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Photoreactivity and dermal/ocular deposition of compounds have been recognized as key considerations for evaluating
the phototoxic risk of compounds. Because some drugs are known to cause phototoxic reactions via generation of potent
phototoxic metabolites, photosafety assessments on parent drugs alone may lead to false predictions about their photosafety.
This study aimed to establish a new photosafety assessment strategy for evaluating the in vivo phototoxic potential of both a
parent substance and its metabolites. The in vivo phototoxic risk of fenofibrate (FF) and its metabolites, fenofibric acid (FA)
and reduced fenofibric acid, were evaluated based on photochemical and pharmacokinetic analyses. FF and FA exhibited
intensive UV absorption, with molar extinction coefficient values of 17,000 (290 nm) and 14,000 M'cm! (295 nm),
respectively. Superoxide generation from FA was significantly higher than from FF, and a marked increase in superoxide
generation from FF was observed after incubation with rat hepatic S9 fractions, suggesting enhanced photoreactivity of
FF after metabolism. FA showed high dermal/ocular deposition after oral administration (5 mg/kg, p.o.) although the
concentration of FF was negligible, suggesting high exposure risk from FA. On the basis of these findings, FA was deduced
to be a major contributor to phototoxicity induced by FF taken orally, and this prediction was in accordance with the
results from in vitro/in vivo phototoxicity tests. Results from this study suggest that this new screening strategy for parent
substances and their metabolites provides reliable photosafety information on drug candidates and would be useful for drug

development with wide safety margins.
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FThbbiuEE I L CHBICIEEIRRE S 2R 5 %, HW
LA X D HE=EIURE T, 128 5. ik =HI0R
EI2H HALEWIED ABEIE L CHIKIRRES, 105 5 Y. &
KRB TIE F o 72 LIS E LB WEATH, Bvwitz
ANVF—F G LS TIE, O RVF—%EiE)
ELTHRABDOMERLER T 72T A 2 7 & bF b
RRITIENTESL Y. 20k B E b nig
v, SYUANVETH S Type I Mt L, —EIHMES
B TadH % Type II JUS & 20T s, BRES I3
BEBIAVEF—DT7T 777 —L LTHEL, ZRICHEW

cay

Development of photosafety testing
strategy and its strategic harmonization

Satomi Onoue

Department of Pharmacokinetics
and Pharmacodynamics,School of
Pharmaceutical Sciences, University of
Shizuoka

PEA: & 1172 singlet oxygen % superoxide %5 o 1% 75 B 3% ff
(Reactive oxygen species ; ROS) 2 & 5 AN E o
AV BT ASEE A SR E O SIE R O—o L LTE 2 5
NTWa. T o 0L ROL DR ASHINNEE b o> %A
RIS T AHE IO 2 %% L, £7-DNA DOz
1bdH 5\ WIFHERABH IS X o TRBETRMER B A B D5
W35 (Fig. 1B). i INIEYBNTTF i) 7 v
INZEEAI R TR L 72BRCiE, SRR R &
Y, RRMISOET LV —-e2ERT 20 LE 2
bND. WIhIIE &, FEAMOGHRECE DR %% 2 %
EE, RLEBELR M) =L R DOIIKEIROWIL, L
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ENTVE., INS5DF —AZBWTIE, HIEY L6
HEALTWAEZZD, BN X o TEYOGERZ AR
SNl HDVIIERN, FFICEGHERIC B TRE
MOHEREI BN L IGERT 25D THS. $72, Bl
£ THE IS 5-aminolevulic acid Z k&, FEHICL - T
#7212 chromophore 2SR S N Y IFHE I N TE S
F, BEWIESTEEA L TR, 2o b
HEEE A LT anwEE2 57 —FT, BEWIE
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Fig. 1 Possible mechanisms for drug-induced phototoxicity.
(A) Jablonski diagram. S: singlet state; T: triplet state; IC: internal conversion; and ISC: intersystem
crossing. Each line among singlet states indicates the excited vibrational states, and excited rotational
states were not shown. (B) Several phototoxic responses caused by photo-activated drugs.

