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Many naturally occurring agents are believed to protect against ultraviolet (UV)-induced skin damage. I established an
in vitro assay to measure cellular DNA polymerase (Pol) activity in cultured normal human epidermal keratinocytes (NHEK)
by modifying Pol inhibitor activity, and screened 10 tropical plant extracts for Pol activity enhancement. I found that the fruit
of Rose Myrtle (Rhodomyrtus tomentosa) was the strongest enhancer of Pol activity in UVB-irradiated NHEK. I next sought
to examine the effect of the Rose Myrtle extract active component, piceatannol, on UVB-induced damage and inflammation
in cultured NHEK. The protective effect of rose myrtle extract and the two key components, piceatannol and piceatannol-4'
-O-B-D-glucopyranoside, on UVB-induced damage and inflammation in cultured NHEK was investigated. The 80% ethanol
extract from rose myrtle fruit with piceatannol exhibited protection of UVB-induced cytotoxicity in NHEK; however, piceata
nnol-4'-0-B-D-glucopyranoside exhibited no protection, as determined by a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazol
ium bromide assay. This extract and piceatannol reduced the production of UVB-induced cyclobutane pyrimidine dimers and
enhanced the cellular enzyme activity of the DNA polymerases in UVB-irradiated NHEK, suggesting that UVB-stimulated
DNA damage was repaired by the polymerases. In addition, the secretion of prostaglandin E2, which is an inflammatory
mediator, was decreased. These results indicated that rose myrtle fruit extract and its key constituent, piceatannol, are

potential photoprotective candidates for UV-induced skin damage.
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12 & o TR S 1% Pol 43 T-H (= DNA B #7 o Polo., 8. €)
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5> T MEEALMILN O Pol iGtEd L7452 L 2R
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1t (Normal Human Epidermal Keratinocytes, NHEK)
N @ DNA B85 Pol & 1K PEAL 3 % B0 o B - K58, 1k
FREEOPE ., BIMET A — VI X H = X L O & 5
jjﬁ L 712 o

2. £ B&

2. 1. NHEKDO#fifaizs

NHEK & 845 4 % & ¢ Epilife-KG2 3 (KGM) 1
75K bEEAL . NHEK # 75cm® ¥ v — L 12 3%
10° M8 /5mL KGM Z#&#E L T, 37C. 5% CO, &M F T
5% 3T IVL Y Ml b FTRFERLZZ. MDSOIZEH
L 7= W BREEL & R 0.05% 12 72 B & 9 iR, 24 e
¥ L7z (Fig. 1o ¥ % Hank's#E B lc &S L Th 5

UVB (0 ~150m]/cm®) % M4 L <, KGMIZBE L T 2~24
R R L 720

2. 2. NHEKA® Pol & EBIE

Fi# L7ZZNHEKZ A7 L A X—=THINL T, 7u75
7 — Y BLE A & & e Ml N T R i (50mM Tris-HCl
(pH75), 1mM EDTA, 5mM 2-mercaptoethanol, 15%
glycerol) \CBMR 720 mOEEZRINLTY V37 %8
L7720 0ZM e UCPol iGTERIE IR L 72,

Pol BUBIZIE, HHEE LTHAEDNA L T4 F 2 1) KX
27 L+ F K (ANTP) ®220% MEL T LD in vitro %D
ARRPEIZBIT 5 Pol FEH11E, 8B DNA & L THEBDNA
® poly (dA)oligo(dT) e T F T UKRXZ L F F &

Table 1 Human Pol species
Name Catalytic subunit Farglly Function
KC1
Size of (120 mM)
Gene  protein inhibition
(kDa)

Pol oo POLAI 166 B DNA replication priming +

Pol B POLB 38 X BER and meiotic recombination -
Mitochondrial DNA replication

Poly POLG 140 A and repair -
DNA replication, NER, and

Pol & POLDI 124 B MMR +
DNA replication, NER, and

Pole POLE 262 B MMR +

Pol{ REV3L 353 B TLS and mutagenesis -
Bypass of UV radiation-induced

Poln POLH 78 Y DNA adducts, especially CPDs B
Defence against ionizing

Pol& POLQ 230 A radiation-induced DNA damage B
Backup enzyme for UV

Polv POLI 80 Y radiation-induced DNA adducts -
and BER
Bypass of bulky adducts, backup

Polx POLK 99 Y enzyme for NER -
V(D)J recombination; possibly

Pol )\, POLL 63 X andjoining —
V(D)J recombination; possibly

Polu POLM 55 X and joining -
? (ICL repair or testis-specific

Polv POLN 100 A function) -
TLS and mutagenesis, anchor for

REV1 REVI 138 Y several Pols -

TdT  DNTT 58 X Immunoglobulin diversity at B

junctions of coding regions

BER, base excision repair; CPD, cyclobutane pyrimidine dimer; ICL, interstrand
crosslink; MMR, mismatch repair; NER, nucleotide excision repair; Pol, DNA
polymerase; TdT, terminal deoxynucleotidyl transferase; TLS, translesion DNA

synthesis; UV, ultraviolet.

