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ACs: aldehyde compounds

AD: atopic dermatitis

AFM: atomic force microscope

AhR: aryl hydrocarbon receptor

BSA: bovine serum albmin

BaP: benzo[a]pyrene

BCA: bicinchoninic acid

CE: cornified cell envelope

CP: carbonylated proteins

CYP1A1: cytochrome P450-1A1
DACM: N-(7-dimethylamino-4-methyl-3-coumarinyl) maleimide
DMSO: dimethyl sulfoxide

DMEM: Dulbecco’s modified Eagle medium
DTT: dithiothreitol

EDTA: ethylenediaminetetraacetic acid
ELISA: enzyme-linked immunoassay
ESR: electron spin resonance

FBS: fetal bovine serum

F.L: fluorescence intensity

FLG: filaggrin

FTSC: fluorescein-5-thiosemicarbazide

GAPDH: glyceraldehyde 3-phosphate dehydrogenase

HA: hyaluronic acid



HBSS: hanks buffered saline solution

HaCaT: immortalized human keratinocytes
H>DCFDA: 2’, 7’-dichlorodihydrofluorescin diacetate
IL-1a: interleukin-1 a

IL-1RA: interleukin-1 receptor antagonist

MeOH: methanol

MES: a-morpholinoethanesulfonic acid

NBD-H: 4-hydrazino-7-nitro-2,1,3-benzoxadiazole hydrazine
NMF: natural moisturizing factor

PAHs: polycyclic aromatic hydrocarbons

PBS: phosphate buffered saline

PBS-T: phosphate buffered saline-Tween 20

PM2.5: particulate matter 2.5

RHEEs: reconstructed human epidermal equivalents

ROS: reactive oxygen species

RT-gPCR: real-time quantitative polymerase chain reaction

SACRAN: a sulfated polysaccharide isolated from Aphanothece Sacrum (Suizenji-nori)
SC: stratum corneum

SLS: sodium lauryl sulfate

SWC: skin surface water content

SS: disulfide

SH: thiol

TEM: transmission electron microscope

TEWL: transepidermal water loss



1,3-BG: 1,3-butyleneglycol

2-ME: 2-mercapto-ethanol
5-DSA: doxyl stearic acid
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TLTL %, 2N, AEMEAREICHENLTL 21CiEv», X v o3 7 B ol SH 2 v

Fe FUAFAFoX—FKICK) SSEFGINTHZ Licks ¥, —JF, CEldfi4Dnt



BE X v X T v 2N IF—F -1 (TGM-1) T XV EBIRTIBEEINS, &
fte—=Hh—=2 v X7 DDA VELIZ )V VRBHY, 4 vELZ Y vH TGM-1 1T X Y 5E
LICCEIClAATNEZCLICE VA vERALZ ) vORERatidiiiks %, CECiio-t

FerFo 27 I VAEREINEZLICX VPR EINBEIBRELFET S, 20
&5, CE OFELfE iAo d R TcH 2T vy FICBINs, Z0F 4
ALy FICXBREBELZHNTA Y AL 2 ) v ORORE 2B L 72E234 v R
Vvt ALy Forttotke b, 259, SH/SS HEBI R, vEAAL 7Y v
DR L FANL v FOROOILDOEAKE L 725 1tV AIEHIAED CE 2R TH 5
ZEERLTVS,

JRGHNERCTHE D IR TN T W I RIEDTRIR & 70 2 DA AIEMINE & 0 fli & 1 2 RIENE
A+ HA v D—D2TH 2 IL-1RA & [L-1a D (IL-1RA/IL-1a) TH %, Z DHiF, UVB
R EE BT A R T O A IC B W TR B2 T EBAIGNT WS 34, IZ T, A
NRZN Ry (CPs) WXL A b LR % 2T 72 A g IC SR CLEE < h 2 B ik
LG DALY TH 5, BIFIEHFIC, MIEAIMC B TR 1L 2 EERRRE (ROS)
72 EOMLIRICIET S W TR 2 BBt E 5, 2hE TOEFENHFHETIL. AEHN CPs
(LR T ERIERERE & OB AR X Tl Y O, MIEN CPs 2% < 72 % & KIFRIE/KD &
DT & TEWL @ ERAMEL %, & o T AEMIHRS T A -2 —% i+ 52 LT,
SC N Y THREDIRRE B L R LMD HAFIRIE 2 GRS 5 2 L 3T & 5,

2006 FICBETFHIC X W FRR I N IS L 224 € v ¥ 7 ) (Aphanothece Sacrum)
Ot~V v 7 RICEE NS Sacran (7 7 V) k. WERCENE 11 B O 7 55
& 1.6~2.9%107, > FH#HE 10pm L EOE&E S TRORKAL MR TH 2 12, I
ZERERE & L CHiEEE, AR F o T IO RKEEATVE T Ep KT BRI
w7 VEBEORKIID 55D ORI % b Ol A F v T Gy (TRIBES)

ELTHEHINTWS 213, 2 TOMIE T, AD BHEICXTT 2 47 7 v /KB D ERAR A

10



o7 vy —MRETIE, 327 7 vIKERERIC X D EACIE DRI L. AD ORERH3 K
BLEZERHEINTVE D, £72% 2 7 VKARDRFHERIC X > T, AD BEo0
Eczema Area and Severity Index (EASI) % Dermatology Life Quality Index (DLQI) @ %
ATHRELZEVIREDHZ B, CNLDOWEDL L. Y7 T v IINLERE LR
BRI L T LA T v B EIC X REREZIMZ 2NV T LT EExONE, £ C
TARETIK, N THE DIFIEN 2 AD OREERED B 2l N B RIc, (72 K 1o
T39S VvoERERIET 2 7-01cy 2 5 vElElo 1 »ARERRSRZTo7, TV 7
— PRI T A — 2 =721 T BRI ML 2 BRI L . SREAREMAhk T 2 —

2= ED KD DAL 2 HREEL 72,

1-2. EBE

1-2-1, A3

Y277 VB 77 e REE] 92 5 v (sacran) 5 KL TEMRA S (KB, 27V

+£ ) v (glycerin) ; fEERRNEH: (). 1,3-7F L v 2 Y 23— (1,3-butyleneglycol.,

1,3-BG) ;KH # A7 2k A&tk (R, =~ v F L v 2 ) 22— (pentyleneglycol) 5 Symrise
(Holzminden, Germany)

MBS : ¥ LV (xylene) s 7774 7 27 HAeH GHE)

Mfamts, % EREE: 7 v FT7FH 441 v b (Gentian Violet R) , 7V V7 v 7Y —

v (Brilliant Green) ; FIYEHSE T3S (KB

SH/SS %t : =F L v o7 I vl —/KFE=F b ) v LKA (EDTA), v F4 AL

A b= (DTT) : +57 74 727X &4 GLEB) . Dylight 633 maleimide ; Thermo Fisher

Scientific (Waltham, MA USA) , N-(7-Dimethylamino-4-methyl-3-coumarinyl)maleimide
(DACM) ; a2 2EANA AR GHR)

AVvERLT Y vt A v R 2 ) vHifk (Novocastra Lyophilized Mouse Monoclonal
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Antibody Involucrin) ; 74 A~ A4 7 v v A7 L ZXRASHE (HR), ©4F viiadi~y 2
IgG-1 §iifk (Biotin-conjugated anti-mouse IgG1 antibody) ; b I =7 Y Z A N[ A m P —
A& (BEuT) . Dylight 405 & 2 L 7 b 7 v ¥ v (Dylight 405-conjugated
streptavidin) ; 7 F 2 PS4 GE). F4 4L v F (NileRed) : FDGHIEE TS
LGN Y

IL-1 a /IL-1RA : DLA50 and DY280 ELISA kits ; R&D Systems, Inc. (Minneapolis, USA).
7 UIMiET V7 1 v (BSA) 5 Sigma-Aldrich (BE)

TINAR =R o387 Jeth 1 4-Morpholineethanesulfonic acid, sodium salt (4-MES) ; f1¢ i
T MRS (CKBR) . Fluorescein-5-Thiosemicarbazide (FTSC) ; Sigma Aldrich (BRAT) .

Dimethyl Sulfoxide (DMSO) ; 74 74 7z 7 &tk GHE )

1-2-2. & b BRgE AR
1-2-2-1. #eba

T PR ERDOIEENR D Y RZANY) THREDIKT LT3 HES 4. k44 (F
it : 22~36 %) DE I B EHIRE L LT,
1-2-2-2. HERIIR

20154 12 A 16 H2>5 2016 48 1 A 19 HIcEfi L 7=
1-2-2-3. BBRakHs X AR 7k

ABEEHT, 0.04% D27 7 v e 15%DFE ) A= (1,3-BG e 7Y ) v, _vFL
v ) a—n) EAZREBEG 2 7 VIR AT, T e REFle LT TV
bR <L ABREA L ARk D A Y A — A % G LRI E v 72 SURREMERALIZ “HHRIC T
O AT 24T o 7o, SABRGURHZ. W FTGE O JE MIERAL 2> & F 8 & COHPHIC 2RI & D

1 H2EEEAMAL 72, SABEIIR. 12HBME L,
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1-2-3. JE&REKSE (SWO) L#RKE Ky ZEEGE (TEWL) OBIE

HIE B0 0 A T D R R 2> & T8 £ C 2 i OVEERI ot - 7214, 20£3°C, 12/
15%~20% D ERHEIC 15 7ML T & 72, % Dk, WERHAL % 5 2PnllE L 7z, HIERSR X
Multi probe Adapter MPA 3 2 7 2 (MPA Corneometer CM825 Fil 2 /K43 HIE 7" 1 — 7',

MPA Tewameter Triple TM300 F#EE K 788 EBIE 7 v — 7)) ZHEHL 72,

1-2-4. fAEMIBORIE 2T 4 K77 A~DHRE

T ANV VIS LT =T E s 77 MET - T RE D H LT — 7)) DIER
HHICH L7, GEMERRIAMBIECL > T IA—MIT IR TV 320, Keilizi
KHERDH B, ) ZOH, 6mm ORHF AV FTHLT -7 EAfENET — 7 HIKEM
o, EVEY FEHWTZATIA FZ T 2IC 6 mm Il 2ffEf & 7 — 7D AR %2050 ff
F7zo FrLvic—oFCTruny T —7OREROBZEMRL . ZORAEZT 5 LT

AT AR I RCAEMIED A EEE L 72,

1-2-5. fJEiD BG Gt

05g/100mLDO7 YV T7v Y=y, 1g/100mL D7 v FTF 4Ly +iE
KGR % BG Yeailil Uiz, A7 A4 F 275 RIS L 7= @M% BG LR ICER T 15
SERRE R, AGEKDFK TR L 7= ATEHIRE SN 0 BG Rt % Ve L 72, HEZ L. St
BEMEE (IMT-2 4V w3 R) CHigZ Y AL ASEGH 7 v 77 F L #kalath CIEL) 12 C

B GIFNT 21T - 72,

1-2-6. g o SH/SS o 7~
AT A4 VA7 ACHES L 7= gt ol SH 3% #UE#s 5 2010, 2 pg/mL

DyLight 633 v L 4 I F %% 0.1 M TAS buffer (pH6.8) i< 25°COISHT T 2 BfliRiE L
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7o KTT TR, MEMIEE 37°CT 10 228, 0.1 M TAS #&f#ik (pH6.8) F1d 40 mM
DTT X0 0.5 mM EDTA & G E 2T, YAL7 4 F (SS) #itxWAb Tk, T3
Xk, 25°CoOMgAT < 340, TAS &R (pH6.8) H1 o 10 u M DACM T EHiE %
R L 72, HOEEAMSE (Floid Cell Imaging Station, Life Technologies Corp.. NY. USA)
VT, fAEhob SHHE GRth) 3L USSHE (Ft) 2B LI0EmGE IS L

7zo Corneocytometry % i\ > CHOGEI{R % fiFT L. 78 SH x5 SS Db Z#E& L 72,

1-2-7. AlEMiEh oA vRAL 2 Y v o R

ATA AT ARG L AEMZ#E 7Ty h—C~—F v 7 L7k, PBS (-) T
5 537K & € 7=, Block Ace (Bio Rad Laboratories Ltd., CA, USA) % f\>T 1 K 7' &
v ¥ v 7Ltk AREMIRETA v RL2 ) ik (1:100) &3 1 A v F 2 _—
P L. BT VAT 7 X [gG-1 Fifk (1:100) < 1 RRELER L 72, PBS-T CHEdt
L7-#. fafE#ilg% Dylight 405 #5& 2 ML 7 F 72y (1:100) &4kic 25 °C, 1K
GHTCA v ¥ ax—bF L7z, REI®REE 5% 27°) ku—Ldh 3 pg/mL &L+ 4L
v FERFH RO L, hN—=H T ATHARE, 4 VA2 ) vis X CIREI/RE (40
Ly F) I3, 8O¢EEMEE (Floid Cell Imaging Station) % Hl\W-CZhZFniFths L OREH
St & LTHEIZ L 72, Corneocytometry % > T b M 7= K HOLEIGR O HOLRE 2 MIE L, 4

VRN ) vy ORERa R A vERAZ ) URF ALy FokE LTEL -,

1-2-8. AfEIL-1a - IL-RA DEE

7—7 (IemX1.5cm) IZft7 L 72 RBE D AJEMIIE %2 = 08 1 A, JK T 2 KL 300
uL @ 0.05% TritonX-PBS (-) c##EL 7=, Son=EH%. 1000 rpm, 4°CT 10 5>
M o0 orEEL . 2 BER O IL-1a, IL-1RA, F X CWAJEMIIE % v < 2 B oWlE i L 72,

IL-1a X FIL-1RA #, DLA50 3 X I DY280 ELISA ¥ v F CENFNER L 7=,
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1-2-9. AEMIah DA LR =L & v oX 2 HDOHN T <L

254 FH 7RIS L 7- @il %, 20 u MFTSC % & 0.1M MES-Na i (pH5.5)
12 25°CORERTC 1 FFERE L 720 /K TT T\ 721, 3L BEMEE (Floid Cell Imaging Station)
Z W TR % 1572, Corneocytometry Z T, FHNHERICIH T 5 K= fb x w3

IEDOWNBER ALK Ry 7 LAt LCERL 72,

1-2-10. #ratilet
ETOMRT — 2 2FHOTFKTEKL 72, Wilcoxon fF5HIEMARE T p EEHFE L. 0.05

