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JaCVAM statement on the Reactive Oxygen Species (ROS) assay for 

photosafety assessment 
 

At a meeting held on 17 December 2015 at the National Institute of Health Sciences (NIHS) 
in Tokyo, Japan, the Japanese Center for the Validation of Alternative Methods (JaCVAM) 
Regulatory Acceptance Board unanimously endorsed the following statement: 
 
Proposal: Provided that proper consideration is given to the limits of applicability, the 

Reactive Oxygen Species (ROS) assay is a useful means of determining the need 
for additional photosafety assessment, because it does not produce false negatives 
regarding photochemical reactivity. Guidelines for the photosafety assessment of 
drugs using the ROS assay were approved in 2014 and are increasingly accepted 
for regulatory use. 
The incorporation of the ROS assay into photosafety assessment strategies can be 
expected to help reduce the need for 3T3 NRU PT as well as follow-up testing 
using animals. We look forward its use in a regulatory context for the photosafety 
assessment of ingredients used in cosmetics and quasi-drugs, agricultural 
chemicals, and other chemical substances. 

 
This statement was prepared following a review of guidelines for the photosafety assessment 
of drugs, the ROS Assay Validation Report, and related documentation and using materials 
prepared by the Phototoxicity Testing JaCVAM Editorial Committee to acknowledge that the 
results of a review and study by the JaCVAM Regulatory Acceptance Board have 
acknowledged the usefulness of this assay. 
Based on the above, we propose the ROS assay as a means for photosafety assessment in 
safety assessments by regulatory agencies. 
 
 

 

 

 
Yasuo Ohno 
Chairperson 
JaCVAM Regulatory Acceptance Board 

Akiyoshi Nishikawa 
Chairperson 
JaCVAM Steering Committee 

 
20 January 2016                                
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The JaCVAM Regulatory Acceptance Board was established by the JaCVAM Steering 
Committee, and is composed of nominees from the industry and academia.  

This statement was endorsed by the following members of the JaCVAM Regulatory 
Acceptance Board: 

Mr. Yasuo Ohno (nominee by JaCVAM Steering Committee) : Chairperson 
Mr. Naofumi Iizuka (Pharmaceuticals and Medical Devices Agency) 
Mr. Yoshiaki Ikarashi (National Institute of Health Sciences: NIHS) 
Mr. Yuji Ishii (NIHS) 
Ms. Yumiko Iwase (Japan Pharmaceutical Manufacturers Association) 
Mr. Kazuhiro Kaneko (Japan Chemical Industry Association) 
Mr. Eiji Maki (Japanese Society of Immunotoxicology) 
Mr. Takeshi Morita (Japanese Environmental Mutagen Society) 
Mr. Akiyoshi Nishikawa (NIHS) 
Mr. Kazutoshi Shinoda (Pharmaceuticals and Medical Devices Agency) 
Ms. Mariko Sugiyama (Japan Cosmetic Industry Association) 
Ms. Koko Tanigawa (Japanese Society for Alternatives to Animal Experiments) 
Mr. Takashi Yamada (National Institute of Technology and Evaluation) 
Mr. Hiroo Yokozeki (Japanese Society for Dermatoallergology and Contact Dermatitis) 
Mr. Takemi Yoshida (Japanese Society of Toxicology) 
Mr. Isao Yoshimura (nominee by Chairperson) 

Term: From 1st April 2014 to 31st March 2016 

vi



This statement was endorsed by the following members of the JaCVAM steering Committee 
after receiving the report from JaCVAM Regulatory Acceptance Board: 
 
 

Mr. Akiyoshi Nishikawa (BSRC, NIHS): Chairperson 
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Mr. Mitsuru Hida (Ministry of Health, Labour and Welfare) 
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i.  

3T3 NRU-PT: 3T3 neutral red uptake phototoxicity test 
CDER:   Center for Drug Evaluation and Research  
CPMP:   Committee for Proprietary Medicinal Products  
DMSO:   Dimethyl sulfoxide 
EMEA:  European Agency for the Evaluation of Medicinal Products

2004  
EMA:   European Medicines Agency  
EWG:   Expert Working Group  
FDA   Food and Drug Administration  
IC:   Internal conversion  
ICH:  International Conference on Harmonization of Technical 

Requirements for Registration of Pharmaceuticals for Human Use 
EU  

ISC:  Intersystem crossing  
NaPB:    Sodium Phosphate Buffer 
NBT:  Nitroblue tetrazolium 
NBT+:  Monoformazan 
OECD:  Organisation for Economic Co-operation and Development

 
RNO:  p-nitrosodimethyl aniline 
ROS:  Reactive Oxygen Species, including superoxide anion (SA) and 

singlet oxygen (SO). 
UVA:    Ultraviolet light A (wavelengths between 320 and 400 nm). 
UVB:    Ultraviolet light B (wavelengths between 290 and 320 nm). 
UVC:    Ultraviolet light C (wavelengths between 190 and 290 nm). 
UV/VIS:   Ultraviolet and visible light 
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1.1  

1(A)

1(B)

in vitro in vivo

(i) in silico (ii) (iii) 

 (Onoue et al., 2009)

in silico  DEREK  HOMO-LUMO Gap 

 UV/VIS 

 Henry Henry 

 1,000 M-1 cm-1  (Henry et al., 2009)

Bauer 

 (Bauer et al., 2014) UV/VIS 

Onoue  ROS 

 ROS  2006  

(Onoue and Tsuda, 2006)  ROS 

 ROS 

 ROS ROS 

 (Onoue et al., 2008a) ROS 
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4

 

ROS JaCVAM 

2 2 ROS 

transferability robustness prediction capacity

(Onoue et al., 2013a; Onoue et al., 

2014a) JaCVAM

ROS assay validation management team, 2013a, 2013b, 2013c

ROS JaCVAM

Spielmann et al., 2013  Appendix 1 (Appendix 

1: Executive Summary of Peer Review Panel Evaluation of the Reactive Oxygen Species (ROS) 

Photosafety Assay”). 

1.2   

1817  (  Grotthuss-Draper law)  

 

 290 700 nm 300 nm 

 10% 

 chromophore

 chromophore 

 S0  S1  1(A)

 S0 

 T1  S0 
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 Type I singlet oxygen  Type II 

UV/VIS

singlet 

oxygen  superoxide 

 1(B

DNA 

ROS 

 

  

 
 1 (A) (B) 

( , 2011) 
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1.3   

ICH

 2002  

(EMEA; EMA)/  (CPMP)  2003  

(FDA)/ (CDER)  2004  (OECD)

 3 /

/  UV/VIS 

OECD  10 M-1 cm-1 

Henry 

 1,000 M-1 cm-1 

(Henry et al., 2009) EMA 2010 Question and Answers

 ICH

2010 EWG 3 2013 11

Step 4 ICH

1000 M-1 cm-1

ROS
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 1  

 EMEA/CPMP FDA/CDER OECD ICH 
 Guidance on 

photosafety 
testing 

Guidance for 
industry 
photosafety 
testing 

In vitro 3T3 NRU 
phototoxicity test 

Photosafety 
evaluation of 
pharmaceuticals 
(S10) 

 
   

 

 

 
 

 

UV/VIS 

 
(API)  
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290–700 nm
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M-1 cm-1  

290–700 nm

1000 M-1 cm-1

 
UV/VIS
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Photoirritation 

3T3 NRU 
phototoxicity test

3T3 NRU 
phototoxicity test

 
in vivo  

3T3 NRU 
phototoxicity test 

3T3 NRU 
phototoxicity test 

Photoallergy 
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Photogenotoxicity 
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2  

2.1   

 singlet oxygen  superoxide  2 

 ROS  (Onoue et al., 

2006&2008)  2  ROS  ROS 

Singlet oxygen  p-nitrosodimethyl aniline 

 singlet oxygen  imidazole 

 trans-annular peroxide intermediate  p-nitrosodimethyl aniline 

440 nm  

singlet oxygen  

 

Photoirradiated chemical + dissolved oxygen oxidized chemical + singlet oxygen 

singlet oxygen + imidazole  [peroxide intermediate]  oxidized imidazole 

[peroxide intermediate] + p-nitrosodimethyl aniline  p-nitrosodimethyl aniline + products 

 

Superoxide  nitroblue 

tetrazolium (NBT)  superoxide  one-electron 

transfer reaction  NBT  monoformazan (NBT+)  560 nm  

UV  superoxide  

 

Photoirradiated chemical + dissolved oxygen oxidized chemical + superoxide 

superoxide + NBT  O2 + NBT+ 

 

 photodynamic 

 

 

2.2   

2.2.1  ROS  
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NaH2PO4 2H2O (CAS#13472-35-0), Na2HPO4 12H2O (CAS#10039-32-4), dimethyl sulfoxide 

(DMSO, CAS#67-68-5), p-nitrosodimethyl aniline (RNO, CAS#138-89-6), imidazole 

(CAS#288-32-4), and nitroblue tetrazolium (NBT, CAS#298-83-9) .   

 
2.2.2 20 mM sodium phosphate buffer (NaPB, pH7.4)  

3.8 mmol (593 mg)  NaH2PO4 2H2O 16.2 mmol (5.8 g)  Na2HPO4 12H2O 

900 mL HCl  pH7.4  1 L 

 

 
2.2.3 200 M p-nitrosodimethyl aniline  

20 μmol (3 mg) p-nitrosodimethyl aniline  100 mL  NaPB 

 

 
2.2.4 200 M imidazole  

200 μmol (13.6 mg)  imidazole  10 mL  NaPB  NaPB  100 

 

 
2.2.5 400 M NBT  

40 μmol (32.7 mg)  NBT  100 mL  NaPB NBT 

 

 

2.3  

ROS  DMSO  10 mM  stock solution 

ROS  200 μM 

 5–10 

 NaPB

DMSO stock solution  DMSO  ROS 

 ROS 20 50  100 μM 

200 μM
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2.4  

ROS  quinine HCl (CAS#6119-47-7)

 sulisobenzone (CAS#4065-45-6)  DMSO 

stock solution  

 

2.5  

2.5.1 Solar simulator 
ROS 

 solar simulator  CIE85/1989 

 Xe  (1,500 W)  Atlas Suntest CPS/CPS plus (Atlas 

Material Technology LLC, Chicago, USA)  Seric SXL-2500V2 (SERIC., Ltd., Tokyo, 

Japan)  290 nm  

UV UVA detector Dr. Hönle #0037 (Dr. Hönle, München, 

Germany)  2 mW/cm2 solar simulator 

 20–29  solar simulator 

 ROS  solar simulator 

quinine sulisobenzone

recommended chemical set

 

 
2.5.2 ROS reaction container 

 96 well microplate ( ) 

 microplate 

 solar simulator 

 2  quartz reaction container ( ) 

 quartz 

reaction container  

quartz plate Onoue 96 well  2  (B2–

G11)  (Onoue et al., 

19
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2008)  ROS 

 

 

2.5.3  
ROS  UVA detector

 

 

 

 2 reaction container  

 

2.6  

ROS  singlet oxygen  superoxide 

 assay mixture  3 singlet oxygen  assay mixture 

(1 mL) 50 n mol  p-nitrosodimethyl aniline 50 n mol  

imidazole superoxide  assay mixture (1 mL) 

 50 n mol  NBT 200 μL  assay mixture  96 well 

microplate  n=3  4  ( 100) 

 DMSO stock solution 200μM  

ROS  quinine 

20
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(200 μM)  sulisobenzone (200 μM)  assay mixture blank 

 stock solution  NaPB Plate shaker 

 5  assay mixture  (singlet oxygen 

 440 nm, superoxide  560 nm) 96 well microplate  

quartz reaction container  quartz plate 

Solar simulator  assay mixture assay 

mixture 1 Suntest CPS/CPS+ 2.0 mW/cm2

SXL-2500V2 3.0 5.0 mW/cm2  NBT+ 

 1  plate shaker  assay mixture 
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 3 ROS  

 

 Blank  singlet oxygen  superoxide 

ROS  Assay mixture  ROS 

22
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assay 440 nm  560 nm  ROS assay 

 

 

Singlet oxygen A440×103 = {A440(-) – A440(+) – (A – B)} 103 

  A440(-):  assay mixture  440 nm  

  A440(+):  assay mixture  440 nm  

  A:  blank  440 nm  

  B:  blank  440 nm  

 

Superoxide A560×103 = {A560(+) – A560(-) – (B – A)} 103 

  A560(-):  assay mixture  560 nm  

  A560(+):  assay mixture  560 nm  

  A:  blank  560 nm  

  B:  blank  560 nm  

 

 
 4 ROS  

 

2.7  

ROS 
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(i)  assay mixture  

(ii) blank  ROS 

 quinine (200 μM)  singlet oxygen  300 superoxide 

200  sulisobenzone (200 μM)  singlet oxygen  25 

superoxide 20  

(iii)  assay mixture  440 nm  560 nm 

 0.02  1.5  

 

2.8  

 40  ROS 

ROS  (Onoue et al., 2008)

