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B FE—
-O2": superoxide anion radical
-OH: hydroxyl radical
10,: singlet oxygen
AGEs: advanced glycation end products
BSA: bovine serum albumin
CJGL.: extract from green leaves of Camellia japonica
CJML.: extract from matured leaves of Camellia japonica
CP-BSA: carbonylated BSA
CPs: carbonylated proteins
DMEM: Dulbecco’s modified Eagle medium
ESR: electron spin resonance
EtOH: ethanol
FTSC: fluorescein-5-thiosemicarbazide
GPx: glutathione peroxidase
GSH: glutathione
H,DCFDA: 2°,7’-dichlorodihydrofluorescin diacetate
HaCaT: immortalized human keratinocytes
HBSS: hanks buffered saline solution
IL-1RA: interleukin-1 receptor antagonist
IL-1a: interleukin-1a
MCLA: 6-(4-Methoxyphenyl)-2-methyl-3,7-dihydroimidazo[1,2-a]pyrazin-3(7H)-one hydrochloride
MES: 2-morpholinoethanesulfonic acid
NBD-H: 4-hydrazino-7-nitro-2,1,3-benzoxadiazole hydrazine
NGF: nerve growth factor

NMF: natural moisturizing factor



Nox: NADPH oxidase

Nrf2: nuclear factor E2-related factor-2

RHE: reconstructed human epidermal equivalents
ROS: reactive oxygen species

SC: stratum corneum

SLS: sodium lauryl sulfate

TBIP: threshold-based image processing

TEWL.: transepidermal water loss

1,3-BG: 1,3-butylene glycol

4-AP: 4-aminoantipyrine

5-DSA: 5-doxyl stearic acid
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B I AR BR R L OB FUCALE L, KA IO LT AR E O ZFEIL . B4 724K
PEDRNIEN DLz RFE T DHERE (U THERE) 2 4528 T AR OIEF MEAERHC B 53 o HE
1w B ChD, BT, BAMNE L MAJE ., BahiE  Ai)E ., IR DR 0R B, SOITEERA R
LT, B, KT 0 @ IRoMEEEZL TWD, 2O RIEN AN THRRA R T 5 LT &b
HERKFNZRIZL TCODDIFARB THD, £, ARFELRNRBURTRIEOELIZHETT 200,
R AR DY HME— Bl b2 D TED L EREOAE THD,

FRT, FREIE E o FL R0 23 S Lo TAU IR AR 5k (k) 352 LI K0T RS i,
ZOS b DORRIT IV TR BB LRI R/ U 7 B RE DO IR M Bk 2 7B AR T2 T BL, B AkL .
BHBITIT B BB ChHL A BRI /2D 2 & C, BIERMAIEETE K T 5, ffE Tlx, fAlEHi,
BIIRRaAL AT r—)b | BIOUEREIG IR 57225 £ IR AR E O 7 ATHRERE RS, RIRARE K]
¥ (natural moisturizing factor; NMF) 73 Jig D 7K 73 R EFIC B B/ E1 2 Fefo L QD 1A, R g fdse
DNZPRD BT, AERE YK BAREFL QA I LT, BREINICH EFMICHIER ICHEE THD
ZED, ZNETOEEL DO FENEREN TN *9, MAJFIZIIT DK BOE TIL, BEORMET
L, ZLDOEENT T NVOEREIRDHEE 2 BTN,

BB R HIEEERRRTED AR

TG VERA FE 8 (reactive oxygen species; ROS) IZAEBIE MM E CTHH ERIFFC, WFNERSDIE
([ZRDERE AR ZALRHIN D ERICH EREMZL LT ZENMbNTND 9, B 5r1(02) 13 2
DOAKIFEF (biradical) 35720 D73 FbE T2 EBOMWE DB, ROS X, 20 O, WEF
NI IV AERSND SO E T FFETHD 9, ROS 1%, TV N EIET VI T/ FHTE,
AT I A— /S —F R T =47V H )L (superoxide anion radical; 0y) ., EREXI LTV h )L
(hydroxyl radical; +OH) ., 7 /L2 771 /L (alkoxy radical;, LO-) ., ~/LA %7 7 /L (peroxy

radical; LOO-) ., ~ULERuF /L7 1/L (perhydroxyl radical; HOO-) . —f#{k %% (NO-) . @1k



23R (NOp ) REWE Eh, BE T, —EIHMEFE (102) . A2 (0s)  IRILKFE (H02) | JEEER =
~ULAF TR (LOOH) 728 MW E Fd,

ROS ITARNICIN T, EITITRE 2 REER UG OAE M EL T, IEF ARSI TND, Ihay
RU7 DRGSR O TE FAREERIZI T ATP 5 2R T, FEREHE SR I BLO 1 IZE-
T-07 BEMRSNDZLITRIGFNGN TG O, Fo FH o FoAFi s —F 190 NADPH A4
Z— (Nox) BDDBEEF SUSIZE>ThH -0y WAERSIVL, TIF NV BRI RIT LY 7udFks 7 —
¥ (cyclooxygenase; COX) BL ORI 47— 54 R IKIZIHBNTIL, -OH VRSS9,

BB CARRSND ROS IZ1E, ZOISR BRI B\ W TAERSTS ROS & KBGO L
PRV ER B IR - IZ LD HHE AR DRSS A R 5y O YIS 2 LTRSS ROS E03d 5, Hh
RACBNETDRIGZRAMR (UV) 13, ERA~DRIEEA 572 % UVA (320-400 nm) & UVB (280-320 nm)
(ZHHSND, UVA & UVB (3, BARDERICED, R0 O ROS 24875 ¥, UVB BLW
UVA 1% Nox ZTEMEALT 52 LI R EHITENICI N T-0F OERERINSES ¥19, Mg Ick
WTARSNZ-02 1F, MIENICTHRENRZEBRO LN T A—"—FF T4 ALS—F
(superoxide dismutase; SOD) (2L DEEFE S dD HoOp IZEHRSILD 19, UVA IX, -0y 12N T 10,
DERREFHFET D, KEIE, 7IERRNT 4V 7280 UVA DA RINT 570747 %
AL OWEDBFIEL 29, UVA IXZNHO 70T T 47T OMBEGZ LT 10, 24K 5.
FIAEERNOREE L2 N IBEED AT — RS DEITIZED A B L 7o i ¥ B 2 9 (advanced
glycation end products; AGES) ~0 UVA DBEFE L, KRS E L T-0 24T 22 HES
ALTND 2,

P2 DFEENAFAET DRI, BE ORIEARREZ BT % — 7T, A7V L &IILH LT o4
PR EZ & o2& b, ROS ([ZEDBMLEIEDH — 2 —7 v hbind 28, ZOZEnb, FEREIZE
TDHHRSUGIZED ROS DA, FAGHROAFE -~V AF L ROERE NI HEIZIBWTIER T
BETHD, BRI BIEL T, K& H1ER THS Propionibacterium acnes (77 % @) 2MUSEED L
THEMK T 237 adN T4V AT, BAREEBICHEER E LICEATL, UVA BRER TR0 DIEHREE
IZEoT 20 ZHERRL , AZUL UL L CAZTL B JER RV R U R AT 228N BT

I/ \}Z) 24)0



B J& DT LS

T2 ROS 1%, DNA S0 UIWr-oti JAE R . 7V R = Ak DR LIE A L DB DO RIEMEAL,
NEEHEO b2 5| SR ZLICkD | BIEBILX RGO IIEIRR L2095 P, 207w | R
(ZAER ST ROS IT6F L AR RITARR & 22 HAE 2 TS (Ful L AE) 20 2. TV D, AR OHE
{bHEREIT, ROS ZVHE T OHUI kB R EL ROS Al - THE T 2P b EREIC LS Tk
D, ZNBEFPRL THULR - LD 29,

HEEROFIER L EE S 21X, SOD R WX T —F¥ , SNV EF 4~ L4 % & —F (glutathione
peroxidase; GPx) , ~AA4 %1%} —E-1(heme oxygenase-1; HO-1) 72X 723%%, SOD 1%, O % 02 &
H202 (2 ¥4k (dismutation) §-2B%3E THY . F722bD LU TIIAE IC/A/ET % CulZn SOD EXha R
U7 NIEIZAFAET %D Mn SOD O 2 D325 228, HoOz 13, M TIEA IV AF Y — MAHET DT
25— D0 M ERIN L RUTINAFAET D GPx DR ITA T VA2 F A (GSH) {E1E FIZHBIT DK
JEIZED, 02 & H0 (23RS ND, FURRILEESR 1T, H R JD BRIV TR AERR S 720 DIE )3 =
WZEREISITED, 220 THHFIZ SOD EHFT—EDIEERENZEND, ZROITE BT 5E
P B R LB Z B TND 30,

Fo, BEITIL, B THDIRIE, BELOY GSH IEEEE RO E L TFEL . 2ib
DHEALAFEDH T DI | BRI L TREIZBWTEWIEDNHDILTND %, ZDIENNT,
6 LRI DTS e G- S KWK R TP L E LT B 43 CL B4 E, e /A
RD3D, — M, ZNODOIEE L, IEETEOTILE (€23 E, hnTF /AR72E) 25l
728 DRFER A AZBNT, AKREPEOHIRRALE (€43 C, JRER, GSH 72.8) 1M E o fa st
HRIZBWTENT 2,

(2. REPIZBWTHHLERMLIR 1 DR E AR DFAEL . REHIE DL OEITIZ RV IMANS
[F173> T, PR GIAF DIRED E<RDZEN B TND 33, ZNHDOHTEEKIK O A BLIE
(L AR RIGEME DR G K 1T nuclear factor E2-related factor-2 (Nrf2) 0, 2 5 NIZE 1T DIE 1
L DORERDENZ SCRL TWDEBRSIL TS 33, RIS, FE IV THMYIR T D a1
LI, BLAN ATREE DM RIL & <72 D, Lo T Nrf2 JEMELOEIG TR BANZE &< bl e



WE 2 HID, EHRIRIEIZEUVT, Nrf2 1% Kelch-like ECH-associated protein 1 (Keapl) E&AL721k
RE CHIIE I REL TOB, BREARL A FICB W TR, Keapl DL Ry 7 ALY —ThoHY AT A
VRIS DTEITID, Keapl 23 Nrf2 IOfREET 228 TR LS, BNICEAT T2 3,

NIZBEATLTE Nrf2 12, R OHIR LS o B OBIE O 7 rE — 5 — B E T DA ¥ &
> REEEA (antioxidant response element; ARE, 5'-A/GTGAC/GNNNGCA/G-3) (&9 52T,
7157 —EX SOD, GPx, HO-1, GSH DA BRI ITHFERESE ThDd y-glutamyleysteine synthetase
(YGCS) 7k D % Ie Pl LIR - DR BIA TS E 7,

FIFEHINE T2 A MRS Lo THER S LD A T8 I, FrEA 7B L IR - I 2 KD Hiie i 73
FEL TS, flEflaoilizafsicit, a—=771Fx<m—7 (cornified cell envelope; CE) &I
(ZNDTRENRIATH L R EDIENTE RS TRY, KED )T HRRICE 5L T\ 5, CE 1213, 1
V7Y R0 14 kDa \Ziii =72 N D & 7378 T % small proline-rich proteins (SPRRs) 72 &, 2 A7 A
VIRBERCATF VU A LG T AU R E N REITHAEL TRY, 2RO Fii kg &L Chae
FHIET ROS (T2 T ELTHHKAREL T% 340, 2T A5 KD SH BT, 7'mb 2L
H & Db S H 28128 ROS 21595, SPRRs 133 K OAIEIERINLIC I T RIS R BN
BN AZE00, AHEIEROBIRICR AT AL AR AT A HIE W E L L COMREA J 5
ZEHRESITND 9,

HEIZBIFBINR= AT B DR,

HEARD B STEDFBEARL ADZ —7y ReZ2h) L HIR I 5T 5 Z LT R<HitTng
B, 2L DGt 2o B DAL, 7 BB OREZ IR T D m S O Z kAL T2H T
ZEME FDHRERERAE T OO R E MR TEFETHLEZOND, FL I EIZE
Wb LA Z T OT WU BB IEIIAT A= bV AT A THY | LI TAT A =213 A
FA =V ZNVRX TV RER L, VAT ATV AT A RFEG DI E, BESE OIS E 5 A T
AETEED M,

JIVIR = Ak A 2378 (carbonylated proteins; CPs) 1X, Z#L /X7 RANRA L TN T LT ER

BT BRMNBHITBEASNI S R IE DR CdoD, ZoTEDIINR= MU ATF A =00



AT AV DEBLIZ AR TEGITITFES NN LD, CPs 1E, LV@EW L~V DR AN R 2L -
THEINALF L RITE ThHEBZLIND YW, XL XTEDIINVR= AT, VRO

£ 7V (allysine; 2-aminoadipic semialdehyde) >, 7 /L = FREEOBRLIC LD y-7 W ZLEIT
VT ERZRE DT ERFRFEDEHE LR GIC I AR S DRRBE L 4999 ROS LAZ T L oA B fifiE
Wil7a L LD ROSIZEV RSN DM AR E H R DIENE T LT e b G e, 7 BEDWERHET /&
EDFURIZIVAERINDRIEDR DD 79, REIZBWTL, 77rb A0/ 7V TER | BLIW
4-eRaX o )R — UK ESNDIEET VT ER LB IR Z L VB DVY  TAF =0 Tal,
VAT AL IRE DREEMEFRFLATINL . CPs 242975 ), E7o, DD RIZMEFHE T4 H IS D
PEERAIZ S AFAET D ZENBE | VAR =R Lo TARN OBERTE O TP R 5 S X
NLTENHEREIND,

ROS BEUHNR=MLE L RVBBPKREERRICRIETRE

72 ROS DA R AN PR REIC KU T 581 Z1E, ROS IZE» CHFEFHEINDSUSICLDL DL,
CPs 72E?D ROS IZ Lo TAMSNOME G SR I ZIRINZRSUGIZED D LD S %0,

RIERLERBEDEA ., BLOER N ZADEML, ROS IZXVFFHINL K EIEE THY Y,
ROS NINOZFHE T DA = A LT RO IITHLNITSITND, B ITRLBE S G Z 5 S 27
RIEDAT 4=—H—"T% prostagrandin E2 (PGEy) I%, ROS (25 COX-2 DRI THEIZ L~ TREAE
WFHEIND 29, Flo ARUMOBREFHE T DAT=0OFEAIL, ROS (2X% a-melanocyte-
stimulating hormone (a-MSH) O EA TLEE | PGE, 125> THIEESND 549, &5, R AN TRE
EINDH—ILEFR (NO)H, AT /AN DOT rL T —EB0TFulF—BREZ R 7'E 1 ORE
ETCHET D ENPALNESLTEY 9, ROS MW A4 DIRREICEBWCEAEBOE K OFEICEE 5.1 C
WHZENRRBIND, BEIZEWTIE, ROS BN~ hy 7 RAAZuar a7 7 —€-1(Matrix
metalloproteinase-1; MMP-1) DI BLTLHEAZ 58352 L2k | Mifash~ 7 2D E TRk ks
0% | W —5 O fREARMET HZENMOILTND, 27 —7 UBHED 3 fifIL, MMP-1 (255 =
HIRSEREIE O YINNC LRSI, a7 —F U HEOAD 1T, SV DR A FHE T HLBEZHNTND

S0, BARMYIZIE, ROS 31 Z—nA%-1a(interleukin-1o; IL-1a) D4y WA LHEAFEEL | IL-1a /X IL-



6 DPEAZFHETHZLT, MMP-1 @ mRNA BEOF L IEDEREFHE TS %, SHIZ, ROS 1T
protein tyrosine phosphatase (PTP) DIEMEH.0:MZHD SH F&FR{bL, PTP 2R IEMEIL 352 8128D
epidermal growth factor-receptor (EGF-R) OEMALIRBEZ#ERF T2, £ DGR, c-Jun N-terminal kinase
(INK) OIEMEALIZ LD % activated protein-1 (AP-1) (28> T, MMP-1 DR GEMEDTLHET S %9,

—7J7.ROS [ZE->THESND CPs DA, WIS E L THRE ARG AN B 227252 R
72U O NI B L OB ER ATV T, L F OIS 7 m ATk, T T 5LELIND, K E
TiE, KBS EAREREIC LV R AN T ROS AVAERESHL, SHITABIZHBW T, a7 mhL
T AV DIFEREIEITE-T ROS 3K END, ZhbD ROS 75, MUREERERRD S NEE BRI
LLBER LR E & LK T2, TOREE., ZNOOMBIBLIEE (kT 51EMET VTR o s
PRTBEDRISIZED CPs DRSS, HFFELL T, CPs Idmknd DEILHOR K BLOEKITH
B CBIZSNDIT) D, BEF IRV THEBREERO A 8 Tldm L TRIZZSh T\ g 28, ERLo
BT e A B E S DEAEIAFAET D CPs 13, R EAMIEIZIBWTERSNIZ CPs &, FEF
HZ IV TR SIZ CPs Dl & S LT NE B @A LR A i T D ZEvRIR S D,

ZOIINTAERLTZ CPs 23, BRIRIBIZ KIT T R B Z R DUV O DEFAIIFZEHR E 1 D D,
IS BT T NDRF T, BB TEBASS T M HZE08 M6 T 9B, ZOR &
DEALIE, BB IZHEFEL 72 CPs 5 LU AGES DGR Z B L T2b DB 2 HILTUND 88, S5
FJEICI1TD CPs DHIINZ, A8 O EIEBMEAR TS ELZLM, eh B LUK Bk A gz A L
HIC VIR =) ALSETZERIZE > ORSN TS 9, MO ediE xR, B Oz Wk B REFHil
R HHLEENTIY ) CPs DOIINZIDAIEOFZE DI T LEF OB TMNE, XA
H72 B EIC B W TIF LW LEL DT 0B 2 D,

