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DRAFT  1 

 2 

STABLY TRANSFECTED ANDROGEN RECEPTOR TRANSACTIVATION ASSAYS FOR 3 

DETECTION OF ANDROGENIC AGONIST AND ANTAGONIST ACTIVITY OF 4 

CHEMICALS 5 

 6 

 7 

GENERAL INTRODUCTION  8 

Androgen receptor transactivation assays (ARTAs) test guideline of similar in vitro methods 9 

1. Disruption of the endocrine system may occur through a number of different mechanisms including 10 

interference with (i) hormone action mediated via nuclear receptors linked to the endocrine system (ii) 11 

hormone production via steroidogenic enzymes, (iii) metabolic activation or deactivation of hormones, (iv) 12 

distribution of hormones to target tissues, and (v) clearance of hormones from the body. This Test Guideline 13 

(TG) exclusively addresses transcriptional activation and inhibition of an androgen-regulated reporter gene. 14 

2. It should not be directly extrapolated to the complex in vivo situation of androgen regulation of cellular 15 

processes.   16 

3. This TG describes the methodology of Androgen Receptor Transactivation (ARTA) assays that detect 17 

Agonist and Antagonists.  It comprises several mechanistically and functionally similar test methods for the 18 

identification of androgen receptor agonists and antagonists. The fully validated reference test methods 19 

(Annex 3 and Annex 4) described in this TG are:  20 

 The Stably Transfected Transactivation  (STTA) assay using the AR-EcoScreenTM cell line (1) 21 

(Method 1)  22 

 The AR-CALUX® assay using the AR-CALUX® cell line (2) (Method 2) 23 

 24 

Background and principles of the test methods included in this test guideline  25 

4. In vitro Transactivation (TA) assays are based upon the production of a reporter gene product (e.g. 26 

luciferase) following binding of a chemical to a specific receptor and subsequent transactivation. Different 27 

reporter genes can be used in these assays.  TAs have long been used to evaluate the gene expression profiles 28 

regulated by specific nuclear receptors, such as the estrogen receptors (ERs) and androgen receptors (ARs) 29 

(3) (4) (5) (6). They have been proposed for the detection of nuclear receptor-mediated transactivation (3) 30 

(4) (7). 31 

5. Androgen agonists and antagonists act as ligands for the AR through AR binding, and may activate or 32 

inhibit the transcription of androgen responsive genes. This interaction may have the potential to trigger 33 

adverse health effects by disrupting androgen-regulated systems e.g. processes necessary for cell 34 

proliferation, normal fetal development, and reproductive function 35 

6. The OECD initiated a high-priority activity in 1998 to revise existing, and to develop new, TGs for the 36 

screening and testing of potential endocrine disrupting chemicals. The OECD Conceptual Framework for 37 

testing and assessment of potential endocrine disrupting chemicals comprises five levels, each level 38 

corresponding to a different level of biological complexity (8). The 2 ARTAs described in this TG are 39 

included in level 2 for "in vitro assays providing data about selected endocrine mechanism(s)/pathway(s) 40 



OECD/OCDE                                 458 

 

2 

 

(Mammalian and non mammalian methods)".  41 

7. The test methods described in this TG cannot be used on their own for safety assessment decisions.  42 

They provide concentration-response data for substances with in vitro (anti)androgenic activity which may 43 

be used for screening and prioritization purposes and can also be used as mechanistic information in a weight 44 

of evidence approach. 45 

8. Validation studies of the AR STTA test method and the AR-CALUX® test method have demonstrated 46 

their relevance and reliability (1,9).  47 

9. An overview of the main characteristics, the acceptance criteria and the main abbreviations used in each 48 

test method is described in Annex 1 (Tables 1 and 2). For information purposes, Annex 1 (Table 3) provides 49 

the results for the chemicals that were tested in both test methods of this TG.   Of the 10 chemicals tested in 50 

the agonist assay, 5 are classified as AR agonists and 5 as negatives based upon published reports (4, 10). 51 

Of the 10 chemicals tested with the antagonist assay, 5 are classified as AR antagonists and 5 negatives based 52 

upon published reports (4, 10). There was 100% agreement between the 2 test methods on the classification 53 

of all the chemicals.   Supplementary information on this group of chemicals as well as on an additional 36 54 

chemicals tested with the AR-CALUX® method can be found in the validation study reports (1,9). 55 

10.  General and test method specific definitions and abbreviations used in the test methods in this TG can 56 

be found in Annex 2.   57 

  58 
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ANNEX 1  90 
 91 

 92 

Table 1: Overview of the characteristics of the test methods 

Test method name AR STTA AR-CALUX® 

Place holder for  

STTA 22Rv1/MMTV-GR-KO 

 

Developer CERI & NIHS BDS  

Cell line AR-EcoScreen™ AR-CALUX®  

Cell type 
Chinese hamster ovarian cancer 

cell 
Human osteo-sarcoma cell  

Genetic 

modification 
 Human AR cDNA  

 heat shock protein promoter 

-4 C3 ARE-firefly luc 

 SV40 promoter-renilla luc 

 

 Human AR cDNA 

 TATA promoter -3xARE -

firefly luc 

 

Special feature Minimal GR crosstalk due to the 

selection of an appropriate 

androgen responsive element 

 

 No or little GR, ER and PR 

expression 

 High throughput 

applicability 

 

Availability 

 

Material transfer agreement 

(MTA) including a licence 

agreement with Japanese 

Collection of Research 

Bioresources (JCRB) Cell Bank  

and cell owner 

Licence agreement with 

Biodetection Systems (BDS) 

 

 93 
 94 

  95 
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Table 2: Overview of Reference Standards and Acceptance Criteria for the test methods 

Test method name AR STTA  AR-CALUX® 
Place holder for 

STTA 22Rv1/MMTV_GR-KO   

AGONIST 

Reference chemical 5α-Dihydrotestosterone (DHT)  5α-Dihydrotestosterone (DHT)   

Criteria 

Range logPC50 -11.03/-9.00 Range EC50  1.10-10/1.10-9M  

Range logPC10 -12.08/-9.87 CV logEC50 < 1.5%  

   

FI PCAGO > 6.4 

(PCAGO: DHT 1.10-8M)  
IF DHT 1.10-7M > 20  

FI PC10 > 1 + 2SD sigmoidal curve  

 ZF > 0.5  

   

Positive control Mestanolone  17α -Methyltestosterone  

Criteria  

Range logPC50 -10.15/-9.26 RI  > 30%  

Range logPC10 -10.92/-10.41   

   

Negative control Di(2-ethylhexyl)phthalate 

(DEHP) 

Corticosterone  

Criteria 
PC10 cannot be calculated RI  <10%  

   

Specificity control 

(agonist) 
 NA  

Criteria 

Confirmation by adding potent AR 

antagonist (1 µM HF) to clarify the 

non-AR mediated induction of 

luciferase 
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ANTAGONIST 

Reference chemical Hydroxyflutamide  (HF) Flutamide (FLU)  

Criteria 

Range logIC50 -7.80/-6.17 IC50 range 1.10-7/1.10-6M  

Range logIC30 -8.37/-6.41 CV logIC50 < 3%  

 IF FLU 3.10-5M  > 10  

 ZF > 0.5  

 sigmoidal curve  

Other controls FI AGref > 5 

(AGref: 500 pM DHT) 

  

 RTA of PCATG < 46 

(PCATG: 500 pM  DHT + HF 0.1 

µM) )  

  

   

Positive control Bisphenol A Linuron  

Criteria 

Range log IC50 -7.05/-4.29 RI < 60%  

Range logIC30 -7.52/-4.48   

   

Negative control DEHP Levonorgestrel  

Criteria 
IC30 cannot be calculated RI > 85%  

   

Specificity control 

(antagonist) 

NA   

Criteria  R2 test item  ≤ 0.9  

  R2 FLU  ≤ 0.7  

NA: not applicable 98 
 99 

 100 
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Table 3A: Overview of results from the AR STTA and the AR-CALUX® test methods for chemicals tested in both methods for agonist properties 
 

 
Expected 

outcome1 
AR STTA AR-CALUX 

Chemical Class 4 Product Class 5 
* 

Chemical Name CAS RN. 
Ref. 

(2003) 

Ref. 

(2017) 

Outcome 

Validation2 
log PC10

 2 (M) log PC50
 2 (M) 

Outcome 

Validation3 
log PC10

 3 (M) log EC50
 3 (M) 

 

5α-Dihydrotestosterone 521-18-6 P P P -12.08/-9.87 -11.03/-9.00 P -10.64/-10.14 -9.98/-9.42 
Steroid, 

nonphenolic 
Pharmaceutical 

 

Mestanolone 

(Methyldihydrotestosterone) 
521-11-9 P  P -10.92/-10.41 -10.15/-9.26 P -10.26/-9.99 -9.53/-9.39 

Steroid, 

nonphenolic 
Pharmaceutical 

 

Testosterone 58-22-0 P P P -10.42/-9.73 -9.46/-8.96 P -9.81/-9.60 -9.25/-8.80 
Steroid, 

nonphenolic 
Pharmaceutical 

 

17β-estradiol 50-28-2 P  P -7.74/-6.75 -5.34/-4.88 P -6.70/-5.85 - 
Steroid, 

phenolic 
Pharmaceutical 

 

Medroxyprogesterone 17-

acetate 
71-58-9 P P P -9.64/-8.89 -8.77/-8.37 P -9.91/-8.32 -9.23/-7.75 

Steroid, 

nonphenolic 
Pharmaceutical 

 

17α-ethinyl estradiol 57-63-6 N  N - N - 
Steroid, 

phenolic 
Pharmaceutical 

 

Butylbenzyl phthalate 85-68-7 N N N - N - Phthalate Plasticiser  

Di(2-ethylhexyl)phthalate 117-81-7 N  N - N - Phthalate 

Chemical 

intermediate; 
Plasticiser 

 

Hydroxyflutamide 52806-53-8 N  N - N - Anilide 
Pharmaceutical 

metabolite 

 

Bisphenol A 80-05-7 N  N - N - Bisphenol 
Chemical 

intermediate 
 

Abbreviations: CAS RN: Chemical Abstracts Service Registry Number, M: molar, P: Positive, N: Negative 101 
1Expected outcome:  Classifications reported by the ICCVAM evaluation of 2003 (3) and the ICCVAM AR-reference list of 2017 (10).   102 
2Validation report of the AR STTA method (minimal/maximal values of all valid runs of all participating labs). 103 
3Validation report of the AR-CALUX® method (minimal/maximal values of all valid runs of all participating labs). 104 
4Substances were assigned to one or more chemical classes using the U.S. National Library of Medicine’s Medical Subject Headings (MeSH), an internationally recognised 105 
standardised classification scheme (available at http://www.nlm.nih.gov/mesh). 106 
5Substances were assigned to one or more product classes using the U.S. National Library of Medicine’s Hazardous Substances Data Bank (available at http://toxnet.nlm.nih.gov/cgi-107 
bin/sis/htmlgen?HSDB). 108 
 109 
*: place holder for the STTA 22Rv1/MMTV_GR-KO method    110 

http://www.nlm.nih.gov/mesh
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB
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Table 3B: Overview of results from the AR STTA and the AR-CALUX® test methods for chemicals tested in both methods for antagonist properties 
 

 
Expected 

outcome1 
AR STTA AR-CALUX 

Chemical  Class 4 Product Class 5 

 

Substance Name CAS RN. 
Ref. 

(2003) 

Ref. 

(2017) 

Outcome  

validation1 
log IC30 

2 (M) log IC50
 2 (M) 

Outcome 

validation3 
log PC80

3 (M) 
log IC50

 3 

(M) 
* 

Hydroxyflutamide 52806-53-8 P P P -8.37/ -6.41 -7.80/-6.17 P -8.63/-8.01 -7.80/-7.54 Anilide 
Pharmaceutical 

metabolite  

 

Bisphenol A 80-05-7 P P P -7.52/ -4.48 -7.05/-4.29 P -6.75/-6.12 -5.93/-5.81 Bisphenol 
Chemical 

intermediate  

 

Flutamide 13311-84-7 P  P -6.20/ -5.69 -5.66/-5.43 P -7.51/-6.71 -6.60/-6.23 Anilide Pharmaceutical  

Prochloraz 67747-09-5 P P P -5.77/ -5.47 -5.44/-5.12 P -6.42/-6.02 -5.78/-5.59 Imidazole Pesticide  

Vinclozolin  50471-44-8 P P P -6.83/ -6.32 -6.47/-5.85 P -7.91/-7.00 -7.50/-6.75 Organochlorine Pesticide  

5α-Dihydrotestosterone 521-18-6 N  N - N - 
Steroid, 

nonphenolic  
Pharmaceutical  

 

Mestanolone 521-11-9 N  N - N - 
Steroid, 

nonphenolic  
Pharmaceutical  

 

Di(2-ethylhexyl)phthalate 117-81-7 N  N - N - Phthalate 

Chemical 

intermediate; 
Plasticiser  

 

Atrazine 1912-24-9 N N N - N - 
Triazine; 

Aromatic amine 
Pesticide 

 

6-Propyl-2-thiouracil 51-52-5 N  N - N - Pyrimidines Pharmaceutical  

Abbreviations: CAS RN: Chemical Abstracts Service Registry Number, M: molar, P: Positive, N: Negative 113 
1Expected outcome: Classifications reported by the ICCVAM  evaluation of 2003 (3) and the ICCVAM AR-reference list of 2017 (10).   114 
2Validation report of the AR STTA method (minimal/maximal values of all valid runs of all participating labs).  115 
3Validation report of the AR-CALUX® method (minimal/maximal values of all valid runs of all participating labs). 116 
4Substances were assigned to one or more chemical classes using the U.S. National Library of Medicine’s Medical Subject Headings (MeSH), an internationally recognised 117 
standardised classification scheme (available at http://www.nlm.nih.gov/mesh). 118 
5Substances were assigned to one or more product classes using the U.S. National Library of Medicine’s Hazardous Substances Data Bank (available at http://toxnet.nlm.nih.gov/cgi-119 
bin/sis/htmlgen?HSDB). 120 
 121 

*: place holder for the STTA 22Rv1/MMTV_GR-KO  method122 

http://www.nlm.nih.gov/mesh
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB
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ANNEX 2 123 

 124 

General Definitions and Abbreviations  125 

 126 

 127 

Acceptability criteria: Minimum standards for the performance of experimental controls and reference 128 

standards.  All acceptability criteria should be met for an experiment to be considered valid 129 

Agonist: A substance that binds to a specific receptor and triggers a response in the cell. It mimics the action 130 

of an endogenous ligand that binds to the same receptor.  131 

Androgen activity: The capability of a chemical to mimic a ligand in its ability to bind to and activate 132 

androgen receptors.  133 

Antagonist: A type of receptor ligand or chemical that does not provoke a biological response itself upon 134 

binding to a receptor, but blocks or dampens agonist-mediated responses.  135 

Anti-androgen activity: The capability of a chemical to suppress the action of the agonist ligand mediated 136 

through androgen receptors. AR-mediated specific anti-androgen activity can be detected in this Test 137 

Guideline. 138 

AR: Androgen receptor 139 

ARTA: Androgen Receptor Transactivation Assay. 140 

BLR: Between laboratory reproducibility.  141 

CV: Coefficient of variation  142 

Cytotoxicity: Harmful effects to cell structure or function ultimately causing cell death. It can be reflected 143 

by a reduction in the number of cells present in the well at the end of the exposure period or a reduction 144 

of the capacity for a measure of cellular function when compared to the concurrent vehicle control.  145 

DHT: 5α-Dihydrotestosterone 146 

DMSO: Dimethyl sulfoxide  147 

EC50: The half maximal effective concentration of a test chemical  148 

ED: Endocrine disruptor 149 

ER: Estrogen receptor  150 

FBS: Fetal bovine serum  151 

GR: Glucocorticoid receptor 152 

IC50: The half maximal effective concentration of an inhibitory test chemical  153 