 (200 μM)  ROS data singlet oxygen ( A440 nm 103): 25  

superoxide ( A560 nm 103): 20 

 ROS 

assay mixture  200 μM ROS data 

 

 

3  

3.1 

ROS 2

1 2

Phase I Phase II

quinine HCl sulisobenzone Quinine HCl 

Ljunggren et al, 1986 Sulisobenzone 3T3 NRU-PT 

(Spielmann et al, 

1998  

5-fluorouracil (5-FU)

Dillaha et al, 1983 3T3 NRU-PT
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Kleinman et al, 2010 and Onoue et al, 2010 5-FU UV-B

Kirkup M.E. et al, 2003 and Andersen K.E. et al, 1984 UV-B

ROS Miolo G. et al, 2011 5-FU

UV-B 290 320 nm Appendix 7

5-FU UV-B 5-FU

5-FU

5-FU 3T3 NRU-PT ROS

ROS

5-FU

2010

5-FU

 

 

3.1.1  

13

Appendix 

2 Appendix 3  

10 8-MOP amiodarone HCl chlorpromazine doxycycline HCl furosemide

ketoprofen norfloxacin 3T3NRU-PT

 3T3NRU-PT Spielmann 

et al, 1994a and 1998a Diclofenac levofloxacin omeprazole

Przybilla et al, 1987 Boccumini et al, 2000  Dam et al, 2008  

 

3.1.2  

2 23

19 42 7 42

23 9 10

Appendix 4  
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 2  

 23  19  

 
23  

18  
Acridine 
Acridine HCl 
Amiodarone HCl 
Chlorpromazine HCl 
Doxycycline HCl 
Fenofibrate 
Furosemide 
Ketoprofen 
6-Methylcoumarine 

8-Methoxy psoralen 
Nalidixic acid 
Nalidixic acid (Na 
salt) 
Norfloxacin 
Ofloxacin 
Piroxicam 

Promethazine HCl 
Rosiglitazone 
Tetracycline  

5  
Aspirin 
Benzocaine 
Erythromycin 
Phenytoin 
Penicilin G 

 
9  

4  
Anthracene 
Bithionol 
Hexachlorophene 
Rose Bengal  

5  
Sodium dodecyl sulphateCinnamic acid 
Chlorhexidine 
L-histidine 
p-Aminobenzoic acid 

 
10  

1  
Butyl methoxydibenzoylmethane (Avobenzone)

9  
Benzylindene camphor sulphonic acid  
4-Methyl benzylidene camphor 
Octyl salicylate 
Octyl methoxycinnamate 
 2-Ethylhexyl 4-methoxycinnamate 
2-(2-Hydroxy-5-methylphenyl)benzotriazole 
2-tert-Butyl-6-(5-chloro-2H-benzotriazol-2-y
l)-4-methylphenol 
2-(2H-Benzotriazol-2-yl)-4-(1,1,3,3-tetramet
hylbutyl)phenol 
2-(2H-Benzotriazol-2-yl)-6-dodecyl-4-methy
lphenol 

 
 

3.1.3 in 

vivo  

ROS

42 in vitro

Appendix 5
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42

23 19 3T3 

NRU-PT

 

3.2 

3.2.1  

ROS 2 2

1 Suntest CPS/CPS+ 2011 3 10

3 1 SXL-2500V2 2011 5

2012 6 4  

 

3.2.2  

3

100% 100%
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 3 ROS  

 
     

 
 
  

1 

 
Suntest 

CPS/CPS+ 

100% 
(21/21) 

75.0% 
(12/16) 

84.0% 
(21/25) 

100% 
(12/12) 

89.2% 
(33/37) 

2 100% 
(18/18) 

71.4% 
(10/14) 

81.8% 
(18/22) 

100% 
(10/10) 

87.5% 
(28/32) 

3 100% 
(20/20) 

88.2% 
(15/17) 

90.9% 
(20/22) 

100% 
(15/15) 

94.6% 
(35/37) 

4 

SXL-2500V2 

100% 
(19/19) 

71.4% 
(10/14) 

82.6% 
(19/23) 

100% 
(10/10) 

87.9% 
(29/33) 

5 100% 
(19/19) 

50.0% 
(6/12) 

76.0% 
(19/25) 

100% 
(6/6) 

80.6% 
(25/31) 

6 100% 
(19/19) 

73.3% 
(11/15) 

82.6% 
(19/23) 

100% 
(11/11) 

88.2% 
(30/34) 

7 100% 
(18/18) 

69.2% 
(9/13) 

81.8% 
(18/22) 

100% 
(9/9) 

87.1% 
(27/31) 

Weakly photoreactive  
ROS  

ROS  
ROS  
ROS  

ROS  

 

3.2.3  

5 6

7

4
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5   

Lab#1–3: Atlas Suntest CPS( 2.0 mW/cm2) Lab#4–7: Seric SXL-2500V2 (3.0–5.0 mW/cm2)., 
: quinine  singlet oxygen, : quinine superoxide; : sulisobenzone singlet oxygen, : 

sulisobenzone superoxide, mean SD (n=9)  
 
 

6  

Lab#1–3: Atlas Suntest CPS( 2.0 mW/cm2) Lab#4–7: Seric SXL-2500V2 (3.0–5.0 mW/cm2)., 
: quinine  singlet oxygen, : quinine superoxide; : sulisobenzone singlet oxygen, : 

sulisobenzone superoxide, mean SD (days 1, 2, and 3; n=9)  

29
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7  

Lab#1 3: Atlas Suntest CPS( 2.0 mW/cm2) Lab#4 7: Seric SXL-2500V2 (3.0 5.0 mW/cm2)., 
: quinine  singlet oxygen, : quinine superoxide; : sulisobenzone singlet oxygen, : 

sulisobenzone superoxide, mean SD (days 1, 2, and 3; n=9)  
 

 

 4  

  

  

ROS 

 

 

 

Suntest CPS 

[#1] 21 

[#2] 18 

[#3] 20 

SXL-2500V2 

[#4] 19 

[#5] 19 

[#6] 19 

[#7] 18 

Suntest CPS 

[#1] 4 

[#2] 4 

[#3] 2 

SXL-2500V2 

[#4] 4 

[#5] 6 

[#6] 4 

[#7] 4 

 

Suntest CPS 

[#1] 0 

[#2] 0 

[#3] 0 

SXL-2500V2 

[#4] 0 

[#5] 0 

[#6] 0 

[#7] 0 

Suntest CPS 

[#1] 12 

[#2] 10 

[#3] 15 

SXL-2500V2 

[#4] 10 

[#5] 6 

[#6] 11 

[#7] 9 
Lab#1 3: Atlas Suntest CPS( 2.0 mW/cm2) Lab#4 7: Seric SXL-2500V2 (3.0 5.0 mW/cm2) 

ROS  
 

 
 
 
 

30



25 
 

3.2.4  

GLP

 

4  

4.1 

ROS 

 ROS 

Onoue

 

(Onoue et al., 2013)   

4.2 

ROS  200 μM 

 assay mixture 

 ROS 

Onoue 

 ROS  assay 

mixture  ROS 

 (Onoue et al., 2008; Onoue et al., 2014; Seto et al., 2013)

 ROS 

ROS Onoue et 

al., 2013 assay mixture  ROS 
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4.3  

ROS  200 M 

Nishida

μg/mL

ROS  (Nishida et al., 2015)

5 6

500

250 250  200 M  50 g/mL 

ROS

 50 g/mL 100%

ROS 

ROS
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 5  

 40  26  

 
30  

17  
4-Methyl-7-ethoxyco
umarin 
5-Methoxypsoralen 
6-Methylcoumarin 
7-Methoxycoumarin 
8-Methoxypsoralen 
Benzophenone 
Bithionol 
Dichlorophene 
Fenticlor 

Hexachlorophene 
Methyl -naphthyl 
ketone 
Methyl N-methyl 
anthranilate  
Muk ambrette 
Musk ketone 
Musk xylene 
p-Phenylenediamine 
Triclocarban 

13  
1,3-Butylene glycol 
2-Propanol 
3-(-4-Methylbenzylidene) camphor 
Ascorbic acid 
Cetyl alcohol 
Ethanol 
Glycerine  
Isopropyl myristate 
Lauric acid 
Propylene glycol 
Sodium laurate 
Sodium lauryl sulfate 
Sulisobenzone 

 
16  

12  
Acridine 
Amiodarone HCl 
Chlorpromazine HCl 
Diclofenac Na 
Enoxacin 
Fenofibrate 

Indomethacin 
Ketoprofen 
Piroxicam 
Promethazine HCl 
Sulfanilamide 
Tetracycline HCl 

4  
DMSO 
Lactic acid 
Methyl salicylate 
Penicillin G 

 
20  

11  
Angelica root oil 
Bergamot oil 
Celery seed oil 
Cumin seed oil 
Grapefruit oil 
Lemon oil 
Lime oil 
Oil parsley 
St. John’s wort powder 
Tagetes oil 
Verbena oil 

9  
Carrot oil 
Corn oil 
Ginger oil 
Lemongrass oil 
Olive oil 
Orange oil 
Rape seed oil 
Safflower oil 
Soybean oil 
 

 

 6 ROS  (50 g/mL) 

    
 

 
  

 100% 
(17/17) 

76.9% 
(10/13) 

85.0% 
(17/20) 

100% 
(10/10) 

90.0% 
(27/30) 

 
100% 

(12/12) 
50.0% 
(2/4) 

85.7% 
(12/14) 

100% 
(2/2) 

87.5% 
(14/16) 

 100% 
(11/11) 

55.6% 
(5/9) 

73.3% 
(11/15) 

100% 
(5/5) 

80.0% 
(16/20) 

50 g/mL  
ROS  

ROS  
ROS  
ROS  

ROS  
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4.4 

singlet oxygen  superoxide

 (Tokura, 2009)

ROS 

Onoue

In vivo

3T3 NRU-PT

18

7 ROS

ROS

(Onoue et al., perspnal communication)  

 
 7  

 In vivo assay (Guinea pigs) In vitro assay 3T3 NRU-PT  

In 
vivo and/or In vitro 

 
18  

10  
6-Methylcoumarin 
Bithionol 
Indomethacin 
Ketprofen 
Musk ambrette 
Musk xylene 
Piroxicam 
Sulfanilamide 
Tribromosalicylanilide 
Trichlorocarbanilide 
 

 PIF < 2 5
Dichlorophene 
Fenticlor 
Hexachlorophene 
Hydrochlorothiazide 
Isoniazid 
 

 PIF > 2 and  5  
3  

Octyl dimethyl PABA 
Omadine (Na salt) 
Pyridoxine HCl 
 

PIF: Photo irritation factor 
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5 3Rs  

ROS ROS

ROS

 

ROS 2014 5

ROS

ROS in vitro 3T3 

NRU-PT in vivo

 

6  

 UVB 

 UVA UVB 

ROS 

 UVB 

ROS

ROS

ROS

ROS ROS 

 

/ 200 μM

20 μM

200μM 20 μM

20 μM

2014 ROS

200μM

20 μM
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11 200 μM

20 μM 10 1 8-MOP

ICH S10 E W G 1

42 20 μM ROS

200 μM 8-MOP

200 μM 20 μM

20 μM

8-MOP 200 μM

20μM 200 μM

ICH S10 EWG 20 μM

200 

μM 20 μM

200 μM

 

μg/mL ROS

 

ROS

ICH  

ROS

 

ROS ROS

Onoue et al., 2013

ROS ROS

ROS

 

7  

ROS singlet oxygen super oxide anion

7

ROS /

ROS 100%

ROS  
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ROS Spielmann 

et al., 2013 ROS

ROS

ROS

3T3 NRU-PT (OECD Test Guideline 432)

in vitro

ROS
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ICH ROS

Step 4 2013 11 ROS

 

ROS

ROS

ROS
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Internal conversion
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10 Appendix 

Appendix 1 Executive Summary of “Peer Review Panel 
Evaluation of the Reactive Oxygen Species (ROS) Photosafety 
Assay” (16 October 2013) 

 
Executive Summary 
The Japanese Center for the Validation of Alternative Methods (JaCVAM) convened an 
independent scientific peer review panel to evaluate the validation status of the Reactive 
Oxygen Species (ROS) assay in accordance with established international criteria (OECD, 
2005). The ROS assay is a test method proposed as a component of an integrated 
photosafety testing strategy to evaluate whether test substances such as pharmaceuticals 
have the potential to cause phototoxicity.  
 
The panel met initially in February and again in August 2013 in Tokyo, Japan. The panel 
considered the reports of two international validation studies and a proposed ROS ssay 
protocol at their initial meeting. The panel subsequently reviewed updated versions of the 
ROS Assay protocol and the validation study reports as revised by the Validation 
Management Team (VMT). This report summarizes the panel’s final evaluation and 
conclusions. 
 