KD p HZHETNCHER L A7 L7,

1-3. fR
1-3-1. BJEDAEII N T A =2 —ICRIETH 7 7 v OFHE
4 BV 7 7 v RIEGE % 0 T SWC 1, Wilcoxon FF5MEAIMUE % Fi v TR L

TR, TR L ARERERERACTE Lok, T RO T [ VP

(a) (b)

50.0 25.0
D 40.0 20.0
g,
]
£ 300 . 150
z s
S g
=]
5 200 D 100
= =
= z
§ 100 = 50
0.0 0.0
pre- post- pre- post- pre- post- pre- post-
sacran serum placebo serum sacran serum placebo serum

Figure 1-1. Effects of sacran-serum on skin surface water content (SSWC) and trans-epidermal water loss (TEWL).
Changes in (a) SSWC and (b) TEWL in volunteers applying samples, serum and placebo for 4 weeks (pre: baseline of
testing sites, post: after 4 weeks’ application)
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(25.0£95A.U) X Y b E2 -7 (32.7£10.1 AU), 7 5 & K& L 7- #Ba o g SWC
. =274 VlE» LB Lo 7 (Fig. 1-1a), 4 807 7 VRBRB X VT Z
£ RO DAL IC BT 3 TEWL 13, BERRTOR— 2 T 4 Vil & Hig L T il

RN LA, ¥ 27 7 REBRE 77 e A ORMICHBEZE 2R T & oo 72 (Fig. 1-1b),

1-3-2. Mgl I KITTH 7 7 v o

AJERINE D I KIS T Y 7 T VRIBR O3 R & FEiES 5 =01, AEHIRmE. fE%
HREEE, SH/SS Dt X A vEAL 2 Y v DGR OIEZIEIT L 72, 77 & R ERAL
TOMEMIEEREIZZL o723, 7 7 VERERGEHERALIC 31 2 A5
A X, JEA 458 %IC 521.8+£61.8 um? A5 747.5£76.2 pm2iICHEICH ML (Fig. 1-
2), fafE% EREERT X, 27.8£5.5%5 5 9.8+£2.4% ICHEICIKD L7 (Fig.1-3), 77 &R
BN Tl AES EREE 2 (L3R o Nk o 72 (Fig. 1-3), SH/SS ik, 42 7 v

(@)
10000
X ¥

—
v - = -

400.0

Corneocyte size (pm?)

200.0

0.0
pre- post- pre- post-

sacran serum placebo serum

RS

(b)

£ due b R " T3
BB e

pre- post- pre- post-
Sacran serum Placebo serum
Figure 1-2. Effects of sacran-serum containing sacran on mean size of corneocytes. (a) Changes in mean
size of corneocyte after 4 weeks’ application of samples (pre: baseline of testing sites, post: after 4 weeks of
sample application), Wilcoxon signed rank test, ** p < 0.01. (b) Representative images of corneocyte at
baseline and after sample application. Scale bar was 100 um

16



R BT 2 &, BH 4 ER%IC 233205 205 0.7£0.1 icHEICED L7 (p <0.01)
2. 77 e R CREIZR S e d o 7 (Fig. 1-4), ¥ 7 7 v {REBHGE FERAL I

75 CE DIREEZ XIS 2 4 VR 2 Y v OfEgEtE, 4 VR s ) vt A vy Ko
i, 7 7 & FE AL & Helk LT 0.37£0.06 25 0.61£0.10 ic &I T L 72 (p <0.01)
(Fig. 1-5), 2o DfEREZRATZ L, ¥ 2 7 VR AEMIE DO R KR RE % e+

L LRREBL TN,

—_—
o
~

—

thick abration (%)

15.0 J
5.0
*%
0.0
pre- post- pre- post-
sacran serum placebo serum
(b) s
U nad O. ) I p‘
,f ’ .. @
hn‘ e
pre- post- pre— post-
Sacran serum Placebo serum

Figure 1-3. Effects of sacran-serum on percentage of thick abrasion. (a) Changes in percentage of thick
abrasion of corneocytes after 4 weeks’ application of samples (pre: baseline of testing sites, post: after 4
weeks of sample application), Wilcoxon signed rank test, ** p < 0.01. (b) Representative desquamation
images of corneocyte at baseline and after sample application. Scale bar was 100 um

1-3-3. BHEOFABIERIEICH T 292 7 v D%

WAL 72 ER AR ICEE N KB TR, IL-1RA/IL-1a OHEBE W EBR LMD
NT\n3 338 mEdlgic s T3 IL-1RA/IL-1a DI, FEICEH T 2 KAEDFLRE % Kk
FTENRNTA—R =L L THZITFANLNLTND 9, %7 F7 VEERERTRAIX. 77 &R

FAERAOL & beli U 72854 . IL-1RA/IL-1 a D2 HEEIET L Tz (Fig. 1-6), & OfEHR I
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Y77 VIRBIRPERRICE T3 RIEEMNHITE 2L 2R LT3,
(@)

* %k

= =

i

SH/SS
N
o

pre- post- pre- post-

sacran serum placebo serum

(b)

pre- post- pre- post-

Sacran serum Placebo serum
Figure 1-4. Effects of sacran-serum on SH to SS ratio. (a) Changes in ratio of SH to SS after 4 weeks’
application of samples (pre: baseline of testing sites, post: after 4 weeks’ sample application), Wilcoxon
signed rank test, ** p < 0.01. (b) Representative merged images of SH (red) and SS (blue) in corneocytes at
baseline and after sample application. Scale bar was 100 um

(@)
0.8
] *

0.7
~ 0.6
]
- -
v 0.5
E 04 ﬁ
=t
=03 L
E
] 0.2
>
S 01
—

0.0

pre- post- pre- post-
sacran serum placebo serum
pre- post- pre- post-
Sacran serum Placebo serum

Figure 1-5. Effects of sacran-serum on immunostainability of involucrin. (a) Changes in immunostainability
of involucrin normalized with Nile red fluorescence after 4 weeks’ application of samples (pre: baseline of
testing sites, post: after 4 weeks’ sample application), Wilcoxon signed rank test, ** p < 0.01. (b)
Representative merged images of involucrin (blue) and Nile red (red) in corneocytes at baseline and after
sample application. Scale bar was 100 um
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160.0

140.0
'7 *
120.0
o]
— 100.0
-
E. 80.0
-4
i 60.0
-
o
40.0
20.0
/=
0.0
pre- post- pre- post-
sacran serum placebo serum

Figure 1-6. Effects of sacran-serum on ratio of IL-1RA to IL-1a. Changes in ratio of IL-1RA to IL-1a after 4
weeks’ application of samples (pre: baseline of testing sites, post: after 4 weeks’ sample application),
Wilcoxon signed rank test, * p < 0.05.

1-3-4. @ (SC) 2 v 2B ANK=MLICHT Y7 5 v D
SCHDANKZNMEE o8 7 (CP) 1k, XFOHMEMERTCIIMT 5 2 L3l s h
T30 720, AEMEICETE VR MEZ Y X7 HDL VN T 2327 7 VIR

W X7 72RO REREL 72, 27 7 VIRBEOBEREALIL. 77 * K O AL D

—_
&
~

200.0
180.0
160.0
140.0
120.0

100.0 L

80.0 W
60.0

-

0.0

Value of carbonylated proteins (F.I)

pre- post- pre- post-

sacran serum placebo serum

(b)

pre- post- pre- post-

Sacran serum Placebo serum

Figure 1-7. Effects of sacran-serum on protein carbonylation in corneocytes. (a) Changes in protein
carbonylation in corneocytes after 4 weeks’ application of samples (pre: baseline of testing sites, post: after
4 weeks’ sample application), Wilcoxon signed rank test, * p < 0.05. (b) Representative images of
carbonylated protein in corneocytes at baseline and after sample application. Scale bar was 100 pum.
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FHCP L~ (343+218FL) LY bHARICEWEE 2 >7 (21.0+17.1F.L), CP %,
IEVERESRAE (ROS) 1T & - THA S 2 IREBIL O R ERYICH 2 V. ZOfRIF, 7

7 VRSB RKICE T SBEA P L AR T EE LT (Fig. 1-7),

1-4. %

INFE TOMIET, AD BEICH T 2R T v 7 — FRETIE, 37 7 VIKBERO B T
AD BEDOKEDO I Lo X CHBERZEIREWMINSG L, 246-bP)=tmrzuaxxvEy
X 2BMEBROT L AF - KICORKIEPMIGI S 2 S MG I nTng B2, /¥
77 VIR B 5 1 b Blb &3 METE DO RARFERE T TV CIEREEM
g CiRiET 2 2 e dhfERINT VDL, TNHLDOWMETIE, ¥7 7 v AD BEDT L
VX —BHBICHERR L 22 B ot U CAEBEICHSIc@ & . KIS T L ¥ — RICO FIE%
FOi -T2 ERRENT VS, L2LAYD, X CHBEREFICNT IS 270
MBI ARHTH 572, > T, RETRIEF RKEREEXHT 2R 7 v T4 7 Tlkd 325
R AR 8 T X — 2 — 5 X UOBMIIE 7 A — 2 —icEfi % HTTRAIC AD D%
HT2RI7 VT4 TICBT B9 2 7 OFERHL 72,

AR T, £9SWC & TEWL 2HE L., %27 7 v EF 0K ICKITTHELH
RER, R=ZATAVEHBLT, Thbd 2 20X X=X —D0nFnpIicby 2 7y
DIFFDO B BENRE AT B TE hdodz, FZ7ZHKENZ LI, SWC Dfi%
TEWL O ChR L 72 (SWC/TEWL) Tld, %7 7 V{RBE A IC X 0 F 5= RinikEE
DYGENRAHERR 7z (Table 1-1, Fig. 1-8) %9, Z #Lid b &< SWC, TEWL o #l
EFRREERT20TIEHAL, HHREMAOHEREONNT Y FE2 A LCHELA/BRTH
5, HFMEADHERE LTH 2 &, KFHREHEED LEI NS Z LMEETE 72,

z 2T, SWC/TEWL Dfd &0 7297 7 VRBR E 7 7 & R RHEBIKZ N Z o Hi
% OB B DT #E B % Table 1 ISRT, 4 VY RA 2 ) v gt % v < BB
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Y7 T ARBIREAR AL & 77T e R RIREA AL IC A B A X e <

BRD Oz, KX T A =2 —DUERICOWTIEUT TR 3,

e

6.0

4.0

3.0

SWC/TEWL

20

1.0

0.0

pre-

post-

Sacran serum

pre-

post-

Placebo serum

G ]

=
Jon ST

Figure 1-8. Effects of sacran-serum on ration of SWC to TEWL. Changes in SWC and TEWL in volunteers applying

samples, serum and placebo for 4 weeks (pre: baseline of testing sites, post: after 4 weeks’ application)

Table 1-1 : Summary results of use test

Sacran serum Placebo serum
Parameters pre/post
Mean +SD pl Mean *SD pl p2
SC water contents pre 215+1.16 205+1.30 NS
/TEWL post 4.67+3.50 * 2.65+1.63 NS *
Corneocyte Size pre 521.75£61.75 568.48+83.28 NS
(umz) post 747.5+76.21 o 551.57+85.68 NS o
Thick abrasion pre 27.83+5.46 21.15+6.47 NS
(%) post 9.82£2.40 o 19.01£3.64 NS o
pre 42.54+20.96 42.81+£21.77 NS
SCCP
post 21.03£17.05 w 34.31£21.77 NS el
pre 2.33+£0.48 211%+0.27 NS
SH/SS
post 0.70+£0.12 o 1.91+0.40 NS o
Involucrin pre 0.61%+0.07 0.47+0.09 *
/nile red post 0.37+0.06 o 0.44+0.09 NS | NS
pre 110.10£219.8 51.22+4581 NS
IL-1RA/IL-1a
post 13.48+15.54 T 42.40+37.18 NS o

pre: baseline of testing sites, post: 4 weeks after sample application
pl: probablity between pre and post, p2: probablity between sacran and placebo

NS: no significance, ; 0.05<p<0.01, *; p<0.05, **; p<0.01, Wilcoxon signed-rank test

RINNER 7 PG ISR 2% 27 7 v OB % EMEICBEES 5 720 I AEMIERD ¥ T A

— X — DRIt AT o 72, Bl L 72 B R L 72 BB T IE, KA ATEMI 05 Bl =
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N5, AEHIBOKE I IFRLD X — vt — N — K TE L, B OBES RIEIC X - T/h

I B2 ADICROND X RIELR LZKECTH ., MERLE XD b REERH
T OU/hSvAREMREREZ R LrAREIN T2 9, BHRRKRICEWT, 277 v
RIBRZEN T 5 & 77 2 R ICHRCTHIIEAES A REICKRE S 2D RIENNTA—X—T
%% IL-1RA/IL-1a DIED HEITE T35 2 & AR TN T3 (Table 1-1, Fig. 1-2, 6),
Y7 F VARIBIR O T BN T O RIEDBIN S AR, F—vd— = IEFElL
TATREME DS RIR X I B, K o HZIRINFICBRES IC B S N 2 B E A2 23, 2 DJFIIc A Y 7 L
AvEBIUAT 7y D OERIC K-> TR 5 AEMIdOEBIC R H 5 2 L AR
BEINTWDE 690, 475 MEBROBEHRISEHNHOEHEGZHY - ZELEZI LD
(Table 1-1, Fig. 1-3), % 70t 2% EHL T3 LGB ZLTON S,

— MR, BRENL - ATEMIIE TIZ/NE {7 B SH/SS D E 4 v R 2 ) v o ettt
2, S0y 7 7 ARBROEHFBE I TRBRATIE L 7 7R e KL THEIC
WL, £7- SH/SS Dfik SWC & offlic BB ZED b (F—XIImEmwv), MU
FEXY 9277 v REBROBEMIE, 77 e R L R L CHEE R AR I, £ &R
HtoJAd, SH/SSlEB XA v A2 ) v/ FAN Ly ROEDOKT%Z b 75 L7z (Table
1-1, Fig. 4, 5), e o3&, ¥ 7 7 viZAEMIAD AL RE L ZERELLET L
ZRLTW3,