TURTIVIIBVWTTFHOBRE LT o T, BIEY
PRI EZ A LT BRY, AIEICBW TR OL%R
SRR D T A2 RETHDHLEZ LA, —FHTICH
S10 THEACEH W I § % Bl O L EPEIT DOV THBR 5T
W\, 3T, Fenofibrate (FF) 13#% 18 M ILAE G 3
ELTHHENRTWAEYTHY, FoRIWEHE L TR
WHEEAWHE SN TS, FFOXHEICBWLTIZZ MR
W2 R S G- B T REME AT STV A, i
vivolZBIFHLENLOFGIIHOLNERoTW RV, F
72 FF X, #&F10¥5 % 3 % 2 carboxylesterase (CES)
1AL & o TIHHEAEY TdH % fenofibric acid (FA) 1248
#EN, FAIZXS5IZ CYP3A41Z X Y reduced fenofibric

acid (RFA) ~:ff#snszeapmonTsY (Fig 2),
NS FFOFERBWTHL I ENMONT NS ST,

> T, FF OYGHGBEBUE X3 2 EEAH Y 0 F 52 Y]
LNTT BT &S, RO ) A 7 Bl R ORESEC
DEWHEERD. TIT, AfETRE#YEzZOW
e R R OMEL HE L, FF & 2o EENA
W THBHFAB L RFAICK LT, b=/ e
A S X ORNBTRE O i 5 62 ARl 2 F2 0 L 72.

2. % B
2.1, M

Acetic acid, DMSO, ethanol (EtOH), formic acid, FF,

imidazole, ketoprofen, NBT, p-nitosodimethylaniline,
quinine HCI 2H,0, NaH,PO, 2H,0, Na,HPO, 12H,0 &
FEHISE T3 CRIR, HA) X OBALZ. ACN (HPLC
grade) X Honeywell Japan (BE, HA) X DA L7
FA 1 AK Scientific Inc. (Union City, CA, USA) X ) EEA

L72. RFA X Toronto Research Chemicals Inc. (Toronto,
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Fig. 2 Chemical structures of each test compound and
metabolic pathways.

Ontario, Canada) & DA L7, 10% fetal bovine serum
(FBS), dulbecco's modified eagle medium (DMEM),
earle's balanced salt solution (EBSS), neutral red (NR),
sulisobenzone & Sigma-Aldrich Japan (B, HA) X v I
A L7z. Pooled IGS Sprague-Dawley rat liver S9 fraction,
pooled IGS Sprague-Dawley rat intestinal S9 fraction,
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nicotinamide adenine dinucleotide phosphate (NADPH)
regenerating system (Zf5K A 74 AV (HH, HA) X b
WA L7z, 2o 3 XToRIEIZ TN 2 72, ROS
assay JH reaction container & Ozawa Science (%1, HA)
B Al

2.2. ROS 7vt1

e LK B 6 o I 512 12 Xe arc lamp % fiii 2 72 Atlas
Suntest CPS+ (Atlas Material Technologies LCC,
Chicago, IL, USA) Z w72, Atlas Suntest CPS+ TlZ 4
WEOUVZH Y N LEBROKEEEZ BT 20D 7 4 VY
— % T CIE85/1989 daylight simulation requirement
WCRHISHIG L2 BALRE a2 I L Tw b, BaHE
28C, 250 W/cm® T 1h47- 7z, BB E 13 DMSO 12
%L (10mM), stock solution & L T w72, Singlet
oxygen (¥ imidazole % singlet oxygen ® acceptor (2 F \»
T, p-nitrosodimethylaniline K& ® 440 nm 12 BT 5 W%
Wtz E=r) o755 TELAE>SY. WEEM
2RISR L.