FIMARED CPs 1L, KOG EBLOTEWL 728 O ERIEM STA—42—8 B UNF 2 — R A—H—
Z T2 B OARJEMEOFHIIC BN T, ADOMBEZ R T 2N MESN TN ), SHIT, AFITH
RS- MR B IZH1T D CPs 13, BZRIZHITD CPs [ZHAT, @WEE CRROLNDHIER ), f
JE A N LA FEBR BRI TR R LI AR L MR L E T VORI IZHB1T5H CPs DA,
FON TN N AR =SB B IO 7F L 7NV DK GRFF T OAR T 5, CPs O 2 R wilg:
WRBL DRREMEA RIS TG B8, ZnbDFFELY | MAEITIITD CPs OIS FJE DHz AR



HETDAREME, SHITIT. BE OHEDS ROS AR ZfEIMR AN AZFHEL  fAfED CPs DA KA
TRAET DA EEMEDS RIS, Fio, RERT /KD BEOKR TBIUONUTHEEEOK TL TWDF UL
PHERBLIZ A8 TlX, /7 —ufx-1 L7 4 —7 23 =2} (interleukin-1 receptor antagonist;
IL-1RA) [T % IL-1a DR 0L f4 @D CPs DAFTEMLE (CP L~L) D38 L TUVNA T LAV E
SN TCND, ZOFEEND, FTAILE FBREAR AD G- RIB I, B AR AN TEAUAL AR K]
D 1 OEUTHER T DRl RetE s HE L S,

HIZ, BREICH BEMITHE, SeBILEE IR T, #EIZE1F25 Cu/zn SOD B85 U Mn SOD,
27— EOHURALEER DB BT, HEZ EEIZIBWT CPs OFMAROHLNLI LN H
HINTWD D, ZDOZEND, SEALBE IRFHEA 2R BRI RO ZIZ BRIZBITS CPs D&
B GLCWBAZEbHEERS NS,

RO B

AWFZEIL. BB ICR W TIERIZ: ROS DA ATEE T 28 72/2 K T2 b RIS A R L7z
ROS (2o THE S DMIEREE (6§ 2 RIRFM OBFMER ZHONNCT 222 BRYELT,

ARIZE1T D ROS DI AEA R THY | BTN TH FSHE TRROHILD CPs &, KB DB
BWTHERASNDT YU LEEEF R 2 (Sodium lauryl sulfate; SLS) (242 ROS DA RkizaE B L CHF
RhBIIeolz, IHIT, ROS H#HETHHEMELT, Y7 Y NRFOEICHKTHTFAOH AMIZS
WCRHmL 72,

(ICDIT, A5 A I Te) L THEEERD, AJEICEIET D CPs 2B BIHIIZFHE 92> — /L %5
FE LTz, TIVET, HMAEFRIC Lo TR L 7= MA@ N CPs O EHEAFATIZI AN D CP L
VEFHIT 2 FIER— AN W DIV TN, ZORERIEIZI W T A REE L0 12k
TOHOCHEE D FBI7: CPs ORHlA Y T DB N STz, AWFIETIZL, M8 ORI R
ZT TN CPs 28k 5 FEAB LI (B8 1 %)™, 55 2 B Cld, KEEEOREE Tz,
CPs DS WHIEEAIE L CTHERE T A2 LI2EY | ROS DA RIRE/ R D FREHIBAELT ™, 8 3 T CIE,
SLS D3 e M IE ~DIR AN, F£ MO ROS LA 758522 SN E L, ZDARICEHT
DRI AT =X DEARFELTZ ™), ZIHDZEND | BIEIZBWTAER T D ROS ZiHEL ., KELER



EARL 2DIRET HZLITFEFICEE THLHLEER FAETII, TOFELL THA ORI T =/ —
NEEGHETHIERMEISNTVD YT YNXOED X ADEZE~DHMAICERL, AlEBLIY
RN DI LA AR T DREFIE I AR AR L 72 70, ZDfEHR, Y7V \F DIEDTHF 2T,
{LF B LOVER A e U L E R 2 T 5282 bh L LT,

ARG ICIE, AJB D CPs <2 SLS 1245 ROS AR D AN = A LOfEIRAZN LT, K FMS B & AR
WTHEX 72 ROS R IRICIBS N A T FEEALNITL . EHIT ROS /b7 G4 1R# 5 H L L THilE
IEWEZE N AF T OEEMIZ OV THLNC LT,



1R AREINVEAALZ L ST EOFT B EAL FEO R

1-1. 388

CPs 1%, 7/ LD EHEMAL B LONEE MR (L EOGE ST L CAERRSNDIRL S RV THY,
FR{L AR A% S D3 A A~ —T1— L L THILIV TN D, FEIZIUNTIE, CPs 13K IC KRG iRz
LD G, KB BRI 3L TD, I OHE TIE, AJEHICE END CPs 23K DL+
HIREEZ LS T D LTI | REEAES T BRI TSI T 52650, A OK S REHE
REZAN TS 5728 | BB L OERREICR O CEREE RKIE T ZEnHONL 25T D 6182
N, SENVAED CPs 1%, K JEDEMEAN A~ — D —EL L TOREIZTTlIial, g OGN IA
IO B 5.2 2 EIERKN 1 ChHEBRSND, T DT, AJED CPs N BHEREIC T 58
TS BT ABICERITD CP LUk D EBIEICHE T DRE T IENBELZ 2 B
%,

& D CP L~ )Lz il 9~ 2 FIED—D1T, FIFEL /=M JE D CPs ZH0GEERRL | 4O EICL->T
BAEAL T2 B0 DD ™, LLaens, FEEL /- B IIER T — O R FERIE IR AF L= 2 EREER
RES0 | A LR COMBalR Lo BV /RL | MELEERE LIS A EAsh D (Fig. 1-1), 207z
O, ZIVHIZH KT DI RS A BRI A A 5 CPs OEMEALIZER W CREM OB I &85
VORI DTz, £ TARETIE, AEOREEMIICH R T 280 % | BRI Z VD28 k

B EDBEREFTLHIET, AIED CP LUk JOEBIIIC, 23D @ O FEE TR 2 FIEE IR
L7,

Fig. 1-1 A reprisentative image of fluorescence labelled carbonylated proteins in the stratum corneum.
Green fluorescent indicates CPs labelled with fluorescein-5-thiosemicarbazide. White dashed circles indicate

multilayered stratum corneum.



1-2. EBRFIE
1-2-1. B3

AREIILL T ObOEEH LT,

TralL Ay (E/v—); HibR TEEX S (BA), Sephadex G50; GE Healthcare (Little
Chalfont, Buckinghamshire, UK) , 2-Morpholinoethanesulfonic acid (MES) ; &3>/ Fneilisk T 364k
Nt (CKBR), wiiig 7 /173 (Bovine serum albumin; BSA) ; Fluorescein-5-thiosemicarbazide
(FTSC) ; Sigma-Aldrich (St. Louis, MO, USA), 277 L F I T A7 RE 4 (#) , BCA
protein assay kit; Thermo Fisher Scientific Inc. (Waltham, MA, USA), AU 7 v{kEe =V F >

(Polyvinylidene difluoride; PVDF) 5%, 77—tk X4k ().

1-2-2. JtIR

USRI RIS IR (Broadband UVB lamp TL20W/12) ; Philips (Amsterdam, Netherlands)

1-2-3. BB 7= CPs OFRFLL B AR D ERL

FE UK Z W CRERIL7Z 50 mg/mL BSA (2. 1 M 77 AL KiEikZz N %, 37°C 12T 2 KRl
Fa_X—hg5ZLI2ID AR =11t BSA(CP-BSA) ZFREL 7=, VA~ 7 T7 4—1EIZL-
TRRISDT rab A ZRET HZE2 BINEL T, RSEKR D04 BfE (15,000 rpm, 5 47 fH) #1215
Hivie ElE% . Sephadex G50 A FEIHL 7= 4T A (BT LAMKFE; 2.6 mL) IZHEL R RUKE W CTEHLT,
500 pL J 247 EL, ZD9E CP-BSA % & TelE /3 (2 /LR = /L BSOS E O & A AT D 20 uM
FTSC Z Nz, i, #YE FIZT 2 R GEE T, REED FTSC IZRHR O VAl e~ 757
S —IEIZE S TERZELT, 100 pL HAL CRIR L7 T2 ar DA R EIRE R EFEILTZN-T
BCA protein assay kit Z AV CE&EL7=t% . FTSC (Z&k»> TS 7= CP-BSA & HUKIZ L » Cll'H.
ARLT-b D%, 2 pL 975 PVDF i L7 vy b5 2 THORIEZERIL 72, Zhi CCD U AT %
KA U 7= 6% 85 (FLoid Cell Imaging Station; Life Technologies Corp., (Grand Island, NY, USA) ) %

WTBIEL, dOtmifg et L,
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1-2-4. AR DRIMEATAR T FA~DERE-

e 8 OEREUE, O TR R A B AL B ST OKRSN T RICFEM L7z, A8 IS T —
7 (krTr—7 =F RS GRR)) # W7 — 7 AN o B U 7 IRIC s TR, A JE%
L 727 — 7 ZE A 6 mm OHTRICHIE LT ATAR TAORKEIIEAL, ZhaFfi b iil—
BRIRIESE D2 L THIBE A AL TEM O ZBREL, ABEATAR TAR I ESE T,

1-2-5. f4)& CPs D YAZ

gD CPs D RIHKIL, Fujita DOJTik D~ ZLImR DI TR IR, ARG L
AFART T A%, 0.1 M MES-Na buffer (pH 5.5) 2 F\ N CHAHLL 72 20 uM FTSC [Z3EHEL . |IRIZT1
REfIA o 2 — N7z, REUKA BT IS 2 SORBRIER A O TR L | Bt i 4

Bz,

1-2-6. in vitro IZIRIT DA B ~D UV &

21 FEACPED ERERRIER DR —BALICIR N T, T—F AN 7% 3 [E#EDRL TR, 3/t H 07
— T DABEATART TR G Lz, BB LT AEOREMICAIZT L% 3 uL HEL-#,
Broadband UVB Z> 7 (ki & 290-320 nm) (21~ T UV % 0-3,700 ml/cm? fJREf L7, 37 °C D
T 24 FFfIA L Fa_X—hL7zf FULUATRIBL TAZT Lo ZREL ., AL T2 CPs 4 1-2-5 18

(RULTC A THOBERRL . ATELT,

1-2-7. EHEEANT AICES<RIEERLER

BREEANT T MTEOEEG IO FH U, BIfgBEAN T 5% 412, RGB (Red, Green, Blue) 4%
D G OFEFIHEMEDIIRNE | B LI BHE OB 40328 T B O A JFH o 2l 325 )
7R SR A P B LT, ARSI N T, a8 oD B {5 AL B % B8 fiF 6] 452 0L R (threshold-based image
processing; TBIP) &L 7z, TBIP 2k Thit L7z Bitg Lo 7 v i ORISR REZ F L, )&

D CP L~ULELTHW,

11



1-2-8. WEFHEYT
RIEREI T EHIME + EEYEFZETHRL, Student D t REICE> THEZEMRIELBI/2-72, p fE 0.05

Rz Gt F RN BEE LT,

1-3. fEHR
1-3-1. ERFERIE G 12X5 CPs OFH

HOCAERK L T2 CPs & EG AT IC RV EEL T2 BR T, 7 7ub A AZ ko TR = bS W7
CP-BSA ELH[{§/ 3T A—4— T2 RGB RKERDMEFIE G LD EMREIZ OV THEREL 72, CP-BSA
Z, TVTER B IOV b BT DR R A RSSO 7 e — 7 T D FTSC 1Tk TR L 7214
PVDF JE B2y kL, CCD AT %A A 7o #OG BRI Z L > TG 4R LTz, 2RISR L 72
CP-BSA D GHER G- BEFE A TR H U7 e BEFRME 35 725 160 O#iFHIZIUW T, Rk
flik CP-BSA D&/ BICHEMENRD ST (Fig. 1-2)

0.35 .
0.30 -
0.25
0.20 I

0.15 y =0.0019x -0.0231
R?=0.999

Protein (ug)

0.10 -
0.05 -

0.00 :I | | | |
0 50 100 150 200 250

Average gradation value of G

Fig. 1-2 Relationship between the fluorescence intensity and the gradation value obtained from
fluorescence images. Gradation values of fluorescence images from dot-blotted FTSC-labelled carbonylated
BSA were plotted against the amount of protein. The fluorescence intensity gave a linear relationship with pixel

values ranging from 35 to 160 of the gradation value of G (solid line).
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ZDOTEND FTSCIZHIR T 2HOEIREL L, B G DS TR 7 iE THDH LKL . CPs
DBAEAIZ I W TEBUNGHE O L5 T £72% M ERIE R 5 2 . B ISV TRV 57 1=
YA LERRET LT,

BB DEGEAN T 0% 1L, G OREFME S A ESG L7 (Fig. 1-3a), TBIP (28T, il
FAELZRWEEER (N 7 7T 0 0 R) & Aa R & BR<ERBIEZ 2N Z s EL ., B A )3
5T LTI (Fig. 1-3b) \ w7 7T R e JE ORI 2 FRO 72 lif4 (Fig. 1-3b-B) 23Sz, €2
T, S ZEB O G OFHFERHEZ IV THEO CP L~ il 452 L D% 4B L UA A
PE% | DU ORI W TRETL 72,

(a) @A @ g (© (0)
40000 - - - y
0
o]
X 30000 -
Q.
‘46 20000
g
E 10000 -
=
< 0 T L— T T T T T T T T L— T T T T T T T T T T
0 50 100 150 200 250
Gradation value of G
(b)
(D)
Output image & 4
Gradation 0to 255 0to 35 35t0 110 110 to 254 255

value range

Fig. 1-3 Identification of fluorescence origins using a profile of the image histogram. A representative
profile of the image histogram of the gradation value of G (a). Thresholded images by appropriate values of the
graduation value of G (b). The profile was divided into four fragments, A to D. The background area (A) and
the monolayer stratum corneum (SC) (B) were specifically divided. The multiplex area (C) and the overlapping

SC and debris (D) emitted strong fluorescence, and the pixel values were out of the linear range.
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1-3-2. BEARREAE DA TIZIAFE—ARBERED CP L)Lk

g s B DI R = NWACDRRE 2RI 2 HIZIW T, TBIP ICX A JERE I o 2R %
LTHEILZ CP L2 N ZE D2 S Z 7 M L 72, [ 6 mm OF — 7 CTERIRL7Z A& D CPs
% FTSC IZEo THLIER L7205 | # LR %T 2 AT 5 D3R L, TBIP ([CL-> T EfkEY
DEBRELISGA L BELEEETOTICE B LG ED CP LV EnE LT, B
ERIRDTICHEM L CP L~UL (Fig. 1-4a) LhtigL | B LEEA 5272 ~7= CP L ~L (Fig. 1-4b)
(TARAE E720 | BEHE(R 22 03B | RPN T D 2 D ERR ST,

(a)

Initial
Fluorescent
image

CP level 127.3 110.24 135.0 117.9 101.7 118.5 £13.2
(b)

Output image
with TBIP
method

CP level 72.7 71.5 76.6 74.8 73.9 739%1.9

Fig. 1-4 Comparison of CP levels with and without the threshold-based image processing (TBIP)
method. Five fluorescent images were captured from a FTSC-labelled SC sample that was 6 mm in diameter.
The initial images containing multiplex desquamation areas and saturated pixels (a). Each output image of the
SC monolayer with the TBIP method (b).

1-3-3. UV B - THMT 5/ CPs DRk

TBIP OFIEIZLD, AIED CP L~ L OMUNe 2O HREZ i 5262 gL L, UV U
[ZEVFHELI IR E R LS EI T LT gD CPs ONA, £ ZdD CP LT l> CREAL
7o ATART ZAIHR G LT AR O R EIZAZ T L% Tk, UV ZE L&D CP L~L
(T, TBIP DA 05T, UV IRET R KR8 e 27~ LTz (Fig. 1-5) . UV RIS 4 &
D CP LU L CRERTH IS B2 222 R 3 i/ N UV IRESIRZ T, TBIP 23827252 LICIViK

TLZEND, TBIP IZEVAJED CP L~ L DU N 2O HEE A3 a) B L7 Z D3RSIz,

14



110 - 110 ol |
5 100 x 5100 ‘ %
<9 | % ' < 9 |
Twl Twl 4t
@ 80 . 3 80
o L a L
o 70 s & . & 70

60 L 60 |

~ 2
0/( 1 1 1 1 | 04/ 1 1 1 1 1
0 1000 2000 3000 4000 0 1000 2000 3000 4000
UVB irradiation intensity (mJ/cm?) UVB irradiation intensity (mJ/cm?)

Fig. 1-5 Measurement of UVB-induced CP levels. CP levels obtained by the TBIP method (a) and by the
simple image analysis method (b). Data are expressed as means + standard deviation (n = 6), Significance * p<
0.05, ** p<0.01 (vs. sham irradiation control).