BEHE L - BRE HOC I L I, TL-1RA ihf§ 3 TL-1a DHERE N &2
%3038 [L-1a EER O RFEES 4 P 14 v TH Y| IL-1RA BRZDRZERT v 42 o=
2 CH B MELEEFGICHET B IL-IRAICHT 2 [L-1a D@V EEIZ, FRLZIL-1a
BRICIGE LTINS % IL-1RA oRHICER T 5, L723- T, AEMidicswvC, IL-
IRA/IL-1a Offit, REICBF 2 RIEEZ KM T 287 A—2—L LS NG, ¥7 7
VAREIIE 7T 2 RBEE B L T, $BRE @ IL-1RA/IL-1 a & A =TI & & 7= (Table

1-1,Fig. 1-6), Zhit. %27 5V RERKICH T 3 BIELR D & & 3 REMEZ R L 7=,

22



Bf21C, CPs 1% ROS I X o CTHAlg X v, H2ME L 72 B8 o fEHIIEIC 35 THRE I BIS &
N2 EEEBCSOC DR ERYTH 5 49, IL-1a X, IL-1a ZEMEKE OHAEHIC X
> T LI NE A v & —nu 4 F V-1 XERBEEF F —¥-1 2E&L v 7 F VREREE %/
LTROS 24T 2 2 LBMEINTVE Y, Zo##IR, IL-1a O¥MABT 75 7 94
Mk TEWELIREZFRE L, AEitho CPs DL ARk hEdhsdi ticdo
T3, TNOLDFERIZ, 277 Vv IL-1a DR %@ U CHIIENEL 2 b ¢ 3 C
&, SWC 5 XU TEWL (€ X o THIE XN 2 S IRIEHRE & CPs L ofIcA DR H 5
ZEHRLTWw3 (Tablel-1,Fig. 1-7), 2% 9., ¥2 7 V{REEOEH < X > THE{LA b
L ADSEA T 5 2 LT CPs AR, JERIEHREDMRILIC Ot o 7z LHEHITE 2,
BRIREEDFENTHER Z R ATNCE R T2 L U T DX 10k 2, BERKETIZ. 27 7 v
ZAERA AT BRI A B 2 . (LR L w2 BRIEZ B L T b 2 AR I T,
COERAA =L e LT, REREICH 7 7 v EZEK T 5 & & TYEIERE L L

T2 & DRI ZAF R INEI U S PRIBHERE &2 Sty L T\ 3 alREME DS 2 b 7z,
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Paxiax =~z

52 E
ANERREIC N 32927 7 v O AHERENR E Z DA H =X L

2-1. #¥#5

A, R ESERKT R (SWO)., EwikEEk7&EE (TEWL) ZHE#e L.
RFIC 128 D Y6 DSEFEIC X 2R EIREEA R 6N %, FRHIICIZKIE C 2 DRI R g

ICHBEFICL LFEL, & LIl & omRIiHIC X 2 /MVER, 3 X O o NE
W &, B a R ERAEMICHARDEZ 2 L Ick W RAET 2, Ilhiz, 7 =4 VIR
WEHEAID 77 YV VEREEF B Y v L (SLS) DJEFm#EAIC X o TRERIICHET 2 2 3T
%50, Frf§ic SLS 0 BRLEAT sz ick ., SWCOKF& TEWL @ EF, Iz <
K oEBrBIgEI NS 2, F - fEfilahko 7 A —x—nZfte LC, SLS il
DN TIEE WA v 2 —uf*xy (IL) -1aZAERT v 2 a=2} (IL-1RA) i3 3
IL-laDtFEE IL-8 DFEL XAV TORBBRBEIN TS ¥, $7z, XF0iBiLTli.
FEMIIC AN K= 2 v N7 (CP) B WEIATHET 2 2 L b L2 IC R o T 5,
O OWFFE T ix. SLS AR EAEMNIE £ ¢A 5 1B L SLS AN o if % 518 (ROS)
DEITTHES L O IL-1a D E M, & Hicid [L-1a 23kt v + RS AL (HaCaT
HIfE) © ROS AR AZBME 2 2 & bHL IR > TS 5,

—JH. T Fe—HEEE (AD) 37 LAX—MEETIRH 55, AD B OB K
J§XT A — 2 — DR TRHIIZ, AT OO & HE T 2 KLY THREDOEK T %
RY M, F e EREAKFICECTY, KAGRE R NIRRT OB LT L
IC XD BEEARICON T 2 MR R TRENLL 52 )V R/ BFEZ LN T D P, BUK
W% BT %54 LD TEWL 3 EVIREEIC S B 5550,

BLED e o, ARERTIC X 2 T4 3 2 W0 i3 RN Y 7 HERE O S

B 5 VIIBERENRDTER A EETH 5 T L3RRI N5,
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AFEE 1 BEICBNT, 277V R A— A2 EOHRERIT. AD BEEO H 5/ A
DEFFIREEBGET 2 Z LRI N 19, EITHFEICE VT, ¥27 7 v AD BFOX
TEx GO EERELZRET 2L MEINTHE B CNLDHEELZRET S &,
Y77 VIIEFERBTATAY 7 & LTl 20T A AREMICREL TERE D
REEZWESTZLEZ LNz, DED, 27 7V HBHFIREEZ MR £ 2138 T 272010k
BRNEHCHM o007 LCERT 228 M8 TE 2 L{REL 72,

o CARBETIE, 7 7 v OR~DRIEN. B X UONERICEE L 72856 OREIE 2 &
DEJERENR L Z DA =X LD WTRE 2T 072, 7 TV DRE~DREMICD
Wik, A F U7 T v ERWCe FEEKREET AV (RHEE) WO JETEIC D W THER
U7zo ARSRMRIBE & LT SLS Z v, SLS FHENURN oekEIEA % HaCaT #ifdic
T2 SLSHZB L SLS BEIC Lo TiFEaI NS IL-1a OFEICHT Y7 7 v orhE
ZWEET 52 C LI K DEHEi L 720 72, ZORREAERICIHINZFE LT =4 v 141
HThoeTru VRS FY T LLEDHEDIT O, 77 v DIEHDESICO T D FH

L7,

2-2. EBT%

2-2-1. 38

Y2 7 v (sacran) ; KEALK LEKRR S CRBO. e 7va vEF b Y v L4 (Sodium
hyaluronate s HA) , + VU 7+ ¥ (from Hog panceas) , 77 U AFilEF + U 7 4 (SLS) ,
Fa 7 zwa— (a-tocopherol) , K& L > F v (lecithin from soybeans) , I L A7 1 —
L (cholesterol) s 71 7 4 7 A 7 Rtk () . X v~ vy a4 — 7 V28R (Dulbecco’s
modified Eagle medium, DMEM) , v 7 2P (Ca?" and Mg?* & 4 Hanks’ Balanced
Salt solution, HBSS) ; HAKB#E MR &4k (). v o IR IME (FBS) s Invitrogen (Carlsbad,

CA, USA). BCA Protein Assay Reagent kit ; Pierce Chemical Co. (Rockford, IL, USA), IL-
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la and IL-1a ELISA Quantikine kits, XA F L 7"} 7 €2 v (streptavidin-HRP) ; R&D
Systems (Minneapolis, MN, USA), 5-Doxyl stearicacid (5-DSA), 4-(4,6-dimethoxy-1,3,5-
triazin-2-yl)-4-methylmorpholinium chloride, 2’.7’-dichlorodihydrofluorescein diacetate
(H,DCFDA) ; Sigma (St Louis, MO, USA), t FFAEFKEET L (LabCyte EPI-MODEL,
reconstructed human epidermal equivalents, RHEEs) ¥ X OR58Ra ; SRSty v o0 -
TA v Ya T =T Y v s (FH). 6-[6-(Biotinylamino)hexanoylamino]
hexanoylhydrazine (biotin-AC5-hydrazide) , Hoechst33342 solution ; F{-{LAF5EAT (HE
A). DyLight650fZ:#% =2 b L 7+ 7 £ ¥ v~ (DyLight650-labeled streptavidin) ; Thermo
Fisher Scientific (Waltham, MA, USA). 2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic

acid)diammonium salt (ABTS) ; FlIJGHSE TSt ORBR)

2-2-2. ¥ 77 v/ eTn vEBKEROHRE

Y7V i2LE— A=Y TV 25gmOVEY . A A VRBUKEGRML 1000g & L
725D =X —N"NZAT 60CETIHRLZ, VA —X— A THRL T 60 Cxkfo7z
FEhE IF¥— (MARKII 2.5 8, Primix #:#) - 10,000rpm O [REEHC 1 FEEE A
L 720 OEHARMICE L. ERECRLAEZDDEERICHELZ, e 7 re V£ 200mL &
—H—IC99 g DA F VIHKERBYVIY T4 A= I F P —THEIPELTEHL, FICEIEL
ThwieT7ru vl ) v azPETORML TV & 2EFMZIC 3,000 rpm £ T

IR % B 30 7 HIBHEAM & 2 72,

2-2-3. ¥77v/eTruvig (HA) ovtF i
¥ 7 7 v & HA % 20 mg/ mL @ 4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-
methylmorpholinium chloride D##7E T . 2 mg/ mL @ biotin-AC5-hydrazide & &)t X &

7z YT 5 R L 72, ©AF VEEEHEE N A A oK 2 &N IC X0 ke
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L7,

2-2-4, ¥y vieerrn vy r )y A (HA) ov FEEXRKET N (RHEE) H1To
JRHE D

0.05w/v% D v 4 F VAL L PEFUKIER (37 7 v 7213 HA) % RHEE o ffg & m il ic L
BL, 37 °CT 24 W L 72, 24 RSB H O &2 B L, RHEE Z@&@& L 7- v 4
F AL O E R 1T 572, —J5. RHEE 12 2 2ictIli L, 1 2i% RHEE WIic#E % > <
Wi EFF LS IEEOER T, b5 1 D LKA % 1T - 72, RHEE YIH
H AT O FIECHELL 72,500 uL oV v gEE L FREK (PBS(-)) ICi®i# L 7= RHEE
Y% uT-12 € —X2 7 v ¥ % — (Taitec Corp., Saitama, Japan) % F\>T 2,700 rpm T
10 pRlFEYF 4 X L7, 5124 °C, 15,000 rpm T 5 w0082 T, 20 bz
RHEE Y] - filiti & L 7=,

B ELISA I VT, T ket F b2 ER L 72, SR - 30K
MR AEREOZA L 7 7Y Y-HRP (1:1,000) $EAL, 37°CT1IHEA v Fax
—F L7, BonRAMEZY Y FLE LTELISA 7 v+ A4 ICffifll L 7=, ELISA 7L — |
DET NI FF ALY v IFET A7 I (B-BSA) #a— b330, 7 2 iC
150u L © B-BSA # A7z, 7L — 1+ % 37°CT 1A v F 2 _x—} L7, 200 uL @
PBS-T T5 M 3 [T, 7L —r% 150 puL o7 vy F v 7ERE & bic 37 °C
T1REA v Fa~x—1F L7, 3B (100puL) 27 = vic Af, 37°CT 2 R4 v % 2 <
—F L7z, 100 L & EEWE (300 ug/mL @ ABTS, 10 uL ® H,0,) #FML 7=, 7
L— % 20 pEERTOBF TGS, ~4 77 L —1F U —%— (Spectra Max
Gemini, Molecular Devices, CA. USA) ZHWT. B 5N7ZAETKRD 405nm 1 BT 3 K¢
J& % HE L 7z,

MR & L Cid, RHEE O#iisYl o vt F L% % DyLight 650 752
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FLZ b TRy TR T L X o THEAL L, %% Hoechst33342 ClRIRFICYL(h L

72 Floyd Cell Imaging Station (Thermo Fisher Scientific) % F\>» CH{JCHR % iz L 72,

2-2-5. fifcassE

v bR MR (HaCaT) X 5% FBS % &% DMEM % T, 37°C, 5% CO,
FETF ORI L 72, 0.25% F U 772 v B3 XN 0.02%EDTA % &6 3 % PBS(-) % Fv CHllfia
ZHIEEL . 96 SEEEMIEH~A 7 v 7L — b (U TFHRASH) 12 3.5%10° cells/well ©

TR L TRt L 7.

2-2-6. #HREAEFFE OBIE

HaCaT % £ 4 7@ SLS (0, 6.25, 12.5, 25, 50, 100 pg/mL) ZiHNL 7=k5HT
24 WG #8 L 7= % O IS E 1. Neutral Red %% F v CHIRRESFR & L CEEEi L 72, 33
pug/mLD==2—"FF ALy FE&D DMEM hoffifids 2 B & & ichs8 L, PBS(-) T¥t
Hig, ARV AT =2 —F I Ly FE 30% A &7 — AR TR L 72, &
O NI D 550nm IC BT 2WEE~ A4 7o 7L — ) =X —THEL, 2vbu—n

(09 L) Z#AFFEE 100% E LTHIE Lz, £720.02 wN%D¥ 27 7 v E7/-1d HA, &5
ITIIREM R PTRILFITH 2 200 uM D a-+ a7 zu—n & SLS #EA L 725 < 24 I

552 L. SLS ofiiaffEH icnt 3 2 EAIE R ic o w CRHi L 72,

2-2-7. HIFEAROSL ~ v #lll5E

<4 7 v 7L — MR L 72 HaCaT 1 HBSS(+) % FHWC 20 uM IcF§#i L 7= ROS X
JEMEHESE 7 v — 7 H,DCFDA % 30 43R L, MIBEPICE v A £+ 72, HBSS(+) CHllig
% Veiits. 5%FBS #4732 DMEM % F\WwC## L7 0-100ug/mL © SLS ¥ 721k

