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Preface 

Endocrine-active compounds (EACs) are both naturally occurring and synthetic substances. Some 
may, depending on the dose, interfere with the normal function of hormones in the endocrine system. 
In response to growing concerns about possible adverse health effects in humans exposed to such 
substances, sometimes referred to as endocrine disruptors (EDs), the U.S. Congress enacted relevant 
provisions in the Food Quality Protection Act of 1996 (7 U.S.C. 136) and the 1996 Amendments to 
the Safe Drinking Water Act (110 Stat 1613). In 1998, the U.S. Environmental Protection Agency 
(EPA) established the Endocrine Disruptor Screening Program (EDSP), a screening and testing 
program to identify substances with endocrine-disrupting activity. 

In 2000, the EPA requested that the National Toxicology Program (NTP) Interagency Center for the 
Evaluation of Alternative Toxicological Methods (NICEATM) and the Interagency Coordinating 
Committee on the Validation of Alternative Methods (ICCVAM) review the validation status of four 
types of test methods: 

• Estrogen receptor (ER) binding test methods 
• Androgen receptor (AR) binding test methods 
• Estrogen receptor transcriptional activation (ER TA) test methods 
• Androgen receptor transcriptional activation (AR TA) test methods 

In 2002, NICEATM prepared background review documents (BRDs) that included all available 
information on each of the four types of test methods (ICCVAM 2002d, 2002a, 2002c, 2002b). In a 
public meeting, an independent international expert panel (Panel) reviewed the 137 individual assays 
identified in the BRDs and concluded that there were no adequately validated in vitro ER- or AR-
based test methods. 

In 2004, Xenobiotic Detection Systems, Inc. (XDS; Durham, NC), nominated their LUMI-CELL ER 
test method (BG1Luc ER TA test method) to ICCVAM for an interlaboratory validation study. This 
in vitro test method uses BG-1 cells, a human ovarian carcinoma cell line that is stably transfected 
with an estrogen-responsive luciferase reporter gene, to measure whether and to what extent a 
substance induces or inhibits TA activity via ER-mediated pathways. ICCVAM considered the 
nomination a high priority. NICEATM subsequently coordinated an international validation study for 
the BG1Luc ER TA test method. Scientists from the European Centre for the Validation of 
Alternative Methods (ECVAM) and the Japanese Center for the Validation of Alternative Methods 
(JaCVAM) served as liaisons to the ICCVAM Interagency Endocrine Disruptor Working Group 
(EDWG).  

Following completion of the validation study, NICEATM, ICCVAM, and the EDWG prepared (1) a 
draft BRD that detailed the results of the validation study and described the validation status of the 
BG1Luc ER TA test method and (2) draft test method recommendations for usefulness and 
limitations, standardized protocols, future studies, and performance standards. ICCVAM released 
these documents to the public for comment prior to a meeting of an independent international 
scientific peer review panel (Panel). The Panel met in public session on March 29–30, 2011, and later 
prepared a report summarizing its conclusions and recommendations (ICCVAM 2011). The Panel 
report was provided to the Scientific Advisory Committee on Alternative Toxicological Methods 
(SACATM) along with the draft BRD, draft test method recommendations, and all public comments. 
A detailed timeline of the evaluation is included with this report. 

ICCVAM solicited and considered public comments and stakeholder involvement throughout the test 
method evaluation process. ICCVAM considered the SACATM comments, the conclusions of the 
Panel, and all public comments before finalizing the ICCVAM test method recommendations. The 
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recommendations and performance standards are incorporated in this ICCVAM test method 
evaluation report, and the BRD is provided as an appendix.  

This test method evaluation report provides ICCVAM’s recommendations regarding the usefulness 
and limitations of the BG1Luc ER TA test method for identifying potential agonist or antagonist 
substances that might interfere with normal estrogen activity. The report also summarizes the 
validation status of the BG1Luc ER TA test method and provides the ICCVAM-recommended 
protocols, future studies, and performance standards. As required by the ICCVAM Authorization Act 
(42 U.S.C. 285l-3), ICCVAM will forward its recommendations to U.S. Federal agencies for their 
consideration. Federal agencies must respond to ICCVAM within 180 days after receiving the 
ICCVAM test method recommendations. The ICCVAM report and recommendations are available to 
the public on the NICEATM–ICCVAM website (http://iccvam.niehs.nih.gov/). Agency responses 
will be made available on the website as they are received. 

We gratefully acknowledge the organizations and scientists who generated and provided data and 
information for this document, including the staff at the participating validation laboratories: XDS, 
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especially Dr. David Hattan (U.S. Food and Drug Administration Center for Food Safety and 
Nutrition) for serving as Chair of the EDWG. Integrated Laboratory Systems, Inc., the NICEATM 
support contractor, provided excellent scientific support, for which we thank Drs. David Allen, Jon 
Hamm, and Steven Morefield; Patricia Ceger; Frank Deal (until March 2011); Linda Litchfield; 
Michael Paris; Catherine Sprankle; and Linda Wilson. We thank Drs. Susanne Bremer and Elise 
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Executive Summary 

Background 
In April 2000, the U.S. Environmental Protection Agency (EPA) nominated four types of in vitro test 
methods for detecting substances with potential to interfere with the normal function of hormones in 
the endocrine system (i.e., endocrine disruptors [EDs]) for review by the Interagency Coordinating 
Committee on the Validation of Alternative Methods (ICCVAM).. ICCVAM then recommended that 
these methods undergo independent scientific peer review based on their potential interagency 
applicability and public health significance. The National Toxicology Program Interagency Center for 
the Evaluation of Alternative Toxicological Methods (NICEATM) compiled available data and 
information on the four types of in vitro test methods: estrogen receptor (ER) binding, androgen 
receptor (AR) binding, ER transcriptional activation (TA), and AR TA test methods. ICCVAM, the 
ICCVAM Interagency Endocrine Disruptor Working Group (EDWG), and NICEATM prepared four 
background review documents (BRDs) that detailed the available data and information needed to 
evaluate the current validation status of each of the four types of test methods (ICCVAM 2002d, 
2002a, 2002c, 2002b). 

In collaboration with ICCVAM and the EDWG, NICEATM organized an independent evaluation of 
these in vitro test methods. ICCVAM considered the international panel’s conclusions and 
recommendations, as well as public comments. ICCVAM then developed test method 
recommendations that included minimum procedural standards and a list of 78 reference substances 
that should be used to standardize and validate in vitro ER and AR binding and TA test methods 
(ICCVAM 2003a). 

In January 2004, Xenobiotic Detection Systems, Inc. (XDS; Durham, NC), nominated their LUMI-
CELL BG1Luc4E2 ER TA test method (hereafter BG1Luc ER TA test method) for an 
interlaboratory validation study. This method uses BG-1 cells (a human ovarian adenocarcinoma cell 
line) that are stably transfected with an estrogen-responsive luminescence (luciferase reporter) gene to 
measure whether and how much a substance induces (agonist) or inhibits (antagonist) TA activity via 
ER-mediated pathways (Rogers and Denison 2000; Rogers and Denison 2002). XDS included test 
results for 56 of the 78 ICCVAM reference substances for agonist activity and 6 of the 78 ICCVAM 
reference substances for antagonist activity. These studies were funded primarily by a Small Business 
Innovation Research grant (SBIR43ES010533-01) from the National Institute of Environmental 
Health Sciences (NIEHS). 

ICCVAM considered the BG1Luc ER TA test method to be a high priority for interlaboratory 
validation studies, and the NIEHS agreed to support the effort. NICEATM led and coordinated an 
international interlaboratory validation study with its counterparts at the European Centre for the 
Validation of Alternative Methods (ECVAM) and the Japanese Center for the Validation of 
Alternative Methods. The BG1Luc ER TA test method was evaluated in four phases, during which 
the 78 ICCVAM-recommended substances were tested at laboratories in the United States (XDS), 
Europe (ECVAM), and Japan (Hiyoshi Corporation). 

NICEATM, in conjunction with the EDWG, prepared this BRD, which summarizes the available data 
and information regarding the current validation status of the BG1Luc ER TA test method. 

BG1Luc ER TA Test Method Protocol 
The BG1Luc ER TA test method uses an ER-responsive luminescence (luciferase reporter) gene (luc) 
in the human ovarian adenocarcinoma cell line BG-1 to detect substances with in vitro ER agonist or 
antagonist activity. To help define the upper limit for test substance concentrations, scores for cell 
viability are assigned using visual observation of numbers (density) and shapes (morphology) of cells. 
ER-mediated transcription of the luc gene produces the luminescence enzyme luciferase, which 
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catalyzes the production of light from luciferin. The light is measured using a luminometer. In 
accordance with earlier ICCVAM recommendations, 17β-estradiol (E2) is used as the estrogen 
reference standard for agonist tests, and raloxifene is used as the anti-estrogenic reference standard 
for antagonist tests to demonstrate the adequacy of the BG1Luc ER TA test method. To provide 
qualitative and quantitative information regarding the in vitro estrogenic activity of a test substance, a 
concentration–response curve is established. To determine if a test substance is positive or negative 
for ER agonism or antagonism, criteria associated with the concentration–response curve are used. 
The advantages of using a luciferase reporter gene system are low background, high sensitivity, 
speed, and a wide dynamic range. 

Substances Used in the Validation Study 
To assess the performance of four different test methods (ER TA and AR TA agonist and antagonist 
assays), ICCVAM developed a list of 78 recommended reference substances based on a review of the 
literature. Only those substances that could be definitively classified as positive or negative for ER 
TA activity (48 unique substances) were used to assess overall accuracy of the test method. Separate 
lists were generated to evaluate accuracy of the test methods for activities of agonists (42 substances: 
33 positive, 9 negative) and antagonists (25 substances: 3 positive, 22 negative). 

BG1Luc ER TA Test Method Accuracy 
The BG1Luc ER TA test method was evaluated for its ability to correctly identify ER agonists and 
antagonists. The BG1Luc ER TA test method was evaluated for accuracy based on a number of 
analyses, but the primary evaluation was based on two comparisons: (1) the extent to which the 
BG1Luc ER TA result corresponded to the ICCVAM reference classification for each substance and 
(2) the accuracy of the BG1Luc ER TA test method compared with the CERI-STTA (Chemicals 
Evaluation and Research Institute Stably Transfected Human Estrogen Receptor-α Transcriptional 
Activation) assay (OECD 2009).1

Of the 42 substances used to evaluate agonist accuracy, 17% (7/42) had “inadequate” testing results 
in the BG1Luc ER TA test method and were therefore excluded from the analysis. The remaining 
35 substances (28 positive, 7 negative) were used for evaluation. The BG1Luc ER TA test method 
produced the following results compared to the reference classifications for these 35 substances: 
concordance of 97% (34/35), sensitivity of 96% (27/28), specificity of 100% (7/7), a false positive 
rate of 0% (0/7), and a false negative rate of 4% (1/28). 

 The positive or negative classification of the BG1Luc ER TA test 
result for individual substances was assigned based on the majority result from the three participating 
laboratories (XDS, ECVAM, and Hiyoshi). 

The CERI-STTA assay is the only in vitro ER TA test method currently accepted by U.S. regulatory 
agencies for ER agonist testing. (No ER antagonist test methods are currently accepted by U.S. 
regulatory agencies.) BG1Luc ER TA and CERI-STTA data show identical levels of accuracy when 
the same 26 agonist reference chemicals were tested: concordance of 96% (25/26), sensitivity of 95% 
(21/22), specificity of 100% (4/4), a false positive rate of 0% (0/4), and a false negative rate of 5% 
(1/22). 

All 25 of the antagonist reference substances produced definitive results in the BG1Luc ER TA test 
method and yielded an overall concordance of 100% (25/25), sensitivity of 100% (3/3), specificity of 
100% (22/22), a false positive rate of 0% (0/22), and a false negative rate of 0% (0/3). 

Although the primary goal of the BG1Luc ER TA test method is to provide a qualitative assessment 
of estrogenic/anti-estrogenic activity, quantitative measures of activity (i.e., half-maximal effective 
[EC50] and half-maximal inhibitory concentration [IC50] values) are usually obtained for positive 

                                                 
1  The CERI-STTA assay (OECD 2009) uses the hERα-HeLa-9903 human cervical cancer cell line to detect estrogenic 

agonist activity mediated through human estrogen receptor alpha (hERα). 
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results. EC50 and IC50 values obtained from BG1Luc ER TA test results were highly correlated with 
median values from other ER TA test methods reported in the literature. BG1Luc ER TA test results 
also showed 97% (33/34) concordance with the ICCVAM reference classifications. The only 
discordant substance was positive in the BG1Luc ER TA test method and negative based on ER 
binding data. Similarly, BG1Luc ER TA agonist test results showed 92% (12/13) concordance with 
available data from the in vivo uterotrophic assay. The only discordant substance was positive in the 
BG1Luc ER TA test method and negative based on uterotrophic data. 

BG1Luc ER TA Test Method Reliability 

Intralaboratory Reproducibility 
Intralaboratory reproducibility (whether multiple tests of the same substance at a single laboratory 
produce the same results) of the BG1Luc ER TA agonist and antagonist test methods was assessed by 
comparing reference standard and control results for all plates tested within each laboratory during 
the course of the validation study. 

In the agonist test method, mean induction in each laboratory ranged from 4.6 to 7.8 fold, and E2 
reference standard EC50 values ranged from 8.0 × 10-12 to 1.1 × 10-11 M. In the antagonist test method, 
mean reduction ranged from 8.0 to 9.9 fold, and raloxifene reference standard IC50 values ranged 
from 1.1 × 10-9 to 1.3 × 10-9 M. 

Intralaboratory reproducibility for positive or negative classification was determined for each of the 
12 substances that were tested at least three times for agonist and antagonist activity during Phase 2 at 
each of the three laboratories. There was 100% agreement within each laboratory for each of the three 
repeat tests, for both agonists and antagonists, although the classifications for some of the test 
substances differed among the different laboratories. 

Interlaboratory Reproducibility 
Interlaboratory reproducibility (whether tests of a single substance run at different laboratories 
produce the same results) was determined using results from Phase 2 testing, during which 
12 substances were tested in at least three independent experiments for agonist and antagonist activity 
in each of the three laboratories. The three laboratories had 67% agreement (8/12) for agonist activity 
and 100% agreement (12/12) for antagonist activity. 

Interlaboratory reproducibility was also determined for 41 substances that were tested once for 
agonist and antagonist activity during Phase 3 testing at each of the three laboratories. Five of the 
41 substances produced inadequate results for agonist activity and could not be considered in the 
evaluation. Among the 36 remaining substances that produced a definitive test result in at least two 
laboratories, there was 100% agreement. All 41 substances produced definitive results for antagonist 
activity. The three laboratories agreed on 93% (38/41) of these substances. 

Animal Welfare Considerations 
The BG1Luc ER TA test method may be applicable for addressing the ER TA component of the U.S. 
EPA Endocrine Disruptor Screening Program (EDSP) Tier 1 screening battery. Although the EDSP 
currently includes an in vitro ER TA test method for ER agonist testing (i.e., the CERI-STTA 
method), currently no in vitro test methods are accepted for ER antagonist testing. Therefore, the 
BG1Luc ER TA test method provides an opportunity to reduce animal use in ED testing by 
identifying both ER agonist and antagonist substances. This information can be used as part of a 
weight-of-evidence approach to prioritize substances for additional investigation of ED activity in test 
methods that require animals. 

Regulators currently use the following three in vivo methods to assess the estrogenic potential of 
substances: rat uterotrophic assay, rat pubertal female assay, and fish short-term reproduction assay. 
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An additional test, the “in vitro” rat uterine cytosol ER binding assay, also requires the use of animals 
as a source of ER. Although the BG1Luc ER TA test method is not proposed as a direct replacement 
for any of these existing methods, it could be incorporated as part of a weight-of-evidence approach 
to reduce or eliminate the need to use animals for identifying substances with potential estrogenic or 
anti-estrogenic activity. 

Test Method Transferability 
Transferability of the BG1Luc ER TA test method was demonstrated based on results of the 
interlaboratory validation study detailed above. The primary practical considerations associated with 
the BG1Luc ER TA test method are the availability of the requisite cell line and the standard 
laboratory equipment necessary to conduct sterile cell culture procedures. The BG1Luc4E2 cell line 
is available upon request from Dr. Michael S. Denison, Department of Environmental Toxicology, 
University of California, Davis. The level of training, expertise, and time needed to conduct the 
BG1Luc ER TA test method should be similar to that needed for the currently accepted CERI-STTA 
method. 

ICCVAM Test Method Recommendations 
ICCVAM considered the data and analysis provided in this BRD and developed recommendations on 
the usefulness and limitations of the BG1Luc ER TA test method as a screening test to identify 
substances with ER agonist and antagonist activity. ICCVAM also developed recommendations for a 
standardized test method protocol, proposed future studies, and performance standards.  
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1.0 Introduction  

1.1 Objective 

The objective of this validation study was to assess the accuracy and reliability of the BG1Luc4E2 
estrogen receptor (ER) transcriptional activation (TA) test method (hereafter BG1Luc ER TA test 
method) for the qualitative detection of substances with ER agonist or antagonist activity. 

1.2 Public Health Perspective 

Endocrine disruptors (EDs) interfere with the function of hormones in the endocrine system, which 
can lead to abnormal growth, development, or reproduction (Ankley et al. 1998; Baker 2001; Brown 
et al. 2001; Combes 2000; Greim 2004; Kavlock 1999). Potential EDs are widespread in our 
environment and include both synthetic (e.g., pesticides, pharmaceuticals, industrial chemicals) and 
naturally occurring (e.g., plant products known as phytoestrogens) substances. A number of studies 
have indicated that animal populations exposed to high levels of these substances have an increased 
incidence of reproductive and developmental abnormalities (Guillette and Gunderson 2001; Kelly et 
al. 2009; Rozman et al. 2006; Segner 2005; Soin and Smagghe 2007; Sormo et al. 2006; Tyler et al. 
1998). 

Exposure of humans to EDs is also linked to adverse health outcomes such as altered reproduction 
and immune function, increased incidence of cancer, and increased incidence of obesity and 
associated complications such as cardiovascular disease and type 2 diabetes (Kavlock et al. 2006; 
Rozman et al. 2006; Tsai 2006; Whitten and Naftolin 1992; Whitten et al. 1992; Whitten et al. 1995; 
Whitten and Naftolin 1998; Whitten and Patisaul 2001). In light of the growing concern surrounding 
this important issue, the accurate and timely identification of potential EDs by the BG1Luc ER TA 
test method is an important aspect of protecting public health. 

1.3 Historical Background  

The Federal Food, Drug, and Cosmetic Act (21 U.S.C. 301 et seq.); the Food Quality Protection Act 
(7 U.S.C. 136); and the Safe Drinking Water Act (110 Stat 1613) all aim to identify potential 
endocrine disruptors and thereby protect humans and animals. The U.S. Environmental Protection 
Agency (EPA) was specifically required to “develop a screening program, using appropriate validated 
test systems and other scientifically relevant information, to determine whether certain substances 
may have an effect in humans that is similar to an effect produced by a naturally occurring estrogen, 
or such other endocrine effect as the Administrator may designate” (21 U.S.C. 346a[p][1]). In 1996, 
the EPA formed the Endocrine Disruptor Screening and Testing Advisory Committee (EDSTAC). 
This committee of scientists and stakeholders was charged by the EPA to provide recommendations 
on how to implement the EPA’s Endocrine Disruptor Screening Program (EDSP).  

In 1998, EDSTAC proposed a two-tier screening program (63 FR 71542), and the EPA accepted the 
recommendation. Tier 1 consists of in vivo and in vitro test methods. Its purpose is to identify the 
potential of chemicals to interact with the estrogen, androgen, or thyroid hormonal systems. A 
negative result in Tier 1 can signify minimal potential to cause endocrine disruption. A positive result 
necessitates further testing using in vivo methods in Tier 2. The purpose of Tier 2 is to more 
definitively identify and characterize the potential hazard to the endocrine system. Results from Tier 2 
testing can also be used in required risk assessment to further evaluate the potential for adverse health 
effects from exposure to the chemicals. The EPA describes the EDSP in detail on their website at 
http://www.epa.gov/scipoly/oscpendo/. 



ICCVAM BG1Luc ER TA Evaluation Report 

 C-30 

In April 2000, the EPA nominated four types of in vitro test methods for review by the Interagency 
Coordinating Committee on the Validation of Alternative Methods (ICCVAM):  

• Estrogen receptor (ER) binding test methods 
• Androgen receptor (AR) binding test methods 
• Estrogen receptor transcriptional activation (ER TA) test methods 
• Androgen receptor transcriptional activation (AR TA) test methods 

These types of test methods detect substances that may cause endocrine disruption (Combes 2000). In 
2001, ICCVAM recommended that these test methods should undergo independent scientific peer 
review based on their potential interagency applicability and public health significance. In response, 
the National Toxicology Program Interagency Center for the Evaluation of Alternative Toxicological 
Methods (NICEATM) compiled four separate comprehensive background review documents (BRDs) 
that included all available information on each of the four types of test methods (ICCVAM 2002d, 
2002a, 2002c, 2002b).  

In 2001, NICEATM collaborated with ICCVAM and the ICCVAM Interagency Endocrine Disruptor 
Working Group (EDWG) to organize an independent international peer review panel (Panel) meeting 
to assess the suitability of the 137 individual in vitro test methods identified in the BRDs. The Panel 
reviewed the information and draft ICCVAM recommendations and concluded that there were no 
adequately validated in vitro ER- or AR-based test methods. The Panel detailed their conclusions and 
recommendations in a final report (ICCVAM 2002e). 

ICCVAM considered the Panel’s conclusions and recommendations and all comments received.2

1.4 Nomination and Pre-Screen Evaluation of the BG1Luc4E2 ER TA Test Method 

 
ICCVAM then published test method recommendations for minimum essential test method 
components, along with a list of 78 ICCVAM reference substances that should be used to standardize 
and validate in vitro ER and AR binding and TA test methods (ICCVAM 2003a, 2006). Based on the 
lack of adequately validated test methods, coupled with the public health issues identified above, 
ICCVAM and the Scientific Advisory Committee on Alternative Toxicological Methods (SACATM) 
recommended the validation of in vitro endocrine disruptor screening methods as a high-priority 
activity (69 FR 54298). 

In January 2004, Xenobiotic Detection Systems, Inc. (XDS), nominated the LUMI-CELL BG1Luc 
ER TA test method for an interlaboratory validation study (Annex A). This method uses BG-1 cells, a 
human ovarian carcinoma cell line that is stably transfected with an estrogen-responsive luciferase 
reporter gene, to measure whether and to what extent a substance induces or inhibits TA activity via 
ER-mediated pathways (Rogers and Denison 2000; Rogers and Denison 2002). The nomination 
package included test results from XDS for 56 of the 78 ICCVAM reference substances for agonist 
activity and 16 of the 78 ICCVAM reference substances for antagonist activity. These studies were 
funded primarily by a Small Business Innovation Research (SBIR) grant (SBIR43ES010533-01) from 
the National Institute of Environmental Health Sciences (NIEHS). 

In accordance with the ICCVAM nomination process (ICCVAM 2003b), NICEATM conducted a 
pre-screen evaluation of the nomination package (Annex B) to determine (1) the extent to which it 
addressed the ICCVAM prioritization criteria (Section 1.5) and (2) how well it adhered to the 
ICCVAM recommendations for the standardization and validation of in vitro endocrine disruptor test 
methods (ICCVAM 2003b). Based on this evaluation, ICCVAM recommended the following: 

                                                 
2  Text of comments available at http://ntp-apps.niehs.nih.gov/iccvampb/searchPubCom.cfm?ftitle=02-26733. 
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• The BG1Luc ER TA test method should be considered a high priority for interlaboratory 
validation studies as an in vitro test method to detect test substances with ER agonist and 
antagonist activity. 

• Validation studies should include coordination and collaboration with the European Centre for the 
Validation of Alternative Methods (ECVAM) and the Japanese Center for the Validation of 
Alternative Methods (JaCVAM). Studies should include one laboratory in each of the three 
respective geographic regions (United States, Europe, Japan). 

• In preparation for the interlaboratory validation study, XDS should conduct protocol 
standardization studies with an emphasis on filling data gaps in the antagonist protocol for the 
BG1Luc ER TA test method.  

The mission of the National Toxicology Program (NTP) includes the development and validation of 
improved testing methods. As one of three NTP agencies, the NIEHS agreed to support the validation 
study.  

1.5 Basis for High Priority for Validation Studies  

NICEATM performs preliminary evaluations of all test method submissions and nominations and 
summarizes the extent to which the test methods meet the five ICCVAM prioritization criteria 
(ICCVAM 2003b). As noted in Section 1.4, ICCVAM assigned a high priority to conducting an 
interlaboratory validation study for the BG1Luc ER TA test method. This section details the rationale 
for this prioritization and summarizes more-recent national and international developments that 
further emphasize the need to develop and validate in vitro ER TA test methods like the BG1Luc ER 
TA test method.  

1.5.1 Criterion 1 

In keeping with ICCVAM’s prioritization criteria, NICEATM evaluates and summarizes the extent to 
which test methods are applicable to (1) regulatory testing needs and (2) multiple agencies/programs 
(ICCVAM 2003b). 

The EPA EDSP Tier 1 screening battery currently includes an ER TA test method, OPPTS 890.1300: 
Estrogen Receptor Transcriptional Activation (Human Cell Line [HeLa-9903]) (EPA 2009). The 
screening battery also provides for the use of other scientifically valid methods. Therefore, the 
BG1Luc ER TA test method may be applicable for addressing the ER TA component of the EPA 
EDSP Tier 1 screening battery. 

The NTP conducted the major health review of bisphenol A (BPA) that prompted widespread 
reconsideration of its use by industry and the introduction of such alternative products as the BPA-
free water bottle. Over the past decade, the NIEHS has made a substantial investment in research that 
focuses on endocrine disruptors. Endocrine disruption continues to be a focal point in NIEHS studies 
of commercial products that are in wide use, such as flame retardants and pesticides.  

The high-throughput evaluation of chemicals, which allows rapid screening of many substances, is an 
important aspect of many research and testing programs within government and industry. The 
BG1Luc ER TA test method is currently being evaluated by the National Institutes of Health (NIH) 
Chemical Genomics Center (NCGC) for its adaptability to a high-throughput screening format, which 
could be used to support high-throughput screening and testing programs.  

In response to requests by the U.S. House of Representatives and Senate Appropriations Committee, 
NICEATM and ICCVAM published a Five-Year Plan to do the following: 

• Research, develop, translate, and validate new and revised non-animal and other alternative 
assays for integration of relevant and reliable methods into Federal agency testing programs 
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• Identify areas of high priority for new and revised non-animal and alternative assays or batteries 
of those assays to create a path forward for the reduction, replacement, and refinement of animal 
tests when this is scientifically valid and appropriate (ICCVAM 2008; Poland et al. 2008; Stokes 
and Wind 2009) 

The evaluation of test methods for identifying endocrine-disrupting chemicals was identified as one 
of the priority activities for NICEATM–ICCVAM. 

The Organisation for Economic Co-operation and Development (OECD) has also made a substantial 
investment in research focusing on endocrine disruptors. In June 2002, the OECD Task Force on 
Endocrine Disrupters Testing and Assessment (EDTA) developed a conceptual framework for the 
testing and assessment of potential endocrine-disrupting substances (Gelbke et al. 2004; Hass et al. 
2004; OECD 2002a). Several international efforts are underway that include using weight-of-
evidence approaches to assess the endocrine-disrupting potential of commercial chemicals, as 
described in the conceptual framework. The following are prominent examples: 

• European Commission Registration, Evaluation, Authorisation and Restriction of Chemicals 
[REACH] Regulation (EC) 1907/2006 and Directive 2006/121/EC corrigendum 

• European Economic Community (EEC) Cosmetics Directive 76/768/EEC 
• EEC Plant Protection Products Directive 91/414/EEC 
• Japanese Extended Tasks on Endocrine Disruption [EXTEND 2010] program 

The BG1Luc ER TA test method could be used as part of a weight-of-evidence approach in such 
programs. 

It should be noted that individual U.S. and international agencies and programs must sanction the 
adoption of any test method. Discussion of the potential applicability of the BG1Luc ER TA test 
method in this BRD does not imply acceptance or adoption by any agency or program. 

1.5.2 Criterion 2 

ICCVAM’s second prioritization criterion gauges the extent to which proposed test methods are 
warranted based on (1) the extent of expected use or application and (2) the impact on human, animal, 
or ecological health (ICCVAM 2003b). 

Endocrine disruptors appear in a variety of products, including drugs (e.g., diethylstilbesterol), natural 
chemicals (e.g., genistein), and industrial chemicals (e.g., bisphenol A). Because of their ubiquitous 
uses, EDs are widespread in the environment. The association between exposure to EDs and adverse 
health effects in human and wildlife populations has led to worldwide concern. Health effects that 
have led to this concern include the following: 

• Global increases in endometriosis and hormone-responsive cancers (e.g., testicular and breast 
cancers) 

• Regional declines in sperm counts 
• Increased prevalence of obesity 
• Alterations to the onset of puberty 
• Increases in altered sex ratios in wildlife populations (IPCS 2002; Latendresse et al. 2009; 

Newbold 2008; Newbold et al. 2008; Newbold et al. 2009; Newbold 2010; vom Saal et al. 2007) 

Knowledge of these potential effects may reduce use of endocrine-disrupting chemicals, thereby 
decreasing the prevalence of associated reproductive and developmental issues. Several national and 
international programs are working to identify chemicals with endocrine-disrupting potential 
(Section 1.5.1), and the BG1Luc ER TA test method may be applicable to these programs. Depending 
on how it is used, an appropriate screen such as the BG1Luc ER TA test method may limit human 
and ecological exposure to EDs by identifying which chemicals are potential endocrine disruptors. 
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1.5.3 Criterion 3 

As part of ICCVAM’s third criterion, NICEATM evaluates the potential for the test method to 
reduce, refine, or replace animal use compared to current test methods accepted by regulatory 
agencies (ICCVAM 2003b). 

The BG1Luc ER TA test method does not directly reduce, refine, or replace animal use compared to 
the current in vitro OPPTS 890.1300 test method (EPA 2009). To assess the estrogenic potential of 
substances, regulators commonly use the following three in vivo test methods: (1) rat uterotrophic 
assay, (2) rat pubertal female assay, and (3) fish short-term reproduction assay. In addition, animals 
must be used in the “in vitro” rat uterine cytosol ER binding assay as sources of ER. Although the 
BG1Luc ER TA test method will not directly replace any of these existing methods, it could be 
incorporated as part of a weight-of-evidence approach to reduce or eliminate the need for testing in 
these animal models.  

1.5.4 Criterion 4 

ICCVAM prioritizes proposed test methods for review and evaluation based upon their potential to 
better predict adverse health or environmental effects compared to current test methods accepted by 
regulatory agencies (ICCVAM 2003b). 

When the BG1Luc ER TA validation study was initiated, no in vitro ER TA test methods were 
considered adequately valid for regulatory use. Today, only one in vitro ER TA test method is 
considered adequately validated by national and international agencies: the OECD Stably Transfected 
Human Estrogen Receptor-α Transcriptional Activation (STTA) Assay for the Detection of 
Estrogenic Agonist-Activity, described in OECD Chemicals Test Guideline (TG) 455 (OECD 2009). 
This method has been adopted by the EPA as part of the EDSP Tier 1 screening battery as OPPTS 
890.1300 (EPA 2009).  

