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PREFACE 143 

Endocrine disruptors (EDs) are natural and man-made substances in the environment that 144 

interfere with the normal function of hormones in the endocrine system. Public health 145 

concerns have resulted largely from studies indicating that animal populations exposed to 146 

high levels of these substances have an increased incidence of reproductive and 147 

developmental abnormalities (EPA 1997: NAS 1999). In response to growing concerns about 148 

possible adverse health effects in humans exposed to such substances, the U.S. Congress 149 

enacted relevant provisions to safeguard public health in the Food Quality Protection Act 150 

(FQPA) of 1996 (Public Law [P.L.] 104-170) and the 1996 Amendents to the Safe Drinking 151 

Water Act (SDWA) (P.L. 104-182). These laws require the U.S. Enviromental Potection 152 

Agency (EPA) to develop and validate a screening and testing program to identify substances 153 

with endocrine disrupting activity. The EPA subsequently proposed an Endocrine Disruptor 154 

Screening Program (EDSP) (EPA 1998) and initiated efforts to standardize and validate test 155 

methods for inclusion in the EDSP. Validation is necessary to assess the usefulness and 156 

linitations of a test method for a specific proposed purpose, and to characterize the extent that 157 

test methods are sufficiently accurate and reprocible for their intended use (ICCVAM, 1997). 158 

In April 2000, the U.S. Environmental Protection Agency (EPA) nominated four types of in 159 

vitro test methods for detecting substances with potential endocrine disrupting activity for 160 

review by the Interagency Coordinating Committee on the Validation of Alternative Methods 161 

(ICCVAM). These included in vitro ER and AR binding and ER and AR TA test methods 162 

(EPA 2001; NIEHS 2001). The EPA also asked ICCVAM to develop performance standards 163 

that could be used to define acceptable in vitro ER and AR binding and TA assays. It was 164 

envisioned that these standards would be based on the performance of adequately validated 165 

in vitro ER- and AR-based assays.  166 

The National Toxicology Program (NTP) Interagency Center for the Evaluation of 167 

Alternative Toxicological Methods (NICEATM) subsequently prepared Background Review 168 

Documents that included all available information on each of the four types of test methods. 169 

In a public meeting, the independent international expert panel (Panel) reviewed the 170 

information on the 137 assays identified in the BRD and concluded that there were no 171 

adequately validated in vitro ER- or AR-based test methods. Based on recommendations 172 
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from the Panel, ICCVAM published a list of chemicals that should be used for validation of 173 

each of the four types of in vitro test methods, and essential test method components that 174 

should be included in each of the standardized test method protocols used for future 175 

validation studies (ICCVAM, 2003). ICCVAM recommended that the future performance 176 

criteria for performance standards for these methods should be based on test methods that 177 

have undergone adequate validation studies using the recommended validation chemicals and 178 

esssential test method components.  179 

This document provides proposed performance standards based on the results for a test 180 

method that has now undergone an independent international validation study. This test 181 

method, the LUMI-CELL BG1Luc4E2 ER TA Test Method (hereafter, BG1Luc ER TA test 182 

method) was nominated for validation study by Xenobiotics Detection Systems, Inc. (XDS, 183 

Durham, NC). ICCVAM and the Scientific Advisory Committee on Alternative 184 

Toxicological Methods (SACATM) recommended that the BG1Luc ER TA should be 185 

considered a high priority for interlaboratory validation studies based on the lack of 186 

adequately validated test methods and the regulatory and public health need for such test 187 

methods. NICEATM subsequently led and coordinated an international validation study with 188 

its counterparts in Japan (JaCVAM) and Europe (ECVAM) using laboratories sponsored by 189 

each validation organization. NICEATM organized a validation Study Management Team 190 

(SMT) to oversee the scientific aspects of the validation study and coordinated the day-to-191 

day activities among the participating laboratories. A representative from the recently 192 

established Korean Center for the Validation of Alternative Methods (KoCVAM) joined the 193 

SMT in 2010. 194 

Based on the results of this study, ICCVAM is now reviewing the validation status of this 195 

test method for identification of substances with in vitro ER agonist or antagonist activity. 196 

NICEATM and the ICCVAM Interagency Endocrine Disruptors Working Group (EDWG) 197 

prepared a draft BRD that provides a comprehensive description and the data from the 198 

validation study used to assess the accuracy and reliability of the BG1Luc ER TA test 199 

method (ICCVAM, 2011a).  200 

NICEATM will convene an international independent scientific peer review panel (Panel) 201 

that will meet in public on March 29-30, 2011. The Panel is charged with reviewing the draft 202 
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BRD for completeness, assessing the extent that established validation and acceptance 203 

criteria have been adequately addressed, and determining the extent that the data and 204 

information  support draft ICCVAM test method recommendations on the usefulness and 205 

limitations for the BG1Luc ER TA test method. The Panel will also evaluate these proposed 206 

performance standards.  207 

The Panel includes expert scientists nominated by ECVAM, JaCVAM, and KoCVAM. 208 

ICCVAM will consider the conclusions and recommendations of the Panel, along with 209 

comments from the public and SACATM, and then finalize the BRD and test method 210 

recommendations. These will be forwarded to Federal agencies for their consideration and 211 

acceptance decisions where appropriate. The BG1Luc ER TA test method protocol and 212 

performance standards will also be forwarded to the OECD Test Guidelines Programme for 213 

consideration and adoption as international testing guidelines.  214 

We gratefully acknowledge the organizations and scientists who generated and provided data 215 

and information for this document, especially the staff at the participating validation 216 

laboratories at XDS, Inc in Durham, North Carolina, Hyoshi Inc in Japan, and the In Vitro 217 

Methods Unit at ECVAM in Italy.We would also like to recognize the efforts of the 218 

individuals who contributed to its preparation, review, and revision. We thank Dr. David 219 

Hattan (U.S. Food and Drug Administration) for serving as Chair of the EDWG, as well as 220 

the members of the EDWG and ICCVAM representatives who subsequently reviewed and 221 

provided comments throughout the process leading to this draft BRD. We also want to thank 222 

Dr. Warren Casey, Deputy Director of NICEATM, for his excellent leadership and extensive 223 

efforts on this project. 224 

Staff from the NICEATM Support Contractor, Integrated Laboratory Systems, Inc.,are 225 

acknowledged for their  excellent scientific and operational support, including Drs. David 226 

Allen, Jon Hamm, and Steven Morefield, Patricia Ceger, Frank Deal,  Linda Litchfield, Mike 227 

Paris, Catherine Sprankle, and Linda Wilson. Finally, we want to thank Drs. Susanne 228 

Bremer, and Elise Grignard the EDWG liaisons from ECVAM and Dr. Hajime Kojima, the 229 

EDWG liaison from JaCVAM for their participation and support. 230 
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EXECUTIVE SUMMARY 244 

In January 2004, Xenobiotics Detection Systems, Inc. (XDS, Durham, NC) nominated their 245 

LUMI-CELL BG1Luc4E2 ER TA Test Method (hereafter, BG1Luc ER TA) to the National 246 

Toxicology Program Interagency Center for the Evaluation of Alternative Toxicological 247 

Methods (NICEATM) for an interlaboratory validation study. This method uses BG-1 cells 248 

