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. 2%  TPNa OHRIEZN R OME
Sodium dl-a-tocopheryl-6-O-phosphate inhibits PGE; production in keratinocytes
induced by UVB, IL-1pB and peroxidants.: Kato E., Sasaki Y. and Takahashi N.,

Bioorg. Med. Chem., 19 (21), 6348-55 (2011).

2. B3E  TPNa DREKDIRFHEREEZN R OMRE
Improvement by sodium dl-a-tocopheryl-6-O-phosphate  treatment  of
moisture-retaining ability in stratum corneum through increased ceramide levels.

Kato E., and Takahashi N., Bioorg. Med. Chem., 20 (12), 3837-42 (2012).
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AsA ascorbic acid . T Ra)bEUER
ACER1  alkaline ceramidase 1 s T HUET I A —F

APM L-ascorbyl-2-phosphate magnesium

ULVEET AN e~ TR T A
ASAH1  N-acylsphingosine amidohydrolase (acid ceramidase) 1

NTIYNWAT 4 vdvy - TIKe kas—8

@7 I¥—8)1
Cox-2 cyclooxygenase-2  vraFxxv s —E2
DMEM-low glucose

Dulbecco’s modified eagle’s medium — low glucose

ANy At A — VLS - K7L a— R

D-PBS(-) Dulbecco’s phosphate bufferd saline D ANy 3 R ETIR
ERK extracellular signal-regulated kinase
WA 7 VRS —E
FLG filaggrin D T4 77U
G2K dipotassium glycyrrhizate
TVFNY)F BRI T A
IL-1B interleukin 1beta A Sl =5 B SV [}
IVL involucrin AR T Y
KRT1 keratin 1 T FU1
KRT10  keratin 10 T F10
LOR loricrin =) /a0 IVg
MAPK  mitogen-activated protein kinase : MAP ¥+ —%

NHEK (F) normal human epidermal keratinocyte (foreskin)
EF b MHARKZR A
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UVB
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natural moisturizing factor o RARCRIRA

oil in water /N AR 1 i

prostaglandin E, D TMRET T VU R,
serine palmitoyltransferase, long chain base subunit

YUV NNV T AT 2T —F

SV40-transformed human keratinocyte e MR ZF YA B
a-tocopheryl acetate g b= oo—

Tris-bufferd saline - Tween-20

N U R fEfE R K/ Tween-20
transglutaminase 1

N RTNE IF—E ]
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sodium dl/-a-tocopheryl-6-O-phosphate
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tert-butyl hydroperoxide
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B1E HEin

haz=UnAY oMY 7A (TPNa) id a-F a7 v —/ (a-Toc) D7
oD BROKBELY ) VBT AT AL LIEALEMTH Y (Fig. 1), 1940 FiZ
Karrer HIZ & o CAK SN Y, BLEHD a-Toc (IFEEMEEL ¥ I L IZE L,
WA TR T O MR E . ARNICB W THREBILEHZ T, a-Toc IIH
WA LSBT 2RKICET RN | ROBEAIC L > TEHICBLEn
REETHDHZ NG, VWL ELWMEEHm TH o2, £Z T, a-Toc %
VBT AT NMALT 52 L TEEML, NalIZT 5 Z & TKEMEIZLT TPNa
NBHRE Sz, TPNa X, b2ME TIX 2004 FEIZERMA R ER (LHNTBH).
FO%ERSILEMA @A) & LTREETHENOR T LT, #
BEMELFESRIEELE L THEH STV D,

Gianello 5% 2005 412, & D a-F=a 7 = U VY E (TP) (Fig. 1) 844K
RNTAER L, TR TR IFET 2 E2mRA LR Y. Zh ikl
TRIUHFE I/ LV—7I128 0, b MREREAMBMIICKIT ARV y —5%
21K CD36 DR BLINHIEM YLEARBL R OB RS R SN Y, TP O
B ZERICBES T AEESAREINT D, LAL, ZOERAD=ZL0
FHITEHR ECH B, —FH, BILtAE®MTHD o-Toc DABIMEMLIER S,
1990 EEMN S . BERMOIENERERE - VIV EHEETHEWVWI A =X LDEN
RN Y SN BREREEFRERTT~OIERARESND LI IZR o T,
Bl ZE, S-VRF VST —BOEEOME. U oBby R ER ) o EREER
BTN T Y a—LdFF—EOiEMH ., APy —Z B ERILOM
R ELBEBRHOMTENTVAEDR O BAEHLER AN =X LOMANES
LBNTWVD

g ERORARBICAET kT, KRB LIEIC, AlE, REE, BEXK
BoIEIZ 3 BHER L > TS, ZRICL-THEIZ, BECELRNOLARKZ
SEY L RIS L CTHRIR R QUK EREI 2 L oMEEE o TS, A, K10
~15BOBRICHEER-T-AEMEL ., FOMBMORREED 5 & 5 ICFE
THMBBEE ORI NTEY ., SAREBEICHTEIAAYTE L THEL
TWAIEN, KOEEREFELEBCEEECHEVEEZX TS, I b DRI
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R =PO;Na, TPNa
R=H a-Toc

Fig. 1 Chemical structures of TPNa and a-Toc.



FHELTWHWD DI KKFEIEKF (NMF, natural moisturizing factor) O 7 3 /
H, RFE, AW ll, MRMEEOEZ IR, ab AT a—/VH, EBEEN
Rl ThDH, REBIZ., REETBOEEBEORY THHLTELLIEKA
LA D IR - TW5H, REALHRIZABMAT - R & oMb - A
LR oRBE~BEL TCTAEMREERY, ZORBTAHBOEIN D7 T
FUBHE, RRRER T, MRMBEREZEAT S, 7. SKME, NEHE
DR 2 2RI LY KBS A VAV EEET D, BEERBIE. EBEED TEIC
FET AT, MHEEBEREZERT 2MER S &, TOEAMBRENS R
DRI L VRSN TWD 7,

TOEIBREEOREERSNETHICIE, REBOEE®HLZHEL, EF L
HEARTIARBEZER L., #HETAZENEETHILEEZLNLTWDS, i
LHIERRE L AERREOZ(ERL A NEEOEmEIZ L B4R, X P LR,
WL CIWC R DERED R, IILARBRERKEEOEEEOEASEML T
W5, T b E2 T - ET LR EKBIABOMIEMITKRD S, BREN
BB R O R HE 2B L LB LTV,

Fa7zo— VEORRKEERIZBE LT, Lee Hidt M AME HW,
anNJBgEraZza— LD ART TV B, (PGEy) FEAMEIER %N
ALY, O'Leary i3kt M RIBBAMILZ HV, a-Toc & ZDORBIED y-
fa7xzwa—/b (y-Toc) B, RIEFEAT 4 =—HF—DVOEDTHDH PGE, DE K
BeEChHY I utFFrh—+F 2(Cox2) DIEMEET S LaRrLEY,
F 72, Maalouf HiE. B a7 o um— il KXo TEABBRICL G~ T AH
FAMBRO T R b — AR NFxB OFESMHE SN Z EE2H LML
7= 19, & 512, Yoshida D~ v A FEE A WIZMETIE. y-Toc YA F ALY
VUBERIT L D PGE, DEAMGITEH KT Cox-2 DRBMHIEMAHL N E
7o,

Fa7xzo— VEOFRBEMICEL T, Gehring 5t NI F2 7 =
—LEBEG LAY a 28N LEEENE B35 2L Y Tambric 51
a-Toc DEHHE G IC L AREBHEEFELHALLE LY, LLLENL, 0T
NOMRIZEBWTHREBEEEDO A I =X LZOVTIEHESEL LTV,

TPNa OAHEMICE L T, Nakayama 53~ 7 A E~DOENBRBEFIC LD
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EEE LIS B O£ Sunburn cell DM EMBITH - L2@mELE Y, £z
Tanaka SO b MUEMMENLMRICEHIT ST a2 7 OEHTHIE .
Rezk b3 B WBMBOBEBEMKE & 7R b~ AFEEALZHOnE LE 'S,
Negis HILZ UV FZHW, Hi7 7o — AMERELCO FHERE A IR Py
— % &K CD36 DI BLIHIVEA 2 Wi L7z Y, Ohmori & i TPNa ® NF-xB % /¢
LIz RIEDOMEIER 'Y, REERBICBT 2HMBEDZA FYoy s vay
DOFEREMER V% | Nakama B ZIEMEFREOERKIEH D P E2RB LAN, %
NOHICET DM AREILZR,

AFRTIE, FBERMS OBRENP RIS TPNa ICEFEB L, KEOH
RIEEME XD AT = XL DY, RO, KEKIRFBESEER L £ 0 A
H=AXLDERHEBRE LT, £Z TEJ, TPNa O KIEIEMR % PGE, FEAM
HilE Cox-2 HBELMFHIZFZE L L TAHAOEESAMEA L EEL, b DE
HAT =X DO THRF Lz, KIZ, TPNalZ X% in vivo TOREK T RFF
WHREOWEL AR LT I FOBMMERER L. inviro TE T I FEREER D FEH
T &, TOEAA D =X LOMMHEITH- -,



H2E TPNa ORREDROKRE

TPNalIEE N7 7NV D - THHARNE FHT 5 EEREARERTH S,
HLRAVIT AR O BFCHBE R ENRRE L 2> TRY . REORBES, OO
L, AR ENEENERTH D, BRIT. REIZEIT D2 RIEKCHFK T
FIETH L EN TPNa lZIZZ O FHHEBRD LN TWE NP EFAA =X
LZBT BRI 2 WA IR E W,

€T, AETIE, TPNa ORRIEFR & T OEM A D = X LDV TRE
Uiz, HEKTIB{EEw & LTiE, IR TSR 2R TEEEN M EA T, L
VISR TWAEIBE b2 7z —)L (TA) EZVFAIVF BBV Y
I (G2K) % A7z (Fig. 2-1),



R =PO;Na, TPNa
R=H a-Toc
R=COCH; TA

G2K

Fig. 2-1 Chemical structures of TPNa, a-Toc, TA and G2K.



1 TPNaDtb F3RTIEEETNVEM~DEE L a-Toc ~DEH

TPNa D 3R T BT T VEE~DIRZE L a-Toc ~DEHIZ OV THRD 72D
W, WA bz 72— AEEKRTHD TA (Fig. 2-1) LHE L TRET LT,
TPNa £ 7213 TA @ 2% EK 100 ul 25 )VEEEREICEIM L .37 °C T4, 16,24
BRI L2k, ETAVEENTEBR SN TE Uza-Toc DEE ZHEILHIE
L7,

Fig. 2-2 12784 X 92, TPNa 2 i L7= 85 & . K55 4 FEfd B AR IZ TPNa 2>
HEBIZE YA Cca-Toc BHEH S i, £ ORBEITHFFEICHEML, §iE 24 I
%I 4 BRI DK 45 5 & 7o T, B D a-Toc D EITIRE L 72 TPNa O
K1 2% Thote, —FH. TA DM 4 Bil##% Do-Toc BiL TPNa O 555D 2 T
Y., FOBORBEHNZREMNTR D bhigh o7,

ZORERNS TPNa DIE S A TA LD b a-Toc ~DEHEL D H N Z & A
Hmbieol,
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4 16 24
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Fig. 2-2 Permeation of TPNa and TA and conversion to a-Toc.

Permeation of TPNa and TA and conversion to a-Toc were determined. Solutions of
TPNa () or TA ([]) (2%, 100 ul) were applied onto the skinsurface in the
3D-model. The skin was incubated at 37 °C for 4, 16, and 24 h and then

homogenized. Intradermal concentrations of released Toc were determined by HPLC.

Each bar represents the mean of at least three measurements.



B2 TPNaOEABRBEIZLIABEN S OBEHE

RIZ3IRTEBET VEE~DENR B (UVB) BEHZX 3% TPNa O
HENREBRM Lz, TFVEEEREIC UVB (80 mi/em?®) 2 BE L% 2%
TPNa % 2 AL L, S HIC 22 REREIIERZ . MEEEL, ~~hx VU v
AV EEIT o THMRIERZER L, © L CHEMET CHRBIRZITV,
UVB #EBEMB O E HEI LT,

Fig. 2-3 173 X512, UVBZBHE L2k oA Tk (Fig. 2-3a). O
SGBRBLEAISNEBERRASIZEALRD LNV, UVB 2B LIZHE
(21X (Fig. 2-3b) . H8EMES UVB 22BN LA TmHBAICHITH4EBLER
ohic, UVB BFHZEHIZ TPNa LB %2 1T - 55 121% (Fig. 2-2¢). HEEH
R OENHBIZEA LT\,

ZORERPS, TPNa X UVBIZ K 2 MaDEELZB#, B85 L »H
binkirol,



Damaged cells /

Treatments . idermis (0.5 mm)
a None 6.8 +27*
b UVB 25975

¢ UVB + TPNa 159 =28

Fig. 2-3. Protective effects of TPNa against UVB irradiation.

