K 13 & RO 2 AT,

3. REDHHHIE
AKHeh 13 & [FERD Tk Z Fv iz,
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4. HFP ¥

AHwe 13 & RO 5% AW T HFP ALEE % )i L 72, AZ Tk HFP £t% 30
ICREE LT, 1 DBFICxH LT HFP Z i L72354 O B RE 2% 1t O AL PR i FE 1 LAY
0.006 cm® & 72 %5 DT, 30 DEFE A HFP ALHE U 7= 35413, A b g (1.77 cm?)
F ORI LEOEEE 5D 5,

5. Invitro ZEZRERRE

7% HE & (non-treatment skin = 7= (3 hair follicles-plugged skin) % 75 %0371t ifi
T 1.77 em® OfEREHE L (Fig. 1) 1238 L, L y— S—{il (BRI 12 PBS
6.0 mLEMH L7z, ZD%. 0%, 20%. 100% (viv) (ZFHHE L 7= EtOH /KK
Z R —l (M) 1210 mLi@EH L, 12 B ORTEL A T > 72, BiALHEE,
R —MflD> EtOH KIFIR 2 IR0 & | AEAZ F L0 4 7 TRIRE Mo 72, &

(2. WERHPLECE VTR SN E AR S L. BRI LR K 91T
PBS T HH 72 AU A 7 BIZHE & | FHRBAMEE 712 T30 O HFP LB & Jif L 72,
HFP ALE% O IT, R, ML E v icEEs L, Ly — "—fllod PBS IZ A
Nz T, EDtk, PBS IR L 7= 700 mM ISMN, 1 mM FL, 5mM FD-4, %
LT130mM U > FEfRE R IC C pH 5.0 IZFH%E L 72100 mM LC % K —ffllZ 1 mL
W Lo, MRSz LN 32 °C 1Tk b, A X —F — Tk Lz, &ilFEHRIT
8 Ml (ISMN. LC) & %\ Mid 12 W¥fi] (FL, FD-4) Efii L7z, #ERFAYICE R
TAND 500 uL DL — =Rl E YT 7 L%, —EREEROTD

H LV PBS #[FEIERE L,
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6. Bx{LEMEOERE

ISMN, FD-4 ORI, 5 1R & kRO iEZ AW TRIE LT,

LC DIREEIX, A 1 = & [FAERD I iEZ W TRIE Lz,

FL ORI, o7 v %m0 BE (18,000xg, 5min, 4°C) L7k, fHoh
T2 BIFITHEOE 2 LG (RF 5300PC 5 MR Jy i BAERT) 2 JHVTHIE L 7=,
BESAET, bR 2S 485 nm, @GR 25 530 nm Th o7z,

7. TLCIZ X ZIRE DRHris

ATALERIZ X - CTHiH S AL72 IR % TLC I CTEMEMIZ /AT L7z, Invitro FZEi%
IR & [FIRRIC, 77 B AR vic# s L, Lo —S—{lliZ PBS
Z 6.0 mL M L7z, £D%. 0%, 20%. 100% (viv) (ZFREE L 7= EtOH KAk,
yuaaRs /AR = (21, viv) BIREMAERNC 1 mLEH L, 12 K
DR Z i U7, 12 Rt SRRk E~ A 7 aF o —7IZEIR L, %
KB LTc, 2Dk, 7unmkivh,/ AL ) —/ (2:1, viv) IR %Z 1 mLANZ .
FSHH L, TLC ARk E Lo, 7k, RERWRIE, 0.06% h U A LA > 0.05%
AL A7 r—/b 0.05% LI F UM, 005%t T I FllZ 27 mrafRLh/ AX
J—=b (211, V) BIRICHEBEL GRR L7, 2 b0kl 2K S 20 cm O
JE# (HPTLC Silica gel 60 F254 ; Merck, Darmstadt, Germany) [Z 50 pL AR
ML, BRI 7 maR s/ A% 7 —v HiE (190:9:1) #HWT, &
BRYAIE DS 2 AR5 10 em £ TiEET 2 £ TR L7z, ¥, TLC O#EAEE
I+ SEE A AR SR T iR £ O — BRI O IR i Lz ), B HiL
T ER A REL L. 8% Y I KIS IR iR LTl L7 109 AiBESREAZEI 10

MiEL. 180°C TLO MV TARy "2 LEE LT,
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W2HI MR