1-4. BE

T =T AN RIS Lo TR 7= A e, B EIRRE A W55 2 D/ RT A= —%>f
REEPICEHIE FTREIC T2 L) ISR W T A HRAERRETH D, W0 A~ —T1—% 1K
MBI OERET D720, #OCAERS IV A JE O imifg 2 MO BHGFEATIES T S TG 7080, L
ML, T =T ANy TVEIC > TR - A @ 2 2O T 2L A EE T 25 00 bIEF 125
WHDEA R DNDT | BB DR S D A IR E O E B2 R WA R LT DR
N BHST,

— I A — BB DR — AL L0 EHN T A8 DL A AL~ VTR CThHDHEE 2 BILD,
LU 235, FTSC IZL o Tl A SRS AV A JE e B A [EAE 6 mm OFEFAIZINTT U AT 5 3T
o LTo s iR A L5 L BRI E DL EHIBET 53 OIS U T, CPs DAFFEERIT AL
RIDEARAE G202, EERIZ, ZH0 5 L OBERZ IV, 22 ERIBEL 5 2 5w TRl L7 i A
BT DI 13, FEER 222 O R &7 o 72 (Fig. 1-4a), OF0 ., AEOEB I ERETHZ
7R BB GIRATIC L > TRIENZAE O CP LUl % A @il om kL ~L & 58
TA=Z—=LU TN T 5283 BEOBLENLE L TREY THLL RSV, ZNHDHFELD,
FENTIZ I D JE OFESEH oy DR BAYERR T D28 XD, HIB O BRI O CPs Z G- 28 i
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BAFE DEEM DRI N T2 ZEN D, BIFO A JEiEA mG LT, BEOMAEICH kL CP
LAV ER T DT PR R LT,

ITUWHIT, FTSC IZE DML~ TIRON - A8 0T P4 Lt it 4 iV T, RGB &%
D G OREFMEIZEY CP L~ VAR T 5 FIEDO R Y MHAFHEL 72, 8 E Y DT V2V ERIZINT
I%. RGB MDY 3 fald, ZNZIRENLIET 256 BED S T 7 —a TRISI, ZORFD 256
BEPE DA TS FRIE L RS, TV 2V HHEIE, CCD HATIZE > TSN OB I HESE vt
IR AR ESNDZ LI IERISND, 22T, Bl G OFEHRfEE FTSC OHERELD
EBRPEZERR L2 (Fig. 1-2), ZOFER, 8 By MOHIRIZI51T DFEFHMEAS, 35 236 160 ODOHFHIZ i #
DEFRPILEATRD HAL, ZOFPANITISWTEREFRIE G 2V =8 CPs DR E &7 2
AIRELE 2 DALTz, RTERAOIZ, BEFRMEAS 35 AN E721% 160 LA EOMEFHE CIXEMRBIRITRD DT,
DR EB[RIC /N A—4—7%5i H UT2 E R 7eiEam XA FTRE ThHZ LDV RIBS T,

ZZ Tl EIZBWTHIE O A Elachit 5720 O @ H7 G ORSHRIEAIRE T 5720
FOCEBROEHGAED AN T DoAY BUEOBRIIC I > THASh DG 2 & LTz, Z Ok
Je FTSC 2 &o THERR L 7 M JE WG DE AN T L5341 A 725 D D 4 DOFEII /3y EI A HE T DT
Ea FLHL7Z (Fig. 1-3a) . fEIS A 13 A EMREMAAE L2V SO BHRITH L, fHI5 B (ZHB DA
JEDEg AR U7z, Bk CIIEE LI AE ORI S L, D XL EICERD G- AJEDEIRIC
FAE LTV (Fig. 1-3b) , fEIE C 13, A8 OB IBITBIER SN D RSHHIRICREINDMEFTE, DT
(CAFAE T DR H A3 T2 A B L O B DRERLS 1L T e, AJEIREISRD BN DHR O
fid, AN /LD SLARET L ™I D, BBz L7 £ Ml oD 28 1 1 30 ) A el L 7
STWDIEEEZBNT, 4 SOFIROIS | WIS T DM A [ZFEFRAE 35 R THY ., ik
C BELV D OF =V 753 1 XBETRIE 160 A2 HHFHIZH 72, M8 FEE L COHIEIRIT
PEFRIEE FTSC a0 iR L D EMANMEDTRD HNDHIPHS Th o772 | ZORIZIBW TS, B 5
W o> JE SR A 3712, @ Y07 CP L-L &R DT EIIREETHHZ LD RSN, gD
4 & B 3R S 57D D BIESC FTSC DGR i L RE S OIS EFRIEDFEBO DD G DR
FRME ORI IL, HOEEIR AR T 2B KL TEET 5, L LML, TRHLDEDOE(IZ)
25T, TBIP T8> THIXHE \AYeikam A0S AT Re/2 B - OsEI A= IR$ 52813, w87 fA g o
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CP L~ VORI T R ECh DL F 2D,

WIZ, A8 DEREAN AL~V OFHINZ 155, TBIP Z V= CP L~ LD FE O Z MR L O
B HAMEAMGEL 7=, AR 5 M OB A XIS EL | A8 OFEIEES /3% % AT, Bl mig T
ToTHEHENZMAED CP L~LiL, 1185 + 13.2 Th-7- (Fig. 1-4a), —J7. TBIP Z W CTHEHL
7= S AL DE LD CP L~UL1E 73.9 + 1.9 L7420 CP L~UL 36 L UME HE(R 2 D AR AL & 72 > 7= (Fig. 1-
4b) . ZIHDRERA T 22 L1080, TBIP [ FHEER AL S, AJED CP L~ LOHIEDR
JE% ) LS HDITH H THHIENRBRIINTZ, Fio, R ZAME T L2286, FRFIZ TBIP 23
FJE D CP L~ /L O INRZEAUIT e D U 2 i T~ 2 ZE ISz, UV BRETIC LDl b A
RRIE, CPs AR DA =3 =2 —D—2 L7015, FEEIZ, in vitro (TTIEFITHRV UV ZHREE
HTEITIVAED CP LUV BT 5ZENMIESI TS 9, 22T, UVB IZIRFEL7-f4 & D CP
LUV DN TBIP W TR LTc, ATAR 7 ARG LT A ORIANIATZ TV 2 BATL
UVB ZBgEE L7, TOfiR, 2,500 milcm? O RETFRE ISV TRRESISKTT 2/ 80 CP L~ Lo
A EREFADFRO LI (Fig. 1-5a) . it HRAYIZ A J& OFEE 504 & 18 L7\ BLAIZR B R AR AT 1512
Lo THHENZ CP LU, MU RIS W CIRBH O AT 2H B ENRD HILT,
3,700 md/cm? OIRFFHRIE IR\ TR B AN O (Fig. 1-5b) , ZHHOFERIL, TBIP 23l
BHRFEATIELOS A JE D CP L~ L O NR AT D80 R EE AN @ N 2 &R L TD,

YL EOFER LD TBIP 1%, B DAfENbRE LD ATIH T 2281280, gD CP L~ L
EMUNCIRE CEDLTIETHHEE 2O, Fal OFFETIE, FH IR RE 35 KOG O 621
EDBLEND, FAEIZISNT CP L~V EARAEITHERF 35 2L D BEMEBIRESIN TG 7807, 20D
728, IBIZHITD CPs DA KA T 2IKANDAZ ) —=2 T HFEC, D CPs /3T A—4—L
L72 B IRRE DFE F IR FEIZ 3T TBIP & JHWeAREIIIEF (A e 58 — /2722 2 LT
Ihd,
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23 KBEREE FIZ2T CPs 25 ROS 24T A AT =X

2-1. ®E

B DOFRANEIALIEL . KEGE~DIREFEZIICD LU ANRRICRISNDEGRE Thod, K&
~O UV BENE, AJEICEITD H0, DAERAZTFET D AREMEAVRSTISY 0, AEIZIT UV D
# T2V T ROS &R DN FAET DT EDVRIBEIND, ZHETOWREIZBN T, FHhHE
RIS T AGES 3 HEHEAIEL T UVA 2RI 2281280, -0 WAERINAZENHES
LTS D, ABIZI N TH AGES DIFEIZRRD HIDHTEMND 8 AGES 7% H20, A i DA TR D —
DELUTHREET D ATREMEDN B 2 HiD, L LIS D, AGEs DAERGHEE LA JE DS — 2 T — N —i i
EDINTUAEBRTDHE AR O AGEs Y UV IRFEIZL5 ROS A D FERR 1 ThoHEITE X
(<0,

— 77, fAJEIE CPs AEESH T WERE A AL TV5, HELLT, A TIREBLVLREICHB W
T, CPs WELAFET D, FABREIITIAZ T Lo 7 YRR, BEHERIAER, 2L AT r— LB IO
AL AT VIR ARG D AR MFAEL T, SHICAJE K E T, UVA OIEEICL> TR
JIEDJRINE THD Propionibacterium acnes 23T 527 0l /L 7 4V O NI E S RZE T LT
10; WARRSNDZENFNIHILTND 8, AR, f T E R ICAR s G20 T 0bDx 5 el
R TSN 102 ICKV A ITEMbSND, EBRC, KGR~ RIS BB IR iR+
DATIV U ISBRALSN T AT T L U~V AF U ROFERRESNTND 88, Zn X5z, AT
ROS DAL ENFEIEER L EUG AT LT CPs M AEMES O DITHE LTZBREE T HH LB BRSNS, 56
(2. CPs | A 295708 D AGEs LI R RHEZ A 35 ®), CPs 1 AGEs (2t L T
EX S RAJBIAFAET HIENDHE, CPs N AJEIZI 1T D ROS AR DA IR L7205 D AT REME A RS
Ihd,

ZZTAETIL, CPs AR E L TREREL . KPR ER TI23V\ T ROS & LR 5 AIREMEIC
DWTHRGES HZ&% BEL THFER S hEL 7,

18



2-2. EBRIGHE
2-2-1. A3

AREITLL T Db D& AL,

7 7ul A (& /~—); Ethylene glycol diglycidyl ether (EGDG); Methyl cypridina luciferin analog
(MCLA) ; 4-hydrazino-7-nitro-2,1,3-benzoxadiazole hydrazine (NBD-H); B A{bAk T 2pkU S 4 (R
57), Sodium dodecyl sulphate (SDS); MES; /L Fiytflisi T 2E#k R4 (KBR) , BSA; FTSC;
Sigma-Aldrich (St. Louis, MO, USA), BCA protein assay reagent kit; Thermo Fisher Scientific Inc
(Waltham, MA, USA), JR3E; 2- AL T v )—)b; RIA(BRaS AF L) T A% (Tris) ; Tri-
fluoroacetic acid (TFA); 72t RJ 7 A (NaNs) ; SOD; F 5 747 A7 kAt (L #h) | 5-(2,2-
Dimethyl-1,3-propoxy cyclophosphoryl)-5-methyl-1-pyrroline-N-oxide (CYPMPO) ; 7 /L U4 —F
WEFERT GROR), SEEBHRTT7F 0 RS b R ORBR) .

2-2-2. JEIR
AR O BRI, DL TIOR3 2 T OCIRAME AL | B TR A 1 TR AR EE T (UVX radiometer
sensor; UVP (Upland, CA, USA) ) % FH\ T 310 nm (281 DS 50 EE 2 H B L 7=,
Y —7—3 Izl —#—(DRC SOLAR UV SIMULATOR 3P-100); #RAZ#ET A <A — 71 (KB)
¥ /7 —277 (Supercure-203S UV LIGHTSOURCE) ; ¥kt =k EREBLERT CKK)
R AT (400470 nm, 7 /L—FA1) OB, A LED JEIRIC 470 nm OREEA v b7 1
N5 — (B5HA; ] H 43 Sk At ROR) ) 2485 T2 2L Tl R L 7cb ozl LIz, 7 v —54
RO BESFREE 1L T — A—%— (PowerMax-USB PM2 Power Sensor) ; Coherent inc. (Santa Clara, CA,

USA)) ZHWTHIZEL ., 435 nm I2BIT AT pL¥ — B (ZHUE L TORLT-,

2-2-3. ABtOFHR
2-2-3-1. IR HRA BT —FOFRE

BRI C, BB OB KO R 2 AT Uz, BRI 100 cm? (2% Z LT-1% | &
THEN 8% 48 Bl 2U (AK-STDH; #EX&4E TIM 77 (BUR) ) ThrEL, falg R a5 72
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WIN IO AT ITREZYIWIL T, BB T5E TO/M], -80 °C I THFERE LIz, fAlEs —
M. INEV B (heat separation) 892 k- CRRELL 7=,

2-2-3-2. T—F ANy FIEICIBEME EOFE

EhMARBOTRIIL, FOR TRR MR AL BT ORRINRICE R LT, AEITRAET —
T ANeT =T AN B 7RSI TEREL . KA 7 — 72 EA 6 mm OHTBICEIEL THEAL
2o MBRITIT, BEu T =T BIOMET =y I — (BRESHET e A A AR GROR) ) D 2 FEFHOK: A
T—THEALIC, v =T 2 W TERIL A JE X, 3 1 3 1-2-4 HIORLIE T ETATAR T T
([CHRBL , HOCBMEBEBIE IR LT, AET =y —2 W TR IRL 72 A 813542, 2-2-5-2
BT d ROS G 7 —7 Th D MCLA & W3 BRI L7,

2-2-3-3. TIF LT 4N LDFREL

roF 74V A Tanabe HO 51k 0% —HUA L CTRIELT-, AT b 7F o 2452 L% H
HIEL, BEOXDOHTARICT, EBHRTTFL 9g% 8M J£3E, 026 M SDS 35518 1.66 M 2-2
NAT L )= NG H 4 HKEH 100 mL (ISRIEL, ZhARED1EIRIE (/3—Y7/1-11-SDN;
AT 7RS4 (B E) ) 2 VT, 50°C 12T 16 FEHELS LIzt i [ L Cim D oy B L
(3,000 rpm, 10 43f]) EiEEST-, EEE AR AyT 2llioTARL, So Ak A Lo —XA
®OFBHTF =2—7 (UC36-32-100, molecular cutoff of 12-16 kDa, diameter 28 mm: ——5 ¢ 7 k&
FECRFD) ) ICHIL, 3 L ORERUKAFZNTIMEEL T, 4°C |2T 3 HFENT ., BHTPIRA R, 7]
WAL 7F A ST, 3 RIRIOZHT OB T EATIMNEI L B AR Uiz, BRI E Do 77
FUT AN LERBTHIEEZHREL, ZBEERIEL T 2 mg/mL EGDG %4> /X7'E & 20 mg/mL @
A LT 7 F AR A IRAE Lz, ZNEIEE S EERAR) 7 me L WO T 1y =2 N2
bD%, 50°C I T—BESUS BEORRSELZE T BT I7F 0 7 v iRl

2-2-3-4. ZLRIPBEDIIVKR=)VAL
CPs X7 7maL AL bR RIE LD L TARSE -, IKEEOT 7ol A ALBRIIIRITR T
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ETRIRoT, BER TIENIEEZRELIDRE 2 JES 5 mm O 2 DT TAF v 7RO IR,
IV NI TEOKHEDTIZ, AIBUDTIAF v I7HIIT T OEL 2.5 cm ORI TR,
R O ER IR ST HINHORIZ 0-10 MM 727 al ALKk AN, 37°C 12T 15 WA
VX R LI TRE A NVR = LS T2, D%, T7ub AL KEREREL |
KaRWTHITWE L, 7 I7AF v 7z LT BRIt L7,

TIF T ANAE LM T IaL AR TITT 37°C, 24 Rl A2 Fa—h 52L& Th
NWAR=ZNACESE T, VR IAC LT FF 2 7 4V NIRE UK 2 AT e LT . 3R BR I ik
L7z,

BSA %, 450 mg @ BSA LN 150 mM 727l A Z& TeKEHE 3 mL % 37°C 12T 48 FEffA
FaX—= M HILIZLV BN = UL T REIEOT 70 A 2 ROFMTIB N TEITL, FrE
L7z, Btk m— 28T F = —7 (molecular cutoff of 3.5 kDa, diameter 12 mm; Fisher
Scientific USA (Pittsburgh, PA, USA) ) IZFIEL , #FHK 1.5 L 2@tk &L T, 4°C 12T 2 H &t
LT, BTG 24 WERIFEIC, SNk E 1 [BI2gHRLT-, @t Nl A iz DA RSN Al 7 L 2 — =y
(Centricut; molecular cutoff 10 kDa, & #u#ifk et (OKRBR) ) 2 AVl B iEME L 7= D% CP-BSA

R e BRI L7,

2-2-4. CP L~ YLEH RE L~V DR

BRI 7T 7 VA0 B FE L, #EBEMEA T LED 5% (390 + 20 nm) FH T
(ZTBIZR LT, fAJE D CPs |&, FTSC A L7 1 7 1-2-5 TR LI GIETHOLEER L=, 48
D HFHEOL LB IO CP LU, HOGERE 7 Vb7 OFEREHEE L TR LT,

rIF 74V 0D CPs 1L, FTSC TIE#k%E ~ A /7L — N —& — {2 Lo TaOL M ELNE 52
LTV L LTz, T F 7 4V DA B 6 mm I LT 14, 96 /S~ A/ L — kDY =)L DK TH
IZF%E L, 0.1 M MES-Na buffer (pH 5.5) 2 FH\ N CIASLL 72 20 uM FTSC % 100 uL Jix., 20 4 fE 5
SET R RUK CTH T LTz, FTSC Oa i (i &: 465 nm, #OGR: 535 nm) &~
Ara T L =N = —IZEZo>THEL, 7 F7F 74V LD CP L~LELT,

CP-BSA @ CP LU, 7/VT eREESUGN S Y7 02— 7 ChsH NBD-H & V- TEE L L 7=, 25
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uM NBD-H # & ¢ 0.05% TFA %, 770l A AL 7= BSA I[ZhN%., EIRIZ T 30 M e, ~A
s 7L —h)—4& — (Spark 10M; TECAN (Ménnedorf, Switzerland) ) (&> TG0 B (Fhitd i 5 465

nm, #OEE & 535 nm) Al EL . BSA O CP L~ Lz L7z,

2-2-5. ROS DR
2-2-5-1. ESR AtV h7y 7 HEIZ LD ROS DR

ESR A~27 L3, ESR HIiE %4 & (RFR-30 spectrometer; #Ea&4k JEOL () ) & FVy, FiRICE
WTC, ¥R/ T =0T 7I285 UV BROFHDEO ST FITTHIEL 72, 90 mg/mL (ZFH 8L 7= CP-
BSA £, L<i% BSA20 uL & 400 mM (ZFHHIL 7= CYPMPO 10 uL ZRAL7-1% ., HI7AROF T —
(ZFEHE L C ESR IESEE (5% L 7=, SOD 1% 200 pg/mL (ZFHIL7=H,0% 10 uL YLz, &/
T =277 7 OFES T (600 ml/ecm?) 12T, CP-BSA BL U BSA KW/ 3 2 CYPMPO 74 Z7+® ESR

AR MVEFEER LT, BESRMIILL F 0@yt L7~ (Table 2-1),

Table 2-1 Measuring conditions for ESR study.

