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Fig. 1 Bricks-and-mortar model of stratum corneum of skin. Cor-
neocytes as bricks are surrounded by intercellular lipid
matrix as mortar.
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Fig. 2 Hydrocarbon-chain packing structure in intercellular lipid
matrix. There are two kinds of packing: One is hexagonal
and the other is orthorhombic.
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Fig. 3 Lamellar structure in intercellular lipid matrix composed of
ceramides, fatty acids and cholesterol are drawn schemati-
cally. There are two kinds of lamellar structures: One is long
lamellar structure in which the repeat distance is 13.6 nm and
the other is short lamellar structure in which the repeat dis-
tance is around 6 nm and depends on the water content in
stratum corneum. In the latter, water molecules are illustrat-
ed by blue dots.
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Fig. 4 Intensity contour plots of SAXD/WASD as a function of temperature. Horizontal lines indicate the transition
temperatures obtained from DSC. The color representations for the intensity are given in the bars of the right-

hand side. a: SAXD, b: WASD.
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Fig. 5 A pair of lipid molecules (illustrated by orange for hydrocar-
bon chain and by dark orange for headgroup) with water (il-
lustrated by blue) shown by two cylinders. Modified shape
factor v/agl. is given by the cross-section g, of cylinder, the
length /. from the top to the bottom and the total volume v.
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Table | Analysis based upon the modified shape factor for the short
lamellar structure in intercellular lipid matrix of stratum
corneum. The cross-sectional area, a,, obtained from the
lattice constant of the high-temperature hexagonal struc-
ture, the lamellar repeat distance, /., and the calculated
volume, al,

Temperature (°C) a, (nm2) I, (nm) ayl, (nm3)
50 0.197 5.95 1.17
55 0.198 5.81 1.15
60 0.199 5.75 1.14
65 0.201 5.46 1.10

Table I Analysis based upon the modified shape factor for the long
lamellar structure in intercellular lipid matrix of stratum
corneum. The cross-sectional area, a@,, obtained from the
lattice constant of the liquid-crystalline-like structure, the
lamellar repeat distance, /., and the calculated volume, ayl.

Temperature (°C) ap (nm?) /. (nm) aol. (nm?3)
35.0 0.229 13.37 3.062
52.5 0.238 12.88 3.065
55.0 0.239 12.64 3.026

W7D, SHICRENSEATAHEEDLICEMITED, %
NEW/ S IITHE AT S D) Fig. 4b O fE C (32~56°C)
TH5bH, RIUREHEKR TS ASHEEDOLY — 7 (3 Fig. 4a D
HiAR A CTd %, Fig.4daOfifR A & Fig. dbO i C >\
T, itHE 5 L, Tablel GEDOFH A, liquid-crystal-
line-like structure : & fLkERES) ICRTENAR E S, ayl.
123.026-3.065 nm? ORI H D IFIF—~EDEE-> Tk,
CCICHA LB CHARIELTWAEET 2%, 2OX
IR BB 2 4T7% - 1ok R, BERAMS A S#EoR
{EARFEOTE TAITERAS T M TH D, FEAS A T hkE
DFRALKFEBEOFLETAK T BRI R TH S LR TE S,
R L 72/ R EFERICE W TR TR Y — AR B %
L, RACKFEHEOTE TAK T ORI & /T O IR
DOWPEZ L TWBP, THUTF AL VOFEEZREL T
5o XRETERCTHTE -7 & L TEHAINS7-DIC
BRSOV IR LD A L EERT S, Lich-
T, AETOMBBIEEILC C TELNAERELIEEAT
FDRILKEFHOFTE TAKT % b ORAS A S &4
T DRALKFHEOTE TARE & & DHAIIS A S HEED
2O R AL VEBEL TW5, ARBOBRERBICKIT S
MR E O®E Bt T A4, TNENDF A4
VOEE, £/, FAAVHEOMEFRICERL T TL
NOVOBEREMRIICE D T C EDRKROBE L T 5,

3. REAEOKS RIS & i8S

COMITIEMIEHIREREEGE DL 5T A THEIC S S

MR LTI T A AT

Logarithmic Intensity (arb. units)

S (nm)

Fig. 6 X-ray diffraction intensity for the stratum corneum of hair-
less mouse at the water content of 0 wt% (A), 12 wt% (B),
21 wt% (C), 35wt% (D), 50wt% (E), 70 wt% (F) and 80
wt% (G). Open arrows indicate the 1st to 5th order diffrac-
tion peaks for the long lamellar structure and closed arrows
indicate the 1st and 2nd order diffraction peaks for the short
lamellar structure.
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Fig. 7 (a) Spacing obtained from the 2nd order diffraction peak for
the long lamellar structure and spacing obtained from the 1st
order diffraction peak for the short lamellar structure as a
function of the water content. (b) Full widths at the half
maximum for the 2nd order diffraction peak for the long
lamellar structure and for the 1st order diffraction peak for
the short lamellar structure as a function of the water con-
tent.
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Synchrotron X-ray scattering study on stratum
corneum of skin: Toward applied research based
upon basic research

Ichiro HATTA  Japan Synchrotron Radiation Research Institute/SPring-8
1-1-1 Kouto, Sayo, Hyogo 679-5198, Japan

Noboru OHTA Japan Synchrotron Radiation Research Institute/SPring-8
1-1-1 Kouto, Sayo, Hyogo 679-5198, Japan

Naoto YAGI Japan Synchrotron Radiation Research Institute/SPring-8

1-1-1 Kouto, Sayo, Hyogo 679-5198, Japan

Abstract On considering the applied research on stratum corneum of skin, it is indispensable to know the
structure at the molecular level. However, there is even now in a controversy among the researchers who are
performing its X-ray scattering study. Here we introduce our solution for the two problems: One is the correla-
tion between the lamellar structures and hydrocarbon-chain packings in intercellular lipid matrix and the other
is the existence of water layers in the short lamellar structure. These studies have become possible for the first
time by making good use of synchrotron small-angle/wide-angle X-ray diffraction. Based upon the structural
evidence, we can further carry out the applied research in stratum corneum.
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