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Structural evaluation of stratum corneum investigated by electron spin
resonance imaging
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Electron spin resonance (ESR) in conjunction with a slow—tumbling simulation was
utilized for defining various stratum corneum (SC) lipid structures. The a-terpineol
enhanced about three times permeation of the single chain 5-DSA than that of the control.
We also studied psoriasis vulgaris SC (pv—SC). We found that the pv-SC is less ordering
of the structure than that of the control SC, indicating abnormal architecture of the
pv-sc.

A 9 GHz ESR imager that is capable of the imaging surface area of thin materials has
been built. More importantly, the TE,;; cavity does not require inserting the sample into
the cavity and placing samples into ESR tubes. In addition, the components of the 9 GHz

imager and imaging data processing are developed

AR ERR
(BFHAL - 1)
R3S EiE e & &t
2009 fEJE 1, 900, 000 570, 000 2,470, 000
2010 4EJE 800, 000 240, 000 1, 040, 000
2011 £ 700, 000 210, 000 910, 000
N 3, 400, 000 1, 020, 000 4, 420, 000

TFTE5 8« A pEIR
BHFEOSE « fH - ARIE TS, ERAEERTSE - A0 e
F—U— R KRB - FH



. WFgE %#é@@“a

&ﬁﬁ%iéﬂ$ W T2 KGR FE & RS
nNHHEYE @&A%%<&F@A)7—
%E®EWT%5 TefilEoychir T
IR, L RTa—LRB I UNENIEED HIEK
SNAMPEIEE L. Z oY) 7 —HREICE
BB A2 LTV D &%z%hfb\éo n
F T XBIESIRINR LSS O F1k %2 VT
4 Jig H i R IR O E AT DR FT S T &
720

LU, EN o ITMERIEE ORiEE Bk
LZHRETEX D00, BERH e ERES

VR BB S ORSEMEATIZIZE > TRV, F -,

B IC X 5455 F L~ D R g £ RS & D FF
A B RIZARBEOHEIRTH 5,

2. WO HEHM

T ETCREMAEOERS I TORENM

DEWE 9 GHz DEF A & 408 (ESR) #HI
T, XD THEEN LT, ZOWFEE X 5T
HIESE D70, KRB TOAREREE%
BHOMZ L, &% X258 OHED ERE)
OEKRE gL TE HESR A A=V 4k
EEHETHIZLIZHD, TDOLET, K ESR
1523 B JE R 52 B 45 B 0 R TR I B T 5
Zlich b,

3. WDk
(1) RELE AV T 0—T O

AV a—7 %, RO —#EBURENEE T
& 5 5-DSA (5—doxylstearic acid) K=t L
AT 0 —)LViEEARDO 70 —7 CHL (38~
doxyl-5 a —cholestane) Zf# A L7z, 8 @i
DT VAR ADYELEDOMEE, 7T
AT 2T 7 U L—REREFL, #
Bl - RELL7-, BRI L=l A Y T e —
7 KERHEL (~50 m\) &3 F L, 37°COEE T
FILBEREA % 22— b L7e, WIT, ZREK
TR 7 a0 — T BEEREL T D, Ky
ZSERY EPRAEL ., FHNTART FL
BiIal—a BT LT,

(2) ESRA A=

%< D ESR A4 A— 2 7%, 600 MHz ESR
A A= 7T, REE BRI TH 5 LR

WA LB Z L TV D, Zo7= bl
ERTGDIA XL, v~ 7 A7 EIRIRDO T A
RIZIRE SN D, Alal, FrizicFkm (B ) H
IR H B Lo, B Lo (B 3t
IRasix, WEMEIZIHAT L2 4 7 L3R
2o

F—7 AR L, HREROHUN LY H
%9 GHz O~ A 7 m g as el ST L, 30k
FoTa—TR~A 7 aEERINL TWD

WHE T B 22
7=

BAED L Z A, 9GHz ESR A A — 0 74k
& CTIE51%. JEOL RE3X OARMKRTH Y IAAT
WHTZHTE Y RAX ¥ I TER, B
Afd = A vix, JEOL®oD X, YV, Z-dhe 7 &
v FAFX v UA[REZe a A v E W TV 5,

S A T TR o iR L L

4. WFERE
(1) ESRAE L7 o—7k

B 11X, ~7 VA~ ZADKEMARE (1 [F
H ) 0 ESR A7 hLEZDY I 2 b—
TarThbH, VIal—allkoTE
BT 5-DSA DA —H —/3F X —H — (S, Bk
FFPE) 13, 0.256 OA—X—Th-o7-, IHIZ

20G

Fig. 1. ~7 LAY T AHEANT bL(5E
MLyl —Tar (SHR).