(a human ovarian carcinoma cell line) that are stably transfected with an estrogen-responsive 249 

luciferase reporter gene to measure whether and to what extent a substance induces or 250 

inhibits TA activity via ER mediated pathways (Denison and Heath-Pagliuso 1998). Included 251 

in the nomination package were test results on 56 agonist and 16 antagonist substances out of 252 

the 78 reference substances previously recommended by the Interagency Coordinating 253 

Committee on the Validation of Alternative Methods (ICCVAM) (see Appendix A). These 254 

studies were funded primarily by a Small Business Innovation Research (SBIR) grant 255 

(SBIR43ES010533-01) from the National Institute of Environmental Health Sciences 256 

(NIEHS). 257 

The BG1Luc ER TA was considered by ICCVAM as a high priority for interlaboratory 258 

validation studies and NIEHS agreed to support this effort. NICEATM led and coordinated 259 

an international interlaboratory validation study with its counterparts at the Japanese Center 260 

for the Validation of Alternative Methods and the European Centre for the Validation of 261 

Alternative Methods. The BG1Luc ER TA was evaluated in four phases, during which the 78 262 

ICCVAM Recommended Substances were tested, using laboratories in the U.S. (XDS), 263 

Europe (ECVAM), and Japan (Hiyoshi Corporation [Hiyoshi]). 264 

Based on the results of this study, NICEATM and the ICCVAM Interagency Endocrine 265 

Disruptors Working Group (EDWG) developed draft performance standards, which are 266 

applicable to methods that are functionally and mechanistically similar to the BG1Luc ER 267 

TA. These performance standards can also be used by naïve laboratories to demonstrate 268 

technical proficiency in performing the BG1Luc ER TA. 269 
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Essential Test Method Components 270 
In order to be considered functionally and mechanistically similar to the BG1Luc ER TA, a 271 

modified ER TA test method protocol must include the following components to ensure that 272 

the same biological effect is being measured:  273 

• The test method should be based on a human ovarian adenocarcinoma cell line 274 

that expresses ER and uses a stably transfected luciferase based reporter gene 275 

system 276 

• Reference Standards, controls, and test substances should be dissolved in a 277 

solvent that is miscible with cell culture media at concentrations that are not 278 

cytotoxic and that do not otherwise interfere with the test system 279 

• The maximum test substance concentration should be 1 mM for ER TA agonist 280 

testing and 10 µM for ER TA antagonist testing unless otherwise limited by 281 

solubility, cytotoxicity, or other mechanisms that interfere with assay 282 

performance 283 

• A minimum of seven concentrations spaced at logarithmic (log10) intervals, up to 284 

the limit concentration, should be tested 285 

• An evaluation of cytotoxicity and how it is applied to the test method should be 286 

included  287 

• A reference estrogen and a reference anti-estrogenic should be used as reference 288 

standards to demonstrate the adequacy of the test method for detecting ER TA 289 

agonist and antagonist activity 290 

• The ability of the reference estrogen to induce ER TA activity and the reference 291 

anti-estrogen to inhibit ER TA activity should be demonstrated by generating a 292 

full concentration-response curve in each experiment that provides a minimum 293 

estrogenic induction of 3-fold and a minimum anti-estrogenic reduction of 3-fold 294 

• A set of concurrent controls (vehicle, weak agonist, weak antagonist, and 295 

reference estrogen in antagonist experiments) should be included  296 

• Reference substances that are positive for ER agonist activity should have a 297 

concentration response curve consisting of a baseline, followed by a positive 298 
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slope with a response amplitude of at least 20% of the average maximal value of 299 

the reference estrogen response 300 

• Reference substances are negative for agonist activity if all data points are below 301 

20% of the average maximal value of the reference estrogen response 302 

• Reference substances that are positive for ER antagonist activity should have a 303 

concentration response curve consisting of a baseline, followed by a negative 304 

slope with a bottom that is below 80% of the average maximal value of the 305 

reference estrogen response 306 

• Test substances are classified as negative for ER antagonist activity if all data 307 

points are greater than 80% of the average maximal value of the reference 308 

estrogen response 309 

Test method protocols should incorporate the essential components listed above. 310 

Modifications should be detailed and scientifically justified, and the modified test method 311 

should perform as well as or better than the BG1Luc ER TA. 312 

Reference Substances 313 
A subset of those reference substances that could be definitively classified as positive or 314 

negative for ER TA activity in the scientific literature and that were tested in the BG1Luc ER 315 

TA validation study (35 agonist and 10 antagonist substances) are recommended for test 316 

method validation. A range of chemical and product classes is included among the reference 317 

substances and these are representative of the classes commonly associated with endocrine 318 

disruption. 319 

Test Method Accuracy and Reliability 320 
When evaluated using these reference substances, the reliability and accuracy (i.e. sensitivity, 321 

specificity, false positive rates, and false negative rates) of a proposed ER TA test method 322 

should have accuracy and reliability characteristics that are equivalent to or exceed those of 323 

the BG1Luc ER TA test method when evaluated using the minimum list of recommended 324 

reference substances. Any differences should be discussed in terms of the test method’s 325 

ability to detect a similar range of potencies and chemical/product classes. 326 
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Using the Performance Standards 327 
Test method developers are encouraged to consult directly with ICCVAM before using these 328 

performance standards to conduct a validation study for a proposed test method. Developers 329 

are also encouraged to submit results of validation studies to ICCVAM for an evaluation of 330 

the validation status. Upon completing its evaluation in accordance with the ICCVAM 331 

Authorization Act (Public Law 106-545, 42 United States Code 285l-31

 335 

), ICCVAM will 332 

forward recommendations to ICCVAM agencies regarding the usefulness and limitations of 333 

the test method. 334 

                                                 
1 Available at http://iccvam.niehs.nih.gov/docs/about_docs/PL106545.pdf 
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1.0 Purpose and Background of Performance Standards 336 

1.1 Introduction 337 
Prior to the acceptance of a new test method for regulatory testing applications, validation 338 

studies are conducted to assess its reliability (i.e., the extent of intra- and interlaboratory 339 

reproducibility), and its relevance (i.e., the ability of the test method to correctly predict or 340 

measure the biological effect of interest) (OECD 1996, 2005; ICCVAM 1997, 2003). The 341 

purpose of performance standards is to communicate the basis by which new proprietary (i.e., 342 

copyrighted, trademarked, registered) and nonproprietary test methods have been determined 343 

to have sufficient accuracy and reliability for a specific testing purpose. These performance 344 

standards can then be used to evaluate the accuracy and reliability of other proposed test 345 

methods that are considered functionally and mechanistically similar to the accepted test 346 

method.  347 

1.2 Elements of ICCVAM Performance Standards 348 
Performance standards are based on an adequately validated test method and provide a basis 349 

for evaluating the comparability of a proposed test method that is mechanistically and 350 

functionally similar (ICCVAM 2003). The three elements of performance standards are: 351 