'0,+A = [AO,] = AO,
[AO,] + RNO — -RNO + Products
A :'0, acceptor, imidazole
RNO : nitroso compounds

mROS assay (2 B W CTIiX W E o & &3 8
200uM & 72 B X 9 12 B B W & @ stock solution %,
p-nitrosodimethylaniline G0uM) 3 & " imidazole (50
uM) % & T 20mM NaPB (pH74) with 05% Tween
20 L IRA L7220 BEFEALFH O ROS assay (2B W T
¥ rat S9 fractions THLEE L 72 FF2830uM & 22 % X 9
p-nitrosodimethylaniline (50 uM) 3 & Fimidazole (50 pM)
%t 20mM NaPB (pH74) L& L7z TORAW
200 uL % 96-well microplate OBAST-, HiT, HA ; code

number:3881-096: clear, untreated, flat-bottom) {2433 L,

MY O A I % i ER#%, 440nm @ 6 % SAFIRE
microplate spectrophotometer (TECAN, Mannedorf,
Switzerland) Z WV CHlE L7z 20k, 7L—1+%
reaction container {Z AN A FEDF & FAE L, HALKE
Y& Th B L7z, BEgEOFTL— M, BER HO
440 nm O WGl % %€ L 7. Superoxide anion (& NBT
DEICIZ & > THE T % nitroblue diformazan @ 560 nm
B AWt RE=4 ) ¥ /T2 L THlE L. HE
JEE & DU IR L7z,
0, + NBT — O, + Nitroblue diformazan

mROS assay {23\ TIE AR B D B #& i BE A 200 uM
& B X O I E @ stock solution Z, NBT (50 uM)
% 4 & 20mM NaPB (pH74) with 05% Tween 20
CIRA L BEEAIEL O ROS assay (2B W T U rat

S9 fractions THLEI L 72 FF2°30uM & 7 % & 9 NBT
(50 uM) %%t 20mM NaPB (pH74) E|EGL7. 20
BAW 200 uL % 96-well microplate (JHAE T, Hui, H
A ; code number : 3881-096 ; clear, untreated, flat-
bottom) (24 L, Hriliy o & M % #8560 nm DO WL
Y% # SAFIRE microplate spectrophotometer (TECAN,
Mannedorf, Switzerland) # HWCllE L7z, 2%k, 7
L — b % reaction container [ ANAREDOZZHAH L, ¥
PRB % 1Th B L7z BREGRo 7L — Mg, R,
FFO¥ 560 nm OWEAR % Hl 2 L 72,

2. 3. BEER

MY Sprague-Dawley 5 v b (11-12 #i#h, &K 300-
350g) [ HA SLC GER, HA) XhWMALZ. EEBFT
oM, 7 v MIBWEE RSB CHBHICER, #oka)s
TR BRI T 2 AR (24 £ 1°C) B X OYRFE (55 £ 5%)
BEHOT, fiF Lz, EWEREBANFHHCH% 7 v M
R G500 18h OB L7z, In vivo YemePEiRERIC
JHW5 T v M, RERBHAE 18 h A 12 pentobarbital (50 mg/
kg, ip) BEET D7 v MEFZHTL 72, £ TOBWELR
SR AL RPN OB E#m TR R X OKRE /I A
FIA4 T THEREL .

HMEL729 v MCFF (5mg/kg) #6504, Mg~ 7
V(#1300 L) % 05, 1, 2, 3, 4, 6, 8, 12, 24, 48hi2B VT
AR & 0 ERICL 72, M4 >~ 77V % 0458 (10,000 X g,
10min, 4C) LTHE S NEEY » 7 Ivid, 25 & (v/v)
D ACN &2z, %, #0558 (10,000 X g, 5min, 4TC) L,
3% # 020 um membrane filter (Milex®-LG, Millipore
Co., Ltd, Billerica, MA, USA) ##3Z L TA#ML7Z. 1%
5 M7z A internal standard T& % ketoprofen (1 pg/
mL) &t 50%ACN & 1:1 TlRA L, UPLC/ESI-MS %+
WIZX B ERETIT- 2. KE B LI G-%
2,4,6,8 10, 12, 24, 48hHZITBWVT, YT F VT —7
VRIS, FROREIIR X 0 B, 3 X OUke AR KIS
Lo TRRLZT Yy PO 72, FRIL 72/ > 7
WVIFERENER, NP ITI VAL, 4mLDOACNZMA
Physcotron (Microtech Co. Ltd., T-#, HA) 12X ) k=E
VF A XL Bon I, RER X OSEE kL
A 10 /AT, a0 BE (1,300 X g, 10min) L7z, &
O ERIEZ 2 B TV, BHRA T AF 2 =75 L
720%, 40CTREWME L. ¥EiE#% ketoprofen 500 ng/
mL % %% 50% ACN T f# L, 0.20 um membrane filter
(Milex"-LG, Millipore Co., Ltd., Billerica, MA, USA)
EFHWTABL7ZDbH, UPLC/ESIMS 4 12 X % %
i % 1T o 72. UPLC/ESI-MS ¥ A 5 A4 (% binary solvent
manager, column compartment, 3 &£ U8 Micromass SQ