50ng/mL IL-1a 278N L, 24 KefER58E% PBS-T Cillld# AL ~A4 7n 7L —1F ) —4&
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—IC X o THOEHE ZHIE L 72 (IEHR © 485 nm, HUEIR 560 nm), % O, EikiC
fit > T BCA protein assay kit Ic T & v 7 EHEZHE L HIEBE : 560 nm), HOEHREE %2
g vy EECHRLTHIEN ROS LA 28I L7, 72 0.02 wih%DH¥ 2 7 v E72i3
HA % SLS 7213 IL-1a ZEA L THE L, MIIZN ROS L ~v BRI 3 2 flflRh R IC

l‘)VC%EIZ'ﬁﬂj Lf:o

2-2-8. AR RENE O Bl
YR Y — LfEEs X O HaCaT OMIFEEFRENE D2 E X ESR A ¥ v 7 ~AFTH 2 5-doxyl
stearic acid (5-DSA) Z 27z ESR At v T _AEIC K o TEHli L 72 5759, UKy — Al
NYRLGFECHE KT LY F v ealL AT — L% 2:1 L LCHBLED, VEY—L
F X W HaCaT (1.0x10°cells) #Zh %+ 1 mM 5-DSA % 7213 10mM 5-DSA 77 F <4
VEaAR—F TR LICEY . AERENICAY Y TRAKIERYIATE -, TOFE, UKD
— L5, HaCaT 12 LT 0.02w/v% D ¥ 27 7 v &AL <. BmEtEicy 7 7 v ik
TR ERHR L, EREOREMICEH TS SLS ofFfiZ ESR 2~<=27 FrZIIc kK
(KD ko TEHINEZF—F =T X =% — (8 ZHWTFMiL 7z, %7z ESR 2
2 F i, ESRHIESE (RFR-30 Electron Spin Resonance, Radical Research Inc.) % >,

37°Cic T Table 1 IR T ERESMCHIE L 72,

S=(A//-ALl) /[Azz - 1/2(Axx + Ayy)] HD

(Axx: 0.63 mT Ayy: 0.58 mT Azz: 3.36 mT)

2-2-9. #fEHLER
HIE B 1AM E AR HEfR 72 TR L. one way ANOVA @ Dunnett's #7EIC X > THEZEMK

EZ{To 72, pfHE 0.05 R Z At F£HICHE L L,
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Table 1 Conditions for ESR study

Items Value
Modulation frequency 100 kHz
Modulation amplitude width 0.1mT
Scanning field 338.1£5mT
Receiver gain 200
Response time 0.03

Sweep time 8 min
Output powder 4 mW

2-3. #H
2-3-1. ©4F VL% PO RHEE ~DiR% - JS{E
FhamElg (SO /-I3MASCEAETEET AL LT, 6 HRlB XN 12 HHEEL
7= RHEE Z W, ZWE (32 7 v, HA) 2 SCIIRET 2 2MEEL 7z, €4 F 1Ly
7 7 v ¥t HA sk oRwdotid, 12 HEESE L 2@ 7 v ClIRMANICHEL TH Y
(Fig. 2-1a), ELISA (i COEETHEHTICIZREL TH 51315 100%SC WICTH F -
T\ (Fig.2-1b), —7i. 6 HEEEORMAET L Tld. SCHEERIICHR LT o Th
D, EETIK 5 EHEL 2 SC WERE L THHHT~EITLTw a3 2 LBl L IR 7
(Fig. 2-1a,b)s T ORI, %2 7 v HA D X 5 B TALAYTH Y THRED T -

72 SCICIFERET 2 A[EE# " L T\ 3,
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(a) Immature model Mature model

(b)

Penetration (00) into

i i 0
the culture medium ~ Ret2ined in RHEEs (30)

Immature model HA 48.10 £ 0.02 49.10 £0.07

(RHEEs cultured
for 20'+0:05 i

6days) Sacran 49.30 £0.05 49.10 £ 0.07

Mature model HA 1.0+0.01 98.00 £ 0.02
(RHEEs cultured

for + 50 + 0.03

12 days) Sacran 1.0£0.01 99.50 +0.03

Figure 2-1. Penetration of biotin-conjugated sacran in RHEEs. RHEEs were treated topically with or without 0.05% biotin-
conjugated polysaccharide aqueous solutions (sacran or HA) as noted and then were cultured for 24 h at 37°C. The culture
media were collected to quantify biotin-conjugated polysaccharides that penetrated through the RHEEs. (a) The histology of
biotin-conjugated polysaccharides is shown as representative images (scale bars, 100 um). PBS was used as a control. (b)
The penetration or retention of biotin-conjugated polysaccharides in RHEEs is expressed as a percentage of the amount of
biotin-conjugated polysaccharides applied. (n=4)

2-3-2. SLSIC X 2 MiAaf5 e i3t 3 2 LR o R R

SLS 3RERAAIHAICH O IURnz5l 2R S B LML T3, HaCaT %
FAVT. 50,100 ug/ mL @ SLS i< X » THEH S hMlllaaEtkicn 3242 7 v 5 L HA
DN ZFI~Tee ¥ 2 7 v B X HA OMT L b SLS ICFEE & 5 MBS 2 A L

7z (Fig.2-2), REMEBALHIEAITH S a-ta7=m—nd F7, SLSic X 2 HiflEE

120
100 T ”==||
=1 oL
- [1a
) £
>
=
=60
=
)
40
=
P
UZO l
0
0 50 100
SLS (pg/mL)
W control © o-tocopheral ; M HA M sacran

Figure 2-2. Protective effects of polysaccharides against cell damage of HaCaT keratinocytes induced by SLS. HaCaT
keratinocytes were cultured with SLS at various concentrations in the presence or absence of 0.02% polysaccharides (sacran
or HA) and 200 uM a-tocopherol as noted for 24 h. Cell viability was measured using the neutral red assay and is expressed
as a percentage against the sham-treated cells. Dunnett’s test, ¥*p<0.05, **p<0.01, ***p<0.001 (n=4).
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PHEML, 377 voREMNEIZ, HA XV b a-ba7ze—n X0 bENRLTW-, £

)

72 HaCaT X3 % SLS i X 2 MlifgiEE & Mg ROS L~ L & o BIfRZBH S 2 ic T 5729
IO, BEA T EREE D SLS AL L 72, SLS IC & - Tl X - ifuia i 13 R miic E ¥
D, MR ROS L~ oEHHBIBER S R 2 7z (Fig. 2-3), 2% » ROS 25 SLS i<

Yo THREEInN-MEHEORRTH 2 L EZ LN,

100
B
100 ng/mL

80 I
N

60

40

20

s1s
, | Oug/mL

Intracellular ROS level (F.I/ pug protein)

y=-1.0989%x +111.79 i
R?=0.9693
T

0 =
0 20 40 60 80 100 120

Cell viability (%)

Figure 2-3. Relationship hetween cell damage and ROS generation in HaCaT keratinocytes induced by SLS. HaCaT
keratinocytes were cultured with SLS at the concentrations noted (0, 6.25, 12.5, 25, 50 and 100 pg/mL) for 24 h. Cell
viability was then measured using the neutral red assay and is expressed as a percentage against the sham-treated cells.
Intracellular ROS levels were measured using H,DCFDA and are reported as F.l. per pg protein. (n=5).

2-3-3. SLS/IL-1a IC X o THHE X 717z ROS AERUCKT 3 2 % BHEH O {11700 51

HaCaT TiZ, SLSic X > T ROS o4 e IL-1la Db ERT 228, IL-1aic k-
T ROS DAEMAFHFEINE Z L BHLDICR>TWE, 22 TSLS 213 [L-1aic k-
T HaCaT T#HE &5 ROS RIS T 24 2 7 v & HA OifilzhHE % <7, HaCaT I%
50 u g/mL SLS MLERIC X o CHIME ROS DL =LA 4.04+0.22 F.I./u g protein 75
17.92+1.47 £, %72 50 ng/mL IL-1a LB CIZ 7.65+0.95 F.I./ u g protein £ T (=¥
b= e L T4k 2 521) LR LA (Fig.2-4), 2O SLSHBLWIL-1a i
X2 ROSL~ERICHLT, 77 v & HAOMG L b MGIIEEZRT Z & PR T

72 T2V 7 7 vid. HA KR TELZIHIZIEE R L 72,
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20

15

10

Intracellular ROS level (F.I/pg protein)

control 50 pg/mL 50 ng/mL
SLS IL-1a

M control HA M sacran

Figure 2-4. Suppressive effects of polysaccharides on ROS generation in HaCaT keratinocytes induced by SLS or IL-1a.
HaCaT keratinocytes were cultured with 50 pg/ml SLS or 50 ng/ml IL-1a in the presence or absence of polysaccharides
(sacran or HA) as noted for 24 h. Intracellular ROS levels were measured using H,DCFDA and are reported as F.l. per pg
protein. Dunnett’s test, ¥**p<0.01, ***p<0.001 (n=7).

2-3-4, SLS ICHEE X N2 MEE T 2 32 5 v UL o W) R
B2 7 viF, SLSIC X o CFEE S N MEEEICN L TE D X 91 HaCaT 2 fR#E L T\
B0, FDAHNZRLEHRET B0, SLS ~REEORTICHIIE A 27 5 v CRIVET 5

Gt DRENIR 2~ T, B2 7 VIC X BEMLERIZ, B4 RIRIED SLS Itk > CaFEah

oy
[~
o

xR

'_|_|ns

I L
125

g

ns

4

2]
(=]

_ld

£

o T
I I r_r“s
2 50

100

f*x}
o

'S
o

cell viability (%)

N
o

o

ARG (o0 L CRRERN R 2 s S 7o 72 (Fig. 2-5),

I I
0
SLS (ug/mL)

W non-treated I pretreatment with sacran

Figure 2-5. Protective effects of sacran against cell damage of HaCa keratinocytes induced by SLS. HaCaT keratinocytes
were pretreated with or without 0.02% sacran for 24 h after which they were cultured with SLS at various concentrations as
noted. Cell viability was measured using the neutral red assay, and is expressed as a percentage against sham-treated cells.
Dunnett’s test, ns; not significant, ***p<0.001 (n=5).
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2-3-5. ¥ 7 7 v e E HEE L O AEH

V77 v EMIEAHAEN S 2 AlRetE 2 B2 720, KELyFviarLxrm—u
TR L 72V Ky — L&, F7-1% HaCaT MO fEFEE:%Z ESR Ay I XY v FKIC
THIE L7 (Fig.2-6), 3927 7 v ARG LESGAE. VARV — LS X O HaCaT
JIC BT A=K =T 2 =% — () EAIRIEFRLEEZRLTCWE Db, 27TV
LIRS HEEAHAMER L v 2 E S IS o 720 HAMER S 2 5603, EFREIM: <5
B 27-0fHDKELENTE, —J7 SLS OB ZRALESEAIZ. VEY —LlEs L
HaCaT M DM /712 5T SOMEAHEIAKL o 72D ¢, IFE “HEME L DA
D7z ICERBIEA NS e EZONDE, L LY 2 7 v e SLS ZiRA LA IL.
SOETZERICEELTVB I L0, #2777 VIFSLS & VKV —AfEs X U HaCaT il
falio s — &g e OMAFRA%EYiET 2 Ll cE 7z, 2F V97 7 v IIIEE &K X

D HRIBIE CTH 5 SLS LA 5 2 LARR I iz,

(a) Liposome (b) HaCaT keratinocytes
0.84
Zi5 2080
-
& z
7 o
g g
S12 g 076
5 3
=% =N
g g
B 1.20 T072
=} o}
0.68
pretreatment sa pretreatment
mu. acran Tsts with sacran Tsts

+SLS

Figure 2-6. Changes of order parameters (S) of liposomes and HaCaT keratinocytes treated with SLS assessed using ESR
spin-labeling. The membrane fluidity of (a) liposomes and (b) HaCaT keratinocytes was estimated using an ESR spin-labeling
method with 5-DSA as an ESR spin-labeling agent. control (sham-treated liposomes and HaCaT keratinocytes), sacran
(liposomes or HaCaT keratinocytes were treated with 0.02% sacran), SLS (liposomes or HaCaT keratinocytes were treated
with 50 pg/mL SLS), pretreatment with sacran + SLS (liposomes or HaCaT keratinocytes pretreated with 0.02% sacran were
exposed to 50 ug/mL SLS), sacran + SLS (liposomes or HaCaT keratinocytes were exposed to 50 pg/mL SLS and 0.02% sacran).
Dunnett’s test, *p<0.05, **p<0.01, ***p<0.001 (n=5).

2-4, EE
Bl EmcBTse rREBRICEBWT, 7 7 VECAEK A ET T 5 LT E O K EIREE A
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WET B LBHERAINT VS 9, 325 vontEIPOEZSE., ZOFEMIZYZ I v
PR ERMENC BT 2 REREEICHEE L T3 R[REWE R E 2 b iz, —Ji. 37 7 VKRR
725 AD BBEDORIECHEAZWET L ERHLPICAR>T0RE 2, ZNLDERLL, H
27 v SCIRZBEL CHREERET LD EREIONL, 2T T, ¥ 7 7V HREEI
BET LY, FRIRELZL ZORFREXEA H =X L% ikiwT 5720ICLA T
FEREIT o 72,

flEARRA (6 HEEE) B X UAMEEA (12 HiEE) © RHEE K3 242 7 v DR
HEBEEL 2L 2 A, 37 7 VIZREEEAEICORMRET 2 2 LRSI N, 2t
PESICHR S W B REN AT =4 v 4 FHETH 2 HA b RfkDREZRE) %1~ L 72 (Fig. 2-
D, %277 v XUHA I, ) THEEDIKT L2 KL SCRIRET 2T &IC kb,
SCIEBEBWTHRET 2 C L ZRBL T3, 72 REMRIEA A v R s v < 5l %
FlEfcF e THMONT WS SLS ZHWT, 2NH DL HEN SLSIc X > CiFE I 5
MR {525 D REFIR S & BEEIE L 72,

11 SLS I & » TaFE S 1 5 MG E I3 % ROS 0% EI 2B S 203 2 7z o1,
fabfFsR & MilE ROS LA 0BfE, BXWa-t a7 = — 1 OMifaEE 2 & 25
RAEMZL 72, MIIEAN ROS v~V idflifaEfrR e e %2R L (Fig. 2-3). Hilg{L#Al©
H%a-ba7za—db SLS FFEEOMALEGE N L CHEREMMREZ R L2, —/7.
Y27 7ve HA I SLS ic X 2l E%WHIL. 2 7 vidHA b a-Fa7za -
g L < b @En MG E SR 2R L (Fig.2-2). 2 7 v b HA b w7 2§k
TERER 72 72\ 23, SLS I X 2 MG HE AT 2 2 & 425, ROS DERES D x5 1
T CHINS E 2 HIHI L < v 3 ATREMEAE 2 b7z,

T FETIC SLS 28 Ca? i A DRl % 8 U CHIREN ROS DER A RHET 2 & v 9 A
H3 W, £72, IL-1a 13 IL-1R B#* > — -1 ¥ 7" F A {5iEIC &k 5 NADPH # %3 & —