Luc: Luciferase gene 154 

Negative control: Separate part of a test system treated with a chemical for which it is known that the test 155 

system should not respond. The negative control provides evidence that the test system is not responsive 156 

under the actual conditions of the assay. 157 

Positive control: Separate part of the test system treated with a chemical for which it is known that the test 158 

system should respond. The positive control provides evidence that the test system is responsive under the 159 

actual conditions of the assay.  160 
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Reference standard: A reference substance is used to demonstrate the adequacy of a test method. In this 161 

TG, this term refers to the reference chemical, the positive control and the negative control. 162 

Reliability: Measure of the extent that a test method can be performed reproducible within and between 163 

laboratories over time, when performed using the same protocol.  It is assessed by calculating WLR and 164 

BLR. 165 

RI: Relative induction 166 

RLU: Relative light units 167 

RT PCR: Real Time polymerase chain reaction  168 

Run: An individual experiment that evaluates chemical action on the biological outcome of the test method. 169 

Each run is a complete experiment performed on replicate wells of cells plated from a common pool of 170 

cells at the same time. 171 

SD: Standard deviation  172 

Study: The full range of experimental work performed to evaluate a single, specific substance using a 173 

specific test method.  A study comprises all steps including tests of dilution of test substance in the test 174 

media, preliminary range finding runs, all necessary comprehensive runs, data analysis, quality 175 

assurance, cytotoxicity assessments, etc.  Completion of a study allows the classification of the test 176 

chemical activity on the toxicity target that is evaluated by the test method used and an estimate of 177 

potency relative to the positive reference chemical. 178 

Substance: When used in the context of the UN GHS chemical elements and their compounds in the natural 179 

state or obtained by any production process, including any additive necessary to preserve the stability 180 

of the product and any impurities deriving from the process used, but excluding any solvent which may 181 

be separated without affecting the stability of the substance or changing its composition. 182 

TA: Transactivation. The initiation of mRNA synthesis in response to a specific chemical signal, such as a 183 

binding of an androgen to an androgen receptor. 184 

Test chemical:  A chemical that is the subject of a study.  185 

Test method: Within the context of the TG, a test method is one of the methodologies accepted as valid in 186 

meeting the performance criteria outlined in the TG.  Components of the test method include, for 187 

example, the specific cell line with associated growth conditions, specific media in which the test is 188 

conducted, plate set up conditions, arrangement and dilutions of test chemicals along with any other 189 

required quality control measures and associated data evaluation steps. 190 

Test system: In vitro test systems are mainly biological systems (e.g., cells or tissues).  191 

UN GHS: United nations globally harmonized system of classification and labelling of chemicals. 192 

UVCBs: Chemical Substances of Unknown or Variable Composition, Complex Reaction Products and 193 

Biological Materials. 194 

Validated test method: A test method for which a validation study has been completed to determine the 195 

relevance (including accuracy) and reliability for a specific purpose.  It is important to note that a 196 

validated test method may not have sufficient performance in terms of accuracy and reliability to be 197 

found acceptable for the proposed purpose. 198 

Validation: The process by which the reliability and relevance of a particular approach, method, process or 199 

assessment is established for a defined purpose. 200 

Vehicle control: The solvent (vehicle) that is used to dissolve test and control chemicals.  It is tested solely 201 

as vehicle without dissolved chemical. 202 
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WLR: Within laboratory reproducibility 203 

 204 

 205 

  206 
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Test method specific terminology  207 

 208 

AR STTA test method  209 

AG ref: Agonist reference (500 pM of DHT) in the antagonist assay. 210 

BPA: Bisphenol A 211 

DCC-FBS: Dextran-coated charcoal treated fetal bovine serum  212 

DEHP: Di(2-ethylhexyl)phthalate 213 

FI: Fold induction 214 

HF: Hydroxyflutamide 215 

IC30: the concentration of a test chemical at which the measured activity in an antagonist assay inhibits at 216 

level of 30% of the maximum activity induced by 500 pM DHT in each plate. 217 

MTA: Material transfer agreement 218 

PCAGO: Positive AR agonist control (DHT at 10 nM) 219 

PCATG: Positive AR antagonist control (500 pM DHT and 0.1 μM of HF) 220 

PCCT: The response of the positive cytotoxic control (10 μg/mL of cycloheximide) 221 

PC10: The concentration of a test chemical at which the response in an agonist assay is 10% of the response 222 

induced by the positive control (DHT at 10 nM) in each plate.  223 

PC50: The concentration of a test chemical at which the response in an agonist assay is 50% of the response 224 

induced by the positive control (DHT at 10 nM) in each plate.  225 

PCmax: The concentration of a test chemical inducing the RPCmax. 226 

RPCmax: Maximum level of response induced by a test chemical, expressed as a percentage of the response 227 

induced by PCAGO (10 nM DHT) on the same plate.  228 

RTA: Relative Transcriptional Activity 229 

SARMs: Selective androgen receptor modulators 230 

STTA: Stably transfected transactivation assay.  231 

 232 

AR-CALUX test method 233 

ARE: Androgen responsive elements 234 

AU: Absorbance units 235 

DF: Dilution factor 236 

DMEM: Dulbecco's modification of Eagle's medium 237 

EC10, EC50:  Concentration of a test chemical at which 10% or 50% of its maximum response is observed  238 

FLU: Flutamide 239 

hAR: Human androgen receptor 240 

HTS: High throughput screening 241 
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IATA: Integrated Approach to Testing and Assessment.  A structured approach used for hazard identification 242 

(potential), hazard characterisation (potency) and/or safety assessment (potential/potency and exposure) 243 

of a chemical or group of chemicals, which strategically integrates and weights all relevant data to 244 

inform regulatory decision regarding potential hazard and/or risk and/or the need for further targeted 245 

and therefore minimal testing. 246 

IC20, IC50: Concentration of a test chemical at which 80% or 50% of its maximum response is observed (20% 247 

or 50% inhibition)  248 

IF: Induction or inhibition factor 249 

IP: Intellectual property 250 

LDH: Lactate dehydrogenase 251 

PC10, PC50, PC80: Concentration of test chemical giving 10%, 50% or 80% induction (or inhibition) with 252 

respect to the maximum induction of the reference control DHT (agonist), or, the solvent control 253 

(antagonist) 254 

PCmax, PCmin: Concentration of a test chemical where the response is maximal (corresponding to RPCmax or 255 

RPCmin) 256 

PR: Progesterone receptor 257 

R2: Square of the correlation coefficient (criterion for the specificity control test) 258 

Reference chemical: A chemical used to provide a basis for comparison with the test chemical. 259 

REF RPC10, REF RPC50, REF RPC80:   Response level (RI) of the reference control DHT or Flutamide at 260 

10%, 50% or 80% 261 

REF EC50: Concentration of the reference control DHT at which 50% of its maximum response is 262 

observed.   263 

REF IC50: Concentration of the reference control Flutamide at which 50% of its maximum response is 264 

observed.   265 

RPCmax: The maximum response level (highest induction) of the test chemical 266 

RPCmin: The minimum response level (highest inhibition) of the test chemical 267 

RI: Relative induction 268 

Sc: Specificity control response (RI) at a specific concentration 269 

Sc
n: Normalized specificity control response (RI) at a specific concentration 270 

SC: Solvent control (agonist: assay medium plus 0.1 % DMSO; antagonist:  assay medium plus 0.1 % 271 

DMSO spiked with fixed concentration DHT). 272 

VC: Vehicle control (assay medium plus 0.1% DMSO, used in the antagonist assay)  273 

Yc:  Standard response (RI) at a specific concentration  274 

ZF: Z-factor  275 
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 276 

ANNEX 3 (METHOD 1) 277 

 278 

 279 

STABLY TRANSFECTED HUMAN ANDROGEN RECEPTOR TRANSACTIVATION 280 

ASSAY FOR DETECTION OF ANDROGENIC AGONIST AND ANTAGONIST ACTIVITY 281 

OF CHEMICALS USING THE AR-ECOSCREEN™ CELL LINE 282 

 283 

 284 

INITIAL CONSIDERATIONS AND LIMITATIONS 285 

 286 

1. The AR STTA method uses the AR-EcoScreenTM cell line to detect (anti)androgenic activity.  This 287 

method exclusively addresses transactivation and inhibition of an androgen-regulated reporter gene by 288 

binding to the human AR, and therefore it should not be directly extrapolated to the complex in vivo situation 289 

of androgen regulation of cellular processes.  In addition, the assay is only likely to inform on the activity of 290 

the parent molecule bearing in mind the limited metabolising capacities of the in vitro cell systems. 291 

2. This test method is specifically designed to detect human AR-mediated transactivation and inhibition 292 

by measuring luciferase activity as the endpoint. However, substance-dependent interference with 293 

luminescence signals are known to occur due to over-activation or inhibition of the luciferase reporter gene 294 

assay system (1) (2) (3). It is therefore possible that such interference with the luciferase reporter gene may 295 

also occur in the AR STTA luciferase assay systems. This should be considered when evaluating the data.  296 

3. This cell line has been developed to have minimal glucocorticoid receptor (GR)-mediated response, 297 

however, a limitation with respect to AR selectivity is the potential for GR cross talk (4) (5). In certain cases 298 

this may result in substances that activate GR being classified positive in this assay. When further 299 

investigation is deemed necessary, both non receptor-mediated luciferase signals and GR activation can be 300 

tested by incubating the test chemical with an AR antagonist (such as Hydroxyflutamide (HF)) to confirm 301 

whether the response by the test chemical is blocked or not (see Appendix 1).  302 

4. Considering that only single substances were used during the validation, the applicability to test 303 

mixtures has not been addressed. The test method is nevertheless theoretically applicable to the testing of 304 

multi-constituent substances and mixtures. Before use of the Test Guideline on a mixture for generating data 305 

for an intended regulatory purpose, it should be considered whether, and if so why, it may provide adequate 306 

results for that purpose. Such considerations are not needed, when there is a regulatory requirement for 307 

testing of the mixture. 308 

5. Definitions and abbreviations used in this test method are described in Annex 2 of this TG. 309 

6. The AR STTA test method has been validated by collaboration of the Chemicals Evaluation and 310 

Research Institute (CERI) and the National Institute of Health Sciences (NIHS) in Japan with support of the 311 

study management team from the OECD validation management group for non-animal testing (6). 312 

 313 

PRINCIPLE OF THE TEST  314 

7. The TA assay using a reporter gene technique is an in vitro tool that provides mechanistic data. The 315 

assay is used to establish signal activation or blocking of the androgen receptor caused by a ligand. Some 316 

chemicals may, in a cell type-dependent manner, display both agonist and antagonist activity and are known 317 

as selective androgen receptor modulators (SARMs). Following the ligand binding, the receptor-ligand 318 

complex translocates to the nucleus where it binds specific DNA response elements and transactivates a 319 
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firefly luciferase reporter gene, resulting in an increased cellular expression of the luciferase enzyme. 320 

Luciferin is a substrate that is transformed by the luciferase enzyme to a bioluminescence product that can 321 

be quantitatively measured with a luminometer. Luciferase activity can be evaluated quickly and 322 

inexpensively with a number of commercially available test kits.   323 

8. The test system provided in this Test Guideline utilises the AR-EcoScreenTM cell line, which is derived 324 

from a Chinese hamster ovary cell line (CHO-K1), with three stably inserted constructs: (i) the human AR 325 

expression construct (encoding the full-length human receptor gene identical with Genbank ID of M20132 326 

which has 21 times CAG trinucleotide short tandem repeat), and (ii) a firefly luciferase reporter construct 327 

bearing four tandem repeats of a prostate C3 gene-responsive element driven by a minimal heat shock protein 328 

promoter. The C3 gene derived androgen responsive element is selected to minimise GR-mediated responses. 329 

In addition, (iii) for cell viability assessment, a renilla luciferase reporter construct under the SV40 promoter, 330 

stably and non-inducibly expressed is transfected as to distinguish pure antagonism from a cytotoxicity-331 

related decrease of luciferase activity. The two enzyme activities can be measured simultaneously in the 332 

same cell and in the same well. This feature facilitates the detection of the antagonist (7) (8). If more 333 

stringent investigation for androgen receptor-mediated antagonism is needed, AR-EcoScreen GR 334 

KO M1(JCRB1761) that are GR-knocked out by genome editing are available from JCRB (9). 335 

9. Data interpretation for an AR agonistic effect is based upon the maximum response level induced by a 336 

test chemical. If this response equals or exceeds 10% of the response induced by 10 nM 5α-337 

dihydrotestosterone (DHT), the positive AR agonist control (PCAGO) (i.e. the log PC10), the test chemical is 338 

considered positive. Data interpretation for an AR antagonistic effect of a test chemical is based on a cut-339 

off of a 30% inhibitory response against 500 pM DHT (i.e. the log IC30). If the response exceeds this 30% 340 

AR blocking, then the chemical is considered a positive AR antagonist. Data analysis and interpretation are 341 

discussed in greater detail in paragraphs 40-54. Typical representations of the agonist and antagonist 342 

reference standard curves are shown in Figure 1. 343 

 344 

Figure 1: Typical positive control responses 345 

 346 

PROCEDURE  347 

Cell Lines  348 

10. The stably transfected AR-EcoScreenTM cell line should be used for the assay. The cell line can be 349 

obtained from the Japanese Collection of Research Bioresources (JCRB) Cell Bank as reference No. 350 

JCRB1328, upon signing a Material Transfer Agreement (MTA) including license agreement.  351 

11. Only cells characterised as mycoplasma-free (i.e. free of bacterial contamination) should be used in 352 

testing. RT PCR (Real Time Polymerase Chain Reaction) is the method of choice for a sensitive detection 353 
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of mycoplasma infection (10) (11) (12).  354 

 355 

Stability of the cell line  356 

12. To monitor the stability of the cell line for the agonist assay, DHT, Mestanolone and Di(2-357 

ethylhexyl)phthalate (DEHP) should be used as reference standards. A complete concentration response 358 

curve for all three reference standards, at the test concentration range provided in Table 1-2 and the plate 359 

concentration assignment shown in Table 3-1, should be obtained at least once each time the assay is 360 

performed, and the results should be in agreement with the results provided in Tables 1-1 and 1-2.  361 

13. To monitor the stability of the cell line for measuring AR antagonism, HF, Bisphenol A (BPA) and 362 

DEHP should be used as reference standards. A complete concentration response curve for all three reference 363 

standards, at the test concentration range provided in Table 1-4 and the plate concentration assignment shown 364 

in Table 3-2, should be obtained at least once each time the assay is performed, and the results should be in 365 

agreement with the results provided in Tables 1-3 and 1-4. 366 

 367 

Cell Culture and Plating Conditions  368 

14. The following mediums should be prepared: 369 

 Medium for dilution: Phenol Red Free D-MEM/F-12. 370 

 Medium for cell propagation: Phenol Red Free D-MEM/F-12 supplemented with 5% v/v fetal bovine 371 

serum (FBS), Zeocin (200 μg/mL), Hygromycin (100 μg/mL), Penicillin (100 units /mL), and Streptomycin 372 

(100 μg/mL).   373 

 Medium for the assay plate: Phenol Red Free D-MEM/F-12 supplemented with 5%v/v Dextran-coated 374 

charcoal treated (DCC)-FBS, Penicillin (100 units/mL), and Streptomycin (100 µg/mL). 375 

15. Cells should be maintained in a CO2 incubator (5% CO2) at 37±1˚C with medium for cell propagation. 376 

Upon reaching 75-90% confluency (i.e. every 3-4 days), cells are subcultured to 10 mL at a density of 0.4-377 

0.8 x 105 cell/mL in 10cm3 cell culture dishes. To prepare the assay plate (96-well plate), cells should be 378 

suspended in the medium for the assay plate and then plated into wells of a microplate containing 90 μL/well 379 

at a density of 1 x 105 cells/mL. Next, the cells should be pre-incubated in a 5% CO2 incubator at 37˚±1˚C 380 

for 24 hours before chemical exposure.  381 

16. To maintain the integrity of the response, the cells should be grown for more than one passage from the 382 

frozen stock in the conditioned media for cell propagation and should not be cultured for more than 40 383 

passages. For the AR-EcoScreenTM cell line, this will be stable up to three month under suitable culture 384 

condition.  385 

17. The DCC-FBS can be obtained from commercial sources. The selection of DCC-FBS is critical for the 386 

assay performance; therefore, the appropriate DCC-FBS should be selected based on the proliferative 387 

capacity and confirmation of effect on assay performance with the reference standards. 388 