Overall conclusion: The panel concluded that the reproducibility and predictivity of the 
ROS assay is sufficient to support its use in an integrated photosafety testing and decision 
strategy for drug research and development. In this strategy, negative results in the ROS 
assay would not require further testing in animals or other tests, while positive, weakly 
positive, and inconclusive results would proceed to the next level of testing in an in vitro test 
system such as the 3T3 Phototoxicity Assay (OECD Test Guideline 432). The panel also 
concluded that use of the ROS assay could potentially provide significant savings in time, 
cost and reduced animal use for photosafety assessments. Furthermore, incorporating the 
ROS assay into a photosafety testing strategy is expected to significantly reduce the overall 
number of substances that would 
require additional testing in the in vitro 3T3 Phototoxicity Assay and subsequent testing in 
animals. 
 
Regulatory rationale: The panel concluded that the ROS Assay is applicable for use within 
the ICH regulatory testing framework for photosafety evaluation of pharmaceutical products. 
Regulatory authorities (e.g. PMDA/MHLW, U.S. FDA, EMEA) require non-clinical 
photosafety testing prior to approving First-in-Human Phase I studies so that appropriate 
precautions and observations can be taken during initial human studies. Such non-clinical 
photosafety testing typically includes an assessment of the potential for a drug to cause 
phototoxic reactions, which are characterized clinically by dermal redness, swelling, irritation, 
and inflammation. The panel 
also agreed that the ROS assay is applicable to in-house drug research and development. 
 
Scientific rationale: The panel recognized that ROS production is the most important 
mechanism for chemically-induced phototoxicity, and is therefore a critical pathway initiating 
event leading to phototoxicity. The ROS assay quantitatively measures two common 
reactive oxygen species generated by photoreactive chemicals after exposure to simulated 
sunlight. In this validation study, chemicals that did not produce sufficient ROS to meet the 
photoreactivity threshold classification criteria for the ROS assay are uniformly 
non-phototoxic, while chemicals that met or exceeded the photoreactivity classification 
criteria include all known phototoxicants. Therefore if a chemical is not photoreactive in the 
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ROS assay, it is unlikely that phototoxicity will occur in living systems. 
 
Limitations: The panel noted that the ROS assay assesses chemical photoreactivity in a 
nonbiological system, and therefore may overpredict phototoxicity potential since it does not 
assess the direct interaction of chemicals with biological tissues. The assay may also 
overestimate the skin for phototoxic reactions to occur, or photodegradation may occur. 
Accordingly, positive results in the ROS assay are generally recommended for further 
evaluation in a photosafety testing strategy. 
 
Validation study reference chemicals: The panel agreed that the reference chemicals 
selected for the validation studies were appropriate and sufficiently representative of the 
chemicals likely to be evaluated in the assay. The 42 reference chemicals incorporated most 
known human phototoxicants and included 23 known positives and 19 negatives. The 
chemicals were backed by data from human patch testing and in vitro 3T3 phototoxicity 
assay results. All data from the validation studies were made available in the validation 
study reports. 
 
Assay Reproducibility: The panel concluded that the assay had excellent reproducibility 
both within and between laboratories for the 42 reference chemicals evaluated in the 
validation studies. Additionally, the positive and negative control chemicals had 100% 
reproducibility within and between laboratories based on classification outcome, which 
further supports the reproducibility of the ROS assay. 
 
Test method predictivity: After reviewing analyses provided in the validation study reports, 
the panel agreed that conducting a single assay per chemical provided optimal predictivity. 
The panel concluded that the classification criteria for test outcomes have been 
appropriately optimized to avoid false negatives while minimizing false positives. The panel 
also noted that chemicals positive for both reactive oxygen species were uniformly 
phototoxic. 
 
Data quality: The panel agreed that the high level of within and between laboratory 
reproducibility suggested a consistently high level of quality of the validation studies. While 
the studies were not conducted in strict accordance with GLPs, most of the labs were GLP 
certified. The validation management team also confirmed that quality control audits found 
that validation report data accurately reflected the raw data results. 
 
Test method protocols: The panel considered the test method protocols used for the two 
validation studies and key aspects of a proposed standardized ROS assay protocol. The 
panel recommended that the solar simulator should be equipped with an appropriate 
temperature control unit or fan since ROS production can be influenced by temperature. The 
panel concluded that the list of proficiency chemicals provided in the test method protocol 
for laboratories to use to demonstrate ability to perform the assay was appropriate. The 
panel recommended that each lab should develop historical positive and negative control 
value acceptance ranges that can be used to determine the acceptability of an individual 
test. The panel also agreed with the appropriateness of the reference chemicals identified 
for qualification of solar simulators other than the two used in the validation studies. 
 
Applicability domain: The applicability domain of the ROS assay is currently restricted to 
only those chemicals that meet the solubility criteria outlined in the protocol. The panel 
recommended that as experience is gained from use of the ROS assay, the applicability 
domain could be more fully described in terms of physicochemical properties and/or 
chemical classes. This will contribute to increased efficiency by providing criteria that can be 
used to identify whether a chemical may be satisfactorily tested in the ROS assay, or 
whether an alternate assay should be used initially.  
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Appendix 2 List of reasons for chemical selection 

NO. Compound Reasons for chemical selection 

I-1 5-Fluorouracil (5-FU) 

5-FU was reportedly a phototoxic chemical in humans [Dillaha et al., 1983], but it 

was negative in the 3T3NRU-PT [Kleinman et al., 2010 and Onoue et al., 2010].  

Reported causes of human phototoxicity in 5-FU include photocytotoxicity induced 

by UV-B alone [Kirkup M.E. et al., 2003 and Andersen K.E. et al., 1984] and/or 

ROS generation derived from UV-B induced photodegradation [Miolo G. et al., 

2011]. 5-FU absorbs mainly UV-B (290–320 nm) within the range of natural 

sunlight (Appendix 7), UV-B irradiation might be essential for photochemical 

activation of 5-FU.  Therefore it was unknown whether 5-FU was a phototoxic 

chemical, and high quality human data was not available.  5-FU was selected in 

order to provide information on the limits of the ROS assay. Photosensitivity was 

mentioned on both the US and the JPN label. 

I-2 8-Methoxy psoralen (8-MOP) 

8-MOP was selected from the list of phototoxic chemicals used in the 3T3NRU-PT 

validation study. Human data for this chemical was described as positive in the 

article on the 3T3 NRU-PT validation study [Spielmann et al, 1994a].  

Photosensitivity was mentioned on both the US and the JPN label. 

I-3 Amiodarone HCl 

Amiodarone HCl was selected from the list of phototoxic chemicals used in the 

3T3NRU-PT validation study. Human data for this chemical was described as 

positive in the article on the 3T3 NRU-PT validation study [Spielmann et al, 

1994a].  Photosensitivity was mentioned on both the US and the JPN label. 

I-4 Chlorpromazine HCl 

Chlorpromazine HCl was selected from the list of phototoxic chemicals used in the 

3T3NRU-PT validation study. Human data for this chemical was described as 

positive in the article on the 3T3 NRU-PT validation study [Spielmann et al, 

1994a].  Photosensitivity was mentioned on both the US and the JPN label. 

I-5 Diclofenac 

Diclofenac was selected as a phototoxic chemical for human per the article by 

Przybilla et al [1987].  Photosensitivity was mentioned on both the US and the 

JPN label. 

I-6 Doxycycline HCl 

Doxycycline HCl was selected from the list of phototoxic chemicals used in the 

3T3NRU-PT validation study. Human data for this chemical was described as 

positive in the article on the 3T3 NRU-PT validation study [Spielmann et al, 

1994a].  Photosensitivity was mentioned on both the US and the JPN label. 

I-7 Furosemide 

Furosemide was selected from the list of phototoxic chemicals used in the 

3T3NRU-PT validation study. Human data for this chemical was described as 
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positive in the article on the 3T3 NRU-PT validation study [Spielmann et al, 

1998a].  Although the 2011 US label did mention photosensitivity, 2012 US label 

did not. Photosensitivity was mentioned on the JPN label. 

I-8 Ketoprofen 

Ketoprofen was selected from the list of phototoxic chemicals used in the 

3T3NRU-PT validation study. Human data for this chemical was described as 

positive in the article on the 3T3 NRU-PT validation study [Spielmann et al, 

1998a].  Photosensitivity was mentioned on both the US and the JPN label. 

I-9 Levofloxacin 

Levofloxacin was selected as a phototoxicity positive chemical for human per the 

article by Boccumini et al [2000].  Photosensitivity was mentioned on both the US 

and the JPN label. 

I-10 Norfloxacin 

Norfloxacin was selected from the list of phototoxic chemicals used in the 

3T3NRU-PT validation study. Human data for this chemical was described as 

positive in the article on the 3T3 NRU-PT validation study [Spielmann et al, 

1998a].  Photosensitivity was mentioned on both the US and the JPN label. 

I-11 Omeprazole 

Omeprazole was selected as a phototoxic chemical for human per to the article by 

Dam et al [2008].  Photosensitivity was mentioned on both the US and the JPN 

label. 

I-12 Quinine HCl 

Quinine HCl was used as positive control according to the method of Onoue et al. 

[2008a].  Quinine HCl was classified as a phototoxic chemical for human per the 

article by Ljunggren et al [1986].  There was a mention of the photosensitivity in 

the US label. 

I-13 Sulisobenzone 

Sulizobenzone was used as negative control according to the method of Onoue et 

al. [2008a].  Sulisobenzone was classified as a non-phototoxic chemical, because 

Human data for this chemical was described as negative in the article on the 3T3 

NRU-PT validation study [Spielmann et al, 1998b]. 
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Appendix 3 Test chemicals for the Phase 1 study 

No. Chemical name CAS No.a) 

UV/vis absorption b) 
ROS  

assay 

3T3 

NRU 

in vivo 

MEC 

(L/mol/cm) 

max 

(nm) 
Animal Human

I-1 5-FU 51-21-8 1800 c) 290 d) -  1) -  2, 3) NA +?  4) 

I-2 8-MOP 298-81-7 3631 300 +  1) +  5) +  5) +  5) 

I-3 Amiodarone HCl 19774-82-4 5400 290 d) +  3) +  5) +  5) +  5) 

I-4 Chlorpromazine HCl 69-09-0 1746 304 +  1) +  5) +  5) +  5) 

I-5 Diclofenac 15307-79-6 7800 c) 290 d) +  1) +  3) +  6) +  7) 

I-6 Doxycycline HCl 10592-13-9 3715 290 d) +  1) +  5) +  5) +  5) 

I-7 Furosemide 54-31-9 2650 290 d) +  1) +/- 3,8,9) NA +  8) 

I-8 Ketoprofen 22071-15-4 2092 290 d) +  1) +  8) -  8) +  8) 

I-9 Levofloxacin 100986-85-4 13000 c) 333 + 10) + 10) + 11) + 12) 

I-10 Norfloxacin 70458-96-7 3562 323 +  1) +  3) +  8) +  8) 

I-11 Omeprazole 73590-58-6 15000 c) 301 +  1) +/-  3) NA + 13) 

I-12 Quinine HCl 6119-47-7 1938 330 +  1) +  3) +  6) + 14) 

I-13 Sulisobenzone 4065-45-6 3519 290 d) -  1) -  3) NA - 15) 

5-FU: 5-fluorouracil, 8-MOP 8-methoxy psoralen 
+ : Positive,  - : Negative,  +/- : Equivocal,  NA : Not available,  ? : unclear 

a) CAS No.: Chemical abstracts service registry number, b) The UV/vis absorbance (290-700 nm) of chemicals was 

measured in 20 mM phosphate buffer (pH 7.4).  Test chemicals were dissolved in dimethylsulfoxide (DMSO) at 10 

mM and diluted with 20 mM phosphate buffer (pH 7.4). Final concentration of DMSO was unified to 0.5%. c) Molar 

extinction coefficient (MEC) of 5-FU, diclofenac, levofloxacin, and omeprazole were extracted from the articles of 

Onoue et al. (2008a) and Seto et al. (2011). 

d) max (nm) was a wavelength at which the UV/vis absorbance shows a peak between 290 and 700 nm. max (nm) 

was indicated as 290 nm in the case where the peak absorption is located below 290 nm and the maximum absorption 

is at 290 nm. 
1) Onoue et al., 2008a, 2) Kleinman et al., 2010, 3) Onoue et al., 2010, 4) Dillaha et al., 1983, 5) Spielmann et al., 
1994a, 6) Spielmann et al., 1994b, 7) Przybilla et al., 1987, 8) Spielmann et al., 1998a, 9) Peters et al., 2002, 10) Seto 
et al., 2011, 11) Wagai et al., 1992, 12) Boccumini et al., 2000, 13) Dam et al., 2008, 14) Ljunggren et al., 1986, 15) 
Spielmann et al., 1998b 
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Appendix 4 List of reasons for chemical selection 

NO. Chemical name Reasons for chemical selection 

Phototoxic drugs  

II-1 Acridine 

Acridine was selected from the list of positive chemicals used in the 3T3 NRU-PT 

validation study. Human data for this chemical was described as positive in the article on 

the 3T3 NRU-PT validation study [Spielmann et al, 1998a]. 

