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Sunscreens are widely used to protect our skin from harmful chronic effects of the sunlight such as photoaging and
cancer induction, which are known to result from oxidative and genotoxic effects of the ultraviolet light (UV) included in
the sunlight. The ability of sunscreens to prevent those chronic UV toxicities has been assessed using their capacities to
suppress sunburn (erythema) after sunlight or UV irradiation, and is evaluated by indices such as sun protection factor (SPF).
However, any direct correlation has not been established between the skin inflammation (erythema) and those chronic UV
skin toxicities. We developed a rapid and sensitive method to evaluate the protecting ability of sunscreens for those chronic
UV effects by assaying mutation and/or DNA damage induction in the skin after UV irradiation, using a transgenic mouse
line, Muta Mouse, developed specifically for mutation analysis. Here, we show that the newly developed method is highly
useful to evaluate the protection ability of sunscreens against the skin genotoxicity of UV by assaying mutation induction,
and can assess their capacity to prevent the photoaging by quantifying oxidative DNA damage. Moreover, we found an
inconsistency between the SPF and the mutation-suppressing ability for some of the sunscreens we tested, and those
sunscreens had formulations that UV scatterers, instead of absorbers, were main components of their UV protectors. These
findings indicate that SPF is not the index appropriate to evaluate the ability of sunscreens to prevent the genotoxicity of UV.
We introduced a new index of mutation protection factor (MPF), which can be determined by the method developed here, for

the appropriate evaluation of sunscreen’s protecting ability against the UV skin genotoxicity.

1. #

HOGEIR DG EER 2 B Szl 27 ) — VAN
HERNC—RICELS R S Twa 25, ZoMigidic
2§ o HBEY (RLBEE burning & AL SRS tanning) 12
D SPF R PA Lo 7288 BUIC X o TRHMIEE T 4,
SPF %2 PA 2885\ T & HBE % B SRRSO 7225,
BB OEEEHICIZHBET O XD 2EAEDO D O DIz,
BsE (7 naEtE) 3 - Lb CE#ib) ok i
HOLDbHY . 2B 5DHVPA M TEE - REMIC
LX) IRAN B R G2 50 KLBE - BALKG & B O
HEAL - LD BIIZE R RBERIERD N TE ST,
SPE R PADSEWRL EWVWS T, FOH Y A7) — UH|
DR FRERCBAL DO TR S A% & HIr© & % B2 0
FZ Lo REBETIHE A D> X7 ) — VHIZOWT T
D &9 REIRRD B2 T~ OWEPERE T 2 Bk 6E %
RN C & 2RO S % ATz,

B R CBAIERINR DL G D 7 7 AR I3 %
BN (ARG T ORLEROE) - BHERN QR
B2 AL IE) BRI E B 2 EDE L DD SR
ENTWD, IO ) L2 - MBEHZTY 7 A

il

Development of a rapid and sensitive
method to evaluate the ability of
sunscreens for protection of the chronic
skin genotoxicity by ultraviolet lights.

Hironobu Ikehata

Department of Cell Biology, Graduate
School of Medicine, Tohoku University

DNA 2D F RIRERZEHETHERT LI LHL LD
AT SN T VWS, FITIORRERZIGIEL LT
BHORO B R ERNE 2 SR TR TE ST v A R %
X7 ATHEL, COEREEEROY VX7 — U H %
FACTHGE L 720 %, 18 PEHMEOBGEEIE RV kB
RLEET LN, RREREZREEL 52 L1280
BRI 2 2 e REE 7 B0 F2AHIH DMk IZ 2282
BMHEH NS VAV 2=y 7w A WA LIZX DR
k2D b 0 b EFAL - ML Z X - 720

2. ¥ B&

21 RIMER

OB L LCTHa— 3y FUVB (NB-UVB; Philips
TL/01, 308-313 nm, 312 nm peak) & UVALl L —¥ (364
nm) =AM L7, #NENE 2528 W/nd, 300 W/ md D#
R TR L7z UVAL L — I3 HRBLAIF e AR A 2L
W SE T I R BE SN TV A EEZ R L7, faile
L CNB-UVBIZIZ UVP 4 CKE) o UVX Radiometer
& UVX-31 Sensor 2. UVAL L—H2iZy ) a7+ b
FAF—F (B M=2 ) 2 L7,

