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FOREWORD 49 

 50 
This document contains the Performance Standards (PS) for the validation of similar or modified 51 

reconstructed human epidermis (RhE) methods for in vitro phototoxicity testing of topically applied 52 

substances as described in Test Guideline (TG) 498. In the past, PS were usually annexed to TGs. However, 53 

in view of separating information on the use of a test method as contained in the TG from information needed 54 

to validate test methods as contained in the PS, TGs and PS will now both be stand-alone documents. This 55 

approach had been agreed by the Working Group of the National Coordinators of the Test Guidelines 56 

Programme (WNT). 57 

In the case of the current PS for in vitro skin phototoxicity testing of topically applied substances 58 

according to TG 498, the text was reviewed in regard to harmonising with other relevant documents 59 

addressing in vitro phototoxicity, skin irritation and skin corrosion.  60 

The PS were reviewed by the OECD Expert Group on Skin Irritation/Corrosion and Phototoxicity in 61 

March  XXXX. The PS are intended for the developers of new or modified similar test methods to the 62 

validated reference method.  63 

The present document was approved by the WNT in April XXXX, declassified and published under the 64 

responsibility of the Joint Meeting of the Chemicals Committee and the Working Party on Chemicals, 65 

Pesticides, and Biotechnology on XX Month XXXX. 66 

  67 
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INTRODUCTION 68 

1. This document contains Performance Standards which allow, in accordance with the principles of 69 

Guidance Document No. 34 [1], determining the validation status (reliability and relevance) of similar and 70 

modified skin irritation test methods that are structurally and mechanistically similar to the RhE test method 71 

in OECD Test Guideline (TG) 498 [2].  72 

 73 

2. These PS include the following sets of information: (i) Essential Test Method Components that 74 

serve to evaluate the structural, mechanistic and procedural similarity of a new similar or modified proposed 75 

test method, (ii) a list of 12 Reference Chemicals to be used for validating new or modified test methods and 76 

(iii) defined target values of reproducibility and predictive capacity that need to be met by proposed test 77 

methods in order to be considered similar to the validated reference methods. 78 

 79 

3.  The purpose of Performance Standards (PS) is to provide the basis by which new similar or 80 

modified test methods, both proprietary (i.e. copyrighted, trademarked, registered) and non-proprietary, can 81 

be deemed to be structurally and mechanistically similar to a Validated Reference Method (VRM) and 82 

demonstrated to have sufficient reliability and relevance for specific testing purposes (i.e., scientifically 83 

valid), in accordance with the principles of Guidance Document No. 34 [1]. The PS, based on scientifically 84 

valid [3-5] and already elsewhere accepted test method [6], can be used to evaluate the reliability and 85 

relevance of test methods that are based on similar scientific principles and measure or predict the same 86 

biological or toxic effect [1]. Such methods are referred to as similar or “me-too” test methods. Moreover, 87 

the PS may be used to evaluate modified test methods, which may propose potential improvements in 88 

comparison to approved earlier versions of a method. In such cases the PS can be used to determine the effect 89 

of the proposed changes on the test method’s performance and the extent to which such changes may affect 90 

the information available for other components of the validation process (e.g. relating to Essential Test 91 

Method Components). However, depending on the number and nature of the proposed changes as well as 92 

the data and documentation available in relation to these changes, modified test methods may : i) either be 93 

found unsuitable for a PS-based validation (e.g. if the changes are so substantial that the method is not any 94 

longer deemed sufficiently similar with regard to the PS), in which cases they should be subjected to the 95 

same validation process as described for a new test method [1], or ii) suitable for a limited assessment of 96 

reliability and relevance using the established PS [1]. Similar or modified new test methods (i.e., “me-too” 97 

tests) successfully validated according to Performance Standards can be added to TG 498. However, Mutual 98 

Acceptance of Data (MAD) will only be guaranteed for those test methods reviewed and adopted by the 99 

OECD. Proposed similar or modified test methods validated according to these PS should therefore be 100 

submitted to the OECD for adoption and inclusion into TG 498 before being used for regulatory purposes.  101 

 102 

4.  These PS have been defined based on the ECVAM sponsored prevalidation study [4, 5, 7] and 103 

follow-up ECVAM sponsored feasibility study [8] and related publications using the method [9-15]. The PS 104 

consists of: (i) Essential Test Method Components; (ii) Recommended Reference Chemicals, and; (iii) 105 

Defined Reliability and Predictive Capacity Values that the proposed similar or modified test method should 106 

meet or exceed. The VRM used to develop the present PS is the EpiDermTM test method as described in TG 107 

498 (2). The EpiDermTM Phototoxicity test method was used as a VRM to define the Essential Test Method 108 

Components. Definitions are provided in Annex 1. 109 

 110 

5. Similar (me-too) or modified test methods proposed for use under TG 498 [2] should be evaluated 111 

to determine their reliability and predictive capacity using Reference Chemicals.  Reference Chemicals 112 

represent a broad range of the phototoxicity responses in vivo (Table 3). Reference chemicals should be 113 

tested by the laboratories prior to use for testing other chemicals, in order to ensure that these methods are 114 

able to correctly discriminate between substances that are photo-irritating and non-photo-irritating to the 115 

skin. The proposed similar or modified test methods should have reliability and predictive capacity (i.e., 116 
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sensitivity, specificity and accuracy) values which are equal to or better than those derived from the VRM 117 

and as described in paragraphs 27 to 31 of these PS (Table 4).  118 

 119 

ESSENTIAL TEST METHOD COMPONENTS 120 
 121 

6. The Essential Test Method Components consist of essential structural, functional, and procedural 122 

elements of the scientifically valid test method (the VRM) that should be included in the protocol of a 123 

