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UVB-induced Skin Damage and the Protection/Treatment
—Effects of a Novel, Hydrophilic y-Tocopherol Derivative
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Molecular Physiology, Kyoritsu University of Pharmacology, 1-5-30 Shibakoen,
Minato-ku, Tokyo 105-8512, Japan

(Received May 11, 2006)

Ultraviolet radiation is the major environmental cause of skin damage. Although only 0.5% of ultraviolet B (UVB)
radiation reaches the earth, it is the main cause of sunburn and inflammation and the most carcinogenic constituent of
sunlight. We investigated whether the topical application of a novel, water-soluble y-tocopherol (y-Toc) derivative, y-
tocopherol-N,N-dimethylglycinate hydrochloride (y-TDMG), could protect against UV-induced skin damage. Topical
pre- or postapplication of y-TDMG solution significantly prevented sunburn cell formation, lipid peroxidation, and ede-
ma/inflammation that were induced by exposure to a single dose of UV irradiation. Cyclooxygenase-2 (COX-2)-cata-
lyzed synthesis of prostaglandin E, (PGE,) levels seen after UV exposure were significantly suppressed by pre- or
posttreatment with y-TDMG. The increase in COX-2 activity was significantly inhibited by y-TDMG, suggesting that the
reduction in PGE, concentration was due to the direct inhibition of COX-2 activity by y-TDMG. The derivative strongly
inhibited inducible nitric oxide synthase mRNA expression and nitric oxide production. With the application of y-
TDMG, the pigmentation in melanocytes was lightened and the increase melanin concentration was suppressed. y-
TDMG is converted to y-Toc in the skin and has higher bioavailability than y-Toc itself. These results suggest that y-
TDMG-derived y-Toc acts as an antioxidant, antiinflammatory and antipigmentation agent. Our data further suggest
that the topical application of y-TDMG may be efficacious in preventing and reducing UV-induced skin damage in hu-
mans.
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T270F IS EURTIICHEENZHDTHS Z
LEEZEZDELGEIINNEDBMRTIES A 5.
AE3H, KEMWFERKHIIEMICTES A >
R—=IVMMERITS I NS L TITIE 60 FEnmnd ik
BLTWS, FV 2 EREOERMNID A EL T
1987 F£12 [ DV EZBIET 2WEICET %) €
HRUF—IVEEENEIRSN, 70O HEOREH
AL - HIRENED SN TS, ARTHIN
SITHEML THY VERi#EiE (1988 4F), 70 [H
I - BEEVE (2001 4F) DHlIESIN TN S,
HDbIUL, ZOLDBEROFIZUV HSITX
% R fEEEEZDTRCREICET 5% 217> T
E/e. ZIZTIX, UVB BT K S KEREE S Kl
HEDEATVS p- a7 2 O0—)LITK D TF -
BT 2N bNOZeRE B2 kNS,
2. UVBRHI(CLDIERE

KBS/ 1T, UVA (400—320nm), UVB (320
—280nm), UVC (280nm>) 23 » 4, UVA
B CBICHINEIND ZERSHBIZIENTS
D, BEEOEWUVCIZHEIZEMNaWn, UVB
IDREE O CERICK > TEDREENEH)
T, IV UEBIEORKE, MRIFEOEISKDI
757 UVBIZEK > THERKIZEDK DI BEZZ T
5DIEAD M.
BREHROHENWTF TdH S DNA 1T 260 nm i1
MRKEINZHFHF DT, UVC 2 —E ok EE o
UVB £FEIZ X D DNA OHEN T %)L F — 2 I
L, FiiiREEICER TS, ZOX D RiIREEIC H
D0FIEIARET, RERREICES DT, T&
IR 5LERE AN S, DNA O IT7k
5. KT, FI RV IOEIRBREYIDUE
WZERS D 2 BRERRT 2 2 EIFR<HS
NTW%, EERIZOGEEZBET 5L < OFER
BRSO TWAYY, ZOHEEZEEZ 5 E&OGEILER
TERZEEL, b N TREENAZDRRK &85,
DNA D444 BRI UL 7372y UVB I I D — 85
UVA 512X > TH DNA O#EHIZEE 2. Zh
W, BHICE> THIRANTIHAEL IR RE
(Reactive oxygen species, ROS) i2Xk 3 &EEZZHN
TW3. 9 #MifwiNICiZ, NADH < FAD O X 5 7%
UV 2RI 2 EMNH 0, HOZFRILF—ITX
S THEMWbEN, BENS O, "OH, H,0,, 10, /%
EDROS FHAT S, FEELLROSIZKD, f&

B, 7N EOYMvES, BERERE K
U DNA 2 OfEEZ5[EE 2 9. DNA OfEE
3L T, ITHFICO@RLICKDEFI T
=V DER, PR 2ORT7I ) RISICEE TS
UIVERBIL< AN TVWS, 3512, ROSIEY
TZURTTFZUBREL, 135 —IIVEORA
277 =DM (8-hydroxyguanine, 8-OHdG)
ERIEREZT. ZoMicH, DNA FEHDO UKL E
5. ZOXD7: DNA FEIIEENEHL <, UVB
HFHZ K MBS K ERADIEED 1 DTH S
EEZLNTNWS,

3. UVEBHICLIREEE

TV EHIEIC K DM S UVB MENIZT 5
SEIIERNTIE, ZHLTWSEFEEREKICRS.
RETEEINIEEOERDDIIHBETICL DA
EREEILNAE, KEDOEL, T VIF—rE, &
ST EN AL RIBREDIK Fas281 54, RERT
KRR DIREICK D HNENET5NS. ZIT
i, REZENICL, BRREDOAN AL ET
B « WIBIZ DWW TR RS,

1. Ly EH N2 UVBiZkt ~®D
FREDEZETHERTDDEADM. KEITHEFS
NHZ, —EITEERm TR INSH, —5iE
BN 28 0 TR DRI E TADRAD,
UVBIZEK EEEXT, UVAIZERESRETRET
% (Fig.1). UVCIZEREKDOAEMMED 2—3 @£
TULMNEGELRWDT, MilasHnfronsEKE
RIS 22 FIE S 7. UV BRSNZ K % AT
WX 2 EEHD, Y /)N—> (sunburn) [ZRFED
MEMBMASIBED, 12—24 BRRI%IC KR EICH
R, HERE, KEOWENGRD 5NHREEET.
DBIERL, ARLENEED, Zhy, 25>
(suntan) TH 5.

