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I. In vitro photo-cytotoxicity testing in the 3T3 NRU PT 

(OECD TG 432) 

II. Limitations of the 3T3 NRU PT?? 

III. The ROS chemical phototoxicity assay 

IV. The JaCVAM  ROS assay validation study  

of pharmaceuticals (ICH guideline S10)  

 

Topics 
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Phototoxicity 

(photoirritation) 

• toxic response, elicited after the first exposure of 

skin to certain chemicals and subsequent exposure 

to light 
 

• toxic response, induced similarly by skin irradiation 

after systemic administration of a chemical substance 
 

 

EXAMPLES:  

in humans  quinolones, NSAIDs, chlorpromazine,  

                        tiaprofenic acid (60%), perfume mix 

in cattle   hypericism after feeding on St. John’s worth 

                                                                (Johanniskraut) 



Definition of ACUTE PHOTOTOXICITY 
 

(Acute Photoirritation) 

has to be distinguished from: 

• Photoallergy 

• Photomutagenicity 

• Photocarcinogenicity 

Basic mechanism: 

UV + visible light (300 - 750 nm) 

+ 

chemicals, absorbing light (300 - 750 nm) 
 

 

activated chemical 



WAVEBANDS          ENERGY 
 

visible light     > 400 nm 

UVA   320 - 400 nm   

UVB  280 - 320 nm   

UVC       < 280 nm   

 

SUNBURN   UVB 

 

 

PHOTOTOXICITY TESTING  UVA 

Light sources 

emission spectra UVA 

  UVB 
 

   solar spectrum simulator 

Dose of light: irradiance (J/cm2) 
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In vitro photo-cytoxicity testing 

Validation of the 3T3NRU-PT 

in vitro Phototoxicity-Test 

1992-1998 
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2 - 10 = 

0 - 500 g/ml 

 

1 + 11 =  

neg. contr. 

2 - 10 = 

0 - 10 g/ml 

 

1 + 11 =  

neg. contr. 

EXAMPLE:  3T3 Neutral Red Uptake Test Ketoprofen 

(phototoxic but no toxicity in the dark) 
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VALIDATION of 3T3NRU in vitro phototoxicity test 

SPONSORS 

 EU DG XI, ECVAM, ZEBET-BgVV, COLIPA 

 

DESIGN of  3T3NRU-PT 

 3T3 monolayer  24h chemical  1h +UVA/-UVA  24h viability (NR Uptake) 
 
 Prediction model:  

                  comparison of "dose-responses” obtained +UVA and -UVA exposure 

 

CHEMICALS TESTED 

 (I)    Prevalidation Study  11 PT     9 NPT  not blind 

 (II)   Validation Study        25 PT     5 NPT  blind trial 

        (III)  UV filter Study                 10 PT   10 NPT  blind trial 

 

RESULTS 

 (II) VS       sensitivity:      84%          specificity:   93% 

 (III) UV-F  sensitivity:    100%           specificity:   98% 

 

EU  In the year 2000 for the first time in vitro toxicity test accepted by the EU into  

          Annex V of Directive 67/548/EEC on the Classification, Packaging and Labelling 

          of Dangerous Substances.  

OECD  2004 worldwide acceptance of the 3T3NRU PT test 
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NIH JAPAN, TOKYO, December 2002 

information on 3T3 NRU PT 
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1. Negative results obtained in the 3T3 NRU PT: 

A negative result in the 3T3 tests, using a test compound  

at concentrations up to 1000μg/ml, provides sufficient evidence  

for the absence of adverse photo-biological effects of a test chemical. 

 

Clinical testing in patients has been recommended by EU and US  

regulatory agencies (EMEA 2002, US FDA 2003),  

If additional data on photo-genotoxic/photo-mutagenic potential  

and on photo-allergic potential are taken into account.  



2. Positive results obtained in the 3T3 NRU PT: 

2.1 safety assessment for cosmetic ingredients 

If a positive result is obtained with a chemical to be used as  

ingredient in cosmetic formulations, additional photo-toxicity testing  

in a 3-D human skin model should be conducted to determine,  

if the chemical will penetrate into the skin.  

2.2 safety assessment in drug development I 

If a positive result is obtained with a new chemical in drug development, 

it has to be kept in mind that many classes of chemicals that are used  

in drugs have phototoxic potential and provide a positive result  

in the 3T3 NRU PT, e.g. NSAID, tetracyclins and  quinolones.  



Compounds tested in the 3T3 NRU PT test  

43 compounds  

tested in vitro  

13 compounds 

POSITIVE 

NEGATIVE 

False positive results?? 

6 compounds 

tested in vivo 
30 compounds 

NEGATIVE 

(70 %) 



2.2 safety assessment in drug development II 

 
In 2007 scientists from the European drug industry (EFPIA) reported  

that the 3T3 NRU PT test is “too sensitive”, since it provides too many  

positive results, which may be “false positive” results.  

Therefore it was recommended to conduct in vivo studies  

in experimental animals for conformation. 

 

However, it was apparent in the discussion that in many instances  

determinations were not conducted according to the proper protocol  

of the 3T3 NRU PT test, which is available on the website of ECVAM  

as “INVITTOX protocol No. 78” (ECVAM 2008), which includes  

a list of reference chemicals.  

 

Therefore, it is most important that the sensitive in vitro 3T3 NRU PT  

is established properly and provides correct positive and negative  

Results with established reference chemicals before new chemicals  

are being  tested.  



16 



17 



18 



ECVAM INVTTOX Protocol No 78  



ICH update 

August 21, 2013 

Kazuhiro Hosoi 
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Onoue et al.,  
Pharmaceutical Research, 23 (1), 156-164 (2006) 
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Photoreactive potential of 13 chemicals used  1st phase study  
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Activities in 2013 
2013 Activities 

Jan. VMT submitted ver. 1 validation reports to the peer review panel. 

Feb. Peer review panel meeting (27 Feb. to 3 Mar.) 

Mar. to  
Mid May 

VMT prepared ver. 2 validation reports and revised proposed protocol, 
and submitted them to the peer review panel.   
#1: Introducing “Weakly photoreactive (SA: 20 - 70)” 
#2: “Negative at 20 μM”: Non-photoreactive 

Early June ICH Brussels meeting 
     Focused on “Negative only at 20 μM”   
After the meeting, additional data by Dr. Onoue 
     #2: “Negative only at 20 μM”: Probably non-photoreactive 
      (follow-up studies would be needed) 

Mid June TC of Peer review panel 

Late June Comments from EWG on “Probably non-photoreactive” (would be 
misleading) 
     #2: “Negative only at 20 μM”: Inconclusive 

End of July VMT submitted ver. 3 Atlas validation report and revised proposed 
protocol.    (Ver. 3 Seric validation report was submitted on Aug. 9.) 32 
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Four Big Issues   
 

Regional Differences 

Diagram Summary 

Validation of ROS Assay 

Ocular Administration of Pharmaceuticals 

S10 Photosafety Evaluation of Pharmaceuticals 



ICH S10 ROS Validation: Progress Flowchart 
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rabbits are happy due to progress  

in in vitro phototoxicity testing ! 
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