2:2 FIDRIVTZVIVTIRILDRNEFRR
RERIEE OFER
ZERBERMHA NS v AV 2=y 7~ 2L LT Muta
v 2%, o AR N A Y= E LT
Wi lacZ BIZT%2 A L. COBETRERERRL~ —
HELTHMTS0lacZ VS VAT —=VIE A T 7—IRY
FIHARAEFNT VLD T, HHIZT ) A DNADDL T 7



A X hAY RIS Vol.17, 2009

—VRFELTHITE %,

Muta ¥ %7 2 & W72 B2 12 BT 5 EIA s 2R R
DA E GBI R EFATH S, MMICHAT S L,
Muta 7 ADEHENY GV EBREZ Y — 2% Th
e FChET 5 (BREHPH: %3 x 6cn)o 3 HiR. B
TCHRERLIEICERIRIRN T 2, BRHOERERZ 4
HRUPUSEL7-0 B~ Z0HF % 4 ARBT 725, 1R
UHRE G & BRI %0 BESRALHC X 0 o5 & BRI o B
%, KH#ED 54 2 5 DNA 234 %, %/ 2 DNA H»
SlacZ NG VATV —=vE 77 —VRTELTHILL, K
BRI X BTl lacZ BIETORRERZMIBT 5, B

23 BRI U—-2F

3t (H - & - W) 2ORBEENTVL 5D} A7
V—# (A~E) 2 L7z, Hith 513 SPFEO R
%b3MEDOY A2 ) —H| (A D E) ZRAZ, %
PO A7) = CRIOWERER O GFREE LIRS,

F A7) — CHENIIRGS 15 s, HEERERIC~ Y
A 1HHH720# 02 ml%3H— 1284 Lz,

2-4 DNA#EEOKHE - -E=
ST X D S SN D DNA BB ORI - g d 0
sFwma . MHICHIIT 2 L, < 2 CEEI % g

77— VREERT 7= VR I ) RIRERBIE R R H T 5o

=1

Iz
oy BB IZHGHREL G 2 RN B0 MERN O R S %

ERY 27— &l

Y72

A

B

C

D

E

A—H—

i

Z

A

i

i

SPF

23

24

32

35

50+

PA

++

++

++

++

+++

EIE

71)—L4L

A&

1A (2BR)

R

Ak (2ER)

BN 0%
(AR IS SRR
KFIFEIMRRELE %
RYo)

K, ITHS—I, X

MRS EBIF

K AbFRIH5AE

BT FILAF DI,

A% DL, DPG,
1I/FB1Y b
¥ 2, BG, #
TFILRITI >,
LF7YILTILO—
b, yrvan>z2y
Ox4>, M) XF
nroxs A,
4TI NyHET
X, NMLXIX
X, TRIEIXZX,
BHT, (777 U LB
ST I)IVEET L X
JV (C10-30)) aK
)~ —, HILKR<—,
SIFILFTI/ER

AOF NI ILE
BEBAXIIL, U

BG, TFiAnxY

WhYTI, 20

o X F 3 >,
PEG-60 KAV % L
W, eI O B
Na, tiKH#E3 5 —
g, TIL¥Z L,
29772, KUY
&=L -51, b
JIFIAXH /A
ol2-AxHLY
F—I, Ex /=,
(7oUL—vy /7
JUUIETILFIL
(C10-30)) 7 B X
Ky~ —, 494
SHL, JIFILT
/e kaOfxINy

XF3L, 2770
AIVAFIETY) >
Na, £ 7Ly
JAYR, EROX
P7AEILAFILE
nag—=Xx, KA1
TLr, KUY VI
N— K 80, x&27
JIVEE X FIL7OX
KU~ —, KB
Na, * FILIXT AN
>, &8

VANREEBRNX

YW, Jx /XTI
% /J — J, TEA,
EDTA-2Na, 7 O &
WISSAY, AFIL
INTG AN

K, ITFIAxH
BtFI, 1V/F
CEBIFILANX Y
IV, BB L B
DPG, 7 Aa~>
2yO0x4%>, 31
AFBFIFILR
TN, A RXTH
TEBIFILAXTY

b, EF XY LB
Na, X~NZJLT7 )L
a—Jb, 7 hIAF
JIWFHUEET X
WEI, HrJ IR
IFXxX, REAT
TYUEKR) Tk
JJv 10, YA F1
>, PPG8 7 X
20, X777 04
B Na, KU
a—> 14, EEE b
a7z 0O—Jb, Y
HERUAL, ETT
JIF7IHa—Jb, X
) 2 F > B, BG,
I F KAar B
BHT, X FILINSAN
L, 7AaEIINTAN
v, 7/ FVIA
/=, FH