• Essential test method components: These consist of essential structural, 352 

functional, and procedural elements of a validated test method that should be 353 

included in the protocol of a proposed test method that is mechanistically and 354 

functionally similar to the validated method. Essential test method components 355 

include unique characteristics of the test method, critical procedural details, and 356 

quality control measures. 357 

• A minimum list of reference substances: Reference substances are used to assess 358 

the accuracy and reliability of a proposed mechanistically and functionally similar 359 

test method. These substances are a representative subset of those used to 360 

demonstrate the reliability and the accuracy of the validated test method, and are 361 

the minimum number that should be used to evaluate the performance of a 362 

proposed mechanistically and functionally similar test method. 363 
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• Accuracy and reliability values: These are the standards for accuracy and 364 

reliability that the proposed test method should meet or exceed when evaluated 365 

using the minimum list of reference substances. 366 

 367 

2.0 LUMI-CELL® (BG1Luc ER TA) Performance Standards 368 

2.1 Background 369 

The BG1Luc Estrogen Receptor (ER) Transcriptional Activation (TA) test method (BG1Luc 370 

ER TA) utilizes an ER responsive reporter gene (luc) in the human ovarian adenocarcinoma 371 

cell line, BG-1, to detect substances with in vitro ER agonist or antagonist activity. The 372 

primary objective of this test method is to provide a qualitative assessment of in vitro 373 

estrogenic activity (i.e., a substance is either positive or negative for estrogenic activity), but 374 

a quantitative analysis (i.e., EC50 or IC50) is also performed to provide additional information 375 

on the estrogenic potency of test substances. Separate protocols are used to identify 376 

substances possessing either ER agonist or antagonist activity, although the two protocols 377 

share most major components (see Appendices B and C). 378 

NICEATM coordinated and led an international validation study of the BG1Luc ER TA with 379 

its counterparts in Japan (JaCVAM) and Europe (ECVAM). The study proceeded in four 380 

phases, during which 78 reference substances were tested2

2.2 BG1Luc ER TA Essential Test Method Components and Other Validation 388 

Considerations 389 

 (see Appendix A). Results from 381 

this validation study served as the basis for the BG1Luc ER TA performance standards, 382 

which are applicable for assessing the validity of methods that are functionally and 383 

mechanistically similar to the BG1Luc ER TA. These performance standards can also be 384 

used by naïve laboratories to demonstrate technical proficiency in performing the BG1Luc 385 

ER TA. The performance standards consist of: (1) essential test method components, (2) 386 

reference substances, and (3) an assessment of accuracy and reliability. 387 

Certain principles are important in delineating the essential test method components that 390 

determine whether a modified test is functionally and mechanistically similar to the BG1Luc 391 
                                                 
2 (Insert URL for BRD when available) 
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ER TA. In vitro ER TA assays are designed to identify substances that might interfere with 392 

estrogenic homeostasis in vivo. The interaction of estrogens with cellular ER initiates a 393 

cascade of events and a number of in vitro endpoints can be used to assess ER-ligand 394 

interactions including receptor binding, cellular proliferation, and transcriptional activation 395 

(TA, reporter gene) assays. Unlike receptor binding assays, TA assays can identify whether 396 

ligand-receptor association potentiates (agonist) or inhibits (antagonist) estrogenic signaling.  397 

In the BG1Luc ER TA, ER-mediated transcription of the luc gene results in the production of 398 

luciferase, the activity of which is quantified using a luminometer. A concentration-response 399 

curve can be established to provide qualitative and quantitative information regarding the in 400 

vitro estrogenic activity of a test substance.  401 

2.2.1 Essential Test Method Components 402 

ICCVAM previously recommended minimum essential test method components for in vitro 403 

ER TA protocols (ICCVAM 2003). These components were incorporated into the BG1Luc 404 

ER TA protocols during a protocol standardization study, which was used to develop 405 

protocols for use in the international validation study (see Appendices B and C). During the 406 

multi-phased validation study, the protocols continued to be refined, ultimately resulting in 407 

optimized protocols for agonist and antagonist testing. In order to be considered functionally 408 

and mechanistically similar to the BG1Luc ER TA, a modified ER TA test method protocol 409 

must include the following components (that are based on the optimized test method 410 

protocols) to ensure that the same biological effect is being measured. If any of these criteria 411 

are not met, then these performance standards cannot be used for validation of the modified 412 

test method.  413 

2.2.1.1 Cell Line 414 
The BG1Luc ER TA test method is based on a human ovarian adenocarcinoma cell line that 415 

endogenously expresses ERα (90%) and ERβ (10%) (Pujol et al. 1998) and uses a stably 416 

transfected luciferase based reporter gene system. Other cell lines that express human ER that 417 

are stably transfected with a reporter gene system may be appropriate for validation using 418 

these performance standards. 419 
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2.2.1.2 Solvent 420 
Reference Standards, controls, and test substances should be dissolved in a solvent (e.g., 1% 421 

DMSO) that is miscible with cell culture media at concentrations that are not cytotoxic and 422 

that do not otherwise interfere with the test system.  423 

2.2.1.3 Limit Concentration and Cytotoxicity 424 
The maximum test substance concentration should be 1 mM for ER TA agonist testing and 425 

10 µM for ER TA antagonist testing unless otherwise limited by solubility, cytotoxicity, or 426 

other mechanisms that interfere with assay performance. A minimum of seven concentrations 427 

spaced at logarithmic (log10) intervals, up to the limit concentration, should be tested. An 428 

evaluation of cytotoxicity and how it is applied to the test method should be included in each 429 

study. Concentrations of test substances that reduce viability by greater than 20% should not 430 

be considered in the analysis of the data. 431 

2.2.1.4 Reference Standards 432 

A reference estrogen (e.g., 17β-estradiol [E2]) and a reference anti-estrogenic (e.g., 433 

raloxifene HCL) should be used as reference standards to demonstrate the adequacy of the 434 

test method for detecting ER TA agonist and antagonist activity respectively. The ability of 435 

the reference estrogen to induce ER TA activity and the reference anti-estrogen to inhibit ER 436 

TA activity should be demonstrated by generating a full concentration-response curve in each 437 

experiment. At a minimum, the E2 reference standard should provide a 3-fold induction 438 

relative to the solvent control. For antagonist testing, a minimum 3-fold reduction in the 439 

reference anti-estrogenic standard response (e.g., raloxifene HCL) should be demonstrated. 440 

2.2.1.5 Controls 441 
In each experiment a set of concurrent controls (i.e., solvent, cell culture media) should be 442 

included to provide a measure of ER TA activity in the absence of reference standards or test 443 

substances. A weak positive agonist control (e.g., p.p’-methoxychlor) with an EC50 five to six 444 

orders of magnitude higher than the reference estrogen should be included in each ER TA 445 

agonist study to demonstrate that the test method is functioning properly and is sufficiently 446 

sensitive to detect weak estrogen agonists. A weak positive antagonist control (e.g., 447 

tamoxifen) that demonstrates ER TA antagonist activity slightly below the 10 µM limit 448 

concentration should be included in each ER TA antagonist study to demonstrate that the test 449 
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method is functioning properly and is sufficiently sensitive to detect weak estrogen 450 

antagonists. In addition, ER TA antagonist studies should include a concurrent control using 451 

the reference estrogen (e.g., E2) to establish a baseline level of induction (~80% of E2 452 

maximum) against which antagonistic activity of test substances are assessed. 453 