Y OEMALZ /AL T ROS 243 2 0, 72, UK QWIS T 5 2 Stk KM o 8

35



NIZRA ==L LT, IL-1RA I3 IL-1laDEWHREEVAIALR AL Z v 78

(CPs) L_ADBHEINT VB D, 2V AT EDH AR = ALIE, AEAIEE F X O ROS
DEBCIIGIC X o THER I NAT VT e MEAYIC X o ThltsE 3 9, X o T . SLS &
LW IL-1a I ko CFFE I35 ROS ERKICH T 2 LHHOMGIZN R LA~ T, 27TV
BELUWHA L, SLS & IL-1a T X o> T/UESI N Mg ROS D AN 2R L 72, % 72,
Y2 5 i HAICHEE L T X 0 @ WHlligl ROS oL sililzh iz r L7 (Fig. 2-4),

CCETOMPRE T LD D L HREIIIETRIIC X o CER S 2 ERE L IHT 5
MR I N, £, 2 OIGIERIZ HA LT 2 & 27 5 v O BENZZMEZ R
L7ze L2 L%, SRECTOMBELLY 7 7 v & HA DR OEBECEZHEmT 5 & IXH
Hchd, Y77 v HADECWEIDTFRELE T =4 v IHERRICH 5, AFEFRICHEL 72 HA
DI TRIZ1.0X10°DaTH Y, 427 7 v TRIF1.6~29%x10"Da L #HE I N T 5
72, T A VHEERERZ. HARIARFOAIEDATH EHBY 7 7/ iciZArFxin
HETBENTFEET 2, NROEOLADTEDE VS, HD0VIFT =4 Vv IHEEREROE VI
EBHRFT200E I 2ICO0TIEFELHL2TIE AV, ZOERICOVWTO RN =X L%fE
B9 2 7= i i3, IRERNIR & RO ST 8. BRek L OBIRICER 2B TTE 52 2015
BRETH 5,

INFTOHMBIC XY, B SLS I X W iFE S naMilafEE 2 A L. Mg ROS
DIEZMHE T2 A AL LTUTD 2 2DE %% 2 72, O%FEE L HIME ~
FTHZLIcXkY SLS &2\ id IL-1a & Offfd & D2 I T 2, Q% HEBTER T 5~
FU w7 RMSLS BB WIFIL-1a 2 i T 2 2 Lic X o THIE & DM BMER 2D 3 ¢ 3,
DiconTlid, LTV 7 F v 24 LI L A5 2 Wi B 2720, 37 7 v 28
MR T~ S - g 32 2 &, MR & SNSRI O EER 2 N ) 7O X 5 IKliE T %
EEZT, QICOVWTIRINETOHE 1 BTOMFRMEICTKE ST MY v 7 AN~DHf

RIERZE 272, INODIRERZRIEST 572912 SLS ZFAWTU T o 21T 72,

36



FTODRFAMGET 272012, Y7 7 v % 24 FEfE AT L 72 HaCaT #ifido SLS i< X

> THEIN MG EFZMEEL 72. LA L&A, ¥ 27 7 VELE L SLS FHEMNEEE

DEMIFMEZR I N o7 (Fig. 2-5), 72, VVIRECCHA-LZYV KR Y -2 BL T

HaCaT Mifd D BGRENIEICY 7 F v 358 KIS ol l b, IHICH 2 F VILBLL 7-

YR — Lk LU HaCaT ifid~d SLS Aol MELER & [FAk I ERENE2S B L 72 2 & A
5 (Fig.2-6), %7 7 VIIMIEE~FE L2\ 2 L H3EF 2 b,

TOICQDIREAEMREES 2720, F 27 7 v A RIEWE L HAER 3 2 AlRett 231~ 3 7%

WIS, ¥27 7 VDFIETICE T SLS 2B L 7= & & DRtk o 2L 2 MEEL 72, 2@

fEHR. ¥ 2 7 vid, SLSIGER 3 2 BEmsitk o LR %2 HAFT 2 2 LIic X VIR 2 & & 23 0ERR
é hf: (Flg. 2'6)0

S.'I'b*
* < SACRAN
N,
“ \\ \\
VNN
L "*
* * Damage
-
Ca"influx
ACRAN «Mla Sacran makes irritants non-stimulating due to
SACRAN - the trapping of them in its own matrix!
=
BROS; . NADPIH oxidase
-
T Cks . Low skin hydration

Figure 2-7. Possible mechanism based on the results of this study.

PLEDSERS . H 2 5 vI13SLS B XU IL-la % 2D~ F U v 2 ANICHifET 2 2 & T,
SLS i X 2 Mg IL-1a 2 X 3 ROS Rk EH %% L7z & #x bh % (Fig. 2-7), SLS

& ST 24 VHEREEIAICH D HFA VA AR v —THSF b L
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BERFT 228 boNTw3 9, cnE <, BHIN T3 7 7 v oG ERERIT
MESLIUOANVKEF O NVEDT = F VIEERETH 5, HA S RIRICH VR F o V2 Fio
T=AvWESHEETH D, T=AvED SLS &4 77 v, HA L I3EMKRFEIOA A VT
WHAEREZHEA N =R L LTEZDLZEFNEETH S, L2 LaXES, BEDEIEID S
%27 7 v, HA & bic SLS Offifg~DfFRAZMGIL 7=, £/, IL-la ® X 5 REn+UE
DA ~DIERIC O W T HIFWER%Z R L 72, BTl 27 7 vohbnticxwd s
R A 7 =X L OfEIICBI 3 2 A IE 7 <L fiE A A1 = X L DRI IZ 512 DIFFE A3 b %2

‘(“%60
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Yavix =

5 3 E

Y7 I VEBICX 2 2 NaDfEICETNIBEYED M7 v 7R
YL A b L ARG R

3-1. %8

AR, I PM2.5 CHEREARILEY. SRRV, LERAFFEY (PAHs) &
3 E I ERRKAGRE O NE OIS 2 BRI O W TRWICEEIN T S,
Fric, A v PO HEL 397787, 77 ) A5EESREHM T ¥ T 7 & ol Tl KR5GS
DILRDFINL L T % o0, IEER R 5 b DO REIGTREVE OERN~DHGAALIC X 557581 %
BB TE 25, HICKRKQIGEME IR I T 3 BT I L UER 2 5 O REGRY)
HOBEHEIZOWTH ROWICEHLEZEDTWD, 2hE TOWFE T, KRG RYIE 25 F Kl
fuo DNAH#EEGE R &5l e 32 & KIEOBL-CMINEEL R P L 2 %2 tiET 2 Z LI
O IEHAMIEE X O EKEEE TS L Twa 2 el shTnd &8, KAGRWY
DEF IR X, KEoEl., REFERIEST P v —1EEE% (AD)., i EE~DOEE R
WELL LT T, —fRic, XAFFOVEPPAHs X, 7Y —aAnAf Fuh—FKvz
Z4E (AhR) & 7 F MGEERIR ZENAL T2 2 8 I X o CTRIER FET B3 2 LS A ic X
n<Tw3 ™, AhR IR EWE ICIGE L. ARl EME OB E-H 2 Fow {2
DR DBz FE £ 72 (3IH S 2L EREMERTH S ™, AhR OEMAL2 > F 7 o 4
P450-1A1 (CYP1A1l) oFIFIR%HE L PAHs DR 217\, % OIBFRIC 35\ Tl 7
MR (ROS) ZAEKT 22 EAHLPICIN TS 167,

HHEEE TR, BEARKERIE O L LT LN a QLR N 2 I K M EHF 1Y
CEINTEH Y, ZOHEORBUCH T 2D UL LH 2 P8, Thb X apfle
PR A et Em a7 AT e LAY (AC), _v V' alv'L v (BaP) X WMid1b

HUVER L EENT WS 828 ACFZEFDO R v 2D IR b Z5 &I L, A
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NR= Lz v o328 (CP) %4EKT %, CP i3, HONXERINTZZLICL0 24710
WG Z T, A—N—FF T FT2d v IV AL (\Or) KT S EBMEIN
T3 0, Oy IZFEEMBILIGZN L TACZERT S 20, ACIZEEICCP 2%
BT 2Bt — 7 2B T 2 S AR E NG, 7, Tk oMbaifcEm sz R
#KH7 PAHs T» % BaP 1Z. AhR v 7" F Vi LIC X W iFE S 2iE% o ROS 4k %
MLT, e bRETT7F 734 P2 o RIEWES A A vonswzitESE s 8, R5ib
YVE . PAHs ©° AC 7z & D E~ D& % Pk - i3 2 50N 72 7 7w — F 2 fAF T 5
T ek, KEOMEEMERFT 2 9 2 TR ICEETH 3,

AWFRF 2FICENT, ¥27 7 VIIRALLARE (SC) o7 Th 2 12 HEEED L b
MAERKEET LV (RHEE) TIRIZBEETREICH T > Tz h b, KERmICEVLTA
T e N ) T &7 ARETEDS X BARIICRE I Nz, 5B 1 ETHOL P ICR 272927 T v
DR EREN R, B TLEVITHfE S N2 B IC X v RS hzc 3B 2 0
Nz, TNODHEENL, ¥ 7 7 VHHITERERFIC X ) BRI N2/ 3530 T4)
ReFis 2 epfffa i, 22T, RKETIE, BERT L L CRKAEEYE % 2.
RLAGIWE 0 & G % T 2 FHOBGEE 2 A 7ze AETRIRRGRME L LT AN
2D T, 27T vD Ty TR E OISR R E IR S 2 BEERE 0B
WIERZEEA P L 2DBE 2 DAL 2T LT, $-MFICH &6t &, e 7 Ara viEF b Y

7 L (HA) & OFhER O %17 - 7=,

3-2. KRBTk

3-2-1. Bl

Y27 7 v (sacran) ; RKEALK TERASHE CKBO. e 7w vEF B Y 7 4 (Bio-sodium
hyaluronate ; HA) ; SK Bioland (Chungam, South Korea), + U 7' v, DMSO ; 74 7 A4

7 A7 Rt GER). DMEM, HBSS(+) 5 HK#EEHRA 21 (Rn). FBS ; Invitrogen
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(Carlsbad, CA, USA), BCA Protein Assay Reagent kit ; Pierce Chemical Co. (Rockford, IL,
USA) ., 7 7 v L 4 v (acrolein monomer ) , NBD-hydrazine (4-hydrazino-7-
nitrobenzofurazan-hydrazine) , 4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium
chloride ; B ALk T3kt (B 52) . Fluorescein-5-thiosemicarbazide (FTSC), 2°.7’-
dichlorodihydrofluorescein diacetate (H,DCFDA), v V'v'L v/ (BaP) ; Sigma-Aldrich
(St. Louis, MO, USA). 4-Morpholineethanesulfonic acid, sodium salt (4-MES) ; Fl15¢Adi3
TEMRASME (KR, Avh 7 b= & 7 —)v (2-Mercapto-ethanol, 2-ME) , SYBR® Green
Real-Time PCR Master Mix for real-time PCR analysis ; Thermo Fisher Scientific (Kanagawa,

Japan), RLT buffer, RNeasy Mini Kit ; Qiagen (Hilden, Germany)

3-2-2. B2 7 v/ eTn v EEKER OB

P77V i2LE—A—CH I TV 25g%BOVY . A4 VRBUKESML 1000g & L
b DRV F—Z—="ZAT60 CETHEL e VA —X—NZATHRL T60 CEkfRo 7
FEAEIFY— (MARKII2.5 B, Primix t:8) < 10,000rpm D [F#E50C 1 Rl A
fRL 7= OEARGRICHE L, BRFEFCRLE, e T7Ar V[EE:200mL € —H—IC 9g D A4
TV REKEBYVIY 74 A= I —THEIPLTHL, KB L T TR
YIEF PV Y LERARETORML T E REFIMNEZIC 3,000 rpm ¥ TREREZ FF 30 5
MEIPAR S 72, 0.25 wt% ¥ 2 7 VKRR & 1.0 wt%HA KIEWE A & 0.05 wt%/KIEHR %

AL, SRRt L 7,

3-2-3. ZNapfE

AN DR E LT 7 v A% — (Seven Stars®; 14 mg, 1.2 mg, HA/- X 2 FEEMRAS

1) EHW,
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3-2-4, ZNaDREICHNT LT 4 VLD Ty TRIR

SO 7 4 M LEBL TR ANaD@ A PBS(-)HIci % iAA, PBS()hic&Ens AC
B LU BaP 2 HMEEHCCTERL, ZHEO X NI T 2 P 7 v TR % MGEEL
720 1 mL DL WEH/KIERZ X v 7LV 7 4 v & — (10 u mJH, Merck Millipore) 12§ T L.
50CCHR S B CHREHT 4 V2L Lz, ZOSHET A VAT TR D 7 4 L 2T 1
KO DEANADWERFBE B 725, A2 —7—THEIP LT3 10mL © PBS(-)ICIREAA
EborkHvIne Liz, % PBS(H)H v 7% 0.05% Y 7 A affiEoFE T, BT C
30 3. 25 uMNBD-t F 7Y v e KG&E¥ T, ~4 27u 7L —} ) —%— (Spectra Max
Gemini, Molecular Devices, CA, USA) THEIMEE (Ex; 470 nm, EM; 550 nm) % #l5E L
AC ZHi L7z, AC DE#EME L LCT 27 uL 4 v ERWTERL ZREREZAVC, #
HHRE XY AC 2 ER L7, BaP [dH G OHNIEE (Ex; 360nm, Em; 450nm) % MIE L .

RO L CER L. b7y 7R0RIE RUE 7 4 v X —DfEICH T2 HSHEL LT

FL7=.