Protective effects of TPNa against UVB irradiation were examined. Specimens of the
model skin irradiated by UVB (80 mJ/cm®) without or with post-treatment using 2 %
of TPNa were fixed and stained with 1% hematoxylin and eosin, and then
UVB-damaged cells were counted under a microscope. Arrows indicate
UVB-damaged cells. Values represent the mean of + SD of each group. **p<0.01
versus UVB compared by Student’s 7-test.
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FBIF AR BEIZLS PGE,ELEICHT AL

RTEADFRER LV . TPNa X UVBIC L AR OBEZH#ET D = L RBE LML
Role, FZTWIZ, 3RTEEETNVEBEIT UVB BH L= o TPNa O
RE. REAT 42— —WETHD PGE, DEALZBRETHZ LICL VR
L7z, UVB (80 ml/em®) % MRHF L7212 2% TPNa % 2 BefELBE L, & 512 22
WP & L7 %, BP0 PGE, 2 E& L 7=,

Fig. 2-4 2R 4 X212, UVBZHHFTH L, RBHOL X LEBL TH 5L
DPGE, BNEA S NTZH FBEEIZ TPNa LB 925 Z & TPGE, DEA BRI 40%
Ml Slz, £7, UVB RBHFFIZ TPNa #LE 3 5 7217 Th, UVB R BH
(ZEE_THARL PGE, ®IEH 4 70D 11284 L7z (Fig. 2-4, F58),

ZORERD D TPNalZ UVB FBEHIC & 5 PGE, BE/E 2 M35 Z LIC L Y UVB
BRENC XD RIERIS) b RE & B5HT 5 A feth 2RI S vz,
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S 400f
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200 I
0
UVB - + + -
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Fig. 2-4 Suppressive effects of TPNa on PGE; generation in model skin.

Suppressive effects of TPNa on PGE; generation in skin are shown. Model skins were
irradiated with UVB (80 mJ/cm?®) and then incubated without or with 2% TPNa. The
amounts of PGE, in the medium were determined as described in the “Materials &
Methods”. Each bar represents the mean = SD. *p<0.05 versus UVB irradiation in the
absence of TPNa compared by Student’s 7-test.
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Bt HBRNYH—IT k5 PGE, EAICKT ZMEIZHE

RO 3 RTHEEBET VEEEZRWIZHEOMKR LD . TPNa X UVB BAtHIC
L% PGE, BEAZIHI L., ZhiC LV RIEEH D RIE & i3 5 "R A3 B
bhbRrole, 22T, E¥E FREAMLMIEEZ AV, UVB BE, RE MU X
— DA E—aAF 18 (IL-18) K UBEBI\LW D tert-7 F Vb R LA %
F (tBHP) &i@@g{b/KksE (Hy0,) (X 25 PGE, EAICKIT % TPNa O MFHIZN R %
Bt L, ZOB, IXAEWETH D TA & G2K ZEHEMNRLE L THWE,

9. EF e NEAERERA(ME (NHEKF) =& #%BR%WE (TPNa, TA,
G2K) @ 0~2 uM THLHE L 24 B[E5E3 L /2#% . UVB (60 mJ/cm®) & (A), IL-1
(10 ng/ml) ZLEE (B), 0.5 mM tBHP ALFE (C), 1 mM H,0,%L¥ (D) #ZFhTh
fToTr, & 24 WEfIEEHK% ., BT O PGE, BE% E& L 7= (Fig. 2-5),

Fig. 2-5A 2R3 XK 912, UVB BBEIC XLV PGE, EAEBIIRBH OK 10 £
B L7243, TPNa AAEIC LY ZOHMAREXRFHICAERCHG S, TA
2 PGE, EAMBIZNE B b 7edd, TPNa LV 5 o7, Ziiix L G2K
TIRHITEAEHRIEIRBD N 2d o 7, Fig. 2-5BIZFT L 512, IL-1BFIHIZ X
¥ PGE, FEA BIIARLE DK 5 I L7722, TPNa, TA, G2ZK BHIMMIZ XV &
FERFRIC MM ME 472, TPNa & TA O RITIZEREZE TH - 725, G2K
DHBEFFNHICHE L TE» > 72, Fig. 2-5C 12737 X 912, tBHP BT &
D PGE, BABIIARLEDK 10 FIZHM L7203, £ DML TPNa AN LV
BEERFEHICEZICME SN, TAIZE 2y MENO & & 0L B ELME R
NRO O, GZKIZIH2 uyM B THITFE A EIR B 2> 72, Fig. 2-5D
WCET X, HO, Bz L 5 PGE, EEAEMIL, 0.1~2 uM TPNa iZ X - THJ
50%, 2 pM TA 12 & - TH 25%, 0.5~2 uM G2K IZ & = TH) 40%Hni] <47z,

IhHofER LY TPNa X UVB B, IL-18 K CHEE{LY ORIFIZ X 5 PGE,
FEABMIZ LT, TAR GZK XV $ACHET L &0, 2 b XA
I LHEMIC, RERGEMAEELHHET 2 Z LATRBRI T,
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Fig. 2-5 Effects of TPNa on PGE; levels in NHEK(F).

NHEK(F) (10° cells/ml) were incubated with TPNa, TA and G2K at concentrations
from 0 to 2 uM for 24 h. (1) Cells were irradiated with UVB (60 mJ/cm?) (A) or
stimulated with IL-1B (10 ng/ml) (B) and then post-cultivated for 24 h as described in
the “Materials & Methods”. (2) After replacing the medium, cells were treated with
0.5 mM tBHP (C) or 1 mM H;0, (D) for 0.5 h, transferred to fresh medium, and
incubated for 24 h. The amounts of PGE, in the medium were determined as described
in the “Materials & Methods”. Each bar represents the mean + SD. **p<0.01 and *p
<0.05 versus each stimulant in the absence of compounds compared by Student’s
t-test.



B5H Cox-2 BBEFORBMBIZIR

Cox-2 {Z PGE; DERICBE L Y RIESILCEZRET 2BETH D, 22T, EH
b hREACMEEZ A, UVB B, RENY T—0 IL-1B L@y
tBHP & Hy0; I &% Cox-2 BIFREIICHT S TPNa OHEERFI L 72,
NHEK(F) (Z 0~0.5 uM TPNa % 24 FE S INEE2E L% . UVB (60 mJ/cm?) R4
(A). IL-1B (10 ng/ml) LEE (B). 0.5 mM tBHP 4L (C). 1 mM H,0, &L¥E (D) %
TNENATW 3 RFHRBER MR ZEIR L7, SMAEH 5 total RNA ZHiH L
Cox-2 BB DR H % Real-time PCR {ETHIE L7z,

Fig. 2-6 {277 L 912, Cox-2 BEFDORB L~V |IRALEA L il LT, UVB
RS TR 1.6 15, IL-1BALETH 1.2 %5, tBHP LHE TH 4.7 £%, H,0, LB T
33fFL o7, 0.5 uM TPNa ABIC L Y | Hy0, LIS D 3D L Y H— (UVB
R 5, TIL-1B, tBHP) (& X 2IMAEICIE S hiz,

CDOFERIE, TPNa & KD RIEBENRDO—RD Cox-2 BB T HEOMENIT
9 PGE, DEAMBICL D2 bDTHLZ 2R LT,
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Fig. 2-6 Suppressive effects of TPNa on Cox-2 mRNA expression in NHEK(F) caused
by UVB irradiation, IL-1 and peroxides.

NHEK(F) (10° cells/ml) were incubated with TPNa at concentrations of 0 and 0.5 uM
for 24 h. After replacing with D-PBS(-) medium lacking TPNa, cells were irradiated
with UVB (60 mJ/cm?) or treated with 10 ng/ml IL-18 for 3 h, or 0.5 mM tBHP for 0.5
h or 1 mM H,O; for 0.5 h, respectively. After stimulation, cells were post-cultivated
for 3 h and collected. Cox-2 mRNA expression was determined by Real-time PCR
methods as described in the “Materials & Methods™. Each bar represents the mean +
SD. *p<0.05 versus each stimulant in the absence of TPNa compared by Student ‘s
t-test.
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% 6 i p38 MAPK FEHE LIz x4 2 M %R

MAP % F—¥ (MAPK) 77 X V=D FRANRBEELEST LTl
LT <, £DH D c-Jun N-terminal kinase (JNK) & p38 ik, A b L AREHED
SFT VTG UBILEND Z L2k o THEMELENR S 2, MAPK iE Cox-2
BETFEBREZFEL EFREBICEETI ML TWS 202, Fi
UVBBHIZE Y b FERALMIED p38 & Mifas s 7> L) —+ (ERK,
extracellular signal-regulated kinase) OJEMENFEFICHMTE L2229 ¢ b
R ALMIE~D UVB BEHIZCEVFEHEIND Cox2 BFREDOY 7T s
ERBICBOW T p38 REEAKEEZRZLTVLILEVWIRERD B P, —F,
RIEVEY A N A 9P BLFRI R R L A XV IEHEIL SR D55 F KO Cox-2
BETFOERBREYEET SEERT L LTNFB bH LA TNS 2 22 T,
UVB MRS 12 L Y NHEK(F) Ml L7z & % @ PGE, EAEHMIZ, MAPK s\ i
NF-kB OWTND v 7 UVRERENEE LTV A0 5B T 57-H MAPK
& NF-xB O EH| (Bay 11-7082, NF-kB; SB203580, p38; SP600125, INK) % f\>
THER L7z,

NHEK(F) {2 2 uM @ Bay 11-7082, SB203580 % 7= i% SP600125 # mijfLEE L 7=
#%. UVB 2 HBAT L TR L., 24 RFEB OB O PGE, 2 EE LTZ (A), Rk
(Z 0~0.5 uM TPNa % gijiLEl L7=% . UVB ZBE 217\, 24 BRI O o
PGE, Z E& L7 (B),

Fig. 2-7TAIZ7RT X 912, UVB BEHIZ X Y PGE, BIIRBH OK 2.7 28
L7z, PAEAIORTALEZ L Y. Bay 11-7082 TH 9%, SB203580 TH 73%,
SP600125 TH 33%D PGE, EEAMKINR D bNTc, FiZ p38 ODHEFEMTH D
SB203580 D& R DA FANC LN THE TH o 72, RIKFIZ TPNa DR Z R
SML7ZE A IMBEICKTE LI PGE, EA MBI RN bz (Fig. 2-7B),

IO ORERIZ NHEK (239 5 UVB RATIZ X % PGE, EEABM A, 11T p38
MAPK # /L THEBE L TWVWDH I & ERE L T, £72, TPNa 2% SB203580 &
FEEOIA DR EZR L T2 & LY, TPNa 2 p38 MAPK % [HET % Flaetk
DRI N,
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Fig. 2-7 Effects of inhibitor of MAPK and TPNa on PGE; levels in NHEK(F).

(A) NHEK(F) (10° cells/ml) were incubated with Bay 11-7082, SB203580, or
SP600125 at 2 puM concentration, and then irradiated with UVB (60 mlJ/cm?) as
described in the “Materials & Methods”. (B) NHEK(F) (10° cells/ml) were
incubated with TPNa at the indicated concentrations, and then irradiated with UVB as
described in the “Materials & Methods”. The amounts of PGE; in the medium were
measured. Each bar represents the mean + SD. **p<0.01 versus UVB irradiation in the

absence of compounds compared by Student’s 7-test.
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#Et VT, NHEK(F) (Z 0.5 uM TPNa, & % E 2 uM SB203580 D ALER A2 4T,
UVB B L72% 0.5 R B LIMEN OB L2 VX7 BIZR L, 4 &)
TuvT 4 TEEITH 2L T, p38 MAPK DR IBLEFNT 21T - 7= (Fig. 2-8) .
BNt sl U BRMb p38 Hifk & Hi p38 HiikZ AV T, UVB RS L 72 Hifg o p38 ¥
YRTBEDOY VBBV B TPNa O p38 U VB b ~D B AR LT,
Z DOFER Fig. 2-8 IR T X 91T, 2 uM SB203580 K% T8 0.5 pM TPNa THLHE T 5
&V Ut p38 DREBLA, UVB B L7 xt iR & T LMW LTz,

ZORERIL. TPNa lZ X% PGE, EEAMBIZN R, p38 DU U E{LDOHEIZ &
DS TWAH A gEEEE R LT,

S 512, NHEK(F) (2 0.5 uM TPNa 250 L7z & & OFIEN TPNa & Toc DTF
EEZH Tz, Fig. 2-9 2R T X Hi2, 24 BFME L72% D TPNa & Toc D&
IZNEZ 1.05 nmol/mg protein, 0.38 nmol/mg protein T&H - 7z,

ZOREEIX. TPNa 2 X 5EHIZ. TPNa ROVBEWMT a-Toc 12X B2 & %5
LTW7,
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Fig. 2-8 Suppression of p38 phosphorylation by pre-treatment with TPNa.