proposed, mechanistically and functionally similar or modified test method. These components include 124 

unique characteristics of the test method, critical procedural details, and quality control measures. Adherence 125 

to essential test method components will help to assure that a similar or modified proposed test method is 126 

based on the same concepts as the corresponding VRM [1]. The essential test method components to be 127 

considered for similar or modified test methods related to TG 498 are described in detail in the following 128 

paragraphs. 129 

 130 

7.  For specific parameters (e.g. Tables 1 and 2), or modified procedures, adequate values or procedures 131 

should be provided for the proposed similar or modified test method. These values or procedures may vary 132 

depending on the specific test method and/or its modification. 133 

  134 

General conditions 135 

8. Human keratinocytes should be used to reconstruct the epithelium. The RhE model is prepared in 136 

inserts with a porous synthetic membrane through which nutrients can pass to the cells. Multiple layers of viable 137 

epithelial cells (basal layer, stratum spinosum, stratum granulosum) should be present under a functional 138 

stratum corneum. The test chemical is applied topically to the three-dimensional RhE model, which should 139 

have a surface in direct contact with air so as to allow for an exposure similar to the in vivo situation. The stratum 140 

corneum should be multi-layered containing the essential lipid profile to produce a functional barrier with 141 

robustness to resist rapid penetration of cytotoxic benchmark chemicals, e.g. sodium dodecyl sulphate (SDS) 142 

or Triton X-100. The barrier function should be demonstrated and may be assessed either by determination 143 

of the concentration at which a benchmark chemical reduces the viability of the tissues by 50% (IC50) after 144 

a fixed exposure time, or by determination of the exposure time required to reduce cell viability by 50% 145 

(ET50) upon application of the benchmark chemical at a specified, fixed concentration (see paragraph 13). 146 

The containment properties of the RhE model should prevent the passage of test chemical around the stratum 147 

corneum to the viable tissue, which would lead to poor modelling of skin exposure. The RhE model should 148 

be free of contamination by bacteria, viruses, mycoplasma and fungi.  149 

Functional conditions 150 

Viability 151 

9. The assay used for quantifying tissue viability is the MTT-assay [16]. The viable cells of the RhE 152 

tissue construct can reduce the vital dye MTT into a blue MTT formazan precipitate which is then extracted 153 

from the tissue using isopropanol (or a similar solvent). The optical density (OD) of the extraction solvent 154 

alone should be sufficiently small, i.e. OD < 0.1. The extracted MTT formazan may be quantified using either 155 

a standard absorbance (OD) measurement or an HPLC/UPLC-spectrophotometry procedure [17]. The RhE 156 

model users should ensure that each batch of the RhE model used meets defined criteria for the negative 157 

control. An acceptability range (upper and lower limit) for the negative control OD values should be 158 

established by the RhE model developer/supplier. Acceptability ranges for the negative control OD values 159 

for the RhE VRM are given in Table 1. An HPLC/UPLC-Spectrophotometry user should use the negative 160 

control OD ranges provided in Table 1 as the acceptance criterion for the negative control. It should be 161 
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documented that the tissues treated with the negative control are stable in culture (provide similar viability 162 

measurements) for the duration of the test exposure period.  163 

 164 

Table 1: Acceptability ranges for negative control OD values of the VRM 165 
 166 

 Lower acceptance limit Upper acceptance limit 

EpiDerm™ SIT (EPI-200) ≥ 0.8 ≤ 2.8 

 167 

Barrier function 168 

10. The stratum corneum and its lipid composition should be sufficient to resist the rapid penetration 169 

of certain cytotoxic benchmark chemicals (e.g. SDS or Triton X-100), as estimated by IC50 or ET50 (Table 170 

2). 171 

Morphology  172 

11. Histological examination of the RhE model should be performed demonstrating a multi-layered 173 

human epidermis-like structure containing stratum basale, stratum spinosum, stratum granulosum and 174 

stratum corneum layers and exhibiting a lipid profile similar to the lipid profile of human epidermis.  175 

Reproducibility 176 

12. The results of the positive and negative controls of the test method should demonstrate 177 

reproducibility of the test method over time. 178 

Quality control (QC)  179 

13. The RhE model should only be used if the developer/supplier demonstrates that each batch of the 180 

RhE model used meets defined production release criteria, amongst which those for viability (paragraph 9), 181 

barrier function (paragraph 10) and morphology (paragraph 11) are the most relevant. An acceptability range 182 

(upper and lower limit) for the IC50 or the ET50 (see paragraph 10) should be established by the RhE model 183 

developer/supplier. The acceptability range of the VRM is given in Table 2. Adequate ranges should be provided 184 
for any new similar or modified test method. These may vary depending on the specific test method. Data 185 
demonstrating compliance with all production release criteria should be provided by the RhE model 186 
developer/supplier. Only results produced with tissues fulfilling all of these production quality criteria can be 187 

accepted for reliable prediction of irritation classification.  188 

 189 

Table 2: QC batch release criteria of the VRM 190 
 191 

 Lower acceptance limit Upper acceptance limit 

EpiDerm™ (EPI-200) 

(1% Triton X-100) (14) 

ET50 = 4.0 hr ET50 = 8.7 hr 

 192 

 193 

 194 

 195 
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Radiation sensitivity of RhE tissues:  196 