Mz 4 BRE I—IV) 1273102 EHANDEE
BHEAOY A T IR0y 1 T UL IZHhIT 5N
%, BB A TN O SBNEEDOHREEETH
20 HHIB T % & 12—24 BICD 5T 5 &R<
B5 (GLpt)., Zofmzik IS8 5&R/NNO IRV
F—E %K/ E (MED: Minimal Erythema
Dose) £E95. HAAD UVB E4I2L % MED 13
0.04—0.07J/m2 Td» %. MED N KfE D %A,
UVBIZLBH > N—=22EZILSL, HIT#EER
EEESAS., LR BT D7 U — AR
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Fig. 1.

Human Skin Structure (h— & 53 MRS I15E)

I N TS SPF (Sun Protection Factor) 134> X
g =R B EEOR/NMIME/ YA Y
=B RNWEZDR/MIHEDZ ETh 5.
SPF15 Lit#ic N TWBEE, EEOKBED T 20
S CHRIBEZE A U7z AW, 20X15=300 > &720, H
BelT 9 DEFHEIN 20 0 6 SRFEICIERE S N2 2 &
EEHRL TV,

HBION—=EREILUESSF /U1 R TiRALI
X DN RIEE L < ICHKRI NS DT, My
HWNREATRIANEATND EB 2 6N 5.7 RS
BERIZA—=NN—FFT RIPZXLY—1F (SOD) %
RIGICREGT 2 &9 2N — A O H X
%, F/=, 1 FHA1 2 TINF-a OHilkZE#EL T
bIfEIND, NS OERIE, P2 N— il
f%1Z1% ROS % TNF-a 2B 5L T3 Z & Z/RE
LTWs, 517, > )N—#fiix, DNA O
FILZMES ZEMBE TR = 2RI L TV S
fJaThsrEEZEBEZLNTWVWS, Thbb, 2 N—2
M UVB H8512 & > T DNA 23852 2 7= 7
TF U NS, TOHEGEBETETICERTD
BREEET H720ICHSEATNLS EHFINT

W5,

FABEZE L T2 EEHMEBR TS EEK |
Bz JE D A if 55 D PEAR & i N R o IR 23380
5N5M, TNETTRAESRERZERLT S TOX
575>y (PG) BN ERT S, PG MK
FETHDHYU VRENSRARYN—E AITLD
WEES N7 IF RN 70FF 75—
-2 (COX-2) IZ&->THERTNS. UVB HEEIC
COX-2 ® mRNA L )V EHT 2 Z EMNEHS NI
INTWDS, REDTFSF /¥ A MIBHIZK->T
RIEWY A A > TH B IL-18 21D IL-6, IL-8,
TNF-o, GM-CSF % % T 5D T, % ANIC
UVB Z 49 5 &g @ IL-1 R IL-6 2 57
5.

32. BRAE HEORREREMEEICHS
AZ /)31 b (Fig. 1(A)) TEREINDATZ=>
BFRERSTZAT )V —LBRIOBELRICEST
WED. AT VA NIEEAINIZAT )Y =LA
Z, BHRHIlEZ AL T o F /31 MCET. R
O ZF )31 NMIZEDAT ) —LE2HEDOLES
W ESFDEDICHEET S, LENST, AT/
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V=M ENWEEATZVENELRD, UV DI
GEZTHNWEFTASH. AT BRIFOS %
Bt d sBEFOLF—BIZL>TR=1NE R—
INF A, O R=XZ70LERT, R
O R=N17OLIZIRS. RiZFos+—EEES >
NI THBR=NIJOLYTNAT—FETE RO
FIARINANREBEFFF—EITE>TH
BEDI—ATZONEASINS (Fig. 2).

UVB BEHZ X > TF O F—ViEHENR AT /4
ARTERL, ASZOEMRBNEAITIRD, XA
ZALBIAHTH BN, AT /014 OB A
%. 7z, UVBIBHICLK-> Ty 7F /¥ A hTI
> Rt > 1, B-FGF (basic fibroblast growth factor)
MW EIN, TNICE>TAT /A MEH LT
L2 EMRMOTND, I5IT, AT JHA Ml
FIE> (-MSH) #5730 L, AT EREEN
RIS, UVARBLICHEET 2 AT 2> 2Rk
L, BBtazRd

3-3. SRiEAEHDEI R FFICIIRR & TR G
felmd 0, EESGZEEERI THD I 5N
TWwb., L7za>7T, UVBIRHICK % KGR EIC
KO THEKRDRBEENEFTZRT I LITRS.
UV BHEICEDFENAD A 1 =X 1%, DNA {85
WCHRDSERERNERINDD, &L, UV IS
12K > THIET 2 B HHIER T K 5 EMEES O %
R HEBRBERE N Y A =D 2215 Z EMFEN AR

JEEOBHICE S L TSI EHEHTERNEE
A6NDEDITEo/7=. UVBHREICE > TERET
fHBICEENER SN D, ZONAIHIREMEN WL
DT, WEIL, FRTHIUIHCE L TEH#MIND
OTHEMHEEIND Z &30, ZOHE, FROT
UAMTH-o THBET 5 EIEACE L THEMES
N, BHETERWI &R, EBRITHENID SN TN
%).8)

27N AR (LC) 1 ZE#ICHRL, &
BN 2R TR T, S0 5 K 2 #%
HLUTEATSZHIE, H2WENTF KL TR
RO D 2RO MBS TH 2. L 2k
EPUR 2 MR NICE D A A, LC H &3 EE Dl fa i
FoFEHBEAIREESO THIMICERL
T, BRIETDHAEZEF> TS, LENST, £H
WIZBT % LC D434 F LR RE DAl Y L)L+ —
FRALIC B E E T, YU RAIZ UVB 2535 &
LC OEMHA L, BT LILF —BIENKIL L 7R
7I2%.9 £/, KEICUV Z2HHET2EEROK
Wzl TnWasr5F /34 b 2 NEkD <
r 07y — VI E QRS & R I R E
EHEOH DA DY A N A > &EET S (IL-1,
IL-6, IL-8, IL-10, TNF-o, GM-CSF, PG, oMSH 73
E). 1O RED UV 2SI L 5GE, BT Tk
SEHORBWNHEINELE D0, U1 MA D EAL
DOEIE DRI X < o Tz,