 389 

Acceptability criteria  390 

Positive and negative reference standards  391 

18. Prior to, and during the study, the responsiveness of the test system should be verified using the 392 

appropriate concentrations of known reference standards provided in Table 1-2 and 1-4, with DHT and 393 

Mestanolone as the positives for agonist assay, HF and BPA as the positives for antagonist assay, and DEHP 394 
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as the negative for the agonist and antagonist assay. Acceptable range values derived from the validation 395 

study are also given in Table 1-2 and Table 1-4 (2). These three concurrent reference standards for each AR 396 

agonist/antagonist assay should be included in every AR agonist/antagonist experiment (conducted under 397 

the same conditions including the materials, passage level of cells and by the same technicians), and the 398 

results should fall within the given acceptable limits and the shape of concentration-response curve of 399 

positive reference standards should be sigmoidal. If this is not the case, the cause for the failure to meet the 400 

acceptability criteria should be determined (e.g. cell handling, and serum and antibiotics for quality and 401 

concentration) and the assay repeated. Once the acceptability criteria have been achieved, it is essential in 402 

order to ensure minimum variability of log PC50, log PC10, log IC30, log IC50 values, that use of materials for 403 

cell culturing is consistent. 404 

 405 

19. The acceptability criteria of three concurrent reference standards can ensure the accuracy of quantitative 406 

sensitivity of the assay, but for the purposes of qualitative assessment, deviations from acceptable ranges of 407 

the reference standards (as specified in tables 1-2 and 1-4) could be allowed if the quality criteria (see tables 408 

1-1 or 1-3) are met, however the reference standards should be included with each experiment and the results 409 

should be judged according to the parameters indicated in tables 1-2 and 1-4 and the concentration-response 410 

curve of the positive reference standards should be sigmoidal. 411 

 412 

Table 1-1: Quality criteria for AR agonist assay 413 

Fold-induction of PCAGO  (10 nM DHT) ≥ 6.4 

FI PC10 Greater than 1 +2SD (fold-induction of VC) 
FI PC10: fold-induction corresponding to the PC10 (10%) of Positive control (PCAGO:10 nM of DHT) 414 
SD: Standard Deviation, VC: Vehicle Control 415 

 416 

Fold-induction of PCAGO is calculated by the following equation: 417 

Fold-induction of PCAGO ＝ 
Mean RLU of PCAGO (10 nM DHT) 

 
Mean RLU of VC 

RLU: Relative Light Units 418 
 419 

Table 1-2: Acceptable range of the reference standards for AR agonist assay 420 

Substance Name [CAS RN] Judgment logPC10 logPC50 Test range 

5α-Dihydrotestosterone (DHT)[521-18-6] Positive: 
PC10 should be 

calculated 

-12.08 ~-

9.87 
-11.03 ~ -9.00 10-12 ~ 10-6M 

Mestanolone[521-11-9] Positive: 
PC10 should be 

calculated 

-10.92 ~-

10.41  
-10.15 ~ -9.26  10-12 ~ 10-6M 

Di(2-ethylhexyl)phthalate (DEHP) [117-81-7] Negative: 
PC10 should not 

be calculated 
- - 10-11 ~ 10-5M 

 421 

Table 1-3: Quality criteria for AR antagonist assay 422 

Fold induction of AG ref1 

 
≥ 5.0 

RTA of PCATG  (%)2 ≤46 
AG ref = Agonist reference (500 pM DHT) in the antagonist assay 423 
RTA : Relative Transcriptional Activity 424 
PCATG = Antagonist control (500pM DHT, 0.1 µM HF) 425 
 426 
 427 
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 428 
1: Fold induction of AG ref is calculated by the following equation: 429 

Fold-induction of AG ref ＝ 
Mean RLU of AG ref (500 pM DHT) 

 
Mean RLU of VC 

VC: Vehicle Control, RLU: Relative Light Units 430 
 431 
2: RTA of PCATG  (%) is calculated by the following equation; 432 

RTA of PCATG (%) ＝ 
Mean

（ 

RLU of PCATG-Mean RLU of VC ）
×100 Mean RLU of AG ref - Mean RLU of VC 

 433 

 434 

Table 1-4: Acceptable range of the reference standards for AR antagonist assay 435 

Substance Name [CAS RN] Judgment log IC30 log IC50 Test range 

Hydroxyflutamide (HF) [52806-53-8] Positive: 

IC30 should be 

calculated 

-8.37 ~ -6.41 -7.80 ~ -6.17 10-10 ~ 10-5M 

Bisphenol A (BPA) [80-05-7] Positive: 

IC30 should be 

calculated 

-7.52 ~ -4.48 -7.05 ~ -4.29 10-10 ~ 10-5M 

Di(2-ethylhexyl)phthalate (DEHP) [117-81-7] Negative: 

IC30 should not be 

calculated 
- - 10-10 ~ 10-5M 

 436 

Positive and vehicle controls  437 

20. For the agonist assay, positive control (PCAGO) wells (n=4) treated with an endogenous ligand (10 nM 438 

of DHT), vehicle control (VC) wells (n=4) treated with vehicle alone and positive control for cytotoxicity 439 

(PCCT, 10 μg/mL of cycloheximide) wells (n=4) should be prepared on each assay plate in accordance with 440 

the plate design indicated in Table 3-1 and Table 4-1. For the antagonist assay, vehicle control (n=3), 441 

positive control for agonistic activity (PCAGO, 10 nM of DHT, n=3), positive control for antagonistic activity 442 

(PCATG, 500 pM DHT and 0.1 μM of HF, n=3), positive control for cytotoxicity (PCCT, 10 μg/mL of 443 

cycloheximide, n=3) and agonist reference (AG ref, 500 pM of DHT, n=12) should be set-up at each assay 444 

plate in accordance with the plate design indicated in Table 3-2 and Table 4-2.  445 

 446 

Quality criteria for AR agonist assay 447 

21. The mean luciferase activity of the PCAGO (10 nM DHT) should be at least 6.4-fold higher than that of 448 

the mean VC on each plate for the agonist assay. These criteria were established based on the reliability of 449 

the endpoint values from the validation study.  450 

22. With respect to the quality control of the assay, the fold-induction corresponding to the logPC10 (10%) 451 

of positive control (PCAGO: 10 nM of DHT) (FI PC10) should be greater than 1+2SD of the induction value 452 

(=1) of the concurrent VC. For prioritisation purposes, the log PC10 value can be useful to simplify the data 453 

analysis required compared to a statistical analysis. Although a statistical analysis provides information on 454 

significance, such an analysis is not a quantitative parameter with respect to a concentration-based potential, 455 

and so is less useful for prioritisation purposes.  456 
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 457 

Quality criteria for AR antagonist assay 458 

23. The mean luciferase activity of the AG ref (500 pM DHT) should be at least 5.0-fold for antagonism 459 

assay. These criteria were established based on the reliability of the endpoint values from the validation study.  460 

24. RTA of PCATG (500 pM DHT and 0.1 µM HF) should be less than 46%. 461 

 462 

In summary: 463 

25. Acceptability Criteria are the following:  464 

 465 

For AR agonist assay:  466 

– The mean luciferase activity of the PCAGO (10 nM DHT) should be at least 6.4-fold higher than the 467 

mean VC on each plate 468 

– The fold induction corresponding to the log PC10 value of the concurrent PCAGO (10 nM DHT) 469 

should be greater than 1+2SD of the fold induction value of the VC. 470 

– The shape of concentration-response curve of positive reference standards should be sigmoidal. 471 

– The results of the three reference standards should be within the acceptable range (Table 1-2). 472 

 473 

For AR antagonist assay: 474 

– Fold induction of AG ref ([500 pM DHT]/[Vehicle Control]) should be at least 5.0. 475 

– RTA of PCATG (%) should be less than 46. 476 

– The shape of concentration-response curve of positive reference standards should be sigmoidal. 477 

– The results of the three reference standards should be within the acceptable range (Table 1-4). 478 

 479 

 480 

Substances to demonstrate laboratory proficiency  481 

26. Prior to testing unknown chemicals in the AR STTA assay, the responsiveness of the test system should 482 

be confirmed by each laboratory, at least once for each newly prepared batch of cell stocks taken from the 483 

frozen stock. This is done by independently testing 10 proficiency substances listed in Tables 2-1 and 2-2 484 

for AR agonism and antagonism, respectively. This should be done at least in duplicate, on different days, 485 

and the results should be comparable to Tables 2-1 and 2-2, and any deviations should be justified. Dependent 486 

on cell type, some of these proficiency substances may behave as SARMs and display activity as both 487 

agonists and antagonists. However, the proficiency substances are classified in Tables 2-1 and 2-2 by their 488 

known predominant activity which should be used for proficiency evaluation. 489 

  490 
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Table 2-1: List of Proficiency substances for agonist assay 491 

Substance Name CAS RN. Class1 
log PC10

 1 

(M) 

log PC50
 1 

(M) 

Chemical 

Class 2 
Product Class 3 

5α-Dihydrotestosterone 521-18-6 P 
-12.08 

 ~ -9.87 

-11.03  

~ -9.00 

Steroid, 

nonphenolic  
Pharmaceutical  

Mestanolone 521-11-9 P 
-10.92 

 ~ -10.41 

-10.15 

 ~ -9.26 

Steroid, 

nonphenolic  
Pharmaceutical  

Testosterone 58-22-0 P 
-10.42  

~ -9.73 

-9.46  

~ -8.96 

Steroid, 

nonphenolic  
Pharmaceutical  

17β-estradiol 50-28-2 P 
-7.74  

~ -6.75 

-5.34  

~ -4.88 

Steroid, 

phenolic  
Pharmaceutical  

Medroxyprogesterone 

17-acetate 
71-58-9 P 

-9.64  

~ -8.89 

-8.77  

~ -8.37 

Steroid, 

nonphenolic  
Pharmaceutical  

17-ethinyl estradiol  57-63-6 N - 
Steroid, 

phenolic  
Pharmaceutical  

Butylbenzyl phthalate 85-68-7 N - Phthalate Plasticiser 

Di(2-

ethylhexyl)phthalate 
117-81-7 N - Phthalate 

Chemical 

intermediate; 

Plasticiser  

Hydroxyflutamide 52806-53-8 N - Anilide 
Pharmaceutical 

metabolite  

Bisphenol A 80-05-7 N - Bisphenol 
Chemical 

intermediate  
Abbreviations: CAS RN: Chemical Abstracts Service Registry Number, M: molar, P: Positive, N: Negative 492 
1 Validation report of Androgen Receptor (AR)-Mediated Stably Transfected Transactivation (AR STTA) Assay to Detect 493 
Androgenic and Anti-androgenic Activities (2) 494 
2 Substances were assigned to one or more chemical classes using the U.S. National Library of Medicine’s Medical Subject Headings 495 
(MeSH), an internationally recognised standardised classification scheme (available at http://www.nlm.nih.gov/mesh). 496 
3 Substances were assigned to one or more product classes using the U.S. National Library of Medicine’s Hazardous Substances 497 
Data Bank (available at http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB). 498 
  499 

http://www.nlm.nih.gov/mesh
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB
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 500 
Table 2-2: List of Proficiency substances for antagonist assay 501 

Substance Name CAS RN Class1 
log IC30 1 

(M) 

log IC50
 1 

(M) 

Chemical  Class 
2 

Product Class 3 

Hydroxyflutamide 52806-53-8 P 
-8.37 

 ~ -6.41 

-7.80  

~ -6.17 
Anilide 

Pharmaceutica

l metabolite  

Bisphenol A 80-05-7 P 
-7.52  

~ -4.48 

-7.05  

~ -4.29 
Bisphenol 

Chemical 

intermediate  

Flutamide 13311-84-7 P 
-6.20 

 ~ -5.69 

-5.66 

~ -5.43 
Anilide 

Pharmaceutica

l 

Prochloraz 67747-09-5 P 
-5.77 

 ~ -5.47 

-5.44 

 ~ -5.12 
Imidazole Pesticide 

Vinclozolin  50471-44-8 P 
-6.83  

~ -6.32 

-6.47 

 ~ -5.85 
Organochlorine Pesticide 

5α-Dihydrotestosterone 521-18-6 N - 
Steroid, 

nonphenolic  

Pharmaceutica

l  

Mestanolone 521-11-9 N - 
Steroid, 

nonphenolic  

Pharmaceutica

l  

Di(2-

ethylhexyl)phthalate 
117-81-7 N - Phthalate 

Chemical 

intermediate; 

Plasticiser  

Atrazine 1912-24-9 N - 
Triazine; 

Aromatic amine 
Pesticide 

6-Propyl-2-thiouracil 51-52-5 N - Pyrimidines 
Pharmaceutica

l 
Abbreviations: CAS RN: Chemical Abstracts Service Registry Number, M: molar, P: Positive, N: Negative 502 
1 Validation report of Androgen Receptor (AR)-Mediated Stably Transfected Transactivation (AR STTA) Assay to Detect 503 
Androgenic and Anti-androgenic Activities (2) 504 
2 Substances were assigned to one or more chemical classes using the U.S. National Library of Medicine’s Medical Subject Headings 505 
(MeSH), an internationally recognised standardised classification scheme (available at http://www.nlm.nih.gov/mesh). 506 
3 Substances were assigned to one or more product classes using the U.S. National Library of Medicine’s Hazardous Substances 507 
Data Bank (available at http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB). 508 
 509 

 510 

Vehicle  511 

27. An appropriate solvent should be used as the concurrent VC at the same concentration for the different 512 

positive and negative controls and the test chemicals. Test chemicals should be dissolved in a solvent that 513 

solubilises the test chemical and is miscible with the cell medium. Water, ethanol (95% to 100% purity) and 514 

dimethyl sulfoxide (DMSO) may be suitable vehicles accepted by the cells. Generally DMSO is used. In this 515 

case, the final level in the well should not exceed 0.1% (v/v). For any other vehicle (e.g. ethanol), it should 516 

be demonstrated that the maximum concentration used is not cytotoxic and does not interfere with the assay 517 

performance (as confirmed by response of renilla luciferase). 518 

Preparation of test chemicals 519 

28. The test chemicals should be dissolved in an appropriate solvent (see paragraph 27) and serially diluted 520 

with the same solvent at a common ratio of 1:10. In order to define the highest soluble concentration of the 521 

http://www.nlm.nih.gov/mesh
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB
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test chemical, a solubility test should be carried out following the flow diagram shown in Figure 2.   522 

 523 

Figure 2: Diagram for solubility test 524 

Limit dose: the highest concentration to be tested as the assay concentration. 525 

YES: No precipitation, NO: Precipitation 526 

 527 

 528 

29. A solubility test is a very important step to determine the maximum concentration for the assay and it 529 

may affect the sensitivity of the assay. Maximum concentration should be selected based on the avoidance 530 

of precipitation at highest concentration ranges in culture media. Precipitation observed at any concentration 531 

should be noted, but these data should not be included in the dose-response analysis.  532 

30. For AR antagonists, the presence of increasing levels of cytotoxicity can significantly alter or eliminate 533 

the typical sigmoidal response and should be considered when interpreting the data. Cytotoxicity can be 534 

evaluated with renilla luciferase activity in the AR-EcoScreenTM cell line, which was originally established 535 

to express renilla luciferase constitutively. Accordingly, AR-mediated transcriptional activity and 536 

cytotoxicity should be evaluated simultaneously in the same assay plate. For AR agonists, cytotoxicity can 537 

also affect the shape of a concentration response curve. In such case, evaluation of cytotoxicity should be 538 

performed or evaluated from the results of antagonist assay conducted for same test chemical. 539 

31. Should the results of the cytotoxicity test show that the concentration of the test chemical has reduced 540 

renilla luciferase activity by 20% or more, this concentration is regarded as cytotoxic, and the concentrations 541 

at or above the cytotoxic concentration should be excluded from the evaluation. The maximum concentration 542 

should be considered to be reduced when intrinsic cytotoxic effect is observed at the result of initial run of 543 

the test chemical. Cytotoxicity (%) of each well is calculated by the following equations and the mean of 544 

triplicate wells of same concentration is calculated for the cytotoxicity (%) of each concentration of test 545 

chemicals. 546 

 547 

For the agonist assay; 548 

Cytotoxicity (%) ＝ 100 - （ 
RLU of each well-Mean RLU of PCCT ）

×100 Mean RLU of VC - Mean RLU of PCCT 

For the antagonist assay; 549 
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Cytotoxicity (%) ＝ 100 - （ 
RLU of each well-Mean RLU of PCCT ）