3) In human cells, these enzymes fall into four distinct families, designated A, B, X,

and Y, based on amino acid sequence.
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L CHEHERMLEHE D b ) F 7 A T L 72 [P*HI-dTTP
w7z (Fig. Do 2L T, Polll& o TEA SN PH]
-ATTP OB HELZ WA v FL—Ya vy vy ¥ —T
Y H T & TPolfEE L7z s

2. 3. fHERFEHDFIEFA O

NHEK # 48 X 7L — ML, 7370z b
270 % F TR, BEHL % Hank' s IS M Ly 50m]/cm®
D UVB % 4 L7z KGM T L 7 8Bl bl (o 72
ORI 05% DMSO % &rie. DIBEOFEERIZOWTH kR
WZEte) 1KLL, 24 REHIBE IR DEAERE MTT 7 v b
AW X DMlE L, UVBIERES % 100%. UVB B4 Bk Bkt
BHEZIN % 0% & 72 % £ 9 \ZHIRBEHIH] = 2 5145 L 720

2. 4. DNAhOIyOQ7a BEYIDO V443 —
(CPD) OFF
NHEK # 60mm > ¥ — LI L, 7371z >

Test compounds
from tropical plants

MZ7% 5 % THEMR. KCGM T L 2Btk 2 % +
— LSRN L 24 BERRE2E U720 K53 % Hank sii~ZSHe L,
50m]/cm® ® UVB % B4 U720 KGM Tif# L 72 b Eratrl
WL, AREIIR R, MlRE eV A2 L—3—=12X )
XL 726

AN L 72500 & QIAamp Blood Kit (QIAGEN) % H
WCDNA O, RE%E, FIREICZ2 X BML 2
DNA H @ CPD & %H.CPDE / 7 1 —F Ltk (2 ZEN
4 ) W/ ELISAEIC X ) e L7z,

2.5. 7OA&RJ5>2 2V E2 (PGE2) D
NHEK # 48 R 7L — MIZHEHEL, 73710z v
M b ETH#ELAZOL, KGM-hyd I &# L, <
521 HE: 2 L2 554 %2 Hank' s ~38#2 L, 50m]/
cm® D UVB % B4 U 72 #. KGM-hyd T L 72 BBk
FHZRH L, 24 MR L 72 B LI OPGE, & %
PGE,EIAKit (Cavman Chemical) # W CE® L 72,

UVB radiation
(0— 150 mJ/cm?)

- -
Incubation (24 h)
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Fig. 1

In vitro cellular Pol activity assay using cell extract from UVB-exposed NHEK
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2. 6. HEHFHIRTE

FERAE T TFIME = FEAEREIC X DR L7z, E/20
FIEEIE EAEMGEIZIE, Student's t-test & v, p< 0.05
DY ERARELED ) LI L 72,

3. # X

3. 1. NHEKA® Poli&HBIE D4 1%5t

NHEK @ Polifitkfll 2% % i b EiF512Hh 7). UVB
HE G i & BRSO B 28 0 M O MRt % 47 - 720 NHEK Ol
Fadi I R A E TR Tz, BiASIE MK b i &
120 mM KCl % 70 L 72354 @ Pol i1 % [k U 720 A
1 DNA M D Polo, 8, €% & 42T D Pol 5 1-ff (DNA
B + DNABHE) oMl TH . %E I Polo, 8, e%
B\ 72 DNA BRI Pol 43 T D A DG CTH 5 L % 2
55 (Table 1)o

T3 UVBRA ORI %2 1 ReFICRE % L <. UVB
MG % 0~ 150 mJ/cm® O FPH T - 72. UVB G & 28
125m]/cm* & 50 mJ/cm® Tl PolifitE o Bz i & 7z
o 7225 50m]/cm? PLETIE Pol il LA & 7- (Fig.
2A). ZOUVBERSHZ X % PolifitkAbix. 120 mM KClA
DOFR12R/UEEL oz,

WIZUVBR Y & % 100 mJ/cm? I % LT, UVBHR
WO % 2 ~ 24 B O FEPH Tk - 720 2 DFEF,
4 REIRE 28 T b 55\ Pol i tE o B 2 FJH L 7 (Fig. 2B),