Tyrosinase

/O/\r COOH OH D/\r COOH OWcOOH
NH, OH NH, o NH,

Tyrosine
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Fig. 2. Mechanisms of Melanin Biosynthesis
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4. RENA  BIBRERTS CHE, S
FRIZVIRLONTES 2 LEL<HABNTY
5., INBIRHEBLEEDNTVSY, = SITHET
T2 ERMEMER BEAMEA RCEREAE A H
G5, EOA > R—)VOE FIZHDE—A K
FJUT7DOHAANIW0EZEEEZED E 50% D NITHIN A
SETH S HYMAILIE (actinic keratosis) 73 FUE L
HODH D FEOASTZAENAALDZNVEHAR
ATIZ 60—70 KA 05 HIED 20, T OREER
WEAE 10 T AT L TR 120 A&, 2ok
DK R B RGI o, FrITE BRI A Y A
DRKTH D Z ENM>TE. 51T, KEMN
A DIFEFIE D LB & W ZED S ERIMR DN
UVB WENAICHERLSBEE L TWD Z ENBHSNIT
o7,

UVBIZEKR L THET 5D T, DNA O
HBOREFTTRh<EREEZTHERINS. EE
DERBOIX, > r/OTH 28K (FIoRT b
D 28K R (6-4) HERM & Dewar FPEK
Thb. Tof, 7ILF)IWk, #2878 & DNA
LOBEEREDEETS. UVA bIREITK > THAE
L7 ROSIZX 3 8-OHAG DN E BRI N
%.1% 25, DNA O#EEGIE, Z0%, MINT
TERBEREZFHL, BOPALITHET DL, ERICHE
DREFHIT 1 R TN 2 S MY 72 D 10000 {# D
PIIDHAI—NTEDLENOIHELH .9
INSOHEEGICH LU TERIIBES AT LEFH>T
B, FLWEEICE> TUVBBICLDFEMNAMN
SHERNPHEINTNWS, FIAK, BUIDFA
R—IERD 5 BEEOKIN TV LA F RBREBES
5. 1) DNA {85 D8 © FEBERES RN
BEHT TS T S, 2) DNAOYIN @ ZOBEE
DEEOX 7 L7 —EiEMHIZL > TDNA O 5 KU
MICYINENAS, 3) #HBIET I T A2 MOk
% 5> 7 &3 DNA Wi % 2 48 DNA 7n 5
ROBL, 4) BEAMK  DNA GRRICE 5T %
FEIHEL D DNARY AT —EN, #HEEZITT
W72 DNA O HEL Y1) 2 $5 75112 DNA #8375
N5, 5) ks H&EICDNA U N —EA 3 K&
SR 2 EAE ST, BEIIE TS, JOBERE
MICRE DD B R EIE (xeroderma pigmen-
tosum; XP) 4 1 2 EE# (Cockayne syn-
drome; CS) DHEHE TIIMEEHEED 1)—5) FTOWV

TNDNDAT TITREDND Z7=DITBEND <
W/, UV T—%—&LlTdb 7O
E—F—ELTHEHE, UVICHL TaEkZziica
S TW5, KT, XP OEFIZKEGARRITHEIKT,
HEMN S BHIBICHARENRO 5N, EF¥RE
NMZ N TERIMRIT K D DT AFIEE DT 1000—2000 {5
BEWEFEbNTW5. 19

UVIZEBFENAE, f=Z>T—2 3, 7O
T—Tal, JOVlbvialOEERD LB
HNATHS. MO EFEREESHIHIZEET 2 ras
R pS3IREDEMRTNRS TEEIND ERRE
REKIL, TORR, MigcpaEREzELr, J
MAT 5. p53i3, fliliEssONAMEEFEE, UV 3
FEOEMEERATS 0% L EOEE TARL
TN 19 ZN5OERITI R ONFI2 (C—
T), $5WVWIE CC-TTICE>THD, BUID
WS ORBEBLLTHEL D ZEN D, RIMRFARE
UIP 2 2EBERNERIIEGELTNVWS ZENHS M
ThHs. WAMGHELZTTH D p53 134k, UVIC
&£ > T DNA pMEEAREREGZZT 2 &Y Vi
{kE#, Cdk (Cyclin-dependent kinase) [HE% >
INJ'ETdH% P2l ORBIZET. BT p2lid G
/S Hl Cdk & S ] Cdk #HAKITHE & L CTAMEMAL
L, Mifasghiz G ficEIkseTBET S, B
MREWEEE, A#EEHEITDE2ED, TR
= 22k > THIlE 2 58I S &, 815 DNA % £f
S ERI W, ZOHEZET D ps3 i,
[DNA O<Fiéfh] EMINTWS. ps3 RGO EMR
WSZEROHEEMINCORND, NAZRETSES
A5, pS3iFETERVWD, UVEHEIZCE > T ras
DERBBFDOHND. XP BEODLEEE T ras
DR 12,13% 61 TREAENFED SN TWVS,
=3 IR SR UNT TR S 1 = Sal u b Syl 2 ¢ g )
TTAGGG & WS WD R U ER S 2 H/D 1 A&
S DNA i 5. % ZOEME, TOAT—EIC
FoTEKENS. LnL, ZoEFIFHasZT
CHEHINIBNWESGTETLED 20, ZLITHEN
DNA 13 <72 5%. DAt cidlorno
AT —BIEENE LRI ENFENTVWS, UV
FBICKVIRIET 5 LENATIE p53 OERITHE
BKITTC, 7OAT—BIEEN ERT L ENMES
NTW3. 17 2O X, NAMBOARELE T O
AT —VEE EREOEEZRBL TNS,
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HEETIT K% DNA OEENLNIF ELRREBNE
<Y, BENRAFIECRSESGT 2% Z &N 57
T, FHOEOHBETNEANTR S TOSFHIET S
KENAEEET S ENBEHEINS. Lo
T, RGN ATAETEEER SALEMNT T, FitobE
MOBWHEETZRIT 2L 21292 2 ENEENA
FHICOBMND EEZ NS, i KEERTE
EXER S OWEEHICK D, BB RFFIE) »
Sk, 51T, HEEIRIE, FROEITKE
RNROBEEEICDNWTHEKRABTOH TLoND &
HEIE2 ZEDNEENATHICEETHS, &5
STV B EJIZHMTHESY I D(VD) D5
SHRIZK D VD NOIEMALIE, BFEN S VD, 248
WTELDT, HABOKLEIZRBRWEFT A S.