Items Value
modulation frequency 9.4 GHz
modulation amplitude width 0.01 mT
scanning field 336.0£5mT
receiver gain 1000
output power 16 mW

2-2-5-2. MCLA {LZRIOHIE

10 BLV-0y EFUGT DT LTIV FIE AR T MCLA Z IV EMAJER LV FF 07 114
MBAERSND ROS ZALFER Lo THE L, AET =y —% AWCERBRIL-fafg %, EiX 6
mm DM LTt AlEMTEL WL EmEERstoicat~Arn7 L — Oy /L]
JEMIZERE LT, [FERIS, 77T 7 AV OV THER 6 mm IZEEL, Bfa~A7n7L—hoy

=VOEEICRE L, AEREBIOTITF 74V N, FAx OGRS > OLE I L7 ER I,
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0.1 M Tris-HCI (pH 8.0) 2\ T 10 uM (ZFHBLL 7= MCLA &% 100 uL Mz, FEAE LTI D
WA ~ A7/ L —hLI ) A—%— (Luminoskan Ascent; Thermo Fisher Scientific Inc., (Waltham,

MA, USA)) Z HWTELIZAIEL -,

2-2-6. MEFFEMT

BIEMIX I + FE%EFZE TR L, Student O t REIZE> THEZEMREE I /e-72, p i85 0.05

Rz r T FRNIAH BELI,
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2-3. KER
2-3-1. UV BEHZ IV ABICBWTAERS S ROS & CPs

T =T AN FVEC LS THRIRUIZ A JEZ2 IV, UV ~OIRFR 2L g5 ROS 23RS IVA AT
REMEA MR 7o, HIBEMEIC UV 2G4 | A2 RS 7z ROS & MCLA DALF3 I L > T L 72
EZAH, UV RIBH O JBICRT U CH B L F OB AR HILT= (Fig. 2-1a) . ZOZEND, f4)E
[ZFBUNT UV BRETIZEY ROS 3R L3 RSS2, IRIC ROS DAERKIC IV FFE S5 CPs D
AR ERFELIZEZA, UV 2B LT-AJE D CP L~ MR 58 B A B INL 7= (Fig. 2-1b), =
NHDZEND, AE~D UV ORENICI> THESNZ ROS 25, AgZ L I Ba iR =){bLT-
Al REMEDS RIS T,

(a) (b)

2.0 2.0
4':._“‘5'- *okok .
c p F
_*E ‘_;' 1.5 - E < 1.5
(=] = c
g 5 £ .S
$° 1.0 t g & 1.0
wn > = :E
o 2 -
EQ @
3= 05 r . 8 0.5
E E QU =
25
QO E 0.0 0.0
0 1.5 0 3.0 7.5 10,5 15.0
UV irradiation intensity (J/cm?) UV irradiation intensity (J/cm?)

Fig. 2-1 Effect of UV exposure on the SC in vitro. (a) MCLA chemiluminescence intensity of the SC
increased after UV irradiation at 1.5 J/cm?. The SCs were tape-stripped from the upper inner arm of human skin
with a KAKUSHITSU checker, and then were cut into 6 mm diameter pieces for the assay. The die-cut SC sheet
was placed on the bottom of a white colored microplate for UV irradiation with a solar simulator. ROS
generation was detected as chemiluminescence intensity with a microplate luminometer immediately after
adding 100 pL of 10 uM MCLA. (b) UV exposure increased the CP level in the SC. SC tape-stripped from the
upper inner arm was exposed to UV using a solar simulator. CP levels were digitalized by image analysis of
fluorescent images obtained from the fluorescence labelling technique using fluorescein-5-thiosemicarbazide.
Data are expressed as means * standard deviation of 5 independent examinations. Significance, * p<0.05, ** p<
0.01, *** p<0.001 (vs. sham irradiation control).
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2-3-2. AARBBIUTSF L TA4NLD CP L~ULE B FH I BEE#:

2-3-1 HOMFHNIHWT ROS AVERLIZZ LMD, 20 ROS ARIZ 1T 2RSS DB 50> A]
RN E 2 BTz, — RIS LD ROS OARIT, 70E 747 BT F —% I L T
S, —HIERREL R 7e DD | FHEIREE (ZBIRAR) ICRD LT, ME D FITHL TmxrL
F—BEFHLWIIEFBEIZIBIRIZEICIVELD, o, —RIC/TET 47 B —EEREEN DAL
JERRBIZR DX NAEALDGENDD, ZOZENG, UV 2R LA 81235175 ROS AR D AT
SALEBETHIEAARNEL, AEO B FKHECITE B LT, TORR, AEOHFECTHRE LA E
D CP L~ IEDOF B %~ 3 Z &% HLH L7= (Pearson’s correlation coefficient, r = 0.591, Significance,

p < 0.001, Fig. 2-2).,

45.0

40.0 |
35.0
30.0
25.0
20.0

15.0

CP level (A.U.)

10,0
50 |

0.0 5.0 10.0 15.0
Autofluorescence level (A.U.)

Fig. 2-2 Positive correlation of the CP level with autofluorescence level of the SC. SCs were collected by
tape-stripping from the cheek or the upper inner arm of volunteers (n = 5). The autofluorescence level and CP
level were determined after UV exposure (0, 3, 7.5, 10.5, 15 J/cm?). Data points do not consider the collection
site or the irradiation energy. Data are expressed as means of 5 independent examinations. Pearson’s correlation
coefficient, r = 0.591, p<0.001.
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B KRR EY —h, BXOVTrIF o700 b B L, Toalb A HWT AN LR

NR=UUbEHE LR, EHBL0REHIBWTH T 7L A AL >T CP L-ULOH B

MEEBIT, BREE L~V O BERBEINNRD 5= (Table 2-2)

Table 2-2 Relationship between artificial protein carbonylation and autofluorescence.

) Acrolein CP level normalized Autofluorescence level
Specimen
(mM) by control (A.U.) normalized by control (A.U.)
0 1.00 £ 0.13 1.00 £ 0.09
SC from porcine skin 1 1.74+0.13 *** 1.26+0.09 **
10 209+0.15  *** 159+0.02 ***
0 1.00 £ 0.37 1.00+0.14
Keratin film
1000 6.74 £1.48  *** 154+£039 ***

CP levels were determined by the fluorescence labelling technique using fluorescein-5-thiosemicarbazide.

Both the CP level and the autofluorescence level of the SCs increased after acrolein treatment. Data are

expressed as means + standard deviation of 5 independent examinations. Significance, ** p<0.01, *** p<0.001

(vs. non-acrolein treated control).
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2-3-3. CPs DE ATV

CPs DI REZIOMNCTHIEE HEL T, 77aL A& VT A TR VAR =LK
Fe kA g —hE, CP-BSA Dt B IO A7 ML ERIELT- (Fig. 2-3) . HEALER BSA BX&
OMELPR O A JE > — X, 375 nm Z 55\ B — 7 &3 Bl A~~7 ML & 510 nm 2550 e — 27 &§ 5800
AR VER LT (Fig. 2-3a, b), — 5, CP-BSA ViR = L bLT-fafEs —ML, EHOLEIMICHE
JEIREEASEEANL | 430 nm Z ARG/ — 7 & F DA ML & 520 nm Z AR/ — 7 L3 DA
~_I7MVERLTZ(Fig. 2-3¢, d), 77 AALBIZ X > C, g e BB I 7= 2 L lnz., i
AT L OB =773 375 nm 735 430 nm ([ZRERAMA~D T T HERS e ZIHDHERNG,
T ab AP L DTNV R = ARIZ L THEIMED T T 7 AP ER L T2 ZE ARSIz,

(a)

LS)
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2 9
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Fig. 2-3 Fluorescence spectrum of carbonylated-BSA (CP-BSA) and carbonylated-SC sheets.
Fluorescence spectra were measured by an excitation-emission matrix spectroscopy at an excitation wavelength
of 320-470 nm (solid line) and an emission wavelength of 480-700 nm (dashed line). (a) BSA, (b) non-treated
SC sheet, (c) CP-BSA and (d) carbonylated SC sheet.
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2-3-4. MCLA b33 iEE AV - ROS B ERE

CP-BSA Dt AT MU HSE | fAfED CPs ~D R K UVA BLOT L —F 1 DO RRHIZED
ROS DA REMRFEL =, 7270l A LI L5 TN THNS VR = /AL L T2 IR L B Sk D Jg o —
12, B E UVA BLXOT L —J4 M54, ROS DA Z MCLA OfLZ3 k> TR L=,
ZORER, RIE UVA I BLOT L=/ MR OEHHIZBW TS, D CP L~UK(FIIC
MCLA DX SEHREE DS HZ LB /e o7 (Table 2-3) , F72, 3Bt L TroF 741 2% H
WESEAITBWTH, BIEE UVA BXOT A—FA DO BRFHZE ST MCLA OfLFFGITHINL
FEDOFEENIINR= NI T F 7 4 D DI EIZID | SHICHEINT 52 LD RS,

MCLA [&:0y BXLU 10; LORISIZEVL T A AL DHZENS, T7ab A L ALBA L TR i
O RAENAOAERSNDS ROS DOREEELZHIIEL T, SOD BLUT PbF MDA (NaNs) D
HA3, MCLA OALFFFREE T 52 DR B A I L 72, £ OR5R, BIR UVA BLOT /L—F A~
DUEFEIZE>TABIVARIND ROS IZHKT D MCLA ObFHIEIE, KnF~D SOD (10
pg/mL) DRI > THEIAL F LT, —77. NaNs DTN L TIA BEREITRD bR -
7o ZOFERIY, R E UVA bLUTT V=T A DIREERIZE> THBIVAKSD ROS 1X-07
ThDHAREMEN RIBI I,
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Table 2-3 Effects of acrolein treatment on ROS generation after UV / blue light radiation in vitro.

Sham-radiation uv Blue light radiation
Acrolein CP level Significance  Significance Significance Significance
Samples C.. C.. ] C..
(mM) (AU vs. acrolein vs. sham- vs. acrolein vs. sham-
mean = SD mean = SD mean = SD
non-treated radiation non-treated radiation
0 1.00+0.13 1.00 £ 0.08 1.22 £0.03 # 1.27 £0.03 1+
Porcine SC 1 1.74+0.13 1.11£0.10 1.36 £0.01 ** # 1.33+0.03 * T
10 2.09 £ 0.15 1.10+0.11 1.49 £0.05 ** ## 1.38 £0.06 * T
o 0 1.00+£0.24 1.00 £ 0.04 1.17+£0.08 # 1.19+0.06 1+
Keratin film
1000 6.74 +£1.48 1.01 +0.06 1.29 £0.07 * ittt 1.32+0.10 * 1+
0 - 1.00 £0.06 1.13+£0.05 ittt 1.31+0.05 i1
+S0D
- 0.86 + 0.06 1.02 £0.06 * ## 0.94 £0.03 il 1l
Human SC (10 pg/mL)
+ NaN3
- 1.03 +£0.09 1.17+£0.06 ## 1.35+0.02 1+
(500 uM)

ROS generation after irradiation was evaluated using the MCLA chemiluminescence method. UV (1.5 J/cm?) and blue light radiation (12 J/cm?) were carried

out using a solar simulator and white light-emitting diodes (LEDs) with a 470 nm short pass filter respectively. MCLA chemiluminescence intensities (C.1.) were

normalized by the intensity of the sham irradiation control of the non-acrolein treated subject. CP levels were determined using the fluorescence labelling

technique with fluorescein-5-thiosemicarbazide. Data are expressed as means + standard deviation of 5 independent examinations. *: significant difference

compared to non-acrolein treated control. * p<0.05, ** p<0.01, *** p<0.001. #: significant difference between sham irradiation control and UV irradiation. # p<
0.05, ## p<0.01, ### p<0.001. t: significant difference between sham irradiation control and blue light irradiation. T p<0.05, 17 p<0.01, 1T p<0.001.



2-3-5. ESR R Moy 7 HEE Az ROS DR LRIE

RIEER UVA BLOT V=IO RHEE St /07 =270 TOMRE FIZBWT, CPs Jb
AR END ROS % ESR ALV b7y ZIEICLVRIE LT, RIAF D BSA BELOCP-BSA L, & /07—
77T BETFIZEBITD BSA 1R 7 Vv E RS 7)o 7z (Fig. 2-4a-c), — 77, CP-BSA 1%, AL
Ny T RIDOIAFE FIZBNT, /07 =27 7 DORRE TIZTHPR: ESR AT VA RLTZ (Fig. 2-
4d) , ZOART IR B —21F CYPMPO D0y 7H ZNIZEIT%H ESR AT ML/ — U HELL T
728, 22T, UV BEOAHR A RS L7Z CP-BSA IZHKET 5 ESR 27 F L 3Z— 81T 5, <Oy
DFEF G2 5 H B TRBIERIZ SOD AWML 7c&ZA, ESR ¥ 7 /U idseallifd Rk Lz (Fig.
2-4e) , ZIHDFERID UV BROAHDEORST FIZ& T CP-BSA kW52 H41% ESR A~XZhL
1%, O DARUTHRTDAI ML THLHEEZEZ DI,
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Fig. 2-4 ESR spectra of CYPMPO adducts obtained from acrolein-treated BSA during UVA and visible
light irradiation. ESR spectra were obtained using the RFR-30 Radical Analyzer system after exposure to UVA

and visible light with a xenon arc lamp at room temperature. A solution composed of the sample and 400 mM
CYPMPO solution was transferred into an ESR quartz cell, which was placed in the ESR. (a) BSA (90 mg/mL);
(b) CP-BSA (90 mg/mL); (c) BSA (90 mg/mL) exposed to UVA and visible light (600 mJ/cm?); (d) CP-BSA (90
mg/mL) exposed to UVA and visible light (600 mJ/cm?); (€) CP-BSA (90 mg/mL) and SOD (200 pg/mL) exposed
to UVA and visible light (600 mJ/cm?). CP-BSA exposed to UVA and visible light exhibited an ESR spectrum

similar to an octet signal that was identified as a CYPMPO-super oxide anion radical adduct.
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2-4. BE

CPs |%. #> "V EOT /R AEOERRE, b LIIAEE BB LRSI RV AERSNDT 7t A
4-tRad i /3 ) =)L var T NTERREDIEWET VT ENMbEWE L R IE EDRIGIZES T,
SUNIEIIT VT EREPNEASNDZ LTIV AERSND 79, 2 O LR, CPs [N E Rk
A (Advanced lipid peroxidation end products; ALES) &% E 0415 89, 2-AMRIREE 21X U L3
DIMNRVEDEEA L AN A~ DIRFEIZH D5 MILIZ W TIE, Shas RY T LD MR S S O Fl
FEMLL -0y DMEF ARSIV TEY, ZOREE, MRz T CPs IHE R NI E RS ES
ZEDTREEND, £L T, REITHEWTIE, REAEMITER L CPs ITHR L0 THBICK
ITTHIENBEZABND, FEIT, FFBICALOAEIZIV T, CPs 13k 115,

— 5, ERDEFFIZIX, 7T RN T 40 AGES72E | UVA SEIR DA WRIN 57 a7 4T % H
LIS OB BTFAEL TG 2020 0/ ae7 4+ 7 1%, KB YEIRE Tt ROS AR
HL, BENBIOREREIZIBTDH CPs DAERICTF G THEE2HND, ZRHOFIFENE, CPs 114
JBIZH I ZAFEL, CPs 2N KIS YEOEFE 2L D ROS DAERKIZEI 5L QWD ATREMEAVRIB S LD,