The ER TA test method described in TG 455 uses HeLa-9903 cells, a human cervical carcinoma cell 
line in which human ERα and a reporter gene have been stably transfected. HeLa-9903 cells do not 
express endogenous ERα or ERβ. The BG1Luc ER TA test method may improve prediction of 
adverse health effects in humans because it uses a human cell line (BG-1) that endogenously 
expresses both ERα and ERβ (Park et al. 2009; Pujol et al. 1998; Rogers and Denison 2000; Zhou et 
al. 2005). BG-1 cells also express cofactors that may not be present in cells that do not express 
estrogen receptors (Marsaud et al. 2003; Shang et al. 2000; Webb et al. 1995).  

The biological significance of two ER subtypes is still being explored, but there is mounting evidence 
for a role of ERβ in a number of normal and abnormal physiologic processes (Brown et al. 2009; 
Foryst-Ludwig and Kintscher 2010; Harris 2007; Hayashi et al. 2003; Skliris et al. 2008; Weiser et al. 
2008). Although there are presently no known naturally occurring ERβ-specific substances, it is 
known that a number of substance types (e.g., isoflavones) are ERβ selective (Chrzan and Bradford 
2007; Escande et al. 2006; Kuiper et al. 1998; Mohler et al. 2010), with more potent responses 
through ERβ than through ERα (Chrzan and Bradford 2007; Kuiper et al. 1998). The BG1Luc ER TA 
test method, using cells that express both ERα and ERβ, allows for the potential detection of a wider 
range of substances than test methods that use cells expressing only the ERα receptor.  

The BG1Luc ER TA test method also differs from the STTA assay in its ability to identify substances 
that possess ER antagonist activity. This is important because ER antagonists have a number of 
potential clinical uses, such as the treatment of osteoporosis and breast cancers (Ball et al. 2009; 
Bowers et al. 2000; Komm et al. 2005; Mohler et al. 2010). In addition, there is concern that any 
environmental anti-estrogens could have a detrimental influence on development and reproductive 
capacity of wildlife (Chamness et al. 1979; Fry and Toone 1981; Jones and Hajek 1995; Morris et al. 
1967).  
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1.5.5 Criterion 5 

Preliminary evaluations also summarize the extent to which a test method provides other advantages 
(e.g., reduced cost and time to perform) compared to current methods (ICCVAM 2003b). 

The BG1Luc ER TA test method is a rapid in vitro method that can identify ER agonists and 
antagonists within approximately four days at a cost of a few thousand dollars per substance 
(Section 10.3). The test method also provides concentration–response activity and information on the 
potency of a substance relative to a reference estrogen or anti-estrogen. In vivo methods require 30 to 
60 days for completion and may cost many thousands of dollars (Section 10.3). The BG1Luc ER TA 
test method, used as a potential screen, may lead to cost and time savings compared to an in vivo test 
and could alleviate the ethical concerns raised by the use of animals. In contrast, the STTA test 
method provides a concentration response and information on the potency of a substance relative to a 
reference estrogen only. The uterotrophic assay provides a concentration response but is not generally 
used to determine relative potency. 

1.6 BG1Luc ER TA Test Method Protocol Standardization Study 

As a result of the high priority of validation studies, NICEATM initiated and managed the ICCVAM-
recommended study to standardize the BG1Luc ER TA test method agonist and antagonist protocols. 
The following essential test method components recommended by ICCVAM were incorporated in the 
protocols (ICCVAM 2003a): 

• Reference estrogen and associated TA response 
• Preparation of test substances and the volume of the administered solvent 
• Concentration range of test substances that should be tested 
• Solvent and positive controls 
• Number of within-test replicates 
• Methods for data analysis 
• Experiment acceptance criteria 
• Interpretation of results 

The agonist and antagonist protocols were then standardized.  

NICEATM evaluated the intralaboratory reproducibility and accuracy of the standardized protocols 
by testing a representative subset of the ICCVAM reference substances. Results of the protocol 
standardization study are provided in Annex C. 

1.7 Interlaboratory BG1Luc ER TA Validation Study 

NICEATM, which carries out independent validation studies consistent with the NTP mission, 
coordinated and led the international validation study with its counterparts in Europe (ECVAM) and 
Japan (JaCVAM). In 2009, NICEATM organized a Study Management Team (SMT) to oversee the 
scientific aspects of the validation study (Table 1-1). The SMT also directly coordinated the day-to-
day activities of the validation study with the assistance of the NICEATM support contractor.  

The BG1Luc ER TA test method was evaluated using laboratories in the United States (XDS), 
Europe (ECVAM), and Japan (Hiyoshi Corporation). The study proceeded in four phases 
(Figure 1-1). During Phase 1 of the validation, each of the three participating centers (ICCVAM, 
ECVAM, and JaCVAM) selected validation laboratories. The protocols were reviewed, and the 
laboratories demonstrated proficiency with the test method by successfully completing 10 replicate 
agonist and 10 replicate antagonist tests. In Phases 2 through 4 (Figure 1-1), the protocols were 
evaluated and refined, and 78 ICCVAM reference substances were tested (Section 3.0). Throughout 
the study, the SMT and NICEATM interacted to do the following: 
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• Ensure that the study adhered to the principles stated in OECD Guidance Document Number 34 
for prospective validation studies (OECD 2005) 

• Develop a Statement of Work for the laboratories 
• Determine timelines and deliverables 
• Arrange for purchasing, coding, and distributing test substances to the laboratories  
• Collect data from the laboratories and initiate statistical analyses  
• Evaluate the reproducibility of results at each phase and refine the protocols, if necessary, before 

proceeding to the next phase  
• Guide the study to conclusion and prepare documentation of the study  

Table 1-1 Study Management Team for the BG1Luc ER TA Validation Study 

Study Management Team Member Affiliation 

Dr. William Stokes NIEHS/NICEATM 

Dr. Warren Casey NIEHS/NICEATM 

Dr. Susanne Bremer ECVAM 

Dr. Elise Grignard ECVAM 

Dr. Hajime Kojima JaCVAM 

Dr. Atsushi Ono JaCVAM 

Dr. Soon Young Han KoCVAM 

Dr. David Allen ILS/NICEATM 

Ms. Patricia Ceger ILS/NICEATM 

Mr. Frank Deal (until March 2011) ILS/NICEATM 
Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; ILS = Integrated Laboratory 

Systems, Inc. (contract support staff for NICEATM); JaCVAM = Japanese Center for the Validation of Alternative 
Methods; KoCVAM = Korean Center for the Validation of Alternative Methods; NICEATM = National Toxicology 
Program (NTP) Interagency Center for the Evaluation of Alternative Toxicological Methods; NIEHS = National Institute 
of Environmental Health Sciences. 
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Figure 1-1 NICEATM/ECVAM/JaCVAM Validation Study Phases 

 
 

1.8 Scientific Basis for the BG1Luc ER TA Test Method 

The scientific basis of ER TA assays has been reviewed previously (Huet 2000; ICCVAM 2002d; 
OECD 2002b). Briefly, in vitro ER TA assays are designed to identify agonist or antagonist 
substances that might interfere with estrogen activity in vivo. Unlike receptor binding assays, TA 
assays can distinguish between agonist and antagonist activity. In vitro ER TA assays that are used to 
evaluate agonist activity are generally performed by quantifying the induction of a reporter gene 
product in response to activation of the ER by the test substance. In vitro ER TA assays that evaluate 
antagonist activity measure the ability of a test substance to inhibit the induction of the reporter gene 
product by a reference estrogenic substance. 

The interaction of estrogens with the ER in a cell initiates a cascade of events. A number of endpoints 
can be used to measure endocrine activity at the cellular level, including receptor binding, cellular 
proliferation, and transcriptional activation. Upon ligand binding, the ER undergoes a conformational 

PHASE 1: LABORATORY EVALUATION PHASE 
(ALL LABS) 
•Demonstrate initial laboratory proficiency, and establish 
test plate acceptance criteria for future assays 

•Refine protocols as necessary 
•Test reference standards and controls in 10 replicate 
(i.e., repeat) tests 

PHASE 2: LABORATORY PROFICIENCY PHASE 
(ALL LABS) 
•Refine protocols and repeat, if necessary, until reproducible 
results are achieved 

•Test 12 coded chemicals in three replicate (i.e., repeat) tests 
each 

PHASE 3: LABORATORY TESTING PHASE (ALL 
LABS) 
•Complete interlaboratory studies in three laboratories using 
optimized protocols 

•Test each of 41 coded chemicals one time 

PHASE 4: ADDITIONAL SUBSTANCES TESTING 
PHASE (XDS ONLY) 
•Test each of 25 coded chemicals one time  
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change that allows dissociation of co-repressor proteins and the recruitment of co-activator proteins. 
In vitro binding assays such as the rat uterine cytosol binding assay measure the ability of a test 
substance to displace estradiol from the ER. The ligand-bound ER complex dimerizes and binds to an 
estrogen response element (ERE) located upstream of genes under estrogen control. Binding alters the 
transcription of estrogen-controlled genes, which leads to the initiation or inhibition of cellular 
processes, including those necessary for cell proliferation, normal fetal development, and adult 
homeostasis.  

Transcriptional activation assays have several advantages over binding assays, including the 
following: 

• Performance at physiologically relevant temperatures 
• Measurement of biological response to receptor binding (i.e., RNA transcription and translation) 
• The ability to distinguish between an agonist and an antagonist 
• Detection of substances that initiate a transcriptional response in an indirect manner (Hall et al. 

2001; Tremblay et al. 1999) 

The BG1Luc ER TA test method is a transcriptional activation assay that uses a human cell line 
(BG-1) that endogenously expresses both ERα and ERβ. An ERE that is coupled to a luciferase 
reporter gene has been stably transfected into BG1 cells. Stable transfection is desirable for 
transcriptional activation assays (Carey et al. 2009) because:  

• The reporter gene is usually in a more stable configuration. 
• The reporter gene is usually present in a more natural copy number. 
• Cells that express the reporter gene have been selected for and clonally expanded, leading to 

increased reporter efficiency. 
• Stably transfected cells do not need to be transfected each time the assay is performed. 

Activation of the ER in response to estrogenic compounds drives transcription of the luciferase 
reporter, which is then quantified using a luminometer. 

The BG1Luc4E2 cell line is suitable for ED testing on account of several properties: 

• Endogenous expression of ERs and appropriate transcription machinery for hormone 
responsiveness 

• Large number of ERs (Baldwin et al. 1998) 
• High responsiveness to estrogens in vitro (Baldwin et al. 1998) 
• Low background activity of the reporter gene in estrogen-free medium (Rogers and Denison 

2002) 
• Estrogen receptor specificity (Rogers and Denison 2002) 

1.9 Range of Substances Amenable to the BG1Luc ER TA Test Method 

The BG1Luc ER TA test method can be applied to a wide range of substances, provided they can be 
dissolved in dimethyl sulfoxide (DMSO) and are not toxic to BG1Luc4E2 cells at concentrations of 
10 µM or less. Although other solvents may be used for this test method, DMSO was the solvent of 
choice for this validation study. The BG1Luc ER TA test method may be applicable to chemical 
mixtures. No mixtures, however, were evaluated in this validation study. Volatile substances may 
yield acceptable results if CO2-permeable plastic film is used to seal the test plates. No volatile 
substances were evaluated in this validation study. Substances with endogenous luminescence (Evans 
and Diepenhorst 1926), or those that naturally inhibit luciferase activity, cannot be used in this 
luciferase-based test method. 
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2.0 BG1Luc ER TA Test Method Protocol Components 

2.1 Overview 

The BG1Luc ER TA test method uses an estrogen-responsive reporter gene (luc) in the human 
ovarian adenocarcinoma cell line, BG-1, to detect substances with in vitro ER agonist or antagonist 
activity. Estrogen receptor-mediated transcription of the luc gene results in the production of 
luciferase, the activity of which is quantified using a luminometer (see Section 2.2.1). A 
concentration–response curve can be established to provide qualitative and quantitative information 
regarding the in vitro estrogenic activity of a test substance. The advantages of using a luciferase 
reporter gene system are low background, high sensitivity, speed, and a wide dynamic range. 

The primary objective of this test method is to provide a qualitative assessment of in vitro estrogenic 
activity (i.e., whether a substance is positive or negative for estrogenic activity). Quantitative analysis 
is also performed to provide additional information on the estrogenic potency of test substances. For 
example, quantitative analysis can determine the half-maximal effective concentration (EC50) or the 
half-maximal inhibitory concentration (IC50). Separate protocols are used to identify substances that 
possess ER agonist or antagonist activity, although the two protocols share most major components.  

In a 2003 evaluation, ICCVAM recommended minimum essential test method components for in 
vitro ER TA test method protocols (ICCVAM 2003a), which included the following considerations: 

• A reference standard should be included to demonstrate the adequacy of the test method for 
detecting ER agonists or antagonists. 

• Each study should include a set of concurrent solvent controls. 
• Each study should include an evaluation of cytotoxicity. 
• A weak positive agonist control with an EC50 two to three orders of magnitude higher than the 

reference estrogen should be included in each study to demonstrate that the test method is 
functioning properly and is sufficiently sensitive to detect weak estrogen agonists. 

• To demonstrate that the test method is functioning properly and is sufficiently sensitive to detect 
weak estrogen antagonists, each study should include a weak positive antagonist control that 
inhibits the reference estrogen response by 50% (IC50) at a concentration two to three orders of 
magnitude higher than the reference anti-estrogen. 

• The maximum test substance concentration should be 1 mM unless otherwise limited by 
solubility or cytotoxicity. 

• At least seven concentrations spaced at logarithmic (log10) intervals, up to the limit 
concentration, should be tested. 

• EC50 or IC50 values should be calculated for all positive substances when possible. 
• Protocols should contain established test plate acceptance criteria. 

The ICCVAM-recommended test method components were incorporated into the BG1Luc ER TA 
test method protocols during a protocol standardization study coordinated by NICEATM and 
conducted at XDS (Annex C). The goal of the standardization study, in which eight agonists and 
eight antagonists were tested, was to develop protocols for use in the ICCVAM-sponsored 
international validation study. Once the multiphase validation study was initiated, the protocols 
continued to be refined after each phase resulting in optimized protocols for agonist and antagonist 
testing (see Annexes E and F, respectively). The remainder of this section provides details on the 
essential test method components and the rationale for their inclusion in the optimized protocols. 
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2.1.1 General Procedural Overview 

Agonist and antagonist testing in the BG1Luc ER TA test method is conducted in three steps: 

1. Solubilization and dilution of test substances 

2. Range finder testing and selection of starting concentrations and dilution factors for test 
substances to be used in comprehensive testing 

3. Comprehensive testing, qualitative assessment of in vitro estrogenic activity, and, where 
appropriate, quantitative analysis to assess estrogenic or anti-estrogenic potency 

2.2 Materials 

2.2.1  BG1Luc4E2 Cells 

The BG-1 cell line, developed by Rogers and Denison (2000), is derived from immortalized human 
ovarian adenocarcinoma cells. The cell line has been used extensively to examine the estrogenic 
effects of chemicals (Baldwin et al. 1998; Park et al. 2009; Pujol et al. 1998; Rogers and Denison 
2000; Rogers and Denison 2002; Zhou et al. 2005; Zimniski et al. 1989). BG-1 cells endogenously 
express both human ERα and ERβ (Wong and Matsumura 2006), although ERα is the predominant 
isoform (90%) (Monje and Boland 2001; Pujol et al. 1998; Welshons et al. 1988). Rogers and 
Denison stably transfected BG-1 cells with a plasmid containing a firefly luciferase reporter gene 
under control of four estrogen response elements placed upstream of the mouse mammary tumor 
virus (MMTV) promoter. The resulting BG1Luc4E2 cell line expresses luciferase activity in response 
to estrogen and estrogen-like substances. While the MMTV promoter sequence used for the BG-1 
plasmid construct lacks the glucocorticoid-responsive elements normally present in this region 
(Garrison et al. 1996; Lee et al. 1984; Rogers and Denison 2000), the BG-1 developers examined 
possible cross-reactivity with other steroid and nonsteroid hormones. 

Progesterone, testosterone, all-trans retinoic acid, and thyroid hormone did not induce luciferase 
activity. Dihydrotestosterone (AR ligand) and dexamethasone (glucocorticoid receptor ligand) 
induced only a small degree of luciferase activity (Rogers and Denison 2000). Together, these results 
indicate that the BG1Luc4E2 cells exhibit only minor cross-reactivity with other ligands for members 
of the nuclear hormone receptor superfamily. 

XDS provided cryopreserved BG1Luc4E2 cells from their cell bank to ECVAM and Hiyoshi for the 
validation study. ECVAM and Hiyoshi propagated and cryopreserved multiple ampoules of cells to 
establish their working cell banks for use throughout the study. 

2.2.2 Cell Culture Reagents and Supplies  

The BG1Luc ER TA test method requires general cell culture materials, reagents, and supplies (see 
Annexes E and F [protocols] for formulations, and concentrations of solutions and media). The 
participating laboratories independently acquired cell culture materials, reagents, and supplies.  

The following reagents are used for cell culture procedures in the BG1Luc ER TA test method: 

• DMSO 
• Luciferase reagent 
• Phosphate-buffered saline (PBS) 
• Trypsin (2.5% v/v in PBS as a cell dissociation agent) 
• Gentamycin (G418) 
• Penicillin-streptomycin (Pen-Strep) 
• L-glutamine 
• Fetal bovine serum (FBS) 
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• Charcoal/dextran treated FBS 
• RPMI 1640 media containing L-glutamine 
• Dulbecco’s modified Eagle’s medium (DMEM) containing high glucose (4.5 g/L) and sodium 

pyruvate, without L-glutamine or phenol red. 

RPMI 1640, supplemented with Pen-Strep and FBS, is used for the routine maintenance of cell 
culture, for freezing cells, and for thawing cells. 

DMEM supplemented with charcoal/dextran treated FBS (to remove free hormones from sera), Pen-
Strep, and L-glutamine is designated as estrogen-free media (EFM). Cells are transferred from RPMI 
to EFM before testing. 

The BG1Luc ER TA test method requires the following laboratory cell culture supplies: 

• Cryogenic ampoules (cryovials) 
• Plastic culture tubes (e.g., 50-mL conical tubes) 
• Hemocytometer 
• Pipettes, pipetters, repeat pipetters, pipette tips 
• Sterile, disposable tissue culture plasticware (e.g., 25-cm2 and 75-cm2 tissue culture flasks, 

96-well microtiter plates) 

2.2.3 Equipment  

Performance of the BG1Luc ER TA test method requires a laboratory equipped with a designated cell 
culture area. Equipment required for the conduct of the test method includes the following: 

• Analytical balance 
• Biological safety hood, Class II or higher, with HEPA filter 
• Centrifuge (capable of 1000 x g) 
• 4°C refrigerator 
• Freezers, -20°C and -70°C 
• Incubator (37°C ± 1°C, 90% ± 5% humidity, and 5% ± 1% CO2/air) 
• Liquid nitrogen cryostorage 
• Microplate, auto-injecting luminometer 
• Shaker for 96-well plates 
• Vortex mixer 

2.3  Cell Culture 

The primary objective of any tissue culture operation is to maintain consistency in the cultures used. 
To do this, strict control of culture conditions (i.e., growth and maintenance media, culture schedules, 
culture flasks and plates, substrate type, seeding conditions, dissociation methods) must be 
maintained. Strict control must also be taken to properly freeze, maintain, and thaw cultures in a 
systematic manner because cryopreservation techniques can affect subsequent culture growth and 
performance. All pertinent information about cell culture reagents and supplies (e.g., lot number, 
manufacturer, product code, certificates of analysis) should be collected and maintained in log books 
and reports. 

Cryopreserved BG1Luc4E2 cells are thawed, resuspended in RPMI media, transferred into 25-cm2 
tissue culture flasks, and incubated at 37°C ± 1°C, 90% ± 5% humidity, and 5% ± 1% CO2/air for 
48 to 72 hours (see Annexes E and F [protocols] for cell culture specifics). When cells reach 80% to 
90% confluence (as estimated from a visual inspection of cell density), they are removed from the 
flask by trypsinization. A dissociated single-cell suspension is added to new flasks for propagation, 
and the cells are passaged/subcultured at least twice before conditioning in EFM. Forty-eight to 



  Appendix C – Background Review Document 

 C-41 

72 hours after the second subculture, cells are trypsinized and pelleted. The RPMI media are 
removed. Cells are then resuspended in EFM, and the cell suspension is added to new flasks for 
conditioning. At this time, G418 is added to the EFM to select BG1Luc4E2 cells containing the 
G418-resistant reporter plasmid. When cells are 80% to 90% confluent, they are trypsinized, counted, 
and seeded into 96-well plates for testing.  

2.4 Reference Standards and Controls 

ICCVAM recommends the use of appropriate reference standards and controls for ER TA test 
methods in order to maximize test method intra- and interlaboratory reproducibility and minimize the 
likelihood of erroneous results (ICCVAM 2003a). 

2.4.1 Vehicle Control 

• 1% DMSO in EFM is used as the concurrent vehicle control for all testing in agonist and 
antagonist protocols. 

A concurrent vehicle control in ER TA agonist and antagonist test methods provides a measure of the 
extent of TA in the absence of the reference standard, control, or test substances. For ER TA test 
methods, the concurrent vehicle control is the baseline against which the extent of TA induction is 
determined. (In the BG1Luc ER TA test method, vehicle control relative light units [RLUs] for each 
test plate are averaged and then subtracted from test substance, reference standard, and control RLU 
values.) XDS tested several solvents when developing the BG1Luc ER TA test method and selected a 
solution of 1% DMSO (v/v) in EFM because of its ability to solubilize a wide range of both 
hydrophilic and hydrophobic substances and to achieve relatively high concentrations of test 
substance without reducing cell viability.  

2.4.2 Estrogenic Reference Standard  

• In accordance with the ICCVAM recommendations, 17β-estradiol (E2, CAS Registry Number 
[CASRN] 50-28-2) is used as the reference estrogen to demonstrate the adequacy of the ER TA 
test method. In the BG1Luc ER TA test method, adequacy is based on the ability of the E2 
reference standard to induce ER TA activity. 

Table 2-1 provides the concentrations of E2 used in different phases of testing. In ER agonist range 
finder testing, a 4-point dilution was used in validation testing to broadly define the E2 curve 
response in terms of bottom, slope, and top. An 11-point dilution of E2 was then used in 
comprehensive ER agonist testing to more fully define the E2 response curve, thereby allowing an 
EC50 to be calculated. Antagonist testing used an E2 concentration of 9.18 x 10-11 M in ER antagonist 
range finder and comprehensive testing in order to provide a level of induction against which 
antagonistic effects of test substances could be assessed. 
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Table 2-1 E2 Concentrations Tested for Agonist and Antagonist Methods 

E2  
Concentration 

(M) 

Agonist Test Method Antagonist Test Method 
Comprehensive 

Testing  
Range Finder 

Testing  
Comprehensive 

Testing  
Range Finder 

Testing  

3.67 × 10-10 X - - - 

1.84 × 10-10 X X - - 

9.18 × 10-11 X - X X 

4.59 × 10-11 X X - - 

2.29 × 10-11 X - - - 

1.15 × 10-11 X X - - 

5.73 × 10-12 X - - - 

2.87 × 10-12 X X - - 

1.44 × 10-12 X - - - 

7.16 × 10-13 X - - - 

3.59 × 10-13 X - - - 
X = tested; - = not tested  
Abbreviations: E2 = 17β-estradiol; M = molar. 
 

2.4.3 Weak Agonist Control 

• p,p’-Methoxychlor (Met, CASRN 72-43-5) is used as the weak positive control in agonist 
comprehensive testing. A weak positive control is not used during agonist range finder testing. 

ICCVAM recommends that a positive control with an EC50 two to three orders of magnitude higher 
than E2 (EC50 = 3 x 10-12 M) be included in each study to demonstrate that the test method is 
functioning properly and is sufficiently sensitive for detecting weak estrogen agonists (2003a). 
However, given that the range of responses expected to be assessed with this method during the 
protocol standardization study was greater than six orders of magnitude during the protocol 
standardization study, the SMT concluded that a positive control with a higher EC50 multiple would 
be more appropriate. During protocol standardization, a number of substances were evaluated for use 
as the weak agonist control (Annex C). Based on this evaluation, Met was considered the most 
appropriate control because it produced the most consistent ER TA response curves in the desired 
range (EC50 = 6 µM), approximately six orders of magnitude higher than E2 (EC50 = 3 x 10-12 M in 
the BG1Luc ER TA test method). A Met concentration of 9.06 × 10-6 M was selected because it was 
the lowest concentration that gave the maximum response. 

2.4.4 Anti-Estrogenic Reference Standard 

• Raloxifene HCl (Ral, CASRN 82640-04-8) is used as the anti-estrogenic reference standard. 

Although ICCVAM recommends ICI 182,780 as a reference standard in ER TA antagonist assays, 
this substance has limited commercial availability (ICCVAM 2006). As an alternative, the more 
commercially available Ral was evaluated for use as the reference standard during the protocol 
standardization study. Ral is a strong estrogen antagonist also recommended by ICCVAM as a 
reference standard (ICCVAM 2006). Ral consistently produced full concentration–response curves 
with a mean IC50 value of 2.24 × 10-9 M in the BG1Luc ER TA test method (Annex C). Therefore, 
the SMT selected Ral as the anti-estrogenic reference standard for the validation study.  
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The concentrations of Ral used in ER antagonist range finder and comprehensive testing are provided 
in Table 2-2. A 3-point dilution was used in ER antagonist range finder testing to broadly define the 
top, slope, and bottom of the Ral response curve. A 9-point dilution of Ral was then used in 
comprehensive ER antagonist testing to more fully define the Ral response curve, thereby allowing 
the calculation of an IC50. 

Table 2-2 Raloxifene Standard Concentrations Tested in the Antagonist Assay 

Raloxifene 
Concentration (M) 

Antagonist Comprehensive 
Testing 

Antagonist Range Finder 
Testing 

2.45 × 10-8 X - 

1.23 × 10-8 X - 

6.14 × 10-9 X - 

3.06 × 10-9 X X 

1.53 × 10-9 X - 

7.67 × 10-10 X X 

3.82 × 10-10 X - 

1.92 × 10-10 X X 

9.57 × 10-11 X - 
X = tested; - = not tested 
Abbreviations: M = molar. 
 

2.4.5 Weak Antagonist Control  

• Tamoxifen (Tam, CASRN 10540-29-1) is used as the weak positive control for antagonist 
comprehensive testing. A weak positive control is not used for antagonist range finder testing. 

The use of a weak antagonist as a concurrent control in ER TA antagonist test methods provides a 
measure of the range of responses that can be detected by the test. ICCVAM recommends using a 
weak positive control with an IC50 at least three orders of magnitude higher than the reference 
antagonist (2003a), Ral (IC50= 2.24 x 10-9 M). During protocol standardization (see Annex C), a 
number of substances were evaluated for use as the weak antagonist control. Flavone produced a dose 
response and an IC50 = 4.3 x 10-7 M, which was consistent with the single literature reference for this 
compound (reported IC50 = ~15 µM) (Collins-Burow et al. 2000) and was two times below that of 
Ral. Based on these results, flavone was chosen as the weak antagonist control for the validation 
study. However, data from the completed study showed that the vast majority of test substances 
classified as “negative” or “presumed negative” produced a “positive” response at concentrations 
above ~10 µM (see Annex K for ER TA antagonist testing results). Consequently, the use of flavone 
as a weak antagonist control was reconsidered, as discussed below. 

The antagonist method is a “loss-of-function” method, in which a positive result is based on a 
decrease in luciferase activity. This is in contrast to the agonist method, in which an increase in 
luciferase activity (i.e., “gain of function”) indicates a positive response. Consequently, any substance 
that disturbs cellular homeostasis or causes cytotoxicity will produce an apparent positive response 
(i.e., dead cells produce no signal and, therefore, produce the maximum response). To account for 
this, an assessment of cell viability is included in the agonist and antagonist test method protocols 
(Section 2.6). Data from antagonist validation testing were reviewed to determine whether the 
observed decrease in luciferase activity (positive response) correlated with a loss in cellular viability. 
In many cases, there was no observed decrease in cellular viability at the highest concentration tested. 
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In cases where a loss of viability was observed, a decrease in luciferase activity usually preceded a 
loss of cellular viability, sometimes at concentrations up to two or three log dilutions lower than the 
cytotoxic concentration. 

These findings indicate that cellular viability cannot be reliably used as an indicator of test substance 
interference with the BG1Luc ER TA, and that it is impossible to distinguish true positives from false 
positives at concentrations above ~10 µM. In addition, NICEATM–ICCVAM could not identify in 
the literature any substances classified as positive for ER antagonism with an IC50 > 10 µM. 
Therefore, the SMT established 10 µM as the upper limit of utility for determining antagonist activity 
in the BG1Luc ER TA test method. Because the 10 µM would preclude the use of flavone as a weak 
antagonist control (IC50 = 15 µM), the SMT selected Tam as a weak antagonist control because it has 
been conclusively shown to bind to both ERs (46/46 studies; Table 3-2) and act as an ER antagonist 
in most ER TA studies (20/22 studies; Table 3-2). The mean IC50 for Tam in ER TA studies is 
7.20 x 10-7 M, which is twofold above that of Ral yet below the 10 µM upper limit of the assay. 

2.5 Test Substance Concentrations 

• For agonist testing, the highest soluble, noncytotoxic concentration should be tested up to a limit 
of 1 mM. 

• For antagonist testing, the highest soluble, noncytotoxic concentration should be tested up to a 
limit of 10 µM. 

ICCVAM recommends that the maximum test substance concentration should be 1 mM unless 
otherwise limited by solubility or cytotoxicity (2003a). (Note: Reference substances were coded in 
order to conduct the validation study in a blinded manner; therefore, the participating laboratories 
were instructed to use 100 mg/mL as the limit concentration.) However, as outlined in Section 2.4.5, 
the BG1Luc ER TA test method validation study data indicate that concentrations above 10 µM in the 
antagonist assay consistently produce false positive responses in this loss-of-function assay. 
Consequently, the SMT established 10 µM as the upper limit of utility for determining antagonist 
activity in the BG1Luc ER TA test method. 

2.5.1 Solubility Testing 

• The starting concentration for range finder testing is established by determining the maximum 
test substance solubility in 100% DMSO.  

ICCVAM recommends that the maximum test substance concentration be 1 mM unless limited by 
solubility or cytotoxicity (2003a). Procedures used to assess solubility are described in this section, 
and procedures used to assess cytotoxicity are described in Section 2.5.2. 

During Phase 1 and Phase 2 testing, maximum test substance solubilities were determined at log 
intervals up to 1 mg/mL (v/v in 1% DMSO/cell culture media). Following Phase 2 of the validation 
study, a high degree of variability was noted in solubility assessment performed on the same 
substance at different laboratories. Problems associated with log scale dilutions in the 1% DMSO 
medium were believed to be causing the variability. To reduce differences in solubility estimates 
between laboratories, protocols were modified to use test substance solubility in 100% DMSO as the 
starting concentration for range finder testing. This protocol modification was used for Phase 3 and 
Phase 4 testing. Test substance solubility data are provided in Section 4. 

2.5.2  Cytotoxicity Testing 

A qualitative visual observation method that assesses viability on a scale of 1 (normal) 
to 4 (significant loss of viability) is used to assess cell viability in the BG1Luc ER TA test method. 
Viability scores of 2 or greater are classified as cytotoxic. 
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The assessment of cytotoxicity is an integral part of agonist and antagonist range finder and 
comprehensive testing and data analysis. Cytotoxicity results play an additional role in the 
interpretation of agonist and antagonist range finder data, as described below in Sections 2.6.1 and 
2.6.2, respectively. 