3-5. JtEit HARZmEEAELDITERAL TN
LEEDONTNDD, TOKNWANEIZBWTH Y
WHFEENICHE S MR T 5 2 AT QOL IZD71
MBI EFEBDOENEZAEASD. b bDEHNT
DAEET, HEICHNS S I LR EDEFEMMN
SHMTI NS, UV BFEICKD L ELHZ KSR HE
BTt E Y, EEERELEXGIL TN
%, I BERHE & RS EE AL, 2
[QICTEHIIRLDODROBIINEILTHD EED
T,

K& DI ORI, BERERS TII UV &
AEETRE, WIN, #ELT 50T, KEIRET
%, UVInDG DNA Z5F 520X A T2 aEET
HAT ) —=ADEEEEI NS, UV BEIZLDH
BLDHE, EHNELERZD, LONENDN
BHThsd BEEOIAT—F2, TIAF, L1
LY OW Fbis EOEZNERET, > TU%4d
VI E D Z ENEYIC UV 2T 2KRBRICH
WTHEND SN TS, T, EAH, fE7IR
LARBRETRTIZUVREELTHD, UVITEKD
AT ) —LEECEEEEIND L@E XD AT
ZUMBLKPEEIN, TNNTIELTESIER
5. L7M->T, UVIZRINABNWESITHET
E, >I0ZLIEBBIETES. KEDHEILDRE
KiZ, UV HHIZEK D EE I N ROS 20 ROS
KD EESINBRRIIEE T, Th s ME2IEMIC
RIEICEEZ 5 2, KB OB ITHERER), S
MNERZDZS LR THD EEAONS.

4. UV BHEE(CXT 26 - A%k

BRI 7z e RG3 Au, SIZRENI, LR ED
UV ZBICLDHEEEOHRD 1 DELTHET S
N501F, ROS© 7Y —F V)L EMETN S ALK
NTPHNVTHD., ZNoid, UV ESHZTX DM
WOKDBEINTTEZ OH 72 )V /KE
FEORBIZE>THELEZBDTHS. b NEHD
ETDHREML, BEEZOESFALT, Tx
NF—2EZL TS, LML, EOLSITL TH
fANTHAET S ROS 27U —F VNI L BRE
MEERETFOTNWEDEASSIN? R EY
1, AT 28R BH R 2 5> T\ 5,
Z DR R D EARITRDOED THS. 1) ROS
TU—=I P NINDERENASD, 2) TN THER
LTLK2ROSTY—=FIHIIEEDNTHE -
WL, ®EhdT2, 3) EULELGEEE - BE
95, 4 ROS7U—F T HINTK o THiHERE
NABEIN, LDELEINDEMIGEIND. O 20
EOBERZFDHDIL, Hilkfk¥ (antioxidant)
EMENS. DUFICB BRI 8L T, ik
Al 2R,

) FxORIEEMHITS &> TV hIVAE
RRZEMIET 2P emEIciE, hy -1, I
FA NN FFF =Y, NAFIHF—Y, T
YF*>-S- 72 A7 77— (GST), ZA—)%—
FFRIOALY—F (SOD) IR EDEEZERE N
aF /AR, FS2A7xU>, 772U,
NT vy, NEXFIUREDES FYEN
HFons.
2) HANSWMOAENTZT D HIVIKERN T2 RE
TORNCEET AV ERHEL T, BELT 2P
{EITIIKIBED DD EFEED S DND 5. KK
HofigtmE LT, 72 (E¥I >
C), REE, BUINEY, TIVT I ENETS
n, EEtovsot L Tidharyzo—)L (EF 3
VE), 2AEF /=), haoF /A RnH5. F
7z, Wi, WY ThHHRY 7/ —)VEOYIEE
EAERME S T2, RS EES & U TR
<HWSHNTWS, RY 7/ —)LOEIT 5000
PlEdsEFHONTBY, hFd, 727
L AVTINY, TINY, TIRIBEDT S
R4 R, T8, wYIENEENZUT
F, UAVIEEINTWE IV I VRENK
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<HIBNTWS,

3) BLMBEICKHT S 3 EBHDOBE T 1 34k
DEFDEE - HAEMEETHSZ., s 0&kE %2 FIC
HI DL, FAKRUN—F, Jo77—t, KEE
BEEFEHETDH 5.

4-1. UVEBHEECHTZEY I EOHR
BEIC iR = HIRREFNE UV BEHc K D BRI NS &
[EREEOILICES TH D EFHIND, £, E
¥3I2C, FIWIFA>, E¥IE, huF /A
R, RU T/ —)VENEYFEBRTEFIIBITS
UV B EEFEICH L TETH S L F O MENHZL
<HiEhTna,

4-1-1. £ I EDHEE - 7% - KB KR
WEHETDEYIER, o) By, - 0D IT
O —)J)l (Tocopherol: Toc) &ZFNITHKIET 3 O
U I/ —)VFET 8 DM EARNH S (Fig. 3).
WTNORIBEERS T vV EREDIMC» a0 2 <3
FNTHD, KiZ, p-Toc DEHEEETEWL. 25
BEYOEBREOLZNWTY A AANTIIERTHES 2
CEDT0%ELEDDHEFON TS, AR
ROPEFCHEHEITHEY I EF o-Toc T, b
M8 TOREL p-Toc D 4—10 f5Em <, YT A
7y hTHEKDHSMERL TS (Table 1), 2
LaLl, EbEETEY I E DN, p-Toc DD
LHEIEIE30—50% S MR RO EmWN T E0HE S