×100 Mean RLU of AG ref - Mean RLU of PCCT 

 550 

Chemical Exposure and Assay Plate Organisation  551 

32. For the AR agonist assay, each test chemical should be serially diluted in DMSO, or appropriate solvent, 552 

and added to the wells of a microtiter plate to achieve final serial concentrations in the assay, from the 553 

maximum concentration determined by the solubility test with common dilution ratio of 10 (for example 1 554 

mM, 100 μM, 10 μM, 1 μM, 100 nM, 10 nM and 1 nM [10-3-10-9 M]) for triplicate testing.  555 

For each test concentration of the test chemical, the procedure for chemical dilutions (Steps 1 and 2) and for 556 

exposing the cells (Step 3) can be conducted as follows: 557 

Step 1: Chemical dilution: First dilute 10 μL of the test chemical in solvent into 90 μL of media.  558 

Step 2: Then 10 μL of the diluted chemical prepared in Step 1 should be diluted into 90 μL of the 559 

media. 560 

Step 3: Chemical exposure of the cells: Add 10 μL of diluted chemical solution (prepared in Step 2) 561 

to an assay well containing 9 × 103 cells/90 μL/well. 562 

The recommended final volume of media required for each well is 100 μL. 563 

 564 

Reference standards and test samples can be assigned as shown in Table 3-1 and Table 4-1.  565 

 566 

Table 3-1: Example of plate concentration assignment of the reference standards in the assay plate 567 

for agonist assay 568 

Row 
DHT Mestanolone DEHP Test Chemical# 

1 2 3 4 5 6 7 8 9 10 11 12 

A 1 µM → → 1 µM → → 10 µM → → 1 mM  → → 

B 100 nM → → 100 nM → → 1 µM → → 100 µM  → → 

C 10 nM → → 10 nM → → 100 nM → → 10 µM  → → 

D 1 nM → → 1 nM → → 10 nM → → 1 µM  → → 

E 100 pM → → 100 pM → → 1 nM → → 100 nM  → → 

F 10 pM → → 10 pM → → 100 pM → → 10 nM  → → 

G 1 pM → → 1 pM → → 10 pM → → 1 nM  → → 

H VC → → → PCAGO → → → PCCT → → → 

 569 

VC: Vehicle control (DMSO);  570 

 PCAGO: Positive control (10 nM of DHT); 571 

PCCT: Cytotoxicity control (10 μg/mL of cycloheximide); 572 

#: concentration of test chemical is an example 573 

33. For the AR antagonist assay, each test chemical should be serially diluted in DMSO, or appropriate 574 

solvent, and added to the wells of a microtiter plate to achieve final serial concentrations in the assay, from 575 

the maximum concentration determined by the solubility test with common dilution ratio of 10 (for example 576 

1 mM, 100 μM, 10 μM, 1 μM, 100 nM, and 10 nM [10-3-10-8 M]) for triplicate testing.  577 

For each test concentration of the test chemical the procedure for chemical dilutions (Steps 1 and 2) and for 578 

exposing cells (Step 3) can be conducted as follows: 579 

Step 1: Chemical dilution: First dilute 10 μL of the test chemical in the solvent to a volume of 90 μL 580 

media containing 56 nM DHT/DMSO*.  581 

Step 2: Then 10 μL of the diluted chemical prepared in Step 1 should be diluted into 90 μL of the 582 

media. 583 

Step 3: Chemical exposure of the cells: Add 10 μL of diluted chemical solution (prepared in Step 2) 584 

to an assay well containing 9 × 103 cells/90 μL/well. 585 

The recommended final volume of media required for each well is 100 μL. 586 
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 587 

*56 nM DHT/DMSO is added to achieve 500 pM DHT, 0.1% DMSO after dilution. 588 

 589 

Reference standards and test samples can be assigned as shown in Table 3-2 and Table 4-2. 590 

 591 

Table 3-2: Example of plate concentration assignment of the reference standards in the assay plate for 592 

antagonist assay 593 

 594 

Row 
HF Bisphenol A DEHP Test chemical# 

1 2 3 4 5 6 7 8 9 10 11 12 

A 10 µM → → 10 µM → → 10 µM → → 1 mM  → → 

B 1 µM → → 1 µM → → 1 µM → → 100 µM  → → 

C 100 nM → → 100 nM → → 100 nM → → 10 µM  → → 

D 10 nM → → 10 nM → → 10 nM → → 1 µM  → → 

E 1 nM → → 1 nM → → 1 nM → → 100 nM  → → 

F 100 pM → → 100 pM → → 100 pM → → 10 nM  → → 

G AG ref → → → → → → → → → → → 

H VC → → PCAGO → → PCATG → → PCCT → → 

VC: Vehicle control (DMSO);  595 

PCAGO: Positive AR agonist control (10 nM of DHT);  596 

AG ref: AR agonist reference (500 pM DHT, 0.1% DMSO) 597 

PCATG: Positive AR antagonist control (500 pM DHT, 0.1 μM of HF);  598 

PCCT: Cytotoxicity control (10 μg/mL of cycloheximide); 599 

 600 

** Gray colored wells are spiked with 500pM DHT 601 

#: concentration of test chemical is an example 602 

 603 

34. The reference standards (DHT, Mestanolone and DEHP for the agonist assay; HF, BPA and DEHP for 604 

the antagonist assay) should be tested in every experiment (as indicated in Table 3-1 and 3-2). Wells treated 605 

with 10 nM of DHT that can produce a maximum induction of DHT (PCAGO), and wells treated with DMSO 606 

(or appropriate solvent) alone (VC) should be included in each test assay plate for the agonist assay as well 607 

as a cytotoxicity control (10 μg/mL of cycloheximide called PCCT) (Table 4-1). In the case of the antagonist 608 

assay, a positive AR agonist control (10 nM of DHT called PCAGO), an AR agonist reference (500 pM DHT, 609 

0.1% DMSO called AG ref), a positive AR antagonist control (500 pM DHT, 0.1 μM of HF called PCATG) 610 

and cytotoxicity control (10 μg/mL of cycloheximide called PCCT) should be prepared additionally (Table 4-611 

2). If cells from different sources (e.g. different passage number, different lot numbers, etc.,) are used in the 612 

same experiment, the reference standards should be tested for each cell source.  613 

  614 
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Table 4-1: Example of plate concentration assignment of test chemicals and plate control substances 615 

in the assay plate for agonist assay 616 

 617 

VC: Vehicle control (DMSO);  618 

PCAGO: Positive AR agonist control (10 nM of DHT);  619 

PCCT: Cytotoxicity control (10 μg/mL of cycloheximide); 620 

The concentration of test chemicals is provided as an example. 621 

 622 

Table 4-2: Example of plate concentration assignment of test chemicals and plate control substances 623 

in the assay plate for antagonist assay 624 

 625 

Row 
Test Chemical 1 Test Chemical 2 Test Chemical 3 Test Chemical 4 

1 2 3 4 5 6 7 8 9 10 11 12 

A 
conc 1 

(10 µM) 
→ → 1 mM → → 1 µM → → 10 nM → → 

B 
conc 2 

(1 µM) 
→ → 100 µM → → 100 nM → → 1 nM → → 

C 
conc 3 

(100 nM) 
→ → 10 µM → → 10 nM → → 100 pM → → 

D 
conc 4 

(10 nM) 
→ → 1 µM → → 1 nM → → 10 pM → → 

E 
conc 5 

(1 nM) 
→ → 100 nM → → 100 pM → → 1 pM → → 

F 
conc 6 

(100 pM) 
→ → 10 nM → → 10 pM → → 100 pM → → 

G AG ref → → → → → → → → → → → 

H VC → → PCAGO → → PCATG → → PCCT → → 

VC: Vehicle control (DMSO);  626 

PCAGO: Positive AR agonist control (10 nM of DHT);  627 

AG ref: AR agonist reference (500 pM DHT, 0.1% DMSO) 628 

PCATG-: Positive AR antagonist control (500 pM DHT, 0.1 μM of HF) ;  629 

PCCT: Cytotoxicity control (10 μg/mL of cycloheximide); 630 

 631 

** Gray colored wells are spiked with 500pM DHT 632 

The concentration of test chemicals is provided as an example. 633 

 634 

35. The lack of edge effects should be confirmed, as appropriate, and if edge effects are suspected, the plate 635 

Row 
Test Chemical 1 Test Chemical 2 Test Chemical 3 Test Chemical 4 

1 2 3 4 5 6 7 8 9 10 11 12 

A conc 1 

 (10 μM)  

→ → 1 mM  → → 1 μM  → →  10 nM  →  →  

B conc 2 

 (1 μM)  

→ → 100 μM  → → 100 nM  → →  1 nM  →  →  

C conc 3 

 (100 nM)  

→ → 10 μM  → → 10 nM  →  →  100 pM  →  →  

D conc 4 

 (10 nM)  

→ → 1 μM  → → 1 nM  → →  10 pM  →  →  

E conc 5 

 (1 nM)  

→ → 100 nM  → → 100 pM  → →  1 pM  →  →  

F conc 6 

 (100 pM)  

→ →  10 nM  → → 10 pM  → →  0.1 pM  →  →  

G conc 7 

 (10 pM)  

→ → 1 nM  → → 1 pM  → →  0.01 pM  →  →  

H VC  → → →  PCAGO → →  → PCCT   →  →  →  
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layout should be altered to avoid such effects. For example, a plate layout excluding the edge wells can be 636 

employed.  637 

36. After adding the chemicals, the assay plates should be incubated in a 5% CO2 incubator at 37±1ºC for 638 

20-24 hours to induce the reporter gene products.  639 

37. Special considerations will need to be applied to those substances that are highly volatile. In such cases, 640 

nearby control wells may generate false positives, and this should be considered in light of expected and 641 

historical control values. In the few cases where volatility may be of concern, the use of “plate sealers” may 642 

help to effectively isolate individual wells during testing, and is therefore recommended in such cases.  643 

38. Repetition of definitive tests for the same chemical should be conducted on different days using freshly 644 

prepared assay reagents and dilutions of the test chemicals, to ensure independence. In cases where multiple 645 

chemicals are concurrently tested within a single run, maintaining the same plate design, while changing the 646 

order in which chemicals are added to the test wells, would be preferable.  647 

 648 

Luciferase activity measurements  649 

39. A commercial dual-reporter assay system (e.g. Promega, E2920 or its equivalents) is preferable to detect 650 

both of the AR response (firefly luciferase activity) and cytotoxicity (renilla luciferase activity) 651 

simultaneously, as long as the acceptability criteria are met. The assay reagents should be selected based on 652 

the sensitivity of the luminometer to be used. Procedure is according to the manufacturer's instructions 653 

basically. For instance, when using Dual-Glo Luciferase Assay system (Promega, E2920), cell Culture Lysis 654 

Reagent (Promega, E1531, or equivalents) should be used before adding the substrate.  40 μL of the first 655 

substrate should be directly added into the assay wells; then measure the firefly luciferase signal; then remove 656 

60 μL of supernatant to detect firefly luciferase activity; and finally add 40 μL of the second substrate into 657 

the assay wells of the original plate to detect renilla luciferase activity. A luciferase assay reagent [e.g. 658 

Steady-Glo® Luciferase Assay System (Promega, E2510, or equivalents)] or a standard luciferase assay 659 

system (Promega, E1500, or equivalents) can be used to detect only for the AR response (firefly luciferase 660 

activity). When using Steady-Glo Luciferase Assay System (Promega, E2510), after adding the Cell Culture 661 

Lysis Reagent (Promega, E1531, or equivalents), 40 μL of prepared reagent should be directly added into 662 

the assay wells. 663 

 664 

  665 
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ANALYSIS OF DATA  666 

40. For the Agonist assay, to obtain the relative transcriptional activity to the positive control (10 nM 667 

DHT), the luminescence signals from the same plate can be analysed according to the following steps (other 668 

equivalent mathematical processes are also acceptable):  669 

Step 1. Calculate the mean value for the vehicle control (VC).  670 

Step 2. Subtract the mean value of the VC from each well value in order to subtract any vehicle-driven 671 

effect or noise.  672 

Step 3. Calculate the mean for the corrected PCAGO (=the normalised PCAGO).  673 

Step 4. Divide the corrected value of each well in the plate by the mean value of the normalised PCAGO 674 

(PCAGO is set to 100%).  675 

The final value of each well is the relative transcriptional activity for that well compared to the PCAGO 676 

response.  677 

Step 5. Calculate the mean value of the relative transcriptional activity for each concentration of the 678 

test chemical. There are two dimensions to the response: the averaged transcriptional activity 679 

(response) and the concentration at which the response occurs (see following section).  680 

41. For the Antagonist assay, to obtain the relative transcriptional activity, the luminescence signals from 681 

the same plate can be analysed according to the following steps (other equivalent mathematical processes 682 

are also acceptable): 683 

Step 1. Calculate the mean value for the VC. 684 

Step 2. Subtract the mean value of the VC from each well value in order to subtract any vehicle-685 

driven effect or noise. 686 

Step 3. Calculate the mean for the corrected AG ref (=the normalised AG ref). 687 

Step 4. Divide the corrected value of each well in the plate by the mean value of the normalised the 688 

AG ref (AG ref is set to 100%). 689 

The final value of each well is the relative transcriptional activity for that well compared to the 690 

maximum response of the AG ref.  691 

Step 5. Calculate the mean value of the relative transcriptional activity for each concentration group 692 

of the test chemical. There are two dimensions to the response: the averaged transcriptional 693 

activity (response) and the concentration at which the response occurs (see following section). 694 

 695 

log PC50, log PC10, log IC50 and log IC30 induction considerations 696 

42. To evaluate cytotoxicity, cell viability should be expressed as the percentage of renilla luciferase activity 697 

of the chemically-treated wells to the mean renilla luciferase activity of the wells of the vehicle control for 698 

the agonist assay or the mean renilla luciferase activity of the wells of AG ref (500 pM DHT) for the 699 

antagonist assay, in accordance with equations indicated in paragraph 31. 700 

43. In the case of the agonist assay, the following information should be provided for each test chemical:  701 

(i) The maximum level of response induced by a test chemical, expressed as a percentage against the 702 

response induced by PCAGO(10 nM DHT) on the same plate (RPCmax).  703 

(ii) For positive chemicals, the concentrations that induce an effect corresponding to that of a 10% 704 

effect for the positive control (log PC10) and, if appropriate, to 50% effect for the positive control 705 

(log PC50).  706 

44. Descriptions of log PCx values, “x” is a selected response like 10% or 50% induction compared to PCAGO, 707 

are provided in Figure 3. log PC10 and log PC50 values can be defined as the test chemical concentrations 708 

estimated to elicit either a 10% or a 50% induction of transcriptional activity induced by PCAGO (Positive 709 

control; 10 nM of DHT). Each log PCx value can be calculated by a simple linear regression using two 710 

variable data points for the transcriptional activity. Where the data points lying immediately above and below 711 
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the log PCx value have the coordinates (a,b) and (c,d) respectively, then the log PCx value is calculated using 712 

the following equation and Figure 4:  713 

       log[PCx] = c+[(x-d)/(b-d)](a-c) 714 

 715 

 716 
Figure 3: Schematic descriptions of log PCx values   717 

The PCAGO (Positive control; 10 nM of DHT) is included on each assay plate in agonist assay. 718 
RTA: relative transcriptional activity 719 

 720 
Figure 4: Example for calculation of log PC50. 721 

 722 

45. In the case of the antagonist assay, the following information should be provided for each positive test 723 

chemical: the concentrations of 30% inhibition of transcriptional activity induced by 500 pM DHT (log IC30) 724 
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and, if appropriate, to 50% inhibition of activity of 500 pM DHT (log IC50). 725 