2.2.1.6 Interpretation of Results 454 

For ER TA agonist testing: 455 

• All test substances classified as positive for ER TA agonist activity should have a 456 

concentration response curve consisting of a baseline, followed by a positive 457 

slope, and concluding in a plateau or peak. In some cases, only two of these 458 

characteristics (baseline-slope, or slope-peak) may be defined 459 

• The line defining the positive slope must contain at least three points with non-460 

overlapping error bars; points forming the baseline are excluded but the linear 461 

portion of the curve may include the peak or first point of the plateau  462 

• A positive classification requires a response amplitude, the difference between 463 

baseline and peak, of at least 20% of the average maximal value of the reference 464 

estrogen (see Figure 1 for an example of a concentration response curve for a 465 

substance that is positive for ER TA agonist activity) 466 

• If possible, an EC50 value should be calculated for each positive substance 467 

• For all concentration response curves that fail to meet the criteria for a positive 468 

response, test substances are classified as negative for agonist activity if all data 469 

points are below 20% of the maximal value for the reference estrogen 470 

 471 
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Figure 1 Example Concentration Response Curve for an ER TA Agonista,b,c,d 472 

 473 

Abbreviations: E2 = 17β-estradiol; M = molar; RLU = relative light unit 474 
aHorizontal dotted line represents 20% of the maximum response of the E2 reference standard 475 
bTest substance shown is p,p’-methoxychlor. 476 
cE2 reference standard data is presented as the mean value of duplicate wells. 477 
dp,p’,methoxychlor data is presented as the mean and SD values of three replicate wells. 478 
 479 

For ER TA antagonist testing: 480 

• Positive classification of ER antagonist activity should have a concentration 481 

response curve consisting of a baseline, followed by a negative slope.  482 

• The line defining the negative slope must contain at least three points with non-483 

overlapping error bars; points forming the baseline are excluded but the linear 484 

portion of the curve may include the first point of the plateau.  485 
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• A positive classification requires a response amplitude, the difference between 486 

baseline, established by the reference estrogen, and bottom, of less than 80% of 487 

the value for the reference estrogen  488 

• The highest non-cytotoxic concentrations of the test substance should be less than 489 

or equal to 10 µM (see Figure 2 for an example of a concentration response curve 490 

for a substance that is positive for ER TA antagonist activity).  491 

• Test substances are classified as negative for ER antagonist activity if all data 492 

points are above 80% of the reference estrogen response 493 

Figure 2 Example Concentration Response Curve for an ER TA Antagonista,b,c,d,e 494 

 495 
Abbreviations: M = molar; RLU = relative light unit 496 
aHorizontal dotted line represents 80% of the response of the 17β-estradiol reference estrogen 497 
bTest substance shown is p,p’-methoxychlor. 498 
cRal\E2 reference standard data is presented as the mean value of duplicate wells. 499 
dTamoxifen data is presented as the mean and SD values of three replicate wells. 500 
eAsterisked concentration of tamoxifen was cytotoxic. 501 
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 502 
 503 

2.2.1.7 Data and Reporting 504 
The validation report should include the following information: 505 

Reporter Plasmid (if different than used in BG1Luc ER TA) 506 

• Type and structure of ER response elements 507 

• Description of promoter region 508 

• Name, identification and source of original plasmid used to make construct  509 

• Description and methodology used to make the transfected plasmid  510 

• Nomenclature and genetic components comprising the reporter construct 511 

Cell Line 512 

• Source and nomenclature of the cell line and protocol for its maintenance before 513 

and after transfection  514 

• Source of cell culture media, materials, and supplies 515 

• Passage number of subcultures used in the study 516 

• Methods for maintaining stably transfected cell line  517 

• Methods used to monitor the stability of the cell line used for testing 518 

• Rationale, based on data, for deciding on the number of passages a cell line can 519 

undergo without a decrease in activity  520 

• Details regarding selection requirements needed for maintaining stable cell lines 521 

• If known, details regarding the relative amounts of ERα and ERβ  522 

Test Method Conditions 523 

• Composition of media and reagents used 524 

• Incubation volume, duration, and temperature 525 

• Method used to measure ER TA activity 526 

• Methods used to evaluate data, determine response, and calculate EC50 or IC50 527 

values 528 

Reference Standards, Controls, and Test Substances 529 
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• Name, chemical structure, CASRN, purity, supplier  530 

• Physicochemical properties relevant to the study (e.g., solubility, pH, stability, 531 

volatility)  532 

• Concentrations and volumes used 533 

Solvent 534 

• Name, CASRN, purity, and supplier 535 

• Justification for choice of solvent  536 

• Information on the solubility of test substances in solvent used 537 

• Information to demonstrate that the solvent, at the maximum volume used, is not 538 

cytotoxic and does not otherwise interfere with the study 539 

Criteria for an Acceptable Test 540 

• Concurrent reference standard and control data 541 

• Laboratory-specific historical ranges of reference standard and control data  542 

• Exclusion criteria should be defined and the impact of any excluded data should 543 

be described 544 

Results 545 

• Reference standard and control results 546 

• Test substance solubility results 547 

• Test substance cell viability results 548 

• Calculated reference standard and test substance EC50 and IC50 values  549 

• Graphically presented reference standard, control and test substance results  550 

Discussion of Results 551 

• Impact of solubility and cytotoxicity on test results 552 

• Reproducibility of reference standard and control data 553 

Conclusion 554 

• Classification of test substances with regard to in vitro ER TA agonist or 555 

antagonist activity 556 
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2.2.1.8 Other Validation Considerations 557 
Additional points to consider during the validation of test methods that are functionally and 558 

mechanistically similar to the BG1Luc ER TA test method are: 559 

• Appropriate quality assurance systems (i.e., in accordance with Good Laboratory 560 

Practice guidelines, e.g., OECD 1999; EPA 2006a, 2006b; FDA 2006) are 561 

required. 562 

• The study should be conducted according to U.S. (ICCVAM 1997) and 563 

international validation principles (OECD Guidance Document 34 [OECD 564 

2005]). 565 

2.3 Reference Substances for In Vitro ER TA Test Methods  566 

To ensure that a proposed in vitro ER TA test method possesses reliability and accuracy 567 

characteristics that are similar to the validated test method (i.e., BG1Luc ER TA), the agonist 568 

reference substances listed in Table 1 and the antagonist reference substances listed in Table 569 

2 should be used, at a minimum (see Appendix A). All substances should be tested in a 570 

coded/blinded manner. When evaluated using these reference substances, the reliability and 571 

accuracy (i.e. sensitivity, specificity, false positive rates, and false negative rates) of the 572 

proposed ER TA test method should approximate those of the validated ER TA test method, 573 

as detailed in Section 2.4. Although it is not realistic to expect test methods to perform 574 

identically, discordant results should be discussed in terms of the ability of the test method to 575 

detect a similar range of potencies and chemical/product classes.  576 

 577 

Table 1 35 Reference Substances for Evaluation of ER Agonist Accuracy 578 

Substance CASRN ICCVAM 
Consensus 

BG1Luc 
ER TA 

Consensus 

BG1Luc 
ER TA 

Mean EC50 
(M)a 

MeSH 
Chemical 

Classb 
Product Classc 

Ethyl paraben 120-47-8 POS POS 2.48 × 10-5 Carboxylic 
Acid, Phenol 

Pharmaceutical, 
Preservative 

Fenarimol 60168-88-9 POS POS 4.59 × 10-6 
Heterocyclic 
Compound, 
Pyrimidine 

Fungicide 

Kaempferol 520-18-3 POS POS 3.99 × 10-6 
Flavonoid, 

Heterocyclic 
Compound 

Natural Product 

Methyl testosterone 58-18-4 POS POS 3.29 × 10-6 Steroid Pharmaceutical, 
Veterinary Agent 
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Substance CASRN ICCVAM 
Consensus 