NHEK(F) (10° cells/ml) were incubated without/with 0.5 uM TPNa, or treated
without/with 2 uM SB203580. Cells were irradiated with UVB and post-cultivated for
0.5 h. Cellular proteins were prepared and analyzed by immunoblotting as described
in the “Materials & Methods”. Each bar represents the mean + SD. **p<0.01 and *p
<0.05 versus UVB irradiation in the absence of compounds compared by Student’s
t-test.
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Fig. 2-9. The amounts of TPNa and a-Toc in NHEK(F).

NHEK(F) (10° cells/ml) were incubated with 0.5 uM of TPNa, and the amounts of
TPNa and a-Toc were analyzed by HPLC as described in the “Materials & Methods”.
Each bar represents the mean + SD.
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|TH UVBRBRHEIZCL D PGE, EBAICXT A TPNa v ¥ I CHERKEDOHEE
B 90 1) %8 SR

TAANEUEE (AsA, BX 2 C) IIKEBEEOTREBEHE L L Cambi,
a-Toc ZWEFT L7V =T P HNVORHERL, a-b2 7=V AT VU NV% a-Toc
WCHETHERZRES Y, Lo T, a-Toc DIEMAIC AsA BNEEL KIF$ T
MRS D, £ T, TPNa & AsA A UVB BHICL D MRLTr T F ./ A
~ (SVHK) @ PGE, PEAEMHNICK L, HEMRZ I T2 EZBFILEZ, Z0L X
AsA ORHFEIR & LT, (LFRICEE CTHEHO pH IZx T 2 &R DRV i
TAanNen<srsxyh (APM) Z MWz, SVHK {Z 0~10 uM @ TPNa % 24
RERIALER U 72, B4 % D-PBS (-) ([CEH# L C UVB (30 mJ/cm®) Z M L72%. 0
gV T 30 uM D APM 2 & ek T 24 BREISE U ST O PGE, 2 E& L 77,

Fig. 2-10 {273 L 512, UVB BEIZ LV PGE 1T RBH OF AT~ 2 £
[ZEEIM U7-, ZHiCxt L. 30 uM APM ZLER Bl Clid PGE, FE A ML RT3
SR o 05,5 uM £ 7213 10 pM TPNa & 30 uM APM % fFF L 72358121,
TPNa SLBREM DB & L ~T, £2RENHK 70% D PGE, L ~/WIZE THIfl 1
7o, 0FH L C10 uM TPNa & 30 uM APM %2 %N L 7254 (Fig. 2-10, A¥) TiX.
UVB REE L IZIERI% D PGE, VUL & 2o Tz,

TPNa % FT/L# L APM Z %M § 5 & PGE, BEA M) E A HREAICH R X
N2 &b APM X UVB BAHZ X % PGE, A Z EHEMHI T2 0 Tlde <,
TPNa OHLRIEEIMEEICRI R Z RIET Z L RTRR I T,
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Fig. 2-10. Synergistic effects of TPNa in combination with APM on PGE, synthesis in
human keratinocytes.

Synergistic effects of TPNa in combination with APM on PGE, synthesis in human
keratinocytes caused by UVB irradiation. Human keratinocytes (SVHK, 5 x 10*
cells/ml) were incubated with TPNa at concentrations of 0~10 pM for 24 h.After
replacing to D-PBS(-), cells were irradiated with UVB (30 mJ/cm?). Cells were
post-cultivated for 24 h in medium with or without 30 uM APM, and the amounts of
PGE, secreted into the medium were determined by ELISA methods as described in
the “Materials & Methods”. Each bar represents the mean + SD. *p<0.05 versus UVB
irradiation done in the absence of APM with TPNa treatment compared by Student’s
t-test.

23



B8 AEBEOILYD - EE

AE TiX TPNa O PGE, PEAEMIHI Z f8HE & LIEHIRIERI RIZ DWW TRET LT,
TPNa % bt b 3WRTHEBET NVEEICREE ST 5L, TPNa iZRFE L THRE
W Ca-Toc (ICE#EIND Z & Z MR LT (Fig. 2-2), £7-. UVB Mg L 545
MR DO RL % Bl L (Fig. 2-3). RIRFICRIEEWE Td 5 PGE, D FEAE & M7
5 & mE L7z (Fig. 2-4),

WIZ, TPNa @ PGE, PEAMEBIZI R %, b FREZA{LMI TH % NHEK(F) %
AT, IREHEL L THLNTVD TA RUNG2K &l L THRFT L7z, &
JEFF KR+ & LT UVB BE, IL-18, tBHP XU H,0, Z WA, £ TICE
W TPNa (X PGE, DFEAZMEHI L, ZDOZFRIT TA R G2K LV bBHETKE
o 1= (Fig. 2-5),

VLB LY, TPNa 3tk 4« RRIEFREFICLVFEIND PGE, EEICHD D
RIER S EMET s 2Bl o e Lz,

WIZ, PGE, BEAEREFE TH D Cox-2 ®mRNA HBL~?D TPNa OFjLIIZ L D
WA NHEK(F) # W THEFIL7Z & 2 A, TPNa id Cox-2 mRNA B & Ml L
7= (Fig. 2-6), ¥ 7=, NHEK(F) {Z UVB R4 L /=B D PGE, EEA4 X p38 MAPK #%
BEALTWnWAZ &AL, Cox2 mRNA ORBHIHIZE D 5 p38 MAPK @
Uik E TPNa 3l L TWA Z 2860 E Lz (Fig. 2-7), 2N H OfEH
(X TPNa (2 £ % PGE, EAMBIORER & LS HEL TV,

X 512, TPNa @ PGE, EEAMFIZN RN AsAFHERTH S APM L AT 5 &
B4 5 Z & &2 LT (Fig. 2-8),

INHORKERIT, TPNa R LI-HIRIEME D O b PGE, EEAMTIZH R
WD Z L L, p38 MAPK U UERLICBIE 4 5 & F & F AR RIE UG & H 4
HTEERRBLT,

TPNa A% UVB HBHIZ & 2 G Mg DA DNA 45 (b & OE B 18 B2 (b % # i
TEAGREESOZ LT, AT LAY ARERERELZHVTELEREN b
W, LU s, TPNa ORERIGOIH A A = X AL O RIEDE &
DHEIZ DWW T, RER TV,

TAIZOWTIE, "7 VAT ADKFEIZ UVB IRIFTIZ TA Z BT 5 &,
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PGE, B4 K U Cox-2 HinFHE 2 M3 25 25 A Z RN TITMmHEI I ZEBIE S
NN EOWRE "V BB D, RFEICENT, TA ZR#EE L7-% UVB BH L
7 NHEK(F) @ PGE, EAZBAEIZIMH T2 Z & 2R LTz (Fig. 2-5), Lo T~
U AR & & T2 in vivo 3Bk & NHEK(F) Z W72 invitro 3BR &\ 5 SR 7
STWAHH, TA DFERIZTIFE B LTS, LrL, TA OFHEIL TPNa D%
RICHARTIHERFRIZTE N oo, RFFEIE TPNa DIEH 0N TA LV HLENZHESE
METHDHI EERLT,

G2K IHRIEAR & L CHRAREFEKO TRy ¥ 30T, HIEERE, fEkk
W HTANA DR, =T 2 FE VOB Y ., S & ERAEENE
NE P THERINTWS, LML G2K DAL FEIEEITIKARE LTAHATH 5
M35 MEEEML~ 7 2T 7 —DIC81T D PGE, FEA %, 10 pg/mL (12.1
pM) KD EVIRE D G2K THEBIKFMIZIHET 2 LW I RERH S 9, K
eI, b MG A UVB BEt, IL-1B, tBHP & O H,0, TR L /- BICEA
9% PGE, ~®D G2K DR %2 # 8 T/r L7, G2K (2 uM) X NHEK(F) 28\ T,
UVB 5 & tBHP CHE SN D PGE, (3| Ligno 7243, IL-1B & H,05 12
X DFBHEIND PGE, il L7- (Fig. 2-5)e LML RN 5, £ D G2K ORI
TPNa K D55 WZ E AL M E R T,

TPNa (2 X 2 PGE, EAMBEINRD A N = X LA E MY § 5722, TPNa WLH
I2& > T PGE, £JkEER TH D Cox-2 ® mRNA BEENEET 5052 7=,
Z OFER NHEK(F) ~® TPNa O RiLEIZ X » T H0, LA D X F X F 7 (UVB
FEEE, TL-1B, tBHP) bk U F—IZ X 5 Cox-2 mRNA I MAIME S iz (Fig.
2-5), X BT, TPNa|Z®&<T» MY F— (UVB &, IL-1p, tBHP, H,0,) AL
IZ & %5 NHEK(F) ® PGE, EA DM ZHE L7 (Fig. 2-5), A H ORI
Cox-2 mRNA FE B OMMFI 7S PGE, B RMHI LB L TWD Z & 2R L T 5,
— . UBIORFFRIZB W T, KIS > Caco2 #if% 10 uM @ a-Toc & TA THL
B L T% Cox-2 @ mRNA FEHIZ X 2 MR ITE VD, a-Toc (21X Cox-2 D
EMEZEETDSLEVIRERSH D D, T MKa~D TPNa O R EHER LT Z
EIL72 0D, Cox-2 DRBMGIZN R A EZ 7 TPNa OF M~ EBIER %
PSS LR E THHEKEVDOT, A% OMRHREL L2,

MAP kinase i3t V v/ AL A =vdF—¥D 77 IV —ICBL .V BEFD
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RBFFE S VPN ERE ORI EE 2 RB 2 RI-TEBEZTHD P, UVB
BRAH ISR e PREAMIEIZE N Tp38 & ERKZIEMHLT 5 HE ST
52 —FT, b FERBEALMET, p38 i UVB B THE I NS Cox-2
BETRERRICBWTEEREZE A2 FF oM, ERKIZZOBBIZIIEE L Tunizn
EVWOBMENRSHD Y, TROLORE LD, BARICL DRI LITE VT Cox-2
HEIZEERERZES Z BRI, p38 ITKEN > DILFHTRED 5+ %
— 7y MEeRDAGEEIRVIZELZOND, EFZIVEEBKEDO N ) )
—, EOFRTHHIZ y-T3 1T, REAMLMBIZB W T PGE EA, RERT O
BIEFHEBEKL PN UVB THESND Cox2 X U7 OB L p38 DY Vb %
M2 EBMmEN TS Y, AR T, TPNa i PGE, FEAMANIC R WV TR
bLEVRE <, Cox-2 BE L p38 V VB Lo LBNTWVDZ L 26 H
& L7z (Fig. 2-8), TN OHDFERIT. p38 DY U E{LAZ T L T Cox-2 EinFHR
ZHH L C PGE, EEA R THE T 5y-T3 X° TPNa 28, MIRIEME., S HIZETH v
T LTHMEL LTATHDATREEEZREBL TW5,

AR O N5 E BRI B EH X a-Toc DEERBEETH S, —F. MIEEIIC
BWT AsA iE a-Toc 20T H5EL5%T7 VTGV INVEEBEBEAIR DT
B0 b LLIZ a- b I T2 Y AT O HAE a-Toc ICFHET 5B & 4o 2%,
RO T 74~ U —HNF v —=2 P ERMEFMAZICE T, a-Toc &
AsA OREITRERIRRE & WD T 5083, Z O OFREIEFEBIEA LR ZE
BT 5Z EBMESNTNS Y, HAUIE T v FMFHBOERIZE VT, AsA ©
WY a-Toc IRIEZHERE L. AsA & o-Toc i FOEMIC LV MiaROiEE Bl
ERBP T2 LnBESN TN, ZnbO/ERIT, AsADEMICE - T
MO b7 xa— b ABAEI, BEA R LRI KD EEEBICEE R T
iandZ&&ERLTVD, RIFFRIZE VT, APM ZHEEMIZ, TPNa 2 L 5
PGE, EEE DM EMNE AR LT (Fig. 2-10), Z O RIL, APM M 54 U7z AsA
28 TPNa »HAELT a-Toc DBHAEICERLEEZ LIk EF X5,

UbEFELDDE, RKBFROERIT, TPNa BEEBIEHL/LPES CHA SR
DTAR GK D L) REEMOTRIENE LV bENTRRIEWE TH 5 TRt
Z L TW5h, £/, TPNa il UVB M K ONEE LY & W o 7o S R HI e &
EMEY A S A Vo ENRERIRIC X B RIER S 2 T L, JeEMak4 i
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RNICEOHE THDHZEETRBLTNDS, ZOHFEMAL =X LT, TPNa A3
p38 DY VERLEZIHITH I L2 LV Cox-2 BIZ FRB A MM L CPGE, EA %
M#T 5L 0O 5D THD, TPNa (MMEFWICRER ha 7 o — LFERK L
LT, ficlh_ENTEHEZHR L CRELREL, RET 2 b T 5 ke
HrboZ tn, BOTHRRMELEZEZOND,
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B/ 3FE TPNa DFEBKoRF#EEREDROR