3-2-5. MfEEEE L XN 3 D~ DR

v bR AR (HaCaT) 12 5% ® FBS % &t DMEM % JiwC, 37°C, 5% CO;
SMETFCRE L2, 0.25% ) 72 v XU 0.02%EDTA #&H 9 % PBS(-) % FilvCHllig
ZHIEEL . 96 FUEEMIEH~ A 2 v 7L —+ (EE RS 12 3.5X10* cells/well @
EECHBEL CRERICH L2, Iy TR EFEMBOHIETE AN aDEEEAL /2

PBS(-)¥ v 7% DMEM KBS L, 24 BEEES#S L 7=,

3-2-6. RT-qPCR
%83 QI % WEFE L 72 HaCaT 123517 %2 CYP1AL mRNA OFHL <%, VU TA X4 L

PCR 73t & FI TRl L 72 7 = 2 b B2 BRZE L PBS(-) THtiftiz, 3.5uL © 2-ME %
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& 350 u L © RLT buffer %z il LA AGIAMHK % 1572 . RNeasy Mini Kit % v Tl ldiafig
25 total RNA ZfihiH L 72, #iv> T PrimeScript RT Master Mix % i\ CRGHE % 8L
L. T100 +—=< 144 7 5 — (Bio-Rad Laboratories, CA. USA) #{#fH L T. total RNA
2> 5 — A cDNA % AR LRI A& T L7z, U 7% 4 L PCR IZ, Applied Biosystems
StepOne Real-Time PCR System (Thermo Fisher Scientific) # W C&K ¥ v 7 icoZ 1ul
@ cDNA & 10uM © 77 4 ~—% 4T 57z, SYBR Green Real-Time PCR Master Mix
ERCCTERMERB L7z, 774 ~—i&, CYPIAL £ 7 ) 2T A7k F-3-0 VK
F#i#%E (GAPDH) (NM_002046.5, NR_045089.1 ; TAKARA BIO INC, Shiga, Japan) % ffl
Wiz, HEl D cDNA O &% GAPDH CHEEHE(L L, g i 2 F v CRPRME % ERE

L7,

3-2-7. HaCaT icx{ 9 % %3 a oo His s

£ 82 DD HaCaT 1203 2 g8 i la . fild ROS L ~ov Lifilgiy CP L~
V%W TRREEL 72,
3-2-7-1. MifgAAEEROHE

ZoNa QRECIRERE L C 24 RS E®OMIEEZ, =2 —FJ7 0Ly F% 33 pg/mL I3
L7 5% FBS #4443 % DMEM T 2 IF[EE:E L 7=, PBS(-) CHe&%. EMIEICE Y A
FNF=a—FITAL Y K% 30%A X —AKERTHE L, BONAETED 550 nm
BT IMAEEZ~L, 707 L — ) —F—CHIEL, v Fa—1 (0%WUHE) %AE7FER
100% & LCEHL 7=,
3-2-7-2. #HI#EMN ROS L~ v o HllE

<4 278v 7L — MK L 72 HaCaT i HBSS(+)Z T 20 uM I8l L 72 ROS X
JoME# Y 7' e — 7 H,DCFDA % 30 U L, MIAENICER Y A % 472, HBSS(+) CHliE

e, 2N OEICIRE L 72, 24 WS % PBS-T Gl A AL, ~4 2 a 7L —
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FY— X I X o THOBRE 2 HIE L 72 (BEER © 485 nm, FEIKER : 560 nm), % D
. TEIEICHE - T BCA protein assay kit ICCTZ v 7 HE%2HE L GHIERE : 560 nm).,
L % 2 v o8 7B Tl L TR ROS L~ v 2 R/HIL 72,
3-2-7-3. CP LA DHlE

FTSC #7717 b FEOHEFRIC X Y CP OffifgN L )V %2 RE L 72, Kz i
¥ MeOH T 10 4Bl % 5% L 72 #%.20 1« MFTSC % %5 0.1M MES-Na ¥ (pH5.5)
IZ 25°COERTC 1 BSOS & 872, #EHEMEE (Thermo Fisher Scientific Inc., Waltham,
MA, USA) #F\wCHifR% {5 L. Corneocytometry (CIEL, Tokyo, Japan) #F\»T, %
HOLHBRICE T 2 AN A= NLE v X7 EOEIREZ AN K= R X7 L e LT

#=L7,

it

3-2-8. ex-vivo test

LR D ME~DWIETE L N ) THRERRGES 2 72 ® . S5 %2 LB L 7- /i JE e 23 %
NapfEICiEENzED CP LA ZHIEL 72,
3-2-8-1. MAEMIIEORENE 2T A4 ¥ H 7 A~D¥LE.

TRV VI LT TR ES T 7 MPET - 7 OIRMERHICE L, 2D
. omm ORBF XV FTHLT =TT HEME T —T 2K EN o7, ¥y P2
WTCTRATA 772 6mm I 2@ E 7 —7TDAZMEY AT, ¥ L vic—o
FCem YT —TORERDOLZERL, Z0HK%, AT 22 TRAIA V77 RICAE
MR D & %G L 72,
3-2-8-2. FAJEHINE D% FERLEL & X8 a2 D~ DIRFR

274 K77 A0S L 7= AEMIE% ZH T 10 p L o % BEKIRKZ 10 SR L 7=,
TKT 5 T TEGRIE2B, ATA VAT RS LEEHMIRE 2 N aficifiz s -5

DOHICERT2HBE WS, XHIC37°CT2UMEA vFa2_—F L%, FTSC 2w
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727 AT e FREOEERIC X 0 AlEHIEo CP ofifdN L L2 H5E L 7=,

3-2-9. #fEHLER
E 12 P il AR 22 TR L. Wilcoxon £F5 FIEARE T p % RE L. 0.05 A

D pllEEHEHNICEREL AR LT,

3-3. #HE
3-3-1. 7ATe FtéY (AC) txvyvLy (BaP) b7 v 73R

GRS T A VL DR ANADEICHT D LTy THIREMGEL 72, 27T v 7 4V L %k@
WL TH 5 PBS()ICEA I N AC & BaP DK AR 2 & PBSC)HICIZIZ LA LB
BLCTWiad oz (Fig. 3-1), 42 7 v 7 4 L 41E AC 3 XU BaP Oilifj ot 2 @z
FT oy TENRPHERE I NSz, — . HA 7 ANV LH RO 7 4 v KT 5 & AC &
BaP o4 2 F v 7R EZR L, Fic BaP icxf LTl b 5 v 73R AHR I Nz, 3
77vd HA D ACEBX U BaP icxi 32 b7y 7R E2HET 22, 27 7 vid HA KR

TENTZNREZR L 72,

_. B0
2 o
£ 100
g
5 aee
v
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k|
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~
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2
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2
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Figure 3-1. Trapping effects of polysaccharide-treated filters on ACs and BaP in tobacco smoke. ACs and BaP in PBS
diffused with tobacco smoke passing through filters treated with or without polysaccharides were quantified as follows:
ACs were estimated by fluorescence intensity (Ex; 470 nm, Em; 550 nm) with NBD-hydrazine in the presence of
trifluoroacetic acid. BaP was quantified by fluorescence intensity (Ex; 360 nm, Em; 450 nm). Calibration curves were
prepared and their concentrations were quantified. Each value represents the mean=S.D. of 3 experiments. Wilcoxon rank

sum test, ***p<0.001. Trapping efficiency is expressed as a percentage versus the value of the non-treated membrane filter
(Control).
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3-3-2. X Na@EIC X % CYP1A1 mRNA FEHEEEIC N 5 %858 o 1] %h 5

RN DR R 7 4 L & — I S ¢ T L 72 Control(+) Tlk, £ N2 RUF D
Control(-) & Hig L TZ#7 CYPIAL mRNA L _A D FERER I Ny — ., 2TV
BFIWHA 74 v 2 —%@i X ¢ TR ANaMEE2 U L 7256, 23 o X 2 B
HiAHHEl s h Tz, ¥27 7 v HAZHET 2L, 277 v DJ5 LY CYPIAL mRNA

FHL VoIS RN TH 5 2 L MR T E 72 (Fig. 3-2),

1200

1100 +

1000

90.0

80.0

70.0

60.0 -+

Relative mRNA expression (CYP1A1)

j“
- &

Control(-) Control(+) HA Sacran

10.0

Figure 3-2. Suppressive effects of polysaccharides on CYP1A1 mRNA expression levels induced by tobacco. HaCaT
keratinocytes were cultured in DMEM containing PBS diffused with tobacco smoke through filters treated with or without
sacran or HA. After 24 h, total RNA was extracted and mRNA levels were determined by real-time PCR. Each value
represents the mean=S.D. of 4 experiments. **p<0.01. Control(-) denotes sham-treated cells and Control(+) denotes cells
treated with tobacco smoke through a non-treated filter.

3-3-3. 2N aoBEOHEFEMICN T 2 LR O UCEER R
Z o3 a QIEEDILIRIC X o T HaCaT Mifld offifig 7RI~ L g ROS L~ & CP
L3 BR LTz (Fig. 3-3~5) 2 N3 offic X » CHIIEEESK Z V. ROS L~ D

FHRICEZHEA ML AT CP AL wIHHERE o7, Y277V BXUWHA 740
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R — % Bl X g7 2o aocit, HaCaT MAicnf 3 2 8k L (L X b L AR HE KT
LTz, MifEEEOSEIC OV TR, 327 7 vid HA X Y D AREICE WlfaREEE oK
TR %EZR L7 (Fig. 3-3) 37 7 VIFMIAN ROS LR e CP L~ o EREZHEICH
HlL 7243, HA TN ROS L~ WK N T2 7—J5, CP LA ZHEICSIT 2 <

EMTE o7 (Fig.3-4,5),

120.0

100.0 -

J
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0.0 + T T T
Control (-) Control (¥) HA Sacran

Figure 3-3. Amelioration of the cytotoxicity induced by tobacco smoke on HaCaT keratinocytes. HaCaT keratinocytes were
cultured in DMEM containing PBS diffused with tobacco smoke through filters treated with or without sacran or HA for 24 h
at 37°C. Cell viability was measured using the neutral red assay and is expressed as a percentage against sham-treated cells
(Control(-)). Each value represents the mean=S.D. of 6 experiments. Wilcoxon rank sum test, ***p<0.001.
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Figure 3-4. Amelioration of ROS generation induced by tobacco smoke on HaCaT keratinocytes. HaCaT keratinocytes were
cultured in DMEM containing PBS diffused with tobacco smoke through filters treated with or without sacran or HA for 24 h
at 37°C. Intracellular ROS levels were measured using H,DCFDA. Each value represents the mean=®S.D. of 6 experiments.
Wilcoxon rank sum test, ***p<0.001. Control(-) denotes sham-treated cells and Control(+) denotes cells treated with
tobacco through a non-treated filter.

3-3-4. PHEOABE~DWE & XN DT 280 TR
F—TZ M) vy S LEAEICSEEAIIE L T, 2N DIICRET D ex-vivo B

BT otz ZRNaDMEICRHE L -ABMICIIAZICCP LIV E FREE, Y27 T7 v L
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HA Z WU L 7= AEMiaIE, 2 N DICRFEZHD CP LA EZEHEEICK T LD, 77

YOSH X VKL CP LA &R L7 (Fig. 3-6),
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Figure 3-5. Amelioration of protein carbonylation induced by tobacco smoke on HaCaT keratinocytes. HaCaT
keratinocytes were cultured in DMEM containing PBS diffused with tobacco smoke through filters treated with or without
sacran or HA. After 24 h, intracellular CP levels were estimated by fluorescence intensity of FTSC labeling. (a) CP levels were
quantified by image analysis, each value represents the mean=S.D. of 6 experiments. Wilcoxon rank sum test, *p<0.05,
***p<0.001. (b) Representative images of CPs in HaCaT keratinocytes after each treatment (scale bar, 100 um). Control(-)
denotes sham-treated cells and Control(+) denotes cells treated with tobacco through a non-treated filter.
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Figure 3-6. Interference with protein carbonylation in corneocytes exposed to tobacco smoke. Tape-stripped corneocytes
were treated with sacran or HA, placed in a box filled with tobacco smoke for 2 h and then were incubated for 24 h at 37°C.
The levels of CPs in corneocytes was quantified by image analysis. (a) Changes in protein carbonylation in corneocytes. Each
value represents the mean=S.D. of 3 experiments. Wilcoxon rank sum test, **p<0.01. (b) Representative images of CPs in
corneocytes after each treatment (scale bar, 100 um). Control(-) denotes sham-treated corneocytes and Control(+) denotes
corneocytes treated with tobacco smoke without polysaccharide treatment.
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3-4, EE

KRGS 1, H2ETIE, 427 7V BEE ETATINZRAY 7 &7 0132 AlaErE. SRRk
S OMNE~DIER 2B L 72 2 & 22 LIRS D 7 v TR %2 H 3 5 AlHetEic 2w T
ST LTze TNHDENRIZ, ¥ 27 T v Db ORI 2 = — Z 2Bk IR $ 3 45T
IO 2 R ORENFICH D L FE 2 SNz, RETIR, KATGEWE & LTx N2
DIEZFHACTH 7 7vDT vFRY) a—va vihREBRIET 22 2HMNE Lz, ¥ 61
I RHEE Z 27292 7 v D SC TO/{TEZ AL L 7245, 27 7 VIZEFAL 72 SC TIEW
HICERESETICHRmMICHEE 2 PRI NT D0, LEzAoT, 472 7 VIFKRR[GWE
xS 2 RSN D HARF S T

3. HERACTHEEEZIER L 729 27 7 v 3B EWE DI 2> & OB I3 2 [REE L
LCHRET 209 002l 27201, ¥ 277 v E7/zid HA ZUBE L 727 4 v X =%l L
T, ZRNaDERREAAT PBSC)HD ACE XU BaP 0B Z#HIKL 72, 27 & HA
(X, FICPBS()H D AC & BaP DEIGZK T IR L, 77V 7 4 VX —DJFH5H
N7y TR RO EBHL LR o7 (Fig.3-1), T2, T—7 A M) vV I LA
JEffe A 2 N D~ DIEFEIC L2 CP L_AD FERZEEL LT Ty 73R 23 L
7zo 2 7 v & HA X, fEHIIE~DWE % & TX ORIR MR T 5 720 WHEEICHIK
ThREZITo 72, 2N Dfi~RE L 7-AEMIEIE CP LVvOREER LR ZRL 7223, I
BHIICY 7 7 v 50k HA % fEMIE~UE S 2 & CP Lo ERZIHIT 2 2 & 28
2 & n7- (Fig.3-6), ZOERIZ. HA XY 3% 27 7 v OB 2R L7z, Thb
DiRET L L, 77 vidfEL XV BIMHAERT 2 e cRmCHE LT,
goNapicgInsg ACX BaP R OHEWMEEZ F 7 v 795 2 L CRE~DEE R
KK+ 2zencEsdbntEz2oNE (Fig.3-7), £72. ZOREAHA XY iR &

FRLTWb,
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g (TNF-a, IL-8, MCP-1 etc.)

