
A

m
w
m
s
v
T
r
o
©

K

1

p
a
r
i
r
i
p
p

c
P
S

0
d

Available online at www.sciencedirect.com

Journal of Pharmaceutical and Biomedical Analysis 46 (2008) 187–193

Short communication

High-throughput reactive oxygen species (ROS) assay: An
enabling technology for screening the phototoxic

potential of pharmaceutical substances

Satomi Onoue a,b,∗, Naoko Igarashi a,c, Shizuo Yamada b, Yoshiko Tsuda a

a Analytical Research and Development, Pfizer Global Research and Development, Nagoya Laboratories, Pfizer Japan Inc.,
5-2 Taketoyo, Aichi 470-2393, Japan

b Department of Pharmacokinetics and Pharmacodynamics and Global Center of Excellence (COE) Program, School of Pharmaceutical Sciences,
University of Shizuoka, 52-1 Yada, Suruga-ku, Shizuoka 422-8526, Japan

c Laboratory of Bioanalytical Chemistry, Graduate School of Pharmaceutical Sciences, Chiba University, Inage-ku, Chiba 263-8522, Japan

Received 26 June 2007; received in revised form 28 August 2007; accepted 4 September 2007
Available online 8 September 2007

bstract

Recently, attention has been drawn to drug-induced phototoxic skin responses, and avoidance of this undesired side effect is necessary for phar-
aceutical development. We previously proposed that determination of reactive oxygen species (ROS) generated from photoirradiated compounds
ould be effective for the prediction of the phototoxic potential. In this investigation, a high-throughput ROS assay system was developed using a
ultiwell plate and quartz reaction container. The experimental conditions of irradiance uniformity, UV intensity, exposure time, temperature and

olvent systems were found to affect the generation of ROS, and thus the conditions of the ROS assay were optimized. The intra- and inter-day R.S.D.
alues for the determination of ROS from quinine (200 �M) irradiated at 250 W/m2 for 1 h was found to be less than 3.3 and 4.5%, respectively.

he results from the ROS assay of 39 compounds allowed us to estimate classification criteria to identify the ability of phototoxic/photochemical

esponses. The developed assay system will be an effective tool for predicting the phototoxic potential of pharmaceutical candidates in early stage
f pharmaceutical development.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Photosensitivity is a broad term used to describe unwanted
hototoxic skin reactions of pharmaceutics, pigments, and food
dditives to nonionizing radiation [1]. Drug-induced phototoxic
eactions can be categorized as photoirritation, photogenotoxic-
ty, or photoallergy, and some drugs can cause all three types of
eactions [2]. To avoid these undesirable side effects, screen-

ng of drug-induced phototoxicity is necessary at the early
hase of the drug discovery process. Our group previously
roposed a model system for the assessment of the photosen-

∗ Corresponding author at: Department of Pharmacokinetics and Pharma-
odynamics and Global Center of Excellence (COE) Program, School of
harmaceutical Sciences, University of Shizuoka, 52-1 Yada, Suruga-ku,
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itive/phototoxic potential of pharmaceutical substances on the
asis of their photochemical behaviors; generation of reactive
xygen species, including superoxide (Type I reaction) and sin-
let oxygen (Type II reaction), upon exposure of compounds to
imulated sunlight [3,4].

In the early stage of pharmaceutical development, a high-
hroughput and high-performance ROS assay is necessary, since
normous numbers of synthetic compounds have to be evaluated
or their phototoxic potential. Therefore, the main purpose of
his study was to develop a simple multiwell plate-based ROS
ssay system for the prediction of phototoxic potential. For the
ultiwell plate-based ROS assay, we designed a quartz reaction

ontainer whose advantages include the reduction of sample vol-

me, the improvement of assay productivity, and highly uniform
rradiation. In the present study, we optimized the conditions
f the ROS assay and investigated the influence of experi-
ental conditions such as irradiation uniformity, UV intensity,

mailto:onoue@u-shizuoka-ken.ac.jp
dx.doi.org/10.1016/j.jpba.2007.09.003
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and even salt screening [9], since the use of multiwell plates
provides an assay system for rapid and parallel measurements
of a large amount of samples. In this investigation, a quartz
reaction container was designed for a high-throughput ROS
88 S. Onoue et al. / Journal of Pharmaceutica

xposure time, temperature and solvent systems on the gener-
tion of ROS. These experiments validated the utility of the
ystem, and the multiwell plate-based ROS assay was found to
e robust and adaptable to high-throughput screening. In addi-
ion to assay development, the ROS assay was carried out for
2 photosensitizers and 6 non-phototoxic substances in order to
rovide possible criteria for discrimination of pharmaceutical
andidates having phototoxic potential.