The peer review panel (ICCVAM 2002d, 2002e) recommended an assessment of cell viability to help 
define the upper limit for test substance concentrations, similar to the maximum tolerated dose 
(MTD) approach used in in vivo studies. During the protocol standardization study for the BG1Luc 
ER TA test method (Annex C), XDS used the CellTiter-Glo® (Promega Corporation) quantitative cell 
viability assay to assess the viability of BG1Luc4E2 cells following exposure to increasing 
concentrations of test substance. CellTiter-Glo measures cell viability via a luminescent signal that is 
proportional to the amount of adenosine triphosphate (ATP) in viable cells. Results indicated that the 
ER TA activity of the fixed amount of E2 used in antagonist testing was significantly reduced when 
the reduction in ATP level per well exceeded 20%. Based on these results, concentrations of 
substance that reduced cell viability more than 20% were classified as cytotoxic. However, like the 
BG1Luc ER TA test method, the CellTiter-Glo assay is based on a luminescent endpoint (ER TA 
luciferase vs. ATP luminescence). For this reason, the use of parallel plates is necessary because ATP 
luminescence cannot be delineated from ER TA-associated luciferase activity. 

Therefore, an alternative qualitative method to assess cell viability was developed by XDS during the 
protocol standardization study (Annex C). This method relies on visual observation of cell density 
and morphology to assign cell viability scores using criteria listed in Table 2-3. Test substance 
concentrations of 2 or greater are considered to be cytotoxic. 

A direct comparison of the CellTiter-Glo assay and visual observation methods indicated that 
CellTiter-Glo values of 80% or greater corresponded to a viability score of 1 in the visual observation 
method study (Annex C). Therefore, the visual observation method was considered adequate for 
assessing cell viability in the BG1Luc ER TA test method, thereby precluding the need for parallel 
test plates. 

Table 2-3 Visual Observation Scoring Table for Cell Viability 

Viability Score Brief Description 

1 Normal cell morphology and cell density 

2 Altered cell morphology and/or small gaps between cells 

3 Altered cell morphology and/or large gaps between cells 

4 Few (or no) visible cells 

P Wells containing precipitation are to be noted with “P” 

 

2.6 Range Finder Testing 

The purpose of range finder testing is to establish the concentration range of a test substance to be 
included in comprehensive testing. This involves identifying both an appropriate starting 
concentration and a dilution scheme. The starting concentration of a test substance is based on the 
highest soluble concentration that is not cytotoxic, as described in Section 2.5. Results from range 
finder testing are used to select a 1:5 or 1:2 dilution scheme for comprehensive testing. A 1:5 dilution 
covers a wider concentration range (7.5 log dilutions), while a 1:2 dilution provides higher resolution 
over a smaller range (3.5 log dilutions). Procedures for range finder testing, along with the criteria 
used to determine the appropriate testing range, are provided below. 
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2.6.1  Agonist Range Finder Testing 

Reference Standard and Control Concentrations Used for Agonist Range Finder Testing 
• E2, the reference estrogen, is run in duplicate at four concentrations (1.84 × 10-10, 4.59 × 10-11, 

1.15 x 10-11, and 2.87 x 10-12 M).  
• The vehicle control (1% DMSO v/v in EFM) is run in quadruplicate. 

Agonist Range Finder Plate Design 
• All 96 wells of the test plate are used during range finder testing. A maximum of six substances 

can be tested at seven concentrations in duplicate on each range finder plate. Starting 
concentrations are determined during solubility testing. Plate design for agonist testing is 
provided below in Figure 2-1. 

In Phase 1 of the validation study, the lead laboratory (XDS) conducted studies to optimize the plate 
design in order to improve the statistical power and allow all 96 wells to be used (Annex M). Results 
demonstrated that, although there were statistically significant differences in values between outside 
and inside wells, the differences did not affect the selection of the appropriate starting concentrations 
for comprehensive testing (see Annex M). Therefore, the design of agonist and antagonist range 
finder plates was modified to use all 96 wells of the test plate, with six test substances being tested at 
seven concentrations in duplicate on each range finder plate.  

Figure 2-1 96-Well Test Plate Layout for Agonist Range Finder Testing 

TS1-1 TS1-1 TS2-1 TS2-1 TS3-1 TS3-1 TS4-1 TS4-1 TS5-1 TS5-1 TS6-1 TS6-1 

TS1-2 TS1-2 TS2-2 TS2-2 TS3-2 TS3-2 TS4-2 TS4-2 TS5-2 TS5-2 TS6-2 TS6-2 

TS1-3 TS1-3 TS2-3 TS2-3 TS3-3 TS3-3 TS4-3 TS4-3 TS5-3 TS5-3 TS6-3 TS6-3 

TS1-4 TS1-4 TS2-4 TS2-4 TS3-4 TS3-4 TS4-4 TS4-4 TS5-4 TS5-4 TS6-4 TS6-4 

TS1-5 TS1-5 TS2-5 TS2-5 TS3-5 TS3-5 TS4-5 TS4-5 TS5-5 TS5-5 TS6-5 TS6-5 

TS1-6 TS1-6 TS2-6 TS2-6 TS3-6 TS3-6 TS4-6 TS4-6 TS5-6 TS5-6 TS6-6 TS6-6 

TS1-7 TS1-7 TS2-7 TS2-7 TS3-7 TS3-7 TS4-7 TS4-7 TS5-7 TS5-7 TS6-7 TS6-7 

E2-1 E2-2 E2-3 E2-4 VC VC VC VC E2-1 E2-2 E2-3 E2-4 

Abbreviations: E2 = E2 control; TS = test substance; VC = vehicle control (DMSO [1% v/v EFM]). 
E2-1 to E2-4 = concentrations of the E2 reference standard (from high to low) 
TS1-1 to TS1-7 = concentrations (from high to low) of test substance 1 (TS1) 
TS2-1 to TS2-7 = concentrations (from high to low) of test substance 2 (TS2) 
TS3-1 to TS3-7 = concentrations (from high to low) of test substance 3 (TS3) 
TS4-1 to TS4-7 = concentrations (from high to low) of test substance 4 (TS4) 
TS5-1 to TS5-7 = concentrations (from high to low) of test substance 5 (TS5) 
TS6-1 to TS6-7 = concentrations (from high to low) of test substance 6 (TS6) 
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Agonist Range Finder Plate Acceptance Criteria 
• The mean DMSO control RLU values must be within 2.5 times the standard deviation of the 

historical DMSO control mean RLU value. 
• E2 induction must be greater than threefold. Induction is calculated by averaging the highest E2 

reference RLU value from both E2 concentration curves and then dividing this by the average 
DMSO control RLU value. 

Data from plates that fail any acceptance criterion should be discarded and the experiment repeated. 

Interpretation of Results from Agonist Range Finder Testing 
• If no points on the test substance concentration curve are greater than the DMSO control mean 

plus three times its standard deviation (SD), comprehensive testing for ER agonist activity should 
be conducted using the highest noncytotoxic concentration tested. 

• If any points on the test substance concentration curve are greater than the DMSO control mean 
plus three times its SD, testing should use a starting concentration one log higher than the 
concentration giving the highest adjusted RLU value. 

• An 11-point 1:2 serial dilution (covering approximately three orders of magnitude) should be 
used if the resulting concentration range will resolve the full dose response curve of the test 
substance, as estimated from the range finder data. Otherwise, an 11-point 1:5 dilution should be 
used. 

• An 11-point 1:5 serial dilution (covering approximately seven orders of magnitude) should be 
used if a substance exhibits a biphasic, hormetic, or U-shaped (Calabrese and Baldwin 2001) 
concentration–response curve not associated with cytotoxicity in the range finder test. For 
hormetic or U-shaped curves, the dilution starts at a concentration one log higher than the 
concentration associated with the peak of activity (maximum RLU). In a biphasic curve, the 
starting concentration is one log higher than the concentration associated with the maximum RLU 
of the peak at the highest end of the concentration–response curve. 

2.6.2  Antagonist Range Finder Testing 

 Reference Standard and Control Concentrations Used for Antagonist Range Finder Testing 
• A single concentration of E2 (9.18 × 10-11 M), intended to provide 80% of the maximum E2 

induction, is run in triplicate. 
• Three concentrations of the reference anti-estrogen, raloxifene HCl, are each run in duplicate 

(3.06 × 10-9, 7.67 × 10-10, and 1.92 × 10-10 M). 
• The vehicle control (1% DMSO v/v in EFM) is run in triplicate. 
• All reference anti-estrogen and test wells must contain a fixed concentration of E2 

(9.18 × 10-11 M), intended to provide 80% of the maximum E2 induction. 

Antagonist Range Finder Plate Design 
All 96 wells of the test plate are used during range finder testing. A maximum of six substances can 
be tested at seven concentrations in duplicate on each range finder plate. Starting concentrations are 
determined using starting concentrations that were determined during solubility testing. The plate 
design for antagonist testing is provided in Figure 2-2. 
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Figure 2-2 96-Well Test Plate Layout for Antagonist Range Finder Testing 

TS1-1 TS1-1 TS2-1 TS2-1 TS3-1 TS3-1 TS4-1 TS4-1 TS5-1 TS5-1 TS6-1 TS6-1 

TS1-2 TS1-2 TS2-2 TS2-2 TS3-2 TS3-2 TS4-2 TS4-2 TS5-2 TS5-2 TS6-2 TS6-2 

TS1-3 TS1-3 TS2-3 TS2-3 TS3-3 TS3-3 TS4-3 TS4-3 TS5-3 TS5-3 TS6-3 TS6-3 

TS1-4 TS1-4 TS2-4 TS2-4 TS3-4 TS3-4 TS4-4 TS4-4 TS5-4 TS5-4 TS6-4 TS6-4 

TS1-5 TS1-5 TS2-5 TS2-5 TS3-5 TS3-5 TS4-5 TS4-5 TS5-5 TS5-5 TS6-5 TS6-5 

TS1-6 TS1-6 TS2-6 TS2-6 TS3-6 TS3-6 TS4-6 TS4-6 TS5-6 TS5-6 TS6-6 TS6-6 

TS1-7 TS1-7 TS2-7 TS2-7 TS3-7 TS3-7 TS4-7 TS4-7 TS5-7 TS5-7 TS6-7 TS6-7 

Ral-1 Ral-2 Ral-3 VC VC VC E2 E2 E2 Ral-1 Ral-2 Ral-3 

Abbreviations: E2 = E2 control; Ral = raloxifene; TS = test substance; VC = vehicle control (DMSO [1% v/v EFM]). 
Ral-1 to Ral-3 = concentrations of the raloxifene/E2 reference standard (from high to low) 
TS1-1 to TS1-7 = concentrations (from high to low) of test substance 1 (TS1) 
TS2-1 to TS2-7 = concentrations (from high to low) of test substance 2 (TS2) 
TS3-1 to TS3-7 = concentrations (from high to low) of test substance 3 (TS3) 
TS4-1 to TS4-7 = concentrations (from high to low) of test substance 4 (TS4) 
TS5-1 to TS5-7 = concentrations (from high to low) of test substance 5 (TS5) 
TS6-1 to TS6-7 = concentrations (from high to low) of test substance 6 (TS6) 
 

 Antagonist Range Finder Plate Acceptance Criteria 
• The mean DMSO control RLU value for each plate must be within 2.5 times the SD of the 

historical DMSO control mean RLU value. 
• Test plate E2 control RLU values must be within 2.5 times the SD of the historical E2 control 

mean RLU value. 
• Plate reduction must be greater than threefold. Reduction is calculated by averaging the highest 

Ral reference RLU values, then dividing by the averaged lowest Ral RLU value. 

Data from plates that fail any acceptance criterion should be discarded and the experiment repeated.  

Interpretation of Results from Antagonist Range Finder Testing 
• If no points on the test substance concentration curve are less than the mean of the E2 control 

minus three times the SD, comprehensive testing for ER antagonist activity should be conducted 
using the highest noncytotoxic concentration tested. 

• If any points on the test substance concentration curve are less than the E2 control mean minus 
three times the SD, testing should use a starting concentration one log higher than the 
concentration giving the lowest adjusted RLU value. 

• An 11-point 1:2 serial dilution (covering approximately three orders of magnitude) should be 
used if the resulting concentration range will resolve the full concentration–response curve of the 
test substance as estimated from the range finder data. Otherwise, an 11-point 1:5 dilution should 
be used. 

• An 11-point 1:5 serial dilution (covering approximately seven orders of magnitude) should be 
used if a substance exhibits a biphasic, hormetic, or U-shaped (Calabrese and Baldwin 2001) 
concentration–response curve not associated with cytotoxicity in the range finder test. For 
hormetic or U-shaped curves, the dilution starts at a concentration one log higher than the 
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concentration associated with the peak of activity (maximum RLU). In a biphasic curve, the 
starting concentration is one log higher than the concentration associated with the maximum RLU 
of the peak at the highest end of the concentration–response curve. 

2.7 Comprehensive Testing 

2.7.1 Comprehensive Agonist Testing 

Reference Standard and Control Concentrations Used for Agonist Comprehensive Testing 
• E2, the reference estrogen, is run in duplicate at eleven concentrations (see Table 2-1). 
• Met, the weak positive control, is run in quadruplicate at a single concentration of 9.06 × 10-6 M. 
• The vehicle control (1% DMSO in EFM) is run in quadruplicate. 

Plate Design 
All 96 wells of the test plate are used during comprehensive agonist testing. Two substances can be 
tested at eleven concentrations, in triplicate, on each plate. Starting concentrations and dilution factors 
are determined based on range finder results (Section 2.6). Plate design for comprehensive agonist 
testing is provided below in Figure 2-3. 

To evaluate the effect of using outer test plate wells on comprehensive testing, EC50 values from 
serial dilutions of BPA derived from replicates using outside wells were compared to EC50 values 
derived from replicates using inside wells. The comparisons showed no significant differences 
between EC50 values derived from replicates using outside wells and those derived from using inside 
wells (see Annex M).  

Figure 2-3 96-Well Test Plate Layout for Comprehensive Agonist Testing 

TS1-1 TS1-2 TS1-3 TS1-4 TS1-5 TS1-6 TS1-7 TS1-8 TS1-9 TS1-10 TS1-11 VC 

TS1-1 TS1-2 TS1-3 TS1-4 TS1-5 TS1-6 TS1-7 TS1-8 TS1-9 TS1-10 TS1-11 VC 

TS1-1 TS1-2 TS1-3 TS1-4 TS1-5 TS1-6 TS1-7 TS1-8 TS1-9 TS1-10 TS1-11 VC 

TS2-1 TS2-2 TS2-3 TS2-4 TS2-5 TS2-6 TS2-7 TS2-8 TS2-9 TS2-10 TS2-11 VC 

TS2-1 TS2-2 TS2-3 TS2-4 TS2-5 TS2-6 TS2-7 TS2-8 TS2-9 TS2-10 TS2-11 Met 

TS2-1 TS2-2 TS2-3 TS2-4 TS2-5 TS2-6 TS2-7 TS2-8 TS2-9 TS2-10 TS2-11 Met 

E2-1 E2-2 E2-3 E2-4 E2-5 E2-6 E2-7 E2-8 E2-9 E2-10 E2-11 Met 

E2-1 E2-2 E2-3 E2-4 E2-5 E2-6 E2-7 E2-8 E2-9 E2-10 E2-11 Met 

Abbreviations: E2 = E2 control; Met = p,p’-methoxychlor weak positive control; TS = test substance; VC = vehicle control 
(DMSO [1% v/v EFM]). 

TS1-1 to TS1-11 = concentrations (from high to low) of test substance 1 
TS2-1 to TS2-11 = concentrations (from high to low) of test substance 2 
E2-1 to E2-11 = concentrations of the E2 reference standard (from high to low) 
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Plate Acceptance Criteria for Comprehensive Agonist Testing 
• The mean DMSO control RLU value for each plate must be within 2.5 times the SD of the 

historical DMSO control mean RLU value. 
• E2 induction must be greater than threefold. Induction is calculated by averaging the highest E2 

reference RLU value from each E2 concentration curve and then dividing this by the average 
DMSO control RLU value. 

• The E2 reference standard curve should be sigmoidal in shape and have at least three values 
within the linear portion of the curve. 

• The mean plate Met control RLU value must be greater than the mean DMSO control RLU value 
plus three times the SD. 

Modification of Plate Acceptance Criteria for Comprehensive Agonist Testing 
Following Phase 2a of the validation study, NICEATM–ICCVAM evaluated the failure rates of plates 
used to comprehensively test four agonist substances. The percentage of agonist test plates that failed 
test plate acceptance criteria across the participating laboratories was 61% (33/54) (see Section 7, 
Table 7-4). NICEATM–ICCVAM reviewed the data to determine whether changes to test plate 
acceptance criteria could reduce the failure rates of comprehensive test plates without compromising 
the ability of the test method to detect and quantify test substance agonist or antagonist activity. A 
comparison was made between (1) qualitative and quantitative outcomes for test plates that met all 
acceptance criteria and (2) those that failed to meet one or more acceptance criteria (see Section 7, 
Tables 7-5 and 7-6). Qualitative outcomes are the positive or negative agonist classifications, and 
quantitative outcomes are EC50 values.  

Test plate acceptance criteria based on the DMSO control RLU values and E2 reference standard 
minimum fold induction values were not considered for modification because they are essential for 
monitoring background activity and reference estrogen performance.  

Therefore, the test plate acceptance criteria that were considered for modification were the E2 EC50 
and Meth RLU control values. Based on this evaluation, it was determined that agonist test plate 
acceptance criteria could be modified without compromising the ability of the test method to detect 
and quantify test substance agonist activity. Following are the modifications: 

• The requirement for the mean plate E2 reference standard EC50 value to be within 2.5 times the 
SD of the historical mean EC50 value was eliminated. 

• The requirement for the mean plate Met control RLU value was changed from within 2.5 times 
the SD of the historical mean Met control RLU value to within 3 times the SD of the historical 
Met control RLU. 

Changes to the agonist test plate acceptance criteria described above were used for Phases 2b, 3, and 
4 testing. 

Interpretation of Results from Comprehensive Agonist Testing 
Positive classification— 

• All test substances classified as positive for ER agonist activity should have a concentration–
response curve consisting of a baseline, followed by a positive slope, and concluding in a plateau 
or peak. In some cases, only two of these characteristics (baseline–slope or slope–peak) may be 
defined. 

• The line defining the positive slope must contain at least three points with nonoverlapping error 
bars (mean ± SD). Points forming the baseline are excluded, but the linear portion of the curve 
may include the peak or first point of the plateau.  
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• A positive classification requires a response amplitude, the difference between baseline and peak, 
of at least 20% of the maximal value for the reference estrogen (i.e., 2000 RLUs when the 
maximal response value of the reference estrogen is adjusted to 10,000 RLUs). 

• If possible, an EC50 value should be calculated for each positive substance (Section 4). 

Negative classification— 

For all concentration–response curves that fail to meet the criteria for a positive response, test 
substances are classified as negative for agonist activity if all data points are below 20% of the 
maximal value for the reference estrogen (i.e., 2000 RLUs when the maximal response value of the 
reference estrogen is adjusted to 10,000 RLUs). 

Inadequate— 

Data are classified as inadequate if, because of major qualitative or quantitative limitations, they 
cannot be interpreted as valid for showing either the presence or absence of agonist activity. 

 New Classification Scheme 
The BG1Luc ER TA test method is intended as part of a weight-of-evidence approach to help 
prioritize substances for ED testing in vivo. Part of this prioritization procedure will be the 
classification of the test substance as positive or negative for either ER agonist or antagonist activity. 
There currently are no universally accepted standards for determining whether a substance is positive 
for ER agonist or antagonist activity. A common approach for the classification of substances as 
positive is to determine the lowest effective concentration (LEC), i.e., the concentration that is 
significantly different from the concurrent negative control (Judson et al. 2010; Martin et al. 2010). 
For the protocol standardization study and all phases of testing in the BG1Luc ER TA test method 
validation study, an LEC method was used to determine whether a test substance was positive or 
negative. Specifically: 

• A substance is considered positive for agonist activity when the average adjusted RLU for a given 
concentration is greater than the mean DMSO control RLU value plus three times its SD 
(3X-SD).  

• A substance is considered negative for agonist activity if the average adjusted RLU for a given 
concentration is at or below the mean DMSO control RLU value plus three times its SD.  

Because this classification system appeared to work well during the protocol standardization study 
and the early phases of testing (Phase 1, Phase 2a, Phase 2b), it was used for Phase 3 and Phase 4 
testing also. However, the data indicated that this classification scheme was resulting in an 
unacceptable level of false positives (71 out of 78 test substances were classified as positive) in the 
agonist assay. The contributing factors appeared to be as follows: 

• The binary nature of the classification system, in which all substances will be classified as 
positive or negative, was too restrictive.  

• Classification was based on individual values (not a curve shape) and did not accommodate high 
background levels or variability in test data. Consequently, single data points often exceed the 
3X-SD DMSO control line because of the variability of the test, causing substances to be 
classified as positive. 

• Many test substances caused a significant increase in background RLUs, resulting in a baseline 
that was near or above the 3X-SD DMSO control and thereby causing the substances to be 
classified as positive. 

• No allowances were made for poor-quality test data; only plate acceptance criteria were 
considered for quality control purposes. 
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In light of the above, the SMT agreed on a new classification scheme that addressed each of these 
deficiencies. These new classification criteria were applied retrospectively to all test data for the 
assessment of test method accuracy (Section 5). 

2.7.2 Comprehensive Antagonist Testing 

Reference Standard and Control Concentrations Used for Antagonist Comprehensive Testing 
• Ral, the anti-estrogenic reference standard, is plated in a serial dilution consisting of nine 

concentrations of Ral in duplicate (see Table 2-2). 
• A single concentration of E2 (9.18 × 10-11 M), intended to provide 80% of the maximum E2 

induction, is run in quadruplicate.  
• The vehicle control (1% DMSO in EFM) is run in quadruplicate. 
• All reference anti-estrogen and test wells contain a fixed concentration of E2 (9.18 x 10-11 M), 

intended to provide 80% of the maximum E2 induction. 
• Tam, a weak antagonist reference standard, is plated in quadruplicate at 3.36 x 10-6 M. 

Plate Design 
• All 96 wells of the test plate are used during comprehensive testing. Two substances can be tested 

at eleven concentrations, in triplicate, on each plate. Starting concentrations and dilution factors 
are determined based on range finder results (Section 2.6.2). The plate design for comprehensive 
antagonist testing is provided in Figure 2-4. 

Figure 2-4 96-Well Test Plate Layout for Comprehensive Antagonist Testing 

TS1-1 TS1-2 TS1-3 TS1-4 TS1-5 TS1-6 TS1-7 TS1-8 TS1-9 TS1-10 TS1-11 VC 

TS1-1 TS1-2 TS1-3 TS1-4 TS1-5 TS1-6 TS1-7 TS1-8 TS1-9 TS1-10 TS1-11 VC 

TS1-1 TS1-2 TS1-3 TS1-4 TS1-5 TS1-6 TS1-7 TS1-8 TS1-9 TS1-10 TS1-11 VC 

TS2-1 TS2-2 TS2-3 TS2-4 TS2-5 TS2-6 TS2-7 TS2-8 TS2-9 TS2-10 TS2-11 VC 

TS2-1 TS2-2 TS2-3 TS2-4 TS2-5 TS2-6 TS2-7 TS2-8 TS2-9 TS2-10 TS2-11 Tam 

TS2-1 TS2-2 TS2-3 TS2-4 TS2-5 TS2-6 TS2-7 TS2-8 TS2-9 TS2-10 TS2-11 Tam 

Ral-1 Ral-2 Ral-3 Ral-4 Ral-5 Ral-6 Ral-7 Ral-8 Ral-9 E2 E2 Tam 

Ral-1 Ral-2 Ral-3 Ral-4 Ral-5 Ral-6 Ral-7 Ral-8 Ral-9 E2 E2 Tam 

Note: All reference and test wells contain a fixed concentration of E2 (4.90 x 10-11 M). 
Abbreviations: E2 = E2 control; Ral = raloxifene; Tam = tamoxifen/E2 weak positive control; TS = test substance; 

VC = vehicle control (DMSO [1% v/v EFM]). 
Ral-1 to Ral-9 = concentrations of the raloxifene/E2 reference standard (from high to low)  
TS1-1 to TS1-11 = concentrations (from high to low) of test substance 1 (TS1) 
TS2-1 to TS2-11 = concentrations (from high to low) of test substance 2 (TS2) 
 

 Plate Acceptance Criteria for Comprehensive Antagonist Testing 
• The mean DMSO control RLU values must be within 2.5 times the standard deviation of the 

historical DMSO control mean RLU value.  
• Ral reduction must be greater than threefold. Reduction is calculated by dividing the averaged 

highest Ral reference RLU value by the averaged lowest Ral RLU value. 
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• The Ral reference standard curve should be sigmoidal in shape and have at least three values 
within the linear portion of the curve. 

• The averaged E2 control RLU value must be within 2.5 times the standard deviation of the 
historical E2 control mean RLU value. 

• The mean plate Tam control RLU value must be less than the mean E2 control RLU value minus 
three times the SD. 

Following Phase 2a of the validation study, NICEATM–ICCVAM evaluated the failure rates of plates 
used to comprehensively test four antagonist substances. The percentage of antagonist test plates that 
failed test plate acceptance criteria across the participating laboratories was 38% (13/34) (see 
Section 7.3.1). NICEATM–ICCVAM reviewed the data to determine whether changes to test plate 
acceptance criteria could reduce the failure rates of comprehensive test plates without compromising 
the ability of the test method to detect and quantify test substance antagonist activity. A comparison 
was made of (1) qualitative and quantitative outcomes for test plates that met all acceptance criteria 
and (2) those that failed to meet one or more acceptance criteria (see Section 7, Tables 7-2 and 7-3). 
Qualitative outcomes are positive or negative antagonist classifications, and quantitative outcomes 
constitute IC50 values.  

Test plate acceptance criteria based on the DMSO control RLU values and the Ral reference standard 
minimum fold reduction values were not considered for modification because they are essential for 
monitoring background activity and reference antagonist performance. In addition, the E2 control test 
plate acceptance criterion was not considered for modification because it is essential for determining 
test substance antagonist activity.  

Therefore, the test plate acceptance criteria that were considered for modification were the Ral IC50 
and flavone control RLU values. Based on this evaluation, it was determined that antagonist test plate 
acceptance criteria could be modified without compromising the ability of the test method to detect 
and quantify test substance agonist or antagonist activity. These modifications were as follows: 

• The requirement that the mean plate Ral reference standard IC50 value must be within 2.5 times 
the SD of the historical mean IC50 value was eliminated. It was replaced with a requirement that 
the Ral reference standard curve should be sigmoidal in shape and have at least three values 
within the linear portion of the curve. 

• The requirement that the mean plate flavone control RLU value must be within 2.5 times the SD 
of the historical mean flavone control RLU value was changed. The flavone control RLU value 
must now be less than three times the SD of the mean plate RLU value of the flavone control.  

Changes to the antagonist test plate acceptance criteria described above were used for Phases 2b, 3, 
and 4 testing. However, as detailed in Section 2.4.5, further evaluation of the data after the study was 
completed led to the replacement of flavone with Tam as the weak positive control for ER 
antagonism. 

Interpretation of Results from Comprehensive Antagonist Testing 
As described above, criteria used to classify substances as positive or negative for ER agonism or 
antagonism were modified following a retrospective analysis of the data. These new classification 
criteria, provided above, were applied to all test data to assess test method accuracy (Section 5). 

Positive classification— 

• All test substances classified as positive for ER antagonist activity should have a concentration–
response curve consisting of a baseline followed by a negative slope.  

• The line defining the negative slope must contain at least three points with nonoverlapping error 
bars. Points forming the baseline are excluded, but the linear portion of the curve may include the 
first point of the plateau.  
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• A positive classification requires a response amplitude, the difference between baseline and 
bottom, of at least 20% of the maximal value for the reference estrogen (i.e., 8000 RLUs when 
the maximal response value of the reference estrogen is adjusted to 10,000 RLUs). 

• The highest noncytotoxic concentrations of the test substance should be less than or equal to 
1 x 10-5 M.  

Negative classification— 

• Test substances are classified as negative for antagonist activity if all data points are above the 
EC80 value (80% of the E2 response, or 8000 RLUs). 

Inadequate— 

• Data are classified as inadequate if, because of major qualitative or quantitative limitations, they 
cannot be interpreted as valid for showing either the presence or absence of activity. 
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3.0 Substances Used for the Validation of the BG1Luc ER TA Test Method 

3.1 Development of the List of 78 ICCVAM-Recommended Test Substances 

ICCVAM previously recommended a list of 78 substances for use in validation studies of in vitro ER 
and AR binding and TA test methods (ICCVAM 2003a, 2006). The purpose of this list is to ensure 
that the usefulness and limitations of in vitro ER and AR binding and TA assays can be adequately 
characterized across a broad range of chemical classes and responses. These substances were selected 
based on information contained in the corresponding ICCVAM BRDs (ICCVAM 2002d, 2002a, 
2002c, 2002b), as well as information obtained from publications reviewed or published after 
completion of the ICCVAM BRDs (Annex N). ICCVAM considered the following factors and 
criteria in compiling the list: 

• Published or submitted data demonstrating reproducible positive or negative responses in 
multiple studies and/or test methods 

• The extent to which these substances covered the range of responses (negative, weakly positive to 
strongly positive) 

• Representative distribution of the proposed substances among chemical and product classes 

To better evaluate test method specificity, approximately 25% of the total number of substances 
should be negative for the endpoint being measured. Substances that might interfere with 
transcriptional activation by altering metabolic pathways, such as RNA and protein synthesis, should 
be included. 

The 78 ICCVAM-recommended substances used in the BG1Luc ER TA validation study are listed in 
Table 3-1. Physicochemical properties, including chemical structures, for each of the recommended 
substances are provided in Annex I.  