DNA damage | E
crf v

Development and exacerbation of skin diseases

Figure 3-7. Possible mechanism based on the results of this study.

RICHEVFRIBIR O Y 7 7 v OB % i § 5 72212, HaCaT fifICH 32 2 oNa 0
JED B WEE L 72, — %I, BaP 13 AR ¥ 7' F AEEOTEIAL %24 L T CYP1AL O
HREWET 3 2 B onTw5%, CYPIAL 1, BaP & Yo 4B EF LAY % HE T
2720 VX v 2 E8AT 5, CoOBBRICELTREIERY L L TRA—N—FF o F
TodVIOAARERIND ZEPMEINT WD P, fit-5 T, HaCaT fifldicE T 2
CYP1A1 mRNA FHL ~ v L HifaN ROS L _RAICOWTHEE L, X Naficid 280
TELTOY 77 voMMBEFHMLZ, 3277 vk, 2Na0fficksCFEINE
CYP1A1 ® mRNA FH L~ EF 2L (Fig. 3-2), X i x N a oot & &
NI X o CLEX LA MAEN ROS ApkE X HifEN CP o LR AZHNHIL 72 (Fig. 3-
3~5), HA S MG R EZ R L7225, 27 7 v O3 X W inilfIshi R 2R3 2 L R I
7o U EDFERD S, 27 7 VOEEWE N 7 v THEIEVHNCOEMTH 5 2 & 51
Iz,

B 77 viE, 11%DOHEEH: & 22% DAV R X o EEETD 11 FHEO BE ok < vk
2= — 7 BEERER OB L7205, FEl G IERIE I L Tnirwy W, ZnE TO
MR»rS, ¥277vE HA TREICECRSZ2PAL TV P 7 v T8RO 2 =X 4
RERTLE GEEASGO~ M) v 7 2O BaP R AC % ffifE T2 2 &3 F 2 b1 5,

Y277 ve HA ICEFBREOHEEL W) RELECDD 505, TERTT - ikt
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WHTH I N ITF—F VI b7y TR ERI Ao/l &h b (T —RIIRIR0), it
MEEOHMET BaP  ACIKN T 24277 v HAD 7 v 7R DENEZ AT 2 D13
o b, FFIC, BaP offifkix AC &KL TEW 2 & 2 b S HER D+ N O Rt 0 % 5
T35 LI TERWDY, ¥ 27 7 vopF= b )y 7 2RI iZIFmE LA mE % (hiy
T RBUKME RN A A Vv BFET 2 AlREMEDS R I 5, BaP 2 W TixZ DBUKME N X 4 v
Wb Zy FPINEAREELREZOND, L2 Lo, ACD 7 v 74T HA IR L
TH 27 7 VI LRI N TS, T ORIRE, BUKTEF A A4 v Philkkk o f k7210
TS 2 2 L IWNEECH 2, 3277 vDBaP 5L WAC D+ 7 v 7 X H =X LRI

3. P TREB LK N5 B EE L &0 25l 2RSS ETH L L EZOND,
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/v/v‘4:r:z‘.

&

75y —H ) F— A AR IERURER ~ DR A O AT
AL, PERONE S S 0T 7 a —F-

4-

p—

. HE

o

B AL OMER E, B, MR AR BT 4 v o BEAPEL REERESRLT LR

el

2 CRIE VI T, HTLWHRER T 2%  OFFEM E IR L T & 72, (RS BFIC B W T,
EaTALEE. Bk S, B K. a v T 4 v a = v 7 AU B BT
R, FEEPINARHE & v o 72 BRREDS AT S LBER A~ LA I T3, I HIC, T EIE X
HaEx ko CES TAKREMERMLLTAL 27 v TRB~ER I LT 5,

UL DAHERERID b L v FIERARHRERIA~KE <o 7 b Ly SEVRERIC AL EA R
JRRIOME ZPEZ 5 2 L 2 RE L ZRBED H S, 2O X5 RRI P IcEnwTHREIC®
T L FrfenlreZe [ RAAHSK @ | BEReME LS FRI O FFE v ko b T 24, % < DRA
BRREVE S B DALHE S VR~ D BB D 72 0 DI R R A I T T %,

P77 0L, BERCERE 11 D O e 2 TR 1.6~2.9%107, 7K 10pm M Lo
BEFEORRLHEETHY, 2=— 7 RFEZFE> 2, 397 7 VKERIZ
100,000cps (1wt%) b OEHEL BT * Y bev—WE2F32 419, —@VICEST7
MEFNE, ALHER A TR O E 2 Z T IE L THRERTZEZ S L2350 L

»
EUIFR R L EEOBIA A ORIBEIC R 2208 8589 327 Z VIR ORE D Z 1T I HEhAF

AT

TIBWTHREET 2RI RN ok - 7 LAl L TOREICE WTH R
HtF N5, F7KEIRZ o H 372 THUBIC 70 2 BB AKRE d fERR S T v B,

KR ERORINE I E L, PHIRES L RO AN) 7L LT Tw3, ) T L
L CoMRE B DN BE L. EIREDOFACANC X b FHR X 17 BH DL LIRE % B 5

Ty RIEVED I A b A4 v opib % 358 U BERIEE 2 AL C R8T 5 2 L Ao T
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W3 8D, Z X R ERIEE A AR S B I B 20 ic ik, WIFRRREEE & L C S
RMEICT7 A NVLEED Z L IIEF BN RFETH 5,

RIFRDOHE 1~3FICE VT, 7 7 v ORERENR L HEIED + 7 v TR EZAS
PICLTee 7 7 VIIEIEEERKT 2 2 L ic X D REREICETALANY 7 & LTH(
T e DARF X T, F 7o ALKESEBAIFH IR I B & 2 K S AL AN B — SO %
FBIF 2 ATREME D B 2 T & B ARG T-FALH DAL S B ~ o Bl A (0 B/ N & 7
2 TW3, ¥ 7 7 VIFHMEEE, AVEXFIVEEHT oIk Tra—n, Kt —n
DIKIEFE L KFEREAZTVR T 221XV D27 v o<t )y 7 ANICHUKEN A4 v %
Rt CE 2 TREMEDE 2 b Tz,

Z ZTRETIE, 7 7 v ORI~ OB A O PR RS 2 ic T 27201, F ) A

—NeHfFE R L E DY 7 T v DB KEES L FLLAl & L C ORI 21T - 7.

4-2. EBFHE

4-2-1, A3

Y27 7 v (sacran) ; KA TS CRIR). FEEBHKT 75 v (keratin) ; BEX&
HERAULE CRBR). #1424 v (Bis[ NV, N-bis(carboxymethyl)aminomethyl]fluorescein) ;
R AL SRS T

KU A —HH:1,2-F w8y U — ) (1,2-propanediol ) : B A4k ADEKA (50, 27V
+ Y v (glycerin: 1,2,3-propanetriol) ; fE EARA &L (HE) . 12- 74 v+ — (1,2
butandiol) , 1,4-7' % ¥ ¥4 — v (1,4-butanediol) , 1,2-~ % % > ¥ — L (1,2-hexanediol) ,
1,6-~%% v Y4 —n (1,6-hexanediol) ,1,2-4 2 % v ¥+ —n (1, 2-octanediol) ; HHAL
WITEMREH A, 1,3-7F 1 v 2 Y a— (1,3-butanediol ; 1,3-BG) ; KH F +4 4
A a# (FEx)., =vF1L v 7Y a—n (12pentanediol) ; Symrise AG

(Holzminden, Germany)
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FULERBR I L 723 : 2 2 7 7~ (Squalane) ; Sophim (Provence, France), ii#) <7
7 4 (mineral oil) ; 77 4 Z ¥R 4k (B KIS F Y 77 v (hydrogenated polyisobutene),
_R~=Z LT a—)b (behenylalcohol) i Hilitk &t CGRE). A VAT 7 IATra—v

(Isostearyl alcohol) : Bk 7 v 2 — A T¥HALHE (FHE), A2 FALFFH ) —n

(octyldodecanol) ; fE LKt CERD). V) (B 7V A7) VEE) 7))L

(Caprylic/Capric Triglyceride) , U v = 277 L — + (diisosteryl malate) , & F o %
AT T Y VBT F~F L (2-ethylhexyl hydroxystearate) ; HiggA 4 U 4 27 v — 7HkE
24t GRm) , V2V v (petrolatum) ; HEFLHRAH GEm). 57V v (lanolin) ;
70 =XV % SRS (R, X774 v 7 v 7 R (paraffinwax) , ¥4 27w 2 R
£ Y v v 7 A (microcrystalline wax) ; HAREHHEA &1 HE) . £ F T2 =L (cetyl
alcohol) ; H¥7 I A XA &4t CGER). ¥ 2 F 2~ (dimethicone; KF-96L-2cs) , ¥ 7
7 X F 2 v (cyclopentasiloxane; KF-995) ; f5#{bf TEEMASHE (HED . RV =7
B X F A4y 7e T —F 4 (polyperfluoromethylisopropyl ether) ; Solvey

Solexis(Arizona, USA)

4-2-2. ¥ 27 T VKR D FHEL

2LE—A—ICH 7 TV 25g BV A4 VRHUKZRHML 1000g & Lzb D%y
+— R =2 T 60°CETIIRL 720 74— X —"ZATHIRLT 60 CEfE->72EEHE
¥4 — (MARKII 2.5 %, Primix #:81) -© 10,000rpm O [al#E%C 1 BERIEHERAIR L 723 ©
FHRBICE L, BRECKELE, IhE 0.25 wt% ¥ 2 7 VKR & L TARZEERICH

77

4-2-3. 27 7 v riky— 1+ (GS) EEGRER

0.25 wt% ¥ 27 7 v IKIAWRIC Table 4-1 ICECHEL 72K UV A — AJHZ BN L, A A v 5Kk T
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VT VORERFE L, ZhE 1,000 rpm DEERED T 4 Zo8— I P —T 1 HfEHE
L, 3277 v& 1,3-BG DIRAKBWE Lz, FTEDEEICHELZ-Y2 7 v & 1,3-BG
DIREKBERZNT VAT 4 v a2 (AsOne ) 1L v, 50 'CT—MazlE 272, ¥
77 v OIEIX 0.05, 0.1, 0.15, 0.2wt% & L, FYA—AREIF0, 1, 3. 5, 7. 9, 10
wtlo & L7z 77 v D GSIBAIR, ¥R D 7 4 v L2 MEDKICRIR L Z2RICE v & v |
BETTANLDIGRER -T2 EHD LT o h L 5, K~DEMBEZERT 5 C

ETHWI L7z £ 12-F4 2 2 v oA —niZEEO -0 L b5 72,

Table 4-1. The list of oils and polyols for emulsification experiments

0il non-polar polar silicone & fluoline oil Polyol
Squalane Isostearyl alcohol Dimethicone 1, 2-propanediol

Liquid Mineral oil Octyldodecanol Cyclopentasiloxane glycerin
Hydrogenated polyisobutene (low viscosity) | Glyceryl tricaprylate/tricaprate Polyperfluoromethyl isopropyl ether 1, 2-butanediol
Hydrogenated polyisobutene (high viscosity) Diisostearyl malate 1, 3-butanediol
Petrolatum 2-Ethylhexyl hydroxystearate 1, 4-butanediol

Paste - -

Lanolin 1, 2-pentanediol
Solid Paraffin wax Cetyl alcohol 1, 2-hexanediol
(wax) Microcrystalline wax Behenyl alcohol 1, 6-hexanediol
1, 2-Octanediol

4-2-4. SR o DALFIE DR AT T 2327 7 v DRFHR
4-2-4-1. 75 F v 7 4 VLD FHE

9g DY — (X 5Fv) % 8Murea, 0.26 MSDS, 1.66 M 2-ME % & 2 /KiE#E 100 mL
ICIRE L, BB L A5 50 Clcs T 16 B4 v F a~— L+ L7z, SO E T OH
B 4 CITTRE LTz, % DRl % 50mL O3EILEICHEL, b v 72— F(2,700rpm)
TI0MEOLDEEL EEAEZ AT VL ARy v 2 b L3 FA vy 74 v 2 CHEREL,
R % IERT %, AHEERBEICE L, 3LOBAL 724 4 vacfok (dH.0) %iEhT
SR E L, HHZIAL 72535 3 HREENT 21T 2 720 BHTHIK % 4,000 rpm T 10 fifiE O L
T, EEZREINLCAHY ZREL, 2" /EHRBRERLZ 4 CIREWEE), £ v 78
JEFE 20 mg/mL & 72 % X 9 ICHEEUKCHEMNL 72 D%, 3cmx3cem DIEHE T v 27 4

v ¥ allHiiLiAA, 50 ‘CT—MEZEI 72 b 0% 7F v 7 4 v 8 e LTHWE,
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4-2-4-2. AT A RFER L 722001 4 v iEiE & o G

EE2emERSMM DT T RF v Y DEICHB L7 5F v 7 4 VA EREER (2=
HWAStE R V24 v 27 30) Oz, 7 7F v 7 4 vk e b OSEUANEIC RN T,
0.5wt% ¥ 7 7 v KIEHK (SACRAN-05, KFALR TEEMWR)) . 20 wt% D 1,3-BG % &L 0.5%
Y2 7 vIKER (SACRAN-05BG, KHALK T (HK)) % 200 L #8mL., —H 50 *CTHz
I CTI7F v 74NV L EICGS 2B E ST, 7 7V DGSHTERTTRAF v 7D
fAiic 1 mM IZ d.H.O THMRL 7= A vt 4 vKER%Z 300 u LI/ L 7=, % DfEi% PBS ©
A7z 48 well 7L — MIZEKE L, At 4 VKRR DIEBE % $6iEE (Ex/Em @ 495/520
nm) OHEIC X Y FHTi L 72z, HIE 1L 10 53 REFE T 60 53 F TIT o 72, Z D BG D AT