Fig. 2A TIZ UVBEH& & Polif M LIZMIBI L T 5 X
AR Z A% 150m]/cm® WS T (7 8 b —3
R) BFERTLIOLRETCHLEEZT, #2C, 2%H
2 Pol i b X872 50 m]/em® 2SE M TH 5 & EE L1z,
Fig. 2B7 5 UVBIREI 413 4 B BB M TH B 2 &8
G otze THE DM TPlIEEAL S 5 B DS
BiTo 720

3. 2. NHEKH®DPol ZE TR FTEMDIRRE
AR DERERTE

10 fi¥H oo Bt R R FE o Hli Y (SRAS B O 80 % =
7 — Vi) 1 ARG SIREL L Cnieinie,
UVB 4 L 72 NHEK @ Pol % # b i L L7207 v =
> 71 (Rhodomyrtus tomentosa) TH o720 T T, T V=
Y REOHEEY100g % 1ILD80% ¥ /) — IV TKREIZ
L7z mon-mb(66g) #BUkA o700~ b7
9 7 4 — (Diaion HP-20). YU A VA srru~x 7
574 —. BLOHPLCIZATAHZ &I12X Y, PolifkAL
%45 (114 mg) DEERERICHE I L7z €L T NMRB &
O"MS CTHEZEFIT L7245 R. AW EOY LT ¥ v ) —
(Fig. 3) TH - 725

Pk EERIZ, THREOY LTy v ) — Ve LTS
V)= VEEHELTWAETF YU ADY0% TS ) — Ll

Hj%%ﬁﬁl/\f:o

3. 3. FrrhEMmEEET7E2/—ILONHEK
A Pol &1t
Fig. 11278 L 72 UVB M 4 NHEK P Pol i ¥4: ] % 5% % H
WTC, FroUvABE e T & v ) — Lo PolifitE L %
L7z WERDEMIZ. UVB (50 m]/cm®) HEES L 4 I

=
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Fig. 2 Examination of cellular Pol activity in UVB-exposed
NHEK. (A) Cellular Pol activity was dependent upon the
level of UVB irradiation (0-150 mJ/cm?). NHEK were
cultured for 1 h after UVB irradiation. (B) Pol activity is
dependent upon incubation time (2-24 h) above 100mJ/
cm? UVB-exposed NHEK. Gray bars and black bars are all
human Pol species and DNA repair-related Pol species,
respectively (the standard reaction conditions without or
with 120mM KClI, respectively). The Pol activity of vehicle
control without UVB irradiation was taken as 100%. All
data are expressed as mean £ SEM (n=3). *P < 0.05
compared with the UVB (—) vehicle control.
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Fig. 3 Structure of purified compound
1 (piceatannol) from Rose Myrtle fruit
(Rhodomyrtus tomentosa)

M358 L 72 (Fig. 2). #i (120mM KCl) i L 04 Pol 4>FFf
DIEME% Fig. 4A. 34 Y © DNABEE! Pol 45+ F o i 1
% Fig. 4BI\Z/R$, Fig 4A, BIZFE UEBTHY, 7 =
YA (10ug/mL), €X7% > /= (2ug/mL) &3
IZPolifithE% 11 ~ 1245 LA S €7, UVBERE & OEH 3
% & 16~ 25K < FTPlIGEAHIML 720 Z ORI
UVB 5t & BB o @i oA nsh 5 ¢ id 7 < HHFRh 5
Thotzo ¥XT TV ) —NET =V Ao 550
1 DBNMRFETH o 7205 Pol ifHAL K E Do 72, ¥ T
5 v ) — IV OEHER TS 5 piceatannol-4-O-B-D-glucopyra
noside {2 IZPoliFHALIEHIZ R SN G h o 72 (F—F R EF),

3. 4. Fr-hmEEEET7R /=IO UVBE
SNHEK O#fifas 14
50 m]/cm® @ UVBHESHZ & 5 NHEK ~ D% % 4t L
720 NHEK 3. UVBESHC X o THIBL AR R 258 TR T
L7zo L2AL. TR =V RARFEL TS Dolz (F—%
IREF) ZIANTrovhiE Ty ) -V %
WIS % &AL A2 < % - 72 (Fig. 5) o