RIEEIZB VT, TPNa OHIRIEDNR L ZDOERA I =X LIZODNTHLMNE
L7z,

TPNa (35§ F 7 7V DO—BTH LN & FIT 5 EEMI TR T, K
EOMBERLEODOENEHSHREREAELTEY, ABOREBHIEEL N 7T
DETETH - HEBL TCVWDARENSTEINDIN, ZOFEMEFRAI =X
LZET DA I,

FZT, ABETIE, ABORIEBMEIEICER L, TPNa O K E KSR BEEN
EHRLZDOERAA D =X LIZHOVTRELTZ,
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BIE ~T VAU RIBITSEMKGRGBEREDR

TPNa DR EK D RBFHEXEDIRERTT 27D, ~T LR REZHW
THER L7,

Fd. 1% KTUN2%TPNa 2 & Ee/KpimAl (O/W) HiRE TPNa 2 EE 2V
TEARIKEZ, BHS5 B, 4 BERKERE L, AEOKSRFENR ET20%
KEFRBRIZ X 0 FH T,

BEESMOBBASER, KEREOBRCEELZREL CEELL, K&
o SLBR AT ORI E B 2 I E, OB 30 R OMEME L W koKeEZ, T T308
TLICAE 120 BB E TRIEE R IR L CKORFFEES ., FHRILZ, HIER R
X, WIHIE IS 0 B AR HE CRRFERYIC R LTz,

Fig. 3-1A 2R T X 512, KAMOE 0 BRIZABOKSESBEML, £0
HIREFRIZAB O KRG PER L TS HETZ MR LT,

Fig. 3-1BElD 7T ZIZART & 912, RERAKBEDIREE & 72 5 KA FTLE 30
WkoRBKRSEIT, BEBHAKROT T Y RBMAETIIKARNTON 4ZLE 72 -
oo THIZXTL, 1% KUV2%TPNa 28 LRETIERN 65 L 72 o7,

Fig. 3-1B GO 75 7R3 X918, KORFFREORRIE & 25 KAH 60 7
HBoOAREAKTEIX. 1% RO 2% TPNa # @4 L7-#ETiX, &M, 778 ARE
MREE TR LS Em< 20 KRAR 90 Bk b RO MM & 7~ L7,

INHORIEZ, TPNa 2 SR ER CREB BT L. LEABED
WAKRE L RAKBENEM LT 52 L ER LT,
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Fig. 3-1 Effects of TPNa on hygroscopicity and water holding capacity in mouse SC

Mouse skin was treated without or with TPNa topically once daily, 5 times a week.
After 4 weeks, water sorption-desorption tests were performed as described in the
“Materials & Methods”. (A) Overall view of the water sorption-desorption test, (B)
Skin surface hydration as hygroscopicity at a time point of 30 seconds (left panel) or
water holding capacity at a time point of 60 seconds (right panel) after loading water
onto skin. Each bar represents the mean + SE. *p<0.05 and **p<0.01 versus placebo
compared by Student’s t-test. None (), placebo (49), 1% TPNa (O), 2% TPNa
(@).
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Bl ~TVRTURZIBITIEEARBES I FEMHE

HIEiORRELY . ~T VAT Y AOEHEMEIZ TPNa 2 & LK 2 B T 4
BHRBATHLABORKELFRAKERA LTI LBHONE R T, AFB
T, AlELEREMaL s 2R ECHMRERE LY BEEEZBRLTY
5, MR IABERD 10% BETH I P KSEREEICIEILEATHD .
ZO¥GELS EEDLZONRETI FTHH Y, 22T, ~T AT T RDY
MBEIZ, TPNa # B DR A EE T 4 BREIBHA LEZBEO, ABOEI I FE
DEAE T~ T,

KAMRBETREOREL T —7AM) o € THRERL, IBELZRE LT
BRI KSR L%, T I FRKRDOR 7 ¢ TI5E % fluorescamine T 5
BEMLL, E7I FRERELE,

Fig.3-2 AT L5, BB, I 8RBELHLEL T 1% K1 2% TPNa &
HHETEET I FANLTIFCHEMLTWE, LELARL, Z0&FETE 1%
TPNa B & 2% TPNa B L TE T I RERICEBII 2L, BEKEN =
IO oo T,

CORERPD, TPNa OREBREICLIV AR LT I FEA/EMT S Z &L 2
wEh,
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Fig. 3-2 Effects of TPNa on the amount of ceramide in mouse SC.

The SC of mouse skin treated without or with TPNa topically for 4 weeks was
stripped using adhesive tapes. Lipids on the adhesive tapes were extracted and
ceramide was determined as described in the “Materials & Methods”. Each bar
represents the mean + SE. *p<0.05 and **p<0.01 versus placebo compared by
Student’s ¢-test.
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I3 KRMRRALMBIIBITIZ2ET I FEAREER

HIfiORRLID, ~T LA U AEEIZ TPNa 2 5D HLRZ2BATH AR
EIZIFENEML. ABOBRKE, RAKENSH ETAAREMESHALME B
oo 2T, 2O TPNa ICE BT VATV ZAEEICBIT 52T I FEOHEM
B, BT I FEARECEIZLOERNT B, £ NHEK®F) 2BV T
H TPNaZHETHZLICL VBT I FEXEINT AN E2HTH T,

NHEK(F) # 0,10,50 pM TPNa TRUHE L, 24 BeREE Lo, B L 7= Mk
L LERE R EBEMAK SR L, 53 FHEROR 7 4 o TEE 2% NS
HiELL, 79I FEEELE,

Fig. 3-3 12789 X 512, 10 uM, 50 uyM TPNa ZLE L 7= fifao+ 5 I FEIL.
RALBITHARETAZNA L5, 1.8FL, HEREEREFENICEML 2,

ZOMEND, TPNa LBIZ X W REALMIOE T I FESHMNT S &
BHLMNE 2o T2,
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Fig. 3-3 Effects of TPNa on ceramide levels in NHEK(F).

NHEK(F) (10° cells/ml) cultured to semiconfluent (80%) were incubated without
(control) and with TPNa at concentrations of 10 pM or 50 uM for 24 h. Cells were
harvested, and the amount of ceramide was determined as described in the “Materials
& Methods”. Each bar represents the mean + SE. *p<0.05 and **p<0.01 versus
control compared by Student’s #-test.
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RIEIORER L Y, TPNa 78 NHEK(F) k&5 I FEZEIMEE 5 2 & BH L2
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EnERF LI, £, FRIC L NREROBETEBICOVTHRE
L7z,

NHEK(F) (Z 0,10, 50 uM TPNa % 4LE L | 24 FFEIEE L2, B L7Z/Mi
/B total RNA ZHiH LT, & EEMEF DB % Real-time PCR i THIE L7,

Fig. 3-4 {Z7R9 K 512, 50 uyM TPNa 2 5 L=l Tk, &7 I FA B
BETHDLEI VI PANV TR T =T —F (SPTLCI, SPTLC2) D&
CFREBITRLEMMEICES, TRENH0 13 /F, K222 &< o, —
7. TPNa i3k 7 I N ERCTHHBMEL T I ¥ —¥ (ASAHL), TArh Utk
7 I —% (ACER1) ORBAEZIZIIEE Lo T,

CORERPDL REAMMIICKIT S TPNall X515 2 REOHEMIT, TPNa
DT I FERBEEEEORBREBEICLDILOTHLI LALLM E R,
FLZDLE I I FHMBRORBIIIEEL TWRWnWIZ &b, TPNa IZ
L5877 FEOEMISAEREFICLLZEMNMTCERV EbHLNE RS T,
FoT, TPNa 37 I FAKBEEBRZEORBA LTI LiIcL v T I REL
ZREL, MRERNEZ I FREZEILTWSZ L8 -T,
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Fig. 3-4 Effects of TPNa on mRNA expression of serine palmitoyltransferase
(SPTLC1, SPTLC2) and ceramidase (ASAH1, ACER1) in NHEK(F).

NHEK(F) (10° cells/ml) cultured to semiconfluent (80%) were incubated without
(control) and with TPNa at concentrations of 10 uM or 50 uM for 24 h. Total RNA
was isolated from cells and mRNA expression levels of SPTLC1, SPTLC2, ASAH]1 or
ACERI1 were determined by real-time PCR analysis as described in the “Materials &
Methods”. Each bar represents the mean + SE. *p<0.05 and **p<0.01 versus control
compared by Student’s 7-test.
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NHEK(F) (Z 0, 50 uM TPNa ZL¥R L, 24 FefilEF3E L72% ., BI L 7= Mk )s
5 total RNA ZHiiH LT, &EMEF DFRBL%E Real-time PCR L THIE L 7=,

Fig. 3-51 279 K91, S0 uyM TPNa g 5 IC kD, R oA FIF—F 1
(TGM1) THI2.5(%,. 47 T F > 10 (KRT10) THI22%. A >R/ » Y 2 (IVL) T
33 . 227U (LOR) TR25FZDRBEMBEDRD LT, ZHITH L,
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o T,
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Fig. 3-5 Effects of TPNa on mRNA expression of differentiation markers in NHEK(F).

NHEK(F) (10° cells/ml) cultured to semiconfluent (80%) were incubated without
(control, []) and with 50 uM TPNa () for 24 h. Total RNA was isolated from the
cells and mRNA expression levels of TGM1, KRT1, KRT10, IVL, LOR or FLG were
determined by real-time PCR analysis as described in the “Materials & Methods”.
Each bar represents the mean + SE. *p<0.05 and **p<0.01 versus control compared
by Student’s z-test.

38



BoHi MERHEALMERICIITIMBEALL Y LHREENER

ATETOER LY . ZEALMIZIC TPNa 2% 545 L RE AL 5LD
BRCHREANEL R ABEDEBEY VA7 EOBEBTORERSEMNT S L
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Fig. 3-6 Effect of TPNa on Ca”" levels in NHEK(F).

NHEK(F) (10° cells/ml) cultured to semiconfluent (80%) were incubated without
(control) and with various concentrations of TPNa for 1 h (A) or 24 h (B) , and then
with Fura 2-AM for 1 h. Intracellular Ca®" levels were determined as described in the
“Materials & Methods”. Each bar represents the mean + SE. *p<0.05 versus control
compared by Student’s ¢-test.
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HTH RERALMKR~DOIRYVIALLEKR

AIEIORER LD . TPNa (ZRBEAMMIRNDO B> T LA F P REEZ M
DL TCREMACMIRO S OBRE TREANMEET HFROMESY V7 D
BRFORBZRESTDLZ Lo, A1 TPNa [ZIXRE A D 5{LFE
EREDERND D Z LB RB I N, £ Z T, NHEK(F) % TPNa THER L 72
DML ~DIL D AA & | a-Toc ~DEBREH7=,

Table 3-1 (2773 & 91T, 10, 50 pM @ TPNa % & o5 # T 24 B IEE L /=%
® TPNa O AERINIRE 1L a-Toc IBE DK 20 5.8 31 {FTH Y . 95%LL EiT TPNa
DEETH T,

ZOFEREMNS, TPNa 205 a-Toc ~DEHITP - D ELERIETHD Z &
DHEFE LT,

Table 3-1 Concentration of a-Toc and TPNa in NHEK(F) after 24h administration®

Dose (uM) a-Toc TPNa
0 ND ND
10 1.7 = 0.4 (4.8%) 34.0 £ 7.4 (95.2%)
50 4.7 = 0.3 (3.1%) 147.8 = 0.8 (96.9%)

* Concentrations are given in nmol/mg protein
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B8 KEOELY - BE

AREETIX, TPNa OB K 3 PR FFHERESCE 2 R IOV THRET L7,

TPNa % B f§IZ& 545 & RIEAEOKSIRFRESIEMRT 5 (Fig. 3-1A),
KAFRRICKL o T, KEWKEE (Fig. 3-1B, £/l 7 F 7)) L{R/KEE (Fig.
3-1B, AWl 77 7)) BmET A Enbrol, ZORBROBIZEIL - K
AR EZRTL A, BT I REENEML T\ (Fig. 3-2), 7z, KA
{LABRRIZ TPNa 2% & L2BRICb &7 I FEAHEM L (Fig. 3-3), 20L&,
7 I N EBROBREFRBUTIIECPENDY, 7 I FalBEEEEO&
CFORBENTTE L TWDE Z & 2R LTz (Fig. 3-4), FRIC, BEALMED

b~ — I —BERR NS RNV BEOBRIEFRERBICOVWTHANTLE I A, TGMI,
KRT10, IVL THEBEOTLHEEZFE O = (Fig. 3-5), F7-. TPNa 2T 5 & H
BRI T Vo7 A A A IRERBEM L 72 (Fig. 3-6).