14  An irradiance dose of approximately 6 J/cm2 (as measured in the UVA range) was determined to be 197 

non-cytotoxic in the VRM and sufficiently potent to excite chemicals to elicit phototoxic reactions. The 198 

viability of the irradiated tissues should be ≥ 80% relative to the tissues that were not irradiated [3-5, 7, 12, 199 

13].  200 

 201 

 202 

As an example, to achieve 6 J/cm2 within a time period of 60 minutes, irradiance was adjusted to 1.7 203 

mW/cm2 of UVA/visible light (see Annex 3 o the OECD TG XXX, Figure 2). Alternate exposure times 204 

and/or irradiance values may be used to achieve 6 J/cm2 using the formula: 205 

 206 

 207 

 208 

 209 

 210 

 211 

The RhE tissue model is tolerant to UVB irradiation [14] and inclusion of UVB irradiation may be 212 

appropriate in some cases (e.g., when absorption for the test chemical of interest is exclusively in the UVB 213 

wavelength region). The presence of the UVB portion of the spectra should be monitored and reported.  214 

 215 

Similarly, if a different dose and/or a different light source is used, the irradiation should be calibrated so 216 

that a dose regimen can be selected that is not deleterious to the cells but sufficient to excite standard 217 

phototoxins. This might be necessary in case of models with more complex structure (e.g. including 218 

melanocytes or other cells and layers) or with thicker stratum corneum.  219 

Procedural Conditions 220 

Application of the Test Chemical and Control Substances 221 

15. At least two tissue replicates should be used for each test chemical concentration and each control 222 

substance in each run. For liquid as well as solid chemicals, sufficient amount of test chemical should be 223 

applied to uniformly cover the epidermis surface while avoiding an infinite dose (e.g. a minimum of 25 224 

L/0.6 cm2 for the VRM). The chemical exposure, irradiation period and temperature need to be optimized 225 

for each RhE model and are related to the different intrinsic properties of the RhE model (e.g., for VRM 21± 226 

3 hour exposure to chemicals and 60 min  ± 5 min irradiation with a total of 6 J/cm2 UVA). Furthermore, the 227 

viability measurement should not be performed immediately after exposure to the test chemical, but after a 228 

sufficiently long post-treatment incubation period. This period allows both for recovery from weak cytotoxic 229 

and phototoxic effects and for appearance of clear cytotoxic effects. A 21± 3 hours post-treatment incubation 230 

period was found optimal for the VRM [3, 5]. 231 

16. Concurrent negative control (NC) and positive control (PC) should be used in each run to 232 

demonstrate that viability (using the NC), and sensitivity (using the PC) of the tissues are within a defined 233 

historical acceptance range. The concurrent negative control also provides the baseline (100% tissue viability) 234 
to calculate the relative percent viability of the tissues treated with the test chemical in the presence and absence 235 
of UVA/visible light irradiation. The PC suggested for the VRM is 0.02 % aqueous solution of 236 

Chlorpromazine. The suggested VRM NCs are phosphate buffered saline (DPBS) or Hanks’ Balanced Salt 237 

Solution (HBSS) without phenol red.  238 
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Cell Viability Measurements 239 

17. The MTT assay, which is a quantitative assay, should be used to measure tissue viability. It is 240 

compatible with use in a three-dimensional tissue construct. The tissue sample is placed in MTT solution of 241 

an appropriate concentration (1 mg/mL in the VRM) for 3 hours. The vital dye MTT is reduced into a blue 242 

formazan precipitate by the viable cells of the RhE model. The precipitated blue formazan product is then 243 

extracted from the tissue using a solvent (e.g. isopropanol, acidic isopropanol), and the concentration of 244 

formazan is quantified by determining the OD at 570 nm using a filter band pass of maximum ± 30 nm or, 245 

by using an HPLC/UPLC-spectrophotometry procedure  [17]. The same procedure should be employed for the 246 
concurrently tested negative and positive controls. 247 

18. Optical properties of the test chemical or its chemical action on MTT may interfere with the 248 

measurement of MTT formazan leading to a false estimate of tissue viability. Test chemicals may interfere 249 

with the MTT assay, either by direct reduction of the MTT into blue formazan, and/or by colour interference 250 

if the test chemical absorbs, naturally or due to treatment procedures, in the same OD range of formazan (i.e. 251 

570 ± 30 nm, mainly blue and purple chemicals). Pre-checks should be performed before testing to allow 252 

identification of potential direct MTT reducers and/or colour interfering chemicals. The corresponding 253 

procedures should be standardised and part of the SOP. Additional controls should be used to correct for a 254 

potential interference from these test chemicals such as the non-specific MTT reduction (NSMTT) control 255 

and the non-specific colour (NSC) control (see paragraphs 19 to 22). This is especially important when a 256 

specific test chemical is not completely removed from the tissue by rinsing or when it penetrates the 257 

epidermis, and is therefore present in the tissues when the MTT viability test is performed. For coloured test 258 

chemicals or test chemicals that become coloured in contact with water or isopropanol, which are not 259 

compatible with the standard absorbance (OD) measurement due to too strong interference with the MTT 260 

assay (i.e., strong absorption at 570 ± 30 nm), an HPLC/UPLC-spectrophotometry procedure to measure 261 

MTT formazan may be employed. A detailed description of how to correct direct MTT reduction and colour 262 

interferences by the test chemical should be available in the test method’s SOP. A description of the control 263 

measures used in the VRM is summarised in paragraphs 19 to 22 below.  264 

 265 

19. To identify direct MTT reducers, each test chemical should be added to freshly prepared MTT 266 

solution. If the MTT mixture containing the test chemical turns blue/purple, the test chemical is presumed to 267 

directly reduce MTT and a further functional check on non-viable RhE tissues should be performed, 268 

independently of using the standard absorbance (OD) measurement or an HPLC/UPLC-spectrophotometry 269 

procedure. This additional functional check employs killed tissues (by e.g., exposure to low temperature 270 