BG1Luc 
ER TA 

Consensus 

BG1Luc 
ER TA 

Mean EC50 
(M)a 

MeSH 
Chemical 

Classb 
Product Classc 

Chrysin 480-40-0 POS POS 3.20 × 10-6 
Flavonoid, 

Heterocyclic 
Compound 

Natural Product 

p-n-Nonylphenol 104-40-5 POS POS 3.06 × 10-6 Phenol Chemical 
Intermediate 

Dicofol 115-32-2 POS POS 2.22 × 10-6 

Hydrocarbon 
(Cyclic), 

Hydrocarbon 
(Halogenated) 

Pesticide 

Butylbenzyl phthalate 85-68-7 POS POS 1.98 × 10-6 
Carboxylic 
Acid, Ester, 

Phthalic Acid 

Plasticizer, 
Industrial 
Chemical 

p,p’- Methoxychlor 72-43-5 POS POS 1.92 × 10-6 Hydrocarbon 
(Halogenated) 

Pesticide, 
Veterinary Agent 

Apigenin 520-36-5 POS POS 1.85 × 10-6 Heterocyclic 
Compound 

Dye, Natural 
Product, 

Pharmaceutical 
Intermediate 

19-Nortestosterone 434-22-0 POS POS 1.80 × 10-6 Steroid Pharmaceutical, 
Veterinary Agent 

Daidzein 486-66-8 POS POS 8.71 × 10-7 
Flavonoid, 

Heterocyclic 
Compound 

Natural Product 

Bisphenol A 80-05-7 POS POS 5.33 × 10-7 Phenol 

Chemical 
Intermediate, 

Flame Retardant, 
Fungicide 

Kepone 143-50-0 POS POS 4.91 × 10-7 Hydrocarbon 
(Halogenated) Pesticide 

o,p’-DDT 789-02-6 POS POS 3.94 × 10-7 Hydrocarbon 
(Halogenated) Pesticide 

4-Cumylphenol 599-64-4 POS POS 3.20 × 10-7 Phenol Chemical 
Intermediate 

Genistein 446-72-0 POS POS 2.71 × 10-7 
Flavonoid, 

Heterocyclic 
Compound 

Natural Product, 
Pharmaceutical 

Bisphenol B 77-40-7 POS POS 1.67 × 10-7 Phenol 

Chemical 
Intermediate, 

Flame Retardant, 
Fungicide 

Coumestrol 479-13-0 POS POS 8.77 × 10-8 Heterocyclic 
Compound Natural Product 

4-tert-Octylphenol 140-66-9 POS POS 3.19 × 10-8 Phenol 

Chemical 
Intermediate, 

Pharmaceutical 
Intermediate 

17∝-Estradiol 57-91-0 POS POS 1.54 × 10-9 Steroid Pharmaceutical, 
Veterinary Agent 

Norethynodrel 68-23-5 POS POS 9.39 × 10-10 Steroid Pharmaceutical 

Estrone 53-16-7 POS POS 2.57 × 10-10 Steroid Pharmaceutical, 
Veterinary Agent 

Diethylstilbestrol 56-53-1 POS POS 3.34 × 10-11 Hydrocarbon 
(Cyclic) 

Pharmaceutical, 
Veterinary Agent 

meso-Hexestrol 84-16-2 POS POS 1.65 × 10-11 Steroid Pharmaceutical, 
Veterinary Agent 
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Substance CASRN ICCVAM 
Consensus 

BG1Luc 
ER TA 

Consensus 

BG1Luc 
ER TA 

Mean EC50 
(M)a 

MeSH 
Chemical 

Classb 
Product Classc 

17ß-Estradiol 50-28-2 POS POS 8.37 × 10-12 Steroid Pharmaceutical, 
Veterinary Agent 

17∝-Ethinyl estradiol 57-63-6 POS POS 7.31 × 10-12 Steroid Pharmaceutical, 
Veterinary Agent 

Atrazine 1912-24-9 NEG NEG - Heterocyclic 
Compound Herbicide 

Bicalutamide 90357-06-5 NEG NEG - Amide Pharmaceutical 

Corticosterone 50-22-6 NEG NEG - Steroid Pharmaceutical 

Hydroxy Flutamide 52806-53-8 NEG NEG - Amide Pharmaceutical 

L-Thyroxine 51-48-9 POS NEG - Amino Acid Pharmaceutical, 
Veterinary Agent 

Linuron 330-55-2 NEG NEG - Urea Herbicide 

Phenobarbital 50-06-6 NEG NEG - 
Heterocyclic 
Compound, 
Pyrimidine 

Pharmaceutical, 
Veterinary Agent 

Spironolactone 52-01-7 NEG NEG - Lactone, 
Steroid Pharmaceutical 

Abbreviations: CASRN = Chemical Abstracts Service Registry Number; EC50 = half maximal effective concentration of a 579 
test substance; MeSH = U.S. National Library of Medicine’s Medical Subject Headings; NEG = negative; POS = positive. 580 
aMean EC50 calculated from values reported by the laboratories of the BG1Luc ER TA validation study. 581 
bSubstances were assigned into one or more chemical classes using the U.S. National Library of Medicine’s Medical Subject 582 
Headings (MeSH), an internationally recognized standardized classification scheme (available at: 583 
http://www.nlm.nih.gov/mesh). 584 
cSubstances were assigned into one or more product classes using the U.S. National Library of Medicine’s Hazardous 585 
Substances Database (available at: http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB) 586 
 587 

588 

http://www.nlm.nih.gov/mesh�
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB�
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Table 2 10 Reference Substances for Evaluation of ER Antagonist Accuracy 589 

Substance CASRN ICCVAM 
Consensus 

BG1Luc ER 
TA 

Consensus 

BG1Luc ER 
TA Mean 

IC50
 

(M)a 

MeSH 
Chemical 

Classb 
Product Classc 

Tamoxifen 10540-29-1 POS POS 8.17 × 10-7 Hydrocarbon 
(Cyclic) Pharmaceutical 

4-Hydroxytamoxifen 68047-06-3 POS POS 2.08 × 10-7 Hydrocarbon 
(Cyclic) Pharmaceutical 

Raloxifene HCl 82640-04-8 POS POS 1.19 × 10-9 Hydrocarbon 
(Cyclic) Pharmaceutical 

17∝- Ethinyl estradiol 57-63-6 NEG NEG - Steroid Pharmaceutical, 
Veterinary Agent 