1. AKEBEMEALEY DO EEERRKIT KT T EtOH L D&
9, KBEMHELEYW TH S ISMN, A 4 JF LC, FL, FD-4 O 7 % EDOEFH

EFRIRNT ]2 E 3 EtOH RiALER D B2 2 DWW TEAA L7, 0%, 20%. 100%EtOH T

T

BERG 2 RTALER L, RIZ HFP £ -V T, L FWE O K EZ R OO E D> TH
5 BHERIE AT, HFP ABIL, 2Bl (1.77 cm®) IAF(ET 559 60
DEFEOND 30 1ZxF L TT o7z, D%, HFP WLBEIZE T MEA W D PE S
WERAEIT o7,

Fig. 14 1K E7 /MLAEMO K EERZEE 2 ~7, ISMN O EiE i EIT HFP
WBC L > TUEE A LB L oTe, A F VT LC DR EZHEIL 0%EOH
D RTALERRFIZ HFP AL X > T L7 b DD, 20%, 100%EtOH O RifLERIF

B DWW BT DD o7, —J5, FLX° FD-4 O EiEEEIL, £ D EtOH i
JFEIZEBWT S HFP LB K VA Lz, 612, 2O DOREREN BB WE
DD HFP ALBIZ L DR 25l L7, Fig. 15 IZZ2E @ EtOH Ji
(23T 2 HFP LB DA ] C o RS R i & & . HFP LB L 5 BARER 1%
RO 27T, ISMN 13 EtOH JREEICEI D 6797, HFP ALBIZ L 5 BAFE R E
B B O RITE N o T2, A AU LC 1X 0%EIOH OMLFRRFZIV T, D
WD FITE o7, FL R FD-4 Tk, 2 TORME FIZHE W TEl D E 384
SIT2P3, 100%EtOH DMLERRF D31, 0%, 20%EtOH D ALFRREIZ HL A~ K7

> 7,
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a) ISMN b) ionized LC
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Fig. 14 Time course of changes in the cumulative fraction of ISMN (a), ionized LC (b),
FL (c) or FD-4 (d) that permeated through different concentrations of EtOH treated-pig
ear skin with or without 30-HFP. The cumulative amount of chemical compounds
permeated through a unit area of skin was calculated using excluding the HFP agent
treated area.

Symbols: water treated-skin without HFP (o), 20% EtOH treated-skin without HFP (a),
100% EtOH treated-skin without HFP (0), water treated-skin with 30-HFP (e), 20%
EtOH treated-skin with 30-HFP (A), 100% EtOH treated-skin with 30-HFP (m)

Each point represents the mean + S.D. (n=5).
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Fig. 15 Difference of normalized cumulative amount of compounds that permeated

through each concentration of EtOH pretreated-skin with or without 30-HFP. The

cumulative amount of chemical compounds permeated through a unit area of skin was

calculated using excluding the HFP agent treated area.

The normalized data were

calculated by dividing the value of cumulative amount of drug permeated with EtOH and
HFP treatments by those for 0% EtOH without HFP.
Symbols: without HFP (o), with 30-HFP (m)
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2. F% JRE EtOH O X » THIH S WA IEE Do

WIZ EtOH 12 X 2 AR B E R OB 2 T~ 5 728D | B ORITLEIZ VW 7= %%
FEIA IR 22 B L, A TR IE TR ONEE R oy OFREE K Ol & 4 TLC B2 TEMERY
WO LTz, RYT 4 7Ty ha—/VICI3 R EORERTEER IRV 7 1 1k
VA K ) —)v (2:1) ZEH L. Fig. 16 (/R L7ZfEF DY . 0%, 20%EtOH
OIFETITNEEFAD AR v NI 4727025 72, 100%EtOH OLEETIZ ~ U 7
UtEY NE, av X7 —HE, B7 I NEOHEWARy MRERINZH O
D, ZaaRVA AL ) =T S L2 B IEE O EIIIEE IR0
72, 728, EtOH IR0 &9 IR D AR MIMERR S 2o Tz,

Solvent front — Standard compounds (Rf value)

"~ # — Triolein (0.81)

¥ — Cholesterol (0.56)
— Palmitic acid (0.45)

w»— Ceramidelll (0.23)

Start line —
a b c d e

Fig. 16 Thin-layer chromatogram of skin lipid extracted with pretreated water (a), 20%

EtOH (b), 100% EtOH (c), chloroform/methanol (d) and standard solution (e)
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AREORERIZI T D EOH IREIE, AR 1 EOFERFER LV | i b BE ik