Acridine (No. II-1) and acridine HCl (No. II-2) were tested both as a free form and a salt 

in order to test whether the aqueous solubility of chemicals might limit the predictive 

power of the ROS assay. 

II-2 Acridine HCl 

Acridine HCl was selected from the list of positive chemicals used in the 3T3 NRU-PT 

validation study. Human data for this chemical was described as positive in the article on 

the 3T3 NRU-PT validation study [Spielmann et al, 1998a]. 

Acridine (No. II-1) and acridine HCl (No. II-2) were tested both as a free form and a salt 

in order to test whether the aqueous solubility of chemicals might limit the predictive 

power of the ROS assay. 

II-3 Amiodarone HCl 

Amiodarone HCl was selected from the list of positive chemicals used in the 3T3 

NRU-PT validation study. Human data for this chemical was described as positive in the 

article on the 3T3 NRU-PT validation study [Spielmann et al, 1994a].  Photosensitivity 

was mentioned on both the US and the JPN label. 

II-4 Chlorpromazine HCl 

Chlorpromazine HCl was selected from the list of positive chemicals used in the 3T3 

NRU-PT validation study. Human data for this chemical was described as positive in the 

article on the 3T3 NRU-PT validation study [Spielmann et al, 1994a].  Photosensitivity 

was mentioned on both the US and the JPN label. 

II-5 Doxycycline HCl 

Doxycycline HCl was selected from the list of positive chemicals used in the 3T3 

NRU-PT validation study. Human data for this chemical was described as positive in the 

article on the 3T3 NRU-PT validation study [Spielmann et al, 1994a].  Photosensitivity 

was mentioned on both the US and the JPN label. 

II-6 Fenofibrate 

Fenofibrate was selected from the list of positive chemicals used in the 3T3 NRU-PT 

validation study. Human data for this chemical was described as positive in the article on 

the 3T3 NRU-PT validation study [Spielmann et al, 1998a].  Although the 2011 US 

label did mention photosensitivity, 2012 US label did not. Photosensitivity was 

mentioned on the JPN label. 

II-7 Furosemide Furosemide was selected from the list of positive chemicals used in the 3T3 NRU-PT 
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validation study. Human data for this chemical was described as positive in the article on 

the 3T3 NRU-PT validation study [Spielmann et al, 1998a].  Although the 2011 US 

label did mention photosensitivity, 2012 US label did not. Photosensitivity was 

mentioned on the JPN label. 

II-8 Ketoprofen 

Ketoprofen was selected from the list of positive chemicals used in the 3T3 NRU-PT 

validation study. Human data for this chemical was described as positive in the article on 

the 3T3 NRU-PT validation study [Spielmann et al, 1998a].  Photosensitivity was 

mentioned on both the US and the JPN label. 

II-9 6-Methylcoumarine 

6-Methylcoumarine was selected from the list of positive chemicals used in the 3T3 

NRU-PT validation study. Human data for this chemical was described as positive in the 

article on the 3T3 NRU-PT validation study [Spielmann et al, 1998a]. 

II-10 8-MOP  

8-MOP was selected from the list of positive chemicals used in the 3T3 NRU-PT 

validation study. Human data for this chemical was described as positive in the article on 

the 3T3 NRU-PT validation study [Spielmann et al, 1994a].  Photosensitivity was 

mentioned on both the US and the JPN label. 

II-11 Nalidixic acid  

Nalidixic acid was selected from the list of positive chemicals used in the 3T3 NRU-PT 

validation study. Human data for this chemical was described as positive in the article on 

the 3T3 NRU-PT validation study [Spielmann et al, 1998a]. 

Nalidixic acid (II-11) and nalidixic acid (Na salt) (II-12) were tested both as a free form 

and a salt in order to test whether the aqueous solubility of chemicals might limit the 

predictive power of the ROS assay.  Photosensitivity was mentioned on both the US and 

the JPN label. 

II-12 Nalidixic acid (Na salt) 

Nalidixic acid (Na salt) was selected from the list of positive chemicals used in the 3T3 

NRU-PT validation study. Human data for this chemical was described as positive in the 

article on the 3T3 NRU-PT validation study [Spielmann et al, 1998a]. 

Nalidixic acid (II-11) and nalidixic acid (Na salt) (II-12) were tested both as a free form 

and a salt in order to test whether the aqueous solubility of chemicals might limit the 

predictive power of the ROS assay.  Photosensitivity was mentioned on both the US and 

the JPN label. 

II-13 Norfloxacin 

Norfloxacin was selected from the list of positive chemicals used in the 3T3 NRU-PT 

validation study. Human data for this chemical was described as positive in the article on 

the 3T3 NRU-PT validation study [Spielmann et al, 1998a].  Photosensitivity was 

mentioned on both the US and the JPN label. 

II-14 Ofloxacin 

Ofloxacin was selected from the list of positive chemicals used in the 3T3 NRU-PT 

validation study. Human data for this chemical was described as positive in the article on 

the 3T3 NRU-PT validation study [Spielmann et al, 1998a].  Photosensitivity was 
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mentioned on both the US and the JPN label. 

II-15 Piroxicam 

Piroxicam was selected from the list of positive chemicals used in the 3T3 NRU-PT 

validation study. Human data for this chemical was described as positive in the article on 

the 3T3 NRU-PT validation study [Spielmann et al, 1994a].  Photosensitivity was 

mentioned on both the US and the JPN label. 

II-16 Promethazine HCl 

Promethazine HCl was selected from the list of positive chemicals used in the 3T3 

NRU-PT validation study. Human data for this chemical was described as positive in the 

article on the 3T3 NRU-PT validation study [Spielmann et al, 1994a].  Photosensitivity 

was mentioned on both the US and the JPN label. 

II-17 Rosiglitazone 

Rosiglitazone was selected because 3T3 NRU-PT was positive, but high quality human 

data regarding phototoxicity was not available. 

II-18 Tetracycline 

Tetracycline was selected from the list of positive chemicals used in the 3T3 NRU-PT 

validation study. Human data for this chemical was described as positive in the article on 

the 3T3 NRU-PT validation study [Spielmann et al, 1994a].  Photosensitivity was 

mentioned on both the US and the JPN label. 

Phototoxic non-drug chemicals  

II-19 Anthracene 

Anthracene was selected from the list of positive chemicals used in the 3T3 NRU-PT 

validation study. Human data for this chemical was described as positive in the article on 

the 3T3 NRU-PT validation study [Spielmann et al, 1998a]. 

II-20 Avobenzone  

Avobenzone was reported with photoallergy negative by a photopatch test in the article 

by Szczurko C et al. [1994] and Trevisi P et al. [1994], but was reported to induce 

photoallergic reactions in the article by Schauder, S. et al. [1997].  Therefore, 

avobenzone was classified as a phototoxic chemical because we were not able to 

completely judge that avobenzone was a non-phototoxic chemical. 

II-21 Bithionol 

Bithionol was selected from the list of positive chemicals used in the 3T3 NRU-PT 

validation study. Human data for this chemical was described as positive in the article on 

the 3T3 NRU-PT validation study [Spielmann et al, 1994a]. 

II-22 Hexachlorophene 

Hexachlorophene was selected from the list of positive chemicals used in the 3T3 

NRU-PT validation study. Human data for this chemical was described as positive in the 

article on the 3T3 NRU-PT validation study [Masuda et al., 1971 and Spielmann et al, 

1998a]. 

II-23 Rose bengal 

Rose bengal was selected from the list of positive chemicals used in the 3T3 NRU-PT 

validation study. Human data for this chemical was described as positive in the article on 

the 3T3 NRU-PT validation study [Spielmann et al, 1998a]. 

Non-phototoxic drugs  
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II-24 Aspirin 

Aspirin was selected based on negative results of the 3T3 NRU-PT per the article by 

Onoue et al. [2010].  Photosensitivity was no  mentioned on either the US or the JPN 

label. 

II-25 Benzocaine 

Benzocaine was selected based on negative results of the 3T3 NRU-PT per the article by 

Onoue et al. [2010].  Photosensitivity was no  mentioned on either the US or the JPN 

label. 

II-26 Erythromycin 

Erythromycin was selected based on negative results of the 3T3 NRU-PT per the article 

by Onoue et al. [2010].  Photosensitivity was no  mentioned on either the US or the 

JPN label. 

II-27 Penicillin G 

Penicillin G was selected from the list of negative chemicals used in the 3T3 NRU-PT 

validation study [Spielmann et al, 1994a].  Photosensitivity was no  mentioned on 

either the US or the JPN label. 

II-28 Phenytoin 

Phenytoin was selected based on negative results of the 3T3 NRU-PT per the article by 

Onoue et al. [2010].  Photosensitivity was no  mentioned on either the US or the JPN 

label. 

Non-phototoxic non-drug chemicals 

II-29 Bumetrizole 

Bumetrizole was selected from UV absorbers.  We thought that human data of this UV 

absorber would be provided.  Human data for this chemical, however, was not 

available.  Therefore after confirming negative result in 3T3 NRU-PT, this chemical 

was classified as a non-phototoxic chemical. 

II-30 Camphor sulfonic acid 

Chemical No. II-30 was registered at first as benzylindene camphor sulphonic acid. This 

was a UV absorber used in the 3T3 NRU-PT validation study. However, we carried out 

the Phase 2 study without noticing a transcription error of the CAS number on the final 

chemical list. Because we did not notice this mistake until after the Phase 2 study, this 

chemical was reclassified as a non-phototoxic chemical after confirming negative results 

in 3T3 NRU-PT and low molar extinction coefficient (MEC). 

II-31 Chlorhexidine 

Chlorhexidine was selected from the list of negative chemicals used in the 3T3 NRU-PT 

validation study [Spielmann et al, 1994a and 1998a]. Negative result in human was 

described in the article on the 3T3 NRU-PT validation study [Spielmann et al, 1998a]. 

II-32 Cinnamic acid 

We originally intended to use cinnamic aldehyde, an aromatic ingredient used in 

cinnamon, as Chemical No. II-32, because this chemical used in the 3T3 NRU-PT 

validation study.  However, we inadvertently added cinnamic acid instead of cinnamic 

aldehyde to the list of chemicals.  Cinnamic acid is known to form a dimer by light 

irradiation when in the solid state.  The difference between cinnamic aldehyde and 

cinnamic acid is that the former has a side chain of aldehyde and the later one of 

carboxyl.  In addition, we carried out 3T3NRU-PT for cinnamic acid and the result was 
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negative, just like cinnamic aldehyde.  Therefore, we concluded that either chemical 

was suitable for the ROS assay validation study, because cinnamic acid resembles 

cinnamic aldehyde structurally, and the result of 3T3 NRU-PT testing was the same. 

II-33 Drometrizole 

Drometrizole was selected from UV absorbers.  We thought that human data of this UV 

absorber would be provided.  Human data for this chemical, however, was not 

available.  Therefore after confirming negative result in 3T3 NRU-PT, this chemical 

was classified as a non-phototoxic chemical. 

II-34 L-Histidine 

L-Histidine was selected from the list of negative chemicals used in the 3T3 NRU-PT 

validation study [Spielmann et al, 1994a]. 

II-35 

Methylbenzylidene 

camphor 

Methylbenzylidene camphor was selected from UV absorbers.  This was in the list of 

negative chemicals in the 3T3 NRU-PT validation study and Human data for this 

chemical was described as negative in the article on the 3T3 NRU-PT validation study 

[Spielmann et al, 1998b]. 

II-36 Octrizole 

Octrizole was selected from UV absorbers.  We thought that human data of this UV 

absorber would be provided.  Human data for this chemical, however, was not 

available.  Therefore after confirming negative result in 3T3 NRU-PT, this chemical 

was classified as a non-phototoxic chemical. 

II-37 Octyl methacrylate 

Chemical No. II-37 was registered at first as octyl methoxycinnamate. This was UV 

absorber used in the 3T3 NRU-PT validation study. However, we have carried out the 

Phase 2 study without noticing a transcribing error of the CAS number when we made 

the final chemical list. Because we noticed to take it wrong after the Phase 2 study, this 

chemical was classified as non-phototoxic chemical again after confirming negative 

result in 3T3 NRU-PT and low molar extinction coefficient (MEC). 

II-38 Octyl methoxycinnamate 

Octyl methoxycinnamate was selected from UV absorbers.  This was in the list of 

negative chemicals in the 3T3 NRU-PT validation study and Human data for this 

chemical was described as negative in the article on the 3T3 NRU-PT validation study 

[Spielmann et al, 1998b]. 

II-39 Octyl salicylate 

Octyl salicylate was selected from UV absorbers.  This was in the list of negative 

chemicals in the 3T3 NRU-PT validation study and Human data for this chemical was 

described as negative in the article on the 3T3 NRU-PT validation study [Spielmann et 

al, 1998b]. 

II-40 PABA 

PABA was selected from the list of negative chemicals used in the 3T3 NRU-PT 

validation study [Spielmann et al, 1994a and 1998a].  Negative result in animals was 

described in the article on the 3T3 NRU-PT validation study [Spielmann et al, 1998a]. 