R,
HO CH, H,_cH, H_ cH, CHi
R w W L CH,
Ks Fa27Fzru—n
R, *

Hojiili;];nh CH,  CH, CH
Rs O & “CH,

Ry Fsrnz -0

a-b TP 2B —a Ri=R:=R3;=CHg

P-ta 7 gE—n: Ri=R3;=CHs, R:=H
R:=R3=CH:, Ri=H
Rz=CHs;, Ri=R:=H

-t 7 aP—=i
F TN A - R

a-p P U= Ri=R:=Rs=CHzs
ﬁ- FatrP=ys—p0 R1=R3=CH3, R:=H
-k Rl = R:=Rs:=CHj;, Ri=H

NN Rs=CHs, Ri=R¢=H

Fig. 3. Chemical Structures of Four Isoforms of Tocopherol

NTWD. 20 T D y-Toc BN HEHPIT T
2N &1L, TOMRBMNTAEMEEZEZL T
LU[REENE Z 6N 50, I N TVWRWENE
W,

E4 2 2 E ORNEREIL, o-Toc RIS
I 245 2 )N7'E THD a-tocopherol transfer protein
(o-TTP) MFERINTH S, HHSMNZEINZ. B
HELTERINZ a- & y-Toc 13/MG TR CEE
RN, FUT7II 70— dL AT0—
WE—REITHIOI 7O ITHELTY 2NEICK
795, Aoy @3mbTYN—FIicE>T
R#IN, W< 5MhOHEEL TV Toc FHIT M
W, BEM, MO XS 7 RMMICBITT 5. KOO
Toc¥HiIhruIror L At > bEEBITHIEIZ
BOUAENS. HIKICEBITLZ oToc 1d, oTTP
ICHREEAIZHES L, VLDL (very low density lipo-
protein) ICHIDAEND. [FlEH) S ifn i i &
172 VLDL 13 LDL iI2Z&{t L, oToc ZHia L 7z
LDL 32 AT K > THIMANICERD A ENS. 2 o-
Toc X, oTTP OFAHICL> T, MFEHICT—EE
SHLTWS, —J, y-Tocld, HFl&T CYP3A &
FHED o Bt zhnichi< pRibICK DM S
N, Bk y-2 (2 -carboxyethyl) -6-hydroxychroman
(y-CEHC) & 720, mEIITKPITHM® SN
5. 82 LUl=mNoT, p-Toclidh1 o3I o nEd
HET2HMANOMOIAFRIZE ST, K&, N6,
W72 T2 < 739 278, g7 L
hERBIND-OMBEHOEREIIKRS 2D
(Fig. 4). AERIIHIRILIEH DRV a-Toc D KRR
DHZERERE L THHATLHMAAZHEEL THWD
LEAD.

Table 1. Concentrations of o- and y-Tocopherol in Plasma
and Tissues of Humans and Rodents

Humans Rats and mice
y-Toc a-Toc y-Toc a-Toc

Plasma 2—17 15—20 1.3—1.7 7.2— 13.0
(mmol/1)

Liver — — 4.5—5.3 30.0—33.4
(nmol/g)

Adipose 176 =80 440+279 29.5+4.1 79.8+6.9
(nmol/g)

Muscle 107 155+163 3.6—5.7 15.1—22.7
(nmol/g)

Skin 180+89 127+74 3.0£2.8 8.9+3.0
(nmol/g)
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Fig. 4. Absorption, Transport, and Metabolism of o~ and y-Toc in Peripheral Tissues
a-Toc-Transfer Protein (a-TTP), 2,7,8-trimethyl-2- (8-carboxylethyl) -6-hydroxycroman (y-CEHC).
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Fig. 5. Scavenging of Peroxy-radicals by Vitamin E E Lo- LH
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E- L-.—/
4-12. EYIEDOHELER EXIVE \ S off

AT AR RERE L T 1922 4£12 Evance &
Bishop IC k> THA I N, &IETIE, BEX b
L ZDOHKKNFTHS ROS ITX 2 EHE B
(Fig. 5) ZFi#Eld2s2mEEL THLENTNWS., f& FYIVERD, [MHRORINZE#HEDIERT., ZDLD
BiEE b OB RFEIT Fig.6 DL D ICHAINTY ISHSHS T LIEE N A S, E¥I 2V EX
5. bbb, ROS®RTU—FIHIVDOFEICK MET, ZREOREEDOBRILEZNTNVSD.
DIEE N SARFMNSIE RN, TEEER LD EH K LOO- EEY I VEMNT AL T, LOOH
INBE S NS, B LIZIEE S 2V L. ik WA Z, HERINEEIESES. ZORE, ElRE
ERIGLT, IBEXIAFTF27)L LOO- IT7% Nizbha7zoF> T PHIIIIMEFENITRLE T,
L, TNPMOIEE SRR, KFEEZLGIEHRN Tl LH BT 22 &idRn, EREnzhar oo
fR{LHEE LOOH 1275 5. TN & RIFFIC/AKENG = FOIPANBTAIINE VEIZE ST, BEERET
RINNTNGEMN S, HOREE Z 27V av#H U < ARk HAERKIET S, EY I ERZIGBEBLIEEDE
L, IOl EERRICIRFEERINL, LT+ FEIZKD, IREABICET S BEEMETL, aL X

Fig. 6. Mechanisms of Lipid Peroxidation
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TO—=)VZZATFIVHEI N TICIMERICEE S 11
5. ZTORER, JEIKMENMERICHREIN, 7T
O—AZEETIERERD. Thbb, @REiE
BOEEPBIREILO—~KRERDEZEZLNS.

4-2. y- b7z 00— JLOEEFM Er¥3 >
E OHBALIEME, IBEZ 2 hIVicT o/ —IVKHE
PG THRENICHEDONVWTHD, y-Tocldrov >
BOXFIVEN1EDRNDT, a-Toc iZHRTE
TREENL D OHRILEDENEIN TN S,
LinL, p-Tocld, CSMMAFIVETERRINT
WIRWDT, IEHEEHREBELY (RNOS) DX 57mHE
MEREFEYEHIET DI ENTES.
Cooney 52913 p-Toc 7% RNOS O EN =2 AT,
NO, Zz#HEDEWNO NEL LD, INnZEHiE
L CZ5E 7% 5-niro-y-Toc Z BT 5 Z & ZBH S MIC
LTW3, p-Toc DRHPEY TdH % y-CEHC I,
Wechter 5202 X > Tk MRA D Nat it ["F 2z
FET2BETHERLINZHOT, Bk L7 R
DTpS WU T LF v X)) ZHETHIELITI>T
Nat fEilt 25T 5 2 E2MEL T, Jiang
521%, y-Toc & y-CEHC HIREMEMZH D Z
EERBASMI U, URLHE (LPS) THIME N7z
XrO77—YHDBNEIL-18 TEME L SN /- B
e T, ERLKZPGE, ZHEICHHTEEER
H L7, ICs 1% p-Toc T 4—10 uM, y-CEHC T 30
UM T, o-Toc DEIEE TIIMFHEIHIRIZZ D 5N T
W7z, y-Toc & y-CEHC IX, 7oA F2 47
F—1 -2 (COX-2) OF¥ /)N EFHZMHIL 7z
WODT, HEE COX-2 DBEFIEEZHEL, PGE,
BREIHIL TWE Z EDURBEINTWS, B
RIEVIRR A IR ERZICEG L TWwWas DT, y-Toc
% y-CEHC 3R TEN S D FRHITHELS BH> T
WA HREMED D 5.