detector connected with Waters Masslynx v 4.1. % & &



Waters Acquity UPLC™ system (Waters, Milford, MA,
USA) 226 ENTHBY, #F24121E Waters Acquity
UPLC™ BEH C18 (particle size : 1.7 um, column size :
$21 X 50mm ; Waters) # W7z, 75 2HEIZ40T
o/, A% 5= FBIOY Y 7V MIili-Q water
containing 0.1% formic acid (A) & ACN (B) 55 7 5
VI MBEMHICE o THBEL, AW O RFERHIZ
11min (IS):12min (RFA):20min (FA):42min (FF)
Thotz. 79V bvaryr4va i, 0-10min,
50% B ; 1.0-5.0 min, 50-95% B (linear gradient curve) :
5-55min, 95% B and 55-6min, 50% B & L, ¥t
025mL/min & L72. MSIZ X 2B Tl b &R
A K+ v Dm/z (3612 [M+H] for FF ; 319.2 [M+H]" for
FA ; 303.0 [M-OH] "for RFA ; and 2555 [M+H] " for
ketoprofen) & v 7.

2.4. ST3NRU PT

~ 7 A HRASSEAL R AHE M NE T & % Balb/c 3T3 cells
(CloneA-31) % DMEMIZ 10 % FBS % #:00 L 7235 b % ]
WCHER L, 20 MR Rm 0 b 0 &2 BRI W72, K28
37C, 5% CO, IZ & o 72 CO, incubator & i v, 2-3 H
B EICHM L 7. 3BI1L OECD Test Guideline 432 (2 #
LTiTo7z. 2D 96 wellw 4 717 L— M2 20 x 10
cells/well & 72 % X 9 Mg # & L, CO,incubator (2T
24h¥5E L7z, KWz 7THh v MCX D BREL, EBSS
rHWTHMR, L %Ry E (FF, FA, quinine :
positive control, sulisobenzone : negative control) %
100 uL @ M, CO,incubator N T 1hIR &% X & /2. 1§
F 1%, metal halide lamp B X " UVB 2B S 5729
®DH1 7 4 V% —%## L 72SOL 500 Sun Simulator (Dr
Honle, Munich, Germany) 2 TUVA MY & 255]/cm®
EB XM L7 FRPFHIT VIRV THEN
L, #iE L7 WS Bz kREL, EBSSTHE
L7, BEWEZRMLUT2UMNEELL. BERZKRE
L, NR# (50 ug/mL in DMEM) # i/t 3hifiE L, NR
Wk, P (PBS, 150uL) L7z, NR#HE (Acetic
acid : EtOH : water=1:50:49) Z#&EML, 1055 IC#
L7205 540 nm 2 BT % WO % Benchmark Plus

microplate spectrophotometer (BioRad, Hercules, CA,

USA) ZHWTHIE L7, UV BEHEB X IR # B
¥ % concentration-response curve (233> T mean photo
effect (MEC) values # 5 H L, et gl Jiwv 7z,

2. 5. v hin vivoXtEHRR
B ~&A 3 5w (FF, FA, quinine : positive
control, sulisobenzone : negative control) & 100 mg/mL