II-41 SDS 

SDS was selected from the list of negative chemicals used in the 3T3 NRU-PT validation 

study [Spielmann et al, 1994a]. 
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II-42 UV-571 

UV-571 was selected from UV absorbers.  We thought that human data of this UV 

absorber would be provided.  Human data for this chemical, however, was not 

available.  Therefore after confirming negative result in 3T3 NRU-PT, this chemical 

was classified as a non-phototoxic chemical. 

Positive/Negative controls  

PC Quinine HCl 

Quinine HCl was used as positive control according to the method of Onoue et al. 

[2008a].  Quinine HCl was classified as a phototoxic chemical for human per the article 

by Ljunggren et al [1986].  Photosensitivity was mentioned on the US label. 

NC Sulisobenzone 

Sulizobenzone was used as negative control according to the method of Onoue et al. 

[2008a].  Sulisobenzone was classified as a non-phototoxic chemical, because Human 

data for this chemical was described as negative in the article on the 3T3 NRU-PT 

validation study [Spielmann et al, 1998b]. 
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Appendix 5 Test chemicals for Phase 2 study and code list 

No. Chemical name CAS No.a) 

UV/vis absorptionb) 
3T3 

NRU 

in vivo Laboratory 

MEC 

(L/mol/cm) 

max  

(nm)  
Animal Human 1 2 3 

Phototoxic drugs          

II-1 Acridine 260-94-6 2773 354 +  1) +  1) +  1) C-130 B-090 A-005

II-2 Acridine HCl 17784-47-3 2635 354 +  1) +  1) +  1) C-126 B-086 A-001

II-3 Amiodarone HCl 19774-82-4 5400 290 c) +  2) +  2) +  2) C-127 B-087 A-002

II-4 Chlorpromazine HCl 69-09-0 1746 304 +  2) +  2) +  2) C-106 B-066 A-026

II-5 Doxycycline HCl 10592-13-9 3715 290 c) +  2) +  2) +  2) C-116 B-076 A-036

II-6 Fenofibrate 49562-28-9 3514 290 c) +  1) NA +  1) C-139 B-054 A-014

II-7 Furosemide 54-31-9 2650 290 c) +/- 1,3,4) NA +  1) C-141 B-056 A-016

II-8 Ketoprofen 22071-15-4 2092 290 c) +  1) -  1) +  1) C-128 B-088 A-003

II-9 6-Methylcoumarine 92-48-8 3219 290 c) +  1) +  1) +  1) C-113 B-073 A-033

II-10 8-MOP 298-81-7 3631 300 +  2) +  2) +  2) C-131 B-091 A-006

II-11 Nalidixic acid  389-08-2 3192 331 +  1) +  1) +  1) C-137 B-052 A-012

II-12 Nalidixic acid (Na salt) 3374-05-8 3019 333 +  1) +  1) +  1) C-134 B-094 A-009

II-13 Norfloxacin 70458-96-7 3562 323 +  3) +  1) +  1) C-110 B-070 A-030

II-14 Ofloxacin 82419-36-1 8443 290 c) +  1) +  1) +  1) C-112 B-072 A-032

II-15 Piroxicam 36322-90-4 3304 352 -  2) -  2) +  2) C-135 B-095 A-010

II-16 Promethazine HCl 58-33-3 1558 297 +  2) NA +  2) C-101 B-061 A-021

II-17 Rosiglitazone 122320-73-4 1765 311 +  d) NA NA C-117 B-077 A-037

II-18 Tetracycline 60-54-8 3842 290 c) +  2) +  2) +  2) C-102 B-062 A-022

Phototoxic non-drug chemicals         

II-19 Anthracene 120-12-7 2315 355 +  1) +  1) +  1) C-121 B-081 A-041

II-20 Avobenzone 70356-09-1 7686 354 +  5) -  6) +  7) C-109 B-069 A-029

II-21 Bithionol 97-18-7 2462 321 +  2) +  2) +  2) C-115 B-075 A-035

II-22 Hexachlorophene 70-30-4 2431 300 -  1) -  1) + 1,8) C-107 B-067 A-027

II-23 Rose bengal 632-69-9 19269 549 +  1) -  1) +  1) C-104 B-064 A-024

Non-phototoxic drugs          

II-24 Aspirin 50-78-2 80 290 c) -  3) NA NA C-140 B-055 A-015

II-25 Benzocaine 94-09-7 4273 290 c) -  3) NA NA C-114 B-074 A-034

II-26 Erythromycin 114-07-8 0 290 c) -  3) NA NA C-119 B-079 A-039

II-27 Penicillin G 113-98-4 0 290 c) -  2) NA NA C-118 B-078 A-038

II-28 Phenytoin 57-41-0 0 290 c) -  3) NA NA C-145 B-060 A-020
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Appendix 5 Test chemicals for Phase 2 study and code list 
(continued) 

No. Chemical name CAS No.a) 

UV/vis absorptionb) 
3T3 

NRU 

in vivo Laboratory 

MEC 

(L/mol/cm) 

max  

(nm) 
Animal Human 1 2 3 

Non-phototoxic non-drug chemicals         

II-29 Bumetrizole 3896-11-5 3873 306 -  d) NA NA C-138 B-053 A-013

II-30 
Camphor sulfonic 

acid 
3144-16-9 0 290 c) -  d) NA NA C-132 B-092 A-007

II-31 Chlorhexidine 55-56-1 1338 290 c) -  1) NA -  1) C-144 B-059 A-019

II-32 Cinnamic acid 140-10-3 3373 290 c) -  d) NA NA C-123 B-083 A-043

II-33 Drometrizole 2440-22-4 3946 295 -  d) NA NA C-129 B-089 A-004

II-34 L-Histidine 71-00-1 0 290 c) -  2) NA NA C-111 B-071 A-031

II-35 
Methylbenzylidene 

camphor 
36861-47-9 9200 304 -  9) -  9) -  9) C-136 B-051 A-011

II-36 Octrizole 3147-75-9 3958 296 -  d) NA NA C-133 B-093 A-008

II-37 Octyl methacrylate 688-84-6 0 290 c) -  d) NA NA C-105 B-065 A-025

II-38 
Octyl 

methoxycinnamate 
5466-77-3 3000 290 c) -  9) -  9) -  9) C-142 B-057 A-017

II-39 Octyl salicylate 118-60-5 1500 290 c) -  9) -  9) -  9) C-120 B-080 A-040

II-40 PABA 150-13-0 2404 290 c) -  2) -  1) NA C-124 B-084 A-044

II-41 SDS 151-21-3 0 290 c) -  2) NA NA C-125 B-085 A-045

II-42 UV-571 125304-04-3 1900 290 c) -  d) NA NA C-122 B-082 A-042

Positive/Negative controls         

PC Quinine HCl 6119-47-7 1938 330 +  3) + 10) + 11) PC PC PC 

NC Sulisobenzone 4065-45-6 3519 290 c) -  3) NA -  9) NC NC NC 

8-MOP: 8-methoxy psoralen, PABA: p-aminobenzoic acid, SDS: sodium dodecyl sulfate 
+ : Positive,  - : Negative,  +/- : Equivocal,  NA : Not available,  PC : Positive control,  NC : Negative control 
a) CAS No.: Chemical abstracts service registry number, b) The UV/vis absorbance (290-700 nm) of most chemicals 
was measured in 20 mM phosphate buffer (pH 7.4).  However, the UV/vis absorbance of chemical Nos. II-19, II-20, 
II-29, II-33 and II-36 were measured in methanol, because these chemicals were not solved in 20 mM phosphate 
buffer (pH 7.4).  In the each case, test chemicals were dissolved in DMSO at 10 mM and diluted with 20 mM 
phosphate buffer (pH 7.4) or methanol.  Final concentration of DMSO was unified to 0.5%. c) max (nm) was a 
wavelength at which the UV/vis absorbance shows a peak between 290 and 700 nm. max (nm) was indicated as 290 
nm in the case where the peak absorption is located below 290 nm and the maximum absorption is at 290 nm. d) In 
vitro phototoxicity was assessed by the 3T3 NRU PT in the participating laboratories, according to the OECD 432 
guideline. 
1) Spielmann et al., 1998a, 2) Spielmann et al., 1994a, 3) Onoue et al., 2010, 4) Peters et al., 2002, 5) Gaspar et al., 
2012, 6) ZEBET in house data, 7) Schauder et al., 1997, 8) Masuda et al., 1971, 9) Spielmann et al., 1998b, 10) 
Spielmann et al., 1994b, 11) Ljunggren et al., 1986 
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Executive Summary  
 
The Japanese Center for the Validation of Alternative Methods (JaCVAM) convened an 
independent scientific peer review panel to evaluate the validation status of the Reactive 
Oxygen Species (ROS) assay in accordance with established international criteria (OECD, 
2005). The ROS assay is a test method proposed as a component of an integrated photosafety 
testing strategy to evaluate whether test substances such as pharmaceuticals have the potential 
to cause phototoxicity. 
 
The panel met initially in February and again in August 2013 in Tokyo, Japan. The panel 
considered the reports of two international validation studies and a proposed ROS Assay 
protocol at their initial meeting. The panel subsequently reviewed updated versions of the ROS 
Assay protocol and the validation study reports as revised by the Validation Management Team 
(VMT). This report summarizes the panel’s final evaluation and conclusions. 
 
Overall conclusion: The panel concluded that the reproducibility and predictivity of the ROS 
assay is sufficient to support its use in an integrated photosafety testing and decision strategy 
for drug research and development. In this strategy, negative results in the ROS assay would 
not require further testing in animals or other tests, while positive, weakly positive, and 
inconclusive results would proceed to the next level of testing in an in vitro test system such as 
the 3T3 Phototoxicity Assay (OECD Test Guideline 432). The panel also concluded that use of 
the ROS assay could potentially provide significant savings in time, cost and reduced animal 
use for photosafety assessments. Furthermore, incorporating the ROS assay into a photosafety 
testing strategy is expected to significantly reduce the overall number of substances that would 
require additional testing in the in vitro 3T3 Phototoxicity Assay and subsequent testing in 
animals. 
 
Regulatory rationale: The panel concluded that the ROS Assay is applicable for use within the 
ICH regulatory testing framework for photosafety evaluation of pharmaceutical products. 
Regulatory authorities (e.g. PMDA/MHLW, U.S. FDA, EMEA) require non-clinical photosafety 
testing prior to approving First-in-Human Phase I studies so that appropriate precautions and 
observations can be taken during initial human studies. Such non-clinical photosafety testing 
typically includes an assessment of the potential for a drug to cause phototoxic reactions, which 
are characterized clinically by dermal redness, swelling, irritation, and inflammation. The panel 
also agreed that the ROS assay is applicable to in-house drug research and development. 
 
Scientific rationale: The panel recognized that ROS production is the most important 
mechanism for chemically-induced phototoxicity, and is therefore a critical pathway initiating 
event leading to phototoxicity. The ROS assay quantitatively measures two common reactive 
oxygen species generated by photoreactive chemicals after exposure to simulated sunlight.  In 
this validation study, chemicals that did not produce sufficient ROS to meet the photoreactivity 
threshold classification criteria for the ROS assay are uniformly non-phototoxic, while chemicals 
that met or exceeded the photoreactivity classification criteria include all known phototoxicants. 
Therefore if a chemical is not photoreactive in the ROS assay, it is unlikely that phototoxicity will 
occur in living systems. 
 
Limitations: The panel noted that the ROS assay assesses chemical photoreactivity in a non-
biological system, and therefore may overpredict phototoxicity potential since it does not assess 
the direct interaction of chemicals with biological tissues. The assay may also overestimate the 
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potential for phototoxicity because some chemicals may not achieve sufficient concentration in 
skin for phototoxic reactions to occur, or photodegradation may occur. Accordingly, positive 
results in the ROS assay are generally recommended for further evaluation in a photosafety 
testing strategy.  
 
Validation study reference chemicals: The panel agreed that the reference chemicals 
selected for the validation studies were appropriate and sufficiently representative of the 
chemicals likely to be evaluated in the assay. The 42 reference chemicals incorporated most 
known human phototoxicants and included 23 known positives and 19 negatives. The chemicals 
were backed by data from human patch testing and in vitro 3T3 phototoxicity assay results. All 
data from the validation studies were made available in the validation study reports. 
 
Assay Reproducibility: The panel concluded that the assay had excellent reproducibility both 
within and between laboratories for the 42 reference chemicals evaluated in the validation 
studies. Additionally, the positive and negative control chemicals had 100% reproducibility within 
and between laboratories based on classification outcome, which further supports the 
reproducibility of the ROS assay.  
 
Test method predictivity: After reviewing analyses provided in the validation study reports, the 
panel agreed that conducting a single assay per chemical provided optimal predictivity. The 
panel concluded that the classification criteria for test outcomes have been appropriately 
optimized to avoid false negatives while minimizing false positives. The panel also noted that 
chemicals positive for both reactive oxygen species were uniformly phototoxic.  
 