BT, BFHENS o-Toc IZH~RT, p-Toc DI
FERIRENEWED, BN A DT R E W
ZEMNRBINTWS. 2 iz, RN IRS AN Z
y-Toc THLHET 2 & MIfEAEAY G I TIEIEd 5 2
ERBMIERIE eToc KD EWI ENHE I N
T3, 2 FiNEIRA AL D y-Toc 12 & % i lale
AL, I REKRBEED 1 DThH 5 dehydroce-
ramido desaturase NEFEHEXTN, I a2 RU
TINSF R O—L CNEREL, BZAN—=E 3N
BN, YRR ADBEINHERETHD

ZEMGMoOTND 0 ZD7 R M XFERI
y-Toc IZIIFEH 5NB D, EDOWIEHRE THFEE
D o-Toc UFRTIFFD SN TV RN, TS Dk
HiZ, WIhH y-Toc i, oToc &I/ 2 48
TERMH B EZRBLTNDS,

5. RIEO UVB BSEECH TS y- b7z
O—ILFEEDOHR

bbbk, UVB BEICK 2 KEEEZBLH -
BETEZMEMELTTINYFA D 7 X))
EOR, 2% hay zo0—)YEOFHFERIZDONT
ML T2, wind, HEEHET2253H
SN, TV TFUEERITIS ODRANH B Z
&, YANVE CRFEERILETEBM L EED
RN K <Tanwir &, EBRITE hADIEHEE A
L&, RHBICHEND >, £k, BIENHIN
TW5 a-Toc acetate (a-TA) 1%, JBIAEMETH 3=
D% OBENNETH S, EHSITE > THHE
SNEHRNI 7 0-IVFERTH D o- L y-
tocopheryl-N,N-dimethylglycine (o-TDMG or p-
TDMG) (Fig. 7) \3EKMETH 5728, fHEIZHEN
W, FHENLLS, HBWEZETHS. bbb
N, ZOFEEKERANWT, ZOKEEED T -
BEONRIZ DN THE L=,

5-1. y-TDMG ( UV BFIC LD REDELZ T
Bf - JAETE 33  5%y-TDMG & «-TDMG K&
DD DT - TA ZANT L AR T A (2, 5i#
#) O EIZ 5kI/m?2 @ UVB (290—360 nm,
Max. 312nm) ZHFT DH1dH 5 WNITHIC 1 KR 72
JEAL (EERICIIREES), BEICK265E
DFgFEE LT, 1) Sunburn cells DFFE, 2) RIE

TDMG : Tocopheryl N,N-dimethylglycinate hydrochloride

TA  :Tocopheryl acetate

y-TDMG : R,=H, R,= COCH,N{(CH;), HCl
o-TDMG : R,=CHj;, R,=COCH,N(CH;), HCl
o-TA : Ry=CH;, R,=COCH;

Fig. 7. Chemical Structures of Tocopherol Derivatives
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X2 KRERE, 3) lEEEE{t (TBARS M 4)

ZHEL, FONFEITDOWTHE L. Figure 8 IZ
R~I XD, UVBHEEHZ X% Sunburn cells JE ki
3FEOFEEARE DR, HO2VIIBEBMTH- T
HARICT OB HIH SNz, HREICED K
JEHEJELX, y-TDMG 720 Wi kO E A, &
HICAEICMH L THBO, FDO%)%E1E Indometha-
cin (Ind) IZPLELL TWW5. TBARS @ UVB &iC
KD HEMOMENT, p-TDMG DR+ 5 Kk %5

A

& o-TA OHBEETHRD 6N, 3 FEHEARDOZRIZ,

y-TDMG >a-TA>o-TDMG TH > /=. 3 HDFHiH
KEIBEEBHL-ZEEOZFNTND Toc NDE
iz REFIC HPLC TE®RT 5 &, 24 K& -
TDMG TII KN y-Toc &l 25 512, o-TA BAIC
BUF 2 o-Toc BEOEENMIZ, TNETh 8 fFiHmL
7z (Fig.9). L,2L, oTDMG @ 1 K% 4 T
a-Toc NOZHITHTMNIT 2 EOBINTEE /2>
7z. Txbb, p-TDMG IZBRAEIE B I KNITK

100
9 r
80
70 I
60 I
50 1
40 [
r
20 I

Rl
iia }

Sunburn cell formation (% of normal)

o S

control 5 kd/m?

35

+TDMG

o-TDMG o-TA

30

Concentration of TBARS (pmol/mg protein)

25 f

20 | . *
15

10

5

0 N N .

control S kd/m?

y-TDMG

o-TDMG a-TA

a
b

*¥

Increase of skin thick ness (mm)
s £
— th

o
°
h

*k

=

5 k)/m? y-TDMG

o-TDMG a-TA Ind

Fig. 8. Effects of Topically-applied y-TDMG, a-TDMG, and o-TA on Sunburn Cell Formation (A), Lipid Peroxidation (B) and

Edema/Inflammation (C) Induced by UV-irradiation

Each derivative was topically applied to the dorsal skin 1 h before (open bar) or after (closed bar) UV-exposure. Each bar represents the mean+S.D. of 12
skin samples from 6 mice. *p<{0.05 relative to irradiated, **p<C0.01 relative to irradiated. Ind: indomethacin.
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Fig. 9. Time Course of Changes in y- and a-Toc Concentra-
tions after Topical Application of Each Tocopherol Deriva-
tive

A: A 5% solution of y-TDMG or y-Toc was topically applied to the dor-

sal skin of mice and left on for 1 h, after which they were removed with 70%

ethanol. At the indicated time points, the concentrations of the y-Toc after y-

TDMG administration (@), and y-TDMG (QO) and y-Toc after y-Toc ad-

ministrations (@ with dotted line) were determined in the skin samples by

HPLC. B: A 5% solution of o-TDMG was applied to, and left on, the skin

for 1 h after which the concentrations of the a-Toc (A) and a-TDMG (A)

were determined at different time points. C: A 5% solution of a-TA was ad-

ministered and left on the skin for 1 h, after which the concentration of o-

Toc (M) and «-TDMG ([0) were determined at different time points.