MRS 5L THIESND EIOHIRE, 786, &b REZBMN LT &
TSNS 20% &, &b EEEZEERBDT L5 ETRISILD 100%IZ5%E LT,
F/o, 2y hr—/ & LT O0%EOH (KALER) 122\ T 30E L7, K& D EtOH
BITALERS% . AR 1 3512 CRA%E L7z HFP LB A0 L. KIEVAL B O R f§ %
FEBREAT o7, 7ed6. HFP HUL 30 ITRRGE LT, W27 & B2 O F &ide it i A
(177 cm®) HIZITHI 60 RO ENBIE S, KETH D 30 OBFERFi & L
HHZET, BRERENT LHEMORGEE RN S00IREIC/RD LB b, £

50% DD H & EEEBIE SN DB RE g 5 2 L TEERKOFGIRMEE
BT D ENARETH D EEZX D TH D, HFP K& HFHBAKICIZR
A7 FHBEAA R BTN D Z EIEBEICATREIC TR LTV D, Eiz, FERBEMEE T
TITHREICER L OO WEELAEL TBY ., 2 TOERERIFHELED L Z

CIINEECTH 722 &b HFP B ORREFHICE T 6D, MA T, AiRH 1 #H
T L7 L H1c, 7XICMEN =27 ) UIFIRIXIZ LA EFTEET. AlE
KEZEBEH TWDITFRAEE G DRV, 2070, 7RG HBERIT AR
HLERED 2 ODORBITKOEND,

KEHEDET MALEW & LT, ISMN, A 4% LC, FL £ L T FD-4 % %R
L7z, HFP RAF DA O EtOH W DA 725 L | 20%EtOH (2 8-> TE4L
SALEW O R G ERPET EF- L 100%EOH 1 & - CTE 35 O Jz g E e i3 jsid
L7, ZHIEARS 1 ETORLEHREFEROBER TH 72, ZNHLEHD
HCUE LogKow 23 BV ISMN 243 F &1 /NS W LC 1, 0 FEDS K E W FL X FD-4
£ 0 b R FEME DA DI ME I B o 72,
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BEL FICERT DILFMEOHA . 30 D HFP ALFRIZ X - T, Fil &I
THZ LI/ D, ISMN TiE, AP EtOH R IZE D &3, HFP OFilIz K IX
BN S ot bbb ISMNIZEICAEEE 2 BB T HLFWETH
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FWENKE WD Lic, ZHUFIA F U LC O JEFZWICIXEERE N EE T
HHZEERT, LU nh, 20%K% 08 100%EOH THLER L7-854A . HFP (2
L5404 LC OFmEOWRD T 0%EIOH BERF L D /&< 2ot, =
FUZ EOH THUEES 25 Z L2 X0, A A2 LC O EBIBICKIT T BRI D
FHENMELS 20, ABEEREOTENEET--bThd e, T
2PpH, EtOH WBUIA AT LC DAEFEEOZEMEEZZLIEL LEZ 26N
7=, FL & FD-4 TlE, FOREIZIHVTSH HFP ALBRZ L - Tl Ak & <
D UTz, ZHUE EOH LB X FL° FD-4 DR FEHZ B2 2L S5 2 L 2T,
Todo &%, FL X° FD-4 @ 3 Itk LG DOFHMMEIT, ~T VAT v FEED%
MITHENTHERITEN S L2 ME LTS 9O, zoBBE LT, BRAEICE
B RERE NEE LR L2 T\, DX 91T, FL X° FD-4 DR
HiL, EICKHEMBESREEZNLIELDOTHD EBEZ B, AEOFEERERIX
T E L <HBH L7z, Alvarez-Roman 51X, I A Sz /RN EFEIC
FIRECRET S Z L 2®WEL O A SN T OBNVNESNELEEEOR
FCRETDZENHRINTND M, F7-, B~y F—V AT 52
O KR BED L D IEMICERET D Z ENHERShTWS B 2ok Hic,
EEIIKEEDO RS FEAEGYORTDOZESH D WIFITE O OICERE TH L
ZERDNDL, UL, IRODOBLIT, BEAHELDLILLE L TERTDHL

THBHAREZ H D TH H S, FL X° FD-4 D% 17 EtOH O Z k. » TEEEICE
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WEIZB W IO T NICIEE O NHR I N DD, Zuakivh /A X
=NV OFERE T 5 L. FOMPEIFIEFITOR, 1ZTEALEDIREN
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A AT LC DX DIT, BIALE EtOH JRJEIZ & - T HFP LB DB ZELT 5
BEbdboil,
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Fig. 17 Effect of EtOH pretreatment on the electrical skin conduction
Symbols: DO (o), ISMN (o), ISDN (), CA (A), FD-4 (x)

Each point represents the mean + S.D. (n=3-7).
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Fig. 18 Effect of EtOH pretreatment on the normalized electrical skin conduction (o)
and permeability coefficient of hydrophilic compounds (e). The normalized data were
calculated by dividing the value of electrical skin conduction and permeability coefficient
with EtOH treatments by those for 0% EtOH.