INOLORFEIL, TPNa 28, 7 I FEMBEEREORBALMEL, AEOE
FINEWMEE/HRE, REKSERFBLZREIEDL I L E2RBRL TV,
F-REFIC, TPNa DEEALHMBNO I LY T AL S BEZENSE, 4
CFEETHZLICHLERL TV D ATREMEZ R LT,

BprEACLsAEOE T I FEOBEMICE L Tid, Sake concentrate, Ethyl
a-D-glucoside®”, Nicotiamide®”, Lactic acid®®, = —# U =% X ¥ Musk-T’?,
Ursolic acid™ 7% FOWERH L, TRETNOHEEZ RETER LI-EOARBO
FIFREBII.UTO®Y ThHd, ~T LAY T ADKEEIZ Sake concentrate (10%).
a-EG (1% v/v) % 4 B, Musk-T (1% w/v) % 30 BRI 5 L= & 2 A, HEAI#®
BELHBLTENRENDOET I FEITH L6 5, 114, 13527,
F72. B AR T F 4 7T Nicotinamide (2%), Lactic acid (4%) % 4 &5 L
e ZAh, BRERGLEELTERLENLN 14 FilhoTc, 2—=H VT FX
(1%) % 4 B, Ursolic acid (0.3%, 1%) % 1l HHZHhEFNEE LIz L Z A,
KA EG LB L TERENR 18 %, M 13 {FICholz, ZThbDWmEIZIE
BN THEEZTUET A L 0REITH A2, KEKDHRFECEL TXER
ENTWARY, SEIOFFRIZLED, 1% K 2% TPNa O RBFTEHIZ, ARt Z
I FOEEZRN2M[BIZHECT I L 2R L (Fig. 3-2). FRICARE O AKME & Rk
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PEASA E LT D 2 L 3B B2k 72~ 72 (Fig. 3-1),

—J . invitro R Tix, BEALMIA%E . Nicotiamide (1~30 uM), Lactic acid
(20 mM), =—H U = F 2 (0.0001, 0.0005, 0.001%), Ursolic acid (1%) THLERS
HE,EFENEFNLOET I RREIFT L Pe— LT, HIZ 6 AR TH 4.1~5.5
&, 24 TR 43 (%, SHETH L2/, 6 HEI TR 2235 eotz, T
2%t L, 10 uM, 50 uM TPNa TlE, 24 KEfJLE T, 7 I FEIZZENFNH 1.5,
1.8 %1272 » Tz (Fig. 3-3)s b7z — VKR M7z v — LFEERK(IC
DD TIHLRTNZHRENEL | AR THI®H T, TPNa 23t 7 I N pE R IER (in
vivo, in vitro) & BEK S RFHERRUENRZATLI LR LT,

T I FIZABOMBERE DK 30~40%% 5D A7 4 VARG T, KE
DR HRFEERLNY THRICEET S Y, REALCBROAL (k) OBET,
7 I KN, 3 oo¥% 7 =2=> b (LCl, LC2, LC3) % H § % Serine
palmitoyltransferase (SPT) IZ X VAR IND T MR T 4 o = ZHIBREE L
T, xBREICL->-TAEREND, TOHINLIIINLETIRRLAT 4T
TY A SN TEMMRICERE L%, MKSMENTHIEI I RER
STHRBIZERL, E7IF4—F @EL LXT A0 VM) Tk #FZZT
TAT7 A e’ ABKOREAMBOE T I FEZHEMNSED
WED, T I FREBEOEEFRR~OFEITHE L T, Nicotiamide®” &
Va—H J =F ZADIEWEAREK TH D Macrocarpal A’ DO 3% 5, Nicotiamide
(10 pM, 4 A f#) TiX. Human SPT (LCB1 & LCB2) OFEEMNK 1.8 5 HMN
LWz, E£72. Macrocarpal A (10 nM, 2 A[#) TiX., SPTLCI D EENK
1.08 fFhedizxt L, DfEMFEOBREFRIA~ODEEIIRD NPT,
AWFFE T, TPNa (50 pM, 24 BfE]) (% SPTLC1 & SPTLC2 ODRBEZ TN L
R L2 M5, K22 fFcma ., SMBMRICT L TIe< 8 LRI LE
R U7- (Fig. 3-4), Z#iZ. TPNa % Macrocarpal A O &5 aifil & ER DR %
FoZlzmrmLTWND,

7 I NOAGRIE. REBLMBRONE L BENTEY, 7 I Fix, REA
LR EEB,» HARE, ENEZR TARBICALL TV BRETER. £
W, BARSHMBEEED E-5BRRy 25, EF I FEA ANV T Y
VEBRER LT L= T A R R_Ru—TF 0L R LIRERKELTH
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BReOBHKERRL, $-AEBOMBMBIIEE O EEMMAS & LT, AEM
fal iz v o HEALZAEEEZIEY , KokFL AN THELZR D,

BEET I FOGRICET S EFLoMmA, KO TPNa DERETE T I FERK
MEMEEECETORBENRELET I FESHEMUZARMEORE RS | TPNa

IEREAMBO b A RET LBE NS H L HEM L7,

—FH. ANV T AL F P EREACHBOSIEEERFTHLZ LT LM
B5RVTWS 7Y REACHEIRERI LY T AL T VRETERT S &1k
L., ZORBRIZ&EE X4 {b~—5— (TGMI1, KRT1, KRT10, IVL, LOR, FLG)
DERBNEET D EORENDH D >,

TPNa IZ LV ABETZ IR, E7I FERBEORKFHRA, XEALMK
Gt~ =T —Z R BORBEROHBERN TN T DA F RENZNE I
MULIZE W RFROMBIT. P2 72— LFHEERTIIINO TORETH 5D,
NHEK(F) (231} %, TGM1, KRT10, IVL & LOR O EE FHRE., KON D
N T AAF U REDOEMIZ, TPNa (50 uM, 24 i) BRI LY, ZhEh
#12.6 1%, K 2.2 15,89 3.3 65, 8 2.7 % RO 1.4 5L e o> 7= (Fig. 3-5), TPNa
ERIBEDOEAFF OB D E LT, Lysophospholipids ¥8? Lysophosphatidic acid
(LPA) O#ENH 5 N, AFELIZEREFAERR R D20, HROBEELEIT
H#ThH 55, TPNa & LPA (I bOFEEIC LIV T I FElAREL T, &
e Y THEREN EICFET S LV RETIEI &L TWD,

MBI AN DAL F B ET OV T LAF ) 74T & LTIR, A
F e Ay D0 A23187) bR TWE, ZhbiF2MhF Ay L RER
BEREER L TCAA T VT —& LCERAL, MEEL& L 2D F 4
VOBEEENEIES, BEEALHABOINVY T LA VREZEMSE S A
T (Fig. 3-6), TPNalZ W N> U b A4 /) 747 EHUOIERZRT EE XD,
Lo L, MEZELHEESSCIENE TH LA A /)~ 1 R A23187 &
(TR0, TPNa lZEHBBEM TR 2L VEHTH 5,

TPNa [ X MM N T v o 0 bA F L REDOEMERIZ- DV TIX, Fig. 3-7 D
EORMEEHEL CWVD, KIERE L TPNa © —#ix. Na BREZ A{LA

WCTFET D CaAf A & LT TPCa DIE L 72> TIFE L, Z NS HIRIC BR
DIAENDZ & THIIAN Ca A AV IREN LHT5, IMVIAENT TPCa X7 +
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277 A =TIk o TAKSE X Toc (ZZ#H X TPNa & RO HHE R %2
BDHEVNIHLDOTH D,

2F Y., TPNa Ok T I NOHEIMIC XD KRE KT RFEESRENRIL, TPNa
WG RE L RE AR Y IAENT Toc KRB END - EDOHLE DI H
T, WA —HHIZ Ca A4 Fr VT LTERLTWDZ LITL Y %EH
THHLOTHDLHEEL TWD (Fig. 3-7).

LEFEEHDH L, TPNa (&, REALME~D TN T bA T DG %R
ELOMEEBELHER. E7IFaRBEEREORELRL., REA{LMIR
DEFIFELEMERE, FLT, INOLAV=XRAZE-THEARBOE
I REBMEE, ABORKIE, RAREZR LT 2 LW /ERBEESHHA S
iz,

TPNa [ ILFEMIZIHEFICLE T, W TG, Filgfb, RIRIER EDERTE
FCh<. KEALOARSREFREZWETLIHREFEL, REAL LTHRAR
&M THHZ EBHLMNE ST,
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Fig. 3-7 Mechanism of TPNa on differentiation and skin moisture.
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BA4E BE

BRI THRLONIERRIFROEY TH D,

REZACMILIZI VT TPNa iX, SR, RIEES A MU A v (IL-1P)
WEE{LY (tBHP, H0;) 2 U H— L T AREDAT 4 = —F —Th 5
PGE, DEAEZWHI LT, £DOMRIT, MTFOHRKEME L LTHLA T
HTARGXK FVHENTWD Z L 2R LT,

TPNa (X, PGE, DAGMICEE T H58E TH 5 Cox-2 DRB L MF LT,

TPNa {3, Cox-2 DHBICEHAD DL 7T NMEERD H B, EIZ p38 MAPK @
U Bk EEE L,

TPNa @ PGE, BEADMESFEIL. APMIZ L > THEHICHEHE I NI,

VI EDOFEREM S, TPNa i p38 MAPK #FHET 5 Z & T Cox-2 DRI % M

L. RIEEMERAT 4 =—F —PGE, DEAZBDVLIEDHZ &ICL > T, RIERIEZE
Mx D BB ERoT=, TPNa IZBEMDOILEMITIE TRV ENT-HIK
SEME TH Y, UVB BELBER L & Vo A RERIE S & - EHRREE ST
LZEHAHMETHDHI BT o T,

Mz T,

5.

TPNa IZREEE T2 LIk Y, KEARORKERIRKELZR LS,
BEHMOAREET I NEEEHMI T,

TPNa ix, BEALMRICKH L, €7 I FoMBEBEROBEETIIR, 73
REREERBRZORBRLMETHIZLICLY, T I FEZHEMSI T,
TPNa i3, REALMBIZENT, DI L TRBRTIERKRTZ 37
DFB &R L7,

TPNa X, EEALBENDOINT T Al T BELZHENS ST,

LI EDO#EMNDS, TPNa IEHKALMBE~DO DN T AA F 20 OMtE % i

TLH52LEabaFEEL. E7I PR BEEBEORR LR L, REMAL
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Mot Z I NEZHMEIE T, KBKSRFRERLH ESEDZEBRHLNE
ol

TPNa [ ZKEEDOILZEMICRERLEN TH D Z D6 a-Toc IZH~NEY H
WAESTH D, E ATRN TR T TRRIER & LTHERT,
o ka7 o= LEEERICHEAMERL TS, 52, KEE b OKSIREFRE
AUETOIDRELEL REBAIE LTOLAEALRS TH D, L EDOFENDL  TPNa
TEERREOMBFRICB N TENILEYTHY . REO TR, ERMI G
FHE L TORABRKRNICHIFEIND,
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BSE EBROW

(1) TPNa OHRREDR ORI (F 2 E)

L. E FRE3RTEETNORERL UVB B

b MERE 3 RITET VIR, BESEKR A S (Osaka, Japan) @ TESTSKIN™
LSE-high # 7=, BSHUI LSE 7 v & A 55H CGEIEHBERNESH) 2 v, 8
BRI - T 5% CO, TFET 37T CTHELE. E VEEIRTETF L
DEREMIZ, UV 7 e XY »J— (CL-1000M, 302 nm, UVP LLC, Upland, CA,
USA) #H\ T 80 ml/cm® ® UVB % HBHt Uiz, TDH%, 2%D TPNa KIFHK % £
BANCHEM L, 5% CO,fF7E T 37 °C T2 BefijiEs# L7z, TPNa & & Lo /KK %
fREL. KBEET V% 5% CO fFTE T 37°C T 22 FpffBE& LT,

2. UVB RAHC & 2 BEM IR ORI FHBRH

BEMBBEMYA ZERT LD, b+ 3 REEFAVREEL 10% T HEREE
A=Y CETEHER, =F )=V THALTART 7 0 el Lz, YL
O s, ~v bV Y UBRET AT YR THRE L CTERE L, BEHBET
TEAZBERLCEEZRE L. Aol bEL RAasn TV HEL
OB NZ S b Miad UVB BEMAR L HE L, KK 0.5 mm i %
1HREE LT, 8ERT 2R oE2BELE L T, UVBHEEMRZFIL I,