# 1 Stripping

Fig. 2. a—- ¥ —YE 34—V ZUA LD
FRART F(ER)EVIab—va v
(RLHR)

HIBERIE A 0 L7236 T, S flEiE B A7
HH OO0, EEFENIKT D RFFPEDOMD K
SRRFEMHIIR N7, LML, a-
A — R AV IRM% O 1 [EHHBED ESR
1E590mEE L Sl L (X 2), 5-DSA 71—
T ORBEMEERE LTz, 2 HRERIX
v hAJEIRE O S REE~OISHIZH
ThdEEbnlz,

PE- T, A BT & T LAR R IA O 5y 1A iE




T —=T T OENLDLEEAE~D
BENREZESRIELE VI 2L —Y g VIETE
BT T5 2L T, ZTNNETRATH -
7oA IR E DR OFE LWVEH &
"/HZLENTERE, EBIZ, ZOXkH Tk
1. RIEDOH Y iy 8O SEMEIIZE~ D B E
HMEATHDEEZBND,

= MERLEE (psoriasis vulgaris, pv) D
FEAREZ AR O —#EREHR TH 5
A7 —7 5-DSA THIE L (K3), 15
BNTZART MUE, I 21— g UET
FEMARAT L7z,

_____J\/\/\r__

Fig. 3.9 GHz ESR I X 2 R A Jaatil.  (A)
5-DSA KR DA DYt (B) =5 M rLfE
DGE Oy 777 Rofgs D)
oy her— DA, YIalb—Tay
A N VLT R

E2FBITH 1 m FR, 2%FB & 3FHIT
2 mm[HfR., 3FB & 4FBITH 2 mm [HFE
L L7,

WIZ, JEOL DOFEHES RS % FH V7= DPPH @

Phantom

0
=} =-1mm
~5mm — y
v I X
z

0 mT/cm

J\/\A/' 9 mT/cm

2mT

~1mm p

a il g

Fig. 4. 9 GHz ESR T X % #fae sl Bk 3 ).
(L) BGAROZRWES, (1) e
BLDHHHE. (F) 1IRTHA A= 7.

1D Imaging I l 2 mm

XD (M) IZNEE 7 1 — 7 (5-DSA) D KA
DAY ML THD, KRETIE, To—7
SFRHBEICEER L TWAD Ty —F 7% 3
AR TH D, B)IXFTHEMERREED ESR DA~
7 RLT, T a— R 3 AR TH T,
M x=> b —1Th D RilEANERS A D
AT MVTh D, RGN D K DI
T, v be— 2 B 2~ L
DIRFE—2ThbD, T2, VYI=2lb—Tarv
EIZED AT VAT LT & 2 A, At
DAY NIVIRE LI, 8O EMEEZ RS
FEAE (So BRI IZ. B2l TR 0.2 720 2
v hE— LTI 0.5 Thotr, HETIL,
ay b=l I e ZERD/NESIREN
15 5N JE RS O B N R ST,