XK, ovOxFar
BE{LEESR, T X F O
v, BEF4ay, T
2 J — ), DPG,
PEG9 KU I X F
LraxdIFILY
XFAr, 1437
Ny BEIXZX, /N
FA¥XIXX, BG,
PEG/PPG-19/19
TAFAL, (U A
Far /AFa)
aR)~—, U A,
277 B, 181t
Na, X FILINS AN
>, F K, B Ok
(Ca/ £V 7 L),
7KE&1E Al

axFar, B
{LdEsR, kK, A bF
STAEBIFIAN
XU, EFILT A
FALr, UAFIL,
IR/—I, 3%x7
WAL, EXFA
JATTY) VIV
B>, KUXAFIL
DIEXXF XY
o, IFIAFTH L
BtF, ZJz=)
N X438 —)
AWK 1Y/
FLBAVUNITY
v, TEA, #d>
I¥X, ba71x
a—Jv, B4, BG,
BHT, 77U+l >,
KT 1) ILEE Na,
AFaL, T
KUJT1)&JIL -3
KU AFLoOFx
SIFIY AFO
S AFIISTINL,
E #, B 1k (Ca/
tUIL)




FIRDEERESEICH TEY R0 - EIOHAMREEE - &REICFHE T 5HEDRHRE

19 % 728 55C T 5 47 M BALEE U 72, KK - HFZITH)
HLCTENEN2 S L DNA #3545, 2@ DNA
iZoWwWT, ¥yrur7y  y®M¥)3I vy f~<— (CPD)
L 64T EY (64PP) X E/ 7 ua—F Pk EFIHL
72ELISA #iI2Xk ), e rFruFy 7= (80HIG) &
HPLC/ECD I X D irih - €= T 5,

3. # R

3+1 NB-UVB ICLZRAZTEDFERERE

H A7) — RO R S BRI O
M2 R ERBIBH NS v AV =y vy AEBR
(Muta <7 ) TRA DI, HEHFH R 2R B0t
T5ZOEBRRAOBIEZHB Lz H A7) — VHIOFF
M3 2800 E LTIZ UVB 2RI L7225, HAO
HEICIEEEFN 2 WEEEUVB S % I & 7% NB-UVB
ST RNGEE LTHWSZ EICL, NBUVB I~ 712
Lo T~ AT ITREF & 5 2SR B o i ARAF 1
AT L7z #ERIEK LIRS EB ISR D, BEE TIEHM
A7 i O SRR IR LTI E R A S 2282 B S s |
A L7 EETIHMUHER G k]/nfE T) TIEMERSA
ORI 72 Z8 BB R INAT R S, 2O X IZEE O 4
RREEZR L7225 TR X ) RE VIR TIIEREED
FRADBIEFE ) —EEER LIz 29 LoE - BE& 41
WA OERBREEIL 7T — KNy FUVB I v 7T
CHELTWD Y, £723 KI/mi LTI I SR D 3
AR SN, 3 k]/mASNB-UVB T 5~ A L8O
/NFLPERE R (minimal erythema dose, MED) & RS &
n7,.
FRERIEE RS L3 k]/ i TEE TIRIERERE (8
12x10") @ 30 5B by BT 7 U EOERBRISR
S5N7z. 10 k]/dTIRERTH 205 EoFErAoh
oo UEOFERL Y, A DMEHT2EBRIIT > A7)
— ORI T R 255 S HBr L. f/MIEE
MEXLDDBRECEETH T HLERFEORONS 10
kJ/mi (#%9 SMED) TH ¥ 227 — RO 1TH
2L 72

3:2 HIRY—-CEIDERIMEBREARAZLEDOIH
EIES
SPF #7535 34 (H, &, W) 5% (A, B, C, D,
E) %279 = #] GEHIZELZH) 1ZowT, &
AR X B 2 22 R E R BT BB R H %, Muta
XY AEHCCEHG L7z #REM2IRT, A7 Y
— Y #l1x SPF v b @ 2 ff (A, SPF23; B, [ 24),
BEOLO 28 (C 32D, [H35). HmwbolfE (E
[ 50+) A, TTH A7) =V HEMOBEIZON
THRIZEZ A, WTFROY v 22 ) — UHD I