46. Descriptions of log ICx values, “x” is a selected response like 30% or 50% inhibition compared to DHT 726 

controls, are provided in Figure 5. log IC50 and log IC30 values can be defined as the test chemical 727 

concentrations estimated to elicit either a 50% or a 30% inhibition of transcriptional activity induced by 500 728 

pM DHT. These values can be calculated in the same way as the log PC values. Each log ICx value can be 729 

calculated by a simple linear regression using two variable data points for the transcriptional activity. Where 730 

the data points lying immediately above and below the log ICx value have the coordinates (c,d) and (a,b) 731 

respectively, then the log ICx value is calculated using the following equation and Figure 6: 732 

log [ICx] = a-[(b-(100-x)) /(b-d) ] (a-c)  733 

Figure 5: Schematic descriptions of log IC values. 734 

The AG ref (DMSO at 0.1% spiked with 500 pM DHT) is included on each assay plate in antagonist assay. 735 
RTA: relative transcriptional activity 736 

 737 

 738 

Figure 6: Examples for calculation of log IC30. 739 
 740 
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47. To distinguish pure antagonism from a cytotoxicity-related decrease of luciferase activity, AR-741 

EcoScreenTM is designed to express two kinds of luciferase: firefly luciferase inducibly expressed by the AR 742 

response element and renilla luciferase stably and non-inducibly expressed.  743 

48. By using dual reporter assay system, both cell viability and the antagonism can be evaluated in the same 744 

cells in a single plate run. The response for the positive cytotoxic control (10μg/mL of cycloheximide called 745 

PCCT) is used to adjust renilla activity by subtracting the PCCT values – the so-called “renilla activities” - 746 

from those of all sample wells. To evaluate the true cytotoxicity of chemicals with the AR EcoscreenTM assay, 747 

such revised cell viability should be used. If the cell viability is lower than 80% at the specific concentration 748 

of a test chemical, this/these data point(s) is/are left out of the calculations. 749 

49. The results, i.e. positive or negative judgment of test chemical, should be based on a minimum of two 750 

or three independent runs. If two runs give comparable and reproducible results, it may not be necessary to 751 

conduct a third run. To be acceptable, the results should:  752 

 Meet the acceptability criteria (see paragraphs 18-25) 753 

 Be reproducible in triplicate wells (CV<20%). 754 

 755 

Data Interpretation Criteria  756 

50. For the agonist assay, data interpretation criteria are shown in Table 5-1. Positive results will be 757 

characterised by both the magnitude of the effect and the concentration at which the effect occurs. Expressing 758 

results as a concentration at which a 50% (log PC50) or 10% (log PC10) are reached accomplishes the goal. 759 

However, a test chemical is determined to be positive if the maximum response induction by the test chemical 760 

(RPCmax) is equal to or exceeds 10% of the positive control responses in at least two of two or two of three 761 

runs, whereas a test chemical is considered negative if the RPCmax fails to achieve at least 10% of the positive 762 

control in two of two or two of three runs.  763 

 764 

 765 

Table 5-1: Positive and negative decision criteria for agonist assay 766 

Positive  If a RPCmax is obtained that is equal to or exceeds 10% of the response of the 

positive control in at least two of two or two of three runs.  

Negative  If a RPCmax fails to achieve at least 10% of the response of the positive control in 

two of two or two of three runs.  

 767 

51. For the antagonist assay, data interpretation criteria are shown in Table 5-2. Positive results will be 768 

characterised by both the magnitude of the effect and the concentration at which the effect occurs. Expressing 769 

results as a concentration at which a 50% (log IC50) or 30% (log IC30) are reached, accomplishes this goal. 770 

However, a test chemical is determined to be positive if the log IC30 could be calculated in at least two of 771 

two or two of three runs, whereas a test chemical is considered as negative if the log IC30 could not be 772 

calculated in two of two or two of three runs. 773 

 774 

Table 5-2: Positive and negative decision criteria for antagonist assay 775 

Positive If the log IC30 is calculated in at least two of two or two of three runs. 

Negative If the log IC30 fails to calculate in two of two or two of three runs. 

 776 

52. The calculations of log PC10, log PC50 and RPCmax for agonist assay, and log IC50 and log IC30 for 777 

antagonist assay can be calculated by using a spreadsheet available with the Test Guideline on the OECD 778 

public website.  779 
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53. It should be sufficient to obtain log PCx or log ICx values at least twice. However, should the resulting 780 

base-line for data in the same concentration range show variability with high coefficient of variation (%CV), 781 

it should be considered that the reliability of the data is low and the source of the high variability should be 782 

identified. The %CV of the raw data triplicate wells (i.e. luminescence intensity data) of the data points on 783 

the same assay plate that are used for the calculation of log PCx or log ICx should be less than 20%. When 784 

an equivocal or inconclusive result is suspected, an additional run or check can be considered. 785 

54. Meeting the acceptability criteria indicates the assay system is operating properly, but it does not ensure 786 

that any particular run will produce accurate data. Duplicating the results of the first run is the best assurance 787 

that accurate data were produced.  788 

 789 

 790 

TEST REPORT  791 

55. The test report should include the following information:  792 

Control/Reference standards/Test chemical 793 

・ Source, lot number, expiry date, if available  794 

・ Stability of the test chemical itself, if known; 795 

・ Solubility and stability of the test chemical in solvent, if known.  796 

・ Measurement of pH, osmolality and precipitate in the culture medium to which the test chemical was 797 

added, as appropriate.  798 

Mono-constituent substance:  799 

・ Physical appearance, water solubility, and additional relevant physicochemical properties;  800 

・ Chemical identification, such as IUPAC or CAS name, CAS number, SMILES or InChI code, structural 801 

formula, purity, chemical identity of impurities as appropriate and practically feasible, etc.  802 

Multi-constituent substance, UVCBs and mixtures:  803 

・ Characterised as far as possible by chemical identity (see above), quantitative occurrence and relevant 804 

physicochemical properties of the constituents.  805 

Solvent/Vehicle:  806 

・ Characterisation (nature, supplier and lot number);  807 

・ Justification for choice of solvent/vehicle;  808 

・ Solubility and stability of the test chemical in solvent/vehicle, if known.  809 

Cells:  810 

・ Type and source of cells;  811 

・ Number of cell passages;  812 

・ Methods for maintenance of cell cultures.   813 
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Test conditions:  814 

Solubility limitations should be reported, as well as: 815 

・ Composition of media, CO2 concentration;  816 

・ Concentration of test chemical;  817 

・ Volume of vehicle and test chemical added;  818 

・ Incubation temperature and humidity;  819 

・ Duration of treatment;  820 

・ Cell density during treatment;  821 

・ Positive and negative reference standards;  822 

・ Duration of treatment period;  823 

・ Luciferase assay reagents (Product name, supplier and lot);  824 

・ Acceptability and data interpretation criteria.  825 

Acceptability check:  826 

・ Fold inductions for each assay plate.  827 

・ Actual log PC50 and log PC10 (or log IC50 and log IC30) values for concurrent reference standards.  828 

Results:  829 

・ Raw and normalised data of luminescent signals;  830 

・ The maximum fold induction level;  831 

・ Cytotoxicity data;  832 

・ Concentration-response relationship, where possible;  833 

・ Log PC10, log PC50 and PCmax for agonist assay, and log IC50 and log IC30 values for antagonist assay, as 834 

appropriate; 835 

・ EC50 values, if appropriate;  836 

・ Statistical analyses, if any, together with a measure of error (e.g. SD, %CV or 95% confidence interval) 837 

and a description of how these values were obtained.  838 

Discussion of the results  839 

Conclusion 840 

 841 

842 
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 879 

APPENDIX 1  880 

 881 
False positives: Assessment of non-AR-mediated luminescence signals 882 

 883 

1. False positives might be generated by non-AR-mediated activation of the luciferase gene, or direct 884 

activation of the gene product or unrelated luminescence. Such effects are indicated by an incomplete 885 

or unusual dose-response curve. If such effects are suspected, the effect of an AR antagonist (e.g. 886 

Hydroxyflutamide (HF) at non-toxic concentration) on the response should be examined.  887 
 888 
2. To ensure validity of this approach, the agonistic activity of the following needs to be tested in the 889 

same plate: 890 

 Agonistic activity of the unknown chemical with / without 1 µM of HF (in triplicate) 891 

 VC (in triplicate) 892 

 1 µM HF (in triplicate) 893 

 500 pM of DHT (in triplicate) as PCAGO 894 
 895 

3. Data interpretation criteria 896 
 897 

Note: All wells should be treated with the same concentration of the vehicle. 898 

 If the agonistic activity of the unknown chemical is NOT affected by the treatment with HF, 899 

it is classified as “Negative”. 900 

 If the agonistic activity of the unknown chemical is inhibited, apply the decision criteria (Table 5-1). 901 

 If the agonistic activity at any concentrations tested is inhibited by the treatment with 1 µM of HF (AR 902 
antagonist), the difference in the responses between the wells non-treated with the AR antagonist and wells 903 
treated with the AR antagonist is calculated. This difference should be considered as the true response and 904 
should be used for the calculation of the appropriate parameters to enable a classification decision to be made. 905 

True response = (Response without HF) - (Response with HF) 906 
 907 

4. Data analysis 908 
 909 
Check the performance standard. 910 

Check the CV between wells treated under the same conditions. 911 

1. Calculate the mean of the VC 912 

2. Subtract the mean of VC from each well value not treated with HF 913 

3. Calculate the mean of HF 914 

4. Subtract the mean of the VC from each well value treated with HF 915 

5. Calculate the mean of the PCAGO 916 

6. Calculate the relative transcriptional activity of all other wells relative to the PCAGO 917 

 918 

 919 

 920 
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APPENDIX 2: Declaration – place holder 921 

  922 
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 923 

ANNEX 4 (Method 2) 924 

 925 

 926 

STABLY TRANSFECTED HUMAN ANDROGEN RECEPTOR TRANSACTIVATION 927 

ASSAY FOR DETECTION OF ANDROGENIC AGONIST AND ANTAGONIST ACTIVITY 928 

OF CHEMICALS USING THE AR-CALUX® CELL LINE 929 

 930 

 931 

INITIAL CONSIDERATIONS AND LIMITATIONS  932 

1. The AR-CALUX®(*) transactivation assay uses the AR-CALUX® cell line to detect (anti)androgenic 933 
activity mediated through a human androgen receptor (hAR).  The AR-CALUX® cell line expresses stably 934 
transfected hAR only and has no or little expression of other steroid hormone receptors (1). 935 

2. This test method is specifically designed to detect AR-mediated transactivation by measuring 936 

bioluminescence as the endpoint. The use of bioluminescence is commonly used in bioassays because of the 937 

high signal-to-noise ratio (2). 938 

3. The cell line has low metabolic activity.  By combining the test method with a S9 fraction, the impact of 939 
metabolism on test chemical activity can be studied (3). 940 

4. The test method has been used for high throughput screening purposes (4). 941 

5. The test method is theoretically applicable to the testing of multi-constituent substances and mixtures.  942 
During the validation study of this test method single test chemicals were mainly used. When considering 943 
testing of mixtures or difficult-to-test chemicals (e.g. unstable) upfront consideration should be given to 944 
whether the results of such testing will yield results that are scientifically meaningful. 945 

6. The validation study of the AR-CALUX® test method demonstrated the reliability and relevance of the 946 
assay for its intended purpose (5).   The test method protocol is described in the referenced document (6). 947 

7. Definitions and abbreviations used in this test method are described in Annex 2.  A declaration regarding 948 
IP elements can be found in Appendix 1. 949 

   950 

 951 

 952 

 953 

 954 

 955 

 956 

 957 

 958 

Note (*): "CALUX" is a registered trade mark, owned by Abraham Brouwer. BioDetection Systems BV (BDS) has 959 
obtained the exclusive global right to use and sublicense this trade mark.  960 
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PRINCIPLE OF THE TEST METHOD  961 

8. The test method is used to assess AR ligand binding and subsequent translocation of the receptor-962 
ligand complex to the nucleus. In the nucleus, the receptor-ligand complex binds specific DNA sequences 963 
(androgen responsive elements: AREs) elements and transactivates a firefly luciferase reporter gene, 964 
resulting in increased cellular expression of the luciferase enzyme. Following the addition of the 965 
luciferase substrate luciferine, the luciferine is transformed into a bioluminescent product. The light 966 
produced can easily be detected and quantified using a luminometer.  967 

9. The test system utilises stably transfected AR-CALUX® cells.  AR-CALUX® cells originated from the 968 
human osteoblastic osteosarcoma U2OS cell line. Human U2OS cells were stably transfected with 3xARE-969 
TATA-Luc and pSG5-neo-hAR using the calcium phosphate co-precipitation method. The U2OS cell line 970 
was selected as the best candidate to serve as the androgen - (and other steroid hormone) responsive reporter 971 
cell line, based on the observation that the U2OS cell line showed little or no endogenous receptor activity. 972 
The absence of endogenous receptors was assessed using luciferase reporter plasmids only, showing no 973 
activity when receptor ligands were added. Furthermore, this cell line supported strong hormone-mediated 974 
responses when cognate receptors were transiently introduced (1). 975 

10. Testing chemicals for (anti)-androgenic activity using the AR-CALUX® cell line includes a prescreen 976 
run followed by comprehensive runs/specificity control tests. During the prescreen run, the solubility, the 977 
cytotoxicity and a refined concentration-range of test chemicals for comprehensive testing are determined.  In 978 
the subsequent comprehensive run for agonism and antagonism, the test chemical is assessed using the refined 979 
concentration-ranges followed by classification. For antagonism, the test chemical is assessed simultaneously 980 
with a comprehensive test and a specificity control test (in the same plate). The specificity control test is 981 
included to discriminate true competitive antagonists from false positive antagonists (e.g due to cytotoxicity). 982 

11. Criteria for data interpretation are described in detail in paragraph 70. Briefly, a test chemical is 983 
considered positive for agonism in case at least two consecutive concentrations of the test chemical show a 984 
response that is equal or higher than 10% of the maximum response of the reference standard DHT (PC10). A 985 
test chemical is considered positive for antagonism in case at least two consecutive concentrations of the test 986 
chemical show a response that is equal or lower than 80% of the maximum response of the reference standard 987 
Flutamide (PC80) and the specificity control criteria are met.  988 

 989 

 990 

DEMONSTRATION OF LABORATORY PROFICIENCY  991 

12. Each laboratory should demonstrate proficiency in using this test method prior to testing unknown 992 

chemicals. Proficiency is demonstrated by testing 10 proficiency substances for agonist activity and 10 993 

proficiency substances for antagonist activity (see Table 1). This testing will also confirm the responsiveness 994 

of the test system.  Testing should be replicated at least twice, on different days, and the results should be 995 

comparable to the listed classifications and values in Table 1. Moreover, an historical database of data 996 

generated with the reference standards and the vehicle/solvent controls shall be maintained to confirm the 997 

reproducibility of the test method in the respective laboratory over time.  998 
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Table 1-1: List of Proficiency Substances to demonstrate technical proficiency with the AR-CALUX®  999 

agonist assay 1000 

Abbreviations: CAS RN: Chemical Abstracts Service Registry Number, M: molar, P: Positive, N: Negative 1001 
1 ICCVAM AR-reference list (2017) (7) 1002 
2 Validation study report of the AR-CALUX® method (minimal and maximal values of all valid runs of all participating labs (5) 1003 
3 Substances were assigned to one or more chemical classes using the U.S. National Library of Medicine’s Medical Subject Headings 1004 
(MeSH), an internationally recognised standardised classification scheme (available at http://www.nlm.nih.gov/mesh). 1005 
4 Substances were assigned to one or more product classes using the U.S. National Library of Medicine’s Hazardous Substances 1006 
Data Bank (available at http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB). 1007 

 1008 

  1009 

   AR-CALUX
®

   

Chemical Name CAS RN. 
AR ref. 

 list1 

Class2 
log PC10

 2 (M) log EC50
 2 (M) Chemical Class 3 Product Class 4 

5α-Dihydrotestosterone 521-18-6 P P -10.64/-10.14 -9.98/-9.42 Steroid, nonphenolic Pharmaceutical 