("freeze-killed" tissues) or by other means), that possess only residual metabolic activity but absorb and 271 

retain the test chemical in a similar way as viable tissues. Each MTT reducing test chemical is applied on at 272 

least two killed tissue replicates which undergo the entire testing procedure. The true tissue viability is 273 

calculated as the percent tissue viability obtained with living tissues exposed to the MTT reducer minus the 274 

percent non-specific MTT reduction obtained with the killed tissues exposed to the same MTT reducer, 275 

calculated relative to the negative control run concurrently to the test being corrected (%NSMTT). 276 

 277 

20. To identify potential interference by coloured test chemicals or test chemicals that become coloured 278 

when in contact with water or isopropanol and decide on the need for additional controls, spectral analysis 279 

of the test chemical in water (environment during exposure) and/or isopropanol (extracting solution) should 280 

be performed. If the test chemical in water and/or isopropanol absorbs light in the range of 570 ± 30 nm, 281 

further colorant controls should be performed or, alternatively, an HPLC/UPLC-spectrophotometry 282 

procedure should be used in which case these controls are not required. When performing the standard 283 

absorbance (OD) measurement, each interfering coloured test chemical should be applied on at least two 284 

viable tissue replicates, which undergo the entire testing procedure but are incubated with medium instead 285 

of MTT solution during the MTT incubation step to generate a non-specific colour (NSCliving) control. The 286 

NSCliving control needs to be performed concurrently to the testing of the coloured test chemical (in each run) 287 
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due to the inherent biological variability of living tissues. The true tissue viability is calculated as the percent 288 

tissue viability obtained with living tissues exposed to the interfering test chemical and incubated with MTT 289 

solution minus the percent non-specific colour obtained with living tissues exposed to the interfering test 290 

chemical and incubated with medium without MTT, run concurrently to the test being corrected (%NSCliving). 291 

 292 

21. Test chemicals that are identified as producing both direct MTT reduction (see paragraph 19) and 293 

colour interference (see paragraph 20) will also require a third set of controls when performing the standard 294 

absorbance (OD) measurement, apart from the NSMTT and NSCliving controls described in the previous 295 

paragraphs. This is usually the case with darkly coloured test chemicals interfering with the MTT assay (e.g., 296 

blue, purple, black) because their intrinsic colour impedes the assessment of their capacity to directly reduce 297 

MTT as described in paragraph 18. These test chemicals may be retained in both living and killed tissues 298 

and therefore the NSMTT control may not only correct for potential direct MTT reduction by the test 299 

chemical, but also for colour interference arising from the retention of the test chemical by killed tissues. 300 

This could lead to a double correction for colour interference since the NSCliving control already corrects for 301 

colour interference arising from the retention of the test chemical by living tissues. To avoid a possible 302 

double correction for colour interference, a third control for non-specific colour in killed tissues (NSCkilled) 303 

needs to be performed. In this additional control, the test chemical is applied on at least two killed tissue 304 

replicates, which undergo the entire testing procedure but are incubated with medium instead of MTT 305 

solution during the MTT incubation step The true tissue viability is calculated as the percent tissue viability 306 

obtained with living tissues exposed to the test chemical minus %NSMTT minus %NSCliving plus the percent 307 

non-specific colour obtained with killed tissues exposed to the interfering test chemical and incubated with 308 

medium without MTT, calculated relative to the negative control run concurrently to the test being corrected 309 

(%NSCkilled).  310 

 311 

22.  NSCliving or NSCkilled controls are never required when using HPLC/UPLC-spectrophotometry, 312 

independently of the chemical being tested. NSMTT controls should nevertheless be used if the test chemical 313 

is suspected to directly reduce MTT or has a colour (intrinsic or when mixed with water) that impedes the 314 

assessment of the capacity to directly reduce MTT (as described in paragraph 18). When using HPLC/UPLC-315 

spectrophotometry to measure MTT formazan, the percent tissue viability is calculated as percent MTT 316 

formazan peak area obtained with living tissues exposed to the test chemical relative to the MTT formazan 317 

peak obtained with the concurrent negative control. For test chemicals able to directly reduce MTT, true 318 

tissue viability is calculated as the percent tissue viability obtained with living tissues exposed to the test 319 

chemical minus %NSMTT. Finally, it should be noted that in very rare cases, direct MTT-reducers or MTT-320 

reducers that are also colour interfering and are retained in the tissues after treatment, may not be assessable 321 

by the VRM if they lead to ODs (using standard OD measurement) or peak areas (using UPLC/HPLC-322 

spectrophotometry) of the tested tissue extracts that fall outside of the linearity range of the 323 

spectrophotometer. 324 

Acceptability Criteria 325 

23. For each run, tissues treated with the negative control should exhibit OD reflecting the quality of 326 

the tissues that followed shipment, receipt steps and all protocol processes and should not be outside of the 327 

historically established boundaries (see paragraph 9 and table 1). Similarly, tissues treated with the PC should 328 

show mean tissue viability (relative to the negative control) within a historically established range, thus 329 

reflecting the ability of the tissues to respond to a phototoxic chemical under the conditions of the test 330 

method.  331 

The variability between tissue replicates of test chemicals and/or control substances should fall within the 332 

accepted limits also established from historical values (e.g. The difference in the relative viability values 333 

between the two replicate tissues treated with the solvent (i.e., negative) or positive controls should not 334 

exceed 20 % ). If either NC or PC included in a run falls outside of the accepted ranges, the run is considered 335 
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non-qualified and should be repeated. If the variability between tissue replicates of test chemicals falls 336 

outside of the accepted range, the test chemical should be re-tested. Importantly, an increased frequency of 337 

non-qualified runs may indicate problems with either the test system (e.g. the intrinsic RhE tissue quality) 338 

or with the handling (e.g. shipment, SOP execution). Therefore, occurrence of non-qualified runs in 339 

validation studies should be carefully monitored and all non-qualified runs need to be reported. 340 