ARETIE, RERE UVA BIOT NV —F A MREELIZA DA SIVD ROS DAERKAT = LI
DUVVTHRFTL ., CPs DI % il E LTz ROS DA Z DN LT, VY —T— a2l —H—
WA TEA~D UV OIRFEIX, ATAR T TR G LA 8123 ) Th, CPs D INZH7-5 L7z (Fig.
2-1b) , ZIHLDHFEEMND | CPs A DA =2 = —&—E&722 ROS OARIR A g FIT/FAEL , Z DR
TROFAERDIEND | KB EIREEL AR T 5B CP L VO NZA LS ED TR B 2
BT, KB ERFEIC Lo TR IS ROS ARDAI=ALEL T, b ATREMED EWRISEL T,
FERESOUGHZT HND, JEHEREF DORFEEL T e R — 2RI 5 2L h — B AR IR
L. EECRIEICR D EXICE DT RLF =R S, HEDBBRINDGE RS D, £ DIZDATAR
U IA LI G LT MA@ SCHIEAI DMAE T 256123, LR T2 W THATEND B ROt h
MESnoeBEZIz, 22T, AEO CPs DINHEAIL L THRE T2 ATREME A MREET D721, H N
(370-410 nm) & FICH1T2MA 8D A ZEIREL AIED CP L)L LDOAEBIZ TR ~7fE R, W
I IEDFERSHHZENHGNE7 272 (Fig. 2-2) . FJEITFIET DHIVR =V Z 781X, ALz
IEMET VT ER LW OREIEIZ D& fA RFEEPRESITWD O, FRlZH L _IE~DOT 7aLA
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Y OATIMZED AT CPs 23 I EBUE IAAET DZEDRALNLR S TNDH LMD AWFZEIZIS U
TUIT o7ab A e Z o NPEEDOROSIEY , N TN IINVIR =N Z SV E 2 E RS Tob O &3k
LTHWe, 77ab A2 TV R = LS E TR BRO A B — N LN T F o7 v b
O B ZEES L~ RT T al A U RUER R B TARAF LTINS 5 2 L2 B L 72 (Table 2-2), £Z2°C,
T AL A AR I AR = AL T AR — N, BLOBSAZ T /0L A LB 52 LI FRRL
7= CP-BSA Zxt5:k L, CPs DY R ZMRFTL 2L 2 A, EBLOLOFREHIR W T, S KL & 430
nm BIORKREOLE FE 520 nm 2R E —2 &3 DS AT MV AR ZERHBI L7572
(Fig. 2-3c, d), CPs DAERRIZ I il A7 WL D E i &2 7 b (Fig. 2-3b, d) 13, #2377 /5%
LT Ialb A EDORINTEVETLDHEFE Z BV, CPs 777 A R U CIRIES I TN D E I — /LAy 9
BIOWERuE A4 9973 CPs WO HOEMET Z 7 A b U TR LI ATREME D 85,

ZZ T, CPs OfEARIMUIHESE B RE UVA BIOT LV—FA OME TIZT, CPs 1245
ROS DO H & ROS DRIEZ AT, £9°. ROS Z m g (21 H rIREZR MCLA (b3 k4 i
WT, B E UVA BEOT V—FA M IREL7-E MR SR O FIBE A )5 ROS MMERRS LD Z LA R
Uiz, EBIC KD AEY — B X O IF o7 4V ADOT 7al A AR L5 T VR = U klX
EE UVA BIOT L—TFAMBE#% O, MCLA OfLS5 IR 2 IS D ENHLNE R -T2
(Table 2-3), MCLA %, 10, BE 07 LT HIEIIVFHAA AL DIENMBILTND, Kl
R UVA BLOT V=AM MRS FIZB W T, AENBAERSZ ROS Z[FIE T 5729512, MCLA D1k
IERERICIT B, SOD BET NaNs DI DO FAMETR L=, Z DS, SOD 1T MCLA Db
FENCTRE OGN A 522U INHIL . NaNs 1% MCLA {738 Y6 1T 8% 5% e o 7= (Table 2-3)

WIZ, TR AALERIZ L > TS 72 CP-BSA x5 Ll Kl K UVA BLOT /L —FA MEEO
WRZGUIR THLF v /0T =070 7 ORS TIZB1T5 ROS DA Z  ESR AE U Ny 7%
WL 7= (Fig. 2-4d) , ZDOFER AL N7y 7 HIEL TH W= CYPMPO 23/RULTZT 7 Fvid,
CYPMPO 0+0; 74X VMZE1F 5 ESR AT ML & — U LIEEILTERY 8 27 )1t SOD DR
IMZ I FERITIHR T HI LD MBS,

INOOFERERETDHE, BIE UVA BXOT V—FA M~ DOIRFE 2L g DA S 7z ROS
I%, -0 ThoHEfGmmliHT7,
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ORI R D ROS DAERKIZIE, BRERRBICH S —HIEBE~DOEFBE) (XA | UG 12X
%+07 DAL, RICK ZHEBRE DT FIF—B&5) (A7 1 JR) (285 10 DAKD 2 DI
R D B9, AHFFEORERIT, CPs MRS DX AT | 2N L-07 BT HIEEZRBLTND
(Fig. 2-5), LA EDFER LD CPs 1AL L THEREL . 47" | RURIZEY ROS 24 RLL . £ DEH]
AT WVITREFE UVA BEOT V—F 1 ChhEfEmmftiT 7,

AWFZEDRERIL, FATET D CPs 23, KPpthgiEs T C ROS DAEMAST L TH LWL /T EDIINVR
=AbEEITSE DLV DN —T DIFAEZRET 5, L —7 DRUIT, AED CP L~z |
FASHDLEZLND, AJED CPs [FRFOKGRFHITREEG-L TODIENHESN TNDHIEND
66699 @2 H51F % CPs DEFIL, ML LT 755 5 AR & D,

> >
-

)

,
:

1p* < = =»>»

= Intersystem < ‘ppc* 7 <
_‘_'ﬁ: crossin>g < CPS‘T 4 | . | lich
Blue light :8 3P* ype | reaction Blue light X
\ 1S & Electron UVA =
UVA <~ :5 9&0 transfer
15 ¥ -(Q,” — Carbonylated
12 2 ;
i proteinf
=
== 30,

P0 chromophore’

Fig. 2-5 A hypothetical scheme of ROS generation from UV- and blue light-exposed SC. ROS is generated
through a photosensitizing reaction of chromophore in SC and light radiation. Photosensitization (Type | reaction)
occurs and ultimately generates -O,. Po: ground state of photosensitizer, 'P™: excited singlet state of

photosensitizer, 3P™: excited metastable triplet state of photosensitizer, CPs™: excited carbonylated protein.
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%38 TUULELEET N T LD ROS DAREZTHE T LA =K L

3-1. ¥5

{EHES I, BB O RIBCIER 728 % B REL T R H ISR G IS BB SN Db D THHIEMND,
FE N LD e 72 & DY A7 Z RO e AR RO ZERRDOND, —fRIZ, B AROTEEH ILIEERE
L N RY =T RORT ) —7 | PR E OB HIZ BB L 0D, ZL<OTEHITT
= D FIRTE A Z F Ry & D72 AEMBEOHENS, AARNIEIE KT 27 =4 D
FETEHA O ELZ TP TWEeB R HND,

REWRT =F MO FETEMAI TH LTV UV EREE TR L (Sodium lauryl sulfate; SLS) (X, invivo
BT TEWL O¥INZFFESTH2LR0 %9 LR AETLH2E 90 NMF OGRS T 07 457
V| B HIBEREEEE THDHIV LA b B 7T ORFUK T2FETHIL T, RESLICEF %
LIEETIENRESN TS 9, £, E ST~ BEMEE FOZBIEIC Y, SLS IR ENICRE
L. REEMIEICEIET DI MAE SN TRY 9, SLS IR M L CHEENREREZLD
THREMEAVRIR S ND, — 7, SLS A L7 id, Suie bAlz & Lo A o 2 258 T
FERHETHZEITED, SLS (2L E DRSNS LORIE MR L 72E WO EBHY, SLS ML JEI
KA TVEH LA AN 2L D B MES TRIB S5 100,

ZZCARETIL, SLS IZXFHESND R fEREHE DO TR EL T, SLS O EIE~D BEHA7Z2H A
%%z, MIlEAN ROS L-ULziER L ThRRTE B 27,

3-2. EBRFGE
3-2-1. ®RE
RITU T ObDEME A LT, ¥~ yaZiikA—2 L5 Hi (Dulbecco’s modified Eagle medium;
DMEM); /7 A itk (Ca?* 33 5 U Mg? & 47 Hanks’ balanced salt solution; HBSS (+)); H 7k
RS (), N7y > (7 X PN B k) ; Ethylenediaminetetraacetic Acid Disodium Salt
Dihydrate (EDTA); SLS; L' F v (KEHK); abLATr— b, T HT7A47 A7k (s ,m v

Ji& /2 1fL 37 (fetal bovine serum; FBS) ; Invitrogen (Carlsbad, CA, USA), BCA protein assay kit; Pierce
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Chemical Co. ( Rockford, IL, USA ) , 1,2-bis(o-aminophenoxy) ethane-N,N,N',N'-tetraacetic acid
acetoxymethyl ester ( BAPTA-AM ) ; 5-doxyl stearic acid ( 5-DSA ) ; Fura 2-AM; 2’ 7 -
dichlorodihydrofluorescin diacetate ( H,DCFDA ) ; Sigma ( St Louis, MO, USA ), Suc-LLVY-7-
aminomethylcoumarin ( Suc-LLVY-AMC ) ; Boston Biochem ( Boston, MA, USA ), IL-la ELISA
Quantikine kit;R&D Systems (Minneapolis, MN, USA), MitoSox; Molecular Probes (Eugene, OR, USA),
MCLA; HR bk TEERR N #E (R, B MR B A 48 7 /L (reconstructed human epidermal
equivalent; RHE <& /1) ; Episkin (Lyon, France), Sodium lauryl ether sulfate; sodium polyoxyethylene
(5) lauryl ether carboxylate; sodium polyoxyethylene (11) lauryl ether carboxylate; sodium lauryl
phosphate; lauryl ether phosphate; sodium lauroyl methyl alanine; sodium lauroyl methyl taurine; sodium

laurate; potassium cocoate; potassium myristate; H Y7 I /L AR S 4L (R

3-2-2. MAfEHER

bhaE R AL ABRERE (HaCaT #ifa) 9% 5% FBS %5 e DMEM % HV T, 37°C, 5% CO, 5/ F ¢
EEAR LTz, 0.25% N 72 38T 0.02% EDTA 25 A 35 PBS(-) & VW THEfaZ FIBEL | 96 /CEE 21
faf~A7a7 L —bh (B RS (R ) 12 3.5%x10* cells/™ =/L D% FE CHARREL T4 EiR it
L7z,

3-2-3. RHE EFMZBIT5 ROS DFEIE

PBS (-) % AW THE & OFEFE ISR 72 SLS 150 pL %, RHE &7 /LA JE & m i FL 15 4y L
Pz LTz, BT V% PBS () ITHo THEA L, 15 02 B LU 19 FEE# I E 7 VN TA SIS ROS %,
MCLA OALZEF L~ TR LT, 5 L% PBS(-) ICL> TP L, 50% EtOH %% A 9% PBS(-)
Z W CHRELL 7 100 M MCLA 100 uL % RHE £ VO A @£ E I FLIZEE D LR EE &
L2364 L2 & (NightOWL; Berthold Technologies (Bad Wildbad, Germany) ) (2 k- C 4 &1l

MO LT,
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3-2-4. MK ROS L~V DHIE

~A/u7 L —NMNIFEREL 72 HaCaT flifld4 24 FFfEEE 25 . HBSS (+) 2 IV TR B L 7= ROS Bt
W7 T —7 D 20 uM H.DCFDA |28 T 30 43 [HALEEL | MR PNIZEDIA FH7-, HBSS (+) 1T
VL% . 5%FBS 23 A 9% DMEM Z VT 72 0-50 pug/mL SLS ZiRINL | 24 Hff]E5 28 ik
L7, 0.1%Triton X-100 &A% PBS () IZ&> TRz AfiEL . ~(/a7 L —RN —& —|Z&
S THOGIREZHIE L7z (B & 485 nm, H#tER: 530 nm), £ D%, EEICLIZA > T BCA
protein assay kit (2 CH /7 EEAREL , wMTREZZ L EETHRLUT, #iliA ROS L~ L& 5
U7z, AR, BB ORI R DR HiEE L TR LTz,

3-2-5. Ib=RY 7 ROS DORIE

~A7u7 L —MNIHEFEL 72 HaCaT Mg 24 REHE; 2814 . HBSS (+) 2 WV CHRILL 72+ Oy DR
B 7 m—7"CH5 5 uM MitoSOX (28~ C 30 4y MALEEL | MAPICEDIA FH7=, HBSS (+) (2
THIRAE PG . HBSS (+) 2 FVWCRASBLL 7= 50 uM SLS ZisiNL ., 07 BifERs# &kt L= b, PBS
(&> THEf 2 BE % . 0.1% Triton X-100 254792 PBS (-) (Zd» TRl &AL . ~(7m 7L —
RN) =& — 2L T AR E 2 E L7 (bt 5 510 nm, d0EH R 580 nm), =% . BCA protein
assay Kit (Z T R7VEEZJIFEL ., wREL X R E & THRLT, IhaRUT ROS L~ULaH
Ul R, SELFRRE OISR 3 D FHEE L ORLTZ,

3-2-6. A PRIREFRBY M DOFFAL

UARY — MRS KL O HaCaT M oM R B D 2L B L, ESR AL T7-ULEITH D 5-DSA %
72 ESR AE" U T AL TRHliL 72 199, UARY — AL, Bangham {4 O IOFHELL | EVEIC LIz
WL TFrbalb Ara—LibE 2:1 ELCREILZ 199, URY — A3 O HaCaT #ifie (1.0x108 cells) &
ZHZH 1 mM 5-DSA F7213 10 mM 5-DSA 345 F TA L Fa_X— 5282, ARBERIZAE
FVEERIAER T, RO TREINEIZF1T 5 SLS OIEA X, ESR AT ML AL LIck X (K1) 12
Lo TRIHENDFRF/ T A—5—(S) & FVW TR L 7=,
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S = (A//_AL) / [Azz — 1/2(Axx + Ayy)]

(Axc 0.63 MT Ayy: 0.58 mT Az: 3.36 mT)

D

Al

ESR A~/ L%, ESR HIEH E A VY, 37°C IZBW TR DR ESE T CHIELT- (Table 3-1) .

Table 3-1 Measuring 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 power 4 mwW

3-2-7. MBRANIN Y LAZT VIV DRIE

MBIV AT (Ca?t) LT, MR &M Z A 35 Ca? i 7 m—7 Th D Fura-2 AM®)
EHAWTCRHL7-, ~/7a7 L —MNIFEREL7- HaCaT iz 24 Befhs %, HBSS (+) & AV Gl
L7210 uM Fura-2 AM % 30 57 LB T 52 & CHRIFUNIZE A LT, MR BEvf 14 . HBSS (+) Z T
FHHELIL7= 50 pg/mL SLS ZMIfRICBRFERL | Fura-2 IZH T 5 A~ A7 L —h ) —& —|ZX->CH
TE LT (BhEL K: 340 nm, 256 K 510 nm) , =%, BCA protein assay kit z N CH L /78 &
EREL, #OIREL Y N\ EETHRTHIET, MilaN Ca'L~LZ R LTz, ffaN Ca®L -~ L,

TESLBRRE DRI RS DA HEE L ORLTZ,

3-2-8. ANRA DIEHERIE

FIVISA L DIEMEIL . B RO A 72 A RS (Suc-LLVY-AMC) 9% W CEHEL 72, ~1 71

7L —NIHEMEL 7= HaCaT #ifla%x 24 FEfL5#1%. 5%FBS #& A 35 DMEM % W CiMLL 7= 50
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ng/mL SLS (2E- T 1705 24 BefEE# L=, HBSS (+) I &> Ttz #ei%1% . 10 uM Suc-LLVY-AMC
ZEHA TS HBSS (+) Z VT 1 REEALEE§- 5 2L THIRINIC I E A2 B S 7, PBS (-) (&> CHilfa
ZVE% . 0.1% Triton X-100 25 A9 % PBS (1) Z W Tl ld 2 i L. AMC IZHIR T a0t Aa~
A7a7 L —R)—& — x> TIE LT (B & 380 nm, Y63 & 460 nm), AMC 2 % IV TR
FRUT- BB S H A NIRRT D 2RI LS DEEE SIS L > TAER LT AMC &4 ERL
7z, Z=D1% . BCAprotein assay kit # iV TH LV H &% E &L, B HT-0IZA K LT AMC &%

BB THRUEZF L, BV 31 DFERTE M (AMC pmol/ug protein/h) £ L7,

3-2-9. IL-1oa DWEDER

~A7u7L—NMNIFEFEL 7= HaCaT #ifing 24 BFfK5#8 1% . 5S%FBS %5 A 3% DMEM % i\ CHi
L7250 pg/mL SLS Z T, 3, 6 38K 24 FRALELL 7=, K5I HRIZ 33472 IL-10 % IL-1a ELISA
Quantikine kit Z iV CE &L 7=, BCA protein assay kit Zl\\CTH L 7B B4 ERL, IL-1a OE EfH

T RERETCHRT AL T X EEHT-VO IL-1a BAEH L,
3-2-10. HEEHEEMT

RAEMETFAE + BEERZETHR L, Student D tBEIZL > CH BAEMIEZ I 27272, p fE 0.05 &
i e R S D N S = By it
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3-3. fER
3-3-1. SLS A L7z RHE 7 ViZEITH ROS L~ /L DN

P2J§ITE L 72 SLS 23 3R AR (ZREL M ROS ORI AR A TG T 20 & W8T %
HAYC, RHE €7 /L O @K w2 SLS 4 A L 7=, ROS DARIEL, MCLA Z FIVW TR Hi L 72 297, SLS
Zii L7 RHE E7 /L ClE, 30 15 2 IR MBS T IE D R S, RHE £ 7 VNI D
72 ROS D TTENGRD AL, SHIT, 19 REfilRGE £ (2 Th i RIZe ROS ARk RS S 11U/ (Fig.