. Experimental

.1. Materials

All photosensitive/phototoxic compounds, including 5-
uorouracil, 8-methoxy psoralen, amlodipine, amoxapine,
enzoyl peroxide, bufexamac, carbamazepine, chlorothiazide,
hlorpromazine, diclofenac, doxycycline, furosemide, haloperi-
ol, ibuprofen, imipramine, indomethacin, ketoprofen, nalidixic
cid, naproxen, nifedipine, nimodipine, nitrendipine, nitroflan-
oin, norfloxacin, omeprazole, oxytetracycline, piroxicam,
romethazine, quinine, retinol, sulfamethoxazole, tamoxifen,
ryptophan, aspirin, benzocaine, erythromycin, phenytoin,
odium dodecyl sulfate (SDS), and sulisobenzone were pur-
hased from Sigma (St. Louis, MO), Wako Pure Chemical
ndustries (Osaka, Japan), or Funakoshi (Tokyo, Japan).
-Nitrosodimethylaniline, imidazole, and nitroblue tetra-
olium were obtained from Wako Pure Chemical Industries.
he quartz reaction container designed for high-throughput
OS assay was constructed by Ozawa Sciences (Nagoya,
apan).

.2. Irradiation conditions

Each tested compound was stored in an Atlas Suntest CPS+
olar simulator (Atlas Material Technology LLC, Chicago, IL)
r Light-Tron Xenon (LTX-01, Nagano Science, Osaka, Japan),
quipped with a xenon arc lamp. UV special filter and window
lass filter were installed to adapt the spectrum of the artificial
ight source to natural daylight. The irradiation test was carried
ut at 25 ◦C with an irradiance of 14–250 W/m2. Irradiance was
hecked on a UVR-2 radiometer (Topcon, Tokyo, Japan) for
ach experimental procedure.

.3. Determination of reactive oxygen species

.3.1. Singlet oxygen
Singlet oxygen was determined following the Kraljic and

l Moshni procedure [5], and it was measured in an aqueous
olution by spectrophotometrically monitoring the bleaching
f RNO at 440 nm using imidazole as a selective acceptor
f singlet oxygen. Samples containing the compounds under

xamination, p-nitrosodimethylaniline (50 �M) and imidazole
50 �M), in 20 mM NaPB (pH 7.4) were irradiated with UVA/B
250 Wh/m2), and then UV absorption at 440 nm was mea-
ured by a SpectraMax plus 384 microplate spectrophotometer
Molecular Devices, Kobe, Japan).
Biomedical Analysis 46 (2008) 187–193

.3.2. Superoxide anion
Superoxide anions were determined according to the proce-

ure of Pathak and Joshi [6]. Samples containing the compounds
nder examination and nitroblue tetrazolium (NBT, 50 �M) in
0 mM NaPB were irradiated for the indicated periods, and
he reduction of NBT was measured by the increase of their
bsorbance at 560 nm using a SpectraMax plus 384 microplate
pectrophotometer (Molecular Devices).

.4. UV spectral analysis

All tested compounds were dissolved in 20 mM sodium phos-
hate buffer (NaPB, pH 7.4) at the final concentration of 20 �M.
V–vis absorption spectra were recorded with a JASCO V-560
ouble-beam spectrophotometer (JASCO, Tokyo, Japan) inter-
aced with a PC for data processing (software: Spectra Manager).
pectrofluorimeter quartz cells with a 10 mm pathlength were
mployed.

.5. Data analysis

For statistical comparisons, a one-way analysis of variance
ANOVA) with the pairwise comparison by Fisher’s least sig-
ificant difference procedure was used. A P value of less than
.05 was considered significant for all analyses.