Interpretation of Results and Prediction Model 341 

24. The OD values obtained with each test chemical should be used to calculate the percentage of 342 

viability relative to the negative control, which is set to 100%. In case HPLC/UPLC-spectrophotometry is 343 

used, the percent tissue viability is calculated as percent MTT formazan peak area obtained with living tissues 344 

exposed to the test chemical relative to the MTT formazan peak obtained with the concurrent negative 345 

control. The cut-off value of percentage cell viability distinguishing phototoxic from not phototoxic test 346 

chemicals and the statistical procedure(s) used to evaluate the results and identify irritant chemicals should 347 

be clearly defined, documented, and proven to be appropriate (see SOPs of adopted test methods for 348 

information). The cut-off values of the VRM for the prediction of phototoxicity are given below [3, 5]: 349 

1. A chemical is predicted to be phototoxic (or to have phototoxicity potential) if the relative 350 

viability values for one or more test concentrations treated in the presence of irradiation result in 351 

a decrease in viability exceeding 30% when compared to the relative viability values for the 352 

same concentrations treated in the absence of irradiation. 353 

 354 

2. A chemical is predicted to be not phototoxic (or to not have phototoxicity potential) if none of 355 

the relative viability values for the test concentrations treated in the presence of irradiation result 356 

in a decrease in viability exceeding 30% when compared to the relative viability values for the 357 

same concentrations treated in the absence of irradiation. 358 

 359 

3. If none of the test concentrations result in a phototoxic prediction and at least one of the 360 

concentrations falls within 5% of the cutoff value, and/or non-concordant results from replicate 361 

tissues are obtained, a second run should be considered, as well as a third one in case of 362 

discordant predictions between the first two runs. In this case, it is recommended to consider 363 

a concentration range that is closer to the concentration in which the potentially phototoxic 364 

outcome was observed.  365 

 366 

MINIMUM LIST OF REFERENCE CHEMICALS 367 
 368 

25. Reference Chemicals are used to determine whether the reliability and predictive capacity of a 369 

proposed similar or modified test method, proven to be structurally and functionally sufficiently similar to 370 

the VRM, or representing a minor modification of the VRM, are equal or better than those derived from the 371 

VRM [3, 5]. The 12 recommended Reference Chemicals listed in Table 3 include chemicals representing 372 

different chemical classes (i.e. chemical categories based on functional groups), and are representative of a 373 

broad range of photo-irritation potency (from non-phototoxic to strongly phototoxic materials). The 374 

Reference Chemicals were selected using the selection criteria as described in Table 3 on the basis of data 375 

from the VRM and relate to chemicals used for the pre-validation study [3, 5] and the follow-up studies [8-376 

10, 12-14, 18-20]. Due regard has been given to chemical functionality and physical state (e.g.) when 377 

composing this list. 378 

 379 

26. The 12 Reference Chemicals listed in Table 3 represent the minimum number of chemicals that 380 

should be used to evaluate the reliability and predictive capacity of a proposed similar or modified test 381 

method. The exclusive use of these Reference Chemicals for the development/optimization of new similar 382 

test methods should be avoided to the extent possible. In situations where a listed reference chemical is 383 
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unavailable or cannot be used for other justified reasons, another chemical could be used provided it fulfils 384 

the selection criteria as described in Table 3 and adequate in vivo reference data need to be available, e.g. 385 

preferentially from the test chemicals used during optimisation, from the pre-validation study or follow-up 386 

feasibility studies of the VRM [3-5] [8-10, 12-14, 18-20] 387 

To gain further information on the predictive capacity of the proposed test method, additional chemicals 388 

representing other chemical classes and for which adequate in vivo (preferably human) reference data are 389 

available may be tested in addition to the minimum list of Reference Chemicals.  390 

 391 

Table 3: Minimum List of 12 Reference Chemicals for Determination of Reproducibility and 392 

Predictive Capacity of similar or modified RhE for in vitro phototoxicity testing of topically applied 393 

substances. 394 

 Substance1 CAS  In vivo Solvent2 VRM* Cat. 

based on in vitro 

Reference

s 

PHOTOTOXIC SUBSTANCES 

1 Chlorpromazine 50-53-3 PT Water PT [3-5, 12, 

13, 15, 18, 

20] 

2 Anthracene 120-12-7 PT EtOH PT [5, 12-15] 

3 Bergamot oil (non-purified)3 8007-75-8 PT Oil PT [3-5] [10, 

12-15] 

4 Acridine hydrochloride 17784-47-3 PT Oil PT [3, 4] [13-

15] 

5 8-Methoxypsoralen  298-81-7 PT Oil PT [3-5, 15] 

6 Neutral red  553-24-2 PT Water PT [3, 4, 13] 

NON-PHOTOTOXIC SUBSTANCES  

7 Sodium dodecyl sulphate 151-21-3 NPT Water NPT up to highest 

conc. tested (1%) 