Data quality: The panel agreed that the high level of within and between laboratory 
reproducibility suggested a consistently high level of quality of the validation studies. While the 
studies were not conducted in strict accordance with GLPs, most of the labs were GLP certified. 
The validation management team also confirmed that quality control audits found that validation 
report data accurately reflected the raw data results.  
 
Test method protocols: The panel considered the test method protocols used for the two 
validation studies and key aspects of a proposed standardized ROS assay protocol. The panel 
recommended that the solar simulator should be equipped with an appropriate temperature 
control unit or fan since ROS production can be influenced by temperature. The panel 
concluded that the list of proficiency chemicals provided in the test method protocol for 
laboratories to use to demonstrate ability to perform the assay was appropriate. The panel 
recommended that each lab should develop historical positive and negative control value 
acceptance ranges that can be used to determine the acceptability of an individual test. The 
panel also agreed with the appropriateness of the reference chemicals identified for qualification 
of solar simulators other than the two used in the validation studies. 
 
Applicability domain: The applicability domain of the ROS assay is currently restricted to only 
those chemicals that meet the solubility criteria outlined in the protocol. The panel 
recommended that as experience is gained from use of the ROS assay, the applicability domain 
could be more fully described in terms of physicochemical properties and/or chemical classes. 
This will contribute to increased efficiency by providing criteria that can be used to identify 
whether a chemical may be satisfactorily tested in the ROS assay, or whether an alternate 
assay should be used initially.  
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Peer Review Panel Evaluation of the ROS Assay 
 
 

Introduction 
 
The Japanese Center for the Validation of Alternative Methods (JaCVAM) convened an 
independent scientific peer review panel to evaluate the validation status of the Reactive 
Oxygen Species (ROS) Assay in accordance with established international validation and 
acceptance criteria (OECD, 2005). The ROS Assay is a test method proposed to evaluate 
whether test substances such as pharmaceuticals may have the potential to cause 
phototoxicity. 
 
The panel met initially in February and again in August 2013 in Tokyo. The panel considered the 
reports of two international validation studies and a proposed outline for a ROS assay protocol 
at their initial meeting. Following provision of a complete ROS assay protocol by the Validation 
Management Team (VMT) and updating of the validation study reports, the panel met a second 
time to complete its evaluation. In conducting its evaluation, the panel addressed each of the 
evaluation criteria that correspond to internationally harmonized validation and acceptance 
criteria. This report summarizes the panel’s final evaluation and conclusions. 
 
 
Evaluation Criterion 1: A rationale for the test method should be available, including 
description of toxicological mechanisms, a clear statement of scientific need, and 
regulatory application. 
 
The panel concluded that the ROS assay is applicable for use within the ICH regulatory testing 
framework for photosafety evaluation of pharmaceutical products. Regulatory authorities (e.g. 
PMDA/MHLW, U.S. FDA, EMEA, KFDA) require non-clinical photosafety testing prior to 
approving First-in-Human Phase I studies so that appropriate precautions and observations can 
be taken during initial human studies. Such non-clinical photosafety testing typically includes an 
assessment of the potential for a drug to cause phototoxic reactions, which are characterized by 
dermal redness, swelling, irritation, and inflammation. The panel also recognized that the ROS 
assay is applicable to in-house drug research and development. A proposed integrated 
photosafety testing strategy incorporating the ROS assay is provided below as Figure 1.  
 
 Chemicals that exhibit the potential for phototoxicity should be identified and if appropriate, 
eliminated in the early stages of drug discovery and development. Ideally, drugs should not be 
phototoxic. However, some beneficial drugs that have phototoxicity potential may be 
unavoidable, in which case it is important to ensure that there are appropriate precautions on 
drug labels so that patients can avoid exposures to sunlight that could lead to adverse reactions. 
 
ROS production is the most important mechanism for inducing chemical phototoxicity. 
Physicochemical tests such as the ROS Assay enable the identification of ROS production by 
chemicals after exposure to UV and/or visible light. 
 
. 
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Figure 1 
Proposed integrated photosafety testing strategy incorporating the ROS 

Photosafety Assay (courtesy of Dr. Hosoi) 
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Evaluation Criterion 2: The relationship between the test method endpoint(s) and the 
biological effect and to the toxicity of interest should be addressed, describing 
limitations of the test methods.  
 
Scientific rationale The ROS assay is based on identifying reactive oxygen species produced 
by photoreactive chemicals after exposure to UV and/or visible light. This mechanism is the 
basis for phototoxic reactions in the skin of humans, e.g., redness, swelling, irritation, and 
inflammation. The panel recognized that ROS production is the most important mechanism for 
chemically-induced phototoxicity, and is therefore a critical pathway initiating event leading to 
phototoxicity. The ROS assay quantitatively measures two common reactive oxygen species 
generated by photoreactive chemicals after exposure to simulated sunlight. In this validation 
study, chemicals that did not produce sufficient ROS to meet the positive photoreactivity 
threshold classification criteria for this assay are uniformly non-phototoxic, while chemicals that 
met or exceeded the positive classification criteria include all known phototoxicants. Therefore if 
a chemical is negative in the ROS assay it is unlikely that phototoxicity will occur in living 
systems. 
 
Limitations: The panel noted that the ROS assay assesses chemical photoreactivity in a non-
biological system, and therefore may overpredict phototoxicity potential since it does not assess 
the direct interaction of chemicals with biological tissues. Additionally, the initiation of phototoxic 
reaction in humans depends on pharmacokinetics and sufficient concentration in the target 
tissue, which cannot be assessed in this assay. The assay may also overestimate the potential 
for phototoxicity because some chemicals may not achieve sufficient concentration in skin for 
phototoxic reactions to occur, or photodegradation may occur. Accordingly, positive results in 
the ROS assay are generally recommended for further evaluation in a photosafety testing 
strategy. 
 
 
Evaluation Criterion 3: A detailed test method protocol should be available. 
 
The panel considered the test method protocols used for the two validation studies and key 
aspects of a proposed standardized ROS assay protocol. The panel concluded that the 
proposed ROS assay protocol was sufficiently detailed to allow for users to successfully perform 
the procedure. The panel also concluded that the protocol included adequate and appropriate 
analysis and classification criteria. The panel recommended that the solar simulator should be 
equipped with an appropriate temperature control unit or fan since ROS production can be 
influenced by temperature. The panel concluded that the list of proficiency chemicals provided 
in the test method protocol for laboratories to use to demonstrate ability to perform the assay 
was appropriate. The panel recommended that each lab should develop historical positive and 
negative control value acceptance ranges that can be used to determine the acceptability of an 
individual test. 
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Evaluation Criterion 4: Within- and between-laboratory reproducibility of the test method 
should be demonstrated. 
 
The panel concluded that the assay demonstrated excellent reproducibility both within and 
between laboratories for the 42 reference chemicals evaluated in the validation studies. 
Additionally, the positive and negative control chemicals had 100% reproducibility within and 
between laboratories based on classification outcome, which further supports the reproducibility 
of the ROS assay.  
 
 
Evaluation Criterion 5: Demonstration of the test method’s performance should be based 
on testing of representative, preferably coded reference chemicals.  
 
The panel agreed that the reference chemicals selected for the validation studies were 
appropriate, and sufficiently representative of the chemicals likely to be evaluated in the assay. 
The 42 reference chemicals incorporated most known human phototoxicants and included 23 
known positives and 19 negatives. The chemicals were backed by data from human patch 
testing and in vitro 3T3 phototoxicity assay results. The validation reference chemicals were 
appropriately coded to minimize bias by performing labs. All data from the validation studies 
were made available in the validation study reports. 
 
 The panel noted the potential importance of chemical structure, and acknowledged the VMT for 
incorporating chemical structures for all chemicals in the validation report. In addition, the panel 
noted that the VMT also assessed and described whether the current drug label information for 
Japan and U.S. included precautionary language for phototoxicity.  
 
 
Evaluation Criterion 6: Accuracy or predictive capacity should be demonstrated using 
representative chemicals. The performance of test methods should have been evaluated 
in relation to existing relevant toxicity data as well as information from the relevant target 
species. 
 
After reviewing analyses provided in the study reports, the panel agreed with the VMT that a 
single assay per chemical provided optimal predictivity. The panel concluded that the 
classification criteria for test outcomes had been appropriately optimized to avoid false 
negatives while minimizing false positives (see ROS assay protocol judgment criteria). 
Appropriate criteria are provided for photoreactive, weakly photoreactive, non-photoreactive, 
and inconclusive classifications. In the first validation study (Atlas solar simulator), two 
phototoxic and one non-phototoxic reference chemicals were classified as inconclusive due to 
solubility issues, and were not included in the integrated accuracy calculations. In the second 
validation study (Seric solar simulator), three phototoxic and four non-phototoxic reference 
chemicals were classified as inconclusive due to solubility issues, and were not included in the 
integrated accuracy calculations.  
 
All of the phototoxic reference chemicals that produced conclusive results were identified as 
photoreactive in both validation studies, resulting in a sensitivity of 100% and a false negative 
rate of 0%. In the first validation study, of the 18 non-phototoxic reference chemicals that 
provided conclusive results, 15 were identified as non-photoreactive and three were classified 
as weakly photoreactive, resulting in a specificity of 83.3 %(15/18), and a false positive rate of 
16.7% (3/18). In the second study, of the 15 non-phototoxic chemicals for which there were 
conclusive results, 12 were identified as non-phototoxic, two were classified as weakly 
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photoreactive, and one was classified as phototoxic, resulting in a specificity of 80% (12/15), 
and a false positive rate of 20% (3/15). However, it is important to note that of the non-
phototoxic chemicals producing photoreactive results, all three responses were categorized as 
weakly photoreactive in the first study, and 2 of the 3 responses were categorized as weakly 
photoreactive in the second study.  
 
Evaluation Criterion 7: All data supporting the assessment of the validity of the test 
method should be available for expert review.  
 
All raw data for the two validation studies was provided in the validation study reports, which are 
readily available electronically from the Japanese Center for the Validation of Alternative 
Methods at the National Institute of Health Sciences, Tokyo, Japan. 
 
 
Evaluation Criterion 8: Ideally, all data supporting the validity of a test method should 
have been obtained in accordance with the principles of Good Laboratory Practice (GLP).  
 
The panel concluded that there was a high level of within and between laboratory 
reproducibility, which suggested a consistently high level of quality of the validation studies. 
While the studies were not conducted in strict accordance with GLPs, six of the seven 
laboratories participating in the validation studies were GLP certified. This included two of three 
of the labs in Study #1 (Atlas), and all four of the labs participating in Study #2 (Seric). There 
was no significant variability between laboratories, which suggested a consistent level of quality. 
The validation management team also confirmed that quality control audits found that validation 
report data accurately reflected the raw data results.  
 
. 
 Evaluation Criterion 9: The applicability domain of the validity of the test method should 
be defined for expert review. 
 
The applicability domain of the ROS Assay is currently restricted to only those chemicals that 
meet the solubility criteria outlined in the protocol. The panel recommended that as experience 
is gained from use of the ROS assay, the applicability domain could be more fully described in 
terms of physicochemical properties and/or chemical classes. This would contribute to 
increased efficiency by providing criteria that can be used to identify whether a chemical may be 
satisfactorily tested in the ROS assay, or whether an alternate assay should be used initially.  
 
Chemicals that are insoluble in the recommended vehicles and therefore are not suitable for 
testing with this assay may be able to be tested in other vehicles, such as BSA, alcohol, and 
acetone. However, further characterization and standardization of procedures using these 
alternative vehicles should be performed before incorporation into routine use.  
 
 
Evaluation Criterion 10: Proficiency chemicals should be provided in the proposed 
protocol. 
 
The panel concluded that the list of 9 proficiency chemicals provided in the test method protocol 
for laboratories to use to demonstrate ability to perform the assay was appropriate. These 9 
chemicals were selected from the validation study reference chemicals and represent a wide 
range of responses in the assay as well as a wide range of solubilities.  
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 Evaluation Criterion 11: Performance standards should be developed for the proposed 
protocol. 
 
The panel agreed with the appropriateness of the 17 reference chemicals identified for 
qualification of proposed solar simulators other than the two solar simulators used in the 
validation studies. The reference chemicals were appropriately selected from the reference 
chemicals used for the validation studies. While performance standards were not specifically 
proposed, the panel considered that these reference chemicals would be appropriate for 
incorporation in future performance standards for the ROS assay.  
 
 
 
Evaluation Criterion 12: Are there advantages in terms of time, cost and animal welfare? 
 
The ROS assay can potentially provide significant savings in time, cost and reduced animal use 
when used in an integrated photosafety testing strategy by allowing decisions to be made earlier 
and with fewer overall tests for many chemicals. These advantages are illustrated in Figure 1, 
which shows that chemicals that are non-photoreactive in the ROS assay need not be tested in 
animals or other tests. The ROS assay also reduces the number of chemicals which progress to 
testing in the 3T3 Phototoxicity Assay, with a subsequent reduction in the number of positive 
results in the 3T3 assay that may progress to in vivo tests for confirmation.  
 