(2) BSRA A=V

T U & & DPPH (2,2-Di (4-tert—
octylpheny)—1-picrylhydrazyl) @ g £}
EVERL LT, ffERENT, K4 0k Bich D
LB I 450 DPPH #iEW-, 1%H

sl OWE 2 54 7o, BB RS DPPH IC
YT D, FORAT Mk, BRAR O
WA TA BN ER STV I E—2 T
HD, FRORARY MVIE, BEE TN
ZIEL (9 mT/cm) 2T 72FEC 4 ST —7
BRaEyMts N TES, E—2H
A 1. 0mm T, RR/AVE— 7 23547 2. 0 mm
BENLCWAGA ORI TH D, [Fi5idd DiThy
DIV D T, fllx DIF FBEIT/NS <D,
TOARY ML, RS FHIMO—IRITTHIA A
— VT (2RI T) DART MV Th D,
BIHELC 4 5D DPPH X T DIE 5233 iz,
F72. 2 OREERENE O CRUS ABL O X
BHELELE ZARKTKHInT/cm THo7=,

g —>
Fig. 5. DPPH ® 7 7 > b 5% U /= 9 GHz
EPR A A—T 0 F. G HIRE DR SN
KHITRLTHS.

B E N BSR A A — v 7 Ol
AL L LT, MR VA A=Y
7 HRIE EFmPIEALRES OB LY




ERILDOT —Z I E R AT (K 4), T—H
SLERIZIX DPPH OF — X ZfEH L1z, RO
R Y 7 N CTEIT — % & 2 Kot (A
7 M- EBICT A LN TER (X
5),

Z @ DPPH FEEREZ WV IRGTA A —
VT i I, Fe ORI ARl A A
ZTATE, BoNET—X 258l T kT
DAA—V T HTHIENTE, KT
DA A= 7 HRESHH (ETFHMR) i
BHBNSRImA A=V T ThD, RES
BT, 2200 — 7 08\ T& 5, hor
— 70, FERENT RVERICH D72
DT — A AEECH G, RO ORIE, B
ARDPNIRZ L DHBELER D, 5%, T
— XN EED DL E TR OBEDS
WA A=V T EBERTTETHD,

F 7o BT R FR o s OB &
1To7=, RHAOIIESRE— RIZTELLL & L
7o F2JE AR, kO RIERE & A
THEA T TR s A —7 vt E
L72(®6), ZNETOREHEAY A 7 L 1%
720 | BRHERIEMER TET & — F TR
s N Th D, MHER= A mix, J
ERELOMERIZ S B,

Field Modulation

Sample /\/

AN
c
VO
Cavity%
Gradient Coil
Fig. 6. Hi7=Ic &R L=FEAELERD
K %~ T.

ARIED K R A & IR O IR R % 2
B U7 TEO11 &— R & THIERRE O g 51T
o7z, biid, TEMPOL (4-hydroxy-2, 2, 6,
6 — tretra methylpiperidin—1-oxyl) ® 1 mM
REDKERAE AWz, TORER. RIEORK
HIBRORREE 1L TEOLL B — R L v 0. 3 FREEIK
motz, FEEHAEESRORSIX, 3mm OB
R—=Ninb D<A 7 aEolwmivizFHT %
BHIETH 0 R X 0 JIE R IL%D D
D, BRBIOKSRY A R & BT RE S
T ORPENFHETH D,

At EREmZWET 2550, LEe
T O FHANC 2 AR W AL DO 5R S A

VEND D, Flz, DRI DPPD X DITH
B AR a A VOREELZELS TO240ELH
HEEZTWD,

5. E7pdEFim L
(WFFeEAE . WHIEor 4R e O T IE |
(=S

CHIFRER ) Gl 9 1)

@O K. Nakagawa, Y. Ohba, B. Epel, and H.
Hirata, “The 9 GHz EPR Imager for Thin
Materials: an Application to Surface
Detection,” J. Oleo Science, in press

(2012).

@ K. Nakagawa, S. Minakawa, and D.
Sawamura, “Spectroscopic Evidence of
Abnormal  sSructure of Psoriasis
Vulgaris Stratum Corneum, ~  Journal
of Dermatological Science, 65(3),
222-224 (2012). DOT :

10. 1016/ j. jdermsci. 2012. 01. 002

@ K. Nakagawa and K. Anzai, “Stratum
Corneum Lipid of Hairless Mouse
Investigated by Electron Paramagnetic
Resonance,” Appl. Magn. Reson, 40 (4),
557-565 (2011). DOT:

10. 1007/s00723-011-0238-0

@ K. Nakagawa, “Elucidated Lipid
Structures of Various Human Stratum
Investigated by EPR
Spectroscopy, Skin Research and
Technology, 17, 245-250 (2011). DOI:
10.1111/3. 1600-0846. 2010. 00491. x

Corneum

® K. Nakagawa and K. Anzai, “Stratum
Corneum Lipid Structure Investigated
by EPR Spin—Probe Method: Application
of Terpenes,” Lipids, 45, 1081-1087
(2010). DOT:

10. 1007/s11745-010-3479-2

® K. Nakagawa and K. Anzai, “EPR
Investigation of Radical-Production
Sucrose and

Cross Sections for

L-Alanine Irradiated with X-ray and
Heavy lons,” Appl. Magn. Reson.,
39(3), 285-293 (2010). DOT:

10. 1007/s00723-010-0157-5



@)

K. Nakagawa, “Electron Paramagnetic
Resonance Investigation of Stratum
Corneum Lipid Structure, Lipids, 45,
91-96 (2010). DOI:
10. 1007/s11745-009-3374-7

EPJ'I/\* “EEE 72 ESR £k W2 lE

BrEE L XA T I ADHE,” FL
¥ X, 10(4), 133-139 (2010)
[fagi]  ISSN 1345-8949

Y. Karakirova, K. Nakagawa, N. D.

Yordanov, “EPR and UV spectroscopic
investigations of sucrose irradiated
with heavy-ion particles,” Radiat.
Meas. 45, 10-14 (2010).

doi:10. 1016/ j. radmeas. 2009. 07. 003

(Fa¥R) G 1914F)
@O K. Nakagawa and S. Hamakake,
“Structural Tnvestigation of

Stratum Corneum Lipid Using Electron
34Lh
International EPR Symposium (The

Paramagnetic Resonance, ”
53rd Rocky Mountain Conference on
Analytical Chemistry), p. 30, Aspen,

Colorado, USA, 2011.

“EPR

Sucrose and

Kouichi Nakagawa,

Investigation  of
Produced by
34Lh
International EPR Symposium (The

L-Alanine Radicals

Various Trradiations, ”
53rd Rocky Mountain Conference on
Analytical Chemistry), p. 43, Aspen,

Colorado, USA, 2011.

¢M“*,£@ﬁﬁ‘mmxfyf
0 —VEIC K D RE A g O . T v
NUDOE, 50 [BE %xa/%4
TR, AR, 5 50 FET

xt/#41/xi£$%$ﬁgﬁﬁ.

2568-259, 2011.

H)IA—, ZvEfnkd: EPR (BB & Wtk
) I K DIEE 7 e — 7 DR E £
JE~DT N DR 63 [Blan
A4 FB LS mEb RGeS, K. &6
63 M= v A N X ORELFRme
HMIEEHE. 133, 2011.

®

BRLBS, EAREY, HEERE,
JA—, KAFHE ESR A7 a—
T V5T X B Triglyceride B X O
Phosphatidylcholine 2>5pk 5 —HfiE
DOWBRAIMHE OB, 55 50 EIEF A
Ut A U ARRES, If, B
50 [l FAE B A = X% E%
ST 4. 84-85, 2011.

HIA—: SR CTAET H A7 1
~xk7?~y®?9ww®mm%’
X BHF9E, & 50 [AIFE %xt/%4i
v RAFEES e, & 50 BIET
U s R %ﬁﬁgéﬁ.
56-57, 2011.

Kouichi Nakagawa and Kazunori Anzai,
“Elucidated Lipid Structure of
Stratum Corneum Investigated by a

Slow—Tumbling Simulation for
Electron Paramagnetic Resonance,”

The  7th EPR/ESR
Symposium, p. 113, Jeju Island,

South Korea, 2010.

Asia—Pacific

Kouichi Nakagawa and Kazunori Anzai,
Radical-

Sections for

“Investigation of
Production Cross
Sucrose and L-Alanine Irradiated by
X-ray and Heavy-ion,” The 7th
Asia-Pacific EPR/ESR Symposium, p.