Mestanolone 

(Methyldihydrotestosterone) 
521-11-9  P -10.26/-9.99 -9.53/-9.39 Steroid, nonphenolic Pharmaceutical 

Testosterone 58-22-0 P P -9.81/-9.60 -9.25/-8.80 Steroid, nonphenolic Pharmaceutical 

17β-estradiol 50-28-2  P -6.70/-5.85 - Steroid, phenolic Pharmaceutical 

Medroxyprogesterone 17-

acetate 
71-58-9 P P -9.91/-8.32 -9.23/-7.75 Steroid, nonphenolic Pharmaceutical 

17α-ethinyl estradiol 57-63-6  N - Steroid, phenolic Pharmaceutical 

Butylbenzyl phthalate  85-68-7 N N - Phthalate Plasticiser 

Hydroxyflutamide 52806-53-8  N - Anilide 
Pharmaceutical 

metabolite 

Bisphenol A 80-05-7  N - Bisphenol 
Chemical 

intermediate 

Sodium Azide 26628-22-8  N  Azide  
Industrial use, 

fungicide, herbicide 

http://www.nlm.nih.gov/mesh
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB
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Table 1-2: List of Proficiency Substances to demonstrate technical proficiency with the AR-CALUX® 1010 

antagonist assay 1011 

 1012 

   AR-CALUX
®

   

Chemical Name CAS RN. 
AR ref. 

 list1 

Class2 
log PC80

2 (M) log IC50
 2 (M) Chemical  Class 3 Product Class 4 

Hydroxyflutamide 52806-53-8 P P -8.63/-8.01 -7.80/-7.54 Anilide 
Pharmaceutical 
metabolite  

Bisphenol A 80-05-7 P P -6.75/-6.12 -5.93/-5.81 Bisphenol 
Chemical 

intermediate  

Flutamide 13311-84-7 P P -7.51/-6.71 -6.60/-6.23 Anilide Pharmaceutical 

Prochloraz 67747-09-5 P P -6.42/-6.02 -5.78/-5.59 Imidazole Pesticide 

17β-Estradiol 50-28-2  P -9.04/-8.04 -8.39/-7.63 Steroid, phenolic Pharmaceutical 

Ketoconazole  65277-42-1  N  Piperazine 
Pharmaceutical; 

antifungal 

Cycloheximide 66-81-9  N  Piperidone 
Pharmaceutical, 
Fungicide 

Mestanolone 

(Methyldihydrotestosterone) 
521-11-9  N - 

Steroid, 

nonphenolic  
Pharmaceutical  

Di(2-ethylhexyl)phthalate 117-81-7  N - Phthalate 
Chemical 
intermediate; 

Plasticiser  

Atrazine 1912-24-9 N N - Triazine Pesticide 

Abbreviations: CAS RN: Chemical Abstracts Service Registry Number, M: molar, P: Positive, N: Negative 1013 
1 ICCVAM AR-reference list (2017) (7) 1014 
2 Validation study report of the AR-CALUX® method (minimal and maximal values of all valid runs of all participating labs (5) 1015 
3 Substances were assigned to one or more chemical classes using the U.S. National Library of Medicine’s Medical Subject Headings 1016 
(MeSH), an internationally recognised standardised classification scheme (available at http://www.nlm.nih.gov/mesh). 1017 
4 Substances were assigned to one or more product classes using the U.S. National Library of Medicine’s Hazardous Substances 1018 
Data Bank (available at http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB). 1019 
 1020 

 1021 

 1022 

  1023 

http://www.nlm.nih.gov/mesh
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB
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PROCEDURE 1024 

Cell line 1025 

13. The stably transfected U2OS AR-CALUX® cell line should be used for the test method. The cell line can 1026 
be obtained from BioDetection Systems BV, Amsterdam, the Netherlands with a technical licensing 1027 
agreement (Appendix 1).  1028 

14. Only mycoplasma free cell cultures should be used. Cell batches used should either be certified negative 1029 
for mycoplasma contamination, or a mycoplasma test should be performed before use. RT-PCR should be 1030 
used for sensitive detection of mycoplasma infection (8). 1031 

 1032 

Stability of the cell line 1033 

15. To maintain the stability and integrity of the AR-CALUX® cells, the cells should be stored < -1300C 1034 
(e.g. in liquid nitrogen). Following thawing of the cells to start a new culture, cells should be sub-cultured 1035 
at least twice before being used to assess the (anti)androgenic activity of chemicals. Cells should not be sub-1036 
cultured for more than 30 passages.  1037 

16. To monitor the stability of the cell line over time, its responsiveness to the reference chemicals (for 1038 
agonist and antagonist testing) should be verified by evaluating the EC50 or IC50. In addition, the relative 1039 
induction of the positive control (PC) and the negative control (NC) should be monitored. The results should 1040 
be in agreement with the acceptance criteria for the agonist (Table 4) or antagonist AR-CALUX® test 1041 
method (Table 5). The reference standards, i.e the reference control, positive and negative controls are given 1042 
in Table 2 and Table 3 for the agonist and antagonist mode respectively including the concentrations to be 1043 
used. 1044 

 1045 

Cell culture and Plating conditions 1046 

17. The AR-CALUX® cells should be cultured in growth medium (DMEM/F12 (1:1)) with phenol red as 1047 
pH indicator, supplemented with fetal bovine serum (7.5%), non-essential amino acids (1%), penicillin (10 1048 
Units/mL), streptomycin (10 µg/mL) and geneticin (G-418) (0.2 mg/mL) as selection marker. Cells should 1049 
be placed in a CO2 incubator (5% +/- 0.5% CO2) at 370C +/- 20C and 100% humidity. When cells reach 85-1050 
95% confluency, cells should either be subcultured or prepared for seeding in 96-well microtitre plates. In 1051 
case of the latter, cells should be resuspended at 1x105 cells/mL in assay medium (DMEM/F12 (1:1)) 1052 
without phenol red, supplemented with Dextran-Coated Charcoal treated fetal bovine serum (5% v/v), non-1053 
essential amino acids (1% v/v), penicillin (10 Units/mL) and streptomycin (10 µg/mL) and plated into 96-1054 
well microtiterplates (100 µL of homogenised cell suspension). Cells should be pre-incubated in a CO2 1055 
incubator (5% +/- 0.5% CO2, 370C +/- 20C, 100% humidity) for 24 hours prior to exposure.  1056 

18. Prior to starting any study, all materials (glass tubes, vessels, plastic ware) and reagents (e.g. serum, 1057 

DMSO) that will be used during the testing should be investigated, as defined in the protocol (6), for any 1058 

possible interference with the measurements.  1059 

 1060 

Acceptability criteria 1061 

19. Agonist and antagonist activities of the test chemical(s) are tested in runs. A run consists of a maximum 1062 
of 6 microtiter plates. Each run contains 1 full series of dilutions of a reference chemical (C1 to C8), a fixed 1063 
concentration of a positive control, a fixed concentration of a negative control and solvent controls. In 1064 
Figures 1 and 2, the plate setup for agonist and antagonist runs are given. 1065 

20. In the first plate of each run,  1066 
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 A complete dilution series of the reference chemical (DHT for agonism and Flutamide for antagonism) 1067 
is measured.  This reference chemical should demonstrate a sigmoidal dose-response curve. The EC50 1068 
or IC50 derived from the response of the series of dilutions of the reference chemical, and the CV of 1069 
log(EC50) and log(IC50) for the reference chemicals should fulfil the requirements as indicated in Table 1070 
4 (agonism) or Table 5 (antagonism). 1071 

 The calculated relative induction of both the positive and negative control should fulfil the requirements 1072 

as indicated in Table 4 and 5.  1073 

21. For each of the microtiter plates within a run, the following is calculated: 1074 

 During all measurements, the induction factor of the highest concentration of the reference chemical 1075 

(C8) should be measured by dividing the average highest reference chemical relative light unit (RLU) 1076 

response by the average reference solvent control RLU response. This induction factor should fulfil 1077 

the minimum requirements for the fold induction as indicated in Table 4 and 5.  1078 

 For each test-plate, the Z-factor is calculated according to the equation given below. This Z-factor 1079 

should fulfil the minimum requirements for the Z-factor as indicated in Table 4 and 5.  1080 

 1081 

 1082 

𝑍 − 𝑓𝑎𝑐𝑡𝑜𝑟𝑝𝑙𝑎𝑡𝑒 𝑛𝑜. = 1 − 3 ∗
(𝑠𝑡𝑑 𝑅𝐿𝑈𝑝𝑙𝑎𝑡𝑒 𝑛𝑜.[𝑆𝐶] + 𝑠𝑡𝑑 𝑅𝐿𝑈𝑝𝑙𝑎𝑡𝑒 𝑛𝑜.[𝐶8 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒])

𝑎𝑏𝑠(𝑎𝑣𝑔 𝑅𝐿𝑈𝑝𝑙𝑎𝑡𝑒 𝑛𝑜.[𝑆𝐶] − 𝑎𝑣𝑔 𝑅𝐿𝑈𝑝𝑙𝑎𝑡𝑒 𝑛𝑜.[𝐶8 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒])
 1083 

 1084 

 1085 

22. A run is considered valid where it fulfils the requirements as stated in Table 4 and 5 and permits to 1086 

evaluate the response of the test chemicals. 1087 

23. The acceptance criteria are applicable to both prescreen runs and comprehensive runs. 1088 

 1089 

Table 2:  Concentrations of the reference standards for the agonist testing 1090 

 Substance CAS RN Test range (M) in well 

Reference chemical DHT 521-18-6 1.0*10-11 - 1.0*10-07 

Positive control (PC) 17α-methyltestosterone 58-18-4 1.0*10-07 

Negative control (NC) corticosterone 50-22-6 1.0*10-06 

 1091 

 1092 

 1093 

Table 3:  Concentrations of the reference standards for the antagonist testing  1094 

 Substance CAS RN Test range (M) in well 

Reference chemical flutamide 13311-84-7 1.0*10-08 - 3.0*10-05 

Positive control (PC) linuron 330-55-2 1.0*10-05 

Negative control (NC) levonorgestrel 797-63-7 1.0*10-06 

 1095 

  1096 
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Table 4: Acceptance criteria for agonism prescreen and comprehensive testing  1097 

Number             Acceptance criteria   

1 Sigmoidal curve of reference chemical DHT 
Yes 

 

2 EC50 range reference chemical DHT 
110-10 –110-09 M 

 

3 
 

|CV| of estimated  log(EC50) control chemical DHT 
 

< 1.5% 
 

4 Relative induction (%) PC 17α-Methyltestosterone 
> 30% 

 

5 Relative induction (%) NC Corticosterone 
< 10% 

 

6 
Minimum fold induction of the highest DHT concentration (C8), with respect to the 

solvent control (SC) on each plate 

 
> 20 

 

7 Z-factor calculated on each plate with DHT C8 and SC 
 

> 0.5 

 

 1098 

 1099 

 1100 

Table 5: Acceptance criteria for antagonism prescreen and comprehensive testing  1101 

Number             Acceptance criteria   

   

1 Sigmoidal curve of reference chemical Flutamide Yes 

 

2 IC50 range reference chemical Flutamide 110-07 – 110-06 M 

 

3 |CV| of estimated  log(IC50) reference chemical Flutamide < 3% 

 

4 Relative induction PC (Linuron) < 60 % 

 

5 Relative induction NC (Levonorgestrel) > 85 % 

 

6 Minimum fold inhibition of the highest Flutamide concentration (C8) with respect to 

the solvent control (SC) on each plate 

 

> 10 

 

 

7 Z-factor calculated on each plate with Flutamide C8 and SC  > 0.5 

 

8 R2 between Yc  and  𝑆𝑐
𝑛 for Flutamide ≤ 0.7 

   
 1102 

 1103 

Solvent/vehicle control and reference standards  1104 

24. For both prescreen and comprehensive runs, the same solvent/vehicle control and the reference 1105 

standards (reference chemicals, positive controls and negative controls) should be used. In addition, the 1106 

concentration of the reference standards should be the same. 1107 

Solvent control and vehicle control 1108 

25. The solvent used to dissolve test chemicals should solubilize the test chemical completely and should be 1109 

miscible with the assay medium. DMSO, water and ethanol (95% to 100% purity) are suitable solvents. In 1110 

case DMSO (CASRN 67-68-5) is used as solvent, the maximum concentration of DMSO during incubation 1111 

should not exceed 0.1% (v/v). Prior to the use of another solvent it should be tested for not causing cytotoxicity 1112 

of the cells and interference with the assay performance at exposure concentrations which simulate the 1113 

experimental conditions.  1114 
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26. The solvent used to dissolve the test chemicals should also be tested without dissolved test chemical.  1115 

For testing agonism, the solvent control (SC) contains assay medium plus the solvent. For testing antagonism, 1116 

the solvent control (SC) contains the assay medium plus the solvent and a fixed concentration of the agonist 1117 

reference chemical DHT (the EC50 concentration).  The vehicle control (VC) however contains the assay 1118 

medium plus the solvent but does not contain the fixed concentration of the agonist reference chemical.   1119 

 1120 

Reference chemicals 1121 

27. The agonist reference chemical is DHT and comprises a series of dilutions of eight concentrations 1122 

(Table 2 and 6).  1123 

28. The antagonist reference chemical is Flutamide and comprises a series of dilutions of eight 1124 

concentrations (Table 3 and 7). Each of the concentrations of the antagonist reference control is spiked with 1125 

a fixed concentration of the agonistic reference control DHT (EC50 concentration = 3.0*10-10 M). 1126 

29. The antagonist reference chemical for the specificity control is Flutamide where each concentration is 1127 

spiked with a 100X EC50 concentration of DHT.  It comprises a series of dilutions of eight concentrations 1128 

(Table 3 and 7).  1129 

 1130 

Positive control  1131 

30. The positive control for agonist studies is 17α-Methyltestosterone (Table 2).  1132 

31. The positive control for antagonist studies is Linuron (Table 3). This control is spiked with a fixed 1133 

concentration of the agonist reference chemical DHT (3.0*10-10 M). 1134 

 1135 

Negative control 1136 

32. The negative control for antagonist studies is Levonorgestrel (Table 3). This control is spiked with a 1137 

fixed concentration of the agonist reference chemical DHT (3.0*10-10 M). 1138 

 1139 

 1140 

Preparation of reference standards and the test chemicals 1141 

33. Reference standards (reference chemicals, positive controls, negative controls) and test chemicals are 1142 

dissolved in 100% DMSO (or an appropriate solvent). Appropriate (serial) dilutions should then be prepared 1143 

in the same solvent. Before being dissolved, all substances should be allowed to equilibrate to room 1144 

temperature. Freshly prepared stock solutions of the reference standards and the test chemicals should not 1145 

have noticeable precipitate or cloudiness.  1146 

34. Stock solutions of the reference chemicals (DHT and Flutamide) may be prepared in bulk and stored as 1147 

aliquots at -200C +/- 10C for up to 3 months    Once an aliquot is thawed, it can be stored at -200C +/- 10C  and 1148 

re-used (thawing/freezing) for up to 3 weeks.  Stock solutions of test chemicals should be prepared fresh 1149 

before each experiment.  1150 

35. Final dilutions of the reference standards and the test chemicals should be prepared fresh for each 1151 

experiment and used within 24 hours of preparation. 1152 

 1153 

 1154 

Solubility, Cytotoxicity and Range finding 1155 

36. Test chemicals shall be assessed at a maximum concentration of 0.1 M (stock solution).  When the 1156 

molecular weight of a test chemical cannot be calculated such as for multi constituent substances, polymers, 1157 

mixtures, UVCBs etc, the gravimetric method should be used starting from 50 mg/mL. 1158 
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37. The solubility protocol, as used in the validation study, can be found in referenced document (9).  Other 1159 

protocols can be used as long as it is shown that they are suitable by e.g. testing the proficiency substances. 1160 

The solubility of the test chemicals in the solvent of choice should be determined starting from a maximum 1161 

stock concentration of 0.1 M.  In case this concentration shows solubility problems, lower concentrations of 1162 

stock solutions should be prepared until the test chemicals are fully solubilized. Subsequently, solubility of 1163 

the test chemical should be assessed in assay medium at exposure concentrations (exposure concentration is 1164 