[3, 4, 15] 

8 Octyl salicylate 118-60-5 NPT Oil NPT up to highest 

conc. tested (10%) 

[3, 4, 15] 

9 4-Aminobenzoic acid (PABA)  150-13-0  NPT Oil or EtOH NPT up to highest 

conc. tested (10%)  
 

[3-5, 12] 

10 Penicillin G 61-33-6 NPT Water NPT up to highest 

conc. tested (1%) 

[3, 4, 15]  

11 Octyl methoxycinammate 5466-77-3 NPT Oil NPT up to highest 

conc. tested (10%) 

[3-5] [14, 

15] 

12 6-Methyl coumarin4  92-48-8 NPT/PA Oil NPT up to highest 

conc. tested5 

(0,1%)  

[3, 4] 

* VRM = validated reference method (EpiDerm, see paragraph 2 for explanations) 395 

PT = Phototoxic;  NPT = Non-Phototoxic;  NPT/PA = Non-Phototoxic/Photoallergen 396 

 397 
1. The Reference Chemicals selection was based on the following criteria; (i) the chemicals are 398 

commercially available; (ii) they are representative of the broad range of phototoxicity responses 399 
(from non-phototoxic to strongly-phototoxic); (iii) they have a well-defined chemical structure; (iv) 400 
they are representative of the chemical functionality used in the validation process; (v) they are not 401 
associated with an extremely toxic profile (e.g. carcinogenic or toxic to the reproductive system); and 402 
(vi) they are not associated with prohibitive disposal costs.  403 

2. Solvents are suggested, based upon the pre-validation and follow-up study references 404 
(EtOH - Ethanol/ Oil - Sesame seed oil) 405 

3. The phototoxic response of Bergamot oil is caused by impurities.  Although non-purified Bergamot 406 
oil does not meet Reference Chemical selection criterion (iii) above, it is readily available from 407 
commercial chemical vendors. Non-purified Bergamot oils do have significant absorption in the UVA 408 
and UVB portions of the spectra (10) and result in phototoxic responses. It is recommended to assess 409 
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the UVB/UVA spectra and/or conduct an HPLC analysis for impurities prior to use as a reference 410 
chemical. 411 

4. 6-Methylcoumarin (6-MC), a fragrance material, has been reported to be photoallergenic both in man 412 
and in guinea pigs. 6-MC is however not classified as acutely phototoxic chemical. In the 3T3 NRU 413 
PT assay, 6-MC is usually classified as positive. In the 3D skin model test with exaggerated irradiation 414 
conditions or exposure (high concentrations or dose/area ratio) it may turn borderline or false positive.  415 

5. The highest concentration tested is shown for indication.   416 
 417 

DEFINED RELIABILITY AND PREDICTIVE CAPACITY VALUES 418 
 419 

27. For purposes of establishing the reliability and predictive capacity (i.e., sensitivity, specificity and 420 

accuracy) of proposed similar or modified RhE test methods to be used by several laboratories, all 12 421 

Reference Chemicals listed in Table 3 should be tested in at least three laboratories. In each laboratory, all 422 

12 Reference Chemicals should be tested in three independent runs performed with different tissue batches 423 

and at sufficiently spaced time points. Each run should consist of at least two concurrently tested tissue 424 

replicates for each test chemical, negative control, positive control and adapted controls for direct MTT 425 

reduction and/or colour interference. 426 

 427 

 428 

28. The calculation of the within-laboratory reproducibility, between-laboratory reproducibility, 429 

accuracy, sensitivity and specificity values of the proposed test method should be done according to the rules 430 

described below to ensure that a predefined and consistent approach is used: 431 

 432 

1. Only the data of runs from complete run sequences qualify for the calculation of the test method 433 

within, and between-laboratory variability and predictive capacity (accuracy). 434 

 435 

2. The final classification for each Reference Chemical in each participating laboratory should be 436 

obtained by using the mean value of viability over the different runs of a complete run sequence.  437 

 438 

3. Only the data obtained for chemicals that have complete run sequences in all participating 439 

laboratories qualify for the calculation of the test method between-laboratory variability. 440 

 441 

4. The predictive capacity should be determined using a weighted calculation in which 1) the final 442 

outcome of each individual qualified test obtained for each Reference Chemical (from all 443 

laboratories participating in the validation study) is captured as an independent prediction in the 444 

calculation and 2) correction factors are applied so that all Reference Chemicals have an equal 445 

weight in the calculations, even in cases where it was not possible to obtain the same number of 446 

qualified tests for all Reference Chemicals during the validation study. In summary, the 447 

prediction for each Reference Chemical obtained at each laboratory participating in the study 448 

should be divided by the total number of available predictions to determine the number of correct, 449 

over-, and under-predictions for each Reference Chemical and these should be used to calculate 450 

sensitivity, specificity, and accuracy in a manner that all chemicals exert an equal weight in the 451 

calculations.  452 

 453 

In this context, a run sequence consists of three independent runs from one laboratory for one test chemical. 454 