. Results and discussion

.1. Quartz reaction container and light source

Multiwell plates have far-ranging use in high-throughput
ethodologies including biological assays [7], purification [8],
Fig. 1. Quartz reaction container designed for ROS assay.
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Fig. 2. Generation of reactive oxygen species from photoirradiated quinine.
Time course of singlet oxygen (A) and superoxide (B) generation from quinine
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ssay (Fig. 1) that consisted of a quartz plate, a multiwell plate,
nd a steel multiwell retainer. UV radiation is usually divided
nto several ranges based on its physiologic effects: (1) UVA
near UV): 320–400 nm (UVA I: 340–400 nm and UVA II:
20–340 nm), (2) UVB (middle UV): 290–320 nm, and (3) UVC
far UV): 180–290 nm [10,11]. UVA radiation is easily trans-
itted through air and glass, and there is penetration through

he epidermis and the anterior ocular media. UVB and UVC
adiation is also transmitted through air and through quartz but
artially absorbed by ordinary glass. The sun emits ultraviolet
adiation in the UVA, UVB, and UVC bands, but because of
bsorption by the atmosphere’s ozone layer, the main ultraviolet
adiation that reaches the Earth’s surface is UVA [12]. In this
nvestigation, both a UV special filter and a window glass filter
ere utilized to produce simulated sunlight composed of UVA

nd partial UVB. For the effective exposure of the tested sam-
les to simulated sunlight, a quartz plate was used as a sample
over.

.2. Generation of ROS from quinine exposed to UVA/B

The generation of singlet oxygen was detected by spectropho-
ometric measurement of p-nitrosodimethylaniline (RNO)
leaching, followed by decrease of the absorbance of RNO
t 440 nm [5]. In addition to singlet oxygen, the generation
f superoxide from photoirradiated compounds could also be
etermined by the reduction of nitro-substituted aromatics such
s NBT [13]. Quinine solution at the several concentrations
50–200 �M) was exposed to UVA/B light for the indicated
eriods, and both generation of singlet oxygen and superoxide
rom irradiated quinine seemed to be concentration- and time-
ependent (Fig. 2). However, samples did not show any RNO
leaching or NBT reduction without UVA/B irradiation (data
ot shown).

.3. Several factors influencing the determination of ROS
rom photoirradiated quinine
.3.1. Irradiance uniformity on the multiwell plate
Quinine solution at the concentration of 200 �M was added to

ll wells in the 96-well plate and exposed to UVA/B at 250 W/m2

or 1 h. Then, generation of singlet oxygen was determined

R
a
(
o

able 1
ffect of solvent system on ROS generation from photoirradiated quinine

olvent system Generation of reactive oxygen spec

Singlet oxygen (decrease of A440

0 mM NaPB (pH 7.4) 382 ± 5

ith
MeOH (1%) 367 ± 6**
EtOH (1%) 372 ± 6*
IPA (1%) 378 ± 4
MeCN (1%) 389 ± 7
DMSO (1%) 447 ± 7**

uinine (200 �M) was dissolved in 20 mM NaPB (pH 7.4) with or without the indica
rom control (20 mM NaPB alone), *P < 0.05, and **P < 0.01.
n 20 mM NaPB (pH 7.4) exposed to UVA/B (250 W/m2) for indicated periods.
©) 50 �M; (♦) 100 �M; (�) 200 �M. Data represent mean ± S.D. of four
xperiments.

y RNO bleaching measured by the decrease of absorption at
40 nm. Although ROS data on all wells seemed to be similar
s evidenced by the fact that the CV was found to be 0.6%, the

OS generation on the outer lane (A1–H1, A12–H12, A2–A11,
nd H2–11) tended to be 1.2–1.9% less than the inner zone
B2–G11; data not shown). It is unclear why this discrepancy
ccurred; however it might be attributed to differences in irra-

ies (mean ± S.D.)

nm × 103) Superoxide (increase of A560 nm × 103)

250 ± 10

206 ± 5**
230 ± 9*
257 ± 9
223 ± 4**
337 ± 17**

ted solvents and exposed to UVA/B (250 W/m2) for 1 h. Significantly different
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Table 2
ROS generation from quinine exposed to UVA/B at various levels of irradiation

Irradiation condition Generation of reactive oxygen species (mean ± S.D.)

Singlet oxygen (decrease of A440 nm × 103) Superoxide (increase of A560 nm × 103)

14 W/m2 for 18 h 686 ± 7** 124 ± 9**
250 W/m2 for 1 h 376 ± 11 240 ± 6
500 W/m2 for 0 min 344 ± 19* 245 ± 35
750 W/m2 for 20 min 438 ± 25** 203 ± 17**

Q N and exposed to UVA/B (250 Wh/m2). Significantly different from control sample
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Fig. 3. Effect of assay temperature on ROS generation. Quinine (200 �M) was
dissolved in 20 mM NaPB (pH 7.4) and exposed to UVA/B (250 W/m2) for 1 h.
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uinine (200 �M) was dissolved in 20 mM NaPB (pH 7.4) containing 1% MeC
rradiated at 250 W/m2 for 1 h, *P < 0.05 and ** P < 0.01.

iance among wells. For a robust ROS assay, it would therefore
e better to only use the inner zone.