Table 3-1 Reference Substances Tested for ER TA Activity 

Substance CASRN MeSH Chemical 
Classa Product Classb Purity 

(%) Manufacturer 

12-O-
Tetradecanoylphorbol-
13-acetate 

16561-29-8 Hydrocarbon 
(Cyclic) 

Laboratory 
Chemical >99.5 LC Laboratories 

17α-Estradiol 57-91-0 Steroid Pharmaceutical, 
Veterinary Agent 99.5 Sigma-Aldrich 

Corporation 

17α-Ethinyl estradiol 57-63-6 Steroid Pharmaceutical, 
Veterinary Agent ≥98.0 Sigma-Aldrich 

Corporation 

17ß-Estradiol 50-28-2 Steroid Pharmaceutical, 
Veterinary Agent 98.0 Sigma-Aldrich 

Corporation 

17ß-Trenbolone 10161-33-8 Steroid Pharmaceutical 96.6 Spectrum Chemicals 
& Laboratory Products 

19-Nortestosterone 434-22-0 Steroid Pharmaceutical, 
Veterinary Agent 98.0 Toronto Research 

Chemicals, Inc. (TRC) 

2-sec-Butylphenol 89-72-5 Phenol 

Chemical 
Intermediate, 

Pesticide 
Intermediate 

98.0 Sigma-Aldrich 
Corporation 
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Substance CASRN MeSH Chemical 
Classa Product Classb Purity 

(%) Manufacturer 

2,4,5-
Trichlorophenoxyacetic 
acid 

93-76-5 Carboxylic Acid Herbicide 99.3 Sigma-Aldrich 
Corporation 

4-Androstenedione 63-05-8 Steroid Pharmaceutical 98.6 

Sigma-Aldrich 
Corporation/ Hiyoshi-

International 
Laboratory USA 

4-Cumylphenol 599-64-4 Phenol Chemical 
Intermediate 99.9 Sigma-Aldrich 

Corporation 

4-Hydroxytamoxifen 68047-06-3 Hydrocarbon 
(Cyclic) Pharmaceutical 99.5 Sigma-Aldrich 

Corporation 

4-
Hydroxyandrostenedione 566-48-3 Steroid Pharmaceutical 99.6 Sigma-Aldrich 

Corporation 

4-tert-Octylphenol 140-66-9 Phenol 

Chemical 
Intermediate, 

Pharmaceutical 
Intermediate 

99.3 Chem Service, Inc. 

5α-Dihydrotestosterone 521-18-6 Steroid Pharmaceutical ≥97.5 Sigma-Aldrich 
Corporation 

Actinomycin D 50-76-0 

Heterocyclic 
Compound, 
Polycyclic 
Compound 

Laboratory 
Chemical, 

Pharmaceutical, 
Veterinary Agent 

99.7 USB Corporation 

Ammonium perchlorate 7790-98-9 Amine, Onium 
Compound 

Industrial 
Chemical, 
Laboratory 
Chemical, 

Pharmaceutical 

100.0 Sigma-Aldrich 
Corporation 

Apigenin 520-36-5 Heterocyclic 
Compound 

Dye, Natural 
Product, 

Pharmaceutical 
Intermediate 

>99.0 Sigma-Aldrich 
Corporation 

Apomorphine 58-00-4 Heterocyclic 
Compound 

Pharmaceutical, 
Veterinary Agent 99.8 Sigma-Aldrich 

Corporation 

Atrazine 1912-24-9 Heterocyclic 
Compound Herbicide 98.0 Chem Service, Inc. 

Bicalutamide 90357-06-5 Amide Pharmaceutical >99.5 LKT Laboratories, 
Inc. 

Bisphenol A 80-05-7 Phenol 

Chemical 
Intermediate, 

Flame Retardant, 
Fungicide 

97.0 Sigma-Aldrich 
Corporation 

Bisphenol B 77-40-7 Phenol 

Chemical 
Intermediate, 

Flame Retardant, 
Fungicide 

97.4 City Chemical LLC 
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Substance CASRN MeSH Chemical 
Classa Product Classb Purity 

(%) Manufacturer 

Butylbenzyl phthalate 85-68-7 
Carboxylic Acid, 

Ester, Phthalic 
Acid 

Plasticizer, 
Industrial 
Chemical 

98.0 Sigma-Aldrich 
Corporation 

Chrysin 480-40-0 
Flavonoid, 

Heterocyclic 
Compound 

Natural Product 99.8 Sigma-Aldrich 
Corporation 

Clomiphene citrate 50-41-9 

Amine, 
Carboxylic Acid, 

Heterocyclic 
Compound 

Pharmaceutical 100.0 Sigma-Aldrich 
Corporation 

Corticosterone 50-22-6 Steroid Pharmaceutical 99.0 Sigma-Aldrich 
Corporation 

Coumestrol 479-13-0 Heterocyclic 
Compound Natural Product 98.0 BIOMOL 

International, Inc. 

Cycloheximide 66-81-9 Heterocyclic 
Compound 

Fungicide, 
Pharmaceutical, 

Veterinary Agent 
99.0 Sigma-Aldrich 

Corporation 

Cyproterone acetate 427-51-0 Steroid Pharmaceutical 99.6 Sigma-Aldrich 
Corporation 

Daidzein 486-66-8 
Flavonoid, 

Heterocyclic 
Compound 

Natural Product ≥97.5 Alfa Aesar GmbH 

Dexamethasone 50-02-2 Steroid Pharmaceutical, 
Veterinary Agent 99.0 Sigma-Aldrich 

Corporation 

Di-n-butyl phthalate 84-74-2 Ester, Phthalic 
Acid 

Cosmetic 
Ingredient, 
Industrial 
Chemical, 
Plasticizer 

≥98.0 City Chemical LLC 

Dibenzo[a,h]anthracene 53-70-3 Polycyclic 
Compound 

Laboratory 
Chemical, Natural 

Product 
99.9 Supelco Analytical 

Dicofol 115-32-2 

Hydrocarbon 
(Cyclic), 

Hydrocarbon 
(Halogenated) 

Pesticide 98.0 Chem Service, Inc. 

Diethylhexyl phthalate 117-81-7 Phthalic Acid 
Pesticide 

Intermediate, 
Plasticizer 

98.0 Alfa Aesar GmbH 

Diethylstilbestrol 56-53-1 Hydrocarbon 
(Cyclic) 

Pharmaceutical, 
Veterinary Agent ≥99.0 Sigma-Aldrich 

Corporation 

Estrone 53-16-7 Steroid Pharmaceutical, 
Veterinary Agent 99.0 Sigma-Aldrich 

Corporation 

Ethyl paraben 120-47-8 Carboxylic Acid, 
Phenol 

Pharmaceutical, 
Preservative 99.0 Sigma-Aldrich 

Corporation 
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Substance CASRN MeSH Chemical 
Classa Product Classb Purity 

(%) Manufacturer 

Fenarimol 60168-88-9 
Heterocyclic 
Compound, 
Pyrimidine 

Fungicide 99.5 Chem Service, Inc. 

Finasteride 98319-26-7 Steroid Pharmaceutical >99.0 Sigma-Aldrich 
Corporation 

Flavone 525-82-6 
Flavonoid, 

Heterocyclic 
Compound 

Natural Product, 
Pharmaceutical 99.7 Sigma-Aldrich 

Corporation 

Fluoranthene 206-44-0 Polycyclic 
Compound 

Industrial 
Chemical, 
Laboratory 
Chemical, 

Pharmaceutical 
Intermediate 

99.6 Sigma-Aldrich 
Corporation 

Fluoxymestrone 76-43-7 Steroid Pharmaceutical >99.0 Sigma-Aldrich 
Corporation 

Flutamide 13311-84-7 Amide Pharmaceutical, 
Veterinary Agent 100.0 Sigma-Aldrich 

Corporation 

Genistein 446-72-0 
Flavonoid, 

Heterocyclic 
Compound 

Natural Product, 
Pharmaceutical 98.8 Sigma-Aldrich 

Corporation 

Haloperidol 52-86-8 Ketone Pharmaceutical, 
Veterinary Agent >99.0 Sigma-Aldrich 

Corporation 

Hydroxyflutamide 52806-53-8 Amide Pharmaceutical 99.4 LKT Laboratories, 
Inc. 

Kaempferol 520-18-3 
Flavonoid, 

Heterocyclic 
Compound 

Natural Product 99.0 INDOFINE Chemical 
Company, Inc. 

Kepone 143-50-0 Hydrocarbon 
(Halogenated) Pesticide >99.9 Supelco Analytical 

Ketoconazole 65277-42-1 Heterocyclic 
Compound Pharmaceutical >99.0 Sigma-Aldrich 

Corporation 

L-Thyroxine 51-48-9 Amino Acid Pharmaceutical, 
Veterinary Agent 98.0 Sigma-Aldrich 

Corporation 

Linuron 330-55-2 Urea Herbicide 99.5 Chem Service, Inc. 

Medroxyprogesterone 
acetate 71-58-9 Steroid Pharmaceutical 99.0 Sigma-Aldrich 

Corporation 

meso-Hexestrol 84-16-2 Steroid Pharmaceutical, 
Veterinary Agent 99.3 City Chemical LLC 

Methyl testosterone 58-18-4 Steroid Pharmaceutical, 
Veterinary Agent 99.0 Sigma-Aldrich 

Corporation 

Mifepristone 84371-65-3 Steroid Pharmaceutical 99.1 Sigma-Aldrich 
Corporation 
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Substance CASRN MeSH Chemical 
Classa Product Classb Purity 

(%) Manufacturer 

Morin 480-16-0 
Flavonoid, 

Heterocyclic 
Compound 

Dye, Natural 
Product, 

Pharmaceutical 
Intermediate 

95.3 TCI America 

Nilutamide 63612-50-0 
Heterocyclic 
Compound, 
Imidazole 

Pharmaceutical 100.0 Sigma-Aldrich 
Corporation 

Norethynodrel 68-23-5 Steroid Pharmaceutical ≥95.0 Research Plus Inc. 

o,p’-DDT 789-02-6 Hydrocarbon 
(Halogenated) Pesticide 98.9 Chem Service, Inc. 

Oxazepam 604-75-1 Heterocyclic 
Compound 

Pharmaceutical, 
Veterinary Agent 99.5 Sigma-Aldrich 

Corporation 

p-n-Nonylphenol 104-40-5 Phenol Chemical 
Intermediate 99.6 Alfa Aesar GmbH 

p,p’- Methoxychlor 72-43-5 Hydrocarbon 
(Halogenated) 

Pesticide, 
Veterinary Agent 99.1 Chem Service, Inc. 

p,p’-DDE 72-55-9 Hydrocarbon 
(Halogenated) 

Pesticide 
Intermediate 99.0 Sigma-Aldrich 

Corporation 

Phenobarbital 50-06-6 
Heterocyclic 
Compound, 
Pyrimidine 

Pharmaceutical, 
Veterinary Agent 100.0 Spectrum Chemical 

Manufacturing Corp. 

Phenolpthalin 81-90-3 Carboxylic Acid, 
Phenol 

Dye, Laboratory 
Chemical 95.0 Sigma-Aldrich 

Corporation 

Pimozide 2062-78-4 Heterocyclic 
Compound Pharmaceutical >99.0 Sigma-Aldrich 

Corporation 

Procymidone 32809-16-8 Polycyclic 
Compound Fungicide 99.0 Chem Service, Inc. 

Progesterone 57-83-0 Steroid Pharmaceutical, 
Veterinary Agent ≥99.0 Sigma-Aldrich 

Corporation 

Propylthiouracil 51-52-5 
Heterocyclic 
Compound, 
Pyrimidine 

Pharmaceutical, 
Veterinary Agent 100.0 Sigma-Aldrich 

Corporation 

Raloxifene HCl 82640-04-8 Hydrocarbon 
(Cyclic) Pharmaceutical 100.0 Sigma-Aldrich 

Corporation 

Reserpine 50-55-5 
Heterocyclic 
Compound, 

Indole 

Pharmaceutical, 
Veterinary Agent 98.0 Sigma-Aldrich 

Corporation 

Resveratrol 501-36-0 Hydrocarbon 
(Cyclic) Natural Product ≥99.0 Sigma-Aldrich 

Corporation 

Sodium azide 26628-22-8 Azide, Salt 
(Inorganic) 

Chemical 
Intermediate, 

Fungicide, 
Herbicide 

99.7 Sigma-Aldrich 
Corporation 
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Substance CASRN MeSH Chemical 
Classa Product Classb Purity 

(%) Manufacturer 

Spironolactone 52-01-7 Lactone, Steroid Pharmaceutical 99.7 Sigma-Aldrich 
Corporation 

Tamoxifen 10540-29-1 Hydrocarbon 
(Cyclic) Pharmaceutical ≥99.0 Sigma-Aldrich 

Corporation 

Testosterone 58-22-0 Steroid Pharmaceutical, 
Veterinary Agent >99.0 Sigma-Aldrich 

Corporation 

Vinclozolin 50471-44-8 Heterocyclic 
Compound Fungicide 99.5 Chem Service, Inc. 

Abbreviations: CASRN = CAS Registry Number (American Chemical Society); MeSH = Medical Subject Headings (U.S. 
National Library of Medicine). 

a Substances were assigned to one or more chemical classes using the U.S. National Library of Medicine’s Medical Subject 
Headings (MeSH), an internationally recognized standardized classification scheme (available at 
http://www.nlm.nih.gov/mesh). 

b Substances 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-bin/sis/htmlgen?HSDB). 

 
The following sections describe the subsets of this list that were used to evaluate BG1Luc ER TA test 
method accuracy and reproducibility, as well as the rationale for selection of each subset. The data 
and rationale used to establish a reference classification for each of the 78 substances are also 
discussed.  

3.2 Substances Used to Evaluate Test Method Accuracy 

Accuracy is the closeness of agreement between a test method result and an accepted reference value, 
the extent to which a test method obtains the “correct” answer. It is a measure of test method 
performance. The ICCVAM list of 78 recommended reference substances was developed to assess 
test method performance of four different test methods: (1) ER binding, (2) ER TA, (3) AR binding, 
and (4) AR TA. Each test method has its own unique set of “correct” classifications for these 
substances. However, this validation study focused only on the ER TA and on the ability of the 
BG1Luc ER TA test method to detect substances with in vitro ER TA agonist or antagonist activity. 
Therefore, each of the 78 reference substances was assigned a classification specific for ER TA 
agonist and ER TA antagonist activity based on a preponderance of evidence found in a review of the 
scientific literature.  

NICEATM conducted a broad literature search using online sources including Scopus® (Elsevier 
BV), PubMed® (U.S. National Library of Medicine), and Web of ScienceSM (Thomson Reuters). 
Publically available information from U.S. government agencies and the OECD was also considered. 
This search strategy yielded 103 publications with relevant ER TA data. The following information 
was extracted from each reference and is provided in Annex N: 

• Name and purity of the substance being tested 
• Characteristics of cell line (e.g., name of cell line, tissue of origin) 
• Reporter gene construct (e.g., ER source, reporter vector, endpoint measured, whether cell 

toxicity measurements were made, and transfection method [i.e., whether stable or transient]) 
• Assay type (i.e., agonism or antagonism) 
• Any relevant quantitative information (e.g., IC50, EC50) 
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There was considerable disparity in the number of ER TA references applicable to each substance. 
Therefore, the following criteria were used to classify each reference substance with respect to ER 
TA agonist and antagonist activity: 

• A substance was classified as positive (POS) if it was reported as positive in >50% of referenced 
ER TA studies. 

• A substance was classified as negative (NEG) if it was reported as negative in all referenced ER 
TA studies (at least two studies were required for negative classification). 

• A substance was classified as presumed positive (PP) if it was positive in 50% or fewer 
referenced ER TA studies or if it was reported as positive in the single study conducted. 

• A substance was classified as presumed negative (PN) if it was reported as negative in a single 
ER TA study. 

• Substances without data were classified as PP or PN based on other available information, 
including their known mechanism of action or their responses in other ER assays. 

Table 3-2 provides the following information: 

• A summary of the literature findings 
• Results from the validation studies of the CERI-STTA and OECD uterotrophic methods for all 

78 ICCVAM reference substances. (See Section 3.3 for discussion of the CERI-STTA, an ER TA 
test method adopted in the United States as EPA OPPTS 890.1300 and internationally as OECD 
TG 455.) 

• Resulting ER TA classifications for agonist and antagonist activity based on the criteria provided 
above 

Table 3-2 Reference Data Summary for ER Agonist and Antagonist TA Assays  

ICCVAM Reference 
Substance CASRN 

ER TA 
Agonist 
Activitya 

ER TA 
Antagonist 
Activityb 

ER Binding 
Activityc 

CERI  
ER TA 

Activityd 

Uterotrophic 
Activitye 

12-O-
Tetradecanoylphorbol-13-
acetate 

16561-29-8 PN (NT) PN (NT) PN (NT) NT NT 

17α Estradiol 57-91-0 POS (10/10) PN (0/1) POS (15/15) POS POS (NT/+) 

17α Ethinyl estradiol 57-63-6 POS (21/21) NEG (0/9) POS (32/32) POS POS (+/+) 

17ß Estradiol 50-28-2 POS (226/226) PN (0/1) POS (160/160) POS NT 

17ß-Trenbolone 10161-33-8 PP (1/1) PN (NT) PN (NT) POS NT 

19-Nortestosterone* 434-22-0 POS (3/3) PN (NT) PP (1/7) NT NT 

2-sec-Butylphenol 89-72-5 PN (0/1) PN (NT) POS (2/2) NEG NT 

2,4,5-
Trichlorophenoxyacetic 
acid 

93-76-5 PP (1/3) PN (0/2) PP (1/3) NT NT 

4-Androstenedione 63-05-8 PP (1/1) PN (0/1) PP (1/5) NEG NT 

4-Cumylphenol 599-64-4 POS (4/4) PN (NT) POS (3/3) POS NT 

4-
Hydroxyandrostenedione* 566-48-3 PP (1/2) PN (NT) PP (NT) NT NT 

4-Hydroxytamoxifen 68047-06-3 PP (17/56) POS (27/27) POS (36/36) NT NT 

4-tert-Octylphenol 140-66-9 POS (20/23) PN (NT) POS (20/20) POS POS (NT/+) 

5α-Dihydrotestosterone 521-18-6 POS (15/17) NEG (0/3) POS (17/18) NT POS (NT/+) 
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ICCVAM Reference 
Substance CASRN 

ER TA 
Agonist 
Activitya 

ER TA 
Antagonist 
Activityb 

ER Binding 
Activityc 

CERI  
ER TA 

Activityd 

Uterotrophic 
Activitye 

Actinomycin D 50-76-0 PN (NT) PN (NT) PN (NT) NT NT 

Ammonium perchlorate 7790-98-9 PN (NT) PN (NT) PN (NT) NT NT 

Apigenin 520-36-5 POS (25/25) NEG (0/11) POS POS NT 

Apomorphine 58-00-4 PN (NT) PN (NT) PN (NT) NT NT 

Atrazine 1912-24-9 NEG (0/29) PN (0/1) PP (2/19) NEG NT 

Bicalutamide 90357-06-5 NEG (0/5) PN (NT) PN (NT) NT NT 

Bisphenol A 80-05-7 POS (64/64) NEG (0/12) POS (46/47) POS POS (+/+) 

Bisphenol B 77-40-7 POS (5/5) PN (0/1) POS (2/2) POS POS (NT/+) 

Butylbenzyl phthalate 85-68-7 POS (11/13) NEG (0/3) POS (10/19) POS NEG (-/-) 

Chrysin* 480-40-0 POS (6/9) NEG (0/4) PP (2/10) NT NT 

Clomiphene citrate 50-41-9 POS (3/4) PP (1/1) POS (8/8) POS NT 

Corticosterone 50-22-6 NEG (0/5) PN (0/2) NEG (0/6) NEG NT 

Coumestrol 479-13-0 POS (29/29) NEG (0/8) POS (38/38) POS NT 

Cycloheximide 66-81-9 PN (NT) PP (NT) PN (NT) NT NT 

Cyproterone acetate 427-51-0 PP (1/6) PN (0/1) PP (1/2) NT NT 

Daidzein 486-66-8 POS (38/38) NEG (0/6) POS (32/35) POS POS (NT/+) 

Dexamethasone 50-02-2 PP (2/6) PN (NT) PP (1/4) NT NT 

Di-n-butyl phthalate 84-74-2 PP (5/10) NEG (0/3) POS (7/13) NT NEG (-/-) 

Dibenzo[a,h] anthracene 53-70-3 PP (1/2) PP (NT) PN (0/1) NT NT 

Dicofol* 115-32-2 POS (4/6) NEG (0/2) POS (2/2) NT NT 

Diethylhexyl phthalate 117-81-7 PP (4/9) NEG (0/3) PP (4/8) NEG NEG (NT/-) 

Diethylstilbestrol 56-53-1 POS (41/41) NEG (0/2) POS (52/52) POS NT 

Estrone 53-16-7 POS (25/27) PN (0/1) POS (29/29) POS POS (NT/+) 

Ethyl paraben 120-47-8 POS (5/5) PN (NT) POS (4/5) POS NT 

Fenarimol 60168-88-9 POS (5/6) PN (0/1) POS (2/2) NT NT 

Finasteride 98319-26-7 PN (NT) PN (0/1) PN (0/1) NT NT 

Flavone 525-82-6 PP (2/5) PN (0/1) PP (3/13) NT NT 

Fluoranthene 206-44-0 PN (NT) PN (NT) PN (0/1) NT NT 

Fluoxymestrone 76-43-7 PN (NT) PN (NT) PN (0/1) NT NT 

Flutamide 13311-84-7 NEG (0/5) PN (0/1) NEG (0/2) NT NT 

Genistein 446-72-0 POS (99/101) NEG (0/13) POS (64/64) POS POS (+/+) 

Haloperidol 52-86-8 PN (0/1) PN (NT) PN (0/1) NT NT 

Hydroxyflutamide 52806-53-8 NEG (0/2) PN (NT) PP (1/4) NT NT 

Kaempferol 520-18-3 POS (22/22) NEG (0/9) POS (19/19) POS NT 

Kepone 143-50-0 POS (13/17) NEG (0/2) POS (14/15) POS NT 

Ketoconazole 65277-42-1 PN (0/1) PN (NT) PN (0/1) NEG NT 
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ICCVAM Reference 
Substance CASRN 

ER TA 
Agonist 
Activitya 

ER TA 
Antagonist 
Activityb 

ER Binding 
Activityc 

CERI  
ER TA 

Activityd 

Uterotrophic 
Activitye 

L-Thyroxine 51-48-9 POS (2/3) PN (NT) POS (2/2) NT NT 

Linuron 330-55-2 NEG (0/7) PN (NT) POS (2/3) NEG NT 

Medroxyprogesterone 
acetate 71-58-9 PP (1/2) PN (0/1) POS (2/2) NEG NT 

meso-Hexestrol 84-16-2 POS (3/3) PN (NT) POS (11/11) NT NT 

Methyl testosterone 58-18-4 POS (4/5) PN (0/1) POS (2/3) POS NT 

Mifepristone 84371-65-3 PP (3/6) NEG (0/3) POS (4/6) NEG NT 

Morin 480-16-0 PP (1/1) PN (NT) POS (3/3) POS NT 

Nilutamide 63612-50-0 PN (NT) PN (NT) PN (NT) NT NT 

Norethynodrel 68-23-5 POS (4/4) NEG (0/2) POS (7/7) POS NT 

o,p’-DDT 789-02-6 POS (24/25) NEG (0/3) POS (20/22) NT POS (+/NT) 

Oxazepam 604-75-1 PN (NT) PN (NT) PN (NT) NT NT 

p-n-Nonylphenol 104-40-5 POS (9/9) NEG (0/2) POS (21/21) NEG IC (+/-) 

p,p’-DDE 72-55-9 POS (5/7) NEG (2/2) PP (5/15) NT NT 

p,p’-Methoxychlor 72-43-5 POS (23/26) PP (1/5) POS (16/26) POS IC (+/-) 

Phenobarbital 50-06-6 NEG (0/2) PN (NT) PN (0/1) NT NT 

Phenolphthalin 81-90-3 PN (0/1) PN (NT) POS (2/2) NEG NT 

Pimozide 2062-78-4 PN (NT) PN (NT) PN (NT) NT NT 

Procymidone 32809-16-8 NEG (0/4) PN (NT) PP (2/5) NT NT 

Progesterone 57-83-0 PP (3/15) NEG (0/2) PP (2/20) NEG NT 

Propylthiouracil 51-52-5 PN (NT) PN (NT) PN (NT) NT NT 

Raloxifene HCl* 82640-04-8 PP (7/31) POS (13/13) POS (16/16) NEG NT 

Reserpine 50-55-5 PN (0/1) PN (NT) PN (0/1) NEG NT 

Resveratrol* 501-36-0 POS (24/37) NEG (0/16) POS (9/12) NT NT 

Sodium azide 26628-22-8 PN (0/1) PN (NT) PN (NT) NT NT 

Spironolactone 52-01-7 NEG (0/3) PN (NT) PN (0/1) NEG NT 

Tamoxifen 10540-29-1 POS (15/22) POS (20/22) POS (46/46) POS NT 

Testosterone 58-22-0 PP (4/9) PN (0/1) PP (5/12) POS NT 

Vinclozolin 50471-44-8 PP (6/13) PN (0/1) POS (3/5) POS NT 

Abbreviations: CASRN = CAS Registry Number (American Chemical Society); CERI = Chemicals Evaluation and 
Research Institute, Japan; ER = estrogen receptor; IC = inconclusive; ICCVAM = Interagency Coordinating Committee 
on the Validation of Alternative Methods; NEG = negative; NT = not tested; PN = presumed negative; POS = positive; 
PP = presumed positive; TA = transcriptional activation. 

* Substance in original list (ICCVAM 2003a) was replaced in the Finalized Addendum to ICCVAM Evaluation of In Vitro 
Test Methods for Detecting Potential Endocrine Disruptors (ICCVAM 2006) due to excessive cost or limited availability. 

a Values in parentheses are the number of positive ER TA agonist studies/total number of studies identified in the 2010 
literature update. 

b Values in parentheses are the number of positive ER TA antagonist studies/total number of studies (2010). 
c Values in parentheses are the number of positive binding studies/total number of studies (2010). 
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d Chemicals Evaluation and Research Institute (CERI), Japan, evaluated substances using the OECD Stably Transfected 
Human Estrogen Receptor-α Transcriptional Activation Assay for Detection of Estrogenic Agonist-Activity, described in 
OECD Test Guideline (TG) 455 (OECD 2009; Takeyoshi 2006). 

e Values in parentheses are the in vivo uterotrophic classifications using OECD study data/CERI study data (Kanno et al. 
2003a, 2003b; Takeyoshi 2006). A consensus in vivo uterotrophic classification was made when OECD and CERI data 
were in agreement. When in vivo uterotrophic data from OECD and CERI provided conflicting classifications, the overall 
classification was “inconclusive” (IC). 

 
Of the 78 substances listed in Table 3-2, only those substances that could be definitively classified as 
POS or NEG were used to assess test method accuracy (substances classified as PP or PN were not 
considered). This resulted in the use of 48 unique substances to assess accuracy. Separate lists were 
generated for evaluating accuracy based on agonist (42 substances: 33 positive, 9 negative) and 
antagonist (25 substances: 3 positive, 22 negative) activity. Nineteen substances were common to 
both reference lists. The 42 reference substances used to assess accuracy based on ER agonist activity 
are listed in Table 3-3, and the 25 reference substances used to assess accuracy based on ER 
antagonist activity are provided in Table 3-4. Substances that were classified as positive but for 
which EC50 values were not reported are shown as “not calculated” (NC).  

Table 3-3 Test Substances Used for Statistical Determination of ER TA Agonist Assay 
Accuracy 

Substance CASRN ICCVAM Consensus 
Classificationa Mean EC50 (M)b 

17α-Estradiol 57-91-0 POS 1.92 × 10-7 

17α-Ethinyl estradiol 57-63-6 POS 2.44 × 10-9 

17ß-Estradiol 50-28-2 POS 1.33 × 10-8 

19-Nortestosterone 434-22-0 POS 1.30 × 10-7 

4-Cumylphenol 599-64-4 POS 3.22 × 10-7 

4-tert-Octylphenol 140-66-9 POS 4.54 × 10-6 

5α-Dihydrotestosterone 521-18-6 POS 2.50 × 10-7 

Apigenin 520-36-5 POS 7.64 × 10-7 

Atrazine 1912-24-9 NEG NA 

Bicalutamide 90357-06-5 NEG NA 

Bisphenol A 80-05-7 POS 3.69 × 10-6 

Bisphenol B 77-40-7 POS 4.18 × 10-5 

Butylbenzyl phthalate 85-68-7 POS 5.10 × 10-6 

Chrysin 480-40-0 POS NC 

Clomiphene citrate 50-41-9 POS 5.00 × 10-9 

Corticosterone 50-22-6 NEG NA 

Coumestrol 479-13-0 POS 2.00 × 10-7 

Daidzein 486-66-8 POS 3.05 × 10-6 

Dicofol 115-32-2 POS 7.05 × 10-6 
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Substance CASRN ICCVAM Consensus 
Classificationa Mean EC50 (M)b 

Diethylstilbestrol 56-53-1 POS 1.29 × 10-7 

Estrone 53-16-7 POS 8.33 × 10-8 

Ethyl paraben 120-47-8 POS 5.00 × 10-5 

Fenarimol 60168-88-9 POS 7.00 × 10-6 

Flutamide 13311-84-7 NEG NA 

Genistein 446-72-0 POS 1.66 × 10-5 

Hydroxyflutamide 52806-53-8 NEG NA 

Kaempferol 520-18-3 POS 1.60 × 10-7 

Kepone 143-50-0 POS NC 

L-Thyroxine 51-48-9 POS 5.00 × 10-9 

Linuron 330-55-2 NEG NA 

meso-Hexestrol 84-16-2 POS 1.13 × 10-10 

Methyl testosterone 58-18-4 POS 1.38 × 10-6 

Norethynodrel 68-23-5 POS 6.59 × 10-8 

o,p’-DDT 789-02-6 POS 1.67 × 10-4 

p-n-Nonylphenol 104-40-5 POS 1.59 × 10-6 

p,p’-Methoxychlor 72-43-5 POS 1.56 × 10-4 

p,p’-DDE 72-55-9 POS 3.00 × 10-6 

Phenobarbital 50-06-6 NEG NA 

Procymidone 32809-16-8 NEG NA 

Resveratrol 501-36-0 POS 7.86 × 10-6 

Spironolactone 52-01-7 NEG NA 

Tamoxifen 10540-29-1 POS 1.35 × 10-6 
Abbreviations: CASRN = CAS Registry Number (American Chemical Society); EC50 = half-maximal effective 

concentration; ICCVAM = Interagency Coordinating Committee on the Validation of Alternative Methods; M = molar; 
NA = not applicable; NC = not calculated; NEG = negative; POS = positive. 

a Estrogenic activity based on a literature review for effects on ER binding, ER TA based on CERI, and uterotrophic 
response. 

b Mean EC50 calculated from values reported in the literature. 
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Table 3-4 Test Substances Used for Statistical Determination of ER TA Antagonist Assay 
Accuracy 

Substance CASRN ICCVAM Consensus 
Classificationa Mean IC50

 (M)b 

17α−Ethinyl estradiol 57-63-6 NEG NA 

4-Hydroxytamoxifen 68047-06-3 POS 1.93 × 10-8 

5α-Dihydrotestosterone 521-18-6 NEG NA 

Apigenin 520-36-5 NEG NA 

Bisphenol A 80-05-7 NEG NA 

Butylbenzyl phthalate 85-68-7 NEG NA 

Chrysin 480-40-0 NEG NA 

Coumestrol 479-13-0 NEG NA 

Daidzein 486-66-8 NEG NA 

Di-n-butyl phthalate 84-74-2 NEG NA 

Dicofol 115-32-2 NEG NA 

Diethylhexyl phthalate 117-81-7 NEG NA 

Diethylstilbestrol 56-53-1 NEG NA 

Genistein 446-72-0 NEG NA 

Kaempferol 520-18-3 NEG NA 

Kepone 143-50-0 NEG NA 

Mifepristone 84371-65-3 NEG NA 

Norethynodrel 68-23-5 NEG NA 

o,p’-DDT 789-02-6 NEG NA 

p-n-Nonylphenol 104-40-5 NEG NA 

p,p’-DDE 72-55-9 NEG NA 

Progesterone 57-83-0 NEG NA 

Raloxifene HCl 82640-04-8 POS 6.23 × 10-8 

Resveratrol 501-36-0 NEG NA 

Tamoxifen 10540-29-1 POS 1.26 × 10-6 
Abbreviations: CASRN = CAS Registry Number (American Chemical Society); IC50 = half-maximal inhibitory 

concentration; ICCVAM = Interagency Coordinating Committee on the Validation of Alternative Methods; M = molar; 
NA = not applicable; NEG = negative; POS = positive. 

a Estrogenic activity based on a literature review for effects on ER binding, ER TA based on CERI, and uterotrophic 
response. 

b Mean IC50 calculated from values reported in the literature. 
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3.3 Substances Used to Evaluate Concordance with Other Accepted Methods 

The primary accuracy evaluation described in Section 5.0 compares the test substance classification 
by the BG1Luc ER TA test method to the ICCVAM reference classification of that same substance, 
as outlined in Section 3.2. However, this evaluation also considered concordance with other methods 
currently accepted by regulators to evaluate estrogenic activity. Following are the most commonly 
used methods: 

• In vitro stably transfected transactivation assay (STTA) by the Japanese Chemicals Evaluation 
and Research Institute (CERI) using the hERα- HeLa-9903 cell line (CERI-STTA) for ER 
agonists 

• In vitro ER binding assays 
• In vivo rodent uterotrophic bioassay 

The substances used in the concordance analyses with each of these methods, and the rationale for 
their selection, are detailed in Sections 3.3.1 to 3.3.3. 