3'1)0
S 100%  SLS
5 0 100 200 500
2 (ng/mL)
£
E 2 )
= 2 15 min

[+}]

o
e
R 19h
©
A 0%

Fig. 3-1 Chemiluminescence images of SLS-treated RHE models. SLS in PBS (150 ul) at various
concentrations was placed on the surface of RHE models for 15 min. After washing with PBS, 100 uM MCLA
prepared with 50% EtOH in PBS (100 pL) were placed on the surface of the RHEs. Chemiluminescence images
were taken with a NightOWL at 15 min and at 19 h.
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3-3-2. SLS DIREAFE T HMAIAN ROS L~ /L DN

FEMIRIZRTT5 SLS OEEEIEMICLD ROS A OFHE 2R 2 H YT, SLS OAFRIZ LD
HIN ROS L~ L DAL &R LT,

HaCaT iz SLS % 24 BFREALERL | H,0, 21X U L35~ D ROS &I 52T LD %
T oMifER B 7 1 — 7 (H:DCFDA) IZ &~ T, Ml ROS L~ /L2 IE LTz, SLS 25 pg/mL LA
FoEEICZBWNT, AN O ROS L-UUTA EITHINL ., 50 ng/mL OFEE 2T BT 26 L
T 4.03+0.28 52N 7= (Fig. 3-2).,

5.0
4.5 |
4.0 |
35
3.0 |
25 |
20
1.5 | *k
1.0 |
0.5 |
0.0

Kk

Fold changes of intracellular ROS level
against control

0 6.25 12,5 25 50
SLS (pg/ml)

Fig. 3-2 Intracellular ROS levels in SLS-treated HaCaT keratinocytes. HaCaT keratinocytes loaded with
20 uM H,DCFDA were cultured in DMEM containing various concentrations of SLS and 5% FBS for 24 h. The
fluorescence (Ex; 485 nm, Em; 530 nm) of cell lysates with 0.1% Triton X-100 in PBS was measured. Intracellular
ROS levels are calculated as fluorescence intensity (F.1.) per ug protein. Protein concentrations were determined
with a BCA protein assay kit. Data are expressed as averages and standard deviations of a fold change against the
value of control cells (n = 5). Significance ** p<0.01, *** p<0.001.
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3-3-3. Ib=RYT ROS DRIE

WA, SR RUT AR5 ROS 12 B L, Sha RUTBATH A A 9507 DR R L7
72— (MitoSOX) 12 &> C, SLS LB DR RUT 3D ROS L ~LZ A% BRI E L 7=, SLS 50
ng/mL ZALEEL7- HaCaT #ARIZH51F 5 ROS LU, 1 RE % IS I AL 256 L C 10,1+ 0.6 {5 (24

7= (Fig. 3-3),

50.0
?:rs_ 45.0 | WControl M50 ug/mLSLS ﬁ
TE
& £ 400 |
S8 350 | £
L=
EZ 300 | [
q6 fu'b * %k %k
o © 25.0
oo
£ > 200
S8 150
T
o 10.0
L

5.0

0.0

1 3 5 7
Time (h)

Fig. 3-3 Mitochondrial ROS levels in SLS-treated HaCaT keratinocytes. HaCaT keratinocytes loaded with
5 uM MitoSOX were incubated with HBSS(+) containing 50 pg/mL SLS for several periods. The fluorescence
(Ex; 510 nm, Em; 580 nm) of cell lysates with 0.1% Triton X-100 in PBS was measured. Mitochondrial ROS
levels are calculated as fluorescence intensity (F.1.) per ug protein. Protein concentrations were determined with
a BCA protein assay kit. Data are expressed as averages and standard deviations of fold changes against the value
of control cells (n = 5). Significance ** p<0.01, *** p<0.001.
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3-3-4. M Ca?IREEDHNNE ROS DARK

HRPNIZ 31T % ROS AR, MM Ca2 i i DI L THIBRS LD Z L5 198 SLS ZALFL
7= HaCaT MilaiZisd 2Milal Ca? iR B4 | MilalEimtiad 92 Ca S m—>7
(Fura-2 AM) 12X~ TRl L 7=, HaCaT #iiC 50 pg/mL @ SLS Z /LR 7= 3 BFf #4121, Ca?* iR %
325 Fura-2 a0 G HR X BEALER 2% LT 3.2 £ 2.0 fi512_EF-L7= (Fig. 3-4a) , 512, SLS Z4LHEEL
7= HaCaT Mz W\ TS5 ROS L~ L DENNCIS TS Ca?* DB 5% Ca | ZHF B A7 4l
FPER L — A (BAPTA-AM) 199 W CIRGEEL 72, HaCaT #ifidz BAPTA-AM O IHAFER L OFEAT
TIZIWT SLS ZALFRL , 24 BERI# OHIAEN ROS L L% H,DCFDA O YL L~ CTHIE L= 5 4
BAPTA-AM D17 T Tl 6 HEI 6 LU 24 BERI# ORE U2 H T, ATFIN ROS O A E (2 #nil

SNDHZEMHLE -T2 (Fig. 3-4b)

(a) (b)
90.0 .
o H Control E, _ H Control *
5o 800 I b 5o pg/mLsts e % S 6.0 [r25uM BAPTA-AM
9 700 | S 5
29 28 50 |
é 5 60.0 | £3 .
5§ 500 | °o& 0
$ © 400 | %3 |
ﬂc’n Z g % 3.0
& ® 300 | g
S5 S v 20 |
- £ 200 | 28
S - * 2
- 100 | 1.0 '_L
0.0 0.0
3 5 3 6 24

Time (h) Time (h)

Fig. 3-4 Ca?* influx of SLS-treated HaCaT keratinocytes and effects of a Ca?* chelator, BAPTA-AM, on
SLS-induced ROS generation. (a) HaCaT keratinocytes were loaded with 10 uM Fura-2 AM and were exposed
to SLS in HBSS(+) at a concentration of 50 pg/mL. The fluorescence (EX; 340 nm, Em; 510 nm) was measured
with a fluorescence micro-plate reader. Intracellular Ca?* is calculated as fluorescence intensity (F.L) per ug
protein and is expressed as fold change of the value of control cells. Protein concentrations were determined with
a BCA protein assay kit. (b) HaCaT keratinocytes were loaded with 20 uM H>DCFDA and then were cultured
with various concentrations of SLS with or without 25 uM BAPTA-AM for 24 h. The fluorescence (Ex; 485 nm,
Em; 530 nm) of cell lysates with 0.1% Triton X-100 in PBS(-) was measured. Intracellular ROS levels are
calculated as fluorescence intensity (F.I.) per ug protein. Protein concentrations were determined with a BCA
protein assay Kit. Data are expressed as averages and standard deviations of fold changes against the value of
control cells (n = 5). Significance * p<0.05, ** p<0.01, *** p < 0.001.
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3-3-5. SLS LHUIAE D AAE A

TEFIRAEIZ IV T, IR L D Ca2 i BEIE, MR 136 JOVIMERIEE BT/ E$ 5 Ca¥* F v b
DEEZ IS TURSFRETSIL TODIENMBILTND 1O, SLS 23758 35N Ca? i O N
DA =X LT ONCTHT LA HEL, SLS AU L 72 HaCaT #ifd, BEXNET V%R ELT SLS %
JLERL 7V — MEOREIE R | AL T ~ULAI (5-DSA) # Ve ESR AE U N T 7 EIZ S > THIE
L7z, ABFETIE, BEORENIMEIL ESR AT MLVIDR LT F /3T A—2— (S) IZX > TR L 72 (3-
2-6 T 3 1), SLS ZAUERL 72VAR Y — A KO8 HaCaT M O ORE 2 85 A—4 — 3, AALHE
(IR LTI 2R L= 2 &5 (Table 3-2) , SLS AVEREICEHEEM 452 LI kD | OB
INFHZEDRBESNTZ,

Table 3-2 Membrane fluidities of SLS treated-Liposome and HaCaT keratinocytes.

SLS (pg/mL) (S) Mean + SD
0 1.248 +0.007
25 1.219 + 0.005 ***
Liposome
50 1.215 + 0.008 ***
100 1.190 + 0.006 ***
0 0.782 £ 0.006
HaCaT Kkertinocyte
50 0.735 £ 0.005 **

The alterations in membrane fluidity were estimated using an ESR spin-labeling method with 5-DSA.
Concentrations of 5-DSA on spin labeling were 1 mM for liposomes and 10 mM for HaCaT keratinocytes. After
incubation with 5-DSA for 30 min at 37°C, liposomes and HaCaT keratinocytes were treated with various
concentrations of SLS. Membrane fluidity was evaluated by order parameter (S) calculated from the ESR spectra.
Significance ** p<0.01, *** p<0.001.

3-3-6. SLS #4LHL 7z HaCaT MDD IL-1a DLW TLLE

SLS (LM ROS L ~L D HG N IL-10 D53 WATTHEL DB EAMEZ B SN 5 284 HEL T,
HaCaT #fifld~0 SLS DERFEZIZLED IL-1a D WIS EZARFEL T2, IL-1a D53isl%, SLS ALHL 24 KffH]
BBV THE R INE R U8, 3 BT 6 B ICBW\ T, A0 WITHEIZERD b

7= (Fig. 3-5a) ,
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Fig. 3-5 IL-1a secretion of SLS-treated HaCaT keratinocytes and ROS generation of IL-le-treated
HaCaT keratinocytes. (a) HaCaT keratinocytes were cultured in the presence of SLS at a concentration of 50
ug/mL for various periods. IL-1a secreted into medium was quantified using an IL-1o ELISA Quantikine kit.
Protein concentrations were determined using a BCA protein assay Kit. Data are expressed as quantitative value
(pg) per pg protein. (b) HaCaT keratinocytes loaded with 20 uM HoDCFDA were cultured in the presence of IL-
la at 10 and 100 ng/mL for 24 h. The fluorescence (Ex; 485 nm, Em; 530 nm) of cell lysates with 0.1% Triton
X-100 in PBS was measured. Intracellular ROS levels are calculated as fluorescence intensity (F.I.) per pg protein.
Protein concentrations were determined with a BCA protein assay kit. Data are expressed as averages and standard
deviations of a fold change against the value of control cells (n = 5). Significance ** p<0.01, *** p<0.001.

3-3-7. ROS DAERIZEITS IL-1a D5
MK ROS L~L DEINZ 1T IL-1o DEENIZBA BN T 25284 HARJEL T, HaCaT #lifdz IL-
lo 77 T CTREE LR OMIfEN ROS L~V % | H.DCFDA % FVWCHIEL 7z, 100 ng/mL @ IL-1o &

SUERIZ LD N O ROS L, SEALEE DML Fhii LT B CHE L 7= (Fig. 3-5b) .
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3-3-8. SLS LB L 7= HaCaT MARIZI 1T DA/ A AR DN

HEANIZEB W T IL-1a (XRIBRIATH D pro-1L-1a OFEE THEIEL TR, MRS~ 5 uwizidh vy
DDA ARIENED ST FH =B THAEIN A AL BT 0y v Z ey BEe+ 5 M, 22T, SLSAL
H#% > HaCaT MDA A A4EZ | A AE (Suc-LLVY-AMC) Z W TIIEL72& 24, SLS

DHVERIE BE (R AFHINT T V7S A ARYEDE N A2 LD R S 7= (Table 3-3)

Table 3-3 Calpain activity of SLS treated HaCaT keratinocytes

AMC (pmol/ug protein/h)
Time (h)
control SLS
1 ND ND
3 ND 0.20+0.19
5 ND 1.40 £ 0.67
7 ND 227+121
9 ND 3.65+1.04
24 0.70+£0.37 21.62 + 4.45 ***

HaCaT keratinocytes were exposed to SLS at 50 pg/mL for several hours. Then, cells were treated with 10 pM
Suc-LLVY-AMC for 1 h. After lysing cells with 0.1% Triton X-100, the fluorescence intensity of each lysate was
measured (Ex; 380 nm, Em; 460 nm). Protein concentrations were determined using a BCA protein assay kit to
allow calculation of the data as intensity per unit protein. Calpain activity is expressed as AMC (pmol/ug

protein/h). ND: not detected, Significance *** p<0.001 (vs. control).

3-4. BE

AHFFEDFER, RHE €7 /L ~D SLS D 1L, RHE £ /LINIZEV T ROS L UL insE 52
ENRBBNETR ST, ROS LUV O, SLS i il 15 43 #4 ICHERRS AL, 19 BRRGE £ 12 W T
fERRSATZ, SLS DALERIE, HaCaT Mifidizds v Th . Ml ROS L~V B LU= RUT ROS O
AR A TS INS T2 80 gz L TR SRz 7z SLS 1, Ml EE/EMAL T ROS @
AR E T HIEN RIS,

SLS LAEKEEEDF EAEMZ | ESR AL T~ WEIC Lo TR L 725 F . SLS I3l lafEtds LU ARy
— LEO BRI EZ NS T 5T LRSS LTz, —77 T, HaCaT flllid~0 SLS DALERIL, #llfid P Ca?*

TREEDOMEINEFHELT-, — %I, MIEN O Ca? L, /MalmIZ Ca? & T3 D/ MNaEnso Ca?* o
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Ft 1 B R ORIREE EICAFET D Ca?* T v /UKo THITEHIS AL TV D, Ml - IC/#-E % Ca?t
T RV, BALKATIE Ca?* T+ /L (voltage-gated calcium channel; VDCC) . XU 7 /L akE
P Ca¥*F v /L Th% TRP F /L (transient receptor potential channel) & AR {EEh I Ca?* T 1 /L
(store-operated calcium channel; SOC T+ /L) B3®HV, W 7ubh 2 AIAIZ 1T DR BLAH S Zh T
% 1219 VDCC 1E, BEEN ORI L > TR O L, Mg~ Ca?* & RIRMIZE RS EHT v L5
T T RENT Y17y I — DR ERE~OBANZLY | KRG/ D7 ORI R DI 7o Z L0358
HSNTVD 1A, TRP F v 1/bid, k4 e B b F R 2R RIS Lo TIE M LS D L FERF R T
YTV THY, FIZ Ca¥ZFim T HIENAHIL TS 18, SOC F v 1/LiX, /Mafl Ca¥* AT D
Ca? Mg 2 Lo THEMALSNDTF ¥ RN ThHD, /INUEBEIZ R B TS Cat ko h—4 L "I EHETHD
stromal interaction molecule (STIM) &EAAEIZHBLS S Orai T RAH L/ EEDT TV 728D
BR AL, MRS DRIV VB KOV R A~D Ca? i ARk L7200 WD, 2B Ca?*F v /b~
D SLS DFHEELEZ LIS, AWFZETIL SLS DS mTEMER LU COMEMITIER L, M~ %8
[ZOWTHRFELTZ, ZOFER, RN~ SLS OAEEAFHEL-MEAN Ca i OBINE, SLS &
O AAE R ZFRENMWEDINL 7o MR A 08 L 72 R Rr B2 A7 CaZ* Dt AT DT REMED /RIE S
iz,

F7o, Ca?Fr AT L —MNITH D BAPTA (3, SLS ~DIgEER 21725 HaCaT #ildNd ROS A pki%
M L7, ROS I3, AIIAN TP RUT ORI SS O TA KRS DIE0 1, Nox DBEFR
JMC R THAERESND ¥, KEMITIZIHBWVTIE, Nox Ot 7 2=y N ChHHIEZ L /S E D
gp91ProX (Nox2) B LN EDRERS ThDH Noxl OFBLNFERDH LIS 19819 Noxl J5L N Nox2 H &2
IXE R Ca2HEAFMEI T2\ 28 129 HERE PN Ca? i O HE NI, protein kinase C (PKC) D& AL
L7z, Rac DU BRI LT 2D, Rac DIFMALEIEBATAFHE T 5 122129, UMb EiL7- Rac DIER
ATIZED . Nox1 LV Nox2 DIEMAL A R OBV ENHLINIEITND 19,

ZOIHT, AN CaZ DML, IR RUT B LU Nox OIEEZ RHHZEIZLY ROS Atz
TLHESH S 108129 7 Lo, SLS [ZHAHEN ROS UL niX, filaN Ca R E O ME L Tk
BN EZBNZ, OFED, MlaPNIZHITD Ca* R EEDHINNZS, SLS I2&-> THFESND ROS AR
DA=L T—H—=THHIEN RS,
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— 5, HERN A VS o DTEMET, R~ SLS ALER 3 iR LARE (SRR HEINL , SLS ALEE 24
IRE[I 1% D IRF U 3BT, BEALEE ORI LEi LT 72 IL-1a O TLENRTED DAL, IL-1a 1%,
TEHRABICEB W TR A TH S pro-IL-1a U THIBENIZETES 4L, pro-IL-1a (%, Ca?"IcZ0iE AL
ENDINARAAED T TR TR T T BT D53 ISs 1, 51T, IL-1 AR
F—¥ LUIRAK-1) I, IL-la ZHEBLOEDIH R THS IL-1a LD L TIHEMHE LS, B
AMERE AR THD Nox OFEMEALZFHE 2 1), 5FED, SLS [ZXW st Esng IL-1a bz,
HIFEN ROS L~V O INEFHE 5200, ROS AL, IL-1a (X TEBIZHIPESID AT HEMEAS
HD,