0.1% of the stock concentration, i.e. 0.1 mM).  1165 

38. During the prescreen run, 1:10 serial dilutions of the test chemical are tested. An appropriate refined 1166 

concentration range for test chemicals is derived from the prescreen results, to be tested during the 1167 

comprehensive runs. The dilution factor (DF) to be used for comprehensive testing should be as follows: in 1168 

case a positive response is observed, DF 3.3 is applied; in case only the highest tested concentration is above 1169 

the 10% threshold (in agonism testing) or below the 80% threshold (in antagonism testing), DF 2 is applied; 1170 

in case no response is observed, DF 5 is applied (see Tables 6 and 7).  1171 

39. Cytotoxicity testing is included in the agonist and antagonist test method protocols, and, is incorporated 1172 

in both the prescreen run and comprehensive runs. For the prescreen run, the lactate dehydrogenase (LDH) 1173 

leakage test in combination with qualitative visual inspection (microscopy) of cells following exposure to test 1174 

chemicals is used. For comprehensive testing, the qualitative visual inspection of cells is sufficient.  With 1175 

respect to the LDH leakage test, the concentration of the test chemical is regarded as cytotoxic when the 1176 

percentage LDH leakage is higher than 15% with respect to the positive control for cytotoxicity (0.01% of 1177 

Triton X-100). Other cytotoxicity tests can be used as long as it is shown that they are suitable by e.g. by 1178 

testing the proficiency substances. 1179 

 1180 

Test chemical exposure and Assay plate organisation 1181 

40. Following trypsination of a flask of confluent cultured cells, cells are re-suspended in assay medium at 1182 

1x105 cells/mL. One hundred µL of re-suspended cells are plated in the wells B1-G11 of a 96-well microtiter 1183 

plate. The remaining wells are filled with 200 µL of Phosphate Buffered Saline (PBS) (see Figures 1 and 2). 1184 

The plated cells are pre-incubated for 24 +/- 8 hours in a CO2 incubator (5% +/- 0.5% CO2, 370C+/- 20C, 1185 

humidified). 1186 

41. After pre-incubation, the condition of the cells is verified (contamination and confluence (microscopy)). 1187 

Only plates that show no contamination and have a minimum of 85% confluence in all the wells are used for 1188 

testing. Cells in the wells B1-G11 are exposed by the addition of 100 µL of assay medium containing 1189 

appropriate dilution series of the reference standards, the test chemicals, the solvent controls and cytotoxicity 1190 

controls (Table 6: agonist testing; Table 7: antagonist testing). 1191 

42. All reference standards, test chemicals and solvent controls are tested in triplicate whereas the 1192 

cytotoxicity control is tested six times. In Figure 1, the plate layout for agonist testing is given which is 1193 

identical for prescreen testing and comprehensive testing. In Figure 2, the plate layout for antagonist 1194 

prescreen testing is given. All exposed wells, except for the vehicle control wells (VC), contain a fixed 1195 

concentration of agonist reference chemical DHT (3.0*10-10 M). In Figure 3, the plate layout for antagonist 1196 

comprehensive testing is shown, including the specificity control test.   1197 

43. The 96-well microtiter plates should be incubated for another 24 +/- 2  hours in a CO2 incubator (5% 1198 

+/- 0.5% CO2, 370C +/-20C, humidified). After incubation, the plates are visually inspected for cytotoxicity 1199 

and contamination.  One hundred µl of the exposure medium from each well is transferred to another plate to 1200 

be used for the cytotoxicity test (paragraph 40).  The remaining 100 µl of exposure medium in the well is 1201 

removed in order to expose the cells in the wells to lysis substrate (paragraph 45) for measuring luminescence. 1202 



OECD/OCDE                                 458 

 

45 

 

Plate 1

1 2 3 4 5 6 7 8 9 10 11 12

A

B Triton X-100 SC C1 DHT C2 DHT C3 DHT C4 DHT C5 DHT C6 DHT C7 DHT C8 DHT PC

C Triton X-100 SC C1 DHT C2 DHT C3 DHT C4 DHT C5 DHT C6 DHT C7 DHT C8 DHT PC

D Triton X-100 SC C1 DHT C2 DHT C3 DHT C4 DHT C5 DHT C6 DHT C7 DHT C8 DHT PC

E Triton X-100 SC C1 C2 C3 C4 C5 C6 C7 C8 NC

F Triton X-100 SC C1 C2 C3 C4 C5 C6 C7 C8 NC

G Triton X-100 SC C1 C2 C3 C4 C5 C6 C7 C8 NC

H

Subsequent plates

1 2 3 4 5 6 7 8 9 10 11 12

A

B Triton X-100 SC C1 C2 C3 C4 C5 C6 C7 C8 C8 DHT

C Triton X-100 SC C1 C2 C3 C4 C5 C6 C7 C8 C8 DHT

D Triton X-100 SC C1 C2 C3 C4 C5 C6 C7 C8 C8 DHT

E Triton X-100 SC C1 C2 C3 C4 C5 C6 C7 C8 C8 DHT

F Triton X-100 SC C1 C2 C3 C4 C5 C6 C7 C8 C8 DHT

G Triton X-100 SC C1 C2 C3 C4 C5 C6 C7 C8 C8 DHT

H1203 
Figure 1:  Plate layout of the 96-well microtiter plates for prescreening and assessment of agonistic effect. 1204 

C(1-8) DHT  = series of dilutions (1-8, low-to-high concentrations) of reference chemical DHT 1205 
C(1-8)   = series of dilutions (1-8, low-to-high concentrations) of test chemical. 1206 
SC    = solvent control of the test chemical (the same solvent as in C (1-8). 1207 
PC   =  positive control 17α-Methyltestosterone. 1208 
NC  =  negative control Corticosterone 1209 
Grey cells:  = outer wells, filled up with 200 µL of PBS. 1210 
Triton X-100  = positive control for cytotoxicity  1211 

 1212 

 1213 

 1214 
Plate 1

1 2 3 4 5 6 7 8 9 10 11 12

A

B Triton X-100 SC C1 FLU C2 FLU C3 FLU C4 FLU C5 FLU C6 FLU C7 FLU C8 FLU VC

C Triton X-100 SC C1 FLU C2 FLU C3 FLU C4 FLU C5 FLU C6 FLU C7 FLU C8 FLU VC

D Triton X-100 SC C1 FLU C2 FLU C3 FLU C4 FLU C5 FLU C6 FLU C7 FLU C8 FLU VC

E Triton X-100 NC C1 C2 C3 C4 C5 C6 C7 C8 PC

F Triton X-100 NC C1 C2 C3 C4 C5 C6 C7 C8 PC

G Triton X-100 NC C1 C2 C3 C4 C5 C6 C7 C8 PC

H

Subsequent plates

1 2 3 4 5 6 7 8 9 10 11 12

A

B Triton X-100 SC C1 C2 C3 C4 C5 C6 C7 C8 C8 FLU

C Triton X-100 SC C1 C2 C3 C4 C5 C6 C7 C8 C8 FLU

D Triton X-100 SC C1 C2 C3 C4 C5 C6 C7 C8 C8 FLU

E Triton X-100 SC C1 C2 C3 C4 C5 C6 C7 C8 C8 FLU

F Triton X-100 SC C1 C2 C3 C4 C5 C6 C7 C8 C8 FLU

G Triton X-100 SC C1 C2 C3 C4 C5 C6 C7 C8 C8 FLU

H1215 
Figure 2:  Plate layout of the 96-well microtiter plates for antagonist prescreen testing 1216 

C(1-8) FLU  = series of dilutions (1-8, low-to-high concentrations) of reference chemical Flutamide (spiked with fixed  1217 
concentration DHT) 1218 

C(1-8)   = series of dilutions (1-8, low-to-high concentrations) of test chemical 1219 
NC  =  negative control Levonorgestrel (spiked with fixed concentration DHT) 1220 
PC   =  positive control Linuron (spiked with fixed concentration DHT) 1221 
SC = solvent control of the test chemical (the same solvent as in C (1-8) (spiked with fixed concentration DHT). 1222 
VC  = vehicle control (solvent control without the spiking with DHT). 1223 
Grey cells =     outer wells, filled up with 200 µL of PBS. 1224 
Triton X-100 =     positive control for cytotoxicity  1225 

 1226 
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 1227 

Plate 1

1 2 3 4 5 6 7 8 9 10 11 12

A

B Triton X-100 SC C1 FLU C2 FLU C3 FLU C4 FLU C5 FLU C6 FLU C7 FLU C8 FLU VC

C Triton X-100 SC C1 FLU C2 FLU C3 FLU C4 FLU C5 FLU C6 FLU C7 FLU C8 FLU VC

D Triton X-100 SC C1 FLU C2 FLU C3 FLU C4 FLU C5 FLU C6 FLU C7 FLU C8 FLU VC

E Triton X-100 NC C1 FLU 100 C2 FLU 100 C3 FLU 100 C4 FLU 100 C5 FLU 100 C6 FLU 100 C7 FLU 100 C8 FLU 100 PC

F Triton X-100 NC C1 FLU 100 C2 FLU 100 C3 FLU 100 C4 FLU 100 C5 FLU 100 C6 FLU 100 C7 FLU 100 C8 FLU 100 PC

G Triton X-100 NC C1 FLU 100 C2 FLU 100 C3 FLU 100 C4 FLU 100 C5 FLU 100 C6 FLU 100 C7 FLU 100 C8 FLU 100 PC

H

Subsequent plates

1 2 3 4 5 6 7 8 9 10 11 12

A

B Triton X-100 SC C1 C2 C3 C4 C5 C6 C7 C8 C8 FLU

C Triton X-100 SC C1 C2 C3 C4 C5 C6 C7 C8 C8 FLU

D Triton X-100 SC C1 C2 C3 C4 C5 C6 C7 C8 C8 FLU

E Triton X-100 SC C1 100 C2 100 C3 100 C4 100 C5 100 C6 100 C7 100 C8 100 C8 FLU

F Triton X-100 SC C1 100 C2 100 C3 100 C4 100 C5 100 C6 100 C7 100 C8 100 C8 FLU

G Triton X-100 SC C1 100 C2 100 C3 100 C4 100 C5 100 C6 100 C7 100 C8 100 C8 FLU

H

1228 
Figure 3:  Plate layout of the of the 96-well microtiter plates for antagonist comprehensive testing 1229 

including specificity control test 1230 

C(1-8) FLU =series of dilutions (1-8, low-to-high concentrations) of reference chemical Flutamide (spiked with EC50 1231 
 concentration DHT) 1232 

C(1-8) FLU 100 =series of dilutions (1-8, low-to-high concentrations) of reference chemical Flutamide (spiked with 100X EC50 1233 
 concentration DHT) 1234 

NC =  negative control Levonorgestrel (spiked with EC50 concentration DHT) 1235 
PC  =  positive control Linuron (spiked with EC50 concentration DHT) 1236 
SC = solvent control of the test chemical (the same solvent as in C (1-8) (spiked with EC50 concentration DHT). 1237 
VC = vehicle control (solvent control without the spiking with DHT). 1238 
C(1-8) = series of dilutions (1-8, low-to-high concentrations) of test chemical (spiked with EC50 concentration DHT)  1239 
C(1-8) 100  =  series of dilutions (1-8, low-to-high concentrations) of test chemical ((spiked with 100x EC50 concentration DHT) 1240 
Grey cells = outer wells, filled up with 200 µL of PBS. 1241 
Triton X-100 = positive control for cytotoxicity  1242 

 1243 

 1244 

Measurement of luminescence 1245 

44. There are several options for the measurement of luminescence.   The methods used during the 1246 

validation of the AR-CALUX® test method included either the use a commercial kit which could be either a 1247 

flash or a glow luminescence kit, or the preparation of the luminescence substrate in-house.  In any case, the 1248 

medium from the wells should be removed and the cells should be lysed following 24 hours of incubation to 1249 

measure luciferase activity. 1250 

45. For measuring the luminescence, a luminometer is required.  When transparent plates are used, the 1251 

luminometer has to be equipped with 2 injectors. The luciferase reaction is started by injection of the 1252 

substrate luciferin. The reaction is stopped by addition of 0.2 M NaOH to prevent carry over of luminescence 1253 

from one well to the other.  When a commercial kit is used, the specific instructions supplied with the kit 1254 

must be followed.  In case white plates are recommended, this will allow the use of a luminometer with one 1255 

injector.  1256 

46. Light emitted from each well is expressed as Relative Light Units (RLUs) per well.  1257 

 1258 

 1259 

  1260 
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Prescreen run for (ant)agonist testing 1261 

47. The prescreen analysis results are used to determine a refined concentration-range of test chemicals for 1262 

comprehensive testing. Evaluation of prescreen analysis results and the determination of the refined 1263 

concentration-range of test chemicals for comprehensive testing is described in depth in the agonist and 1264 

antagonist test method protocol (6). Here, a brief summary of the procedures for determining the 1265 

concentration range of the test chemicals for agonist and antagonist testing is given. See Tables 6 and 7 for 1266 

guidance of serial dilution design.  1267 

48. During the prescreen run, test chemicals should be tested using the dilution series as indicated in Tables 1268 

6 (agonism) and 7 (antagonism). All concentrations should be tested in triplicate wells according to the plate 1269 

layout as indicated in Figure 1 (agonism) or 2 (antagonism). 1270 

49. A prescreen run shall always be followed by a comprehensive run, regardless if the response observed 1271 

during the prescreen is positive or negative. One comprehensive run shall suffice for drawing a conclusion 1272 

following the decision criteria in Table 8.   1273 

 1274 

Selection of concentrations for assessment of (ant)agonist effects 1275 

50. Only results that fulfil the acceptance criteria (Table 4 and 5) are considered valid and allow evaluating 1276 

the response to test chemicals. In case one or more microtiter plates in a run fail to fulfil the acceptance 1277 

criteria, the respective microtiterplates should be tested again. In case the first plate containing the complete 1278 

series of dilutions of the reference chemical fails the acceptance criteria, the complete run (6 plates) has to 1279 

be tested again. 1280 

51. Determine the (lowest) concentration at which maximum induction (agonism) or inhibition (antagonism) 1281 

is observed and does not show cytotoxicity. The highest concentration of the test chemical to be tested in the 1282 

comprehensive run should be 3-times this selected concentration or a maximum exposure concentration of 1283 

0.1 mM. 1284 

52. A complete refined dilution series of the test chemical should be prepared with dilutions steps as 1285 

indicated in Table 6 and 7, starting with the highest concentration as determined above. 1286 

53. A test chemical that does not elicit any (ant)agonist effect, should be tested in the comprehensive run 1287 

starting with the highest, non-cytotoxic concentration identified during prescreening with dilutions steps as 1288 

indicated in Table 6 and 7.  1289 

 1290 

 1291 

Comprehensive run for agonist testing 1292 

54. Following the selection of the refined concentration ranges, test chemicals should be tested 1293 

comprehensively using the dilution series indicated in Table 6 (agonism).  All concentrations should be tested 1294 

in triplicate wells according to the plate layout as indicated in Figure 1 (agonism). 1295 

55. Only results that fulfil the acceptance criteria (Table 4) are considered valid and allow evaluating the 1296 

response to test chemicals. In case one or more microtiter plates in a run fail to fulfil the acceptance criteria, 1297 

the respective microtiterplates should be tested again. In case the first plate containing the complete series 1298 

of dilutions of the reference chemical fails the acceptance criteria, the complete run (6 plates) has to be tested 1299 

again. 1300 

 1301 

 1302 

  1303 
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Comprehensive run and specificity control test for antagonist testing 1304 