 
Conclusion 
 
The panel concluded that the reproducibility and predictivity of the ROS assay is sufficient to 
support its use in an integrated photosafety testing and decision strategy for drug research and 
development. In this integrated strategy, negative results in the ROS assay would not require 
further testing in animals or other tests, while positive, weakly positive, and inconclusive results 
would proceed to the next level of testing in an in vitro test system such as the 3T3 Phototoxicity 
Assay (OECD Test Guideline 432). The panel also concluded that use of the ROS assay will 
provide significant potential savings in time, cost and reduced animal use for photosafety 
assessments. Furthermore, incorporating the ROS assay into a photosafety testing strategy will 
significantly reduce the overall number of substances that require additional testing in the in 
vitro 3T3 Phototoxicity Assay, and substantially reduce the number of substances that require 
subsequent testing in animals.  
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served as the head of the Department of Scientific Services. He served as Germany’s first 
national representative on the Scientific Advisory Committee for the European Centre for the 
Validation of Alternative Methods at the European Commission’s Joint Research Centre in 
Ispra, Italy, and has served as an expert for many years for the European Commission’s 
Framework Programs on alternatives to animal testing and in vitro toxicology. In December 
2012, he was appointed as the Animal Welfare Officer for the State of Berlin.  
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Surgeon General. He served as the first Director of the U.S. National Toxicology Program’s 
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Institute of Environmental Health Sciences from 1997-2012, where he directed the international 
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Coordinating Committee on the Validation of Alternative Methods from 1997-2012. He is a 
Fellow of the Academy of Toxicological Sciences and a board certified environmental scientist, 
and is also board certified in laboratory animal medicine and animal welfare.  
 
Ikuo Horii, Ph.D. 
Dr. Horii is a global consultant for Pfizer and former Executive Director of Pfizer Drug Safety 
Research and Development in Nagoya, Japan. He is a Certified Toxicologist in the Japanese 
Society of Toxicology with a background in biochemistry, pharmacology, pathology, and 
molecular toxicology. He is currently a Visiting Professor at several institutions, including the 
School of Pharmacy at Showa University in Japan, Dalian Medical University in China, and 
Cambridge University in the United Kingdom. He is a Visiting Research Fellow at the National 
Institute of Health Sciences in Tokyo, Japan and Lecturer at Kyoto University, Tokyo University, 
and Chiba Institute of Science. He is President of Horii Science Associates and a board 
member of the Japanese Society of Toxicology.   
 
 
Bae-Hwan Kim, D.V.M., Ph.D.  
Dr. Kim is a Professor in the Department of Public Health at Keimyung University in Daegu, 
Republic of Korea, where he leads a biomedical research program and lectures in the College 
of Natural Sciences. He previously worked in the pharmaceutical and cosmetic industry for 15 
years as a Team Leader in the Preclinical Department. His research includes investigation of 
the oxidative stress and oxidative photodamage induced by UV radiation and interventional 
strategies for avoidance of UV irradiation damage. His focus is on the safety evaluation of 
substances applied to the skin and the development of alternative methods to animal 
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Appendix 3 
 

Glossary1  
 
 
 
3T3 NRU-PT: In vitro 3T3 neutral red uptake phototoxicity test. 
 
Dose of light: The quantity [= intensity Å~ time (seconds)] of UV or visible light incident on a 
surface, expressed in J/m2 or J/cm2. 
 
Irradiance: The intensity of UV or visible light incident on a surface, measured in W/m2 or 
mW/cm2. 
 
MEC: Molar Extinction Coefficient (also called molar absorptivity) is a constant for any given 
molecule under a specific set of conditions (e.g., solvent, temperature, and wavelength) and 
reflects the efficiency with which a molecule can absorb a photon (typically expressed as L mol-
1 cm-1). 
 
Photoreactivity: the property of a chemical to react with another molecule as a consequence of 
photon absorption. Excitation of molecules by light can lead to generation of reactive oxygen 
species (ROS) such as superoxide anion (SA) and singlet oxygen (SO) through energy transfer 
mechanisms. 
 
Phototoxicity: acute toxic response that is elicited after the first exposure of skin to certain 
chemicals and subsequent exposure to light, or that is induced similarly by skin irradiation after 
systemic administration of a chemical. 
 
ROS: Reactive Oxygen Species, including superoxide anion (SA) and singlet oxygen (SO). 
 
UVA: Ultraviolet light A (wavelengths between 320 and 400 nm). 
 
UVB: Ultraviolet light B (wavelengths between 290 and 320 nm). 
 
UVC: Ultraviolet light C (wavelengths between 190 and 290 nm). 

 

 

 

 

 

 
                                                

1 Note: definitions derived from OECD TG 432 and the ROS assay protocol  
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REACTIVE OXYGEN SPECIES (ROS) ASSAY TO EXAMINE 
PHOTOREACTIVITY OF CHEMICALS 

 

 

Issued by: ROS assay Validation Management Team 
Date: 28 November 2014. 
 

 

1. INTRODUCTION
 

The purpose of this document is to recommend a protocol for assaying the photoreactivity of 

chemicals based on reactive oxygen species (ROS).  Photoreactivity is defined as the property of a 

chemical to react with another molecule as a consequence of photon absorption.  Excitation of 

molecules by light can lead to generation of ROS such as superoxide anion (SA) and singlet oxygen 

(SO) through energy transfer mechanisms.  The ROS assay does not measure phototoxicity directly, 

but rather is a physicochemical test that can be applied to that purpose, similar to measurement of 

UV absorbance. 

 

 

2. INITIAL CONSIDERATION 
 

Validation studies conducted by JaCVAM showed that the ROS assay has 100% sensitivity for 

predicting phototoxicants but can result in some false positives [1-3].  Based on the results of the 

validation studies, conducting this assay would classify a test chemical into one of the following: 

photoreactive, weakly photoreactive, non-photoreactive, or inconclusive.  Photoreactive, weakly 

photoreactive, or inconclusive results would be a flag for follow-up phototoxicity assessment.  

Non-photoreactive results indicate a very low probability of phototoxicity, and no further 

phototoxicity testing would be suggested.  In the ROS assay, measurement is first made at a 

concentration of 200 μM (final concentration).  If interference such as precipitation or coloration 

(exhibiting peak absorbance at 440 or 560 nm) is observed at 200 μM, measurements are made at 20 

μM.  When precipitation or coloration is found at 20 μM, the substance is considered incompatible 

with the ROS assay.  Since the ROS assay is designed to evaluate directly the photoreactivity of 

chemicals, it is not suitable for detecting chemicals that induce in vivo phototoxicity by indirect 

mechanisms such as porphyria and pseudoporphyria. 
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3. PRINCIPLE OF THE TEST METHOD
 

Drug-induced photoirritation can be defined as an inflammatory reaction of the skin after topical or 

systemic administration of pharmaceutical substances.  There are several classes of drugs 

(including antibacterials, thiazide diuretics, non-steroidal anti-inflammatory drugs, quinolones, and 

tricyclic antidepressants) which are nontoxic by themselves but could become reactive when 

exposed to environmental light and thereby result in undesired side effects.  The primary event in 

any photosensitization process is the absorption of photons of a wavelength that induces excitation 

of the chromophore.  The excitation energy is often transferred to oxygen molecules, followed by 

generation of ROS, including SA through type I reaction and SO through type II reaction by 

photo-excited drug molecules.  These appear to be the principal intermediate species in the 

phototoxic response.  From the standpoint of risk assessment, previous research has demonstrated 

that determination of ROS from pharmaceutical substances irradiated with UVA/B and visible light 

would be of help in recognizing their phototoxic potential.   

In the ROS assay, SO generation was detected by spectrophotometric measurement of 

p-nitrosodimethyl aniline (RNO) bleaching, followed by decreased absorbance of RNO at 440 nm 

[4].  Although SO does not react chemically with RNO, the RNO bleaching is a consequence of SO 

capture by the imidazole ring, which results in the formation of a trans-annular peroxide 

intermediate capable of inducing the bleaching of RNO, as follows: 

SO+ Imidazole  [Peroxide intermediate]  Oxidized imidazole 

[Peroxide intermediate] + RNO  RNO + Products 

SA generation was detected by the observing the reduction of nitroblue tetrazolium (NBT) as 

indicated below; NBT can be reduced by SA via a one-electron transfer reaction, yielding partially 

reduced (2 e-) monoformazan (NBT+) as a stable intermediate [5].  Thus, SA can reduce NBT to 

NBT+, the formation of which can be monitored spectrophotometrically at 560 nm.   

SA + NBT  O2 + NBT+ 

 

 
4. DESCRIPTION OF THE TEST METHOD 
 
Technical equipment 
Solar simulators: 

Suntest CP series (Atlas Material Technology, Chicago, IL, USA) or SXL-2500V2 (Seric, Tokyo, 

Japan) with a fan and UVC cut filter (Spectrum shown in Appendix 1) 

UVA detector: e.g. #0037 (Dr. Hönle, München, German) or UD series (Topcon, Tokyo, Japan) 

Quartz reaction container (Ozawa Science, Aichi, Japan, Appendix 2) or equivalent 
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Microplate spectrophotometer, equipped with 440 and 560 nm filters 

Microscope 

Thermometer 

Vortex mixer 

Plate shaker 

Sonicator 

Pipettes 

Polypropylene tubes 

Plastic 96-well plates (clear, non-treated, flat-bottom) 

Plastic and glass laboratory ware 

 

Solar simulator 
An appropriate solar simulator is to be used for irradiation of UV and visible light.  The irradiation 

power distribution is to be kept as close to that of outdoor daylight as possible by using an 

appropriate UVC cut filter.  Recommended solar simulators and UVA intensity on the plate position 

measured by UVA detector #0037 (Dr. Hönle) are as follows:  

Suntest CPS+ or CPS (Atlas) with UV cut filter (<290 nm), 

1.8 to 2.2 mW/cm2 (e.g. the indicator setting value of 250 W/m2 for CPS+) for 1 hour, 

6.5 to 7.9 J/cm2 of UVA intensity (Appendix 1) 

SXL-2500V2 (Seric) with UV cut filter (<300 nm), 

3.0 to 5.0 mW/cm2 for 1 hour, 

11 to 18 J/cm2 of UVA intensity (Appendix 1) 

The solar simulator is to be equipped with an appropriate temperature control or fan to stabilize the 

temperature during irradiation, because ROS production is affected by temperature.  Standard 

temperature for a solar simulator with temperature control is 25°C.  The acceptable temperature 

range during irradiation is 20° to 29°C.  If a solar simulator other than the two recommended 

models is used, the reference chemical set listed in section 6 is to be tested prior to performing the 

ROS assay to ensure that measured values of SO and SA are close to those mentioned in section 6. 
 

Quartz reaction container 
A quartz reaction container is used to avoid loss of UV due to passing through a plastic lid and 

vaporization of the reaction mixture [6].  A made-to-order container (See Appendix 2.) or its 

equivalent is recommended.  If a different container is used, a lid or seal with high UV 

transmittance must be used.  In this case, a feasibility study using the reference chemicals is to be 

conducted to determine an appropriate level of exposure to UV and visible light. 
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Reagents 
The following reagents are to be used and stored according to the instructions of manufacturers. 

NaH2PO4 2H2O (CAS No. 13472-35-0) 

Na2HPO4 12H2O (CAS No. 10039-32-4) 

p-Nitrosodimethylaniline (RNO, CAS No. 138-89-6) 

Imidazole (CAS No. 288-32-4) 

Nitroblue tetrazolium chloride (NBT, CAS No. 298-83-9) 

Purified water 

 
Preparation of reagents 
All reagents are to be sonicated and used within 1 month after preparation.  Representative 

preparation methods are shown as follows. 

20 mM sodium phosphate buffer (NaPB), pH 7.4 

Weigh 593 mg of NaH2PO4 2H2O and 5.8 g of Na2HPO4 12H2O, add 900 mL of purified 

water, adjust with HCl to a pH of 7.4, dilute with purified water up to 1 L, and mix. 

Store in a refrigerator or at room temperature. 

0.2 mM p-Nitrosodimethylaniline (RNO) 

Dissolve 3 mg of RNO in 100 mL of 20 mM NaPB. 

Store in a refrigerator and protect from light. 

20 mM imidazole 

Dissolve 13.6 mg of imidazole in 10 mL of 20 mM NaPB. 

Dilute the 2×10-2 M imidazole solution 100 times with 20 mM NaPB. 

Store in a refrigerator and protect from light. 

0.4 mM nitroblue tetrazolium chloride (NBT) 

Dissolve 32.7 mg of NBT in 100 mL of 20 mM NaPB. 

Store in a refrigerator and protect from light. 

 
Test chemicals 
Test chemicals are to be stored appropriately until termination of the study and their stability during 

the test period is to be confirmed.  One concentration level, 200 μM (final concentration), is to be 

used.  A 20-μM concentration can be used if precipitation before light exposure, coloration, or 

other interference is observed in the reaction mixture at 200 μM. 