ZIHORERA BRI 58, REHIADIZIS T SLS 2353 9% ROS A ki, LA T ISR T NIE
FrCH#EAT T 228AVRIRSND, £F REGMIAOMIaE SLS LM ALY, Ml ~n Ca®
DFWADEINT 2, HFAPH Ca IR E DL, I RYTIZH1T5H ROS Ak i, 3510 Nox @
IEMEbE &SR3, &2, MIRENICEBIT D Ca?* D INIE, IS DOIEMHALZ LT IL-1a D53 Ws
ZREL . IL-1o 13 IRAK-1 OIEPE{LE S LT Nox DIEME(LEFEEL . ROS A illa SOIZHEINEE 2, LA
FEDIH7RFHIRINT I N T, REGIA~ERE/EMA LI SLS 1% ROS Ak Z TS ELHZENEZHIL
7

AWFFEORERIL, PEEHNCEL A SD SLS DLH72 7 =AM TSRS, fA a2 mimL , 2% 5H
R DHEREEA~EEAE T 35 2 L KO O IR ENME 2 5 6D | AN ~DIERF A7 Ca? DIt A%
FIEEZ T 2L, ZORER ., HildN ROS O R7e A k& 75 8 4 D rTREME A R LT, L EDZEnD, B
HFAIOE I IVFESNDREEEICB W T, LA AN EE ARG EI 2 R -3 AR BB L
L7,
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HA4E REICRBITARIEAN AHIEMELTD

YTV AR HETXADAH AN

4-1. ¥&S

AWFZETIL, BEIZH1TD ROS DAERMIREIRDHTT/2EF L LT, BEITAAET D CPs 23, KBt
WREE T CIEBIRAIE L CHEREL ROS ZPEA 3528 (5 2 3) |, 7=, KEOWEHAIEL THOWLRAM
KT = MR ETEPERICTHD SLS 25, REAMIIAN DO Ca? R A IS T L IZ LA
ROS DARAEFHETHZE (G 3 8) 2D LT, ZNHDIENG, BTV TIEER & 72#8 B2 X
D ROS DAL FHEINDZENHERBSHL, AR LT ROS XML AN AIC LD R IR E L HE T H L
DHEZRES VT, RIS 20 2 528 T WIRIPERS JUOSNAPED R AR A B A R 2R L
TD, LnLRDE, RO LME ChHHFT7—E GSH X, M-8R B2 81k -
BT HZENHBIVTND 12020 276 | AROfilg bz m L7528 b LITROFELY)
BFIZEo TR T LA O L2419 Z & 1%, BB AR (LA ABARHE S5 HB9IZ BV CIE
WICHETHD, FrC, #BEI72 ROS £ RROE L7225 JE 3 L O KA 1T B L Ve O F 51,
FRAL AN 2N E 2 R G BB 2 0 92 B IR W TEETHY, AF 7 7 R M ICHIr S o
RO — D> ThHEEZ LIS,

ZHETIC, IS E ENDHIRLIE IOV TEZL OB TR e S T, iERE T, 300
o NEBERI R . N —T IR E DZ R FE AT R T = /) — VAT LB S
DI N E ED 29, 512, W MHPITIE ROS % EB21H £ HHREICIN A . ik
Keapl/Nrf2/ARE 27 LDIEMALZ ST LT-, WRIPEOHTER (L& 2 B R B OFHEFEH WSS
0, FERIZ DL ONDFEY SRR 7 = ) — /W2 8% Keapl/Nrf2/ARE Z4L7= SOD DIEEFHEL IR
BTG 12918) = bR FELD MM HRT 2RI ROS i - 1§ =T ot E %
EATHIEL, UL R OB b A OB IR TR BAFHE T DL O H OMRER A 35 AT HE
PERSHIRR S LD,

ZZTARBETIZ ATHFELIILD LT EBOR) T = ) — VA G H T 52N HRESNTNHDY
733 (Camellia japonica) DIEDHIHMITHE B L, Al B L OREGMIIZIIT DI AN A5
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HIEFMERIZFE H LT, BB{L AR R KOFHEIND R JE R E 20 2| 4 E L Co et 2 /st
L7,

4-2. BRI
4-2-1. RFEK

AEITLLF OB O% M FL7-, DMEM; HBSS (+); H /KBS ASH R, N7 (7 2 Bl
Hi3k); EDTA; T 07147 27k &4 (5UH5) , FBS; Biological Industries (Migdal HaEmek, Israel), i
fe{b/k # 7K (30%) ; 4-aminoantipyrine (4-AP); 7= /—/L; Fe(ClO4),6H.0; Tris; MES; &1 it
il T2k A4t (KBR) , Horseradish peroxidase (HRP) ; SRyEA K2+ CKIR), FTSC; Neutral red;
1,3-7F L7 Vz—/1(1,3-BG) ; Sigma-Aldrich (St. Louis, MO, USA), BCA protein assay kit; Thermo
Fisher Scientific Inc. (Waltham, MA, USA), H,.DCFDA, Calbiochem (Madison, WI, USA), 5,5-Dimethyl-

1-pyrroline N-oxide (DMPO) ; HUAU{bpk TR A (AT

4-2-2. SR
SRR O W1 4R A8 8RR 5% JR (Broadband UVB lamp TL20W/I2) ;Philips ( Amsterdam,

Netherlands) & VN TR Z7a o7, SEAMRIREE G2 FHV Y 310 nm (21T B IR TR EE 2RI E LT,

4-2-3. WpaBE=E

55 3 7 3-2-2 HIZFLEk L7z 7 IEICHED RS L7 HaCaT Mifiaz 45 sl It L7,

4-2-4. INFETXZADOFHE

2011 45 H It E R E CREO I TERIRUTCE L IED 2 O 7 " F OFEE AW, AAF5E
(ZRWTIL, [FEOFRITM R LI D L | B feim DA T 5 Hhb 6 D ik DiEEY
TINFOHETELTEFRL TS DR ERREADTEZ REEL TE R LT, FlE2Y 7> F DHEL 90°C
\2°C 3 WM FzEa S 7%, MTL , foEE STk L T 20 i E & D 50% 1,3-BG /KIAEHRIZIRIEL . 50°C

(2T 5 AR L7, stz s L TR D CIER A MR R T 1EFEEL ., ATz
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IERILT-igiRA 1,3-BG i & LTz, BB DG A 1% 110 °CICIRIT D78 H Ky b LR L, 12.9
mg/mL DEE a2 EA T HEED 1,3-BG fiiHi#% CIGL (extract from green leaves of Camellia
japonica) £L . 4.1 mg/mL DEEE G AT HED 1,3-BG % CIML (extract from matured

leaves of Camellia japonica) &L C, £ ZEiABRIZAEL 7=,

4-2-5. JEERIL/KFRIHETEEDOHIE

4-2-4 THD JIE TR =% 2% PBS(-) & T 5 mM IZFABLL 7= H0, EIRAL, 37°C 12T 30
A F 2= UTeb DAL THEL 72, 5817970 HoOp BT, A F U F — B LRSS EHTL
IZ&D . 4-AP &7 =/ — VORBEAEEIC LV ERINDGF /oA DRALRIETHILIZE>TEEL
7o @B 25 uL &£ 3.2 MM 4-AP 25 uL, 16 MM 7= /—/L 25 uL, 1.8 units/mL @ HRP 25 uL ZiEA L .
37°C T 10 AL FaX—hDtk, v A7a7 L — N —& — TR GRlE R R 490 nm) &I E L7,
4-AP, 7= /—)L  HRP % 50 mM Tris-HCI (pH8.0) TIAf#L 7=,

H20, DIEETENEIL, =X AOPRFEIKTHHERO T 0y MIBITHEMENFHLY | 50%TH L=

WL 53 L (SCso) DRI KD FHI L 7=,

4-2-6. EREX U NTTHNVHEEREORIE

THxAIZLD-OH HEROFHmIL, ESR AL 7y 7152 W TR L 72, -OH 1% H202 & ffigks
DT =2 NI AR ST, SOSHE (150 pL) 1, Fli2 O FEIZHRRIL 72 =% % 100 uL, T Z
DOFEFEEE DY 0.26 MM H,0,, 0.3 mM Fe(Cl04):6H,0. 1.7% DMPO L7225 KO FHBLL 72K IR A . T A
HOF TV —IZRIEL THEITHE L 72, WIRA IR IEMEIC 45 PR DA MVHIEA LT, ESR

AT UL, ESR HIELEEZ AV, BIRICBW TRORESM: F CHIELT- (Table 4-1) ,
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Table 4-1 Measuring conditions for ESR study.

Items Value
modulation frequency 9.4 GHz
modulation amplitude width 0.1mT
scanning field 337+5mT
receiver gain 200
output power 4 mwW

SMFEEREL L TR b~ D 3 FH DT TV (Silvngs) IV, 3EBREL TRERUKZ Rl 2B
T F I (S.lre) TREEL . T3 2% FAVVZBER DS 7 F /L (S exract) 75 -OH 12558 (%) 2 WXL E H L=
(X 2).

‘OH JH £ (%) = [1- (S.1 extract/S- I mn2+)/(S.1 redl S.I mn2+)] X100 (= 2)

SCso 1%+ OH D 50% M E MR =X AD E IR EL L TR L,

4-2-7. FKIAN ROS LUV DHIE

~ A7 L —NMNIFEREL /- HaCaT Ml 24 Refij5#8% . 5%FBS % DMEM % WGl 7z —
FADE TGSy 0-125 ng/mL 25 A T HEF I E EHaZ | 24 RERIET R Ak L 7o, HBSS (+) Tl Uk
FL72#1Z, 10 uM H:DCFDA %52 HBSS (+) IZiE iz | 37°C, 5%CO, D T 30 4L
L. AT EDIA 72, HBSS (+) I Tifa 2 e iz, ~ (707 L—h —& —Z2 W TR 4
HELT- (B fe: 485 nm, HO6 &: 530 nm), £ 1%, 0.1% Triton X-100 2543 % PBS(-) z2 /N
Z CHIRZTRMEL . EHEIZ L2235 BCA protein assay kit (2027 EEBARIE LT, St E%E
B G RTCHRUTC, AN ROS L~ULa R LT, M RIE, MR OIS 3 DM xHE s L COR
L7z,

4-2-8. AERMEITIITSD CPs BN+ /EH

o7 =L o TERILI-AJEE 7.5 mm AICRIEL., 3 1 & 1-2-4 THIZRLTIZFIETATIAR T Z
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A ZHEEFLT-%% . 50% 1,3-BG # W THETEMD 0-0.1 BE E%E/25 I - 24 A B
3 uL EE#% . UVB % 2800 mlicm? BETL 7=, FE D CPs I, % 1 ¥ 1-2-5 TH|Z/RL7= FTSC 2L

T2 G IECHE AR L . CP LU T8 R e /L BT 0 O BEREE L TR LT,

4-2-9. HERRAETFRORE

AR, IR EME AT THSH Neutral red (NR) Z FVWCTRHIL 7=, B5H1A HBSS (+) T
#%. 16.5 pg/mL @ NR %5 1p 5%FBS & DMEM (Z{& X 1% | 37°C, 5%CO, T 2 K& %7,
HiihZ HBSS (+) TYEH# . AMIPICIRDIAENT NR Z¥A I (30%A% 7 —/L &84 1 M HEfg KA
THIHL ., 2ROV (RIER E: 550 nm, 2[R 650 nm) 2~ 120~ —K)—4& —CHllE
Uiz, Ml BRI F 22 B A L7 5%FBS &4 DMEM THE# L7 il A= A7 3R 6 3 A0 il

ELTHEMLE,

4-2-10. BERIL KRR ITLVFE SN DML E OHHE A

~A7a 7L —NIIEHELT- HaCaT #ifu% 24 WiE#1% . S%FBS &#A DMEM % AW CaflL 7=
CIGL (43 125 pg/mL) & H 355 E S % | 2 RESH L 24 BE B2k L7, B5Hia
HBSS (+) Ty, 0-5.0 mM O H,0, & r HBSS (+) VAR IC B &% C 2 R L 7=, HBSS (+)
T H0p ZVEABREL =X A& E £ 5%FBS &4 DMEM (JES#AZ T 24 REfEjES AR LI21% | 4-2-9
HIZFER D B L Tlla AR 23 M L 7o, Ml B 7RI, 5%FBS &A1 DMEM TH:#EL . H.0;
B IO 2L D A AF RIS T DM EE L TR LT,

4-2-11. WEEHERMNT
HIEMITVEIE + MEHERFZETEL, Student D t R EICL > THEEREELBI/2-7-, p H 0.05 K
et RN A B LT,

4-3. FER
4-3-1. in vitro ROS {§E1EME

CJGL & CIML @ ROS {HEEMEA LT 5284 HINEL T, H02 3L -0OH O EIEMEZHIEL
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7= (Table 4-2) , Hy0, BEONOH D EHGIZHRL T, CIGL X CIML IZEEER L TV WE EIETEZ R LT,

ZDTENG, CIGL iT@mW R L E 2 A 350l ThHEHE 2, LIEDOERTIE CIGL &3k

B CGRINLT-,
Table 4-2 Radical scavenging activities of CJML and CJGL.
SCs (mg/mL)
ROS
CJML CJGL
H-0: 3.489 + 0.623 0.878 £ 0.152**
-OH 0.163 +£0.008 0.079 £ 0.007**

Scavenging against H,O, was determined to quantify the remaining H,O; after incubation with an extract and
H20, using HRP in the presence of 4-aminoantipyrine and phenol. Scavenging abilities against - OH were
evaluated by using an ESR spin trapping method. The scavenging abilities were expressed as the concentration of
50% scavenging (SCso). The data are expressed as mean + standard deviation of 4 independent examinations.
Significance ** p<0.01 (CJMJ vs. CJGL).
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4-3-2. FBERETHITD CPs BN BEH1EM
SRAMBROBRERIZXVFFESND CPs OHINIXE$ %, CIGL OIFINEM %, FIEE A @2t B e L CRE

iL7=, in vitro {ZC CIGL ZfABEEICEAT L, UV ZBE T2 L2k ThVR= b EFHE LT,

CIGL A D4 T, UV BEIZE ST CP LUV E B INL7= (Fig. 4-1), —J7, CIGL &%

L7 8 Tld CIGL DRI CP L~ WA EITIK F L=,

(a) 8o

60
50 r
40
30

%k %k 3k

%k %k %k

* % %

CP level (A.U.)

uvB - + + + +
CJGL 0 0 0.1mg/mL 1mg/mL 10 mg/mL

(b)

uvB - + +
CJGL 0 0 0.1 mg/mL

Fig. 4-1 Inhibition of stratum corneum (SC) carbonylation by the extract from green leaves of C. japonica
(CJIGL). A SC was transferred on to a glass slide, treated with 3 uL CJGL (0—-10 mg/mL in 50% 1,3-BG), and
exposed to UVB at an energy density of 2,800 mJ/cm?. The CP level of the SC was determined by the fluorescein-
5-thiosemicarbazide (FTSC) method. (a) The data are expressed as the mean + standard deviation of 5 independent

examinations. Significance ** p<0.01, *** p<0.001. (b) Representative photographs of SC carbonylation.
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4-3-3. RN ROS L~,L o#n1E A
CIGL [ZXDEHFRREDHMALN ROS L~ L OMFIEHZ RN L 7=, CIGL % 24 FEfiALELL 7= HaCaT
HIREOMMIEAN ROS 13, BEALFROHINIT L . CIGL DI FERIFIINCA B2 2R LUT= (Fig. 4-2)

=
o

* %k o

06 |
* kK

04

0.2

Intracellular ROS level (FI/ug)

0.0

0 16 31 63 125 250
CIGL (pg/mL)

Fig. 4-2 Suppression of intracellular ROS by CIJGL. HaCaT keratinocytes that were cultured with CJGL for
24 h were incubated with 10 uM H>DCFDA for 30 min. The fluorescence intensity was then measured. The data
are expressed as the mean + standard deviation of 5 independent examinations. Significance * p<0.05, ** p<0.01,
% 1) < 0.001.

4-3-4. WERLARRICIVFESNSMRFEOIHIERA

CIGL \ZL DAL AR A MMPED ) EAE 2RI 922 8% HAYEL T, T CIGL % 2 i L<I3 24
IR AL 7= HaCaT Ml B AR AJREL T H0, 2R L DR EE 24 WEfE 1% ORI fe A 7738 4 5 1A
Uiz, ELLOEEF RISV TS H0, D FERAFAYICHIIE A A7 313D L1223 Ho0, MR ER HiT D
CIGL ORI % 24 RFFE L2354 121, H202 1.3 mM LU EORRFEEICHW\ T, CIGL MEALEEMRIC
el U CHAEE 7R P E DR TS ER D BT (p < 0.001, Fig. 4-3b) , —J7 CIGL DBRFEREMZ 2 BifE &
L7235 a2, [AERDERITRE D iz > 72 (Fig. 4-3a) .
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(a) (b)

100% * 100%

%k ¥k

S 80% < 80% F
= = o
= 60% = 60% . H Control
s ] aet
> 40% > 4% 125 pg/mL
3 3

20% 20%

0% 0%

0.0 03 06 13 25 5.0 00 03 06 13 25 5.0
Hydrogen peroxide (mM) Hydrogen peroxide (mM)

Fig. 4-3 Protective effect of CIGL against H.O; exposure. HaCaT keratinocytes that were cultured with
CJGL for 2 h (a) or 24 h (b) were exposed to 0-5 mM H,O; for 2 h. After exposure, the cells again incubated in
Dulbecco’s modified Eagle’s medium (DMEM) containing 5% fetal bovine serum (FBS) for 24 h. Cell viability
was measured by using the neutral red method. The data are expressed as the mean * standard deviation of 5
independent examinations. Significance * p<0.05, *** p<0.001.