Each point represents the mean + S.D. (n=3-7).
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Fig. 19 X-ray diffraction profiles in the hairless mouse stratum corneum as a function of

the concentration of EtOH, where n is the number of stratum corneum samples.
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Fig. 20 Small-angle X-ray diffraction profiles (a) and wide-angle X-ray diffraction
profiles (b) in the hairless mouse stratum corneum as a function of the concentration of

EtOH, where n is the number of stratum corneum samples.
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Fig. 21 Typical curve fitting analysis to small-angle X-ray diffraction profiles of the

stratum corneum of hairless mice treated with 60% EtOH (a) and 100% EtOH (b, c).

The thin solid line shows the mean of raw small-angle X-ray diffraction profiles.

The

thick solid line indicates the best-fitted curve composed of the sum of Gaussian dotted

curves and a linear background dotted line.
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1 ROEFTE =7 b EHEGT-OIZ LT, AT A 7O F 8 &K OHE
EWREIT Ny 7 7500 R A DT v T 4 2 TERNT D72 O+ 453 72 R
AT HAROEHTE—7 06ROz, S HIT, 4 EtOH AABR I3 T 2 KL
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X, AR — 7RIS RIET EtOH IREE DI NS Do Te, — 05, BEEMT 2
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Table 5 The repeat distance (a) and full width at half maximum (b) obtained from the
4th order diffraction peak for the long lamellar structure and the 1st order diffraction

peak for the short lamellar structure as a function of the EtOH concentration.

a) Repeat distance (nm)

EtOH concentration (% (v/v)) 0 20 40 60 80 100
Long lamellar structure 13.26 13.30 13.30 13.33 13.30 13.17
Short lamellar structure 6.29 6.13 6.13 5.86 5.95 6.42

b) Full width at the half maximum (X102 nm-1)

EtOH concentration (% (v/v)) 0 20 40 60 80 100
Long lamellar structure 0.93 0.89 0.89 0.91 0.85 0.88
Short lamellar structure 1.84 2.59 2.52 2.83 1.97 1.33
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Fig. 22 Effects of EtOH treatment on the repeat distances (o or e) and the full widths at
half maximum (A or A) for the 4th order diffraction of the long lamellar structures and
the 1st order diffraction of the short lamellar structures. The normalized data were
calculated by dividing the values of repeat distances and full width at half maximum with
EtOH treatments by those for 0% EtOH. The open circle or open triangle and the closed
circle or closed triangle show the long lamellar structures and the short lamellar structures,

respectively.
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Fig. 23 Effects of EtOH treatment on the lattice constants for the diffraction peaks at S =
2.4 nm? S =264 nm*, and S = 2.67 nm™. The open circle, open triangle, and open
square show the diffraction peaks at S = 2.4 nm™, S = 2.64 nm™, and S = 2.67 nm?,

respectively.
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Fig. 24 Effects of EtOH treatment on the normalized full widths at half maximum for the
diffraction peaks at S = 2.4 nm™, S =2.64 nm™*, and S = 2.67 nm™. The normalized data
were calculated by dividing the values of full width at half maximum with EtOH
treatments by those with 0% EtOH. The open circle, open triangle, and open square

show the diffraction peak at S = 2.4 nm™, S =2.64 nm™, and S = 2.67 nm™, respectively.
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Fig. 25 Medium-angle X-ray diffraction profiles in the hairless mouse stratum corneum
as a function of the concentration of EtOH, where n is the number of stratum corneum

samples.
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Fig. 26 Effects of the EtOH treatment on the reciprocal of the peak position (0) and the

full width at half maximum (A) for the soft keratin
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Fig. 27 X-ray diffraction profiles in the pig stratum corneum as a function of the

concentration of EtOH, where n is the number of stratum corneum samples.
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Fig. 28 Small-angle X-ray diffraction profiles (a) and wide-angle X-ray diffraction
profiles (b) in the pig stratum corneum as a function of the concentration of EtOH, where

n is the number of stratum corneum samples.
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Fig. 29 Medium-angle X-ray diffraction profiles in the pig stratum corneum as a
function of the concentration of EtOH, where n is the number of stratum corneum

samples.
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Fig. 30 Effects of the EtOH treatment on the reciprocal of the peak position (o) and the

full width at half maximum (A) for the soft keratin
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Fig. 31 Schematic model of change to the short lamellar structure in intercellular lipids

with EtOH
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