3. Mifass &
a) IEH b KMl

E® b MREZALMIIIA B E%A St (Osaka, Japan) DIEF b F ¥4
IRE R AL (NHEK(F) ZBA L7z, KHUIXIER b MR AL
B A EE G & 5 HuMedia-KG2 (B EM @k Sth) 2 H V. 5% CO FET
37°C THifE., ML 7z,

b) SV40 transformed human keratinocyte
SV40 transformed human keratinocyte (SVHK) 1. % &6 &#HF (EER K
R L VESZ LT, BT 10% FBS s LRy aliE A — 7 VR - 7
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/L — A (DMEM-low glucose) Z AV . 5% CO, fE1E T 37 °C Thi# ., Mkt L
7o,

4. UVB OBRS ., IL-1BE 2Bz & 5L
HuMedia KG-2 & AW TAR L CHAAHIHIRE % 10° cells/ml & L 7z NHEK(F)
AAREEEALF VT — NI EL EIa TN MERDHET %
CO, FHET 37°C THe&Z L7z, #Dtk. 0,0.1,0.5, 2 uM ® TPNa, TA, G2K # &
To BB BT HIIT 22 Ha L. 5% COL fF7E T 37 °C T 24 B[ £ L 7=,
a) UVB B &
e A FRE L, MileZ D-PBS (-) TH¥ L7=#%. D-PBS(-) FET., UV~
2 R Y A — (CL-1000M, 302nm, UVP LLC, Upland, CA, USA) % A>T 60
ml/em’ ® UVB % B4t L7c, T 0%, FfF 2 ic @ M2 T 5% CO FET
37°C T4 MR L. K& LEL PGEAIEICH W,
b) IL-1B4LFE
B & BRrZE U, Mlda D-PBS (-) THeH L7, 10 ng/ml O IL-1B & & 0¥
BEZREEHIC B S L2 T 5% CO, fFTET 37 ‘CT 24 Brlfis& L, H#E L%
PGE, #liEIZ Tz,
) iy
FrHiAfRE L, #Mid% D-PBS(-) T L7Z#%. 0.5mM tBHP X 7213 1 mM
H,0, % & Te i it 7o i M2 B X 2 2 T 5% CO, fF7E T 37°C TOSBRfEE®E LT,
D%, BHAERE L D-PBS(-) THE L., FEREEHICE X HZ T 5% CO,
FTET 37°C T 24 FEREE&E L, 858 LE% PGE HIEICA Wz,

5. PGE, DJIE
B o PGE, &I, = HF A LA LT vEAEZLYEIEL. PGE; EIA
% v [ (Cayman Chemicals, Ann Arbor, MI, USA) ZfEH L 7=,

6. a-Toc B E D RIE
b bR 3 RTE TV 721X NHEK(F) (10° cells) (& 50 mM HEPES #% & ik
(pH 7.2) % 0.5 ml Mz BB I AEFep% (US-10K, #R& = X X7 ¢, Nagano,
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Japan) Z W THREV R — FEMER LT, AETYX— b (1.5 mg/ml) ® 0.4 ml
AH I AR LCORBREICAN, 10 nmol/ml §-Toc— T % J — /LIEHK (0.1 ml). 5%
veda——xH ) — VI (0.5 ml), REEE (0.05 ml) Mz TLLBEHE
Lizen-~F W /BB F L (9:1)(2.5ml) ZMATLSEHL,720x g (2,000
rpm) T 5B LEITo CHBEL THE L7, EEZEILL, @O0REE CH
[E 1%, 7% HPLC BEi/E Qoo ul) 2Mx CHEML, 74 V¥ —AB L7, Z
NZEFRELE L, HPLC A I 22 10l EA LT, EEMT 21T - 72,

Fha 7 xzm—/L kN TPNa D4 Hricix, BFE TR 4L (Tokyo, Japan) @
Witd s v~ 257 —M AT L (Shodex CI18M 4E) & . BEHEIERT (Kyoto,
Japan) ® HPLC A7 A (Prominence 20) % L 7=, BEFIX 0.03 M Fifg &
003 MEEEE T RV U LAZEL AN /—NM/TE F=FY L (7:3, viv), RiEIX
1.0 ml/min, % 7 HRET 40 °C, BHITH BB LAV, EERIIBDEERE
290 nm, #OEEE 325 0m & Lz, 2 OF&KMETORRRFIL. TPNa TIEM 7 2
a-Toc TR 1345 TH o 1=,

7. Real-time PCR IZ X 2 BIZFREEDOHIE

4-a) \Z/R L7 HIETUVB BBEAE L, 5% CO, fF7EF 37°C T3 RFHEE® L
72 NHEK(F), 4-c) /R L7 FIETRBLMALIE L, 5% CO, fF/ET 37 °C T3
B 22 L 72 NHEK(F) RO 4-b) IZ/R L7z HIETIL-1p ALBE% L 7- 1% 3 FFfE 55
# L 72~ NHEK(F) % total RNA [EIUX D 7= D i K& L7, M X . RNAprotect Cell
reagent (QIAGEN, Valencia, CA, USA) TN L CHFERIE L 72, total RNA I
RNeasy Plus Mini Kit (QIAGEN) % W\ CHit L, WEsE KIGIZ X 5 cDNA &R
{Z1% PrimeScript'™ RT reagent Kit (Perfect Real Time, ¥ 5 7 /3N FAHRA =1,
Shiga, Japan) % M \)7z, Real-time PCR /)i i3 Roche Light Cycler (Roche
Diagnostics GmbH, Mannheim, Germany) % V" T4TVy, R 21X SYBR Premix
Ex Taq % v b (Perfect Real Time, # 1 7 34 AX&H) 2AW, 774~
—lZ. ZH T A ARKEHD Cox-2 EimzTF A (HA033050), 7 U EBAT AT
B F-3-U VB b Fu 4+ —+% (GAPDH) H (HA031578) Z N XA W,
BANEPE M) I3 H OE IR E 530 nm THRH L. MEHTICIE LightCycler DY BT Y 7 b
vxT7 HFEMA L7, PCRICEXDHEAEDHERIXGAPDHOEBRE T/ —~ 7 A
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X LT LTz,

8. Western blotting

HuMedia KG-2 % H W CTHAR L CHRRPILIEE 10° cells/ml & L7z NHEK(F)
PHREEALF VAT L — NI EL EI T N NERDET 5%
CO,fFET 37 °C THiE L7z, HHAZRREL, 0,0.5 uM TPNa % & T2 3 fif 72 b5
HIZ A H L C 5% COL fF(E T 37 °C T 24 Byfis#& L7-% . D-PBS (-) T¥E# L
oo T D%, 3EEDOMEA (Bayl1-7082 [NF-xB FLE#|], SB203580 [p38 MAPK
FLZE AT, SP600125 [JNK MAPK [HEHI]) # 2N ENEEHICE X# R T, 5%
CO,FTET 37 CT 1 W[ &R L7z, HEAIZ. MIOAEFRICEEEZE AR
W2 UM DOBECER L7, B4 ER%E LG %2 D-PBS (-) TH#E L 7-1% .D-PBS
(-) FE T, 60 ml/em®> ® UVB ZBH L7z, TOH%., Hff i@ Xz T
5% CO, 777 F 37°C T 0.5 FFfEI 553 L, K& BrE% D-PBS (1) THE# L T
Z AN U 7=, #iAEiL. Buffer A (25 mM Tris-HCI, pH 8.0, 150 mM NacCl, 0.5% NP-40,
mATZ 7y A—VHER A TN, TaTF T —BREAIS T TI) TEMEL,
13,000 x g, 20 Sy RLEL L, Bonlz EiEdF o2 7 E %, 10% SDS-PAGE
Z LY Bk, S0 B X7 E % polyvinylidene difluoride (PVDF) & IZ84
B¥RIK 25 mM Tris, 192 mM 7V > 10% A% J—N) ZHWvW, I KT A
k2 v A7 7 —34E (MODEL BE-300, 4k X& /N1 427 7 7 |, Tokyo, Japan)
T, 50 mA, 14 B E L7z, 5% DO PVDF % 7oy /7 =—RX (DS 7 7 —
< AT 4 AIVEER 2 HE, Osaka, Japan) 2ml ', IR T 2 KA FaX—T3
LT uyx /L, RIC, Z O PVDF % TBS-T (10 mM Tris-HCI (pH 7.6),
150 mM NaCl, 0.1% Tween 20) TAHR L 75t p38 MAPK Xii#HiV »E&{t p38
MAPK @ Hi{k (Cell Signaling Technology. Inc., Denvers, MA, USA) ®iEH . =i
T 2 KfIE LT-, 2 OE% TBS-T Ty % . HRP £ 3 anti-rabbit IgG (Southern
Biotech Assosiates Inc., New Orleans, LA, USA) & =g T 1 B A v F 2 X—
a v L7, % TBS-T T 1% . ECL plus Western Blotting Detection System (GE
Hearthcare UK Ltd, Bucks, UK) Z#tHAEICEWER L. ar#H{b L7,
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9. TPNa & APM DHRIHEORER

NHEK(F) % 10% FBS & A DMEM-low glucose % V> T AR L C a4 1y
% 5X10* cells/ml & L7-, Z® NHEK(F) Mz~ 1 F v 2 LS L — h
WHEL, B a7z e BETS%COTFET 37°C THEELE, #
D%, TPNa % 0,5, 10 uM & e FiRER RS HIC A L, 5% CO, fF/EF 37°C T 24
FRPfIRE R Lo, K2 k%= L2 %2 D-PBS (-) T L7=#% . .D-PBS (-) f#F7E F.
UV 7 o 2 Y »#h— (CL-1000M, 302 nm, UVP LLC, Upland, CA, USA) % T
30 mJ/em® ®» UVB Z BB L7z, ZDO#%., APM % 0, 30 uM & e Hrff /R 5 1o &2
H LT 5% CO fF4E T 37°C T4 MRS #E L K54 iK% PGE, I EIC V7=,

10. RERUCH#EH

TPNa iZ. BEFfnE TS (Tokyo, Japan) O L D& A L7, TPNa O HiE
% 98% LT, havxzo— kP baT7za—LiFEERIT 2% UTFTTH-o
7=, tBHP, H,0,, TA., G2K. SB203580. SP600125, # /X v 2V » EefiEfEiK
Ca, Mg 7 (D-PBS(-)) 1Ttk T ##k: X%t (Osaka, Japan) ® & @ % fF H
L 7=, DMEM-low glucose |% Sigma-Aldrich Co. (St. Louis, MO, USA), Bay-11-7082
i%. Calbiochem Inc (San Diego, CA, USA) O b D& L7-, #ip38 MAPK &
LY v Bk p38 MAPK O #ifkiE Cell Signaling Technology, Inc (Denvers, MA,
USA) b Dx AWz, HPLC BEIMHICHWEZ A X/ —v, Tk F= Y Lid
EEEA s v~ NI 7R (MIELE L EKRKS4E, Tokyo, Japan) %M L7z,
ERUSAOREIL, TROFFREEEH LT,

Mk ER 7 7 A2 w2 F U /L7 L— biZ.BD Falcon Co. (Franklin Lakes,
NJ, USA) b D&M Uz, JFBEMEE ECLIPSE 80i /X Nikon (Tokyo, Japan),
~A 277 v— kY —4&— Infinite M200 |Z Tecan (Mannedorf, Switzerland) O %
D7 HW Tz,

11. $ERHERVBELT

RBRX T ICFEHEEEERAZ RS, SoHEORE FRE) 21To7,
SN OEAIE Student O+ RE, ZoBERIRD LN TLEGR
Aspin-Welch ORREL AW TR S HBRMER G L ORI TEHEOED

53



MEZAT- 1=, fERES% RMzAEEHY L LT,

(2) TPNa O WA R FHERBEDROKRD &F 3 &)

1. B

~T VAT A (Hos: HR-1, 7 5) IR SHEHRKREMET BT (Ibaragi,
Japan) 22 HHEA L, FHEE T (BIRE 22 £ 3°C, fAxiEE 50 = 20%,
FAHA 12 REE /RS EY 12 RO A ) TERIE L7z, v~ U X (A X, 85 B ) IZixh
B ¥l (Lab Diet #5002, PMI Nutrition International, Brentwood, MO, USA) & /K
R L CH T2, SO FWik, T8 EROBEREMCANTZTA R
T4 (2006 6 A1 H, BRFENZHE) ICESIHTITo Tz,

2. TPNa K L 20 FETk s

TPNa O K JE#: 5B EIX 1% 7213 2% (wiw) T, K, M7 Lra—n, U
aF A, AR, o FHARE S AKF R (O/W) LKIZEREA LTz, 7
FZERIZHIBDOHE Lz, TPNa Z ZDH VI EERVAK SO 2 ~T L A<
UAEWESEE 2x3em®) (21 H 1[E, @SE, 4 @BRES L,

3. KAFHHAR

KARRBITE LS DHE D> oz, ABDKDRIZ, RERKSE
I ELEE (Skicon-200, 7 A - B A« = AN &4, Shizuoka, Japan) T & & IE
HEREKEERL, BXRCEELZMET 2L TEE LT,