3.3.1 Substances Used to Evaluate BG1 Luc ER TA Concordance with the CERI-STTA  

The in vitro assessment of ER TA activity is included in Tier 1 of the EPA’s EDSP screening battery 
and has been incorporated into the OECD Conceptual Framework for the Testing and Assessment of 
Endocrine Disrupting Chemicals as Level 2 assays to provide mechanistic information to prioritize 
testing. At present, the CERI-STTA is the only in vitro ER TA test method that has been adopted by 
regulatory agencies for identifying substances with potential ER agonist activity. This test method has 
recently been adopted in the United States as OPPTS 890.1300: Estrogen Receptor Transcriptional 
Activation (Human Cell Line [HeLa-9903]) (EPA 2009). Internationally, it has been adopted as 
OECD TG 455 (OECD 2009). The hERα-HeLa-9903 cell line is derived from a human cervical 
tumor with two stably inserted constructs: (1) the hERα expression construct (encoding the full-
length human receptor) and (2) a firefly luciferase reporter construct bearing five tandem repeats of a 
vitellogenin ERE driven by a mouse metallothionein promoter TATA element (OECD 2009; 
Takeyoshi 2006). 

There were 41 substances common to both the BG1Luc ER TA and CERI-STTA validation studies. 
CERI-STTA data (ER TA agonist classifications) for these 41 reference substances are included in 
Table 3-2. Using these data, ICCVAM compared concordance between agonist classifications from 
the BG1Luc ER TA and CERI-STTA validation studies (Section 5). 

3.3.2 Substances Used to Evaluate BG1Luc ER TA Concordance with In Vitro ER Binding 
Test Methods 

The in vitro assessment of ER binding activity is included in Tier 1 of the EPA’s EDSP screening 
battery and has been incorporated into the OECD Conceptual Framework as Level 2 assays to provide 
mechanistic information to prioritize testing. In vitro ER binding assays identify substances that can 
bind to the ER, whereas in vitro ER TA assays measure the ability of a test substance to activate or 
inhibit the transactivation of a reporter gene via ER-mediated pathways. Accordingly, the ability of a 
test substance to bind to the ER in vitro suggests (but does not demonstrate) the ability of the 
substance to activate or inhibit in vitro ER-mediated transactivation. In order to determine the extent 
of agreement between the BG1Luc ER TA and ER binding data, ICCVAM evaluated concordance 
using data from the BG1Luc ER TA validation study and published ER binding data (Section 5). 

Classification of the reference substances with respect to in vitro ER binding was based on a 
preponderance of evidence found in a review of the scientific literature, as described for BG1Luc 
ER TA assays in Section 3.2. Relevant information from 67 publications describing in vitro ER 
binding data was extracted and is provided in Annex N. 
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A summary of the ER binding literature data for all ICCVAM reference substances is provided in 
Table 3-2, along with the resulting ER binding classifications.  

3.3.3 Substances Used to Evaluate BG1Luc ER TA Concordance with the In Vivo 
Uterotrophic Bioassay  

As stated in OECD TG 440 (Uterotrophic Bioassay in Rodents), the uterotrophic bioassay is a short-
term screening test that evaluates the ability of a substance to elicit estrogenic activity (Kanno et al. 
2003a, 2003b; OECD 2007; Owens and Koeter 2003). In this in vivo test method, the uterus responds 
to estrogens initially with an increase in weight resulting from water inbibition, followed by further 
weight gain due to increased tissue growth. The uterotrophic bioassay is included in Level 3 of the 
OECD Conceptual Framework as an in vivo assay providing data about estrogenicity. The rat 
uterotrophic bioassay is also included as one of the in vivo methods in the EPA’s EDSP Tier 1 
screening battery. In order to determine the extent of agreement between the BG1Luc ER TA test 
method and the rat uterotrophic bioassay, ICCVAM conducted a concordance evaluation using data 
from the BG1Luc ER TA validation study and published uterotrophic bioassay data (Section 5). 

Classification of the reference substances with respect to in vivo rodent uterotrophic activity was 
based on data from studies sponsored by the OECD (OECD 2007) and studies that were conducted in 
conjunction with CERI (ER TA assay validation studies) (Kanno et al. 2003a, 2003b). Combined, 
these studies tested 15 substances from the list of 78 ICCVAM reference substances. The in vivo 
uterotrophic data used to compare BG1Luc ER TA validation study agonist results were selected 
using the following criteria: 

• Substances that tested positive in both the OECD and CERI studies (three substances) 
• Substances that tested negative in both the OECD and CERI studies (two substances) 
• Substances that tested positive or negative in at least one OECD or CERI study but that were not 

tested in both studies (seven positive and one negative) 

Two substances were positive in one study but negative in the other. These substances were defined 
as “inconclusive” and were not used in the comparison. 

Classification of the 15 reference substances with respect to uterotrophic activity is provided in 
Table 3-2. 

3.4  Substances Tested in Each Phase of Validation 

As described in Section 1.0, the test method validation was conducted in four consecutive phases in 
order to identify and resolve sources of variation early in the validation process. During Phase 1 of 
the validation, the three participating centers (ICCVAM, ECVAM, and JaCVAM) generated 
historical databases. In Phases 2 through 4, the 78 ICCVAM reference substances were tested. 
Substances used in each phase of the agonist and antagonist testing are listed in Table 3-5 and 
Table 3-6, respectively. 
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Table 3-5 Agonist Substances by Study Phase  

Study 
Phase Substance CASRN MeSH 

Chemical Classa Product Classb 
ICCVAM 
Consensus 

Classificationc 

1 17ß-Estradiol 50-28-2 Steroid 
Pharmaceutical, 

Veterinary 
Agent 

POS 

1 p,p’-Methoxychlor 72-43-5 Hydrocarbon 
(Halogenated) 

Pesticide, 
Veterinary 

Agent 
POS 

2a Bisphenol A 80-05-7 Phenol 

Chemical 
Intermediate, 

Flame Retardant, 
Fungicide 

POS 

2a Bisphenol B 77-40-7 Phenol 

Chemical 
Intermediate, 

Flame Retardant, 
Fungicide 

POS 

2a Corticosterone 50-22-6 Steroid Pharmaceutical NEG 

2a Diethylstilbestrol 56-53-1 Hydrocarbon 
(Cyclic) 

Pharmaceutical, 
Veterinary 

Agent 
POS 

2b 17α-Ethinyl estradiol 57-63-6 Steroid 
Pharmaceutical, 

Veterinary 
Agent 

POS 

2b Atrazine 1912-24-9 Heterocyclic 
Compound Herbicide NEG 

2b Butylbenzyl phthalate 85-68-7 Carboxylic Acid, 
Phthalic Acid 

Pharmaceutical, 
Veterinary 

Agent 
POS 

2b Flavone 525-82-6 
Flavonoid, 

Heterocyclic 
Compound 

Natural Product, 
Pharmaceutical PP 

2b Genistein 446-72-0 
Flavonoid, 

Heterocyclic 
Compound 

Natural Product, 
Pharmaceutical POS 

2b o,p’-DDT 789-02-6 Hydrocarbon 
(Halogenated) Pesticide POS 

2b p-n-Nonylphenol 104-40-5 Phenol Chemical 
Intermediate POS 

2b Vinclozolin 50471-44-8 Heterocyclic 
Compound Fungicide PP 

3 
12-O-
Tetradecanoylphorbol-
13-acetate 

16561-29-8 Hydrocarbon 
(Cyclic) 

Laboratory 
Chemical PN 
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Study 
Phase Substance CASRN MeSH 

Chemical Classa Product Classb 
ICCVAM 
Consensus 

Classificationc 

3 17α-Estradiol 57-91-0 Steroid 
Pharmaceutical, 

Veterinary 
Agent 

POS 

3 17ß-Estradiol 50-28-2 Steroid 
Pharmaceutical, 

Veterinary 
Agent 

POS 

3 2-sec-Butylphenol 89-72-5 Phenol 

Chemical 
Intermediate, 

Pesticide 
Intermediate, 

Plasticizer 

PN 

3 
2,4,5-
Trichlorophenoxyacetic 
acid 

93-76-5 Carboxylic Acid Herbicide PP 

3 4-Androstenedione 63-05-8 Steroid Pharmaceutical PP 

3 4-Cumylphenol 599-64-4 Phenol Chemical 
Intermediate POS 

3 4-Hydroxytamoxifen 68047-06-3 Hydrocarbon 
(Cyclic) Pharmaceutical PP 

3 4-tert-Octylphenol 140-66-9 Phenol 

Chemical 
Intermediate, 

Pharmaceutical 
Intermediate 

POS 

3 5α-Dihydrotestosterone 521-18-6 Steroid Pharmaceutical POS 

3 Actinomycin D 50-76-0 

Heterocyclic 
Compound, 
Polycyclic 
Compound 

Laboratory 
Chemical, 

Pharmaceutical, 
Veterinary 

Agent 

PN 

3 Apigenin 520-36-5 Heterocyclic 
Compound 

Dye, Natural 
Product, 

Pharmaceutical 
Intermediate 

POS 

3 Clomiphene citrate 50-41-9 

Amine, 
Carboxylic Acid, 

Heterocyclic 
Compound 

Pharmaceutical POS 

3 Coumestrol 479-13-0 Heterocyclic 
Compound Natural Product POS 

3 Daidzein 486-66-8 
Flavonoid, 

Heterocyclic 
Compound 

Natural Product POS 



  Appendix C – Background Review Document 

 C-71 

Study 
Phase Substance CASRN MeSH 

Chemical Classa Product Classb 
ICCVAM 
Consensus 

Classificationc 

3 Dexamethasone 50-02-2 Steroid 
Pharmaceutical, 

Veterinary 
Agent 

PP 

3 Di-n-butyl phthalate 84-74-2 Ester, Phthalic 
Acid 

Cosmetic 
Ingredient, 
Industrial 
Chemical, 
Plasticizer 

PP 

3 Dibenzo[a,h]anthracene 53-70-3 Polycyclic 
Compound 

Laboratory 
Chemical, 

Natural Product 
PP 

3 Dicofol 115-32-2 

Hydrocarbon 
(Cyclic), 

Hydrocarbon 
(Halogenated) 

Pesticide POS 

3 Diethylhexyl phthalate 117-81-7 Phthalic Acid 
Pesticide 

Intermediate, 
Plasticizer 

PP 

3 Estrone 53-16-7 Steroid 
Pharmaceutical, 

Veterinary 
Agent 

POS 

3 Ethyl paraben 120-47-8 Carboxylic Acid, 
Phenol 

Pharmaceutical, 
Preservative POS 

3 Fluoranthene 206-44-0 Polycyclic 
Compound 

Industrial 
Chemical, 
Laboratory 
Chemical, 

Pharmaceutical 
Intermediate 

PN 

3 Hydroxyflutamide 52806-53-8 Amide Pharmaceutical NEG 

3 Kaempferol 520-18-3 
Flavonoid, 

Heterocyclic 
Compound 

Natural Product POS 

3 Kepone 143-50-0 Hydrocarbon 
(Halogenated) Pesticide POS 

3 meso-Hexestrol 84-16-2 Steroid 
Pharmaceutical, 

Veterinary 
Agent 

POS 

3 Methyl testosterone 58-18-4 Steroid 
Pharmaceutical, 

Veterinary 
Agent 

POS 
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Study 
Phase Substance CASRN MeSH 

Chemical Classa Product Classb 
ICCVAM 
Consensus 

Classificationc 

3 Morin 480-16-0 
Flavonoid, 

Heterocyclic 
Compound 

Dye, Natural 
Product, 

Pharmaceutical 
Intermediate 

PP 

3 Norethynodrel 68-23-5 Steroid Pharmaceutical POS 

3 p,p’-Methoxychlor 72-43-5 Hydrocarbon 
(Halogenated) 

Pesticide, 
Veterinary 

Agent 
POS 

3 p,p’-DDE 72-55-9 Hydrocarbon 
(Halogenated) 

Pesticide 
Intermediate POS 

3 Phenobarbital 50-06-6 
Heterocyclic 
Compound, 
Pyrimidine 

Pharmaceutical, 
Veterinary 

Agent 
NEG 

3 Phenolpthalin 81-90-3 Carboxylic Acid, 
Phenol 

Dye, Laboratory 
Chemical PN 

3 Progesterone 57-83-0 Steroid 
Pharmaceutical, 

Veterinary 
Agent 

PP 

3 Propylthiouracil 51-52-5 
Heterocyclic 
Compound, 
Pyrimidine 

Pharmaceutical, 
Veterinary 

Agent 
PN 

3 Raloxifene HCl 82640-04-8 Hydrocarbon 
(Cyclic) Pharmaceutical PP 

3 Resveratrol 501-36-0 Hydrocarbon 
(Cyclic) Natural Product POS 

3 Sodium azide 26628-22-8 Azide, Salt 
(Inorganic) 

Chemical 
Intermediate, 

Fungicide, 
Herbicide 

PN 

3 Tamoxifen 10540-29-1 Hydrocarbon 
(Cyclic) Pharmaceutical POS 

3 Testosterone 58-22-0 Steroid 
Pharmaceutical, 

Veterinary 
Agent 

PP 

4 17ß-Trenbolone 10161-33-8 Steroid Pharmaceutical PP 

4 19-Nortestosterone 434-22-0 Steroid 
Pharmaceutical, 

Veterinary 
Agent 

POS 

4 4-
Hydroxyandrostenedione 566-48-3 Steroid Pharmaceutical PP 
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Study 
Phase Substance CASRN MeSH 

Chemical Classa Product Classb 
ICCVAM 
Consensus 

Classificationc 

4 Ammonium perchlorate 7790-98-9 Amine, Onium 
Compound 

Industrial 
Chemical, 
Laboratory 
Chemical, 

Pharmaceutical 

PN 

4 Apomorphine 58-00-4 Heterocyclic 
Compound 

Pharmaceutical, 
Veterinary 

Agent 
PN 

4 Bicalutamide 90357-06-5 Amide Pharmaceutical NEG 

4 Chrysin 480-40-0 
Flavonoid, 

Heterocyclic 
Compound 

Natural Product POS 

4 Cycloheximide 66-81-9 Heterocyclic 
Compound 

Fungicide, 
Pharmaceutical, 

Veterinary 
Agent 

PN 

4 Cyproterone acetate 427-51-0 Steroid Pharmaceutical PP 

4 Fenarimol 60168-88-9 
Heterocyclic 
Compound, 
Pyrimidine 

Fungicide POS 

4 Finasteride 98319-26-7 Steroid Pharmaceutical PN 

4 Fluoxymestrone 76-43-7 Steroid Pharmaceutical PN 

4 Flutamide 13311-84-7 Amide 
Pharmaceutical, 

Veterinary 
Agent 

NEG 

4 Haloperidol 52-86-8 Ketone 
Pharmaceutical, 

Veterinary 
Agent 

PN 

4 Ketoconazole 65277-42-1 Heterocyclic 
Compound Pharmaceutical PN 

4 L-Thyroxine 51-48-9 Amino Acid 
Pharmaceutical, 

Veterinary 
Agent 

POS 

4 Linuron 330-55-2 Urea Herbicide NEG 

4 Medroxyprogesterone 
acetate 71-58-9 Steroid Pharmaceutical PP 

4 Mifepristone 84371-65-3 Steroid Pharmaceutical PP 

4 Nilutamide 63612-50-0 
Heterocyclic 
Compound, 
Imidazole 

Pharmaceutical PN 
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Study 
Phase Substance CASRN MeSH 

Chemical Classa Product Classb 
ICCVAM 
Consensus 

Classificationc 

4 Oxazepam 604-75-1 Heterocyclic 
Compound 

Pharmaceutical, 
Veterinary 

Agent 
PN 

4 Pimozide 2062-78-4 Heterocyclic 
Compound Pharmaceutical PN 

4 Procymidone 32809-16-8 Polycyclic 
Compound Fungicide NEG 

4 Reserpine 50-55-5 
Heterocyclic 
Compound, 

Indole 

Pharmaceutical, 
Veterinary 

Agent 
PN 

4 Spironolactone 52-01-7 Lactone, Steroid Pharmaceutical NEG 
Abbreviations: CASRN = CAS Registry Number (American Chemical Society); ICCVAM = Interagency Coordinating 

Committee on the Validation of Alternative Methods; MeSH= Medical Subject Headings (National Library of Medicine); 
NEG = negative; PN = presumed negative; POS = positive; PP = presumed positive. 

a Substances were assigned to one or more chemical classes using the U.S. National Library of Medicine’s Medical Subject 
Headings (MeSH), an internationally recognized standardized classification scheme (available at 
http://www.nlm.nih.gov/mesh). 

b Substances 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-bin/sis/htmlgen?HSDB). 

c Estrogenic activity based on a literature review for effects on ER binding, ER TA based on CERI, and uterotrophic 
response. 

 

Table 3-6 Antagonist Substances by Study Phase 

Study 
Phase Substance CASRN MeSH 

Chemical Classa Product Classb 
ICCVAM 
Consensus 

Classificationc 

1 17ß-Estradiol 50-28-2 Steroid 
Pharmaceutical, 

Veterinary 
Agent 

PN 

1 Flavone 525-82-6 
Flavonoid, 

Heterocyclic 
Compound 

Natural 
Product, 

Pharmaceutical 
PN 

1 Raloxifene HCl 82640-04-8 Hydrocarbon 
(Cyclic) Pharmaceutical POS 

2a Dibenzo[a,h]anthracene 53-70-3 Polycyclic 
Compound 

Laboratory 
Chemical, 

Natural Product 
PP 

2a p-n-Nonylphenol 104-40-5 Phenol Chemical 
Intermediate NEG 

2a Progesterone 57-83-0 Steroid 
Pharmaceutical, 

Veterinary 
Agent 

NEG 
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Study 
Phase Substance CASRN MeSH 

Chemical Classa Product Classb 
ICCVAM 
Consensus 

Classificationc 

2a Tamoxifen 10540-29-1 Hydrocarbon 
(Cyclic) Pharmaceutical POS 

2b Apigenin 520-36-5 Heterocyclic 
Compound 

Dye, Natural 
Product, 

Pharmaceutical 
Intermediate 

NEG 

2b Atrazine 1912-24-9 Heterocyclic 
Compound Herbicide PN 

2b Butylbenzyl phthalate 85-68-7 Carboxylic Acid, 
Phthalic Acid 

Pharmaceutical, 
Veterinary 

Agent 
NEG 

2b Corticosterone 50-22-6 Steroid Pharmaceutical PN 

2b Flavone 525-82-6 
Flavonoid, 

Heterocyclic 
Compound 

Natural 
Product, 

Pharmaceutical 
PN 

2b Genistein 446-72-0 
Flavonoid, 

Heterocyclic 
Compound 

Natural 
Product, 

Pharmaceutical 
NEG 

2b o,p’-DDT 789-02-6 Hydrocarbon 
(Halogenated) Pesticide NEG 

2b Resveratrol 501-36-0 Hydrocarbon 
(Cyclic) Natural Product NEG 

3 
12-O-
Tetradecanoylphorbol-
13-acetate 

16561-29-8 Hydrocarbon 
(Cyclic) 

Laboratory 
Chemical PN 

3 17α-Estradiol 57-91-0 Steroid 
Pharmaceutical, 

Veterinary 
Agent 

PN 

3 17α-Ethinyl estradiol 57-63-6 Steroid 
Pharmaceutical, 

Veterinary 
Agent 

NEG 

3 17ß-Estradiol 50-28-2 Steroid 
Pharmaceutical, 

Veterinary 
Agent 

PN 

3 2-sec-Butylphenol 89-72-5 Phenol 

Chemical 
Intermediate, 

Pesticide 
Intermediate, 

Plasticizer 

PN 

3 
2,4,5-
Trichlorophenoxyacetic 
acid 

93-76-5 Carboxylic Acid Herbicide PN 
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Study 
Phase Substance CASRN MeSH 

Chemical Classa Product Classb 
ICCVAM 
Consensus 

Classificationc 

3 4-Androstenedione 63-05-8 Steroid Pharmaceutical PN 

3 4-Cumylphenol 599-64-4 Phenol Chemical 
Intermediate PN 

3 4-Hydroxytamoxifen 68047-06-3 Hydrocarbon 
(Cyclic) Pharmaceutical POS 

3 4-tert-Octylphenol 140-66-9 Phenol 

Chemical 
Intermediate, 

Pharmaceutical 
Intermediate 

PN 

3 5α-Dihydrotestosterone 521-18-6 Steroid Pharmaceutical NEG 

3 Actinomycin D 50-76-0 

Heterocyclic 
Compound, 
Polycyclic 
Compound 

Laboratory 
Chemical, 

Pharmaceutical, 
Veterinary 

Agent 

PN 

3 Bisphenol A 80-05-7 Phenol 

Chemical 
Intermediate, 

Flame 
Retardant, 
Fungicide 

NEG 

3 Bisphenol B 77-40-7 Phenol 

Chemical 
Intermediate, 

Flame 
Retardant, 
Fungicide 

PN 

3 Clomiphene citrate 50-41-9 

Amine, 
Carboxylic Acid, 

Heterocyclic 
Compound 

Pharmaceutical PP 

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

3 Daidzein 486-66-8 
Flavonoid, 

Heterocyclic 
Compound 

Natural Product NEG 

3 Dexamethasone 50-02-2 Steroid 
Pharmaceutical, 

Veterinary 
Agent 

PN 

3 Di-n-butyl phthalate 84-74-2 Ester, Phthalic 
Acid 

Cosmetic 
Ingredient, 
Industrial 
Chemical, 
Plasticizer 

NEG 
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Study 
Phase Substance CASRN MeSH 

Chemical Classa Product Classb 
ICCVAM 
Consensus 

Classificationc 

3 Dicofol 115-32-2 

Hydrocarbon 
(Cyclic), 

Hydrocarbon 
(Halogenated) 

Pesticide NEG 

3 Diethylhexyl phthalate 117-81-7 Phthalic Acid 
Pesticide 

Intermediate, 
Plasticizer 

NEG 

3 Diethylstilbestrol 56-53-1 Hydrocarbon 
(Cyclic) 

Pharmaceutical, 
Veterinary 

Agent 
NEG 

3 Estrone 53-16-7 Steroid 
Pharmaceutical, 

Veterinary 
Agent 

PN 

3 Ethyl paraben 120-47-8 Carboxylic Acid, 
Phenol 

Pharmaceutical, 
Preservative PN 

3 Fluoranthene 206-44-0 Polycyclic 
Compound 

Industrial 
Chemical, 
Laboratory 
Chemical, 

Pharmaceutical 
Intermediate 

PN 

3 Hydroxyflutamide 52806-53-8 Amide Pharmaceutical PN 

3 Kaempferol 520-18-3 
Flavonoid, 

Heterocyclic 
Compound 

Natural Product NEG 

3 Kepone 143-50-0 Hydrocarbon 
(Halogenated) Pesticide NEG 

3 meso-Hexestrol 84-16-2 Steroid 
Pharmaceutical, 

Veterinary 
Agent 

PN 

3 Methyl testosterone 58-18-4 Steroid 
Pharmaceutical, 

Veterinary 
Agent 

PN 

3 Morin 480-16-0 
Flavonoid, 

Heterocyclic 
Compound 

Dye, Natural 
Product, 

Pharmaceutical 
Intermediate 

PN 

3 Norethynodrel 68-23-5 Steroid Pharmaceutical NEG 

3 p,p’-DDE 72-55-9 Hydrocarbon 
(Halogenated) 

Pesticide 
Intermediate NEG 

3 p,p’- Methoxychlor 72-43-5 Hydrocarbon 
(Halogenated) 

Pesticide, 
Veterinary 

Agent 
PP 
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Study 
Phase Substance CASRN MeSH 

Chemical Classa Product Classb 
ICCVAM 
Consensus 

Classificationc 

3 Phenobarbital 50-06-6 
Heterocyclic 
Compound, 
Pyrimidine 

Pharmaceutical, 
Veterinary 

Agent 
PN 

3 Phenolpthalin 81-90-3 Carboxylic Acid, 
Phenol 

Dye, 
Laboratory 
Chemical 

PN 

3 Propylthiouracil 51-52-5 
Heterocyclic 
Compound, 
Pyrimidine 

Pharmaceutical, 
Veterinary 

Agent 
PN 

3 Raloxifene HCl 82640-04-8 Hydrocarbon 
(Cyclic) Pharmaceutical POS 

3 Sodium azide 26628-22-8 Azide, Salt 
(Inorganic) 

Chemical 
Intermediate, 

Fungicide, 
Herbicide 

PN 

3 Testosterone 58-22-0 Steroid 
Pharmaceutical, 

Veterinary 
Agent 

PN 

3 Vinclozolin 50471-44-8 Heterocyclic 
Compound Fungicide PN 

4 17ß-Trenbolone 10161-33-8 Steroid Pharmaceutical PN 

4 19-Nortestosterone 434-22-0 Steroid 
Pharmaceutical, 

Veterinary 
Agent 

PN 

4 4-
Hydroxyandrostenedione 566-48-3 Steroid Pharmaceutical PN 

4 Ammonium perchlorate 7790-98-9 Amine, Onium 
Compound 

Industrial 
Chemical, 
Laboratory 
Chemical, 

Pharmaceutical 

PN 

4 Apomorphine 58-00-4 Heterocyclic 
Compound 

Pharmaceutical, 
Veterinary 

Agent 
PN 

4 Bicalutamide 90357-06-5 Amide Pharmaceutical PN 

4 Chrysin 480-40-0 
Flavonoid, 

Heterocyclic 
Compound 

Natural Product NEG 

4 Cycloheximide 66-81-9 Heterocyclic 
Compound 

Fungicide, 
Pharmaceutical, 

Veterinary 
Agent 

PP 
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Study 
Phase Substance CASRN MeSH 

Chemical Classa Product Classb 
ICCVAM 
Consensus 

Classificationc 

4 Cyproterone acetate 427-51-0 Steroid Pharmaceutical PN 

4 Fenarimol 60168-88-9 
Heterocyclic 
Compound, 
Pyrimidine 

Fungicide PN 

4 Finasteride 98319-26-7 Steroid Pharmaceutical PN 

4 Fluoxymestrone 76-43-7 Steroid Pharmaceutical PN 

4 Flutamide 13311-84-7 Amide 
Pharmaceutical, 

Veterinary 
Agent 

PN 

4 Haloperidol 52-86-8 Ketone 
Pharmaceutical, 

Veterinary 
Agent 

PN 

4 Ketoconazole 65277-42-1 Heterocyclic 
Compound Pharmaceutical PN 

4 L-Thyroxine 51-48-9 Amino Acid 
Pharmaceutical, 

Veterinary 
Agent 

PN 

4 Linuron 330-55-2 Urea Herbicide PN 

4 Medroxyprogesterone 
acetate 71-58-9 Steroid Pharmaceutical PN 

4 Mifepristone 84371-65-3 Steroid Pharmaceutical NEG 

4 Nilutamide 63612-50-0 
Heterocyclic 
Compound, 
Imidazole 

Pharmaceutical PN 

4 Oxazepam 604-75-1 Heterocyclic 
Compound 

Pharmaceutical, 
Veterinary 

Agent 
PN 

4 Pimozide 2062-78-4 Heterocyclic 
Compound Pharmaceutical PN 

4 Procymidone 32809-16-8 Polycyclic 
Compound Fungicide PN 

4 Reserpine 50-55-5 
Heterocyclic 
Compound, 

Indole 

Pharmaceutical, 
Veterinary 

Agent 
PN 

4 Spironolactone 52-01-7 Lactone, Steroid Pharmaceutical PN 
Abbreviations: CASRN = CAS Registry Number (American Chemical Society); Interagency Coordinating Committee on 

the Validation of Alternative Methods; MeSH = Medical Subject Headings (National Library of Medicine); 
NEG = negative; PN = presumed negative; POS = positive; PP = presumed positive. 

a Substances were assigned to one or more chemical classes using the U.S. National Library of Medicine’s Medical Subject 
Headings (MeSH), an internationally recognized standardized classification scheme (available at 
http://www.nlm.nih.gov/mesh). 
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b Substances 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-bin/sis/htmlgen?HSDB).  

c Estrogenic activity based on a literature review for effects on ER binding, ER TA based on CERI, and uterotrophic 
response. 

 

3.5 Substances Used to Assess Intralaboratory Reproducibility 

Intralaboratory reproducibility was assessed using data generated by testing the 12 coded reference 
substances in Phase 2. Each of the 12 was tested three times on three separate days. The substances 
tested in Phase 2 that were used to assess intralaboratory reproducibility of the agonist test methods 
are listed in Table 3-5. Those that were used to assess intralaboratory reproducibility of antagonist 
test methods are listed in Table 3-6.  

3.6  Substances Used to Assess Interlaboratory Reproducibility 

Because this validation study was conducted in four phases, not all substances were tested in all 
laboratories. Consequently, only those coded substances tested in all three laboratories (Phase 2 and 
Phase 3) could be used to assess interlaboratory reproducibility. The 53 substances tested in Phase 2 
and Phase 3 that were used to assess interlaboratory reproducibility of the agonist and antagonist test 
methods are listed in Table 3-5 and Table 3-6, respectively.  

3.7  Chemical Classes Represented in the List of Substances 

The chemical classes shown for each of the 78 reference substances were assigned by the U.S. 
National Library of Medicine’s Medical Subject Headings (MeSH®; available at 
http://www.nlm.nih.gov/mesh), an internationally recognized standardized classification scheme. The 
distribution of substances by chemical class is provided in Table 3-7.  

Table 3-7 Distribution of Reference Substances by Chemical Class 

MeSH Chemical Classa All Substances Substances Used for 
Agonist Accuracy 

Substances Used for 
Antagonist Accuracy 

Amides 3 3 1 

Amines 2 1 0 

Amino Acids 1 1 0 

Azides 1 0 0 

Carboxylic Acids 5 4 1 

Esters 2 0 0 

Flavonoids 8 7 1 

Heterocyclic Compounds 22 12 3 

Hydrocarbons (Cyclic) 7 4 2 

Hydrocarbons (Halogenated) 5 5 3 

Imidazoles 1 0 0 

Indoles 1 0 0 

Ketones 1 1 0 

Lactones 1 1 0 
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MeSH Chemical Classa All Substances Substances Used for 
Agonist Accuracy 

Substances Used for 
Antagonist Accuracy 

Onium Compounds 1 0 0 

Phenols 8 8 1 

Phthalic Acids 3 1 1 

Polycyclic Compounds 4 1 0 

Pyrimindines 3 2 1 

Salts (Inorganic) 1 1 0 

Steroids 22 12 5 

Ureas 1 1 0 
Abbreviations: MeSH = Medical Subject Headings (National Library of Medicine). 
a Substances were assigned to one or more chemical classes using the U.S. National Library of Medicine’s Medical Subject 

Headings (MeSH), an internationally recognized standardized classification scheme (available at 
http://www.nlm.nih.gov/mesh). 