%% X )DMSOIWIHEM L. HoLOBEMEHEL

FEAFBEAE ) X7 FBIFEDHEL & ERR T REE DB AV HEE

725 v b IZ pentobarbital 12 THEEE L (50 mg/kg, ip.), 1.5
cm X 15em¥ 4 Az ) o= v7— T %R0 1}
I ABERRYE o DMSO i 100 uL % %A L7z, %
fFR4hiZBWTEBEZREL, KTRbEay b
T L7z, v M black light (FL15BL-B, National,
i, HA) ZHWCTUVAREE230]/cm* £ %5 T
WG U 72, B 558 BF 13 UV-Meter (Dr. Honle AG, UV-
Technology, Munich, Germany) % JH\272. UV FEIREER
XTIV IHRA NV TENR L BERTH24h12BWT
%5t (NF333, HABBITE, Hul, HA)ZHWTEN
RMOMPF 2 FHN L7, QZEFHIR N I 3 Koot =R
% L*a*b* system (CIEHEZE)IC X D ALEkd 5. HE (LI
B (L*=0) »5H (L*=100) FToOMTHL I X EL,
Hl (@) 13 (a*=100) B & Ok (a*=-100) B O T ¥ X% %
L, BEOGBHIIHEMA (6*=100) B L O (b*=-100) [ DN F
Y ARFRT. UVEHHiIROKERLO®E (AE) 2T
DEXHIEML, SeHtkofEe L.

AE =/{(AL*) %+ (Aa*) %+ (AD*) Y

3. & R

3. 1. XACFEVF

— I, W ONRFHEMESISIIB W T, WL T
UV/VIS (290-700 nm) % WX LIBhA2IRAE & %2 5 & & A5 ]
XY, BhRRAREE & o 72FW S DAL B A
HENZFEKNTH L EE#EEIN TS, ZZCTFFEE
DEERHBW TH HFA B L ORFA OGALFE RIS
W UV BIBURE P & BEBLOK B 6l 8% 15 0 ROS PE AR BE L2 75
HL Tl L7. FF3B X OFA X5\ UVA/BIRIR & 7R
L. MECfliZ #1241 17000, 14000 (M'em™) & &
ftiTHhH o7 (Fig. 3A). #ito>TFF B LU FA IZE WL
BUEEETLIENWHLNER 7. —HTRFAIZBW
TIZFHVUVB WD A % 386D, RFA OG- 2
DSk 572 Henry 5133#212, MEC1EA® 1,000
(M'em™) B2 2 WEWIEELEZ RS R VEAICH 5
TERWELTWA. fEo T, RFA ®MEC 4% 1,000
M'em™) Z2TH-TWAZ ERD, RFADNFENLY 22
W EE 2 5. BALEW O EEO NS D W T
TR, BUKE LIRS FI2B 1 2188 WH 5 D ROS
DOMAEREE GG L7- (Fig. 3B). FFB X O'FA 3 #LLKH
G TFICBWTHED R ROSHAEZRL, EVOLRISHE
R L7:. —4T, RFAH» 5D ROS#4IXFF B X
FA LI L THEIEMEZ /R L, RFA OWEROLE%
R L7z BLERZE W C &2, FA D5 O ROS# 4 g IZ FF
CHBELTHEICE L (P<005), FADNGGHEAFF
I LENZ EEZRELA FFIZFA S 5 O superoxide
anion D EAIIFFOR 25 &M Z R L, FAOBHFEITH
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Fig. 3 Photochemical properties of FF, FA and RFA. UV-
absorption spectra of test compounds (20 uM) in ethanol
(A). Solid line, FF; dashed line, RFA; dotted line, FA.
Generation of ROS from FF, FA and RFA (B) and from FF
after incubation with active and denatured rat hepatic/
intestinal S9 fractions (C). Filled columns, generation of
singlet oxygen; Open columns, generation of superoxide.
*P<0.05, with respect to singlet oxygen of FF; TP < 0.05,
with respect to singlet oxygen of FA; *P < 0.05, with
respect to superoxide of FF; *P < 0.05, with respect to
superoxide of FA (B). *P < 0.05, with respect to
superoxide in denatured rat hepatic S9 fractions (C). Data
represent the mean £ SD (n=3).