F9., BEBMOBESICEEZBE LKARATOFIHME (prehydration state)
L7, WiIT, BRAKS00 ul 2 F L7-AR#HA (BEMCOT M-3, JEALREHE AW
WS FE, Osaka, Japan) ZJEESEZEIC 10 PES, T 2BW=%., KE L
(ZHR S TR AR Y TRWVER - 7o K AR D 30 7 # OB EE 2 #ll
E L TWIKEE (hygroscopicity) & L. Z OENE WA IXRKREN E VN & H]
L7c, T T 20BETIONILICHELHRVIRL, MPE~DRY 2R
L. K5 ERFFEE (water holding capacity) & L7-, K EFEIINPHE~ORD
MBI E @S EHT L7, BN/ R WIEE IS )T D TR LT,

54



FAXI R K HE (relative hygroscopicity) (X, ¥ 7 X {EK T & O KAWL 30 Bk
DOMEMBEZEET L OMYE TR U7 E Ulc, B3 K REFEE (relative water
holding capacity) (¥~ 7 A fEEK Z & OKRATLEE 60, 90, 120 B #% O | T E %
BEZEOMBME TR LZMEE Liz, BEIECBLNET — 213, T
AT o T,

4. MK =

EFbe bREAHREZEESHEKRRXS L (Osaka, Japan) OIEH b FH AR
A REACME (NHEK(F) ZBA L7, EHITIER v M REZ AL M
F M ; HuMedia-KG2 (B ##5 E#E & #1, Osaka, Japan) % AV, 5% CO, f74E
T37°C THi®E., R LT,

5. E9IFER

TPNa 2 EL XXE R VWHKE 4 A EHMETEEICRG LU ADHA
J& % kiET—F (PPS T— 7, =F N BR A4, Tokyo, Japan) TA +V v ¥
VI LTERBLULE, ABOMNE LT — 70 £ T -20°C TIRFELZ, ¥iE
F—7 L OREE O T Bligh - Dyer # ®T{T o =,

HuMedia KG-2 % AV CAR L CHI 11 & % 10° cells/ml & L 72 NHEK(F)
AHMEET vV allSEL, EIary 7z b ET 5% CO FE
T 37°C THEE LT, D%, 0,50 uM @ TPNa % & e /e i i IC R ¥t | 5%
CO, fF{ETF 37°C T 24 W28 L7, SEHha R % L D-PBS (-) TiEFHk., A7
L— =2 AW T ZEIL L7, M (10° cells) X8 EHBEM4 (US-10K,
B St 2= X5 1, Nagano, Japan) Z iV THREVF A XL, EEORE %
Bligh - Dyer {£ CiT > 7= *,

5 I FOBHILKisic b D FETIT-o72 O it LIZIRE Y 7 VIE 3N
B (0.05ml) HT, 100°C T2EREMASE L., TO%iE LIRME (SpeedVac,
Thermo Fisher Scientific Inc., Waltham, MA, USA) THifg % brE Lz, FRIEICX L,
Fefg = F /L (0.6 ml), 0.1M FEEEREE W (pH3.7,0.75ml) ZMATREL, &5
IZ fluorescamine I (7 mg/25 ml 7k k>, 0.15ml) ZMx THRE SIRE L.
2,000 x g T3 SRLEL L7, HiEE—F /L@ D fluorescamine D # ' 74 E % HIE
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TAHZEIICLVETINEERLE, REHEREEIEREE 410 nm, ®AKE
490 nm & L 7=,

6. Real-time PCR

HuMedia KG-2 Z fIWV CT&HR L CHIAR G E % 10° cells/ml & L 7z NHEK(F)
AR ET v 2l EL, BEIa T MERDET 5% CO, FHE
FT37°C THEELE, D%, 0, 50 uM ® TPNa & & te FrRE /o B o Ao #E L,
5% CO,fF1EF 37 °C T 24 FF[Bl 8 # L 7= NHEK(F) % . RNAprotect Cell reagent
(QIAGEN, Valencia, CA, USA) TEUL L, H A&7 L 72, total RNA X RNeasy Plus
Mini Kit (QIAGEN) # AW Tl L, TR IC XL D cDNA ARICIE
PrimeScript'™ RT reagent Kit (Perfect Real Time, % & 7 /3 A AKX £, Shiga,
Japan) % iV 7z, Real-time PCR Ki~i% Roche LightCycler (Roche Diagnostics
GmbH, Mannheim, Germany) % > Ci7\ . M iZ1X SYBR Premix Ex Taq &% >
I (Perfect Real Time, ¥ 7 7 34 AKX &) 2HW=, 794 ~—1IFZ 07
NA FH/AEHO, BV XA MMV T AT =5 —F (SPT) Eis T
(SPTLC1, HA042580, SPTLC2, HA121961), B&tE+ 7 I 4 —¥ (ASAHI) #Eix 1
(HA127474), 7 H V¥ F I ¥ —+F (ACER]) #{szF (HA057790), kT > X
FNVHEIF—F 1 (TGM1) &z T (HA032140), 77 F > 1 (KRT1) &I T
(HA042147), 7 F > 10 (KRT10) #{5F (HA093630), f > A2 U (IVL)
BEi5+ (HA103446), vV 7 U > (LOR) #E{z T (HA098302), 7 4 7 7 VU v
(FLG) BfzF (HA127774). 7Y B AT AT & F-3-U VEEBL/KFEEEFE (GAPDH)
BmF (HA031578) AEFNnENHA V-, WBIEEYITHELKEERE 530 nm TR
L. fEH7TiZ1X LightCycler Ot BN Y 7 b =T &HH L=, PCRIZE D HEHE
BEOMEIL GAPDH ORBET /) —~F A4 AL TR LI,

7. MBEAAINLVY Y AL F UV BEELLORIE

a) HuMedia KG-2 # WV CHR L THEVIHEE 10° cells/ml & L 7= NHEK(F)
EHREET vy 2l EL, B2 bR BET 5% CO TF
£ T 37°C THi& L7=, £ D% . Buffer B (10 mM HEPES pH 7.4, 145 mM NaCl,
5 mM KCIl, 1 mM MgCl, and 10 mM glucose) THH L. 0.05 mM Ca*™ & 0, 25,
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50, 75 uM @ TPNa % & €» Buffer A IZ2H#2 L, 5% CO, fF1E T 37°C T 1 Brfiits

LT,

b) HuMedia KG-2 # AW CTAR L THREMHRE 10° cells/ml & L 7= NHEK(F)
AR ET v alloEL, EIar TN hERBET 5% CO, F
fEF37°C THEFE LT, D%, 0,10, 50 uM @ TPNa % & To #1fE 72 HuMedia
KG-2 IZ&ZH# L, 5% CO, 7#1E T 37 °C T 24 FEfHIKE &R L 7,

a) b) TNEFNOWHE - B2 EZ(To - Mid% Buffer B T L., 3 uM Fura
2-acctoxymethyl ester (Fura 2-AM, B & F{(LFWFFEFT, Kumamoto, Japan)
% & 1r Buffer BIZR# L. 5% CO, fF/E T 37 °C T 1 Kff#K5# L 7=, Fura 2-AM
% &1p Buffer B &% L, Buffer B THi® L7-ME% 0.5% TritonX-100-PC
(Sigma-Aldrich, St. Louis, MO, USA) % & &¢ Buffer B CIAfE L. Ml Ca™" i
FE%& Fura-2 O NEEE LR ET 5 2 & TRIE L 72 8RR IZpE K &, 340 nm,
380 nm, HEKE, 510 nom & L, WEF~A 727 b — Y —&— (Infinite
M200, Tecan, Mannedorf, Switzerland) ZM 7=, B o7/ FiL. 340 nm O H|
EE L 380 nm OBPEMOEZEY RERKROZ 7 &8 THRLUTRLE,
& 2327 &3, DC Protein Assay (Bio-Rad, Hercules, CA, USA) Z AW TER L
726

8. REKR U
TPNa i%. BfIE LHNESH (Tokyo, Japan) O & D & A L7z, TPNa D i
X 98% LLET, bavzo—A RO ba7zo—LHEEKOEREIT 2% L
TThHoto, EmUADOREIZ, HilkOFrkinz Az,
MR 7S 2a, v LV F v LT L— kK, F 4 v =if. BD Falcon Co.
(Franklin Lakes, NJ, USA) O b D& ffi~7z, <A 77 L — kY —4%— Infinite
M200 iX. Tecan (Mannedorf, Switzerland) ® % D % H L 7=,

9. HEHOFE

RBX 2L ICEWE L EERELZRD, EOHEORE FRE) 2170, F
S OEAEIE Sudent ® r BRE. BEHBMELIRDLNL R TLHE R
Aspin-Welch OREZ AWV TXHIBE & S WBRHE K 5/ L O THEHEOED
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REZIToT=, EREB SO RMEHFEED D L LT
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FEoE P

AFROZRITICHIZY, TBRERLTHERLVICZHELZBY $ LEER
R FRBRMEERI I LA IEE &F i BRICEERIWELRLET,

AWFROFATIZH-0 ., ZTHE, ZHBHZ2BY £ L-EER K JHEEEEH H
FHEE BELRE2ELE ek B RICRSEHP L ETET,

It
F:

K OHET B\ doT= 0 . EIEN BT TFEVE L RERKSE W
EMAERE SRR B B2 KR 4% B2 DBICE BLELETE

4 B

(o]

ERXOERICHTD, CHERVEEEE LEEERKY HELEEE
WA E B, MAEMFHE F f EBICOXvELELETET,

SO A D THhE W& E LR KY REMEESRHFEMFEE T
EEOERICLL0ELE L EFES,

RBAMEOHEEE 52 TWELEEE LEBMELKRNSH & IR FXE
A2 —K, #th BEELCLOIOELBAL EFES,

59



REFERENCES

D

2)

3)

4)

5)

6)

7
8)

9)

10)

Kerrer, P., and Bussmann, G. (1940) dl-alfa-Tocopherol phosphoric ester.
Helvetica Chimica. Acta, 23, 1137-38.

Gianello, R., Libinaki, R., Azzi, A., Gavin, P. D., Negis, Y., Zingg, J. M., Holt,
P., Keah, H. H., Griffey, A., Smallridge, A., West, S. M., and Ogru, E. (2005)
Alpha-tocopheryl phosphate: a novel, natural form of vitamin E. Free Radic.
Biol. Med., 39, 970-6.

Munteanu, A., Zingg, J. M., Ogru, E., Libinaki, R., Gianello, R., West, S.,
Negis, Y., and Azzi, A. (2004) Modulation of cell proliferation and gene
expression by alpha-tocopheryl phosphates: relevance to atherosclerosis and
inflammation. Biochem. Biophys. Res. Commun., 318, 311-6.

Negis, Y., Aytan, N., Ozer, N., Ogru, E., Libinaki, R., Gianello, R., Azzi, A.,
and Zingg, J. M. (2006) The effect of tocopheryl phosphates on atherosclerosis
progression in rabbits fed with a high cholesterol diet. Arch. Biochem.
Biophys., 450, 63-6.

Zingg, J. M., Meydani, M., and Azzi, A. (2010) alpha-Tocophery!l phosphate-an
active lipid mediator? Mol. Nutr. Food Res., 54, 679-92.

Zingg, J. M., and Azzi, A. (2004) Non-antioxidant activities of vitamin E. Curr.
Med. Chem., 11, 1113-33.

HEAKZZ. (2005) HI-HLWEERYE 8 1R FILEE.

Lee, H., Choi, M. K., Lee, Y. J., Ku, J. L., Kim, K. H., Choi, J. S., and Lim, S. J.
(2006) Alpha-tocopheryl succinate, in contrast to alpha-tocopherol and
alpha-tocopheryl acetate, inhibits prostaglandin E2 production in human lung
epithelial cells. Carcinogenesis, 27, 2308-15.

O'Leary, K. A., de Pascual-Tereasa, S., Needs, P. W., Bao, Y. P., O'Brien, N. M.,
and Williamson, G. (2004) Effect of flavonoids and vitamin E on
cyclooxygenase-2 (COX-2) transcription. Mutat. Res., 551, 245-54.

Maalouf, S., El-Sabban, M., Darwiche, N., and Gali-Muhtasib, H. (2002)

Protective effect of vitamin E on ultraviolet B light-induced damage in

60



11)

12)

13)

14)

15)

16)

17)

18)

19)

20)
21)

keratinocytes. Mol. Carcinog., 34, 121-30.

Yoshida, E., Watanabe, T., Takata, J., Yamazaki, A., Karube, Y., and Kobayashi,
S. (2006) Topical application of a novel, hydrophilic gamma-tocopherol
derivative reduces photo-inflammation in mice skin. J. Invest. Dermatol., 126,
1633-40.

