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In this study, lipid structural change was monitored using Raman spectroscopy during heat treatment, along with the
impact of lipid states on the structural and physical properties during the preparation process of the intercellular lipid
model (MODEL) in stratum corneum. Moreover we demonstrated the availability of the MODEL for an evaluation of
skin permeation mechanisms for skin permeation enhancers. The lipid states in preparation process was monitored by
valuable temperature (VT) -Raman spectroscopy and differential scanning calorimetry. The Raman spectra were analyzed
by perturbation correlation two-dimensional correlation spectra. The microstructure of MODELs prepared different
temperatures and the structural changes of MODELS after application of skin permeation enhancers (vesicle and micelle
solution) were detected by small angle X-ray scattering and powder X-ray diffraction measurements. The microstructures
of the MODEL changed depending on the melting of lipid ingredients in the preparation process. It was recognized that VT-
Raman spectroscopy is a useful and attractive tool for the sensitive monitoring of lipid state changes and lipid melting. These
results suggested that monitoring lipid structural changes during the heating step is important to precisely prepare target
MODEL. The MODEL structure changed after application of skin permeation enhancers. Especially the vesicle solution that
promote skin permeation of low molecular weight compounds rather than micelle solution, was made the model structure

disorder. It is expected that the MODEL would apply for the elucidation of skin permeation mechanisms.
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WOREGEWINZI BT 5 ELREKE LI LRMONTE
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fRE L, PRIUS B EBAL, HBRE O4FEH, MERIB X AR
ISR L OHEDIES D &K E L, HERORL LA
JERAKIE T OFHMAE R 2 BT 5 2 L. F
72 2009 FELLFE, EUICB W CEIWFER % it L 72 bhE S
DWRFEAEE L S, ALREMBIZEIZ B\ T B 8 o fii
BEELWIKRHICH A, 0L BTENLL, I BLUH
Yok EREORE L LT, gLk OmE» D
WA IEE €7 )V (MODEL) 25EH S hThh, Hx
7% MODEL ASBZE ST\ % 2. MODEL o HlJsk % 7 4

il

FMhOENL, TOWEB XUOMHICKRE BT L7290,

LFLWEFAZIET O 7 7 4 VERTMODEL % 794
A 7DICIE, FELRRRIC BT AR E oSt %
FEICHRT A EPEEEELZIONS.

ARES T, €53 F(CER), 7SIV F U (PA) BX

"2 L A7 a—)v (CHOL) Ml & L 7z MODEL*" |2
DWT, FHEBRICB T A IREOMEL LT 7~ vtk
TE=¥—L, EREHLSNIZTT MODELK SO A
ATz F 72, BREWIPURAEH] OS2 & 5 MODEL Of#
WAL BIE L, KO &R 517 5 MODEL D& H
P2 BGEE L 72
2. /5 &

2.1. &% #

CER & L T (2S, 3R)-2-(2-Hydroxyhexadecanoyl) amino
octadecane-1, 3-diol (Takasago International Corporation,
Tokyo, Japan) ZfiJHL7z. PA (PALMAC 98-16) BXU®
CHOL 1%, Acidchem International Sdn Bhd (Penang,
Malaysia) BLU'FUJIFILM Wako Pure Chemical Corporation
(Osaka, Japan) 2*HZNEIUEA L CTEL7.

BREIRERE LT, A VATTILMZ )Y LT
— 7 )V (Penetol *GE-IS, Kao, Tokyo, Japan, L F, GE-IS)
BIUORYAFTF L (60) WAL F Lt (HCO-60,
Nikko Chemicals, Tokyo, Japan, 2L T, HCO-60) % v 7.