A complete run sequence is a run sequence from one laboratory for one test chemical where a total of three 455 

qualified runs have been achieved.  Once three qualified runs have been conducted, no further testing of the 456 

test chemical will be conducted.  If for a test chemical any runs are not qualified, no more than five attempts 457 

will be allowed. 458 

 459 

Within-laboratory reproducibility 460 

 461 
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29. An assessment of within-laboratory reproducibility should show in one single laboratory, a 462 

concordance of predictions (Phototoxic and Not Phototoxic) obtained in different, independent test runs of 463 

the 12 Reference Chemicals equal or higher (≥) than 90%. 464 

 465 

Between-laboratory reproducibility 466 

 467 

30. An assessment of between-laboratory reproducibility is not essential if the proposed test method is 468 

to be used in a single laboratory only. For methods to be transferred between laboratories, the concordance 469 

of predictions obtained in different, independent test runs of the 12 Reference Chemicals between a minimum 470 

of three laboratories should be equal or higher (≥) than 80%.  471 

 472 

Predictive capacity  473 

 474 

31. The predictive capacity (sensitivity, specificity and accuracy) of the proposed similar or modified 475 

test method should be similar to or better than the target values derived from the VRM (Sensitivity 87%, 476 

Specificity 93%) [3, 4, 7]. Accordingly, the sensitivity and specificity with the 12 Reference materials should 477 

each be at least 80% (Table 4). There is no further restriction with regard to the specificity of the proposed 478 

in vitro test method, i.e. any participating laboratory may misclassify any in vivo non-Phototoxic chemical 479 

as long as the final specificity of the test method is within the acceptable range. Test method accuracy should 480 

be at least 80%.  481 

 482 

 483 

 484 

Table 4: Required sensitivity, specificity and accuracy values for similar or modified RhE test 485 

method to be considered valid to discriminate phototoxic chemicals from non-phototoxic chemicals 486 

 487 
 488 

Sensitivity Specificity Accuracy 

≥ 80% ≥ 80% ≥ 80% 

   Note: each misclassified substance from the set of 12 contributes to the decrease of prediction by 17 %  489 
 490 

Study Acceptance Criteria 491 

 492 

32. It is possible that one or several tests pertaining to one or more Reference Chemicals does/do not 493 

meet the test acceptance criteria (non-qualified tests) or is/are not acceptable for other reasons such as 494 

technical reasons or because they were obtained in a non-qualified run due to failure of the concurrent 495 

positive and/or negative control. To complement missing data, a maximum of two additional runs are 496 

admissible ("re-testing"). More precisely, since in case of re-testing also the positive and negative control 497 

substances have to be concurrently tested, a maximum number of two additional runs may be conducted for 498 

each Reference Chemical in each laboratory. Non-qualified tests should be documented and reported. 499 

Importantly, each laboratory should not produce more than three qualified tests per Reference Chemical. 500 

Excess production of data and subsequent data selection are regarded as inappropriate. All tested tissues 501 

should be reported. The extent of unacceptable tests/runs should be documented and the basis for the likely 502 

cause of each should be provided. 503 

 504 

  505 
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ANNEX 1 506 

DEFINITIONS 507 

Accuracy: The closeness of agreement between test method results and accepted reference values. It is a 508 

measure of test method performance and one aspect of relevance. The term is often used interchangeably 509 

with “concordance” to mean the proportion of correct outcomes of a test method (1). 510 

 511 
Between-laboratory reproducibility: A measure of the extent to which different qualified laboratories, 512 

using the same protocol and testing the same substances, can produce qualitatively and quantitatively similar 513 

results. Between-laboratory reproducibility is determined during the prevalidation and validation processes, 514 

and indicates the extent to which a test can be successfully transferred between laboratories, also referred to 515 

as inter-laboratory reproducibility (1). 516 

 517 

Cell viability: Parameter measuring total activity of a cell population e.g. as ability of cellular mitochondrial 518 

dehydrogenases to reduce the vital dye MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 519 

bromide, Thiazolyl blue), which depending on the endpoint measured and the test design used, correlates 520 

with the total number and/or vitality of living cells. 521 

 522 

Chemical: means a substance or a mixture. 523 

 524 
Complete run sequence: A run sequence containing three qualified tests. A run sequence containing less 525 

than 3 qualified tests is considered as incomplete.  526 

 527 
Concordance: This is a measure of test method performance for test methods that give a categorical result, 528 

and is one aspect of relevance. The term is sometimes used interchangeably with accuracy, and is defined as 529 

the proportion of all chemicals tested that are correctly classified as positive or negative. Concordance is 530 

highly dependent on the prevalence of positives in the types of test chemical being examined (1). 531 

 532 

ET50: Can be estimated by determination of the exposure time required to reduce cell viability by 50% upon 533 

application of the benchmark chemical at a specified, fixed concentration, see also IC50. 534 

 535 

GHS (Globally Harmonized System of Classification and Labelling of Chemicals): A system proposing 536 

the classification of chemicals (substances and mixtures) according to standardized types and levels of 537 

physical, health and environmental hazards, and addressing corresponding communication elements, such 538 

as pictograms, signal words, hazard statements, precautionary statements and safety data sheets, so that to 539 

convey information on their adverse effects with a view to protect people (including employers, workers, 540 

transporters, consumers and emergency responders) and the environment (3). 541 

 542 
HPLC: High Performance Liquid Chromatography. 543 

 544 

IC50: Can be estimated by determination of the concentration at which a benchmark chemical reduces the 545 

viability of the tissues by 50% (IC50) after a fixed exposure time, see also ET50. 546 

 547 

Infinite dose: Amount of test chemical applied to the epidermis exceeding the amount required to completely 548 

and uniformly cover the epidermis surface. 549 

 550 

Me-too test: A colloquial expression for a test method that is structurally and functionally similar to a 551 

validated and accepted reference test method. Such a test method would be a candidate for catch-up 552 

validation (1). The term is interchangeably used with similar test method.  553 
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 554 

Mixture: means a combination of, or solution composed of two or more substances in which they do not 555 

react (3).  556 

 557 

MTT: 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; Thiazolyl blue tetrazolium bromide. 558 