.3.2. Coexisting solvents in the assay reaction mixture
Since it is well established that some solvents act as mod-

lators of radical species, e.g. dimethyl sulfoxide (DMSO)
nd isopropanol (IPA) as quenchers of some reactive oxidants
14,15] and hexane and D2O as stabilizers of some radical
pecies that extend the half-life time of oxygen radicals [16,17],
he effects of coexisting solvents on ROS generation from qui-
ine were investigated (Table 1). Among the organic solvents
ested, DMSO tended to enhance the generation of singlet
xygen and superoxide by 20 and 35%, respectively; how-
ver, methanol (MeOH) and ethanol (EtOH) exhibited 3–18%
nhibition of ROS generation, especially that of superoxide.
cetonitrile (MeCN) showed 11% attenuation of the genera-

ion of superoxide but not singlet oxygen. Influences of IPA on
he ROS assay were negligible in this assay condition. Thus,
here appeared to be some differences in the generation of ROS
epending on the solvent system; therefore, the use of same sol-
ent system for both stock solution and assay mixture would
llow the most robust ROS assay.

.3.3. Irradiation condition
In order to evaluate the influence of irradiation intensity on
OS generation, ROS assays on quinine were carried out with
eliberate variation of irradiation (Table 2). UVA/B irradiance
ntensity ranged from 14 to 750 W/m2, and the irradiation time
as adjusted to allow the same total energy (250 Wh/m2). As

t
a
o
b

able 3
ntra-day and inter-day (days 1 and 3) precision for ROS of irradiated quinine at thre

oncentration (�M) Generation of reactive oxygen speci

Singlet oxygen (decrease of A440 n

ntra-day
50 165 ± 3 (1.8)
100 254 ± 6 (2.4)
200 373 ± 7 (1.9)

nter-day
50 159 ± 6 (3.8)
100 262 ± 11 (4.2)
200 378 ± 9 (2.4)

uinine (200 �M) was dissolved in 20 mM NaPB (pH 7.4) containing 1% MeCN an
xperiments for intra-day precision and 10 experiments for inter-day precision.
©) Singlet oxygen and (�) superoxide. Percent expression was calculated as
he percentage of ROS generation compared to the control data at 25 ◦C. Data
epresent mean ± S.D. of four experiments.

hown in Table 2, the results of the ROS assay under various
onditions were quite different. Quinine at 14 W/m2 exhibited
he highest generation of singlet oxygen, whereas it showed 2-
old less superoxide generation when compared to quinine at
50 W/m2. ROS data on quinine at 250 and 500 W/m2 seemed

2
o be relatively similar; however, quinine at 500 W/m as well
s 750 W/m2 showed relatively high variation with a %R.S.D.
f 5.4% for singlet oxygen and 14.3% for superoxide. On the
asis of these findings, taken together with the test duration (1 h),

e concentrations

es, mean ± S.D. (%R.S.D.)

m × 103) Superoxide (increase of A560 nm × 103)

88 ± 7 (8.0)
154 ± 5 (3.4)
241 ± 8 (3.3)

93 ± 6 (6.5)
156 ± 5 (3.2)
246 ± 11 (4.5)

d exposed to UVA/B (250 W/m2) for 1 h. Data represent mean ± S.D. of five
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rradiation at 250 W/m2 was deduced to be suitable for the ROS
ssay.

.3.4. Assay temperature
In this work, temperature dependencies of ROS generation

rom irradiated quinine (200 �M) were measured in the tem-
erature range of 12–32 ◦C. As shown in Fig. 3, variations
n assay temperature altered the photochemical properties of
uinine, including both singlet oxygen and superoxide generat-

ng abilities. Quinine at temperatures ranging from 23 to 27 ◦C
xhibited similar ROS data (data not shown). According to the
ata, lowering the temperature from 32 to 12 ◦C resulted in a
ignificant reduction of superoxide, whereas the decrease was

l
1

able 4
OS generation from phototoxic/non-phototoxic substances

ompounds UVA/B absorptiona, λmax (nm)/ε (M−1 cm−1)