2.2. #WRMEZEET)V (MODEL) DR
F 4 CER/CHOL/PA (42 : 15 : 43, w/w) O¥IE AW

Construction of evaluation method
for human stratum corneum and
screening method for percutaneous
adsorption by Raman spectroscopy
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2. 3. BEEE (LM) &KXV MODEL D4t 51
2.3. 1. R"EEE#HEET (DSC)

R BETT (DSC) 1 Mettler Toledo DSC1 (Mettler
Toledo International Inc.) % H\:7z. LM% 20C 225 80T
F7212120C T, 5C/min 40mL/min., N, BREET) D
ECTHIRT 2 RO REELZWE L7
2.3.2. BEEBRMIT AN NVAIE

BT < v AT MV, BT~ ok
& (Work Station™, Kaiser Optical Systems Inc., Ann Arbor,
MI, USA) 3 X 1710083 (Linkam Scientific Instruments Ltd,,
UK) ZHw/z, b= FAF—=Y RICLM%Zty L, 20T
PH120CEFTHME L2, FEAEIZI0C/mn& L, 10
CHEIZ 2min FIRFF L 72 RICT < v AT PV aEflE L7z,
5= U EEEE, YL — 9 — 95K 785nm, FEE I
3, FGEEM 30s, P #PH 300-3500cm™, 100 15 Ot

WL X HWTHlELZ. fibh7z7< Yy AT PV,

2Dshige version 1.3 ZfE/H LC, B ZRITHE A X
7 MV (PC2D) %137z, KEDT< Y A7 bVIE, #
S AFMUCHFT 5 1698.6cm™ DE— 7 iREN—FIZh b
) ITHRBL L 72,

2.3. 3. MERX#EEH (PXRD)

PXRD %, MiniFlex600 (Rigaku Corporation, Tokyo,
Japan) ZfEH L7z, 200 & #iPH 2-28°, AT v 7 A X
0.02°, A¥—F4°/min, X#HJ)) EFEE 40KV, EFEIK
15mA, #¥HCu-Ka (A=1.5418 A) TP L7=.

2.3. 4. INBXHREEL (SAXS)

SAXS (&, SAXS space (Anton paar, Graz, Austraria)

FAEH L7 #EEEER 1min, FEERIE4 H, #IECu-Ka

a) Temp.
120
110

1060 1080 1100 1120 1140 2880 2870 2890 2940
Wavenumber (cm-)

Figure 1 HEB]EICH TS LM D PC2D X~7 b a) £ U DSC BifR b)

(A=1.5418 A) TELZ= |2 CHlls€ L7=. Repeat distance (d) 1,
d=2n/q L DB L7 (q: HEARY FL).

2. 4. BREIVEER]ICKS MODELEEDEL

PRz I A 121, 5wt% GE-IS / 5wt% HCO-60 (2
X BT 7 VR, 5wt% HCO-60 12 & % 3 L ViEH %
W, EEIZIZFRENS50mM 7 T2 g g A L7z,
MODEL (10.5mg) 12, &% 20ul{H ML, =i T24h
EHE %, SAXSTHIE L 72,
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5 VAR E ALK E S O C-CHEA R CH, &4
% WEMEORVIREIE— FomzHBEL L, 93V A
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X5, MBGEZICBT 5 LM OREZLE X ) SRR~
572912, 20055 120C FTLM iR 2L s g,
DW/E T~ U NETE=ZY — L, PC2D T#EH L 72,
PC2DIZ, BENIATEARY MVEALZIRZ D Z L5
RETH D, ARZ MVREOEMETZILRT 2 DICHRT
55,

FRMFICBIT L LMHPIRED I~ v AT M VEALB
X O# %)% Figure 112773 . DSC it Tix, 58.6CD
WA HENT, 71.2CB L U81.4TC DY — 7 2338
Sz, IV ARY PVTIE, RERILKEHOC-C
fifEIREIC k3 5 1061em™ & A% 1128cm™ D ¥ —
JEREHNT0-80C TR T L7z, Thono¥—21%, IRE
RALKFEOEIEZ R LTS 2 25 Y, DSCHIT
BOSN/281.4CHOREY — 7137 NV — s 2 R

b) DSC profile
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WA REEAVEEREEOFMES S EBMERT -2 TIEDIEE