3. 5. Fr-hmEmEEET7TE /=IO UVBE

S NHEK ® DNA {&188E

UVBIZ & 2 EEM % DNA G I3 5 EH 2559 %
72012, EEALRDNA#EE TH S CPDIZEH L. NHEK %
FHWTUVBIZ & » THEKT % CPD O FIEH %2 #aT L 72,
ZOWER, Fig 6DXHICERT IV I —NEFr=vDh
FLITIZ UVB S 4 e #2128 % CPD & O T EH
BB E NI, FOHRIIE LT Y V) —VOFHHREHT
Hol,

3. 6. Fr-hmEmEEET7E /IO UVBE
SNHEKDO7OR&ET 52V E2 (PGE2) AN
)7
LAV X 2 28 O SIEH T DERME 0720, 2IE

Hx5F 14z —%—+ LTPGE, 2% H L. NHEK # W

UVBHESHZ & % PGE, BELEICH T 57 v = v i s &

CEET %y )= VOMBEEME Lz, 2O, Fig 7

DENICHHER %R LIze ZORFEIE. 1.0pug/mLoOY

Y7y ) —VTHETH >,
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Fig. 4 Effect of Rose Myrtle extract and piceatannol on

NHEK Pol activity with or without UVB irradiation. (A) Pol
activity of all human Pol species using standard reaction
conditions without KCI. (B) Pol activity of DNA repair-
related Pol species using standard reaction conditions with
120mM KCI. NHEK were incubated for 24 h with or
without each compound (10 ug/mL Rose Myrtle extract
and 2ug/mL piceatannol) before UVB (50mJ/cm?)
irradiation. Pol activity of vehicle control without UVB
irradiation was taken as 100%. All data are expressed as
mean = SEM (n=3). **P < 0.01 compared with the UVB
(—) vehicle control.

4. £ &
F U= U RELF ZAONHEK KT 5 UVB ZHEAia

FEHIERICOWT, =% 2 L) HgEL 725122 TH
BOVERDTED SN DRI L 722 A, KT H V) —
WMCIHEER AR SN2 2 SRS D5 b o —
OTHHEEZZONS, 7=y HMYW50ug/mL iz
EINBELT YY) —VOEEZ FOEEI5#01
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Piceatannol
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Fig. 5 Effect of Rose Myrtle extract and piceatannol on cell
viability of UVB-exposed NHEK. NHEK were irradiated
with UVB (50 md/cm?), and treated with each compound
at the indicated concentrations. MTT assays were used to
evaluate living cells 24 h after treatment. The cell viability
of vehicle control with or without UVB irradiation was taken
as 0% or 100%, respectively. All data are expressed as
mean £ SEM (n=6). *P < 0.05 and **P < 0.01 compared
with the UVB (—) vehicle control.
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Fig. 6 Effect of Rose Myrtle extract and piceatannol on
UVB-induced CPD production in NHEK. NHEK were
incubated with each compound at the indicated
concentrations before and after UVB (50mJ/cm?)
irradiation. CPD was quantitatively evaluated by DNA-
ELISA. CPD production by vehicle control with or without
UVB irradiation was taken as 100% or 0%, respectively.
All data are expressed as mean + SEM (n=6). *P < 0.05
and **P < 0.01 compared with the UVB (+) vehicle
control.
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Fig. 7. Effect of Rose Myrtle extract and piceatannol on UVB-
induced PGE, production in NHEK. NHEK were incubated
with each compound at the indicated concentrations after
UVB (50mJ/cm?) irradiation. Supernatant PGE, was
quantitatively evaluated by ELISA. PGE, production by
vehicle control with or without UVB irradiation was taken as
100% or 0%, respectively. All data are expressed as mean =
SEM (n=5). **P < 0.01 compared with the UVB (+) vehicle

control.

—146 —



BRI X -V MFER 2H § 2 HHEEMORE EAEA A H = X LOBEM

wg/mLEEZEZBNE, ERICELTF ¥ ) —LiZOVT
01lug/mLTIZRE L TWARWA, 20 LT OREIZBT
LRBRRELY, X T¥ L) —LORDT = v AN
WOt ZH-Twa L I3EZ SRR WA, EELEST
dhsreEZOND, 7=y iRz, Zofbo
HEECE TV RVWESDPEEINLEEZLN, EkTH ¥
J—=NaIZLO. SO A o MM & S HE
L. BHMTRESNZVEWERZRTTHA I,