7L, yp-Toc NEZ5Hu, 6 W[ T Max. IZ3E L,

U KRB ZEOEEZMEF L. FUPFIVGFT
% y-Toc 28 A L 25 E1E, EBITKNITET
L=d & LiaD, 24 BEREI1213 p-TDMG %
fAlizEED p-Toc BICHIKTZE1/8 ThHo
-, —7, «TAZ y-TDMG ITH~X% &, RN
FRIZSHEEEVIZHZED ST, a-Toc NDLEHR

~

N> 72. «-TDMG O84S a-Toc DL
13K TN > 7=, p-TDMG 13 N O IERR I T
25T —YIZL> T p-Toc NOLEHMNHAT TN S
¥, 4FRHBDEVWERMEBELHIFTZS5DT,
F U PFIGTTHS y-Toc & D bioavailability 1
BWEEZ NS, TORD, BEREEICHT D
R 3 HEOFEARDOFTIE, —~FBEmhoEE
AbN5S. INHO/RIT, ENICEEINTNWS
Toc & UVB IR EZDOFH & OBEE RE L T
W5, BERERICT DIV IIRIERIZR WO T,
y-TDMG 7 5282 L /= p-Toc 73 HREF 12 L 5 ROS %
LU MER, PiBEERZ RLEEEA NS,
F—FELTIERERLTWRWA, y-TDMG DHifE
LERIE, BB E N o F /31 b THRBOMER
NESN, B NRENDIHANEZ SN,

5-2. y-TDMG (¥ UV BHFC LD KEZFF - A
ECTEBY NT VAT A EEREEIT 5% y-
TDMG K TN Toc FHEEMNFE L7825 10% o-
TA %z UVB 45t 2kJ/m?) Did 5 WIFRITEAT
U, 24 FFRIRRICHRIEIC K 2 KSR K U 2N PGE,
BEUEL, 2H5ORRELE L. y-TDMG &
TSR 210 T <, % THIEE, PGE,
B0 LR EZEZEICHH L 72 (Figs. 10, 11). LnL,
oa-TA OEEITRTIUIE TIIRNRNEBD 5N h, #
WHIXIFE EAERE RS B> 2. ZORERIL,
y-TDMG I HFIC X > TEERET 2 RIED FHIC
b, BEIZHBHFHTESN, oTA OBFEITIEER)
BNEDHRNT EZRLTWS., PGE, G DHH
BB Tl < COX-2 DI EHASE, mRNA 7Z1F T
<A N7 L XR)LTH p-TDMG ULFET 4 < 21k
ERETILMMOTD, o TAUE TIIHHIIRERL
7z (Fig. 12). y-TDMG LENERT L X)L THE
BRI DT, BEHEER COX-2 1GM 2 M1
FE L, ZORE, EEMHOEAT o TA QLHIZ
ke L C@EMno /= (Fig.13). L7=M->T, y-
TDMG OHRIEEA AN Z L LD 1 DIF, EHEK
COX2 {EHMHEICLD2HDTH D, o-TA DEH
i, BFICIOMBATHEALZROSD®TY —F
TNV % y-TDMG 7 62 #: L 7z a-Toc 3L L 7=
ERTHhDEZEZON. FHRIOERIE, MEN
Toc BIZIFTF—TH 27D PEELIER IS NI
a-TA NS ZEH L 72 a-Toc DS MEWEES 2 HiDAs,
y-TDMG L D Hi RIEZN 1L, p-TDMG 7/p 5 £
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Fig. 10. Effects of Topically-applied y-TDMG and «-TA on
Edema/Inflammation Induced by UV-irradiation
Derivatives, 5% y-TDMG and 10% «-TA were topically applied to and
left on, the dorsal skin for 1 h before (pre-treatment) or after (post-treat-
ment) UV-exposure (2kJ/m?). The skin samples were washed with 70%
ethanol after 1 h and their thickness measured 48 h later. Each bar represents
the mean+S.E. of 12 skin samples from 6 mice. *p<0.01 relative.
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Fig. 11. Inhibition of UV-induced PGE, Production by
Tocopherol Derivatives
Effects of pre- and post-treatment with 5% y-TDMG, 10% o-TA or 5%
indomethacin on PGE, levels in skin 24 h after UV-exposure. PGE, levels are
expressed as a percentage of its concentration in irradiated, non-treated skin.
Each bar represents the mean+S.E. of 12 skin samples from 6 mice. *p<C
0.01 relative to irradiated, **p<{0.05 relative to irradiated.
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Fig. 12. Effect of Tocopherol Derivatives on UV-induced COX-2 Expression

a) Total RNA was extracted from the y-TDMG and o-TA treated skins for 1 h after irradiation. COX-2 mRNA levels were analyzed by RT-PCR method using
specific COX-2 mRNA primer. mRNA levels were normalized to that of glyderaldehyde-3-phosphate dehydrogenase (GAPDH). Lane 1: irradiated, lane 2: 5% y-
TDMG treated, irradiated, lane 3: 10% «-TA treated, irradiated, lane 4: 5% indomethacin treated. Each bar represents the mean £S.E. of 12 skin samples from 6
mice. *p<{0.01 relative to irradiated. b) Immunohistochemical localization of COX-2 in tocopherol-derivative treated, non-treated mouse skin.
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Fig. 13. Inhibition of COX-2 Activity by y-TDMG or o-TA

Treatment

A) y-TDMG, o-TA and indomethacin pre-treated skins were frozen in
liquid nitrogen, crushed and homogenized in 100 mm Tris-HCI buffer, pH
7.5, 24 h after being irradiated. After centrifugation, the supernatants were
assayed using Chemiluminescent COX-2 assay kit. Each bar represents the
mean=+S.E. of 12 skin samples from 6 mice. *p<{0.01 relative to irradiated.
B) Relative COX-2 activity expressed as a percent of normal. Each bar
represents the mean+S.E. of 3 experiments. *p<{0.01 relative to irradiated.
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L 7= y-Toc DR COX-2 IEHEHEICL D &% %
515, —F, UVIBGHZ X 2 REERDOFHKFD 1
DTH 3 NOFEICODWTEHET S L, p-TDMG
MO o-TA U EBHITHERICZTOHA, KUVNO &
[k TdH % INOS DRBINHREICHMFI SN T

(Fig. 14). INSOERERET S5 L, p-TDMG
DOHILEMEAE, 1) ROS O, 2) COX-2 iEH

FHEE, 3) INOS HHMHICLHbDLEEZ BN,
o-TA L DHEE, RIEER DO FIBME TE < ROS
DHiRICEDbDEEZENS (Fig. 15). £,
y-TDMG JLEE 24 IR $212 p-Toc DILHEN TH
y-CEHC Z & L /=23, KINTODOZ D& DM
ROLNREMh> (F—=FIIRLTWRW), Lk
Mo T, y-TDMG OHAIEER L, FHEARN 54
L7z ypTociZLBDBDTHBEFTAD. y-
TDMG FHHINTWVWS A > RAZ T iR n
RIEERZHEDODT, b hADIGHNHIETE 5.