LTWBbEE£Z5N5. 72, 2852cm ' @ CH, k- Frfiff
IREHD ¥ — 7 5015132 70-80°C, 2888cm ' @ CH,, 3 5 B
FiIRBI O ¥ — 7 BRIEIZ 70C TABMIIR T35 2 L 250 5
Merol, TRHEDOY— 7 ZMIBEIEEOFEHEEED
Tz KT 22 EAMONTHEY . DSCHIBTHED 5
N7271.2CORMY — 2713, LHEEEOLEILISER T %
LIS, —J5, DSCHIFCTEY — 7 23 Bigt s
7258.6CTIlX, XY ARY MVIZKERZEALIZRAD S
Nhholz, TOY—ZIIMEIREHMOWEA LY — 7 &1

—FH L%\ Z &2 5 (data not shown), JLEhREEZLIC

IBWBME— 2 EZO5ND. T2, FIVARZ MLOD

E— 7 EIZ 0 CHET—ELRD I VY LNERDY,

FJIOC TLMAEAICHME L7 ZE 2 6N 5.

3. 2. MODEL QOEEAE&EEFR

I < v A7 MV (Figure 1) OFFE» 5, FREHRE O
W & 5 TMODEL . % TISRERS B2 i 2 5
TEMRBENS FZTIOTCTEALIR120CTHLON
£ MODELIZDWT, Iy ETIRRA I LN TER
WX D EREEOJE IR 2 PXRD B X OFSAXS % Hw T
R L 72

LM, MODEL 8038 & O MODEL 120 ® PXRD ¥ & IFSAXS
X% — % Figure 2127~ 9. LM B L I’ MODEL 80 ®
PXRD /X% —rHb, EHMBIOANTREZRTH21.5° B
X 1823.8° @lﬁl?ﬁt—7ﬁ‘ﬁ,m&)%ht. FIhsoR
WREE I, #19.6°, 23.5° BLU24.6° \ZHPFTE—
I RDENT=Z e D, BHOBMEFHENRET S L
#z5Mn5b. —7J, MODEL120 Tl b — 73l
KL, HARBIUOAFHOANEOLN, IMB I
MODEL 80 ® SAXS/8¥% — ¥ Cld, 4.32-4.38nm ® dfH
AT A1) B L, 3.60nmDAMEE AT B HERE (PA)

BB XNz PAOHAHHIZH 3.60nmOd A AT 5
ZTEDSY, UEEEIZPANHMTIHE T AL S L

“zbhb, b MaETIE, CER: WM : CHOLIZ b
FFMENVHTHEET S NS Y, ¥ MODELIZPA®D
BEENLZ W L5 05h. 2F 0, BENAALAT HPA
AHM TR EE 2L L ZE 2 OB, —T, Mk i
12 CER, PAB X O'CHOLOHFIZ LB =2 LHfigish
%. MODEL120 Ti34.60nm (I), 4.00nm (II)BX*
3.60nm (PA) O dfiz A3 &S 5Nz, 3.6nm
X, PAOMBHEEEHESE I N, PARNITTHREEICH
59, YMODELHICHAET A EDBHLNE R o7 1

HEX or ORTH OQRTH

—~— (c)

(a)
(b)
(c)
1 2 3 4 5 6
q (1/nm)

Figure 2 LM (a), MODEL 80 (b) #& U MODEL 120 (c) ® PXRD & &0

SAXS /X2—> (HEX : "5,

ORTH : E/#&,

PA: INILIFUBEDIER)
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& I BLOMIZCER, PAB X OCHOL @351 X A1k
LEZOLNDD, FIHEET OMEXCERONT ¥ U1
WICL R TH B L EIND (CERNT E U ED S
FE:#2.1-2.3nm). Lo X ) MODEL Ok
PRI X > TRAZ D, FRIIE RSB X O
MODEL 80 & MODEL 120 TK & B2 2 L2350 -
7z. Figure 1 £ 0, FHSBEICBWCRHEBIEZIZ90TL
FCRECHETZ I EPHLNE RS TEY, REERE
DG O @ FIRE A MODEL 3 1 B9 2 L gt X h
5. b MO IRE OFERE AN L E RS
WHEEZLNTWE Y, 22T, AhmB X OHT &
MG LTHLTWA #2515 MODEL 120 %
L, BRI @IS X 5T 7V OB %
FEAM L 72