LERFROEBIARO LN o7 (K2, BHE),
KIZNB-UVB 10 kJ/od B ICH 3 2 %05 (HEGS R[] 12
#1645 BRIz FTHMOLSMKISTH BH, v A
7)) = YREAO S OTIRG 2 H: & Y BE o5 R
AHI L. 3 HBEICERIE - & AXRL BN, HEAIZK
LREGEEDND b OWRFTIRD bhiz, Ho—i
BRICEELL., CHETADIC3EMBELE L2, —.
P A7) — VBAETIZE 2B &, £RELR EDZELIX
IEHE 4B H Tl Boohidrorz, E TIEMETHE3
H HIZE O —EB5r TRV IHEDTTRO H /225, Hg 4 H
BIZIEH 2 72
ZERBRFITNWN T B Y A2 ) —  OWHIRIE % X 2
() 1R Te Y A2 =V READ D O TIZIERES
REE IR L CTRE T 34 5. BT 20 OB RFFHENED
bz, BAHETIZVWTFNRLOY 227y —VHITH UVB
2 X BERFFEOMBR R - B L HITRD SN,
LA L Z0#ERIFLT LS ERSPEE & IEIE L ado
770 WD SPEHOE WY A2 ) —» E (SPF50+) Tl
T - BEREDICIFENY 2T FLANLECTERS
FEHIH XN 72 SPEREDK > 2 7 ) — A, B(SPF23
~24) THEETL0 ~90% OWHIRIFEER L, B TIZ
EIENY 775 FLANLVETHRI S W, &2 AHh
D SPF iz ##>% > 22 1) — > C, D (SPF32 ~ 35)
TIZA BXDDHREMNEL, BFET70~80%. BEFT
80 ~ 0% FEE DM R TH - 720 FITH 22 )=
COBBODEEINHN 5720 FRELA—IORKTH S
A & D OBTYH SPF 2K )7 OZ BIHIR) R & v
) WHRBIR AR BNz,

P2 A7) — VA DOEIRE GBI T 5 PR R %

Narrow-band UVB

__ 50
< ]
O 4
T 40 S S /O~
NI aEZa
[ 30 ]
]
@ 20 ¢
:é 10 / / —@— Epidermis
g M —(O— Dermis
2 0 CV . . . . ! . . . . ! . . . . [
0 5 10 15

UV dose (kJ/m?)

K1 #8—/N>RUVBICEBYYAEEICH ITEIRATR

SEIEEPRE -

NB-UVB IC& > TYI XAEBERE (@) RUERE (O) TH
RINIRATEBEDLIVGREKEEERT, T — &K1
PRI IR 2~3EEDFEH, BL 15 kJ/ mMDKRA > g
1EFEIPSDT— %,



A X hAY RIS Vol.17, 2009

Q
(o)

Epidermis
50
ﬁ',-\ ﬁ'A
! b W uv- | | !
o 40 [ Juvsl]
X | ] X
3 30— )
C t C
(0] ()
> t >
O t (on
Q 20— o
“— r —
= [ - €
S i 8
s 10— ] S
= T} ] =
. 1_171 | — xﬂ-:[

o i N
None A B C D E
Sunscreen

Dermis

50

40 L] uv+ |

30 |

20 [

10 [

0 Lmﬂﬂﬂ
None A B C D E
Sunscreen

K2 NB-UVBICLZ2EERAREEFRICHTIH XU —0IFIRIER :
YR —2EFHRLAETIIEBICNB-UVB 10 kd/ MERBE L. FRINIZBRATEDEEE+RK(QEERDL)THNS, &
Yo X7 — L DEINGIERE (2H) - Bot (A%) OF—2B3FhFhv X1 BEICHET 3, X7 —2 28R LAV

XEREF 3 3EFD T — 2 DI,

xR2 FERAYCX7) - EIOMPF (RIZEHHGEH) ORED Y
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Sunscreen SPF Repressed Effective  MPF® Repressed Effective MPF®

MF@ UV dose MF2@ UV dose
(x10%)  (kJ/ m) (x10%)  (kJ/ mi)

A 23 418 0.26 39 222 0.29 34

B 24 7.68 0.55 18 1.85 0.16 61

C 32 13.33 1.04 10 6.17 1.66 6

D 35 7.03 0.50 20 3.52 0.74 13

E 50+ 1.65 0.04 250 222 0.29 34

a) MF, mutant frequency.

b) MPF, mutation protection factor; MPF = (Irradiated UV dose) / (Effective UV dose).
The irradiated UV dose in the present study is 10 kJ/mi .
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