 559 
NSCkilled: Non-Specific Colour in killed tissues. 560 

 561 

NSCliving: Non-Specific Colour in living tissues. 562 

 563 

NSMTT: Non-Specific MTT reduction. 564 

 565 

OD: Optical Density 566 

 567 

PC: Positive Control, a replicate containing all components of a test system and treated with a substance 568 

known to induce a positive response. To ensure that variability in the positive control response across time 569 

can be assessed, the magnitude of the positive response should not be excessive. 570 

 571 
Performance standards (PS): Standards, based on a validated test method, that provide a basis for 572 

evaluating the comparability of a proposed test method that is mechanistically and functionally similar. 573 

Included are; (i) essential test method components; (ii) a minimum list of Reference Chemicals selected from 574 

among the chemicals used to demonstrate the acceptable performance of the validated test method; and (iii) 575 

the similar levels of reliability and accuracy, based on what was obtained for the validated test method, that 576 

the proposed test method should demonstrate when evaluated using the minimum list of Reference 577 

Chemicals (1). 578 

 579 
Prediction Model: a formula or algorithm (e.g., formula, rule or set of rules) used to convert the results 580 

generated by a test method into a prediction of the (toxic) effect of interest. Also referred to as decision 581 

criteria. A prediction model contains four elements: (i) a definition of the specific purpose(s) for which the 582 

test method is to be used; (ii) specifications of all possible results that may be obtained, (iii) an algorithm 583 

that converts each study result into a prediction of the (toxic) effect of interest, and (iv) specifications as to 584 

the accuracy of the prediction model (e.g., sensitivity, specificity, and false positive and false negative rates). 585 

Prediction models are generally not used in in vivo ecotoxicological tests (1). 586 

 587 

Predictive Capacity:  The predictive capacity reflects the test method performance in terms of correct and 588 

incorrect predictions in comparison to reference data. It gives quantitative information (e.g. correct 589 

prediction rate) on the relevance of the test method. It comprises, amongst others, the sensitivity and 590 

specificity of the test method. 591 

 592 
Qualified run: A run that meets the test acceptance criteria for the NC and PC, as defined in the 593 

corresponding SOP. Otherwise, the run is considered as non-qualified.  594 

 595 
Qualified test: A test that meets the criteria for an acceptable test, as defined in the corresponding SOP, and 596 

is within a qualified run. Otherwise, the test is considered as non-qualified.  597 

 598 

Reference Chemicals: Chemicals selected for use in the validation process, for which responses in the in 599 

vitro or in vivo reference test system or the species of interest are already known. These chemicals should be 600 

representative of the classes of chemicals for which the test method is expected to be used, and should 601 

represent the full range of responses that may be expected from the chemicals for which it may be used, from 602 

strong, to weak, to negative. Different sets of reference chemicals may be required for the different stages of 603 

the validation process, and for different test methods and test uses (1).  604 
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 605 

Relevance: Description of relationship of the test method to the effect of interest and whether it is meaningful 606 

and useful for a particular purpose. It is the extent to which the test method correctly measures or predicts 607 

the biological effect of interest. Relevance incorporates consideration of the accuracy (concordance) of a test 608 

method (1). 609 

 610 

Reliability: Measures of the extent that a test method can be performed reproducibly within and between 611 

laboratories over time, when performed using the same protocol. It is assessed by calculating intra- and inter-612 

laboratory reproducibility (1). 613 

 614 

Reproducibility: The agreement among results obtained from testing the same substance using the same test 615 

protocol (1). 616 

 617 

Run: A run consists of one or more test chemicals tested concurrently with a negative control and with a 618 

positive control.  619 

 620 

Sensitivity: The proportion of all positive/active chemicals that are correctly classified by the test method. 621 

It is a measure of accuracy for a test method that produces categorical results, and is an important 622 

consideration in assessing the relevance of a test method. 623 

 624 

Phototoxicity in vivo: 1. Phototoxicity (photoirritation) is defined as an acute toxic response elicited by 625 

topically or systemically administered photoreactive chemicals after the exposure of the body to 626 

environmental light. Within the context of skin exposures to phototoxic chemicals, phototoxic responses are 627 

elicited after the first acute exposure of skin to photoactive chemicals and subsequent exposure to light.  628 

 629 

Specificity: The proportion of all negative/inactive chemicals that are correctly classified by the test method. 630 

It is a measure of accuracy for a test method that produces categorical results and is an important 631 

consideration in assessing the relevance of a test method (1). 632 

 633 

Substance: means chemical elements and their compounds in the natural state or obtained by any production 634 

process, including any additive necessary to preserve the stability of the product and any impurities deriving 635 

from the process used, but excluding any solvent which may be separated without affecting the stability of 636 

the substance or changing its composition. 637 

 638 

Test: A single test substance concurrently tested in a minimum of three tissue replicates as defined in the 639 

corresponding SOP.  640 

 641 

Test chemical: means what is being tested. 642 

 643 
Validated Reference Method(s) (VRM(s)): one (or more) test method(s) officially endorsed as 644 

scientifically valid that was (were) used to develop the related official Test Guidelines and Performance 645 

Standards (PS). The VRM is considered the reference test method to compare new proposed similar or 646 

modified test methods in the framework of a PS-based validation study.  647 

 648 
Within-laboratory reproducibility: determination of the extent that qualified people within the same 649 

laboratory can successfully replicate results using a specific protocol at different times, also referred to as 650 

intra-laboratory reproducibility (1). 651 

 652 

 653 
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