A DRERE X H AT D S O PRI, LSRR,
TEZ L, 2 L CRIMVEEE 2 R4 2RI S i Tw
bo TDO—DThLEINRBERIII I - VT - T2dhEw
> 72 HJE ORI OEEIL) . RIERTEE T A=Y D
RIIBEFRIC X 2 H 8 25 A BIRAE % 3% 0 L E 3% & B 28
AR EDIRREFIERITHERE 22 Y, MBS
KIC & 2 ¥ T4 U7 DNA ORI K 12 L CDNA %
HEATH 25 DNABEDIB WO L %o 72MIlE A A
LT BRTRE—YA(Far S A L) IZX ) BRESR
%o JEALRIE DS A OEIEE KL, I X - THI &
HLZ XN D CPD ORI X A DNA HHM & iR #EIC &
% DNA i3 oM LiES (8-0x0-dG) TH V. & b1 Pol (4
|2 DNA BRI Pol 73 ) DIFROELY AARIL S —I12X D
EREREZFRTHHENE 2 V15, fE-> T EERHR
BAZRRRICE 720121k, 2SO DNAEEOREZ
Wzsbzk, bbb DNABBBEMERZRESES 2
ENEEICHMTH S LEZ D, KFEMIENODNABE
R Pol ik 2 H ok (G5 MAL) &85 2 & A3T & RS
#12 X % DNARG I B ISBHE S TR %IR8 % #EFE
T& 5%,

Tk R RE (XP) 138 2 6B BUE & Poln KR P
9 DNAMSHEE I L2225 A Z i & 3 5 F ik
BHGEEIRBTH D, XPIZE FEF % DNA MBI M H
L72MIEFOERIZI Y 8O0 7 V-T2 6 b (A
~GENY T Y ME) . ZOXPEKN#EIEF TH S Poln i,
27 LA F FBEBE NER) EZTICBLTWE70D
(Table 1), XPE#H O E % 21 72Milln1d CPD % B Bk
L TENTES, HHEELREVBAENL Y, $72. XP
BETIIRIRIESIC X D SRS & L CEE LR E
ERITIEWIELTHL, TN D, XPEE
TIECPDD X ) L DNAEBOBELTE LRV EIZL 5
Ty RIENVEALTHZEZRLTWD, 2F ) CPDA%
JEDG|EBETHLURUENEZ bND, /2. XPARHE
BT UV BRG # 0 H 5 70 SR TRV TR BE O PGE, 28
BgEhD L) 25 Y, CPDIZPGE, %2 #HE
HUHEMEAURIR S 7ze & - TCPD DA I AIEICD
LB EEZLN, SHORBRICBIT LT v = v il
L¥ET ¥ v = IVOPGE, EAEMHIEHDO A =X 2D
—# & LT, CPDEOBALTEZ6N5,

5 % &

AR T, BRIV A R 59 0 A7) — VAT
19 EVIRERDE 2 7215 T <. DNABHER Pol {if 1
L& d =ML 7 7 a —F12 X - THifl$ % [non-
sunscreen photoprotection] &9 #H LWBUSZHL) A,
T T % A DI L DA~ E W2 1 & LA
KeSFEOPEVER % S0 2MEHIZOWT, ZOBERMKGTD
WL LB L,

BEHMOI L, T2V REDY %Y ) — Vi
HBWizEEnsEL7 sy > —Vid, b bEEMAGIEIC
BWTPolif AL & UVB Y A — YV HEEH # A L. €D
YER A 71 = X2 & L CTCPD DAMEH &\ 5 72DNA & 2
— VHEWER 2RI S N7z F 72, PGE, ® X 9 R SEE
W2l 2EHbBEO LN, T, Fr=r i
W7 %~ 7 —oCPD® & 9 7 DNA 4 o ]
WZHEDWIHRIEVE O X /1 = X A D REEEIC DV TR
T&7:(Fig. 8),

P EofER» S, Fr= v, 205 Thb
Et7% >y /= LoEi2X ), DNABER Pol it
W) DNASRBE L v ) 7 7 a—F 12 L ). RIS
LMD T X — 2 2 Wil 5 2 & TRBED X 9 75
172 FEIRR VAL D & 9 2 RN 2 fE 4R 2 P9 2 Wi 3%
MThHbEEZLN, HENIHEET 2B R~
RSN L, SHITABIZEDMA L LT, EHLHE)
EHGR DY A7) — v (BIMLERD R THILT 2 L v
PERDOBEE & 135 7% o 72 B AN ASR A3 R D SR /LR )5 1 i
Ne@mbb[ v 270 = VHEIOMBEIEFETE 5,

E

RIFGe % EMiT HI1CH72 0 WFZEBhkZ2l 0 £ LA
WEEANT A X b O Y —i5eREL B0 5 & 2 L
FWET, RS ARBEIE ISR E R R L LS
AL — AT E DL TLEEVWE LMREIFEBERO
NI R#H V22 L FE T

AIFEDO—EBIE. T TICROEMFTHLE LTAFELTw
5o
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