Gehring, W., Fluhr, J., and Gloor, M. (1998) Influence of vitamin E acetate on
stratum corneum hydration. Arzneimittelforschung, 48, 772-5.

Tamburic, S., Abamba, G., and Ryan, J. (1999) Moisturizing potential of
d-alfa-tocopherol. Cosmetics & Toiletries, 114, 73-82.

Nakayama, S., Katoh, E. M., Tsuzuki, T., and Kobayashi, S. (2003) Protective
effect of alpha-tocopherol-6-O-phosphate against ultraviolet B-induced damage
in cultured mouse skin. J. Invest. Dermatol., 121, 406-11.

Tanaka, Y., Moritoh, Y., and Miwa, N. (2007) Age-dependent
telomere-shortening is repressed by phosphorylated alpha-tocopherol together
with cellular longevity and intracellular oxidative-stress reduction in human
brain microvascular endotheliocytes. J. Cell Biochem., 102, 689-703.

Rezk, B. M., Haenen, G. R., Van Der Vijgh, W. J., and Bast, A. (2004) The
extraordinary antioxidant activity of vitamin E phosphate. Biochim. Biophys.
Acta, 1683, 16-21.

Rezk, B. M., van der Vijgh, W. J., Bast, A., and Haenen, G. R. (2007)
Alpha-tocopheryl phosphate is a novel apoptotic agent. Front Biosci., 12,
2013-9.

Ohmori, Y. (2006) dl-a- k = 7 = U )L U ERF R L ORI R E FEE B
®/E A . Nippon Koshohin Gakkaishi, 30, 18-22.

Nakama, M. (2009) dl-o- F =7 = U /L U U8R Y 7 ATEIARIC K D&
PEEZROAREMA 5. 1. Soc. Cosmet. Chem. Jpn., 43, 19-25.
SIRA, WIIRK. (1998) £fbEri 5 3 R, HAbFRA.

Yang, T., Huang, Y., Heasley, L. E., Berl, T., Schnermann, J. B., and Briggs, J.
P. (2000) MAPK mediation of hypertonicity-stimulated cyclooxygenase-2

expression in renal medullary collecting duct cells. J. Biol. Chem., 275,

61



22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

23281-6.

Arbabi, S., Rosengart, M. R., Garcia, I., and Maier, R. V. (2000) Hypertonic
saline  solution  induces prostacyclin  production by  increasing
cyclooxygenase-2 expression. Surgery, 128, 198-205.

Chen, W., Dong, Z., Valcic, S., Timmermann, B. N., and Bowden, G. T. (1999)
Inhibition of ultraviolet B--induced c-fos gene expression and p38
mitogen-activated protein kinase activation by (-)-epigallocatechin gallate in a
human keratinocyte cell line. Mol. Carcinog., 24, 79-84.

Chen, W., and Bowden, G. T. (1999) Activation of p38 MAP kinase and ERK
are required for ultraviolet-B induced c-fos gene expression in human
keratinocytes. Oncogene, 18, 7469-76.

Chen, W., Tang, Q., Gonzales, M. S., and Bowden, G. T. (2001) Role of p38
MAP kinases and ERK in mediating ultraviolet-B induced cyclooxygenase-2
gene expression in human keratinocytes. Oncogene, 20, 3921-6.

Gilmore, T. D. (1999) The Rel/NF-kappaB signal transduction pathway:
introduction. Oncogene, 18.

Panwalkar, A., Verstvsek, S., and Giles, F. (2004) Nuclear factor-kappaB
modulation as a therapeutic approach in hematologic malignancies. Cancer,
100, 1578-89.

Bisby, R. H., and Parker, A. W. (1995) Reaction of ascorbate with the
alpha-tocopheroxyl radical in micellar and bilayer membrane systems. Arch.
Biochem. Biophys., 317, 170-8.

Finney, R. S., and Somers, G. F. (1958) The antiinflammatory activity of
glycyrrhetinic acid and derivatives. J. Pharm. Pharmacol., 10, 613-20.

Dargan, D. J., and Subak-Sharpe, J. H. (1985) The effect of triterpenoid
compounds on uninfected and herpes simplex virus-infected cells in culture. I.
Effect on cell growth, virus particles and virus replication. J. Gen. Virol., 66,
1771-84.

Ohminami, H., Kimura, Y., Okuda, H., Arichi, S., Yoshikawa, M., and

Kitagawa, 1. (1984) Effects of soyasaponins on liver injury induced by highly

62



32)

33)

34)

35)

36)

37)

38)

39)

40)

41)

peroxidized fat in rats. Planta. Med., 50, 440-1.

Pompei, R., Flore, O., Marccialis, M. A., Pani, A., and Loddo, B. (1979)
Glycyrrhizic acid inhibits virus growth and inactivates virus particles. Nature,
281, 689-90.

Abe, N., Ebina, T., and Ishida, N. (1982) Interferon induction by glycyrrhizin
and glycyrrhetinic acid in mice. Microbiol. Immunol., 26, 535-9.

Ohuchi, K., Kamada, Y., Levine, L., and Tsurufuji, S. (1981) Glycyrrhizin
inhibits prostaglandin E2 production by activated peritoneal macrophages from
rats. Prostaglandins Med., 7, 457-63.

Ohtsuki, K., Abe, Y., Shimoyama, Y., Furuya, T., Munakata, H., and Takasaki,
C. (1998) Separation of phospholipase A2 in Habu snake venom by
glycyrrhizin (GL)-affinity column chromatography and identification of a
GL-sensitive enzyme. Biol. Pharm. Bull., 21, 574-8.

Shimoyama, Y., Ohtaka, H., Nagata, N., Munakata, H., Hayashi, N., and
Ohtsuki, K. (1996) Physiological correlation between glycyrrhizin,
glycyrrhizin-binding lipoxygenase and casein kinase II. FEBS Lett., 391,
238-42.

Rackova, L., Jancinova, V., Petrikova, M., Drabikova, K., Nosal, R., Stefek, M.,
Kostalova, D., Pronayova, N., and Kovacova, M. (2007) Mechanism of
anti-inflammatory action of liquorice extract and glycyrrhizin. Nat. Prod. Res.,
21, 1234-41.

Pages, G., Milanini, J., Richard, D. E., Berra, E., Gothie, E., Vinals, F., and
Pouyssegur, J. (2000) Signaling angiogenesis via p42/p44 MAP kinase cascade.
Ann. N. Y. Acad. Sci., 902, 187-200.

Thomson, S., Mahadevan, L. C., and Clayton, A. L. (1999) MAP
kinase-mediated signalling to nucleosomes and immediate-early gene induction.
Semin. Cell Dev. Biol., 10, 205-14.

Cobb, M. H. (1999) MAP kinase pathways. Prog. Biophys. Mol. Biol., 71,
479-500.

Shibata, A., Nakagawa, K., Kawakami, Y., Tsuzuki, T., and Miyazawa, T.

63



42)

43)

44)

45)

46)

47)

48)

49)

50)

51)

(2010) Suppression of gamma-tocotrienol on UVB induced inflammation in
HaCaT keratinocytes and HR-1 hairless mice via inflammatory mediators
multiple signaling. J. Agric. Food Chem., 58, 7013-20.

Niki, E. (1987) Antioxidants in relation to lipid peroxidation. Chem. Phys.
Lipids, 44, 227-53.

Halpner, A. D., Handelman, G. J., Harris, J. M., Belmont, C. A., and Blumberg,
J. B. (1998) Protection by vitamin C of loss of vitamin E in cultured rat
hepatocytes. Arch. Biochem. Biophys., 359, 305-9.

Glascott, P. A., Jr., Tsyganskaya, M., Gilfor, E., Zern, M. A., and Farber, J. L.
(1996) The antioxidant function of the physiological content of vitamin C. Mol
Pharmacol., 50, 994-9.

Chepda, T., Cadau, M., Lassabliere, F., Reynaud, E., Perier, C., Frey, J., and
Chamson, A. (2001) Synergy between ascorbate and alpha-tocopherol on
fibroblasts in culture. Life Sci., 69, 1587-96.

Huang, J., and May, J. M. (2003) Ascorbic acid spares alpha-tocopherol and
prevents lipid peroxidation in cultured H4IIE liver cells. Mol. Cell Biochem.,
247, 171-6.

Elias, P. M. (1983) Epidermal lipids, barrier function, and desquamation. J.
Invest. Dermatol., 80, 44s-9s.

Imokawa, G., Akasaki, S., Hattori, M., and Yoshizuka, N. (1986) Selective
recovery of deranged water-holding properties by stratum corneum lipids. J.
Invest. Dermatol., 87, 758-61.

Matoltsy, A. G., Downes, A. M., and Sweeney, T. M. (1968) Studies of the
epidermal water barrier. II. Investigation of the chemical nature of the water
barrier. J. Invest. Dermatol., 50, 19-26.

Nakahara, M., Mishima, T., and Hayakawa, T. (2007) Effect of a sake
concentrate on the epidermis of aged mice and confirmation of ethyl
alpha-D-glucoside as its active component. Biosci. Biotechnol. Biochem., 71,
427-34.

Tanno, O., Ota, Y., Kitamura, N., Katsube, T., and Inoue, S. (2000)

64



52)

53)

54)

55)

56)

57)

58)

59)

60)

Nicotinamide increases biosynthesis of ceramides as well as other stratum
corneum lipids to improve the epidermal permeability barrier. Br. J. Dermatol.,
143, 524-31.

Rawlings, A. V., Davies, A., Carlomusto, M., Pillai, S., Zhang, K., Kosturko,
R., Verdejo, P., Feinberg, C., Nguyen, L., and Chandar, P. (1996) Effect of
lactic acid isomers on keratinocyte ceramide synthesis, stratum corneum lipid
levels and stratum corneum barrier function. Arch. Dermatol. Res., 288,
383-90.

Ishikawa, J., Shimotoyodome, Y., Chen, S., Ohkubo, K., Takagi, Y., Fujimura,
T., Kitahara, T., and Takema, Y. (2012) Eucalyptus increases ceramide levels in
keratinocytes and improves stratum corneum function. Int. J. Cosmet. Sci., 34,
17-22.

Kim, S. H., Nam, G. W,, Lee, H. K., Moon, S. J., and Chang, I. S. (2006) The
effects of Musk T on peroxisome proliferator-activated receptor [PPAR]-alpha
activation, epidermal skin homeostasis and dermal hyaluronic acid synthesis.
Arch. Dermatol. Res., 298, 273-82.

Both, D. M., Goodtzova, K., Yarosh, D. B., and Brown, D. A. (2002)
Liposome-encapsulated ursolic acid increases ceramides and collagen in human
skin cells. Arch. Dermatol. Res., 293, 569-75.

Mizutani, Y., Mitsutake, S., Tsuji, K., Kihara, A., and Igarashi, Y. (2009)
Ceramide biosynthesis in keratinocyte and its role in skin function. Biochimie.,
91, 784-90.

Hennings, H., Michael, D., Cheng, C., Steinert, P., Holbrook, K., and Yuspa, S.
H. (1980) Calcium regulation of growth and differentiation of mouse epidermal
cells in culture. Cell, 19, 245-54.

Fuchs, E. (1990) Epidermal differentiation: the bare essentials. J. Cell Biol.,
111, 2807-14.

Watt, F. M. (1989) Terminal differentiation of epidermal keratinocytes. Curr.
Opin. Cell. Biol., 1, 1107-15.

Eckert, R. L., Crish, J. F., Efimova, T., Dashti, S. R., Deucher, A., Bone, F.,

65



61)

62)

63)

64)

65)

66)

Adhikary, G., Huang, G., Gopalakrishnan, R., and Balasubramanian, S. (2004)
Regulation of involucrin gene expression. J. Invest. Dermatol., 123, 13-22.
Yahagi, S., Koike, M., Okano, Y., and Masaki, H. (2011) Lysophospholipids
improve skin moisturization by modulating of calcium-dependent cell
differentiation pathway. Int. J. Cosmet. Sci., 33, 251-6.

Liu, C., and Hermann, T. E. (1978) Characterization of ionomycin as a calcium
ionophore. J. Biol. Chem., 253, 5892-4.

Reed, P. W, and Lardy, H. A. (1972) A23187: a divalent cation ionophore. J.
Biol. Chem., 247, 6970-7.

Tagami, H., Kanamaru, Y., Inoue, K., Suehisa, S., Inoue, F., Iwatsuki, K.,
Yoshikuni, K., and Yamada, M. (1982) Water sorption-desorption test of the
skin in vivo for functional assessment of the stratum corneum. J. Invest.
Dermatol., 78, 425-8.

Bligh, E. G., and Dyer, W. J. (1959) A rapid method of total lipid extraction and
purification. Can. J. Biochem. Physiol., 37, 911-7.

Kisic, A., and Rapport, M. M. (1974) Determination of long-chain base in
glycosphingolipids with fluorescamine. J. Lipid Res., 15, 179-80.

66