Apigenin 520-36-5 NEG NEG - Heterocyclic 
Compound 

Dye, Natural 
Product, 

Pharmaceutical 
Intermediate 

Chrysin 480-40-0 NEG NEG - 
Flavonoid, 

Heterocyclic 
Compound 

Natural Product 

Coumestrol 479-13-0 NEG NEG - Heterocyclic 
Compound Natural Product 

Genistein 446-72-0 NEG NEG - 
Flavonoid, 

Heterocyclic 
Compound 

Natural Product, 
Pharmaceutical 

Kaempferol 520-18-3 NEG NEG - 
Flavonoid, 

Heterocyclic 
Compound 

Natural Product 

Resveratrol 501-36-0 NEG NEG - Hydrocarbon 
(Cyclic) Natural Product 

Abbreviations: CASRN = Chemical Abstracts Service Registry Number; IC50 = half maximal inhibitory concentration; 590 
MeSH = U.S. National Library of Medicine’s Medical Subject Headings; NEG = negative; POS = positive. 591 
aMean IC50 calculated from values reported by the laboratories of the BG1Luc ER TA validation study. 592 
bSubstances were assigned into one or more chemical classes using the U.S. National Library of Medicine’s Medical Subject 593 
Headings (MeSH), an internationally recognized standardized classification scheme (available at: 594 
http://www.nlm.nih.gov/mesh). 595 
cSubstances were assigned into one or more product classes using the U.S. National Library of Medicine’s Hazardous 596 
Substances Database (available at: http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB) 597 
 598 
2.3.1 Criteria for Selection of Reference Substances 599 

ICCVAM previously compiled a list of 78 substances that are recommended for use in 600 

validation studies for in vitro ER and androgen receptor (AR) binding and TA test methods 601 

(ICCVAM 2006). These substances were selected based on information contained in the 602 

ICCVAM BRDs for AR and ER binding and TA test methods (ICCVAM 2002a, 2002b, 603 

2002c, 2002d), as well as information obtained from publications reviewed or published after 604 

completion of the ICCVAM BRDs. Factors and criteria considered necessary for selecting 605 

referenence substances included: 606 

• A well-defined chemical structure 607 

http://www.nlm.nih.gov/mesh�
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB�
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• Comparatively low systemic toxicity 608 

• Good availablability from commercial sources 609 

• A concentration response range that could be measured or predicted by the test 610 

method 611 

• A minimal disposal cost 612 

Since the BG1Luc ER TA is used only to detect substances with in vitro ER TA agonist or 613 

antagonist activity, the following criteria were used to classify each reference substance with 614 

respect to ER TA agonist and antagonist activity: 615 

• A substance was classified as Positive (POS) if it was reported as positive in > 616 

50% of referenced ER TA studies.  617 

• A substance was classified as Negative (NEG) if it was reported as negative in all 618 

referenced ER TA studies (minimum of two studies were required for Negative 619 

classification).  620 

• A substance was classified as Presumed Positive (PP) if it was positive in 50% or 621 

less of referenced ER TA studies, or if it was reported positive in the single study 622 

conducted.  623 

• A substance was classified as Presumed Negative (PN) if it was reported negative 624 

in a single ER TA study.  625 

• Substances without data were classified as PP or PN based on other available 626 

information, including their known mechanism of action or their responses in 627 

other ER assays. 628 

Only those substances that could be definitively classified as POS or NEG were used to 629 

assess accuracy (substances classified as PP or PN were not considered when evaluating test 630 

method accuracy). Accordingly, this subset of substances was used to select the final list of 631 

reference substances listed in Tables 1 and 2. 632 

2.3.2 Characteristics of Selected Reference Substances 633 

A range of chemical and product classes is included among the reference substances and 634 

these are representative of the classes commonly associated with endocrine disruption. 635 
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Agonist and antagonist test method intralaboratory reproducibility was evaluated using nine 636 

and four substances respectively that were each tested three times on three separate days at 637 

each laboratory. Agonist and antagonist test method interlaboratory reproducibility was 638 

evaluated using 27 and 8 substances respectively that were tested at least once in each 639 

laboratory during the validation study. 640 

2.4 Accuracy and Reliability Performance Values 641 

The final elements of performance standards are the accuracy and reliability values (i.e., test 642 

method performance) that should be met or exceeded by the proposed test method when 643 

evaluated with the reference substances. Accuracy is defined as the closeness of agreement 644 

between a test method result and an accepted reference value. Reliability is the degree to 645 

which a test method can be performed reproducibly within and among laboratories over time 646 

(ICCVAM 2003). For these performance standards, the proposed test method should have 647 

accuracy and reliability characteristics that are equivalent to or exceed those of the BG1Luc 648 

ER TA test method when evaluated using the minimum list of recommended reference 649 

substances, which are detailed below. 650 

2.4.1 Test Method Accuracy 651 

The accuracy analysis using 35 ICCVAM reference substances in the BG1Luc ER TA 652 

agonist test method validation study indicated a concordance of 97% (34/35), sensitivity of 653 

96% (27/28), specificity of 100% (7/7), false positive rate of 0% (0/7), and false negative rate 654 

of 4% (1/28). 655 

The accuracy analysis conducted with the 10 reference substances in the BG1Luc ER TA 656 

antagonist test method validation study indicated an overall accuracy of 100% (10/10), 657 

sensitivity of 100% (3/3), specificity of 100% (7/7), false positive rate of 0% (0/7), and false 658 

negative rate of 0% (0/3). 659 

2.4.2 Test Method Reliability 660 

For the BG1Luc ER TA agonist test method, there was 100% agreement within each 661 

laboratory for each of the three repeat tests for nine reference substances tested in Phase 2 of 662 

the agonist validation study. When comparing results across laboratories for the nine 663 

substances noted above, there was 78% (7/9) agreement among the three laboratories for the 664 



DRAFT BG1Luc ER TA Performance Standards  February 1, 2011 
DO NOT CITE, QUOTE, OR DISTRIBUTE 

16 

substances. An additional 17 substances tested once in each laboratory for agonist activity 665 

produced a definitive result in at least two laboratories. There was agreement among the 666 

laboratories for 82% (14/17) of these substances. 667 

For the BG1Luc ER TA antagonist test method, there was 100% agreement within each 668 

laboratory for each of the three repeat tests for four reference substances tested in Phase 2 of 669 

the antagonist validation study. When comparing results across laboratories for these four 670 

substances, there was 100% agreement among the three laboratories for all four substances. 671 

An additional five substances tested once in each laboratory for antagonist activity produced 672 

a definitive result in at least two laboratories. There was agreement among the laboratories 673 

for 80% (4/5) of these substances. 674 

675 
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 761 

Table A-1 List of ICCVAM Recommended Substances for the Validation of In Vitro 762 
ED Test Methods 763 

Substance CASRN Purity Structure1 
MeSH 

Chemical 
Class2 

Product Class3 

Actinomycin D 50-76-0 99.7 

N

O

NHO

NH2

O

HN O

HN

O O

O

N

O

H

O N

O

N

NH

OO

O

N

O

H

ON

O

N

 

Heterocyclic 
Compound, 
Polycyclic 
Compound 

Laboratory 
Chemical, 
Pharmaceutical, 
Veterinary Agent 

Ammonium 
perchlorate 7790-98-9 ≥99.0 Cl

O

O-O

O
NH4

+

 

Amine, 
Onium 
Compound 

Industrial 
Chemical, 
Laboratory 
Chemical, 
Pharmaceutical 

4-
Androstenedione 63-05-8 ≥98.6 

O

O

H

H

H

 

Steroid Pharmaceutical 

4-Hydroxy 
androstenedione 566-48-3 99.6 

OH

O

O

H

H

H

 