 

3.8  Product Classes Represented in the List of Substances 

The product classes assigned to each reference substance are based on information obtained from the 
U.S. National Library of Medicine’s Hazardous Substances Data Bank (available at 
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB). For in vitro ER test methods, the distribution 
of substances by product class is provided in Table 3-8.  

Table 3-8 Distribution of Reference Substances by Product Class 

Product Classa All Substances Substances Used for 
Agonist Accuracy 

Substances Used for 
Antagonist Accuracy 

Chemical Intermediate 7 7 1 

Cosmetic Ingredient 1 0 0 

Dye 3 3 0 

Flame Retardant 2 2 1 

Fungicide 7 5 2 

Herbicide 4 3 1 

Industrial Chemical 4 0 0 

Laboratory Chemical 6 1 0 

Natural Product 10 8 1 

Pesticide 4 4 2 

Pesticide Intermediate 3 2 1 

Pharmaceutical 46 25 10 

Pharmaceutical Intermediate 4 3 0 
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Product Classa All Substances Substances Used for 
Agonist Accuracy 

Substances Used for 
Antagonist Accuracy 

Plasticizer 4 1 0 

Preservative 1 1 0 

Veterinary Agent 22 13 3 
a Substances 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-bin/sis/htmlgen?HSDB). 
 

3.9 Test Substance Procurement, Coding, and Distribution 

On behalf of NICEATM, the National Toxicology Program Substances Inventory (NTPSI) procured 
and distributed all reference standards and controls to the participating laboratories, with the 
exception of some that were classified as controlled substances (i.e., 4-androstenedione, 
5α-dihydrotestosterone, methyl testosterone, testosterone, and phenobarbital). To avoid the extensive 
amount of documentation required (and associated delays) to import controlled substances, ECVAM 
and JaCVAM made efforts to procure these specific substances from their regional suppliers. 
ECVAM procured methyl testosterone and phenobarbital from EU-based suppliers but not 
4-androstenedione, 5α-dihydrotestosterone, or testosterone. Therefore, ECVAM obtained the required 
EU regulatory permissions for the importation of 4-androstenedione, 5α-dihydrotestosterone, and 
testosterone, which were subsequently procured by the NTPSI and exported to the ECVAM 
laboratory accordingly. JaCVAM was able to procure 4-androstenedione, 5α-dihydrotestosterone, 
methyl testosterone, and testosterone from Japanese suppliers. However, phenobarbital, classified as a 
Schedule IV controlled substance according to the U.S. Drug Enforcement Administration, was not 
procured because the JaCVAM-sponsored Hiyoshi Laboratory did not have an appropriate license for 
handling Schedule IV substances. 

Reference substances were coded with unique laboratory-specific identifiers (see Annex I for 
laboratory-specific reference substance codes), and aliquots were sent in coded vials to participating 
laboratories. (Note: The NTPSI also provided empty coded vials to ECVAM and JaCVAM for the 
controlled substances that were procured from regional distributors as detailed above.) Material 
Safety Data Sheets (MSDSs) were provided along with the reference substances and controls. Coded 
reference substances were provided with a sealed health and safety packet containing the identity of 
each test substance, as well as its MSDS, to be opened in the event of an accident (e.g., chemical 
spill). The NTPSI, ECVAM, and/or JaCVAM also obtained Certificates of Analysis for reference 
standards, controls, and reference substances. 

Procedures for shipping substances to the participating laboratories were the same regardless of 
whether NTPSI, ECVAM, or JaCVAM was the responsible party. Substances were packaged so as to 
minimize damage during transit and shipped under appropriate storage conditions and according to 
the appropriate regulatory transportation procedures. The NICEATM validation study project 
manager maintained Certificates of Analysis for all test substances. The participating laboratories 
were notified upon shipment in order to prepare for receipt. Test substance shipments were delivered 
to each participating laboratory. Information regarding weight or volume and storage conditions for 
each coded reference substance was also provided to each laboratory well before shipment. The 
shipment included the following instructions for the participating laboratories: 

• Contact the NTPSI and the NICEATM validation study project manager upon receipt of test 
substances. 

• Contact the validation study project manager if test facility personnel opened the health and 
safety packet at any time, for any reason, during the study. 
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4.0 Test Method Data And Results 
This section summarizes the results from testing of 53 coded reference substances in the three 
participating laboratories (XDS, ECVAM, and Hiyoshi) and an additional 25 coded reference 
substances tested in the lead laboratory (XDS) using the agonist and antagonist protocols for the 
BG1Luc ER TA test method. 

4.1 Availability of Original Data Used to Evaluate Test Method Performance 

All data were provided to the validation study project coordinator at NICEATM as electronic 
Microsoft Excel® and GraphPad Prism® files. Data files and laboratory reports are available upon 
request from NICEATM. Requests can be made by mail, fax, or e-mail to Dr. William S. Stokes, 
NICEATM, NIEHS, P.O. Box 12233, MD K2-16, Research Triangle Park, NC, 27709, (phone) 
919-541-2384, (fax) 919-541-0947, (e-mail) niceatm@niehs.nih.gov. 

4.2 BG1Luc ER TA Agonist and Antagonist Reference Standard and Control Data 

During Phase 1, each laboratory established a historical database for the control and reference 
substances. The database was used to calculate acceptance criteria using reference standards and 
controls for use in subsequent study phases. Although E2 reference standard EC50, Ral reference 
standard IC50, Met RLU, and flavone RLU values were not used for plate acceptance after Phase 2a of 
the validation study (see Sections 2.7.1 and 2.7.2), these values were collected throughout the study 
for information purposes (see Tables 4-1 through 4-7). Because the RLU values for the agonist and 
antagonist DMSO control and the antagonist E2 control were used for acceptance criteria throughout 
the study, they were used in the evaluation of intra- and interlaboratory reproducibility (see 
Section 6). The reported data represent only plates that passed test plate acceptance criteria. The total 
number of plates that were run (combination of number of acceptable plates and plates that failed one 
or more acceptance criteria) are also reported. Details of the rationale for any plate failures, along 
with their impact on intralaboratory reproducibility, are discussed in Section 6.  

4.2.1 Agonist E2 Reference Standard 

As shown in Table 4-1, the historical E2 EC50 data collected by each laboratory in Phase 1 ranged 
from 8.47 × 10-12 to 1.13 × 10-11 M on the 10 acceptable plates required to generate the historical 
database at XDS and Hiyoshi. XDS successfully generated their historical database in 10 consecutive 
experiments. ECVAM generated data on 18 consecutive experiments due to a concern that a portion 
of the plates might not meet the acceptance criteria. However, none of these 18 plates failed 
acceptance; therefore, the ECVAM historical database is based on a total of 18 plates. Hiyoshi 
required two additional experiments because two plates failed the fold induction acceptance criterion. 
E2 EC50 values collected by each laboratory in subsequent phases of the validation study ranged from 
6.15 × 10-12 to 1.74 × 10-11 M (see Table 4-1). 
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Table 4-1 Summary of Agonist E2 Reference Standard EC50 Data by Study Phase 

Laboratory Study Phase Mean EC50 
(M)a SD N 

XDS 1 8.47 × 10-12 1.66 × 10-12 10/10 

ECVAM 1 8.34 × 10-12 3.10 × 10-12 18/18 

Hiyoshi 1 1.13 × 10-11 2.91 × 10-12 10/12 

XDS 2a 9.95 × 10-12 1.53 × 10-12 7/15 

ECVAM 2a 1.16 × 10-11 4.07 × 10-12 6/30 

Hiyoshi 2a 8.54 × 10-12 1.73 × 10-12 8/9 

XDS 2b 9.97 × 10-12 2.88 × 10-12 13/13 

ECVAM 2b 7.82 × 10-12 4.80 × 10-12 12/16 

Hiyoshi 2b 1.02 × 10-11 1.94 × 10-12 13/16 

XDS 3 1.36 × 10-11 1.28 × 10-11 34/47 

ECVAM 3 1.48 × 10-11 3.02 × 10-11 24/35 

Hiyoshi 3 6.15 × 10-12 1.31 × 10-12 34/34 

XDS 4 1.74 × 10-11 2.66 × 10-11 29/41 
Abbreviations: EC50 = half-maximal effective concentration; ECVAM = European Centre for the Validation of Alternative 

Methods; M = molar; N = number of plates that passed acceptance criteria/total number of plates; SD = standard 
deviation; XDS = Xenobiotic Detection Systems, Inc. 

a This value was used as a test plate acceptance criterion during Phase 2a of the validation study only. After Phase 2a, this 
value was monitored but was no longer used to determine whether test plates passed acceptance criteria. 

 

4.2.2 Agonist DMSO Control Values 

Because DMSO control RLU values are not normalized, they can vary considerably between test 
plates. DMSO RLU values at all laboratories during all validation study phases ranged from a low 
of 511 (Phase 3 at XDS) to a high of 9885 (Phase 1 at XDS), with a mean of 3749 (see Table 4-2). 
However, within-plate variability of DMSO control RLU values between replicate DMSO wells was 
low, with associated coefficient of variation (CV) values ranging from 1% to 43% and a mean of 8% 
(see Table 4-2). Of the 218 agonist test plates that met acceptance criteria, only six plates had within-
plate CV values greater than 20%. (See Annex L for individual test plate mean DMSO control RLU 
values and associated CV values.) 
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Table 4-2 Summary of Agonist Within-Plate DMSO Control Data by Laboratory and 
Study Phase 

Laboratory Study Phase Mean and Range of DMSO 
Control RLU Values 

Mean and Range of CV 
(%) N 

XDS 1 
5362 

(2031-9885) 
7 

(5-9) 
10/10 

ECVAM 1 
3519 

(1379-6342) 
8 

(2-14) 
18/18 

Hiyoshi 1 
4213 

(2323-6087) 
7 

(4-15) 
10/12 

XDS 2a 
2271 

(636-5114) 
10 

(3-21) 
7/15 

ECVAM 2a 
2900 

(828-5017) 
8 

(1-17) 
6/30 

Hiyoshi 2a 
4199 

(2023-6314) 
5 

(1-9) 
8/9 

XDS 2b 
2084 

(628-4094) 
5 

(2-10) 
13/13 

ECVAM 2b 
4291 

(3256-6209) 
6 

(3-11) 
12/16 

Hiyoshi 2b 
6291 

(4330-8078) 
5 

(1-10) 
13/16 

XDS 3 
2314 

(511-6826) 
10 

(1-43) 
34/47 

ECVAM 3 
2938 

(1097-7306) 
10 

(3-33) 
24/35 

Hiyoshi 3 
5760 

(1362-9383) 
6 

(1-24) 
34/34 

XDS 4 
2943 

(913-5987) 
8 

(1-17) 
29/41 

All  All 
3749 

(511-9885) 
8 

(1-43) 
218/286 

Abbreviations: CV = coefficient of variation; DMSO = dimethyl sulfoxide; ECVAM = European Centre for the Validation 
of Alternative Methods; N = number of plates that passed acceptance criteria/total number of plates; XDS = Xenobiotic 
Detection Systems, Inc. 
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4.2.3 Maximum Fold Induction of E2 Response During Agonist Testing 

As shown in Table 4-3, mean fold induction across the three laboratories throughout the validation 
study was 5.72 ± 1.82. With the exception of Phase 2b, ECVAM consistently reported the highest 
mean fold induction. ECVAM’s highest mean value (9.2) was observed during Phase 3. Hiyoshi 
reported the lowest values in all study phases except Phase 3. During Phase 3, XDS and Hiyoshi 
reported similar values (4.3 and 4.9, respectively). The lowest mean fold induction reported during 
the validation study was 4.0, which was observed at both Hiyoshi (Phase 2b) and XDS (Phase 4).  

Table 4-3 Summary of Agonist Maximum Fold Induction Data by Laboratory and Study 
Phase 

Laboratory Study Phase Mean Fold 
Inductiona,b SD N 

XDS 1 4.7 0.7 10/10 

ECVAM 1 8.1 0.9 18/18 

Hiyoshi 1 4.5 0.9 10/12 

XDS 2a 6.4 2.7 7/15 

ECVAM 2a 8.0 1.9 6/30 

Hiyoshi 2a 4.4 0.7 8/9 

XDS 2b 7.3 2.0 13/13 

ECVAM 2b 4.6 0.9 12/16 

Hiyoshi 2b 4.0 0.7 13/16 

XDS 3 4.3 1.0 34/47 

ECVAM 3 9.2 3.0 24/35 

Hiyoshi 3 4.9 1.0 34/34 

XDS 4 4.0 1.3 29/41 

All All 5.72 1.82 13/13 
Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; N = number of plates that passed 

acceptance criteria/total number of plates; SD = standard deviation; XDS = Xenobiotic Detection Systems, Inc. 
a Fold induction is measured by dividing the test plate averaged highest E2 reference standard RLU value by the averaged 

DMSO control mean RLU value (see Section 2.7.1). 
b Test plate acceptance criteria for maximum fold induction state that fold induction must be greater than 3. 
 

4.2.4 Weak Agonist Positive Control: Methoxychlor 

During the development of the historical Met control databases, the normalized and adjusted response 
was highest at Hiyoshi and lowest at ECVAM (Table 4-4). Variability was low in all three 
laboratories (CV ≤ 17%). Variability remained low throughout subsequent phases of the validation 
study (CV ≤ 23%). 
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Table 4-4 Summary of Agonist Methoxychlor Control Data by Laboratory and Study 
Phase 

Laboratory Study Phase Mean Adjusted 
RLU Valuea,b SD N 

XDS 1 5709 974 10/10 

ECVAM 1 4494 590 18/18 

Hiyoshi 1 7917 430 10/12 

XDS 2a 5494 981 7/15 

ECVAM 2a 5199 508 6/30 

Hiyoshi 2a 8500 424 8/9 

XDS 2b 6126 941 13/13 

ECVAM 2b 8117 789 12/16 

Hiyoshi 2b 7861 854 13/16 

XDS 3 6420 1475 35/47 

ECVAM 3 6885 1043 24/35 

Hiyoshi 3 8029 1579 34/34 

XDS 4 5902 1275 29/41 
Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; N = number of plates that passed 

acceptance criteria/total number of plates; RLU = relative light unit; SD = standard deviation; XDS = Xenobiotic 
Detection Systems, Inc. 

a Agonist test plate data are adjusted by subtracting the mean DMSO control RLU value from the RLU value for each 
agonist test plate well. The data are then normalized by setting the maximum E2 response to 10,000 RLU and adjusting 
all other RLU values relative to the maximum E2 response. 

b This value was used as a test plate acceptance criterion during Phase 2a of the validation study only. After Phase 2a, test 
plate acceptance criteria were modified to state that this value must be greater than the DMSO mean plus three times the 
standard deviation from that mean. 

 

4.2.5 Antagonist Raloxifene Reference Standard 

As shown in Table 4-5, the historical Ral IC50 values obtained by each laboratory ranged from 
8.43 × 10-10 to 1.23 × 10-9 M. As in the agonist testing, the laboratories were instructed to generate 
historical reference standard and control databases based on data generated from at least 
10 acceptable test plates. All three laboratories generated data on more than 10 acceptable test plates 
due to concerns that a portion of the plates might not pass the acceptance criterion (i.e., fold induction 
≥3) which required a >3-fold reduction in E2 control values. The historical databases at XDS, 
ECVAM, and Hiyoshi were based on 14, 18, and 12 plates, respectively. None of the runs at ECVAM 
or Hiyoshi failed the acceptance criterion, and XDS had a single plate failure. The calculated CV of 
the Ral IC50 values was within 33% for all laboratories, with the exception of XDS during Phase 3, 
when a CV value of 60% was observed.  
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Table 4-5 Summary of Antagonist Raloxifene Reference Standard IC50 Data by 
Laboratory and Study Phase 

Laboratory Study Phase Mean IC50 (M)a SD N 

XDS 1 8.35 × 10-10 1.76 × 10-10 14/15 

ECVAM 1 8.43 × 10-10 1.54 × 10-10 18/18 

Hiyoshi 1 1.23 × 10-9 2.53 × 10-10 12/12 

XDS 2a 7.43 × 10-10 2.44 × 10-10 8/14 

ECVAM 2a 8.39 × 10-10 1.56 × 10-10 7/14 

Hiyoshi 2a 1.23 × 10-9 3.31 × 10-10 6/6 

XDS 2b 1.06 × 10-9 1.88 × 10-10 12/12 

ECVAM 2b 1.15 × 10-9 2.32 × 10-10 12/18 

Hiyoshi 2b 1.48 × 10-9 1.95 × 10-10 14/14 

XDS 3 1.25 × 10-9 7.49 × 10-10 30/59 

ECVAM 3 1.84 × 10-9 4.67 × 10-10 25/36 

Hiyoshi 3 9.94 × 10-10 1.76 × 10-10 21/24 

XDS 4 5.76 × 10-10 1.19 × 10-10 15/23 
Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; IC50 = half-maximal inhibitory 

concentration; M = molar; N = number of plates that passed acceptance criteria/total number of plates; SD = standard 
deviation; XDS = Xenobiotic Detection Systems, Inc. 

a This value was used as a test plate acceptance criterion during Phase 2a of the validation study only. After Phase 2a, this 
value was monitored but was no longer used to determine whether test plates met acceptance criteria. 

 

4.2.6 Antagonist DMSO Control Values 

Because DMSO control RLU values are not normalized, they can vary considerably between test 
plates; therefore, mean plate DMSO RLU values ranged from a low of 132 at XDS during Phase 1 to 
a high of 8451 at Hiyoshi during Phase 3, with a mean of 3299 for plates that passed acceptance 
criteria at all laboratories (see Table 4-6). However, within-plate variability of DMSO RLU control 
values between replicate DMSO wells was low, with associated CV values ranging from 1% to 52% 
and a mean of 8% (see Table 4-6). Of the 194 antagonist test plates that passed acceptance criteria, 
only eight plates had within-plate CV values greater than 20%. (See Annex L for individual test plate 
mean DMSO control RLU values and associated CV values.) 
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Table 4-6 Summary of Antagonist Within-Plate DMSO Control Data by Study Phase 

Laboratory Study Phase Mean and Range of DMSO 
Control RLU Values 

Mean and Range of CV 
(%) N 

XDS 1 
499 

(132-1331) 
9 

(3-18) 
14/15 

ECVAM 1 
3783 

(1490-7333) 
8 

(3-17) 
18/18 

Hiyoshi 1 
4048 

(1625-6541) 
5 

(3-9) 
12/12 

XDS 2a 
1378 

(271-2073) 
10 

(2-14) 
8/14 

ECVAM 2a 
2154 

(1352-5102) 
11 

(1-23) 
7/14 

Hiyoshi 2a 
4915 

(2846-7221) 
5 

(1-12) 
6/6 

XDS 2b 
1910 

(930-2773) 
4 

(2-9) 
12/12 

ECVAM 2b 
4128 

(2522-5102) 
7 

(1-18) 
12/18 

Hiyoshi 2b 
6280 

(4633-7992) 
7 

(1-20) 
14/14 

XDS 3 
2746 

(415-6860) 
8 

(2-52) 
30/59 

ECVAM 3 
3852 

(2615-5498) 
12 

(4-37) 
25/36 

Hiyoshi 3 
4030 

(2018-8451) 
7 

(1-20) 
21/24 

XDS 4 
3742 

(2498-6482) 
8 

(1-15) 
15/23 

All  All 
3299 

(132-8451) 
8 

(1-52) 
194/251 

Abbreviations: CV = coefficient of variation; DMSO = dimethyl sulfoxide; ECVAM = European Centre for the Validation 
of Alternative Methods; N = number of plates that passed acceptance criteria/total number of plates; RLU = relative light 
unit; XDS = Xenobiotic Detection Systems, Inc. 
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4.2.7 Antagonist E2 Reference Standard 

Using the historical data developed by each laboratory during Phase 1, XDS and ECVAM reported 
similar normalized E2 responses (8284–8881 mean adjusted RLU), while Hiyoshi was considerably 
lower (5728 mean adjusted RLU) (Table 4-7). With the exception of Phase 1 testing at Hiyoshi 
(CV = 21%), the calculated CV was no more than 14% at any of the laboratories throughout the 
study.   

Table 4-7 Summary of Antagonist E2 Control Data by Study Phase  

Laboratory Study Phase Mean Adjusted 
RLUa,b SD N 

XDS 1 8284 744 14/15 

ECVAM 1 8881 640 18/18 

Hiyoshi 1 5728 1221 12/12 

XDS 2a 8646 783 8/14 

ECVAM 2a 9106 554 7/14 

Hiyoshi 2a 5767 347 6/6 

XDS 2b 8259 711 12/12 

ECVAM 2b 9175 725 12/18 

Hiyoshi 2b 5270 478 14/14 

XDS 3 7851 1065 30/49 

ECVAM 3 9584 901 25/36 

Hiyoshi 3 6185 521 21/24 

XDS 4 7428 662 15/23 

Abbreviations: E2 = 17β-estradiol; ECVAM = European Centre for the Validation of Alternative Methods; N = number of 
plates that passed acceptance criteria/total number of plates; RLU = relative light unit; SD = standard deviation; 
XDS = Xenobiotic Detection Systems, Inc. 

a Antagonist test plate data are adjusted by subtracting the DMSO control RLU values from the RLU value for each 
antagonist test plate well. The data are then normalized by setting the maximum Ral response to 10,000 RLU and 
adjusting all other RLU values relative to the maximum Ral response. 

b The mean E2 control RLU value must be within the mean plus or minus 2.5 times the SD of the historical mean RLU 
value for the E2 control. 

 

4.2.8 Maximum Fold Reduction of E2 Response During Antagonist Testing 

As shown in Table 4-8, mean fold reduction of E2 response across the three laboratories throughout 
the validation study was 9.56 ± 2.47. Both the highest (14.2 in Phase 1) and lowest (6.5 in Phase 3) 
values reported were from XDS. There was no consistency as to which laboratory reported the 
highest value in each phase. 
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Table 4-8 Summary of Antagonist Maximum Fold Reduction Data by Laboratory and 
Study Phase 

Laboratory Study Phase Mean Fold 
Reductiona,b SD N 

XDS 1 14.2 2.4 14/15 

ECVAM 1 8.0 0.7 18/18 

Hiyoshi 1 7.9 2.3 12/12 

XDS 2a 11.1 2.7 8/14 

ECVAM 2a 12.1 1.7 7/14 

Hiyoshi 2a 11.4 3.2 6/6 

XDS 2b 11.4 2.4 12/12 

ECVAM 2b 6.6 0.6 12/18 

Hiyoshi 2b 10.9 1.6 14/14 

XDS 3 6.5 2.5 30/59 

ECVAM 3 7.5 1.2 25/36 

Hiyoshi 3 9.8 2.1 21/24 

XDS 4 7.0 2.3 15/23 

All All 9.56 2.47 13/13 
Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; N = number of plates that passed 

acceptance criteria/total number of plates; SD = standard deviation; XDS = Xenobiotic Detection Systems, Inc. 
a Reduction for comprehensive test plates is measured by dividing the averaged highest Ral reference standard RLU value 

by the lowest averaged Ral reference standard RLU value (see Section 2.7.2). 
b Test plate acceptance criteria for mean fold reduction state that fold reduction must be greater than 3. 
 

4.2.9 Weak Antagonist Positive Control: Flavone 

During the development of the historical flavone control databases, the normalized response was 
highest at XDS (3583), where the lowest CV (30%) was also observed. The response was lowest at 
ECVAM (644), where the highest CV (71%) was also observed (Table 4-9). Variability was lowest at 
XDS, but high CVs were seen in all laboratories during Phases 2 through 4 of the study (CVs ranged 
from 40% to 217%). 
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Table 4-9 Summary of Antagonist Flavone Control Data by Study Phase 

Laboratory Study Phase Mean Adjusted 
RLU Valuea,b SD N 

XDS 1 3583 1089 14/15 

ECVAM 1 644 458 18/18 

Hiyoshi 1 1226 723 12/12 

XDS 2a 3620 753 8/14 

ECVAM 2a 733 521 7/14 

Hiyoshi 2a 497 203 6/6 

XDS 2b 3164 1272 12/12 

ECVAM 2b 801 580 12/18 

Hiyoshi 2b 87 188 14/14 

XDS 3 3081 1627 30/59 

ECVAM 3 431 361 25/36 

Hiyoshi 3 1302 697 21/24 

XDS 4 1444 870 15/23 

Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; N = number of plates that passed 
acceptance criteria/total number of plates; RLU = relative light unit; SD = standard deviation; XDS = Xenobiotic 
Detection Systems, Inc. 

a Antagonist test plate data are adjusted by subtracting the DMSO control mean RLU values from the RLU value for each 
antagonist test plate well. The data are then normalized by setting the maximum Ral response to 10,000 RLU and 
adjusting all other RLU values relative to the maximum Ral response. 

b This value was used as a test plate acceptance criterion during Phase 2a of the validation study only. After Phase 2a, test 
plate acceptance criteria were modified to state that this value must be less than the E2 control mean minus three times the 
standard deviation from that mean (i.e., the flavone control must be positive). 

 

4.3 Solubility Test Results 

As indicated in Section 2.5.1, starting concentrations for range finder testing during Phases 2a and 2b 
were established by determining the maximum soluble test substance concentration at log intervals up 
to the 1 mg/mL (v/v in 1% DMSO/EFM) limit concentration. Following Phase 2b comprehensive 
testing, differences in ER TA antagonist activity were noted across laboratories for two substances 
(flavone and genistein). The differences in antagonist activity were attributed to differences in 
solubility. At XDS and ECVAM, 100 µg/mL was considered the maximum soluble concentration for 
these two substances and was therefore used as the starting concentration for range finder testing. 
Both ultimately tested positive for antagonist activity at concentrations above 10 µg/mL.3

                                                 
3  ER TA antagonist activity classifications for Phase 2 did not limit the evaluation of concentrations above 10 µM (see 

Section 2.4.5). 

 In contrast, 
Hiyoshi considered 10 µg/mL to be the maximum soluble concentration for these two substances, 
which was then used as the starting concentration for range finder testing. Both substances were 
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negative for antagonist activity and were subsequently retested at Hiyoshi up to 100 µg/mL, at which 
point both were positive.  

To maximize the likelihood of detecting weak agonists and antagonists, protocols were modified to 
determine test substance solubility in 100% DMSO as the starting concentration for range finder 
testing. This protocol modification was used for Phases 3 and 4 range finder testing. Recognizing that 
this could result in range finder testing concentrations of substances that precipitate out when added 
to EFM, the SMT concluded that there would be enough sufficiently soluble concentrations within the 
7-point log serial dilution to effectively determine the starting concentrations for comprehensive 
testing. However, differences in the maximum starting concentrations in 100% DMSO were still 
observed across laboratories (see Tables 4-10 and 4-11). 

Where these differences occurred, comprehensive test results were evaluated to determine if lower 
starting concentrations were responsible for discordances among the laboratories. This occurred for 
only three agonist substances: 4-androstenedione, 2-sec-butylphenol, and fluoranthene. With a 
starting concentration of 10 µg/mL, 4-androstendione was negative at ECVAM. It was positive at 
Hiyoshi with a starting concentration of 100 µg/mL. With a starting concentration of 100 µg/mL, 
2-sec-bultyphenol was negative at ECVAM. It was positive at Hiyoshi at this concentration and 
positive at XDS with a starting concentration of 1000 µg/mL. Fluoranthene was negative at ECVAM 
with a starting concentration of 100 µg/mL but positive at Hiyoshi and XDS with a starting 
concentration of 1000 µg/mL. (See Table 4-12 for ER TA agonist testing results.) 