4-4. BE

Camellia japonica (Fi#: ¥ 77 3%) 13, ZOFE FlMEyE OIS LT 1 ALl EICiEDfE S
L BARNIZIFRUADROEY) ThD, v 7Y S L H ARFEDOHEY T, IR D REEL | 2=
ZIBLTH T2 ARSI, BT LR E L2 T 77 (cuticle layer) A 3 5 FH7:
) CoHDHIENHBILTND, 7/ 3F OAEEITH | VEL (green shoot) DTERIZELIL, FENHEITH
TR L. 575 6 L DEELH R B Rk DI Z OB LD, ¥ 7Y A OFEOLEUE
HiF DI EDIR T IR E KIETZEnD, FHEELR R LTI TIFEAL RS T B0, 7358 |
Y7 3% AT Camellia J& 2S5 Camellia sinensis (F144 7% /%) OIEZFIU/2H DI, kA&
AL, BEERRE | AP CHEHIE SN TS, RTFRIJIZ, Y7V ST OB, W-CrE[E 72 E
BRONIZHIRIZ B W TSN TV D, Eov 7Y A FOFEOHIZ BT 51 DI O 2 2 MIEEE
WCIEDRHD B, ZNETIS, YT YAFOEICTENLEHEEHELL T, ()-mE B TF U BLD
(H)-B7F B 7L A —BROGIRIEEHZ R T 4% A7 2K (3,4-dioxoloellagric acid 4°-O-B-
D-glucopyranoside) 139 quercetin-3-p-D-glucoside <>4-1%"/—/L 139 Diphenylpicrylhydrazyl (DPPH)

HEEEEZH T8 E LT, 1 AVT /K (quercetin-3-O-B-D-xylopylanosyl-(1—3)-0-a-L-
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rhamnopylanosyl-(1—6)-O-B-D-glucopylanoside) . /L F Lty REB LN V7L R B)Zo0
TORERDHD, T2, ITORETIL, Y7 Y NNFEOME Y S, B NE R RRHEIE ALV T
MMP-1 @ mRNA FEELAK FSH 199 25— 02147 Tal ${(COLIAL) mRNA DI ELIE A 338 4
HZELIZED ¥ ag— U A A NS P LIERZ A 722G ST,

YT YNRFEOEFMTEL T, IR LIAR 2 2R 7 =/ — VEERRESILTNDHIENE 133158)
CIGL BLV CIML 23, Fil(bAE A H T 223 m<ifr S, £ CARIFFETIL, KFIZIRWTA
&5 ROS ZVHETHHEMELTD, YT IYNFED X ZADOF A%, Ak LRI
HEEALAR ZADFRFIVEINZ L TRl L 72, 1ZUDIZ, UV IRER IC K> THEENIZAELS ROS D55 | IR
HBEPNICAFAET D Ha02 &\ Ho02 R E & T %-OH (T3t 3 D18 BIEMEE R L T2, ZORE R, ¥
TINFHEDTF ZIZE, Ho0, L TOH ZEEEATIHE T DER 7D B, CIGL & CIML DiH
FREZ LI LI=FE R, E B0 ROS KL Th, CIGL DB A EWIHERRE /R LT=Z D, RBFZETIE,
Y7 RFOERIZH KT D CIGL IR, LI FEhiL 7=,

CIGL 1245 H202 BLTMOH (2T 5 mV MHETEEN RO DN ZENG, Mg ~D UV B
8925 CP L YL OHINIHT9 % CIGL OIFIRRAMETL /=LA, CIGL 284 L7 fEalkhh
WL, CP UL B8l S 7= (Fig. 4-1), 2 Z &%, CIGL 3 AJE o UV BEHZIV AR5
ROS DAL T, CPs DI MAIHIL 72 FIREMEA REL T D,

CJGL 377 FThs# L7= HaCaT MOl ROS L ~Li, CIGL B ERFHIICH BT FLT
V7= (Fig. 4-2), S510, CIGL OHEAF FT T 24 BEfIEEFE L7~ HaCaT MaIZ 35U Tl HaOp ~Dik
B Lo THRES O AT RO T2, A IR Sz (Fig. 4-3b), —J5, CIGL A7 FToHs
ERfHZ 2 FFRIELIZSE12E, RRROMERITRRO beh o7z (Fig. 4-3a) o ZHLHLDRE R0 D,
H20;, DUETE DN E T DM E 328 FE AL, CIGL 23 E A T HHUER LA Sy O N L
FDE 2L O Tld7e<, Keapl/Nrf2/ARE & A7 ADOIEMEAL &I LIz il N BLER b s AT L Bad 4
RO DREA T IR D BRI HI LA E IS LD I REME DS RIE S VT,

— Iz, RV T =) — T A G DAL NAZ LIV AR E O LZ B ZENHISED D, 2D &,
RV 2 )= NI TINFREARE T 0%, /0 DEIIRARY T = ) — VR L)X, Keapl DLy

JAE A —=THDHLV AT AL FEILD SH LU T HZE T, Keapl 725D Nrf2 OfBfE2 7551 Nrf2 73
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EHAET 52N ESINTEY ¥ CIGL IZEENLRIT =/ — )VEIZ LD [FER D AT = X 73
Keapl/Nrf2/ARE 27 ADTEMALZ ST LT, iR L E DR BN AZ BT O LI FIRENEN B 2 LD,

BT DORFZETlIE, R IT AL AR A TFINE R OAEESR ThHEY 7 ILIM LR
Z A7 =7 —F (Serine palmitoyltransferase; SPT) ® mRNA FEHDIK FENL ., R ANV THEEEZIK T
SEDAREMEDSRIBI TG W1 7 SR L R I3\ TR 2 SR ME SRR L C 3517 D MMP-
1 DFEBHINAS, UVB BIHZ LV RAE AN A2 7R H LT R B O R BiG 2 35282 K HH
ENDZELHLMNEIR ST W), RIFFRIZIV T, SLS IZEDAILOFEIR e~ LA
ADFHENE L TCNDZE, LA ADEY THDH CPs MY, FFERIIIZIHITSH ROS DR E
KD—2L7pHlbamliz, THLOHFFELY | MA)E B L OFEBHINEIZ 1T DL AN 2D ek E A4
THIEIE, BEEREAHERF T2 L TEETHOLEE AL, ZORAIZENT CIGL IFAMRAF 7T
EMITTR01GD ST =,
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=1
in>

F5E R

ABFFEE, B IZIWTilfl7e ROS DAk i 8 § D= /aK 2 BN T 522 ARyEL, &
RIZH1F% ROS DEALA M) THY KBTIV THIAENRTROHILD CPs &, B DT I TE
FAENDREN 72T = AR mEIEMERCTHSH SLS 23, FJEIZHBWTEEZ ROS Z4E KT 5HHE,
ZNHD ROS ARIZHBITDFEMIR AT =X DAL LT, EHIZ, ROS Z{HET DR MELT, ¥7
VRO T DX ZADA AR OV TEMIL 7=,

AR T) L CL R ERZ T oAb AN A% E BRI C& DY — Vs B e ot 22
T, % 1 IRV UL, KB OB LA A~ —H—E L THBILS CPs (25 H L, fAfE8ICIF(E7 % CPs
ZFERTE AR D FBABR R LTz, AJED CPs %, FTSC % W CRrEE M EIERE 922 L1
FOBHL Do BB 2 W R AT 952 L2 KD | ATBMIIIN CPs DAFE/EME (CP L
V) EFEH LTz, A8 OSCEGIRITIZ I W T LD, AIEREIE AN T DR elE, B o
RGB #4200 G OREFRE A b LI LI BIEZ R E T 8IZLo T, BRANATBEZR 2L D R S AT,
Flo AREFEE WD LIZIY R A (KT L7228 D, CP L~V DU N 2D
JREEDS ) LT 52 b BB EleoTe, ARIEIL, AREREIOZ ERBEORI G OEELZ THI LM A
J& D33 T T AL AR AL~ L O Rl 2 2 BN IR -I AT RE TE D RUCB N T, AR FIETHLEE R
Bivic, SEATAFFE T, MAREIZIITD CPs DHGINE R G IR REF LU E O FHIRHME TS 8% )
ETZERHBNESNTEY, CP LIV ZAREICHERF 352 LD BB PR ES N TND, ZOTEND
FJE D CPs /3T A—H—L LI R IRIE DT IZ R\ Th  FRHITA FZRfiftry — L &7205%,

55 2 T CIE, ROS (2 Lo THRAAS LD IR B R FR LSS DR AL TdhD CPs 23, KIGEIREE 12
BOTHLPEHIEAIL L CTHEBET 528 C ROS Z2E KL, #7728 CPs DAz #HE 3 5 FH L H)
IZL72, CPs DET/LELT, BSA 7 70 A MR HZLICKVFREIL 7= CP-BSA & vy, D%
FREZRRREL 2L 25, 520 nm (&2 — 7 L3 DHOEARI MV ETRL , ZORRNER EiE 430 nm
THHIENHO) LR oT2, ORI ERFEIC L7200 ENE RV L= /812, BiE UVA
BROT NV =T A N RIST 5281285 ROS DAl . MCLA Z WAL RO IEIC > TR B L 72,
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ZORER. AR ~OEKE UVA BLOT L —J/ OREHE ROS OAERKZFHFEL ., FHIEFZR~D
SOD DN I THADH MBI INHI SN2 DD, RSz ROS 14-0; THAHZENTRIRIES
Nic, Flo, 77 AW TN TNV R =L LTEARBIZXH LT, B E UVA BLOT LV —F
AN RS UT235-512, MCLA OFSFESRENT V7 aL A L ORI FEARAF RGN 3 5 2 L 2B LTz,

EBIZ, AE VR THITHD CYPMPO %2 ESR AE U hFvFIEICED, CPs b ENS
ROS D [FIEZ ATz, CP-BSA 1% CYPMPO D IEA(F FIZI1T5, UVA BRI L —F A ME O Z 5
Xt/ T —7T T ORE FIZBWT, B ESR 7L ERUTL, SHIC, [FHERICEITS
SOD DOUIIZhRA MR LIZEZ A, SOD DIRIIZE ST ESR v 7 /UWEFERICTHR LT, ZOHEFRLD,
CP-BSA |[ZxI 3 2% /0T — 0T T ORI LS THERSNIZTV L, -0 ThHEEZLNT,
INBLOREREL LI, RIEERE UVA BEOT L—F A~ DIRFEIZEY CPs 22 bA &5 ROS 13-0;
ThoHEM a7z,

ZNHOREEND, CPs ILEH E UVA WD 7 L —F A MO EfEIREEA ATV EL | SR
HAT | L TC-0r HERTDZEN RSN, R LT Oy ITNEEMIR(LIS AT LT, HiTe7e
CPs DR ZFHETHEBZALND,

%5 3 TCIL, YRR AIOM AN, KEIZH T ROS RS AHEMEICE B LT, 22T, A&
T =AU MR EIETERITH D SLS x5 EL, ROS DA MRDTHESND AN =X LDV TREMICHR
ATUTc, REFFHEELET L O JEZEIZ SLS Zi ML, R EEMNEICH1725 ROS D4z MCLA
{EFFIEICIVfERR LT, ZOZEM 6, SLS 13 g4 immL , & Ao AMIaEIZHs T ROS @
AR EFE T DA REMED RIS LTz, ST SLS 13 HaCaT Ala oMo st 2 KRS HHZ I
J0, FEEERINTHIIAN ~D Ca* DFEAZRIINSEHIEAREE NI, HIFIAN Ca? i DOBINIL, 5
T ABERE AR THD Nox I RUTIZEITD ROS A A NS 528 T, Mlay ROS L1
DEINZEFFE S HIEDRR STz, [FIRFIZ, HaCaT M~ SLS OMLE L, M~ Ca** Dt A
ENLUTC ANASAL L DIEMALEHEL, IL-1o O3 ETTHET D ENHON L2257, IRAK-L 1T, IL-
lo ZEREBLOZEDOVT R THD IL-1a LD I TEME(LEIU, Nox DIEMHALAFHE T HZ e
5. IL-1a D WITTHEIZLY ROS DA RUIEHITHTRS LD AIREMED 8D,
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AWFIEORERIL, A8 2 il L7z T =A MRS TER 23, RECEMIEE IZHV\T ROS DA ME
FESHIEERALNE LT, 7 =A AR ETEMEANC LD ROS A ROFHEAT = A LT, FFFIZHNG
D FENEMEAIOFIIZ BT o8 LT 7 r—F FEEL TOIHABHIR S ND,

2 ERIOHW 3 BOREND, KGR Tidbk~ a5 IZLD ROS OAERRNFHESNAHIEN
RIS, FFEIZBWTARLTZ ROS 1L, BA{L AN RIZXD KRB ELFHE T LRI, &
DIz, ROS ZHETHHELWE O R JG~Di AN AN ThHHEB L LT, £ T, 5 4 ETIL(+H)-
HTHR()-TE BT X EWMEE G OILEY THDLAXAAVT VRN AT )V REIZLH ET D
RUT = ) — Nk BEERTHIEDRESN TOD YT Y AFOEDO X RIH B Lz, Y7V F
%, AL TR AE LT EEL A 3 2H RIS ER THY  FEDEIINT THER GO EN B
T D0 AR TIL, BEDORENRILDEIELMIEZNTNO X AEFREL | FUBLIEH OFEMIZ AV
7o UV IREEIC > TAERNIZAEUDIEMMRFER OIS | INHIENIZIFET D H02 &, H0, ZHiT5)
HET%0OH ITHTHHEEEEZHER LI, TORE., Y7 Y AT OFEEL I OREEOHIKIZIE,
H20, 3LV -OH ZEHAH LT HEANGRO LN, Fo, 2D ZfOY 7Y A FELF ZADIE LR
g d2L, EHH0 ROS T L Th, #FHEEIZHRT 5% R (CIGL) DT A mEVHEREZ /R LT, fA)E
FL O HaCaT fflEiz31F 2% ROS OIHEITH-S<, CIGL OHERLEEAZ - 52812k, g IcHsi)
DIRAE AR AT DR E ARl L 7, 2 DR CIGL I RIBEA Jg oo i~ 1240 UV i
FFIZBWTCHESILS CPs OHMAZINHIT 52N MRS, IHIZ, CIGL % 24 KL=
HaCaT MfEiZBWCiE, EHIREEIZE TS ROS LUV DK T &, H0, (Z L DM E OFEFIEH A3
bz, —J7. CIGL % 2 FEFEIALELL 7= HaCaT HIZIZE W Tld, H0, IC L DM E Dk FnE A
DFRDO OIS T2 EMD | MBINIZ I TR REZ L 7Pt b &1, in vitro (2T ROS Ofifi &
BIOWHEICHE S LEWE LI T LS I TIE R W TR S RIB S, O FY ., CIGL TN O
PR TR 59 528 T, MR IR L IE M 2 3 F LT RTREME DN B Z BT,

Keapl DL Ry I A —THLI AT AL FEEED SH KX, F /0 REDRVT = ) — 1 igfb b
JETHZET, Keapl 2250 Nrf2 OBl 5852 LSS TS, fREEL7Z Nrf2 13N TL.,
ROS ZE il Rl OB R 1B FHE T HIEND, REROHEIZL > T CIGL 2IaDOFIER L %
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K2 BEsR 7= Al REME N D, CIGL (28D, ROS AN Rl#ESRE O fs IR B A~DE 5B 4 5% %%
X, 2D E L I EL U BT A BN OFEZR VA THY . 5% O ETREE L0,

ABFTRIL, K EICRT D827 ROS OAERIREL T, BIBIZB W TAERSIIZ CPs 23, KI5k
TIZRWTOEHIREAI L L THREL ROS AR 2H 3L BGOWEHAILL THWSIDT =A M5
HTEMEAITHD SLS 23, REZAEMILEITETRAL, ROS 4K T 2FFELHILNEL . DAL
SALERIALTZ, SHIZ, ZIH0 ROS IZX LT, bW EAZE A 4% CIGL 1%, ROS ZEHEINIC
HETDER. BLOMBENTTER LI OTE LA 72O T EH OME D | gL RET 58 e
FM &R e R R LT,

KEZIZBTH ROS A kild, REAMIANDZ L _TE DI NAR= AL, ZDH%DFEIZIED CPs Dff
JE~DEFELFHEET D, AJED CP LU, AJEKEIID TEWL 728 O RERIEHE ST A=
—IIXLCTRADHBEZ RS ZEnD, REDOHLEE A E D CPs ([ZIXBEMEN D HZENRIESIL TN,
ZNHDOFEEND, ZEITBWGREIA K SD ROS 21 L CPs KR ICfR > Z 81T, FFHREIC
BT 5 CPs DIHGEEAE M Z ST L2 ROS DAERHNHIE . B RFIRIBAEDHERF L O O IEF ICHE Th
HEZZ DI,

AFFFEORERIL, I IZBWTER 2 22K 723 ROS ZAEK T DA =R LDk BN LTz, FF
|2 ROS DEAEARM) TS CPs H3Hi7272 ROS AR /e5Z8% R LT-, ZOZ LI, %72 ROS
(ZEDBAEAN ADBRENAR 7T O ffele st — 7 v hei2 b ZEH R L, ZNHOXIEREL T, Fit
bW % - B 72 AX L r T NEE CThHZ L%~ LTz (Fig. 5-1) .
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Fig. 5-1 Proposed scheme of antioxidant defense in the ROS-induced impaired skin.
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