132, Jeju Island, South Korea, 2010.
“Structural

Kouichi  Nakagawa,

Investigation of Stratum Corneum
Lipid by

»
Resonance,

Electron Paramagnetic
The 101th AOCS Annual
p. 11,

Meeting and Expo, Phoenix,

USA, 2010.

HIA—, EERE. SIER: R
%%%KaihétﬁiFﬁw&ﬁ%

KIET2hH. 6 49 FEF ALV
%4i/2¢ E , AR % 49
E%%Xh/#%I/X$%E%ﬁ@
ZIEHE. 246-247, 2010.

Arizona,

A —, KEE#RE, F-HE, ARG
B, ILUNTERE: 9 GHz EPR A A —
TIHEBEORIE. B 49 BE ALY
A T RAFEEEE, AR B 49 [H



B ALY A 2 A EDAED T
B4, 248-249, 2010.

@ HJA—, ZFEFf: EPR A7
—TVEC KD EEAE~DT D
L ”49EHKHMMA$é,@
fif. 2 49 [ A AR
E% 224, 2010.

@ HJNA—, AR BB ERLT RS
kBRI —RE L-TI57=0FY
777V DA R T FE D FRF 1%20$
FE HIMAC 35 [RIF] TR R R 38 T
#E19P121, 2010.

H)IA—, ZV 4. Howard 1.
Maibach: A —X% o7 V73
L— 3 g EIC K D R g O
Mr. %6 48 EIEF AP A U R
DS MhE. F 48 FIETAE Y
A U AZESESHEHEGE.
298-299, 2009

® A —, ZHFffid, Howard I.
Maibach: EPR-A > 7o — 7k &
%R RE A E RS O B RS & AT, O
62 Mz a4 LR LFEFRES,
. 25 62 El=ou A FEIOREL
TRl 5. 42, 2009.

@ HJIA—: EPR-IHREIEEIC L 25l
LA TTEHEDORAE V11
FEANEERT. 28 48 [0 H AL RS,

AR, B 48 B A AR L FERESH
THEEHE, 132, 2009

@ HJA—, L BERL R
L2 AR /e —RE L-TT57=0FT0
DR R R OME. R 19 B
HIMAC JERIFI MR SRR K2, TIE,
19P121, 2009.

® HJNA—, ZVEFf: Ehi-RR
LHAAI/a—RE L-TI7=0DTFY
T OAERKMTEFE OMET. 5 48 Bl
FAE U A T RS B,
5 48 I T A YA = AP
ST, 212-213, 2009.

= BT
© s —: &EA ESR HiEE2 WG

BREE L XA F 7 AW, 48

@Hﬁ%Mb? Fx
[o] B A AL
2009.

, L E. F 48
xﬁﬁ%?%.%

(BE) G 240

@® K. Nakagawa, “Lipid structures of
various stratum corneum investigated
by electron paramagnetic resonance, ”
Keratin: Structure, Properties and
Applications, Chapter 5, Renke
Dullaart and Joao Mousques, Eds, Nova
Science Publishers, Inc., New York,
113-131 (2012). ISBN 978-1-62100-336-
6

@ K. Nakagawa, “Structure of stratum
corneum lipid studied by electron
paramagnetic resonance,’ Chapter 70,
Textbook of Aging Skin, Miranda A.
Farage, Kenneth W. Miller and Howard
I. Maibach Eds, Springer—Verlag,
725-733 (2009). ISBN
978-3-540-89655-5

(PEZE R PEME]
ORI Gt 1)

LW B A IR E

. I A

MHERIFE © ISSERTFIENE B RSLIER RS
TR © FFRTABR

&= 1 2010-163278

HEEFEA B PRk 2247 A 20 H
EWNAOR] . EN

(Z Dfth)
R DR — DA
http://

www. hs. hirosaki—u. ac. jp/ nakagawa

6. HFIERHRK

(1) WFzefdks
MJIl 23— (NAKAGAWA KOUICHI)
SLRTRT: « RFPPLirfdwarseft - Bz
WFeEF 5« 00244393

(3) HHEMF TR

SEE $R (HIRATA  HITOSHI)

AbifEiE KT - RFEBRIE B SRR - #
s

WFgeE 25 1 60250958