(Increase of Asgo nm X 103)

\superoxide anion BEAEREZ RIE L 72, TS OFE»
5, FALEMONIIEOBESIZLTF O X 9 % & %>
72 :FA>FF>RFA. FAZFF X ) § m\WROSEEAE %
MR L7728, FEPHEKRNTORBH 2 &% LSt Z2 b
BUREVEIC O W THAT XL, T ME//AMESI B4 T
WML 72 FF 55 O ROS A% 5l L 72 (Fig. 3C). T v
b /NS SO T 43 THLEE L 72 FF A 5 A S 72 ROS 13 #2k
HEE-bOTUHE L 2FE LA EN/ZROS & LI L
THERZIRD o, —T, Fv MFSIH 5T
WLBR L 72 FF 2 5 BEA: E M7z superoxide anion (3254 X &
7LD TRUELAFFOLA LKL THRICHWEEZ R
L, $%&bb, FFONGBHEIIAHZRTHRT LT
REMEZ R L 72,

3. 2. EYHHESFHIFTME

— MBS IE R IRICBWTAL S DT
HoHI L, EYOLGUERE L FIRRIZEE/ BHNOBEE
bin vivo KW E PN TS ETEHEELFREE RS, 2
THALEY OEY BB ENIFEICOWT, £25B X U0KHE
JIRNOBREFEIZHER LTRA L (Tablel). FF%# 5 v b
R 514, FRIZATOMBIC B W THRIBBRA (10 ng/
mL, 71ng/g tissue) NFTHY, T v MEAIZBITSFF
DML E R L7, FAOIMMET S & KRk
TP XL DA ORI E AL, T, 13 60-13h ThH -
72. FAOIMMEB L OKEBICBT5C,,. B LUAUC, 1%
RFA LR L, #3-4f58 <, RFALIEL CTFADAE
BRI, F2, ERBIORHBRERLEVI LR
KRB L7, —JT, RFADIMEE T B X O KAk
WBHRNZEAL, T,.1312-16h& 7220, FAEEKL
TRFADAERITENWT & 2RI L7z RFA ISR B &
DR A 5 O AFA & B LT 15-20 1%
F<{, RFAFIFALREEL THESe 222 L. X
5T, RFAIZFA LI L TR BRI 5 5k
5. RICBWCTIRFADOADBKRNTE, C, . BLY
AUC). . 1ZZF N £ 100ng/g tissue, 26h-ng/g tissue T
Hol. BONTKERIIEDIE, ZILAWOREB L O
OB Z RO X 9 IZNEMD1F 72 1 FA >RFA > FF.

3. 3. in vitro/in vivo t&E k8
FADNZEEIZOWT, R EMERBART:E LT
JFE—bER, WHEINTWSREPETDH S 3T3 neutral
red uptake phototoxicity test (3T3 NRU PT), B & O
F v bin vivo Yo ERERIC & o THRA L 72 Hedext 5
ELTHIEYTH HFRICH LT RO IGE 4k il
%M L7, 3T3 NRU PTIZB W T, BB TH 5
sulisobenzone # g% L 728 Tix UV MY L JERYTED
] C R — M AE AR R O F B R AL b o 7z,
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Table 1 PK parameters in plasma, skin and eyes after oral administration of FF in rats
Cmas (ug/mL) or AUCo-(h-pg/mL) or
trz (b) Cnar(ng/g tissue) T (1) AUCo-=(h-ug/g tissue) MRTo-= (b)
FF Plasma N.A. N.A. N.A. N.A. N.A.

Skin N.A. N.A. N.A. N.A. N.A.
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Eye ~NA ~  NA ~NA o NA O NA
FA Plasma 64 + 040 63 =11 97 £ 11 97 = 14 13 £0.70

Skin 11 £ 15 340 = 17 13 +39 85+ 13 20 = 2.1
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Eye . 22%*69 ~~~100x55 ~~~60=14 ~~~~ 26=033 ~34=10
RFA Plasma 12 10 16 = 0.10 12 £ 0.0 33 £ 32 21 =15

Skin 17 + 33 80 = 6.7 16 + 4.7 2.0 £ 0.60 30 =42
Eye N.A. N.A. N.A. N.A. N.A.

Each value represents the mean = SEM for 4-7 rats. N.A., not available due to concentrations below the limit of detection.