Table 4-10 Agonist Range Finder Starting Concentrations in Culture Medium 

Chemical Name Study 
Phase FW 

XDS Max 
Concentration 

Tested 

ECVAM Max 
Concentration 

Tested 

Hiyoshi Max 
Concentration 

Tested 

µg/mL M µg/mL M µg/mL M 

Bisphenol A 2a 228.3 100 4.38 × 10-4 1000 4.38 × 10-3 1000 4.38 × 10-3 

Bisphenol B 2a 242.3 1000 4.13 × 10-3 100 4.13 × 10-4 100 4.13 × 10-4 

Corticosterone 2a 346.5 1000 2.89 × 10-3 1000 2.89 × 10-3 1000 2.89 × 10-3 

Diethylstilbestrol 2a 268.4 100 3.73 × 10-4 100 3.73 × 10-4 10 3.73 × 10-5 

17∝-Ethinyl estradiol 2b 296.4 100 3.37 × 10-4 100 3.37 × 10-4 10 3.37 × 10-5 

Atrazine 2b 215.7 100 4.64 × 10-4 100 4.64 × 10-4 100 4.64 × 10-4 

Butylbenzyl phthalate 2b 312.4 100 3.20 × 10-4 10 3.20 × 10-5 10 3.20 × 10-5 

Flavone 2b 222.2 100 4.50 × 10-4 100 4.50 × 10-4 100 4.50 × 10-4 

Genistein 2b 270.2 100 3.70 × 10-4 100 3.70 × 10-4 100 3.70 × 10-4 

o,p' -DDT 2b 354.5 100 2.82 × 10-4 100 2.82 × 10-4 10 2.82 × 10-5 

p-n Nonylphenol 2b 220.4 100 4.54 × 10-4 10 4.54 × 10-5 100 4.54 × 10-4 

Vinclozolin 2b 286.1 100 3.50 × 10-4 10 3.50 × 10-5 100 3.50 × 10-4 

12-O -
Tetradecanoylphorbol-
13-acetate 

3 616.8 1000 1.62 × 10-3 100 1.62 × 10-4 10 1.62 × 10-5 

17∝-Estradiol 3 272.4 1000 3.67 × 10-3 1000 3.67 × 10-3 10 3.67 × 10-5 

17ß-Estradiol 3 272.4 1000 3.67 × 10-3 1000 3.67 × 10-3 10 3.67 × 10-5 
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Chemical Name Study 
Phase FW 

XDS Max 
Concentration 

Tested 

ECVAM Max 
Concentration 

Tested 

Hiyoshi Max 
Concentration 

Tested 

µg/mL M µg/mL M µg/mL M 

2-sec-Butylphenol 3 150.2 1000 6.66 × 10-3 100 6.66 × 10-4 100 6.66 × 10-4 

2,4,5-Trichloro-
phenoxyacetic acid 3 255.5 1000 3.91 × 10-3 1000 3.91 × 10-3 1000 3.91 × 10-3 

4-Androstenedione 3 286.4 100 3.49 × 10-4 10 3.49 × 10-5 100 3.49 × 10-4 

4-Cumylphenol 3 212.3 1000 4.71 × 10-3 1000 4.71 × 10-3 100 4.71 × 10-4 

4-Hydroxytamoxifen 3 387.5 1000 2.58 × 10-3 100 2.58 × 10-4 10 2.58 × 10-5 

4-tert-Octylphenol 3 206.3 1000 4.85 × 10-3 100 4.85 × 10-4 10 4.85 × 10-5 

5∝-Dihydrotestosterone 3 290.4 1000 3.44 × 10-3 10 3.44 × 10-5 10 3.44 × 10-5 

Actinomycin D 3 1255.4 1000 7.97 × 10-4 100 7.97 × 10-5 100 7.97 × 10-5 

Apigenin 3 270.2 1000 3.70 × 10-3 1000 3.70 × 10-3 100 3.70 × 10-4 

Clomiphene citrate 3 598.1 1000 1.67 × 10-3 100 1.67 × 10-4 10 1.67 × 10-5 

Coumestrol 3 268.2 1000 3.73 × 10-3 100 3.73 × 10-4 10 3.73 × 10-5 

Daidzein 3 254.2 1000 3.93 × 10-3 100 3.93 × 10-4 100 3.93 × 10-4 

Dexamethasone 3 392.5 1000 2.55 × 10-3 1000 2.55 × 10-3 10 2.55 × 10-5 

Di - n -butyl phthalate 3 278.3 1000 3.59 × 10-3 1000 3.59 × 10-3 100 3.59 × 10-4 

Dibenzo[a,h]anthracene 3 278.4 10 3.59 × 10-5 1 3.59 × 10-6 10 3.59 × 10-5 

Dicofol 3 370.5 1000 2.70 × 10-3 1000 2.70 × 10-3 10 2.70 × 10-5 

Diethylhexyl phthalate 3 330.2 1000 3.03 × 10-3 1000 3.03 × 10-3 10 3.03 × 10-5 

Estrone 3 270.4 1000 3.70 × 10-3 100 3.70 × 10-4 10 3.70 × 10-5 

Ethyl paraben 3 166.2 1000 6.02 × 10-3 1000 6.02 × 10-3 100 6.02 × 10-4 

Fluoranthene 3 202.3 1000 4.94 × 10-3 100 4.94 × 10-4 1000 4.94 × 10-3 

Hydroxyflutamide 3 292.2 1000 3.42 × 10-3 100 3.42 × 10-4 100 3.42 × 10-4 

Kaempferol 3 286.2 1000 3.49 × 10-3 100 3.49 × 10-4 100 3.49 × 10-4 

Kepone 3 490.6 1000 2.04 × 10-3 1000 2.04 × 10-3 10 2.04 × 10-5 

meso-Hexestrol 3 270.4 1000 3.70 × 10-3 1000 3.70 × 10-3 100 3.70 × 10-4 

Methyl testosterone 3 302.5 1000 3.31 × 10-3 100 3.31 × 10-4 100 3.31 × 10-4 

Morin 3 302.2 1000 3.31 × 10-3 100 3.31 × 10-4 1000 3.31 × 10-3 

Norethynodrel 3 298.4 1000 3.35 × 10-3 100 3.35 × 10-4 100 3.35 × 10-4 

p,p' -DDE 3 318.0 1000 3.14 × 10-3 1000 3.14 × 10-3 10 3.14 × 10-5 

p,p'- Methoxychlor 3 345.7 1000 2.89 × 10-3 1000 2.89 × 10-3 10 2.89 × 10-5 

Phenobarbital 3 232.2 1000 4.31 × 10-3 100 4.31 × 10-4 NT NT 

Phenolphthalin 3 320.3 1000 3.12 × 10-3 1000 3.12 × 10-3 1000 3.12 × 10-3 

Progesterone 3 314.5 100 3.18 × 10-4 100 3.18 × 10-4 10 3.18 × 10-5 

Propylthiouracil 3 170.2 1000 5.87 × 10-3 1000 5.87 × 10-3 1000 5.87 × 10-3 
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Chemical Name Study 
Phase FW 

XDS Max 
Concentration 

Tested 

ECVAM Max 
Concentration 

Tested 

Hiyoshi Max 
Concentration 

Tested 

µg/mL M µg/mL M µg/mL M 

Raloxifene HCl 3 510.1 1000 1.96 × 10-3 100 1.96 × 10-4 10 1.96 × 10-5 

Resveratrol 3 228.2 1000 4.38 × 10-3 100 4.38 × 10-4 100 4.38 × 10-4 

Sodium azide 3 65.0 100 1.54 × 10-3 100 1.54 × 10-3 100 1.54 × 10-3 

Tamoxifen 3 371.5 100 2.69 × 10-4 100 2.69 × 10-4 10 2.69 × 10-5 

Testosterone 3 288.4 1000 3.47 × 10-3 100 3.47 × 10-4 100 3.47 × 10-4 

17ß-Trenbolone 4 270.4 1000 3.70 × 10-3 NT NT NT NT 

19-Nortestosterone 4 274.4 1000 3.64 × 10-3 NT NT NT NT 

4-
Hydroxyandrostenedione 4 302.4 1000 3.31 × 10-3 NT NT NT NT 

Ammonium perchlorate 4 117.5 1000 8.51 × 10-3 NT NT NT NT 

Apomorphine 4 267.3 1000 3.74 × 10-3 NT NT NT NT 

Bicalutamide 4 430.4 1000 2.32 × 10-3 NT NT NT NT 

Chrysin 4 254.2 1000 3.93 × 10-3 NT NT NT NT 

Cycloheximide 4 281.4 1000 3.55 × 10-3 NT NT NT NT 

Cyproterone acetate 4 416.9 1000 2.40 × 10-3 NT NT NT NT 

Fenarimol 4 331.2 1000 3.02 × 10-3 NT NT NT NT 

Finasteride 4 372.5 1000 2.68 × 10-3 NT NT NT NT 

Fluoxymestrone 4 336.4 1000 2.97 × 10-3 NT NT NT NT 

Flutamide 4 276.2 1000 3.62 × 10-3 NT NT NT NT 

Haloperidol 4 375.9 100 2.66 × 10-4 NT NT NT NT 

Ketoconazole 4 531.4 10 9.41 × 10-5 NT NT NT NT 

L-Thyroxine 4 776.9 1000 1.29 × 10-3 NT NT NT NT 

Linuron 4 249.1 1000 4.01 × 10-3 NT NT NT NT 

Medroxyprogesterone 
acetate 4 386.5 100 2.59 × 10-4 NT NT NT NT 

Mifepristone 4 429.6 1000 2.33 × 10-3 NT NT NT NT 

Nilutamide 4 317.2 1000 3.15 × 10-3 NT NT NT NT 

Oxazepam 4 286.7 1000 3.49 × 10-3 NT NT NT NT 

Pimozide 4 461.6 100 2.17 × 10-4 NT NT NT NT 

Procymidone 4 284.1 100 3.52 × 10-4 NT NT NT NT 

Reserpine 4 608.7 1000 1.64 × 10-3 NT NT NT NT 

Spironolactone 4 416.6 1000 2.40 × 10-3 NT NT NT NT 

Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; FW = formula weight; M = molar; 
Max = maximum; NT = not tested; XDS = Xenobiotic Detection Systems, Inc. 
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Table 4-11 Antagonist Range Finder Starting Concentrations in Culture Medium 

Chemical Name Study 
Phase FW 

XDS Max 
Concentration 

Tested 

ECVAM Max 
Concentration 

Tested 

Hiyoshi Max 
Concentration 

Tested 

µg/mL M µg/mL M µg/mL M 

Dibenzo[a,h]anthracene 2a 278.4 10 3.59 × 10-5 10 3.59 × 10-5 10 3.59 × 10-5 

p -n -Nonylphenol 2a 220.4 1 4.54 × 10-6 100 4.54 × 10-4 10 4.54 × 10-5 

Progesterone 2a 314.5 100 3.18 × 10-4 100 3.18 × 10-4 10 3.18 × 10-5 

Tamoxifen 2a 371.5 10 2.69 × 10-5 100 2.69 × 10-4 10 2.69 × 10-5 

Apigenin 2b 270.2 100 3.70 × 10-4 10 3.70 × 10-5 10 3.70 × 10-5 

Atrazine 2b 215.7 100 4.64 × 10-4 100 4.64 × 10-4 100 4.64 × 10-4 

Butylbenzyl phthalate 2b 312.4 100 3.20 × 10-4 10 3.20 × 10-5 10 3.20 × 10-5 

Corticosterone 2b 346.5 1000 2.89 × 10-3 1000 2.89 × 10-3 100 2.89 × 10-4 

Flavone 2b 222.2 100 4.50 × 10-4 100 4.50 × 10-4 10 4.50 × 10-5 

Genistein 2b 270.2 100 3.70 × 10-4 100 3.70 × 10-4 10 3.70 × 10-5 

o,p'-DDT 2b 354.5 100 2.82 × 10-4 NA NA 10 2.82 × 10-5 

Resveratrol 2b 228.2 100 4.38 × 10-4 100 4.38 × 10-4 100 4.38 × 10-4 

12-O-
Tetradecanoylphorbol-
13-acetate 

3 616.8 1000 1.62 × 10-3 1000 1.62 × 10-3 10 1.62 × 10-5 

17∝-Estradiol 3 272.4 1000 3.67 × 10-3 100 3.67 × 10-4 10 3.67 × 10-5 

17∝-Ethinyl estradiol 3 296.4 100 3.37 × 10-4 10 3.37 × 10-5 10 3.37 × 10-5 

17ß-Estradiol 3 272.4 1000 3.67 × 10-3 100 3.67 × 10-4 10 3.67 × 10-5 

2-sec-Butylphenol 3 150.2 1000 6.66 × 10-3 1000 6.66 × 10-3 100 6.66 × 10-4 

2,4,5-
Trichlorophenoxyacetic 
acid 

3 255.5 1000 3.91 × 10-3 100 3.91 × 10-4 1000 3.91 × 10-3 

4-Androstenedione 3 286.4 100 3.49 × 10-4 100 3.49 × 10-4 100 3.49 × 10-4 

4-Cumylphenol 3 212.3 100 4.71 × 10-4 1000 4.71 × 10-3 10 4.71 × 10-5 

4-Hydroxytamoxifen 3 387.5 100 2.58 × 10-4 100 2.58 × 10-4 10 2.58 × 10-5 

4-tert-Octylphenol 3 206.3 1000 4.85 × 10-3 100 4.85 × 10-4 10 4.85 × 10-5 

5∝-Dihydrotestosterone 3 290.4 1000 3.44 × 10-3 100 3.44 × 10-4 10 3.44 × 10-5 

Actinomycin D 3 1255.4 1000 7.97 × 10-4 100 7.97 × 10-5 100 7.97 × 10-5 

Bisphenol A 3 228.3 1000 4.38 × 10-3 100 4.38 × 10-4 100 4.38 × 10-4 

Bisphenol B 3 242.3 1000 4.13 × 10-3 100 4.13 × 10-4 100 4.13 × 10-4 

Clomiphene citrate 3 598.1 100 1.67 × 10-4 100 1.67 × 10-4 10 1.67 × 10-5 

Coumestrol 3 268.2 1000 3.73 × 10-3 100 3.73 × 10-4 10 3.73 × 10-5 

Daidzein 3 254.2 1000 3.93 × 10-3 100 3.93 × 10-4 10 3.93 × 10-5 
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Chemical Name Study 
Phase FW 

XDS Max 
Concentration 

Tested 

ECVAM Max 
Concentration 

Tested 

Hiyoshi Max 
Concentration 

Tested 

µg/mL M µg/mL M µg/mL M 

Dexamethasone 3 392.5 100 2.55 × 10-4 100 2.55 × 10-4 100 2.55 × 10-4 

Di-n-butyl phthalate 3 278.3 1000 3.59 × 10-3 1000 3.59 × 10-3 10 3.59 × 10-5 

Dicofol 3 370.5 10 2.70 × 10-5 1000 2.70 × 10-3 10 2.70 × 10-5 

Diethylhexyl phthalate 3 330.2 100 3.03 × 10-4 1000 3.03 × 10-3 10 3.03 × 10-5 

Diethylstilbestrol 3 268.4 100 3.73 × 10-4 100 3.73 × 10-4 10 3.73 × 10-5 

Estrone 3 270.4 100 3.70 × 10-4 10 3.70 × 10-5 10 3.70 × 10-5 

Ethyl paraben 3 166.2 1000 6.02 × 10-3 1000 6.02 × 10-3 1000 6.02 × 10-3 

Fluoranthene 3 202.3 1000 4.94 × 10-3 100 4.94 × 10-4 10 4.94 × 10-5 

Hydroxyflutamide 3 292.2 1000 3.42 × 10-3 1000 3.42 × 10-3 100 3.42 × 10-4 

Kaempferol 3 286.2 100 3.49 × 10-4 100 3.49 × 10-4 10 3.49 × 10-5 

Kepone 3 490.6 1000 2.04 × 10-3 1000 2.04 × 10-3 10 2.04 × 10-5 

meso-Hexestrol 3 270.4 100 3.70 × 10-4 100 3.70 × 10-4 10 3.70 × 10-5 

Methyl testosterone 3 302.5 1000 3.31 × 10-3 1000 3.31 × 10-3 100 3.31 × 10-4 

Morin 3 302.2 1000 3.31 × 10-3 100 3.31 × 10-4 100 3.31 × 10-4 

Norethynodrel 3 298.4 1000 3.35 × 10-3 1000 3.35 × 10-3 10 3.35 × 10-5 

p,p'-DDE 3 318.0 1000 3.14 × 10-3 100 3.14 × 10-4 10 3.14 × 10-5 

p,p'-Methoxychlor 3 345.7 10 2.89 × 10-5 1000 2.89 × 10-3 10 2.89 × 10-5 

Phenobarbital 3 232.2 1000 4.31 × 10-3 1000 4.31 × 10-3 NT NT 

Phenolphthalin 3 320.3 1000 3.12 × 10-3 1000 3.12 × 10-3 1000 3.12 × 10-3 

Propylthiouracil 3 170.2 1000 5.87 × 10-3 1000 5.87 × 10-3 100 5.87 × 10-4 

Raloxifene HCl 3 510.1 10 1.96 × 10-5 100 1.96 × 10-4 10 1.96 × 10-5 

Sodium azide 3 65.0 100 1.54 × 10-3 100 1.54 × 10-3 100 1.54 × 10-3 

Testosterone 3 288.4 1000 3.47 × 10-3 1000 3.47 × 10-3 100 3.47 × 10-4 

Vinclozolin 3 286.1 1000 3.50 × 10-3 100 3.50 × 10-4 10 3.50 × 10-5 

17ß-Trenbolone 4 270.4 1000 3.70 × 10-3 NT NT NT NT 

19-Nortestosterone 4 274.4 1000 3.64 × 10-3 NT NT NT NT 

4-
Hydroxyandrostenedione 4 302.4 100 3.31 × 10-4 NT NT NT NT 

Ammonium perchlorate 4 117.5 1000 8.51 × 10-3 NT NT NT NT 

Apomorphine 4 267.3 1000 3.74 × 10-3 NT NT NT NT 

Bicalutamide 4 430.4 1000 2.32 × 10-3 NT NT NT NT 

Chrysin 4 254.2 1000 3.93 × 10-3 NT NT NT NT 

Cycloheximide 4 281.4 1000 3.55 × 10-3 NT NT NT NT 

Cyproterone acetate 4 416.9 1000 2.40 × 10-3 NT NT NT NT 

Fenarimol 4 331.2 1000 3.02 × 10-3 NT NT NT NT 
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Chemical Name Study 
Phase FW 

XDS Max 
Concentration 

Tested 

ECVAM Max 
Concentration 

Tested 

Hiyoshi Max 
Concentration 

Tested 

µg/mL M µg/mL M µg/mL M 

Finasteride 4 372.5 100 2.68 × 10-4 NT NT NT NT 

Fluoxymestrone 4 336.4 100 2.97 × 10-4 NT NT NT NT 

Flutamide 4 276.2 1000 3.62 × 10-3 NT NT NT NT 

Haloperidol 4 375.9 100 2.66 × 10-4 NT NT NT NT 

Ketoconazole 4 531.4 100 1.88 × 10-4 NT NT NT NT 

L-Thyroxine 4 776.9 100 1.29 × 10-4 NT NT NT NT 

Linuron 4 249.1 1000 4.01 × 10-3 NT NT NT NT 

Medroxyprogesterone 
acetate 4 386.5 10 2.59 × 10-5 NT NT NT NT 

Mifepristone 4 429.6 1000 2.33 × 10-3 NT NT NT NT 

Nilutamide 4 317.2 1000 3.15 × 10-3 NT NT NT NT 

Oxazepam 4 286.7 1000 3.49 × 10-3 NT NT NT NT 

Pimozide 4 461.6 100 2.17 × 10-4 NT NT NT NT 

Procymidone 4 284.1 100 3.52 × 10-4 NT NT NT NT 

Reserpine 4 608.7 100 1.64 × 10-4 NT NT NT NT 

Spironolactone 4 416.6 1000 2.40 × 10-3 NT NT NT NT 

Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; FW = formula weight; M = molar; 
Max = maximum; NT = not tested; XDS = Xenobiotic Detection Systems, Inc. 

 

4.4 Test Results for Coded Test Substances 

4.4.1  Cell Viability Assessment 

Cell viability was assessed to determine if reduction of ER TA activity is the result of cell loss. The 
visual observation method described in Section 2.5.2 was used to assess cell viability in all wells of 
the test plates. Cell viability results from range finder testing were used to establish starting 
concentrations for comprehensive testing (see Sections 2.6.1 and 2.6.2) and to identify cytotoxic 
concentrations in comprehensive testing. This was of particular importance in antagonist testing 
because it is critical for distinguishing whether reduction of ER TA activity is caused by cell loss or 
ER antagonism. Annex G3 lists the lowest concentrations that produced cell viability scores of 2 or 
greater for each substance evaluated in agonist and antagonist range finder and comprehensive 
testing.  

Results were evaluated to determine if differences in cell viability were responsible for ER TA 
activity discordances among the laboratories. Ten substances were identified as discordant for ER TA 
agonist activity: 4-androstenedione, atrazine, 2-sec-butylphenol, clomiphene citrate, corticosterone, 
dicofol, flavone, fluoranthene, resveratrol, and vinclozolin (see Table 4-12). However, evaluation of 
range finder and comprehensive testing results indicated that the discordance was not due to 
differences in cell viability. Two substances were positive for ER TA antagonist activity at one 
laboratory but negative or inconclusive at the other two laboratories (17-α estradiol was positive at 
XDS but negative at ECVAM and inconclusive at Hiyoshi; clomiphene citrate was positive at 
Hiyoshi, negative at ECVAM, and inconclusive at XDS [see Table 4-13]). However, all cells for 
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these substances were viable below the 1.0 × 10-5 M limit concentration for determining ER TA 
antagonist activity, indicating that the discordance was not due to differences in cell viability. 

4.4.2  BG1Luc ER TA Agonist and Antagonist Data 

Test substances were evaluated in a phased approach as follows: 

• Phase 2a. Four coded agonist and four coded antagonist substances were tested independently at 
least three times at each laboratory.  

• Phase 2b. Eight coded agonist and eight coded antagonist substances were tested independently at 
least three times at each laboratory. 

• Phase 3. Up to 41 coded agonist and 41 coded antagonist substances were tested at least once at 
each laboratory. 

• Phase 4. The lead laboratory (XDS) tested 25 coded substances once each to further characterize 
the remainder of the 78 ICCVAM reference substances. Several of these substances had been 
assigned presumptive calls (ICCVAM 2003a, 2006; OECD 2007), but no ER TA data were 
available.  

The results from Phases 2 and 3 are provided in Table 4-12 (agonist) and Table 4-13 (antagonist). 
Table 4-14 provides the Phase 4 data generated by the lead laboratory. 

Table 4-12 Agonist Summary Data for Phases 2a, 2b, and 3 

Chemical 
Study 
Phase Laboratory EC50 (M) SD 

CV 
(%) 

# Plates 
for EC50/  
# Plates 
Testeda 

Classifi-
cationb 

Bisphenol A 2a 

XDS 3.86 × 10-7 3.27 × 10-8 8 3/8 P (3/3) 

ECVAM 8.18 × 10-7 2.53 × 10-8 3 3/16 P (3/3) 

Hiyoshi 3.95 × 10-7 1.86 × 10-8 5 3/4 P (3/3) 

Bisphenol B 2a 

XDS 1.60 × 10-7 2.56 × 10-8 16 3/7 P (3/3) 

ECVAM 1.74 × 10-7 5.25 × 10-8 30 3/14 P (3/3) 

Hiyoshi 2.52 × 10-7 7.44 × 10-9 3 3/4 P (3/3) 

Corticosterone 2a 

XDS - - - 0/8 N (3/3) 

ECVAM NC - - 0/16 P (3/3) 

Hiyoshi - - - 0/4 N (4/4) 

Diethylstilbestrol 2a 

XDS 4.87 × 10-11 1.98 × 10-11 41 3/9 P (3/3) 

ECVAM 3.60 × 10-11 2.55 × 10-11 71 2/14 P (3/3) 

Hiyoshi 2.07 × 10-11 7.97 × 10-12 39 4/4 P (4/4) 

Atrazine 2b 

XDS - - - 4/6 N (4/4) 

ECVAM 7.43 × 10-5 1.25 × 10-4 168 3/11 P (3/3) 

Hiyoshi - - - 0/4 N (3/3) 

Butylbenzyl phthalate 2b 

XDS 1.18 × 10-6 3.57 × 10-7 30 3/3 P (3/3) 

ECVAM 2.17 × 10-6 9.92 × 10-7 46 3/3 P (3/3) 

Hiyoshi 2.92 × 10-6 3.69 × 10-7 13 2/3 P (3/3) 

o,p'-DDT 2b 

XDS 6.12 × 10-8 1.87 × 10-8 30 3/3 P (3/3) 

ECVAM 4.22 × 10-7 6.20 × 10-8 15 3/5 P (3/3) 

Hiyoshi 6.98 × 10-7 9.19 × 10-8 13 3/3 P (3/3) 
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Chemical 
Study 
Phase Laboratory EC50 (M) SD 

CV 
(%) 

# Plates 
for EC50/  
# Plates 
Testeda 

Classifi-
cationb 

17-∝ Ethinyl estradiol 2b 

XDS 7.60 × 10-12 2.32 × 10-12 31 4/7 P (4/4) 

ECVAM 5.85 × 10-12 1.44 × 10-12 25 3/3 P (3/3) 

Hiyoshi 8.38 × 10-12 1.99 × 10-12 24 3/4 P (3/3) 

Flavone 2b 

XDS - - - 0/3 N (3/3) 

ECVAM 7.05 × 10-6 8.82 × 10-7 13 3/5 P (3/3) 

Hiyoshi NC - - 0/4 P (3/3) 

Genistein 2b 

XDS 2.09 × 10-8 6.01 × 10-9 29 3/3 P (3/3) 

ECVAM 3.00 × 10-7 3.24 × 10-8 11 3/5 P (3/3) 

Hiyoshi 4.39 × 10-7 1.76 × 10-7 40 4/5 P (4/4) 

p-n-Nonylphenol 2b 

XDS 1.78 × 10-6 6.95 × 10-8 4 3/6 P (3/3) 

ECVAM 2.50 × 10-6 1.06 × 10-6 43 3/5 P (3/3) 

Hiyoshi 5.83 × 10-6 2.89 × 10-7 5 2/4 P (3/3) 

Vinclozolin 2b 

XDS - - - 0/6 N (4/4) 

ECVAM 4.45 × 10-6 3.57 × 10-6 80 3/8 P (6/6) 

Hiyoshi - - - 0/5 N (4/4) 

Actinomycin D 3 

XDS - - - 0/3 I (1/1) 

ECVAM - - - 0/2 N (1/1) 

Hiyoshi - - - 0/1 N (1/1) 

4-Androstenedione 3 

XDS - - - 0/1 I (1/1) 

ECVAM - - - 0/1 N (1/1) 

Hiyoshi NC - - 0/1 P (1/1) 

Apigenin 3 

XDS 2.74 × 10-6 - - 1/1 P (1/1) 

ECVAM 1.63 × 10-6 1.09 × 10-6 67 3/4 P (3/3) 

Hiyoshi 1.62 × 10-6 - - 1/1 P (1/1) 

Clomiphene citrate 3 

XDS - - - 0/1 I (1/1) 

ECVAM - - - 0/1 N (1/1) 

Hiyoshi 4.38 × 10-8 - - 1/1 P (1/1) 

Coumestrol 3 

XDS 2.40 × 10-12 - - 1/3 P (1/1) 

ECVAM 2.58 × 10-7 - - 1/4 P (1/1) 

Hiyoshi 5.00 x 10-9   1/1 P (1/1) 

4-Cumylphenol 3 

XDS 2.62 × 10-7 - - 1/1 P (1/1) 

ECVAM 3.03 × 10-7 - - 1/1 P (1/1) 

Hiyoshi 3.95 x 10-7 - - 1/1 P (1/1) 

Daidzein 3 

XDS 6.84 × 10-7 - - 1/1 P (1/1) 

ECVAM 1.19 × 10-6 - - 1/1 P (1/1) 

Hiyoshi 7.39 × 10-7 - - 1/1 P (1/1) 

Dibenzo[a,h]anthracene 3 

XDS - - - 0/1 I (1/1) 

ECVAM - - - 0/1 N (1/1) 

Hiyoshi - - - 0/2 N (2/2) 
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Chemical 
Study 
Phase Laboratory EC50 (M) SD 

CV 
(%) 

# Plates 
for EC50/  
# Plates 
Testeda 

Classifi-
cationb 

Di-n-butyl phthalate 3 

XDS NC - - 0/1 P (1/1) 

ECVAM 1.91 × 10-7 - - 1/1 P (1/1) 

Hiyoshi 7.98 × 10-6 6.60 × 10-7 8 2/2 P (2/2) 

p,p'-DDE 3 

XDS - - - 0/4 I (2/2) 

ECVAM - - - 0/1 I (1/1) 

Hiyoshi - - - 0/4 N (4/4) 

Diethylhexyl phthalate 3 

XDS NC - - 0/1 P (1/1) 

ECVAM - - - 0/1 I (1/1) 

Hiyoshi - - - 0/1 I (1/1) 

Dexamethasone 3 

XDS - - - 0/1 I (1/1) 

ECVAM 9.63 × 10-6 - - 1/1 P (1/1) 

Hiyoshi - - - 0/1 N (1/1) 

5∝-Dihydrotestosterone 3 

XDS - - - 0/1 I (1/1) 

ECVAM - - - 0/1 I (1/1) 

Hiyoshi 8.97 × 10-8 2.56 × 10-8 29 2/2 P (2/2) 

Dicofol 3 

XDS 2.22 × 10-6 - - 1/1 P (1/1) 

ECVAM - - - 0/1 N (1/1) 

Hiyoshi NC - - 0/1 P (1/1) 

17-∝ Estradiol 3 

XDS 4.85 × 10-12 - - 1/2 P (1/1) 

ECVAM 2.46 × 10-9 3.53 × 10-9 143 3/4 P (3/3) 

Hiyoshi 3.32 × 10-10 - - 1/1 P (1/1) 

17-ß Estradiol 3 

XDS 1.34 × 10-11 - - 1/2 P (1/1) 

ECVAM NC - - 0/2 P (1/1) 

Hiyoshi 3.37 × 10-12 - - 1/1 P (1/1) 

Ethyl paraben 3 

XDS - - - 0/1 I (1/1) 

ECVAM 3.19 × 10-5 - - 1/2 P (1/1) 

Hiyoshi 2.12 × 10-5 1.96 × 10-6 9 2/2 P (1/1) 

Estrone 3 

XDS 3.52 × 10-10 - - 1/1 P (1/1) 

ECVAM 2.36 × 10-10 - - 1/2 P (1/1) 

Hiyoshi 1.82 × 10-10 - - 1/2 P (1/1) 

Fluoranthene 3 

XDS 2.03 × 10-5 - - 1/1 P (1/1) 

ECVAM - - - 0/2 N (1/1) 

Hiyoshi 9.30 × 10-6 - - 1/1 P (1/1) 

meso-Hexestrol 3 

XDS 2.36 × 10-11 - - 1/2 P (1/1) 

ECVAM 1.16 × 10-11 - - 1/4 P (1/1) 

Hiyoshi 1.53 × 10-11 3.77 × 10-12 25 2/2 P (2/2) 

Hydroxyflutamide 3 

XDS - - - 0/6 N (1/1) 

ECVAM - - - 0/2 N (1/1) 

Hiyoshi - - - 0/1 N (1/1) 
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Chemical 
Study 
Phase Laboratory EC50 (M) SD 

CV 
(%) 

# Plates 
for EC50/  
# Plates 
Testeda 

Classifi-
cationb 

Kepone 3 

XDS 9.19 × 10-7 - - 1/2 P (1/1) 

ECVAM 1.23 × 10-7 - - 1/1 P (1/1) 

Hiyoshi 4.32 × 10-7 - - 1/1 P (1/1) 

Kaempferol 3 

XDS 7.65 × 10-6 - - 1/2 P (1/1) 

ECVAM NC - - 0/1 P (1/1) 

Hiyoshi 3.35 × 10-7 - - 1/1 P (1/1) 

p,p'- Methoxychlor 3 

XDS 2.88 × 10-6 - - 1/4 P (2/2) 

ECVAM 1.22 × 10-6 - - 1/1 P (1/1) 

Hiyoshi 1.80 × 10-6 1.09 × 10-6 61 2/2 P (2/2) 

Morin 3 

XDS 2.62 × 10-5 - - 1/2 P (1/1) 

ECVAM 2.68 × 10-5 - - 1/1 P (1/1) 

Hiyoshi 4.80 × 10-5 - - 1/1 P (1/1) 

Methyl testosterone 3 

XDS 5.22 × 10-7 4.50 × 10-7 86 3/6 P (3/3) 

ECVAM 1.25 × 10-5 - - 1/1 P (1/1) 

Hiyoshi 2.36 × 10-6 - - 1/2 P (2/2) 

Norethynodrel 3 

XDS 1.39 × 10-9 7.25 × 10-10 52 2/4 P (2/2) 

ECVAM 3.65 × 10-10 - - 1/2 P (1/1) 

Hiyoshi 6.03 × 10-10 - - 1/2 P (2/2) 

4-tert-Octylphenol 3 

XDS - - - 0/1 I (1/1) 

ECVAM 5.38 × 10-8 - - 1/1 P (1/1) 

Hiyoshi 1.01 × 10-8 - - 1/3 P (3/3) 

4-Hydroxytamoxifen 3 

XDS - - - 0/1 I (1/1) 

ECVAM - - - 0/1 N (1/1) 

Hiyoshi - - - 0/3 N (3/3) 

Phenobarbital 3 

XDS - - - 0/4 N (2/2) 

ECVAM - - - 0/1 N (1/1) 

Hiyoshi NT NT NT 0/0 NT 

Phenolphthalein 3 

XDS 2.40 × 10-5 - - 1/2 P (1/1) 

ECVAM 9.99 × 10-5 - - 1/1 P (1/1) 

Hiyoshi 8.33 × 10-5 1.24 × 10-5 15 2/2 P (2/2) 

Progesterone 3 

XDS 5.06 × 10-6 - - 1/4 P (2/2) 

ECVAM 1.27 × 10-6 - - 1/1 P (1/1) 

Hiyoshi 1.18 × 10-6 5.08 × 10-7 43 1/2 P (2/2) 

Propylthiouracil 3 

XDS - - - 0/3 N (2/2) 

ECVAM - - - 0/3 I (1/1) 

Hiyoshi - - - 0/1 N (1/1) 

Raloxifene HCl 3 

XDS - - - 0/1 N (1/1) 

ECVAM - - - 0/2 N (1/1) 