Steroid Pharmaceutical 

Apigenin 520-36-5 ≥95.0 
O

OH

HO

OH

O

 

Heterocyclic 
Compound 

Dye, Natural 
Product, 
Pharmaceutical 
Intermediate 
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Substance CASRN Purity Structure1 
MeSH 

Chemical 
Class2 

Product Class3 

Apomorphine 58-00-4 99.8 

OHHO

N

 

Heterocyclic 
Compound 

Pharmaceutical, 
Veterinary Agent 

Atrazine 1912-24-9 98.0 

Cl

N

N

N

HN

HN

 

Heterocyclic 
Compound Herbicide 

Bicalutamide 90357-06-5 >99.5 

N
F F

F

HN

O
HO

S

O

O

F

 

Amide Pharmaceutical 

Bisphenol A 80-05-7 97.0 

OHHO  

Phenol 

Chemical 
Intermediate, 
Flame Retardant, 
Fungicide 

Bisphenol B 77-40-7 97.4 
OH

HO  

Phenol 

Chemical 
Intermediate, 
Flame Retardant, 
Fungicide 

2-sec-
Butylphenol 89-72-5 98.0 

OH  

Phenol 

Chemical 
Intermediate, 
Pesticide 
Intermediate, 
Plasticizer 
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Substance CASRN Purity Structure1 
MeSH 

Chemical 
Class2 

Product Class3 

Chrysin 480-40-0 99.8 
O

OH

HO

O

 

Flavonoid, 
Heterocyclic 
Compound 

Natural Product 

Clomiphene 
citrate 50-41-9 100.0 

O

HO

O

OH

OHO

HO

Cl

O

N

 

Amine, 
Carboxylic 
Acid, 
Heterocyclic 
Compound 

Pharmaceutical 

Corticosterone 50-22-6 ≥92.0 

O

H

H H

O

OH
HO

 

Steroid Pharmaceutical 

Coumestrol 479-13-0 98.0 

O OH

O

O

HO

 

Heterocyclic 
Compound Natural Product 

4-Cumylphenol 599-64-4 99.9 

OH
 

Phenol Chemical 
Intermediate 
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A-6 

Substance CASRN Purity Structure1 
MeSH 

Chemical 
Class2 

Product Class3 

Cyclohexamide 66-81-9 99.0 NH

O

O

OHH

O

 

Heterocyclic 
Compound 

Fungicide, 
Pharmaceutical, 
Veterinary Agent 

Cyproterone 
acetate 427-51-0 ≥98.0 

O

O

O

O

Cl

H

H

H

 

Steroid Pharmaceutical 

Daidzein 486-66-8 ≥97.5 

O

OH

O

HO

 

Flavonoid, 
Heterocyclic 
Compound 

Natural Product 

p,p’-DDE 72-55-9 99.0 

Cl

ClCl

Cl

 

Hydrocarbo
n 
(Halogenate
d) 

Pesticide 
Intermediate 

o,p’-DDT 789-02-6 98.9 

Cl

ClCl

Cl Cl  

Hydrocarbo
n 
(Halogenate
d) 

Pesticide 

Dexamethasone 50-02-2 99.0 

F

O

O

OHHO
OH

H

H

 

Steroid Pharmaceutical, 
Veterinary Agent 



DRAFT BG1Luc ER TA Performance Standards  11 January 2011 
DO NOT CITE, QUOTE, OR DISTRIBUTE 
 

A-7 

Substance CASRN Purity Structure1 
MeSH 

Chemical 
Class2 

Product Class3 

Dibenzo[a,h] 
anthracene 53-70-3 ≥97.0 

 

Polycyclic 
Compound 

Laboratory 
Chemical, 
Natural Product 

Dicofol 115-32-2 98.0 

OH

Cl

Cl

Cl

Cl Cl

 

Hydrocarbo
n (Cyclic), 
Hydrocarbo
n 
(Halogenate
d) 

Pesticide 

Diethylstilbestrol 56-53-1 ≥99.0 
HO

OH

 

Hydrocarbo
n (Cyclic) 

Pharmaceutical, 
Veterinary Agent 

5α-Dihydro 
testosterone 521-18-6 >99.0 

O

OH

H

H H

H  

Steroid Pharmaceutical 

17α-Estradiol 57-91-0 99.5 

HO

OH

H

H H

 

Steroid Pharmaceutical, 
Veterinary Agent 

17α-Ethinyl 
estradiol 57-63-6 ≥98.0 

OH

HO

HH

H

 

Steroid Pharmaceutical, 
Veterinary Agent 
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A-8 

Substance CASRN Purity Structure1 
MeSH 

Chemical 
Class2 

Product Class3 

17ß-Estradiol 50-28-2 98.0 

OH

HO

H

H H

 

Steroid Pharmaceutical, 
Veterinary Agent 

Estrone 53-16-7 99.0 

HO

O

H

H H

 

Steroid Pharmaceutical, 
Veterinary Agent 

Fenarimol 60168-88-9 99.5 

N N

OH

Cl

Cl

 

Heterocyclic 
Compound, 
Pyrimidine 

Fungicide 

Finasteride 98319-26-7 ≥98.0 

N
H

H
N

O

O
H

H

H H

 

Steroid Pharmaceutical 

Flavone 525-82-6 99.7 

O

O

 

Flavonoid, 
Heterocyclic 
Compound 

Natural Product, 
Pharmaceutical 

Fluoranthene 206-44-0 99.6 

 

Polycyclic 
Compound 

Industrial 
Chemical, 
Laboratory 
Chemical, 
Pharmaceutical 
Intermediate 
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A-9 

Substance CASRN Purity Structure1 
MeSH 

Chemical 
Class2 

Product Class3 

Fluoxymestrone 76-43-7 >99.0 

F

O

HO

OH

H

H

 

Steroid Pharmaceutical 

Flutamide 13311-84-7 100.0 
N+

H
N

-O

O

O

F

F F

 

Amide Pharmaceutical, 
Veterinary Agent 

Genistein 446-72-0 98.8 

OH

HO

O

OH

O

 

Flavonoid, 
Heterocyclic 
Compound 

Natural Product, 
Pharmaceutical 

Haloperidol 52-86-8 >99.0 

OH

N

C

O

F
 

Ketone Pharmaceutical, 
Veterinary Agent 

meso-Hexestrol 84-16-2 99.3 

HO

OH

 

Steroid Pharmaceutical, 
Veterinary Agent 

Hydroxy 
flutamide 52806-53-8 99.4 

N+

H
N

-O

O

O

F

F F

OH

 

Amide Pharmaceutical 
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A-10 

Substance CASRN Purity Structure1 
MeSH 

Chemical 
Class2 

Product Class3 

4-Hydroxy 
tamoxifen 68047-06-3 99.5 

N

OHO

 

Hydrocarbo
n (Cyclic) Pharmaceutical 

Kaempferol 520-18-3 99.0 

OOH

HO O

OH

OH  

Flavonoid, 
Heterocyclic 
Compound 

Natural Product 

Kepone 143-50-0 99.9 

O

Cl

Cl

ClCl Cl

Cl

Cl

Cl

Cl

Cl

 

Hydrocarbo
n 
(Halogenate
d) 

Pesticide 

Ketoconazole 65277-42-1 ≥98.0 
ON

O

N

N

N

O

Cl

O

Cl
H

 