— T, BT 5 quinine ZHEFHE L 2B TIZ UV
B &0 R AR AR AR E LT 7 B
L, $7%b% quinine ® 3T3MBLIZxE3 % 5077 2 btk %
R L7 (Fig. 4A). Quinine & FBEICFF B X U'FAICH
WTH UVIRENC X 2K & 2 — Ml A A7 3 dh Mt o A
EHI~D Y7 | 2580, WLEW DR tENEZ R L7z
(Fig. 4B). #5N 7z - Ml A A ih#t 2 H & |2 mean
photo effect (MPE) %% L7z & 2 AFF T 040, FA
T 054 &% o7z, MPEMIIGHMED A 4 w3 5 Mk
ELTHwWHNRTEY, MPEMEA 01 ML ETHIDER
MRk, 01 % TRAVDGEEEEE 2 5. 2 o ek
IZ#F 5 L, FFEFAIRE DIOGEERETETH 2 & 1
L7:. ¥72, FAOMPEfEDFF O MPEfE % Ll - 72 &
&rn, FAOSTIMMIIH§ AHMEIF LD 5T
HBHEZEVPHLNE R ST

In vivo 2B 5 EALEWOIEEEITOWT, T v MW
NOFEYEAT B XUV BUF ATt 0 B i 2 b (AE)
AR L L CRMI L 72 (Fig. 4C). P BWCFF B
X O FABA O EPIIEEL 2-6 hi2B W T ZE o
T, BHRIREBLRoTWLEHETEL720, BE~D
WA % 4h & 72 (data not shown). Sulisobenzone
BATHETIE, UV IS/ FERBEREBIC B WO RO H
ERMREALIZEEO R h o 2. — T, quinine i, AR
O & AUV IS X > THER Ab* OB R EHED

B AE*ORRZERL: (P<005). FFH X UFA#
HEEZBWT, Ab*2864 (FF)BLU59 (FA)HKLZ
LK IS L2 UV REIC B 2 AED A
BRMKEEDIZ(P<005). E512, FABRARETIZIUV

WO X o TAa*b AT HER L, B3 70 S UG 2 7RIk L 72.

¥ 72, sulisobenzone ¥ Aii, UV G H &, FF& A, UV
RO AEICIIARLAEZBDRP>72—FT, FARK
fi, UV IBE#ED AEZ sulisobenzone ¥:Aii, UV RS &
HEBELARICHALTW (P<005). AHAIR2S, FA
X7 v MEMICH LFF LD vt e 2 2R3 5

CENPHLENELRDY, X512, 3T3 NRU PToO#R & —
HLTW7. ito T, FADin vitro/in vivo eI FF
LN ERNHS N E o7,

4. & &

FHEICB LAWK EZ I L, hkEshb
BRIICHENREA DA LDE—EETHY, T
Z, UVIRINARZ M UASDEEEY A7 O—D2 DB L %
095, —HEIIC, ALEWOUVIILA XS b vIidSEY) 54
THOr BFREROESICHBIT LI L5 T
4. FF, FABX U RFAOREICEHRHT S L, VK=
WEEETHFF EFAFIBOWUVIEINZRLTWD
T, ANVKRZNVIEEZ RO ERFA RS TR UV BRI
HERLTWS., itoT, P VAR LVEIZFFB X UFA
DUV IRPUFEICB W TEERZEHZH>TVw L LW
ZAh. FNE, ANVEZVEN 2 DORXVE VRO &
TFTEBRERDIEVBDIZHF G L TwAHTHAH. UV/VIS
OWIZ X 0 FEIREE & 7 o 72L&, type U/type 11
FAL= S (e.g. ROSHEE) B2 L, Semth e #38§
b, FO720, BB TIZBT 21L8WDROS FEAREIC
e 7 G RO P FPA Xt 2 A PR RFAR 12 33\ TR TR O
HHIFEE LTHWDL I ENTE S, UHoHEHICEh
X, SR SRy 7 =2 VEIR, type I BLFRIS
(e.g. superoxide D) Z4 L CIREBEEELZ ] &2 2
L, Sell#c e % &k 3 5. FA ®superoxide anion ®
FEARIZFF X0 b5 <, FAIRFF X0 & Ewoliier: v
A7 EBFLTVWDLTHAH. F7z, RIMEIET v MFS9
W23 LEIZ X b FF 2 5 @ superoxide anion A 2SIk L
T L LRIFICHRL, $4bb, FEMNHK CFAICE
s, XYY EERT 2R D 5. KE
BLUORNOBREERICERT 5 &, FADPBEHFIZEVERE
mEARLZZ RS, FARBO TEVILEE) 22 24
ThHEEZ D, —HTRFADREGEITILKMEL, £
DHHEY A7 IEZFAL D BEVEEZ L. INHDPK
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Fig. 4 In vitro/in vivo phototoxicity of compounds.
Photodynamic cytotoxicity of QN: positive control and SB:
negative control (A), FF and FA (B) in 3T3 NRU PT, and
colorimetrical evaluation of phototoxic skin responses in
rats treated with FF, FA, quinine (QN) and sulisobenzone
(SB) (C). Open symbols and open columns, UVA-irradiated
groups; filled symbols and filled columns, non-irradiated
groups. Each value represents the mean of duplicate
measurements (A, and B) and the mean = SEM of 4
experiments (C). *P < 0.05 with respect to the non-
irradiated group of each compound; *P < 0.05 with respect
to UV-irradiated groups of SB.