RO T N7, FAROMER e EZORa vyt —d GS kL e L,

4-2-5. FJEWER2> & OIKGZAKBUCH T 2927 T v DRHR

¥ 27 7 v GS OKEEE T EBE R v — 2R L ZBEF TR v —BREND
AL AR L LCHIlE L 72 (Fig.4-1), & v ¥ — 3FARE Lz, #2772 GSlEh 0
A v OFEEAR L FROIREOY 7 7 vHifte 1,3-BG Lt ofaBbEDd il L
THWz, ROBAWET T RF v 70RICGS 13 & 4, dH.O # A7z v DO&EICITDIA
K, ZDOEVEIT COBEHDLICHKEL, 77 AF v 7 OROEH Db DIKGr DFEEL %R
EZLE LCTHE L7z, ZOMEIZREEZ —EIC LT 7 RF v 7 DFOPTIT - 72, HIE
X1 IR T 1R T- 72, a2 bue—nidhnt 4 voiEEoEE L [k GS 2 LT
1127,

P Apparatus modified
Hole— /- \ hygrometer (TR-72Ui)

)

Plastic plate :
Gel sheet

A = 4

N —
= ==x

Circulating37°C

Measuring humidity :
of water

Figure 4-1. Method for measurement of water evaporation property
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4-2-6. ¥ 7 7 v OFALEHE

0.25 wt9 ICFHBLL 724 7 7 vIKIEI & R Y F— 8 (Table4-1) % dH,O THIE DR
B, ERTCeHE I 9 — (HM-310, ASOne &) #F\»T 8,000 rpm @ [A[#:ET
10 X EBIPRA L 72e 2 & ~lFlZ 3wt%immL, &€ I F¥— (8,000 rpm) T 15 5rft
AACRFF L 72 1,2-4 7 2 v Vd — M EliEE o 20 icRA& L CHUbicHw 72, #L 7
n 74— VEERTBE, IR T 7 v 2R LERT CHALRIE 21T o 72, B4 7t
Xt 2 FUALBEZ MGES B B3, 80°CITNEA L 7o 27 7 v —1,2-_ v & v I F — )VIRAIKIE
W (2777 02%, 1,2-2v 2y F—1 10%) (< 80°CITnEh L 7= S % Fin L. %L
LRFi 21T o 72, 156 ZEDAAMRFE L. KICHAMAM 2R T 7203 O EHE CTHIHE L 2435
FiR~R L7z, WiAlX Table4-1 1SR L72b D %FEHL 72,

Tk A G pHICK 2925y —KYd—n (v FL v ) a—n) oF[LMEEE KL
L7zo 0.25 wtICFHEL L 724 7 7 VKR E 1.5 wt% 7L ¥ = v IKiE & 1.5 wt%FERE/K
B R T pHA~TT ST L T 1,2-Ry 2y P —A 2L, WmFliczR2 77 v
% N CHIE L 72 753 & FRRIC AL 2 TR L 72,

FALIRAB I, FULER. 3 B, 7 Hi2o HEHIE &R EHIE (TVB 10M, B Sk
Stts) . FALFEORESHIE (Microtrac MT3300EX 11, HEEEMRR AHEED) 1< X v FIWTL

77

4-2-7. fRatiLE
HEAE Ll £ EEEfR 2 TR L, student D t UEIC L > CTHEEMRE 2{To 7, pfl

2% 0.05 Kiifi Z MAHARNICHE & L7z,

4-3. FER

4-3-1. 275 v ke —1+ (GS) DA

57



Y27 VEMOKERIZ, EOREICEWTHRERITT 72T TR 2> 72729,
77 VIR EE R RO C L BRI N B T v R ) A - VHHDRAKER %
FOIE L TS 72 I3, AKICEEA T o B K LK ZRFF T 2 2 L3 TE 5720 7 MRy — b
(GS) &7 2% 2 Ty —KYF—NEAKERD»S D GS OFEHMER 1F. Hlx
HbE DR A=AV THhOREHO B X WKBEOBEIIE L Z0RAELEKICL-T
HBizoTwiz, GSIEKTv 7 4+ =% Fig. 4-2 1z L7z, Fig. 4-2 D707 4 =00 D
bhbXHc3oKkEEEE L D7) &) v Tl GS AR ST, 2 O DKEER % HdE
WICRD VA — VBHIC GSTEDMERR S L7z, 72 v ¥ A — VTl 2 D DKEEF DB
ER 1AL 207 20 IE 12 e 3L TIRIZIZFREFOHF T GS DIEBUITHER X =23, 147
EAfiIC7e b e GSIEKIIIES 72 2 T e BER I NTce £, VA —NDT NV FAEHD 3 P

5 6ICHEZ 21T L7208 > T GSTEREEHIAA K 722 Z L DR T iz L EDFER DB 5

Distance of hydroxyl
- OH positi f ]
1,2 groups (Farther)

5| 020 |GS|GS|GS|GS|GS|GS| ¢|0-20
=7015]65|Gs|Gs =015
c
c3 €lo10|6s|es|es § 0.10
& 005 |Gs 4 005
1 3 5 7 9 |10 1 3 5 7 9 | 10
1,2-propanediol (%) 1,2,3-propanetriol (glycerin) (%)
/020 | GS|GS|GS|GS|GS|GS| 55/0.20 |GS |GS|GS |GS|GS|GS| g/0.20|GS|GS|GS|GS|GS|GS
‘é 0.15 | GS | GS | GS | GS | GS | GS ‘é 0.15 |GS | GS | GS | GS | GS | GS ‘é 0.15 | GS | GS [ GS | GS | GS | GS
5010 | 65| GS | GS | GS 5| 0.10 | GS | GS | GS 5 |0.10
“ 005 |GS|GS|GS “ 1 0.05 | GS | GS “ | 0.05
13|57 |9 10 13|57 |9]10 13|57 |9]|10
1,2-butanediol (%) 1,3-butanediol (%) 1,4-butanediol (%)

0.20 |GS | GS | GS | GS | GS | GS
0.15 |GS |GS | GS | GS | GS | GS
0.10 |GS | GS |GS |GS | GS | GS
0.05 | GS | GS
113|579 ]10

1,2-pentanediol (%)

sacran (%)

Carbon number of polyol

020 |GS | GS | GS | GS | GS | GS
0.15 |GS | GS | GS | GS | GS | GS
0.10 |GS | GS |GS | GS | GS | GS
0.05 | GS | GS | GS
113|579 |10

1,2-hexanediol (%)

cé

sacran (%)

Figure 4-2. Profiles of sacran-polyol complexes the gel-sheets formations. This figure shows the composition map of
sacran-polyol complexes which yielded the gel-sheet (GS) formation. The greater the carbon number of polyols, the larger
the region of the GS formation composition ratio. In terms of the position of hydroxyl groups of polyols, 1,2 position is the
best for GS formation. In case of tri-polyol (1,2,3-propanetriol), there is no region to form GS.
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[HISEBRIC T 72 A U A — A SO T GS TUMAER FIE T 3 72 0 10 LB 2 (L7 D R,
KBRS 2 DT T KB O SR IE 7 L % L BOAI L BT 3 11 2 fo v

—NKEEEZE L, HOTAFABEBREWI L TH o 7,

4-3-2. 7 vk — b (GS) DR

GS B 7 v 7 4 —ADfERP L, 770 %) vicRe eI A& S % 1,3-BG
% FCIRELL 72 GS OYFRALERIER 1S O W C SR OB A 3l L 720 T
J& DD D DAL EVE DG~ DRIBEITKT 5 GS DIEHZHL 2 CT 2720, v A
vOEEEREEL 72, HEORBEL LTCFEEDTFr 7F v AV X7 X VHELET 75
VIANLERO, 7 7F V7 AL EICGS ZFBL, 20 LI X Y A A VIR ET
MU7ze 2772 1,3-BGEHVEZGS DAL LA ViERIZ, ¥ 27T vDATIHEL 72 GS
L CHEICEW Z L3R S - (Fig. 4-3),
KIC L ENEB D> & DKGFZEBICN T 2FHZH O »IC T 5720, Fig. 1 ITR LAY AT L%
FAWTGS % &3 2K EZME L2, Y27 7V OARTHBLZ GS LKL T, 277
v & 1,3-BG & 7z GS 137K 5@ lE 2 B 2l 3 2 © L 232 S L7z (Table 4-2),
INLORREZE LD L, FERAICEWTY 2 I v R A—nic kW B xn~ GS

DI EI N2 T LIk . RENEE O DK 7ZERL & BEINR D> b DALYE D B E N

600.0

500.0

400.0 /r

300.0

200.0

100.0 / o
oo g e ]

0 10 20 30 40 50 60
Measurement time (min)

Fluorescence intensity /min

| -e—Control -#-0.5% Sacran —+-0.5% Sacran+20% 1,3-BG |

Figure 4-3. Permeability of a calcein through gel-sheets. The fluorescence intensity (Ex/Em: 495/520nm) of PBS was
measured after each 10-minutes interval to 60. Data showed as an average of 5 independent examinations. Control
showed calcein leakages (%) through keratin film without gel-sheet of sacran and sacran-1,3-BG complex. Student t-test.
Significance; *p<0.05.
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~DIRA & WHT 2 RN S e,

Table 4-2. Water evaporation through gel-sheets at the initial state

Water evaporation rate Significance
(%/min) vs Control | * 0.5%
Sacran
Control 124 + 0.02
0.5 % Sacran 1.04 + 0.06 Howok
0.5 % Sacran + 20 % 1,3-BG 0.17 + 0.05 Aok * ok

Water evaporation rates were measured with the modified hygrometer described in the materials and methods. A water
evaporation rate was calculated as humidity changes per minute. Control showed water evaporation rate without gel-sheet
of sacran and sacran-1,3-BG complex in the measurement condition. Measurements were carried out in triplicate, results
were expressed mean =% standard deviation (S.D.). Student t-test. Significance: *** p<0.001.

4-3-3. 27 7 v —KYF—r oA MR

Y77 v eR)A—NDKICEER GS DIEKPEOE A Y7 T v R ) A —VIidEAERE
I L. Z OWNERICBUKTE N A A v EBUKEE B X A4 VB3RS 5 lREEDSE 2 b vz, B
IKHEF XA VBT B 8. ZONERICIZREFC & 27 LREZ Fio Z L AT & 72, %
T, ¥7 7V eBRIA—NVDREEDIANBELZMEEL DL LTA2 7 7 v EZHWTR
AEL 720 A% Fig 4-4 CHALIRREZ 0 7 4 — L BRT, 427 7 VIRETI R 2T T v %
REFL O/W == a v ZBRTERD, KA —VEHZRIMT 22 LTI LEMNRL
oo B2 7 v ERY A —NDOFLIEREIX. GSTERKRE Ll — L., 27 T v L DREAICK
D I FUALERE 2 RIE T 2 REBRCHEH L 2R U A — i35 7S 2 DDKIEH % 5o
VF—NTH D & IKBROEANMBIIT VX VEHOKG L BHET S 1L 26iTh b,
TAFAEENEEICE LT L 2L L,

ZZCGSIER DR ERT 2L, 1,2-_Vv 2y I F— N3P+ 5 v e R ENHA
TERMEZ TR L, BUK—BOKAN T Y ZA03H 2 5 v O FIC#E L T3 e F 2 bk, FULRLT
BT 2L 12-2 v 2V IF = VDR FERP—F/NS SLEL Tz (Fig. 4-5a), %
Y77 v —=RI) A= NMEAETOMEZRIFT 272010, 1,2-_V XV I F—LDTLF N

HORIVPEREROVIAREZ G52 2208 TERLEL2, 22T 10%D 12-_v R vy
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1,2- OH position of polyol

g 0.20 g 0.20
= | 015 =015
c3 £ o0 §lo0
“ | 0.05 “10.05
113|579 10 113|5 |7 |9]|10
1,2-propanediol (%) 1,2,3-propanetriol (glycerin) (%)
g 0.20 g 0.20 g 0.20
= 015 = | o015 = | 0.15
& [010 S o010 & [0.10
@ ] 2
@ | 0.05 @ 0.05 “ | 0.05
-] 1 3 5 7 9 |10 1 3 5 7 9 |10 1 3 5 7 9 |10
'E 1,2-butanediol (%) 1,3-butanediol (%) 1,4-butanediol (%)
al
] = [o20
E ‘5‘ 0.15
E § 0.10
3 0.05
s
e 1 3 5 7 9 | 10
.E 1,2-pentanediol (%)
8 E 0.20 g 0.20
E 0.15 % 0.15
‘g 0.10 g 0.10
“ | 0.05 “10.05
113|579 10 13|57 ]9 10
1,2-hexanediol (%) 1,6-hexanediol (%)
g 0.20
= [o1s
C8 & o
3005
1 3 5 7 9 | 10
o/w O+0/W+W

1,2-octanediol (%)

Figure 4-4. Formation diagram of emulsion using squalane (3%). Emulsification property of sacran-polyol complexes
against 3% squalane are shown in the figure. The region for stable emulsification is shown in red. Blue regions indicate
unstable emulsification. The stability of each emulsion was determined by appearance at 24 hours after preparation.

(a) diameter (b) viscosity
80 175
s m1% W3% B5% D7% 09% 010% 1% W3% m5% @7% 09% 010% M
£ 70 %6 r
3
T - =
2 60 ©
1] — & 125
£ £
2 so a
z § 100
£ 40 =2
3 E 75
_E 30 «6
B i Z s0
2 20 a
2 I 2
g 10 > 25
w
0 0

1,2-propanediol 1,2-butanediol 1,2-pentanediol 1,2-hexanediol 1,2-octanediol 1,2-propanediol 1,2-butanediol 1,2-pentanediol 1,2-hexanediol 1,2-octanediol

Figure 4-5. Particle diameters of squalane in the emulsions and viscosities of emulsion. This is the results of the diameter
and viscosity of 3% squalane in the emulsion system with 0.2% sacran-polyol complexes (changing concentration of polyols).
Effects of polyols on emulsification was determined by particle size at 72 hours after preparation. Viscosity was just
reference value. The measurements of particle diameter was carried out with methods described in materials and method.
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Table 4-3. Summary of the evaluation of the emulsion with each oil using sacran-polyol (1,2-pentanediol)
gray : emulsified, white: not emulsified
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Figure 4-6. Effect of pH for sacran-polyol complex emulsion. Effects of pH on emulsification were determined by particle
size and viscosity at 72 hours after preparation. The measurements of particle diameter and viscosity were carried out with
methods described in materials and methods.
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Figure 4-7. The expected mechanism of the emulsification using sacran-polyol complex aqueous solution
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Figure 5-1. proposed scheme of sacran protects and improves the skin.
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