Heterocyclic 
Compound Pharmaceutical 

Linuron 330-55-2 99.5 

H
N

N

O

Cl

Cl O

 

Urea Herbicide 
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A-11 

Substance CASRN Purity Structure1 
MeSH 

Chemical 
Class2 

Product Class3 

Medroxy 
progesterone 
acetate 

71-58-9 99.0 

O

O

O

O

H

H H

 

Steroid Pharmaceutical 

p,p’- 
Methoxychlor 72-43-5 99.1 

Cl

OO

Cl

Cl

 

Hydrocarbo
n 
(Halogenate
d) 

Pesticide, 
Veterinary Agent 

Mifepristone 84371-65-3 99.1 

N

O

OH

H

H

H

 

Steroid Pharmaceutical 

Morin 480-16-0 95.3 

O

O

OH

HO

OH

OH

OH

 

Flavonoid. 
Heterocyclic 
Compound 

Dye, Natural 
Product, 
Pharmaceutical 
Intermediate 

Nilutamide 63612-50-0 100.0 
N

HN

N+

O

O-

OO

F

F

F

 

Heterocyclic 
Compound, 
Imidazole 

Pharmaceutical 

p-n-Nonylphenol 104-40-5 99.6 

OH

 

Phenol Chemical 
Intermediate 
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A-12 

Substance CASRN Purity Structure1 
MeSH 

Chemical 
Class2 

Product Class3 

Norethynodrel 68-23-5 ≥95.0 

O

OH

H

H H

 

Steroid Pharmaceutical 

19-
Nortestosterone 434-22-0 98.0 

O

OH

H

H

H

H

 

Steroid Pharmaceutical, 
Veterinary Agent 

4-tert-
Octylphenol 140-66-9 99.3 

OH  

Phenol 

Chemical 
Intermediate, 
Pharmaceutical 
Intermediate 

Oxazepam 604-75-1 99.5 

Cl

N

OH

O

NH

 

Heterocyclic 
Compound 

Pharmaceutical, 
Veterinary Agent 

Ethyl paraben 120-47-8 99.0 HO

O

O

 

Carboxylic 
Acid, 
Phenol 

Pharmaceutical, 
Preservative 

Phenobarbital 50-06-6 100.0 

O

ON
H

O

HN

 

Heterocyclic 
Compound, 
Pyrimidine 

Pharmaceutical, 
Veterinary Agent 

Phenolpthalin 81-90-3 95.0 

O

HO

OH

HO

 

Carboxylic 
Acid, Phenol 

Dye, Laboratory 
Chemical 



DRAFT BG1Luc ER TA Performance Standards  11 January 2011 
DO NOT CITE, QUOTE, OR DISTRIBUTE 
 

A-13 

Substance CASRN Purity Structure1 
MeSH 

Chemical 
Class2 

Product Class3 

Butylbenzyl 
phthalate 85-68-7 98.0 

O

O O

O

 

Carboxylic 
Acid, 
Phthalic 
Acid 

Pharmaceutical, 
Veterinary Agent 

Diethylhexyl 
phthalate 117-81-7 98.0 

O

O

O

O

 

Phthalic 
Acid 

Pesticide 
Intermediate, 
Plasticizer 

Di-n-butyl 
phthalate 84-74-2 ≥98.0 

O

O

O

O

 

Ester, 
Phthalic 
Acid 

Cosmetic 
Ingredient, 
Industrial 
Chemical, 
Plasticizer 

Pimozide 2062-78-4 >99.0 
N

N

F

F

OH
N

 

Heterocyclic 
Compound Pharmaceutical 

Procymidone 32809-16-8 99.0 
N

O

O

Cl

Cl

 

Polycyclic 
Compound Fungicide 



DRAFT BG1Luc ER TA Performance Standards  11 January 2011 
DO NOT CITE, QUOTE, OR DISTRIBUTE 
 

A-14 

Substance CASRN Purity Structure1 
MeSH 

Chemical 
Class2 

Product Class3 

Progesterone 57-83-0 ≥99.0 

O

H

H H

O

 

Steroid Pharmaceutical, 
Veterinary Agent 

Propylthiouracil 51-52-5 100.0 

O

N
H

S

HN

 

Heterocyclic 
Compound, 
Pyrimidine 

Pharmaceutical, 
Veterinary Agent 

Raloxifene HCl 82640-04-8 100.0 

S

O

HO

OH

O

N

HCl

 

Hydrocarbo
n (Cyclic) Pharmaceutical 

Reserpine 50-55-5 98.0 

N
H

N

O O
O

O

OO

O O
O

H

HH

 

Heterocyclic 
Compound, 
Indole 

Pharmaceutical, 
Veterinary Agent 

Resveratrol 501-36-0 ≥99.0 
OH

OH

HO  

Hydrocarbo
n (Cyclic) Natural Product 

Sodium azide 26628-22-8 99.7 Na+N-N+-N  
Azide, 
Salt 
(Inorganic) 

Chemical 
Intermediate, 
Fungicide, 
Herbicide 
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A-15 

Substance CASRN Purity Structure1 
MeSH 

Chemical 
Class2 

Product Class3 

Spironolactone 52-01-7 99.7 

O

O

O

H

H

H

S

O  

Lactone, 
Steroid Pharmaceutical 

Tamoxifen 10540-29-1 ≥99.0 

N

O

 

Hydrocarbo
n (Cyclic) Pharmaceutical 

Testosterone 58-22-0 >99.0 

O

OH

H

H H

 

Steroid Pharmaceutical, 
Veterinary Agent 

Methyl 
testosterone 58-18-4 99.0 

O

OH

H

H H

 

Steroid Pharmaceutical, 
Veterinary Agent 

12-O-
Tetradecanoyl 
phobol-13-
acetate 

16561-29-8 >99.5 
H

O

H

HO

O

O

O

O

H

OH

HO

 

Hydrocarbo
n (Cyclic) 

Laboratory 
Chemical 
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A-16 

Substance CASRN Purity Structure1 
MeSH 

Chemical 
Class2 

Product Class3 

L-Thyroxine 51-48-9 98.0 

O

O

I

I

I

I

HO

NH2

OH

 

Amino Acid Pharmaceutical, 
Veterinary Agent 

17ß-Trenbolone 10161-33-8 96.6 

O

OH

H

H

 

Steroid Pharmaceutical 

2,4,5-Trichloro-
phenoxyacetic 
acid 

93-76-5 99.3 

Cl Cl

ClO

O

HO

 

Carboxylic 
Acid Herbicide 

Vinclozolin 50471-44-8 99.5 N
O

O

O

Cl

Cl

 

Heterocyclic 
Compound Fungicide 

Abbreviations: Min. = Minimum; CASRN = Chemical Abstracts Service Registry Number; MeSH = U.S. 764 
National Library of Medicine’s Medical Subject Headings 765 
1Chemical structures were obtained from the EPA. 766 
2Substances were assigned into one or more chemical classes using the U.S. National Library of Medicine’s 767 
Medical Subject Headings (MeSH), an internationally recognized standardized classification scheme (available 768 
at: http://www.nlm.nih.gov/mesh). 769 
3Substances were assigned into one or more product classes using the U.S. National Library of Medicine’s 770 
Hazardous Substances Database (available at: http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB). 771 
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