B X FF @ CES 1AL IC & B3 Ko, S 512
IZ FADCYP 3A4 12 & % IR R A2 7% RFA ~OAHHS
S50 THHEE2D. FAIXZCYP 3A4EEHZ A
THIEPWMEEINTEY, FAORHIZLZ2RFADAE
BIZFAHZOCYP 3A4BHEIC L o THER I L > TW
Lhb Lk, RFAOEFBEZFIZILKHEK NS DTH
5%, RFADKHEUVAZ2HLTC0DLEEZRL. Y
%5, READOEWEFHEAEIESER S ROKH~0%
FRICo%nY), HhEEELI 206 THS. EYoD
JeFHMEY A 7%, EWORALF OGS E O S 13 & #Eot
HALTH LR E /IR~ OFEROMFEEEET LI LI L
5T, WRHBIFIZTFHNT 22X TE L. #HEOTF—
Y RERL, RMMEHEZIT) LB TELFHRLELT
matrix decision approach?SHW SN TH Y, AKifsEich
WThH, LIS X BN T — 5 %
A L, decision matrix Z /W L, Je@mtEy R 7 3¢ C
A7z (Table 2).

Decision matrix (28T, JERISMEB & OB /R
BREROMT— 5 &b HWETHIZTONEEN) X 71
DT, SRIBMED 2 VI3 /IR &R O — ) DA
MEWD, EBLLPRETHE, FoXEt) 223
AR, DCRUSER X O E /IRBZERE EH 5 I
ZFONFHME) A7 RN EDbh s, FAREKEMES
X EREDOW T — 7 IZBVTEWEZRLTWALZ &
o, MOLEWEFEREY A2/ LTVAEESS. FFIE
WA E T 5 —HT, BEBHEIMRD T,
FFONX#HM) A 71 3Fn 35wk %z 5. RFAIZ
FEROS AT < Bz BB D LAY N 2, R R A
BWZ EPHFF EABEONEE) A7 2 HT 57259,
o T, HALEWORFELEY 27 IZUT D XS RIET &
%o72 :FA>FF =RFA. ZoOW%#HEHED) A7 05 Sk
vitro/in vivo RO R L d BIFIhs L, R0
DR AEVEHNC BT 2 ARGHlRORUEZ RB L7z, £
72, RHMADS FF OXHMHICFAPRKELFG LT
PSR E R o7z AWFRITB TR L2 WRE10
VR, B D 5 EEMEMHLEY Otk et
HHZRMETL2d0EEZ LN,

B

AWGE % BT HIIH720, AHMEEATZAX bEY
—WFZRIRELY R X ) THEMTEE F L2 2 LI EHH L
9.
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Table 2 Decision matrix

FA RFA

Photochemical properties

UV absorbance
e (o) [eMTem™)
ROS assay 105 (Ad 30 imx10°) 463

07" (M0 nn*10°)

290[850]

Distribution to UV exposed tissues

AUCp

(h-pg/g tissue)

Eyes N.A.

2.6 N.A.

Each crucial factor was divided into three levels. Black, gray and white cells represent high, moderate and
low levels, respectively. N.A., not available due to concentrations below the limit of detection.
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