3. 3. BERBIEEHRICXLS MODEL#&DZEIL
NV 7 VIER, I BVIEHEDB X0 50mM 7 2 R
i % @)t L 72 MODEL @ SAXS patterns & kB 4 L 72

Y'—2Z v 7% Table 1 IZ/R7.

MFFE TR L2 7 VSR I BV & i L
T, KO TILEYWoOREEBREEZ 1.5-3/FM L3¢5 2
EDHH S ML 75T\ % (data not shown). Table1l & 0,
50mM 7 T > [ %% 1 i # IS % © MODEL &, 4.48, 3.98,
358BLU226nmOdEEZHLTWEY, NI 7 VG
WOMIGIZ LY, Second peak (3.98nmff3r) A5 L
7o IRVEBERIZBWTH E— 7 IR L7225, 20
e EIiEWHE LW EPH S 2 L 5 72 (Figure
3). F/PXRDMEDHERL L, N 7 VEHZ @IS L
72MODEL ®OJE AN, ~Na—s3F — 2 2538 & 1L (Figure
3), MODELZSJESVEAL L7z 2 EAVRB Sz, SThk D,
MBI OREEAS—IREL S N2 2 LA, RV 7 VB
X B TALE W OB & B AR EMEH ORFF O —D>THh
LLEZBLND.

4. #% 1&
ARFFETIRET, HELERICH 1 5 MODELHEBURE ©

Table 1 F&Fz#EICL /= MODEL 120 D d & (nm)
520%'\{')3#210 Vesicle Micell
First peak 4.48 4.51 4.48
Second Peak 3.98 - 3.96
Third Peak 3.58 3.59 3.57
Forth peak 2.26 2.25 2.27

Each data was gained by second derivative of SAXS patterns (Figure 3).

50 mM citric acid buffer Veside Micell
¥ =
E £ -
1 2 ] 1 1.5 2 2.5 3 1 1.5 2 25 ]
q (nm) q (nm") q (nm')
Marmal MODEL
50 mM citric ackd buffer
Micell
Vesicle
10 1I2 1I4 ‘I.E 1IE- zu 2I2 2'.4 E\E 2010 12 14 16 18 20 22 M X 28
28 26
Figure 3 &A&%&HEIC L 7= MODEL @ SAXS XU PXRD /¥& —>
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WEZE L ZRENET < otk TeE=y — L, iRE
A3 1T§ MODEL D8 2 Ji~ 7z, LA TLM
ZOEAICRIEY 5 2 LT, b AR R S L 72
FHEMEZ AT H5MODELZ#HRTE 22 L6k
Tole. MEGEFEIZHEIT 2 LM OREZLE 7 LX)V T
M9 52 Lid, #Y) 2% MODELZ#H#$ 29 2 THHE
AWRTH Y, WmETZE T < ¥tk OS2 L Z in
SituT=5 ) YT TELEMGRY =V THAH I LAREN
72. RIZ, XMODELIZHERIPURHER TH H XY 7 VB

XU bviEw z @IS L, MODEL OffE28 b & 5¥li L 72.

B FALEW OB EREZ TS D, XV 7 ViFiHE
WG9 %5 &, MODEL Of&2s— ik L, JFEMEILT 5
CEAURIRE NI BRI AR A MODEL I245- 2 % %
BIZOWTIE, HISHEMIZMGEESLEE SN 0D, K
MODEL (3¢ B WU AL #) 55 D A AE X 7 = X 2 D
WIS S NS,

(5| FA>Z#k)
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