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(HPLC grade) Honeywell Japan (
) FA AK Scientific Inc.
(Union City, CA, USA) RFA

Toronto Research Chemicals Inc. (Toronto,
Ontario, Canada) 10% fetal
bovine serum (FBS), dulbecco's modified eagle
medium (DMEM), earle's balanced salt solution
(EBSS), neutral red (NR), sulisobenzone

Sigma-Aldrich Japan ( )

Pooled IGS Sprague-Dawley rat
liver 9 fraction, pooled IGS
Sprague-Dawley rat intestinal S
fraction, nicotinamide adenine dinucleotide

phosphate (NADPH)-regenerating system
( )

ROS assay reaction container Ozawa
Science ( )
B-2 ROS

Xe arc lamp

Atlas Suntest CPS+ (Atlas Materid
Technologies LCC, Chicago, IL, USA)
Atlas Suntest CPS+ uv

CIE85/1989 daylight
simulation requirement
28 , 250
Wiem?,  1h DMSO
(10 mM) stock solution
Singlet oxygen

imidazole singlet

oxygen acceptor

p-nitrosodimethylaniline 440 nm

'10,+A - [AO)] - AO,
[AO;] + RNO — -RNO + Products



A: 'O, acceptor, imidazole
RNO: nitroso compounds

mROS assay
200 puM
stock solution , p-nitrosodimethylaniline (50
uM) imidazole (50 pM) 20

mM NaPB (pH7.4) with 0.5% Tween 20
ROS assay

rat S9 fractions FF 30
uM p-nitrosodimethylaniline (50
uM) imidazole (50 pM) 20
mM NaPB (pH7.4)

200 pL

; code number: 3881-096; clear, untreated,
flat-bottom)

440 nm
spectrophotometer
Switzerland)

reaction container
1h

96-well microplate (

SAFIRE microplate
(TECAN, Mannedorf,

440 nm
Superoxide anion
NBT nitroblue

diformazan 560 nm

O, + NBT - O, + Nitroblue diformazan
mROS assay
200 puM
stock solution , NBT (50 uM) 20
mM NaPB (pH7.4) with 0.5% Tween 20
ROS assay

rat S9 fractions FF 30
uM NBT (50 M) 20
mM NaPB (pH7.4)

200 uL 96-well microplate (

; code number: 3881-096; clear, untreated,

flat-bottom)

560 nm SAFIRE microplate
spectrophotometer  (TECAN,  Mannedorf,
Switzerland)

reaction container
1lh
560 nm
B-3
Sprague-Dawley (11-12
300-350 g) SLC (
)
(24+ 1° C)
(55+ 5%)
18h In vivo
18 h

pentobarbital (50 mg/kg, i.p.)

FF (5 mg/kg)
( 300uL)
3,4,6,8, 12, 24, 48 h

05,1, 2,

(10,000
x g, 10 min, 4° C)
25 (viv) ACN
(10,000 x g,5min,4° C)
0.20 p m membrane filter (Milex®
-LG Millipore Co., Ltd., Billerica, MA, USA)

internal  standard
50% ACN 1.1

ketoprofen (1
ug/mL)
UPLC/ESI-MS



2, 4,6, 8, 10,

12,24,48 h
4 mL ACN
Physcotron (Microtech Co. Ltd.,
)
10
(1,300% g, 10 min)
2
40° C
ketoprofen 500 ng/mL

50% ACN 0.20 um membrane filter
(Milexe-LG Millipore Co., Ltd., Billerica, MA,
USA)
UPLC/ESI-MS
UPLC/ESI-MS binary solvent
manager, column compartment,

Micromass SQ detector connected with Waters
Masslynx v 4.1.
UPLC"™ system (Waters, Milford, MA, USA)
Waters
Acquity UPLC"™ BEH C18 (particle size: 1.7
um, column size: ¢2.1% 50 mm; Waters)
40

Waters Acquity

Mili-Q water

containing 0.1% formic acid (A) ACN (B)

, 1.1 min (IS); 1.2
min (RFA); 2.0 min (FA); 4.2 min (FF)

0-1.0
min, 50% B; 1.0-5.0 min, 50-95% B (linear
gradient curve); 5-5.5 min, 95% B; and 5.5-6
min, 50% B 0.25 mL/min

MS

m/z (361.2 [M+H]" for FF; 319.2
[M+H]" for FA; 303.0 [M-OH]" for RFA; and
255.5 [M+H]" for ketoprofen)
B-4 3T3 NRUPT

Balb/c 3T3 cells (CloneA-31) DMEM
10% FBS
20
37 , 5% CO, CO; incubator
2-3
OECD Test Guideline 432 2
96 well 2.0x 10°
cells/well CO,
24 h
EBSS
(FF, FA, quinine:
positive  control, sulisobenzone: negative
control) 100 pL CO2
1 h
metal halide lamp UVB
H1 SOL
500 Sun Simulator (Dr Hoénle, Munich,
Germany) UVA 5 Jem®
EBSS
24 h
NR (50 ug/mL in DMEM) 3h
NR (PBS, 150 uL)
NR (Acetic acid: EtOH:
water=1: 50: 49) 10

540 nm
Benchmark Plus microplate spectrophotometer
(BioRad, Hercules, CA, USA)
uv

concentration-response curve



mean photo effect (MEC) values

B-5 in vivo
(FF, FA,
quinine: positive control, sulisobenzone:
negative control) 100 mg/mL
DMSO
pentobarbital (50
mg/kg, i.p.), 1.5 ecmx 1.5 cm
DMSO 100 pL
4h
black
light (FL15BL-B, National, , )
UVA 30 Jem®

UV-Meter (Dr. Honle
AG, UV-Technology, Munich, Germany)

uv
24 h
(NF333, )
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Fig.2  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; P 0. 05 with respect
to singlet oxygen of FA; P 0.05, with
respect to superoxide of FF P oo 05 with
respect to superoxide of FA (B) *P0.05,
with respect to superoxide in denatured rat
hepatic S9 fractions (C). Data represent the
mean+SD (n=3).
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Crrex AUCo 100
ng/g tissue, 2.6 h ng/g tissue

: FA
RFA FF

FA

3T3 neutral red uptake
phototoxicity test (3T3 NRU PT),

in vivo
FF
3T3
NRU PT
sulisobenzone uv
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uv -

quinine 3T3
(Fig. 3A) Quinine
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Fig.3  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.

Colorimetrical changes
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Table 1 Summary of data

FF FA RFA

Photochemical properties
UV absorbance
e () [ (M em™)]

ROS assay '0, (Ad 430 im*10%) 463

01" (Ms60 nnx10%)

Distribution to UV exposed tissues

AUCq.
(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.

PK FF CES 1A1
type FA CYP 3A4
I (e.g. superoxide ) RFA

FA CYP 3A4

FA superoxide anion

FF FA FF FA RFA FA
CYP 3A4
S9 RFA
FF superoxide anion RFA
RFA
FF FA
/ /
FA matrix decision
FA approach
RFA

decision matrix

FA (Table
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