hototoxic compounds
5-Fluorouracil −[290 (1.8 × 103)]
8-Methoxy psoralen 303 (1.2 × 104)
Amlodipine 365 (3.7 × 103)
Amoxapine 297 (1.0 × 104)
Benzoyl peroxide −[290 (6.8 × 102)]
Bufexamac −[290 (1.3 × 102)]
Carbamazepine −[290 (1.0 × 104)]
Chlorothiazide 312 (9.5 × 103)
Chlorpromazine 307 (3.8 × 103)
Diclofenac −[290 (7.8 × 103)]
Doxycycline 352 (8.4 × 103)
Furosemide 331 (5.0 × 103)
Haloperidol −[290 (1.8 × 102)]
Ibuprofen −[290 (70)]
Imipramine −[290 (2.9 × 103)]
Indomethacin 320 (7.0 × 103)
Ketoprofen −[290 (5.0 × 103)]
Nalidixic acid 336 (7.8 × 103)
Naproxen 318/331 (1.4/1.7 × 103)
Nifedipine 344 (5.2 × 103)
Nimodipine 362 (1.2 × 103)
Nitrendipine 358 (5.7 × 103)
Nitroflantoin 381 (1.8 × 104)
Norfloxacin 324 (1.3 × 104)
Omeprazole 301 (1.5 × 104)
Oxytetracycline 363 (1.4 × 104)
Piroxicam 354 (1.6 × 104)
Promethazine 299 (3.5 × 103)
Quinine 331 (4.5 × 103)
Retinol 370 (2.3 × 103)
Sulfamethoxazole −[290 (2.6 × 103)]
Tamoxifen −[290 (3.6 × 103)]
Tryptophan −[290 (4.1 × 103)]

eak/non-phototoxic compounds
Aspirin −[290 (1.9 × 102)]
Benzocaine −[290 (1.7 × 104)]
Erythromycin −[290 (9)]
Phenytoin −[290 (6)]
SDS −[290 (3.1 × 102)]
Sulisobenzone 320 (6.6 × 103)

a Measured in 20 mM phosphate buffer (pH 7.4). If the peak/shoulder wavelengths
as noted in parenthesis.
b Irradiated at 250 W/m2 for 1 h. Data represent mean ± S.D. for four independent
Biomedical Analysis 46 (2008) 187–193 191

uch more moderate for singlet oxygen. Overall, there was def-
nite dependency of ROS generation on assay temperature. This
s consistent with previous observations showing that photo-
hemical and phototoxic events occurred more rapidly at the
igher temperature [18,19]. These observations suggested that
trict control of temperature in the ROS assay would be required
or high reproducibility.

.4. Precision
The overall precision of the method was evaluated by ana-
yzing five samples of quinine standard solutions at 50 (25%),
00 (50%), and 200 �M (100%), representing low, middle and

Generation of reactive oxygen speciesb

Singlet oxygen (ΔA440 × 103) Superoxide (ΔA560 × 103)

N.D. 3 ± 0
31 ± 7 51 ± 3
5 ± 2 53 ± 3
N.D. 28 ± 4
88 ± 4 N.D.
16 ± 6 21 ± 1
N.D. 16 ± 2
32 ± 5 32 ± 2
N.D. 113 ± 1
181 ± 7 370 ± 14
131 ± 8 344 ± 6
139 ± 5 111 ± 16
19 ± 7 36 ± 1
N.D. 165 ± 5
21 ± 1 16 ± 1
8 ± 4 186 ± 16
284 ± 9 108 ± 2
132 ± 2 231 ± 2
172 ± 7 207 ± 2
32 ± 1 1 ± 0
N.D. 154 ± 6
55 ± 10 52 ± 1
72 ± 7 15 ± 1
147 ± 5 106 ± 4
N.D. 129 ± 3
201 ± 11 370 ± 7
83 ± 7 96 ± 9
52 ± 4 34 ± 2
376 ± 11 240 ± 6
79 ± 3 32 ± 3
66 ± 1 4 ± 1
119 ± 7 239 ± 5
45 ± 4 46 ± 0

9 ± 2 N.D.
N.D. 4 ± 0
N.D. 5 ± 0
11 ± 8 8 ± 1
N.D. N.D.
N.D. N.D.

were shorter than the lower limit of UVB (290 nm), the absorbance at 290 nm

experiments.
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igh concentrations. The intra-day precision (%R.S.D., n = 5)
nd inter-day precision (days 1 and 3 %R.S.D., n = 10) are shown
n Table 3. The intra-day %R.S.D. values for the detection of sin-
let oxygen and superoxide ranged from 1.8 to 2.4 and 3.3 to 8.0,
espectively. The inter-day %R.S.D. values varied from 2.4 to
.2 (singlet oxygen) and 3.2 to 6.5 (superoxide). The precision
f the singlet oxygen assay was better than that of superoxide as
ndicated by the lower R.S.D.s. Thus, in all cases, the %R.S.D.
btained was below 10%, showing that the proposed analytical
ethod has good intra- and inter-day precision.