5-3. y-IDMG O UV BRICLD2BREABEEZ T
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Effects of y-TDMG and o-TA on UV-induced Nitrite Production and iNOS mRNA Expression

A) y-TDMG- and o-TA-treated, irradiated skins were homogenized and then centrifuged, and the nitrite concentration in their supernatant was determined us-
ing the fluorometric DAN test kit. B) Total RNA was extracted from the y-TDMG and o-TA treated, irradiated skins. iNOS mRNA levels were analyzed using RT-
PCR. For relative quantification, each mRNA level were normalized to that of glyderaldehyde-3-phosphate dehydrogenase (GAPDH). Lane 1: normal, lane 2: ir-
radiated, lanes 3 and 4: 5% y-TDMG treated, irradiated, lane 5: 10% o-TA treated, irradiated, lane 6: 5% indomethacin treated. Each bar represents the mean +
S.E. of 3 experiments. *p<(0.01 relative to irradiated, **p<(0.05 relative to irradiated.
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Fig. 15. Where of an Inflammatory Cascade Induced by UV Radiation does Toc Act?
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Fig. 16. The Lighting Effect of y-TDMG on UV Induced Hyper-pigmentation

(A) Photographs of hyper-pigmented dorsal skin of brownish guinea pig after topical applications of y-TDMG for 4 weeks (left panel: after 2 weeks, right
panel: after 4 weeks), (B) The degree of pigmentation (L-value) after topical applications of y-TDMG for 4 weeks. (C) Melanin distribution in photo-pigmented
epiterial reasion after topical application of y-TDMG. Specimens were prepared from non-irradiated (top), irradiated (middle) and 0.5% p-TDMG treated skin

(bottom) for 4 weeks. Melanin distribution was detected by Masson-Fontana stain. Each value represents the mean=+S.D. (n=3). **p<{0.01 compared with the
control.
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55, bbb, s & p-TDMG ORIR %
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AT ) =X HEMICBNTHRRICA ST = AFH
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DA DO FREHE R S N,

BEILEMNFNRDOANZ AL Z D -DIT Y

AAT )= HKMILTH 5 B16 # L, HEFEIC
HEEZEZ R VBEHETOMEAAS = &2
ET D EZTOMHIZNRIL T T P >y-TDMG> 7
WTF>Tholz (Fig. 17). 7IVT F 3 HE5EH
filask <, aU PN —FMIEEICEEE 52T
AT Z G flEEZ /R L, y-TDMG [ZH O
IR ZFED Z EDVREINZ. AT AROA
HERETHAHF O —EBERICEADEEIIDON
THRFT 2 &2 oMtz RIZ T 2B >y-TDMG
>SYINTFTHo7- (Fig. 18(A)). In vitro D4
Ty a)l—AFadF—ViEEIZEZ S y-
TDMG, p-Toc, AU B O EEZBETLH L, O
™ Vg >y-Toc T y-TDMG 13 1F & A EHER) R Z
RS Te/mo Jz (Fig. 18(B)). $ /2%, p-TDMG
ZTDHDITIIBEREEESRITR<, p-TDMG 5
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Fig. 17. Effects of y-TDMG Treatment on Cell Proliferation and Melanin Synthesis
B16 melanoma cells were treated with various concentrations of Arbutin (Arb), Kojic acid (KA) and y-TDMG. After 4 days, cell mumber and melanin concen-
tration in melanoma. A: cell growth, B: melanin contents. Each value represents the mean+S.D. (n=3). *p<0.05, **p<0.01 vs. control.
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Fig. 18. Effects of y-TDMG Treatment on Tyrosinase Activi-
ties of B16 Melanoma and Mashroom
The tyrosinase activities of B16 melanoma cells (A) and mushroom (B)
were treated with »-TDMG, p-Toc, arbutin (Arb) or kojic acid (KA).
Results are expressed as percentages of control, and data are mean+S.D. of
three determinations. Each value represents the mean+S.D. (n=3—4).
**p<0.01 vs. control.

@< EIEEEE [HE - aRfEERESREREE
ORIEWE) CHDBZEMS, (bHEmE L TEA,
EHIFER T2 2 L2BET 5 EMENEKS. —4,
y-TDMG 13, AIERIIHEE EEZEX#H WD T, FHE
DOFERICHEL TS ES A 5.

5-4. HR¥E DhbNEEHESICE > THFES
7= y-TDMG A2 UV BREHZ X 2 K& D RIE,
M b, Mifast, FLEREITH L T, il
MEZEZFEODIELEZHSNIILE, T2DE, y-
TDMG &, 1) HilgfbfEM, 2) COX-2 {& MR EE
A, 3) iNOS HHHEEH, 4) FoiF—EiEH
HEICLDORLEERABREOHRZFEFODZLE

invivo DEBRTHLNI L., BE MADO@EIRIZD
WTIEEHSH FTREL TWS R T, EAZR
EROZEEHSMNILTWS, HIERHEAOfRE
DORIHHIN TS, FRAFANDRS, F%&IC
MRS 280 iz,

W, o-TocldT T U AL RHDWIELHEREL
TOMERANEATH DA, 2004 4O KEEER G F
RTEMAE (268mg/d) OES I > E BEUI A
EERELSTDHEEIOMENRIN, KEBEETA
72,3940 S-S QR HFRr EICHENH D, HET
B ERDMT HHEITIIFEN D D S EINT
W54 Lnl, 7Y A2 MORERERICHT S
DOOREOERFINHNWZ E2BEZ 2 &, SHAEEN
FEROERE FEHTRETHLEEAIT D EE
W, EEBEOHHIIESY 2 2 E NEMAHEEE
EFETHIENS, BITEENLET, HKHEYE
TOREKMOY T U A > MEGITH U TRETRE
BEETHDEEAS.
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