 

Preparation of test chemical solutions 
The test chemical solutions are to be prepared using a solvent just before use.  Each test chemical is 

to be weighed in a tube, and solvent added to a concentration 10 mM.  The tube is to be mixed with 
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a vortex mixer and sonicated for 5 to 10 minutes under UV-cut illumination or shade.  All 

preparations are to be protected from light.  The final concentration in a reaction mixture is to be 

200 μM.  When precipitation before light exposure, coloration, or other interference is observed in 

the reaction mixture at 200 μM, a 1-mM solution (20 μM as the final concentration) is to be 

prepared using the solvent.  For chemicals that are not soluble in DMSO, 20 μL of DMSO is to be 

contained in the reaction mixture. 

 
Positive and negative control chemicals 
Quinine hydrochloride (CAS No. 6119-47-7) is to be used at 200 μM (final concentration) as a 

positive control.  Sulisobenzone (CAS No. 4065-45-6) is to be used at 200 μM (final concentration) 
as a negative control. 
 
Preparation of positive and negative control chemical solutions 
Stock solutions of quinine and sulisobenzone are to be prepared at 10 mM each in DMSO (final 

concentration of 200 μM) according to the above procedure, divided into tubes, and stored in a 

freezer (generally below -20 C) for up to 1 month.  The stock solution is to be thawed just before 

the experiment and used within the day. 

 

Solvent 

Use analytical grade DMSO at first.  For chemicals that are not soluble in DMSO, 20 mM of NaPB 

is to be used.  When a test chemical is insoluble in either DMSO or 20 mM NaPB, try bovine serum 

albumin (BSA) or other solvent [7-8].  Prior to use of BSA or other solvent, however, perform a 

feasibility study (see Section 6) using the reference chemicals to determine appropriate test 

conditions.  The results of ROS assays using BSA or other solvents, however, are not suitable for 

regulatory purposes until these solvents have been properly evaluated.  
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Test procedure 
A tube (e.g. 1.5 mL micro tube) and a plastic clear flat bottomed 96-well microplate are to be used.  

The reaction mixture is to be prepared by vortex mixing and/or sonication under UV-cut illumination 

or shade.  The same volume of DMSO, 20 L, is to be added in a blank instead of test chemical 

solution. 

SO                      SA 

20 mM NaPB 480 L

Imidazole 250 L

RNO 250 L

Chemical 20 L

                   

 Mix (Vortex and sonication for 5 to 10 min)  

 

 Add 200 L of mixture to each well (n=3)1  

 

 Check solubility using a microscope at 100×2 and coloration3  

 

 Pre-read Abs at 440 and 560 nm after shaking for 5 sec  

 

 Light exposure for 1 hr4  

 

 Read A440 and A560 after shaking for 1 min and check coloration3  

 

Notes 

1) Avoid using peripheral wells. More than one test chemical can be tested on a plate. A typical 

96-well plate configuration is as follows: 

 
 

20 mM NaPB 855 L

NBT 125 L

Chemical 20 L
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2) Some chemicals might precipitate in the reaction mixture.  It is therefore important to check 

solubility prior to irradiation.  Solubility of each reaction mixture in its well is to be observed 

with a microscope prior to irradiation.  Test chemical concentrations are to be selected so as 

to avoid precipitation or cloudy solutions. 

3) The reaction mixture is to be checked for coloration with the naked eye. 

4) The 96-well plate is to be placed in the quartz reaction container.  A quartz cover is to be set 

on the plate and fastened with bolts.  Ensure that temperature and other ambient conditions 

are stable when using the solar simulator.  Measure UVA intensity and temperature at the 

plate position using a UVA detector and thermometer both before and after irradiation. 

 

 
5. DATA AND REPORTING 
 
Data analysis 
Data from three wells for each chemical concentration is used to calculate mean and standard 

deviation. 

SO

Decrease of A440 ×1000 = [A440 (–) – A440 (+) – (a – b)] ×1000 

A440 (–): Absorbance before light exposure at 440 nm 

A440 (+): Absorbance after light exposure at 440 nm 

a: Blank before light exposure (mean) 

b: Blank after exposure (mean) 

SA 

Increase of A560 ×1000 = [A560 (+) – A560 (–) – (b – a)] ×1000 

A560 (–): Absorbance before light exposure at 560 nm 

A560 (+): Absorbance after light exposure at 560 nm 

a: Blank before light exposure (mean) 

b: Blank after exposure (mean) 

 
Criteria for data acceptance 
The following criteria are to be satisfied in each experiment. 

No precipitation of test chemical in the reaction mixture before light exposure. 

No coloration of test chemical in the reaction mixture before or after light exposure. 

No technical problems, including prescribed temperature range, when collecting data set. 

Raw OD value: 0.02 to 1.5 

Historical positive and negative control values are to be developed by each laboratory based on a 
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mean +/-2 SD.  The following range was defined based on the 95% confidence interval (mean 

+/- 1.96SD) obtained from the validation data.  When a solar simulator other than a 

recommended model is used, establish modified criteria based on 95% confidence interval. 

Positive control value at 200 M (mean of 3 wells) 

 SO: 319 to 583  

 SA: 193 to 385  

Negative control value at 200 M (mean of 3 wells) 

 SO: -9 to 11  

 SA: -20 to 2 

 

Criteria for judgment 
Each test chemical is to be judged as follows: 

Judgment1, 2 Concentration3 SO (mean of 3 wells) SA (mean of 3 wells) 

Photoreactive 200 M 25 and 70 

<25 and/or I4 and 70 

25 and <70 and/or I4 

Weakly photoreactive 200 M <25 and 20, <70 

Non-photoreactive 200 M <25 and <20 

Inconclusive The results do not meet the above-mentioned criterion. 

Notes 

1. A single experiment is sufficient for judging 

results, because the ROS assay shows good intra- 

and inter-laboratory reproducibility in the 

validation studies.  

2. If precipitation, coloration, or other interference is 

observed at both 20 and 200 M, the chemical is 

considered incompatible with the ROS assay and 

judged as inconclusive. 

3. Twenty M can be used for judgment when precipitation or coloration is observed at 200 M.  

For regulatory purposes, the stability of the test chemical in the reaction mixture both before and 

after light exposure is to be confirmed when results at 20 M are used for judgment as a 

non-photoreactive chemical for which no further phototoxicity testing is necessary. 

4. Interference such as precipitation or coloration. 

 
Data quality 

Photoreactive

Non photoreactive

Weakly
photoreactiveSA

SO

20

70

25
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Studies for regulatory purposes are to be conducted to the highest of quality standards, with data 

collection records readily available, in compliance with GLP/GMP regulations whenever possible, 

and all documents checked by the Quality Assurance Unit of the laboratory. 

 

Test report 
The test report must include the following information: 

Test chemical 

Name and lot No. 

Physical nature and purity 

Storage condition 

Stability during the test period 

UV/vis absorption spectrum, maximum molar extinction coefficient at 290 to 700 nm, and/or 

photostability, if known 

Preparation of test chemical solution 

Final concentrations tested 

Control chemicals 

Name, manufacturer, and lot No. 

Physical nature and purity 

Storage condition 

Preparation of control chemical solutions 

Final concentrations tested 

Solvent 

Name, manufacturer, and lot No. 

Justification for choice of solvent 

Irradiation condition 

Manufacturer and type of the solar simulator used 

Rationale for selection of the solar simulator used 

UVA detector used 

UVA irradiance, expressed in mW/cm2 

UVA dose, expressed in J/cm2 

Temperature before and after irradiation 

ROS assay procedure 

Acceptance and decision criteria 

Results 

Discussion 

Conclusions 
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Archives 
The study report and all raw data is to be retained according to the SOP in the testing facility. 

 

 

6. REFERENCE CHEMICALS FOR THE FEASIBILITY STUDY 
 

To perform a ROS assay, it is necessary first to ensure irradiation conditions that satisfy the 

recommended criteria using the positive and negative controls, after which reference chemicals are 

to be tested in a feasibility study.  The reference chemical set, as selected from the validation 

studies, and acceptable value ranges are shown in Table 1 and Table 2.  It is important that the 

values for SO and SA obtained in the feasibility study be similar to the following values. 

 

Table 1  Standard chemical set for laboratories to demonstrate proficiency using solar simulators of 

Suntest CPS/CPS+ (Atlas) or SXL-2500V2 (Seric) and the acceptable range 

No. Chemical CAS No. SO SA Solvent Concentration

11 Doxycycline 
hydrochloride 10592-13-9 115 to 429 230 to 468 DMSO 200 μM 

12 Norfloxacin 70458-96-7 131 to 271 57 to 161 DMSO 200 μM 

13 8-Methoxy 
psoralen 298-81-7 31 to 137 0 to 126 DMSO 200 μM 

14 Fenofibrate 49562-28-9 77 to 203 -31 to 11 DMSO 20 μM 

15 p-Aminobenzoic 
acid 150-13-0 -8 to 12 -11 to 7 DMSO 200 μM 

16 Benzocaine 94-09-7 -7 to 9 -7 to 17 DMSO 200 μM 

17 Erythromycin 114-07-8 -15 to 11 -9 to 21 DMSO 200 μM 

18 Octyl salicylate 118-60-5 -5 to 11 -8 to 20 DMSO 20 μM 

19 L-Histidine 71-00-1 -8 to 12 8 to 120 NaPB 200 μM 

The values were calculated as mean +/- 1.96 SD from the validation data. 

Note: Underline parts were corrected because of errors in writing. 
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Table 2  Recommended chemical set for the other solar simulators and the acceptable range 

No. Chemical CAS No. SO SA Solvent Concentration

21 Acridine 260-94-6 182 to 328 121 to 243 DMSO 200 μM 

22 Chlorpromazine 
hydrochloride 69-09-0 -56 to 70 66 to 106 DMSO 200 μM 

23 Diclofenac 15307-79-6 34 to 416 47 to 437 DMSO 200 μM 

24 Doxycycline 
hydrochloride 10592-13-9 115 to 429 230 to 468 DMSO 200 μM 

25 Furosemide 54-31-9 31 to 225 -7 to 109 DMSO 200 μM 

26 Ketoprofen 22071-15-4 120 to 346 77 to 151 DMSO 200 μM 

27 8-Methoxy 
psoralen 298-81-7 31 to 137 0 to 126 DMSO 200 μM 

28 Nalidixic acid 389-08-2 54 to 246 88 to 470 DMSO 200 μM 

29 Norfloxacin 70458-96-7 131 to 271 57 to 161 DMSO 200 μM 

30 Omeprazole 73590-58-6 -221 to 103 30 to 216 DMSO 200 μM 

31 Promethazine 
hydrochloride 58-33-3 20 to 168 -3 to 77 DMSO 200 μM 

32 Fenofibrate 49562-28-9 77 to 203 -31 to 11 DMSO 20 μM 

33 p-Aminobenzoic 
acid 150-13-0 -8 to 12 -11 to 7 DMSO 200 μM 

34 Benzocaine 94-09-7 -7 to 9 -7 to 17 DMSO 200 μM 

35 Erythromycin 114-07-8 -15 to 11 -9 to 21 DMSO 200 μM 

36 Octyl salicylate 118-60-5 -5 to 11 -8 to 20 DMSO 20 μM 

37 L-Histidine 71-00-1 -8 to 12 8 to 120 NaPB 200 μM 

The values were calculated as mean +/- 1.96 SD from the validation data. 
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7. GLOSSARY 
 

ROS: Reactive Oxygen Species, including superoxide anion (SA) and singlet oxygen (SO).

3T3 NRU-PT: In vitro 3T3 neutral red uptake phototoxicity test.

Irradiance: The intensity of UV or visible light incident on a surface, measured in W/m2 or 

mW/cm2. 

Dose of light: The quantity [= intensity × time (seconds)] of UV or visible light incident on a 

surface, expressed in J/m2 or J/cm2. 

MEC: Molar Extinction Coefficient (also called molar absorptivity) is a constant for any given 

molecule under a specific set of conditions (e.g., solvent, temperature, and wavelength) and reflects 

the efficiency with which a molecule can absorb a photon (typically expressed as L mol-1 cm-1).  

Photoreactivity: The property of chemicals that react with another molecule as a consequence of 

absorption of photons. 

Phototoxicity: An acute light-induced tissue response to a photoreactive chemical.

UVA: Ultraviolet light A (wavelengths between 320 and 400 nm). 

UVB: Ultraviolet light B (wavelengths between 290 and 320 nm). 

UVC: Ultraviolet light C (wavelengths between 190 and 290 nm).  
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Appendix 1  Spectrum of solar simulators used in the validation studies 

 
 

 

SXL-2500V2
(Seric)

Sun light

Suntest CPS/CPS+ 
(Atlas)
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Appendix 2  Quartz reaction container used in the validation studies 
 

 

 
 

 

  

166 mm 

86 mm 

14.5 mm 

127 mm 

24 mm 
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Appendix 3  Amendment 
 

Version 3.2 

Page 10: The SA values of benzocaine and erythromycin were corrected in Table 1 because of errors 

in writing. 

 Incorrect Correct 

Benzocaine 7 to 17 -7 to 17 

Erythromycin 9 to 21 -9 to 21 
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