.5. Application of the ROS assay for phototoxic assessment

In this investigation, the high-throughput ROS assay devel-
ped here was carried out for 33 photosensitizing substances
nd 6 non-phototoxic compounds, and the capacity of the
est compounds at the concentration of 200 �M to generate
OS is shown in Table 4. All known phototoxic/photosensitive
ompounds, except for 5-fluorouracil, demonstrated the abil-
ty to generate singlet oxygen, superoxide, or both, whereas
eak/non-phototoxic compounds, even strong UVA absorbers

uch as benzocaine and sulisobenzone, did not. There seemed
o be clear differences between photosensitizers and non-
hototoxic compounds in their abilities to induce photochemical
eactions, and the results obtained may be useful from a medical
tandpoint for the elucidation of the photochemical proper-
ies of many pharmaceutical products in vitro. With respect
o classification, plot analysis of ROS data provided criteria
2.0 × 10−2 for singlet oxygen and 2.5 × 10−2 for superoxide)

o discriminate the photosensitizers from non-phototoxic sub-
tances (Fig. 4). Compounds in the shaded region appear to have
low potential for phototoxic skin responses.

ig. 4. A plot of singlet oxygen data vs. superoxide data for 39 compounds.
ach tested compound (200 �M) was dissolved in 20 mM NaPB (pH 7.4) and
xposed to UVA/B (250 W/m2) for 1 h. (©) Non-phototoxic compounds and
�) phototoxic compounds. Data represent mean ± S.D. of four experiments.
he shaded region is indicative of low phototoxic potential.
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To predict the potential of these phototoxic responses and
hotochemical reactions, the development of effective method-
logies to evaluate photochemical/biological properties have so
ar been attempted with the aim of replacing animal test [20].
hese studies suggested various screening methods for recog-
izing phototoxins, including the photohemolysis model [21],
easurement of oxygen consumption in Bacillus subtilis [22],

nd the 3T3 neutral red uptake (3T3 NRU) phototoxicity test
23]. These assays using biochemical systems take some time
ue to their complexity, so the absorption spectrum of a com-
ound was sometimes investigated as an immediate and simple
creening according to the first law of photochemistry (alter-
atively referred to as the Grotthus–Draper law), which states
hat no photochemical reaction can occur unless electromag-
etic radiation is absorbed [24]. In our investigation, the UVA/B
bsorptions of non-phototoxic chemicals such as phenytoin,
spirin, erythromycin and SDS were found to be weak or negligi-
le; however, benzocaine and sulisobenzone exhibited a strong
bsorption peak within the sunlight region. Interestingly, the
hotosensitive/phototoxic compounds; bufexamac, haloperidol
nd ibuprofen showed low UVA/B absorption, although they
ere identified to be phototoxic according to clinical reports.
hese findings indicate that UVA/B absorption of chemicals is
ot always directly indicative of their phototoxic potential. These
esults also suggest that some compounds might be falsely pre-
icted to be phototoxic or non-phototoxic based on UV spectral
nalysis. In this context, other or additional screening methods
hould be applied for evaluation of phototoxic potential in order
ot to provide false information. Based on the findings obtained
n this investigation, the high-throughput ROS assay system
ould be of use as a first screening to predict phototoxic risk
f chemicals in the early stage of pharmaceutical development.

. Conclusion

In the present study, a high-throughput ROS assay combining
he use of a multiwell plate and quartz reaction container was
eveloped and validated. Although some experimental condi-
ions, especially light intensity and temperature, had significant
nfluences on photochemical properties of the photosensitizer,
he repeated analysis was indicative of the robustness and
recision of the assay. The results of the ROS assay for 33
hotosensitizers and 6 negative controls allowed us to estimate
lassification criteria that could be useful for recognizing the
hototoxic potential of drug candidates.
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