56. Following the selection of the refined concentration ranges, a test chemical shall be tested 1305 

simultaneously with a comprehensive test and a specificity control test (on the same plate), using the dilutions 1306 

series indicated in Table 7 (antagonism).  All concentrations should be tested in triplicate wells according to 1307 

the plate layout as indicated in Figure 3 (antagonism). 1308 

57. Only results that fulfil the acceptance criteria (Table 5) are considered valid and allow evaluating the 1309 

response of the test chemicals. In case one or more microtiter plates in an analysis series fail to fulfil the 1310 

acceptance criteria, the respective microtiterplates should be tested again. In case the first plate containing 1311 

the complete series of dilutions of the reference chemicals fails the acceptance criteria, the complete run (6 1312 

plates) has to be tested again.  1313 

 1314 

 1315 

Table 6: Concentration and dilutions of reference standards and test chemicals used for agonist testing 1316 
Reference DHT Controls Test chemical Prescreen Comprehensive 

conc. (M) in well conc. (M) in well  DF 10 DF 5 DF 3.3 DF 2 

C1 

C2 

C3 

C4 

C5 

C6 

C7 

C8 

1.0*10-11 

3.0*10-11 

1.0*10-10 

3.0*10-10 

1.0*10-09 

3.0*10-09 

1.0*10-08 

1.0*10-07 

PC 

NC 

SC 

1.0*10-07 

1.0*10-06 

0 

C1 

C2 

C3 

C4 

C5 

C6 

C7 

C8 

10,000,000 

x 

1,000,000 x 

100,000 x 

10,000 x 

1,000 x 

100 x 

10 x 

1 x 

31,250 x 

6,250 x 

1,250 x 

250 x 

50 x 

25 x 

5 x 

1 x 

3,000 x 

1,000 x 

300 x 

100 x 

30 x 

10 x 

3 x 

1 x 

128 x 

64 x 

32 x 

16 x 

8 x 

4 x 

2 x 

1 x 

PC - positive control (17α-Methyltestosterone) 1317 
NC - negative control (Corticosterone) 1318 
SC - test chemical solvent control 1319 
 1320 
 1321 
 1322 
 1323 
 1324 

Table 7:  Concentration and dilutions of reference standards and test chemicals used for antagonist testing 1325 
Reference Flutamide Controls Test chemical Prescreen Comprehensive 

conc. (M) in well conc. (M) in well  DF 10 DF 5 DF 3.3 DF 2 

C1 

C2 
C3 

C4 

C5 
C6 

C7 

C8 

1.0*10-08 

3.0*10-08 
1.0*10-07 

3.0*10-07 

1.0*10-06 
3.0*10-06 

1.0*10-05 

3.0*10-05 

PC 1.0*10-05 C1 

C2 
C3 

C4 

C5 
C6 

C7 

C8 

10,000,000 x 

1,000,000 x 
100,000 x 

10,000 x 

1,000 x 
100 x 

10 x 

1 x 

31,250 x 

6,250 x 
1,250 x 

250 x 

50 x 
25 x 

5 x 

1 x 

3,000 x 

1,000 x 
300 x 

100 x 

30 x 
10 x 

3 x 

1 x 

128 x 

64 x 
32 x 

16 x 

8 x 
4 x 

2 x 

1 x 

NC 1.0*10-06 

SC 0 

VC 0 

 

Supplemented agonist conc. 

(M in well) 

     

DHT  3.0*10-10 

Supplemented agonist conc. 

Specificity control (M in well) 

DHT 3.0*10-10 

PC - positive control (Linuron) 1326 
NC - negative control (Levonorgestrel) 1327 
SC - solvent control 1328 
VC -  vehicle control (does not contain fixed concentration of the agonist reference chemical) 1329 

  1330 
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ANALYSIS OF DATA   1331 

Normalisation of the data 1332 

58. Raw data derived from the luminometer are expressed as RLUs.  When the acceptance criteria are met, 1333 

as indicated in Table 4 and 5, the following calculation steps are performed to determine the required 1334 

parameters. The raw data should be transferred to the data analysis spreadsheet designed for prescreen or 1335 

comprehensive runs. 1336 

 1337 

For the agonist assay:  1338 

 Subtract the average RLU of the reference chemical's SC from each replicate of the raw data of the 1339 

reference chemical (DHT). 1340 

 Subtract the average RLU for the test chemical's SC from each replicate of the raw data of the test 1341 

chemicals.  1342 

 For each test chemical and the reference chemical DHT calculate  1343 

o the relative induction (Yic) at each concentration by setting the induction of the highest 1344 

concentration of DHT (C8) at 100%, i.e.  1345 

 1346 

𝑌𝑖𝑐 =
𝑅𝐿𝑈 𝑜𝑓 𝑡𝑒𝑠𝑡 𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙 (𝑖 𝑟𝑒𝑝𝑙𝑖𝑐𝑎𝑡𝑒) − 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝐿𝑈 𝑜𝑓 𝑆𝐶

𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝐿𝑈 𝑜𝑓 𝐷𝐻𝑇𝐶8  − 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝐿𝑈 𝑜𝑓 𝑆𝐶
× 100,    𝑖 = 1,2,3 1347 

 1348 

o the average of the relative inductions (Yc) over the 3 technical replicates, i.e. 1349 

     1350 

𝑌𝑐 = 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑌𝑖𝑐 1351 

 1352 

 1353 

For the antagonist assay: 1354 

 1355 

 Subtract the average RLU of the highest reference chemical concentration (FLU C8) from each replicate 1356 

of the raw data of the reference chemical (FLU).  1357 

 Subtract the average RLU of  FLU C8 from each replicate of the raw data of the test chemicals. 1358 

 Subtract the average RLU of FLU C8 from each replicate of the raw data of the SC. 1359 

 For each test chemical, and reference chemical FLU calculate  1360 

o the relative induction (Yic) at each concentration by setting the induction of the SC at 100%, i.e.  1361 

            1362 

𝑌𝑖𝑐 =
𝑅𝐿𝑈 𝑜𝑓 𝑡𝑒𝑠𝑡 𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙 (𝑖 𝑟𝑒𝑝𝑙𝑖𝑐𝑎𝑡𝑒) − 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝐿𝑈 𝑜𝑓 𝐹𝐿𝑈𝐶8

𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝐿𝑈 𝑜𝑓 𝑆𝐶 − 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝐿𝑈 𝑜𝑓 𝐹𝐿𝑈𝐶8
× 100,    𝑖 = 1,2,3 1363 

 1364 

o the average of the relative inductions (Yc) over the 3 technical replicates, i.e. 1365 

     1366 

𝑌𝑐 = 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑌𝑖𝑐 1367 

 1368 

Note: SC in the antagonist assay is assay medium spiked with DHT EC50 concentration 1369 

 1370 

 1371 
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For the specificity control test 1372 

 Apply the same calculation steps as above to obtain the relative induction at each concentration of the 1373 

test chemical's specificity control (Sic) and the average of the obtained relative inductions over 3 1374 

replicates (𝑆𝑐)  1375 

 In addition calculate the test chemical's normalized specificity control (𝑆𝑐
𝑛) by setting the C1 1376 

concentration of the test chemical's specificity control (Sc) at 100%, i.e. 1377 

 1378 

 1379 

𝑆𝑐
𝑛 = 100 ×

𝑆𝑐

𝑆𝑐1

,          𝑐 = 𝑐1, … , 𝑐8 1380 

 1381 

Cytotoxicity 1382 

59. For all test chemical concentrations, calculate the percentage LDH leakage with respect to the 1383 

cytotoxicity positive control 0.01% Trion X-100 (percentage set at 100%), according to the following 1384 

equation: 1385 

 1386 

% 𝐿𝐷𝐻 𝑙𝑒𝑎𝑘𝑎𝑔𝑒 =
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝐴𝑈 𝑡𝑒𝑠𝑡 𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙 − 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝐴𝑈 𝑆𝐶

𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝐴𝑈 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝐴𝑈 𝑆𝐶
× 100  1387 

 1388 

         Note: AU= absorbance unit  1389 

 1390 

In addition, qualitative visual inspection of the cells following exposure to the test chemicals shall 1391 

be carried out.   The test chemical is regarded cytotoxic at a specific concentration when: 1392 

 either the average percentage LDH leakage of the triplicate sample is higher than 15% with respect 1393 

to the positive control 1394 

 or, cytotoxicity is observed at visual inspection 1395 

 1396 

 1397 

Calculation of parameters 1398 

60. After the normalization of the data, apply a non-linear regression (variable slope, 4 parameters) to the  1399 

𝑌𝑖𝑐 data using  the following equation: 1400 

 1401 

 1402 

 1403 
x =  Log of dose or concentration 1404 
y =  Response (relative induction (%)) 1405 
Top =  Maximum induction (%) 1406 
Bottom =  Minimum induction (%) 1407 
LogEC50 =  Log of concentration at which 50% of maximum response is observed 1408 
HillSlope =  Slope factor of Hill slope 1409 
 1410 
 1411 
 1412 

61. For agonist testing, determine the EC10 and EC50 of the reference chemical, and, determine the EC10, 1413 

EC50, PC10, and PC50 of the test chemicals.  For antagonist testing, determine IC50 and IC20 of the reference 1414 

 
   HillSlopexLogEC

BottomTop
Bottomy

*50101
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chemical, and, determine the IC20, IC50, PC80, and PC50 of the test chemicals. To further characterise the 1415 

potency of a test chemical, the magnitude of the effect (agonism:  RPCmax; antagonism:  RPCmin) and the 1416 

concentration at which the effect occurs (agonism: PCmax; antagonism: PCmin) should be reported. In Figure 1417 

4 (agonism) and 5 (antagonism), a graphical representation of these parameters are given.   1418 
 1419 

 1420 
 1421 
 1422 
 1423 
 1424 
 1425 

 1426 
 1427 

Figure 4: Overview of parameters determined for a test chemical in the agonist assay. 1428 
EC10 = concentration of a test chemical at which 10% of its maximum response is observed. 1429 
EC50  = concentration of a test chemical at which 50% of its maximum response is observed. 1430 
PC10 =  concentration of a test chemical at which its response is equal to the EC10 of the reference chemical (REF 1431 

RPC10). 1432 
PC50  =  concentration of a test chemical at which its response is equal to the EC50 of the reference chemical (REF 1433 

RPC50). 1434 
PCmax  = concentration of a test chemical where the response is maximal (corresponding to  RPCmax) 1435 
REF EC50 = concentration of the reference chemical DHT at which 50% of its maximum response is observed 1436 

 1437 

 1438 

  1439 
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 1440 

 1441 
Figure 5: Overview of parameters determined for a test chemical in the antagonist assay. 1442 

IC20 = concentration of a test chemical at which 80% of its maximum response is observed (20% inhibition). 1443 
IC50  = concentration of a test chemical at which 50% of its maximum response is observed (50% inhibition). 1444 
PC80 =  concentration of a test chemical at which its response is equal to the IC20 of the reference chemical (REF RPC80). 1445 
PC50  =  concentration of a test chemical at which its response is equal to the IC50 of the reference chemical (REF RPC50) 1446 
PCmin  = concentration of a test chemical where the response is maximal (corresponding to RPCmin) 1447 
REF IC50 = concentration of the reference chemical at 50% of its maximum response 1448 

 1449 

 1450 

 1451 

62. For test chemicals, a full dose-response curve may not always be achieved due to e.g. cytotoxicity or 1452 

solubility problems. As such, the EC50 and EC10 cannot be determined in the agonist testing, and, the IC50 1453 

and IC20 cannot be determined in the antagonist testing.  Only the PC10, PC50 and PCmax (agonist) and the 1454 

PC80, PC50 and PCmin (antagonist) can be determined if possible. 1455 

63. Specificity of an antagonist response (i.e. being a true competitive antagonist) is determined as indicated 1456 

by the data interpretation criteria (Table 8). When interpreting the results of the specificity control, the two 1457 

dose response curves (Yc and 𝑆𝑐
𝑛) should be visually inspected and it should be verified whether the first 1458 

positive criterion for antagonist testing can be applied (see Table 8: 𝑆𝑐
𝑛 > 80% at all concentrations).  1459 

Otherwise, calculate the square of the correlation coefficient (R2) between the relative induction of the 1460 

standard response (𝑌𝑐) and the relative induction of the normalized specificity response (𝑆𝑐
𝑛 ) of a test 1461 

chemical.  The second positive criterion of the antagonist testing should be verified (see Table 8: R2 is ≤ 0.9).  1462 

Some caution should be applied as this criterion cannot be considered as 100 % definitive (as shown in the 1463 

AR-CALUX® validation study (5)). It may be influenced by the shape of the curves and by outliers. Expert 1464 

judgment may need to be applied.  1465 

 1466 
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 1468 
Figure 6: Representation of the relative induction of the standard response (𝑌𝑐) and the relative 1469 

induction of the normalized specificity response (𝑆𝑐
𝑛 ) of a true competitive antagonist (R2 < 0.9) 1470 

 1471 

Data interpretation criteria 1472 

64. For the interpretation of data and the decision whether a test chemical is considered positive or negative, 1473 

the following criteria are to be used: 1474 

 1475 

 1476 

Table 8:  Decision criteria 1477 

AGONISM  

Positive When the relative induction (Yc) of the test item is ≥ 10% (REF RPC10) for two or more 

consecutive concentrations. 

 

Negative  In all other cases 

 

ANTAGONISM  

Positive When the relative induction (Yc) of the test item is ≤ 80% (REF RPC80) for two or more 

consecutive concentrations and  

Either  

 the relative induction of the test item's normalised specificity control s𝑐
𝑛 > 80% at all 

concentrations 

 

or when the following two conditions are met: 

 the relative induction of the test item's normalised specificity control at the highest 

concentration s𝑐8
𝑛  is ≤ 80%, 

 the square of the correlation coefficient between the relative induction of the test 

item's normalized specificity control (s𝑐
𝑛) and the relative induction (Yc) (R2) is ≤ 0.9  

Negative In all other cases 

 1478 

 1479 

65. In addition to the dichotomous categorisation (Table 8), the potency measurements may be used for risk 1480 

assessment e.g. in the context of an IATA.  1481 

  1482 
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TEST REPORT  1483 

66. The test report should include the following information:  1484 

General information: 1485 

 Name and address of the sponsor, test facility and study director; 1486 

 Reference to TG 458 and to the test method 1487 

 Reference to the solubility method    1488 

 1489 

Demonstration of proficiency: 1490 

 Date and report number of the proficiency test performed and demonstration of reproducible 1491 

performance of the test method over time (e.g. monitor EC50 of the reference standards). 1492 

 1493 

Reference standards (reference chemical, positive and negative control) and Test chemical: 1494 

 Source, batch/lot number, expiry date, if available;  1495 

 Purity and chemical identity of impurities as appropriate and practically feasible; 1496 

 Physical appearance, water solubility, molecular weight and additional relevant physicochemical 1497 

properties to the extent available;  1498 

 Treatment prior to testing if applicable (e.g. warming); 1499 

 Storage conditions and stability to the extent available; 1500 

 Choice of solvent/vehicle for each test chemical and justification;  1501 

 1502 

Mono-constituent substance:  1503 

Chemical identification, such as IUPAC or CAS name, CAS number, SMILES or InChI code, structural 1504 

formula, purity, chemical identity of impurities, as appropriate and practically feasible.  1505 

 1506 

Multi-constituent substance, UVCBs and mixtures:  1507 

Characterised as far as possible by chemical identity (see above), quantitative occurrence and relevant 1508 

physicochemical properties of the constituents, to the extent available.  1509 

 1510 

 1511 

Solvents and reagents:   1512 
e.g DMSO, serum, luciferine substrate, water, medium 1513 

 Source, batch/lot number, expiry date;  1514 

 Purity and chemical identity of impurities as appropriate and practically feasible; 1515 

 Chemical identification, such as IUPAC or CAS name, CAS number, SMILES or InChI code, structural 1516 

formula, 1517 

Test method conditions:  1518 

 Cell line used, its source, storage and maintenance conditions, passage number and level of confluence 1519 

of cells used for testing; 1520 

 Cell counting method used for seeding prior to testing and measures taken to ensure homogeneous cell 1521 

number distribution; 1522 

 Luminometer used (e.g. model), including instrument settings.  Luciferase substrate used (product 1523 

name, supplier, lot); 1524 
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 Type of plates and their supplier and code; 1525 

 Application procedure and exposure time as specified in the protocol; 1526 

 List of the acceptance criteria to be met; 1527 

 Description of any modification of the test procedure. 1528 

Results:  1529 

 Tabulation of the following results for the reference standards 1530 

 For the reference standards: results of the application of the acceptance criteria;  1531 

 For the reference chemicals: EC10 and EC50 values for DHT, IC20 and IC50 values for Flutamide;  1532 

 Measure of error e.g. coefficient of variation obtained with the luminescence readings for all 1533 
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