Hiyoshi - - - 0/2 N (2/2) 
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Chemical 
Study 
Phase Laboratory EC50 (M) SD 

CV 
(%) 

# Plates 
for EC50/  
# Plates 
Testeda 

Classifi-
cationb 

Resveratrol 3 

XDS 3.97 × 10-6 - - 1/2 P (1/1) 

ECVAM - - - 0/1 I (1/1) 

Hiyoshi - - - 0/3 N (3/3) 

Sodium azide 3 

XDS - - - 0/4 N (3/3) 

ECVAM - - - 0/3 I (1/1) 

Hiyoshi - - - 0/1 N (1/1) 

2-sec-Butylphenol 3 

XDS 1.18 × 10-9 - - 1/1 P (1/1) 

ECVAM - - - 0/1 N (1/1) 

Hiyoshi 2.95 × 10-5 8.24 × 10-6 28 2/2 P (2/2) 

Tamoxifen 3 

XDS - - - 0/2 I (1/1) 

ECVAM - - - 0/1 I (1/1) 

Hiyoshi 6.73 × 10-8 - - 1/2 P (2/2) 

2,4,5-
Trichlorophenoxyacetic 
acid 

3 

XDS - - - 0/1 I (1/1) 

ECVAM - - - 0/1 N (1/1) 

Hiyoshi - - - 0/2 N (2/2) 

Testosterone 3 

XDS 4.88 × 10-7 5.77 × 10-7 118 3/4 P (3/3) 

ECVAM NC - - 0/1 P (1/1) 

Hiyoshi 9.95 × 10-5 - - 1/2 P (2/2) 

12-O-
Tetradecanoylphorbol-
13-acetate 

3 

XDS - - - 0/5 N (1/1) 

ECVAM - - - 0/1 N (1/1) 

Hiyoshi - - - 0/1 N (1/1) 

Abbreviations: CV = coefficient of variation; ECVAM = European Centre for the Validation of Alternative Methods; 
EC50 = half-maximal effective concentration; I = inadequate (positive or negative classification could not be determined 
because of poor-quality data); M = molar; N = negative; NC = not calculated; NT = not tested; P = positive; 
SD = standard deviation; XDS = Xenobiotic Detection Systems, Inc. 

a Values represent the number of acceptable plates used to determine the EC50 value vs. the total number of plates tested 
(includes all acceptable and unacceptable plates). 

b Number in parentheses represents test results (P, N, or I) over the total number of acceptable trials. 
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Table 4-13 Antagonist Summary Data for Phases 2a, 2b, and 3 

Chemical 
Study 
Phase Laboratory IC50 (M) SD 

CV 
(%) 

# Plates 
for IC50/ 
# Plates 
Testeda 

Classifi-
cationb 

Dibenzo[a,h]anthracene 2a 

XDS NC - - 0/6 P (3/3) 

ECVAM NC - - 0/4 P (3/3) 

Hiyoshi NC - - 0/3 P (3/3) 

Progesterone 2a 

XDS - - - 0/6 N (3/3) 

ECVAM - - - 0/4 N (3/3) 

Hiyoshi - - - 0/3 N (3/3) 

p-n-Nonylphenol 2a 

XDS - - - 0/6 N (3/3) 

ECVAM - - - 0/4 N (2/3) 

Hiyoshi - - - 0/3 N (3/3) 

Tamoxifen 2a 

XDS 8.28 × 10-7 2.36 × 10-7 29 4/8 P (4/4) 

ECVAM 4.31 × 10-7 2.69 × 10-7 6 3/10 P (3/3) 

Hiyoshi 1.19 × 10-6 3.67 × 10-6 31 3/3 P (3/3) 

Apigenin 2b 

XDS - - - 0/3 N (3/3) 

ECVAM - - - 0/5 N (3/3) 

Hiyoshi - - - 0/4 N (4/4) 

Atrazine 2b 

XDS - - - 0/5 N (4/4) 

ECVAM - - - 0/5 N (3/3) 

Hiyoshi - - - 0/3 N (3/3) 

Butylbenzyl phthalate 2b 

XDS - - - 0/3 N (3/3) 

ECVAM - - - 0/4 N (3/3) 

Hiyoshi - - - 0/4 N (4/4) 

Corticosterone 2b 

XDS - - - 0/3 N (3/3) 

ECVAM - - - 0/4 N (3/3) 

Hiyoshi - - - 0/3 N (3/3) 

o,p' -DDT 2b 

XDS - - - 0/3 N (3/3) 

ECVAM - - - 0/4 N (3/3) 

Hiyoshi - - - 0/4 N (4/4) 

Flavone 2b 

XDS - - - 0/3 N (3/3) 

ECVAM - - - 0/5 N (3/3) 

Hiyoshi - - - 0/4 N (4/4) 

Genistein 2b 

XDS - - - 0/3 N (3/3) 

ECVAM - - - 0/4 N (3/3) 

Hiyoshi - - - 0/3 N (3/3) 
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Chemical 
Study 
Phase Laboratory IC50 (M) SD 

CV 
(%) 

# Plates 
for IC50/ 
# Plates 
Testeda 

Classifi-
cationb 

Resveratrol 2b 

XDS - - - 0/3 N (3/3) 

ECVAM - - - 0/5 N (3/3) 

Hiyoshi - - - 0/3 N (3/3) 

Actinomycin D 3 

XDS 2.67 × 10-7 - - 1/6 P (1/1) 

ECVAM 1.98 × 10-8 - - 1/3 P (1/1) 

Hiyoshi NC - - 0/1 P (1/1) 

Bisphenol A 3 

XDS - - - 0/5 N (1/1) 

ECVAM - - - 0/1 N (1/1) 

Hiyoshi - - - 0/1 N (1/1) 

Bisphenol B 3 

XDS - - - 0/1 I (1/1) 

ECVAM - - - 0/1 N (1/1) 

Hiyoshi - - - 0/1 N (1/1) 

Diethylstilbestrol 3 

XDS - - - 0/2 N (1/1) 

ECVAM - - - 0/1 N (1/1) 

Hiyoshi 1.70 × 10-5 - - 1/1 P (1/1) 

17-∝ Ethinyl estradiol 3 

XDS - - - 0/1 N (1/1) 

ECVAM - - - 0/1 N (1/1) 

Hiyoshi - - - 0/1 N (1/1) 

4-Androstenedione 3 

XDS - - - 0/2 N (1/1) 

ECVAM - - - 0/1 N (1/1) 

Hiyoshi - - - 0/1 N (1/1) 

Clomiphene citrate 3 

XDS - - - 0/2 I (1/1) 

ECVAM - - - 0/1 N (1/1) 

Hiyoshi NC - - 0/1 P (1/1) 

Coumestrol 3 

XDS - - - 0/1 N (1/1) 

ECVAM - - - 0/3 N (0/2) 

Hiyoshi - - - 0/1 N (1/1) 

4-Cumylphenol 3 

XDS - - - 0/2 N (1/1) 

ECVAM - - - 0/1 N (1/1) 

Hiyoshi - - - 0/1 N (1/1) 

Daidzein 3 

XDS - - - 0/1 N (1/1) 

ECVAM - - - 0/1 N (1/1) 

Hiyoshi - - - 0/1 N (1/1) 

Di-n-butyl phthalate 3 

XDS - - - 0/5 N (2/2) 

ECVAM - - - 0/1 N (1/1) 

Hiyoshi - - - 0/1 N (1/1) 
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Chemical 
Study 
Phase Laboratory IC50 (M) SD 

CV 
(%) 

# Plates 
for IC50/ 
# Plates 
Testeda 

Classifi-
cationb 

p,p'-DDE 3 

XDS - - - 0/1 N (1/1) 

ECVAM - - - 0/1 N (1/1) 

Hiyoshi - - - 0/1 N (1/1) 

Diethylhexyl phthalate 3 

XDS - - - 0/3 N (1/1) 

ECVAM - - - 0/3 N (2/2) 

Hiyoshi - - - 0/2 N (1/1) 

Dexamethasone 3 

XDS - - - 0/1 N (1/1) 

ECVAM - - - 0/1 N (1/1) 

Hiyoshi - - - 0/1 N (1/1) 

5∝-Dihydrotestosterone 3 

XDS - - - 0/6 N (1/1) 

ECVAM - - - 0/1 N (1/1) 

Hiyoshi - - - 0/1 N (1/1) 

Dicofol 3 

XDS - - - 0/2 N (1/1) 

ECVAM - - - 0/1 N (1/1) 

Hiyoshi - - - 0/2 N (1/1) 

17∝ Estradiol 3 

XDS 4.26 × 10-6 - - 1/2 P (1/1) 

ECVAM - - - 0/1 N (1/1) 

Hiyoshi - - - 0/1 I (1/1) 

17ß Estradiol 3 

XDS - - - 0/4 N (1/1) 

ECVAM - - - 0/2 N (1/1) 

Hiyoshi - - - 0/1 N (1/1) 

Ethyl paraben 3 

XDS - - - 0/2 N (1/1) 

ECVAM - - - 0/3 N (2/2) 

Hiyoshi - - - 0/2 N (1/1) 

Estrone 3 

XDS - - - 0/2 N (1/1) 

ECVAM - - - 0/1 N (1/1) 

Hiyoshi - - - 0/1 N (1/1) 

Fluoranthene 3 

XDS - - - 0/6 N (1/1) 

ECVAM - - - 0/1 N (1/1) 

Hiyoshi - - - 0/2 N (1/1) 

meso-Hexestrol 3 

XDS - - - 0/1 N (1/1) 

ECVAM - - - 0/1 I (1/1) 

Hiyoshi - - - 0/1 N (1/1) 

Hydroxyflutamide 3 

XDS - - - 0/1 N (1/1) 

ECVAM - - - 0/3 N (1/1) 

Hiyoshi - - - 0/1 N (1/1) 
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Chemical 
Study 
Phase Laboratory IC50 (M) SD 

CV 
(%) 

# Plates 
for IC50/ 
# Plates 
Testeda 

Classifi-
cationb 

Kepone 3 

XDS - - - 0/1 N (1/1) 

ECVAM - - - 0/2 N (1/1) 

Hiyoshi - - - 0/2 N (1/1) 

Kaempferol 3 

XDS - - - 0/1 N (1/1) 

ECVAM - - - 0/1 N (1/1) 

Hiyoshi - - - 0/1 N (1/1) 

p,p'- Methoxychlor 3 

XDS - - - 0/5 N (1/1) 

ECVAM - - - 0/1 N (1/1) 

Hiyoshi - - - 0/1 N (1/1) 

Morin 3 

XDS - - - 0/3 N (1/1) 

ECVAM - - - 0/2 N (1/1) 

Hiyoshi - - - 0/2 N (1/1) 

Methyl testosterone 3 

XDS - - - 0/6 N (1/1) 

ECVAM - - - 0/1 N (1/1) 

Hiyoshi - - - 0/1 N (1/1) 

Norethynodrel 3 

XDS - - - 0/3 N (1/1) 

ECVAM - - - 0/2 N (1/1) 

Hiyoshi - - - 0/1 N (1/1) 

4-tert-Octylphenol 3 

XDS - - - 0/1 N (1/1) 

ECVAM - - - 0/2 N (1/1) 

Hiyoshi - - - 0/2 N (1/1) 

4-Hydroxytamoxifen 3 

XDS 4.13 × 10-7 5.77 × 10-7 140 2/3 P (3/3) 

ECVAM - - - 0/2 I (1/1) 

Hiyoshi 3.87 × 10-9 - - 1/1 P (1/1) 

Phenobarbital 3 

XDS - - - 0/1 N (1/1) 

ECVAM - - - 0/2 N (1/1) 

Hiyoshi NT NT NT 0/0 NT 

Phenolphthalein 3 

XDS - - - 0/6 N (1/1) 

ECVAM - - - 0/3 N (2/2) 

Hiyoshi - - - 0/1 N (1/1) 

Propylthiouracil 3 

XDS - - - 0/5 N (1/1) 

ECVAM - - - 0/3 N (1/1) 

Hiyoshi - - - 0/1 N (1/1) 

Raloxifene HCl 3 

XDS 2.16 × 10-9 - - 1/1 P (1/1) 

ECVAM 5.41 × 10-10 - - 1/1 P (1/1) 

Hiyoshi 8.84 × 10-10 - - 1/1 P (1/1) 
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Chemical 
Study 
Phase Laboratory IC50 (M) SD 

CV 
(%) 

# Plates 
for IC50/ 
# Plates 
Testeda 

Classifi-
cationb 

Sodium azide 3 

XDS - - - 0/4 N (1/1) 

ECVAM - - - 0/4 N (1/1) 

Hiyoshi - - - 0/2 N (1/1) 

2-sec-Butylphenol 3 

XDS - - - 0/1 N (1/1) 

ECVAM - - - 0/1 N (1/1) 

Hiyoshi - - - 0/1 N (1/1) 

2,4,5-
Trichlorophenoxyacetic 
acid 

3 

XDS - - - 0/1 N (1/1) 

ECVAM - - - 0/3 N (1/1) 

Hiyoshi - - - 0/1 N (1/1) 

Testosterone 3 

XDS - - - 0/6 N (1/1) 

ECVAM - - - 0/4 N (1/1) 

Hiyoshi - - - 0/1 N (1/1) 

12-O-
Tetradecanoylphorbol-
13-acetate 

3 

XDS - - - 0/4 N (2/2) 

ECVAM - - - 0/1 N (1/1) 

Hiyoshi - - - 0/1 N (1/1) 

Vinclozolin 3 

XDS - - - 0/1 N (1/1) 

ECVAM - - - 0/1 N (1/1) 

Hiyoshi - - - 0/1 N (1/1) 

Abbreviations: CV = coefficient of variation; ECVAM = European Centre for the Validation of Alternative Methods; 
I = inadequate (positive or negative classification could not be determined because of poor-quality data); IC50 = half-
maximal inhibitory concentration; M = molar; N = negative; NC = not calculated; NT = not tested; P = positive; 
SD = standard deviation; XDS = Xenobiotic Detection Systems, Inc. 

a Values represent the number of acceptable plates used to determine the IC50 value vs. the total number of plates tested 
(includes all acceptable and unacceptable plates). 

b Number in parentheses represents test results (P, N, or I) over the total number of acceptable trials. 
 

Table 4-14 Phase 4 Results from XDS 

Chemical 
Agonist Antagonist 

EC50
a (M) Classificationb # Plates 

Tested IC50
c (M) Classificationb # Plates 

Tested 

17ß-Trenbolone 9.58 × 10-8 P (1/1) 2 - N (2/2) 4 

19-Nortestosterone 1.80 × 10-6 P (1/1) 1 - N (1/1) 1 

4-Hydroxyandrostenedione 3.91 × 10-5 P (1/1) 2 - N (1/1) 1 

Ammonium perchlorate - N (1/1) 3 - N (1/1) 1 

Apomorphine - N (2/2) 3 NC P (1/1) 1 

Bicalutamide - N (1/1) 2 - N (1/1) 1 

Chrysin 3.20 × 10-6 P (2/2) 3 - N (1/1) 1 

Cycloheximide - I (2/2) 1 9.67 × 10-7 P (1/1) 1 
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Chemical 
Agonist Antagonist 

EC50
a (M) Classificationb # Plates 

Tested IC50
c (M) Classificationb # Plates 

Tested 

Cyproterone acetate - N (1/2) 4 - N (1/1) 1 

Fenarimol 4.59 × 10-6 P (2/2) 6 - N (1/1) 4 

Finasteride - N (1/1) 3 - N (1/1) 2 

Fluoxymestrone 2.22 × 10-5 P (2/2) 4 - N (1/1) 1 

Flutamide - I (1/1) 3 - N (1/1) 1 

Haloperidol - N (1/1) 3 - N (1/1) 1 

Ketoconazole - N (1/1) 3 1.23 × 10-6 P (1/1) 3 

L-Thyroxine - N (2/2) 4 - N (1/1) 1 

Linuron - N (2/2) 5 - N (1/1) 1 

Medroxyprogesterone 
acetate - N (2/2) 5 NC P (1/1) 1 

Mifepristone - N (2/2) 2 - N (1/1) 1 

Nilutamide NC P (1/1) 2 - N (2/2) 4 

Oxazepam - I (1/1) 3 - N (1/1) 1 

Pimozide - N (1/1) 1 - N (1/1) 1 

Procymidone - I (1/1) 3 - N (1/1) 3 

Reserpine - N (2/2) 5 - I (1/1) 1 

Spironolactone - N (1/1) 2 - N (1/1) 1 
Abbreviations: EC50 = half-maximal effective concentration; I = inadequate (positive or negative classification could not be 

determined because of poor-quality data); IC50 = half-maximal inhibitory concentration; M = molar; N = negative; 
NC = not calculated; P = positive. 

a EC50 values are from one test, except 4-hydroxyandrostenedione (mean value from two tests [SD = 3.91 × 10-5; 
coefficient of variation = 52%]). 

b Number in parentheses represents test results (P, N, or I) over the total number of acceptable trials. 
c IC50 values are from one test. 
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5.0 Accuracy of the BG1Luc ER TA Test Method 
This section discusses the accuracy of the BG1Luc ER TA test method in the multilaboratory 
validation effort. Accuracy is evaluated by assessing the following: 

• Concordance: The proportion of all substances tested that are correctly classified as positive or 
negative. It is a measure of test method performance, and it is often used interchangeably with 
accuracy. 

• Sensitivity: The proportion of all positive substances that are classified correctly as positive in a 
test method. It is a measure of test method accuracy. 

• Specificity: The proportion of all negative substances that are classified correctly as negative in a 
test method. It is a measure of test method accuracy. 

• False positive rate: The proportion of all negative (inactive) substances falsely identified as 
positive. It is a measure of test method performance. 

• False negative rate: The proportion of all positive (active) substances falsely identified as 
negative. It is a measure of test method performance. 

Each of these variables can be calculated as follows (Table 5-1): 

Table 5-1 Template for Concordance Analysis 

 
New Test Outcome 

Positive Negative Total 

Reference Test 
Classification 

Positive a c a+c 
Negative b d b+d 

Total a+b c+d a+b+c+d 
 
a = positive in assay and positive by reference test classification 
b = positive in assay and negative by reference test classification 
c = negative in assay and positive by reference test classification 
d = negative in assay and negative by reference test classification 

Concordance = ([a+d]/[a+b+c+d]) 

Sensitivity = (a/[a+c]) 

Specificity = (d/[b+d]) 

False positive rate = (b/[b+d]) 

False negative rate (c/[a+c])  

 
The BG1Luc ER TA test method was evaluated for its ability to correctly identify ER agonists and 
antagonists. For this analysis, test substance classification (positive or negative for ER 
agonist/antagonist activity) obtained during the validation study was compared to the classification of 
the same substance based on a preponderance of published data. Positive or negative classifications 
based on BG1Luc ER TA data were based on the majority classification assigned using results from 
each of the three participating laboratories (XDS, ECVAM, and Hiyoshi). For example, if a substance 
tested positive at one laboratory but negative in the other two, the overall classification would be 
negative for the accuracy calculations. Substances that failed to meet the decision criteria for either a 
positive or negative response, defined in Section 2.7, are considered inadequate for analysis. The 
classification of data as “inadequate” is due to poor data quality and would normally require retesting. 
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However, this classification system was developed after testing was complete; therefore, these 
substances were excluded from the accuracy analyses described here. 

5.1 Substances Used for Accuracy Analysis 

As detailed in Section 3.2, NICEATM completed a comprehensive literature review of available in 
vitro data to identify substances that could be considered unequivocally positive or negative for ER 
agonist or antagonist activity. A total of 48 unique reference substances were considered in the 
evaluation of test method accuracy. Separate lists were generated for evaluating accuracy based on 
agonist (42 substances: 33 positive, 9 negative) and antagonist (25 substances: 3 positive, 22 
negative) activity. Nineteen substances appeared on both reference lists. 

Table 5-2 lists the 42 reference substances used to evaluate test method accuracy for ER agonist 
activity. Of these 42 substances, seven (17%) had inadequate testing results and were therefore 
excluded from the analysis, leaving 35 (28 positive, 7 negative) substances for evaluation. The 
following seven substances had inadequate BG1Luc ER TA agonist test method data:  

• Clomiphene citrate 
• p,p’-DDE 
• 5∝-Dihydrotestosterone 
• Flutamide 
• Procymidone 
• Resveratol 
• Tamoxifen 

These seven substances represent eight chemical classes (two cyclic hydrocarbons and one each of an 
amide, amine, carboxylic acid, halogenated hydrocarbon, heterocyclic compound, polycyclic 
compound, and steroid) and five product classes (four pharmaceuticals and one each of a fungicide, 
natural product, pesticide intermediate, and veterinary agent). The diversity of chemical and product 
classes indicates that no one category or class is overrepresented with inadequate data. Again, it 
should be emphasized that the “inadequate” classification is usually a result of poor data quality and 
would normally require retesting. However, this classification system was developed after testing was 
complete; therefore, retesting of these substances was not possible. 

Table 5-3 lists the 25 reference substances used to evaluate test method accuracy for ER antagonist 
activity. Definitive classifications (positive or negative) were obtained for all 25 substances tested, 
allowing all substances to be used for the assessment of antagonist accuracy. 
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Table 5-2  42 ICCVAM-Recommended Substances Used to Evaluate ER Agonist Accuracy 

Substance CASRN 

Classificationa 

ICCVAM 
Consensus 

BG1Luc 
ER TA 

Consensusb 
XDS ECVAM Hiyoshi 

17∝-Estradiol 57-91-0 POS POS POS (1/1) POS (3/3) POS (2/2) 

17∝-Ethinyl estradiol 57-63-6 POS POS POS (3/3) POS (3/3) POS (3/3) 

17ß-Estradiol 50-28-2 POS POS POS (1/1) POS (1/1) POS (1/1) 

19-Nortestosterone 434-22-0 POS POS POS (1/1) NT NT 

4-Cumylphenol 599-64-4 POS POS POS (1/1) POS (1/1) POS (1/1) 

4-tert-Octylphenol 140-66-9 POS POS I (1/1) POS (1/1) POS (2/2) 

5∝-
Dihydrotestosterone 521-18-6 POS I I (1/1) I (1/1) POS (1/1) 

Apigenin 520-36-5 POS POS POS (1/1) POS (1/1) POS (1/1) 

Atrazine 1912-24-9 NEG NEG NEG (3/3) POS (3/3) NEG (3/3) 

Bicalutamide 90357-06-5 NEG NEG NEG (1/1) NT NT 

Bisphenol A 80-05-7 POS POS POS (3/3) POS (3/3) POS (3/3) 

Bisphenol B 77-40-7 POS POS POS (3/3) POS (3/3) POS (3/3) 

Butylbenzyl phthalate 85-68-7 POS POS POS (3/3) POS (3/3) POS (3/3) 

Chrysin 480-40-0 POS POS POS (2/2) NT NT 

Clomiphene citrate 50-41-9 POS I I (1/1) NEG (1/1) POS (1/1) 

Corticosterone 50-22-6 NEG NEG NEG (3/3) POS (3/3) NEG (3/3) 

Coumestrol 479-13-0 POS POS POS (1/1) POS (1/1) POS (1/1) 

Daidzein 486-66-8 POS POS POS (1/1) POS (1/1) POS (1/1) 

Dicofol 115-32-2 POS POS POS (1/1) NEG (1/1) POS (1/1) 

Diethylstilbestrol 56-53-1 POS POS POS (3/3) POS (3/3) POS (3/3) 

Estrone 53-16-7 POS POS POS (1/1) POS (1/1) POS (1/1) 

Ethyl paraben 120-47-8 POS POS I (1) POS (1/1) POS (1/1) 

Fenarimol 60168-88-9 POS POS POS (1/1) NT NT 

Flutamide 13311-84-7 NEG I I (1) NT NT 

Genistein 446-72-0 POS POS POS (3/3) POS (3/3) POS (4/4) 

Hydroxyflutamide 52806-53-8 NEG NEG NEG (1/1) NEG (1/1) NEG (1/1) 

Kaempferol 520-18-3 POS POS POS (1/1) POS (1/1) POS (1/1) 

Kepone 143-50-0 POS POS POS (1/1) POS (1/1) POS (1/1) 

L-Thyroxine 51-48-9 POS NEG NEG (1/1) NT NT 
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Substance CASRN 

Classificationa 

ICCVAM 
Consensus 

BG1Luc 
ER TA 

Consensusb 
XDS ECVAM Hiyoshi 

Linuron 330-55-2 NEG NEG NEG (1/1) NT NT 

meso-Hexestrol 84-16-2 POS POS POS (1/1) POS (1/1) POS (1/1) 

Methyl testosterone 58-18-4 POS POS POS (3/3) POS (1/1) POS (2/2) 

Norethynodrel 68-23-5 POS POS POS (2/2) POS (1/1) POS (2/2) 

o,p’-DDT 789-02-6 POS POS POS (3/3) POS (3/3) POS (3/3) 

p-n-Nonylphenol 104-40-5 POS POS POS (3/3) POS (3/3) POS (2/3) 

p,p’-DDE 72-55-9 POS I I (1/1) I (1/1) NEG (1/1) 

p,p’-Methoxychlor 72-43-5 POS POS POS (1/1) POS (1/1) POS (2/2) 

Phenobarbital 50-06-6 NEG NEG NEG (1/1) NEG (1/1) NT 

Procymidone 32809-16-8 NEG I I (1/1) NT NT 

Resveratrol 501-36-0 POS I POS (1/1) I (1/1) NEG (1/3) 

Spironolactone 52-01-7 NEG NEG NEG (1/1) NT NT 

Tamoxifen 10540-29-1 POS I I (1/1) I (1/1) POS (1/1) 
Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method; CASRN = CAS Registry Number 

(American Chemical Society); ECVAM = European Centre for the Validation of Alternative Methods; I = inadequate 
(positive or negative classification could not be determined because of poor-quality data); ICCVAM = Interagency 
Coordinating Committee on the Validation of Alternative Methods; NEG = negative; NT = not tested; POS = positive; 
XDS = Xenobiotic Detection Systems, Inc. 

a Numbers in parentheses represent test results (POS, NEG, or I) over the total number of trials that met test plate 
acceptance criteria. 

b BG1Luc ER TA consensus classification represents the majority classification among the three validation laboratories. 
 

Table 5-3 25 ICCVAM-Recommended Substances Used to Evaluate ER Antagonist 
Accuracy 

Substance CASRN 

Classificationa 

ICCVAM 
Consensus 

BG1Luc  
ER TA 

Consensusb 
XDS ECVAM Hiyoshi 

17α−Ethinyl estradiol 57-63-6 NEG NEG NEG (1/1) NEG (1/1) NEG (1/1) 

4-Hydroxytamoxifen 68047-06-3 POS POS POS (1/1) I (2/2) POS (1/1) 

5α-
Dihydrotestosterone 521-18-6 NEG NEG NEG (1/1) NEG (1/1) NEG (1/1) 

Apigenin 520-36-5 NEG NEG NEG (3/3) NEG (3/3) NEG (4/4) 

Bisphenol A 80-05-7 NEG NEG NEG (1/1) NEG (1/1) NEG (1/1) 

Butylbenzyl phthalate 85-68-7 NEG NEG NEG (3/3) NEG (3/3) NEG (4/4) 
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Substance CASRN 

Classificationa 

ICCVAM 
Consensus 

BG1Luc  
ER TA 

Consensusb 
XDS ECVAM Hiyoshi 

Chrysin 480-40-0 NEG NEG NEG (1/1) NT NT 

Coumestrol 479-13-0 NEG NEG NEG (1/1) NEG (1/1) NEG (1/1) 

Daidzein 486-66-8 NEG NEG NEG (1/1) NEG (1/1) NEG (1/1) 

Di-n-butyl phthalate 84-74-2 NEG NEG NEG (1/1) NEG (1/1) NEG (1/1) 

Dicofol 115-32-2 NEG NEG NEG (1/1) NEG (1/1) NEG (1/1) 

Diethylhexyl phthalate 117-81-7 NEG NEG NEG (1/1) NEG (1/1) NEG (1/1) 

Diethylstilbestrol 56-53-1 NEG NEG NEG (1/1) NEG (1/1) POS (1/1) 

Genistein 446-72-0 NEG NEG NEG (3/3) NEG (3/3) NEG (3/3) 

Kaempferol 520-18-3 NEG NEG NEG (1/1) NEG (1/1) NEG (1/1) 

Kepone 143-50-0 NEG NEG NEG (1/1) NEG (1/1) NEG (1/1) 

Mifepristone 84371-65-3 NEG NEG NEG (1/1) NT NT 

Norethynodrel 68-23-5 NEG NEG NEG (1/1) NEG (1/1) NEG (1/1) 

o,p’-DDT 789-02-6 NEG NEG NEG (3/3) NEG (3/3) NEG (3/3) 

p-n-Nonylphenol 104-40-5 NEG NEG NEG (3/3) NEG (3/3) NEG (3/3) 

p,p’-DDE 72-55-9 NEG NEG NEG (1/1) NEG (1/1) NEG (1/1) 

Progesterone 57-83-0 NEG NEG NEG (3/3) NEG (3/3) NEG (3/3) 

Raloxifene HCl 82640-04-8 POS POS POS (1/1) POS (1/1) POS (1/1) 

Resveratrol 501-36-0 NEG NEG NEG (3/3) NEG (3/3) NEG (3/3) 

Tamoxifen 10540-29-1 POS POS POS (3/3) POS (3/3) POS (3/3) 
Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method; CASRN = CAS Registry Number 

(American Chemical Society); ECVAM = European Centre for the Validation of Alternative Methods; I = inadequate 
(positive or negative classification could not be determined because of poor-quality data); ICCVAM = Interagency 
Coordinating Committee on the Validation of Alternative Methods; NEG = negative; NT = not tested; POS = positive; 
XDS = Xenobiotic Detection Systems, Inc. 

a Numbers in parentheses represent test results (POS, NEG, or I) over the total number of trials that met test plate 
acceptance criteria. 

b BG1Luc ER TA consensus classification represents the majority classification among the three validation laboratories. 
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5.2 Accuracy Analysis of the BG1Luc ER TA Agonist Test Method 

The accuracy analysis using the 35 ICCVAM reference substances that produced a definitive BG1Luc 
ER TA result in agonist testing indicated accuracy of 97% (34/35), sensitivity of 96% (27/28), 
specificity of 100% (7/7), false positive rate of 0% (0/7), and false negative rate of 4% (1/28) 
(Table 5-4).  

Table 5-4 Accuracy of the BG1Luc ER TA Agonist Test Method 

N Accuracy Sensitivity Specificity False Positive 
Rate 

False Negative 
Rate 

35a 
97% 

(34/35) 
96% 

(27/28) 
100% 
(7/7) 

0% 
(0/7) 

4% 
(1/28) 

Abbreviations: N = number. 
a  A total 42 substances were evaluated in the BG1Luc ER TA agonist test method. Seven substances did not produce a 

consensus classification and were omitted, leaving 35 substances for analysis. 
 

5.2.1 Discordant Results for Agonist Analysis 

Among the 35 substances used to calculate accuracy statistics, only L-thyroxine was a false negative 
in the BG1Luc ER TA test method when compared to the ICCVAM reference classification 
(Table 5-5). This Phase 4 substance was tested once in one laboratory, XDS. This substance is 
classified as positive (2/3) by ICCVAM based on two reports of positive agonist activity and one 
report of no agonist activity. The two positive results were in GH3 cells (rat pituitary adenoma) 
(Fujimoto et al. 2004) and HeLa cells (human cervical carcinoma) (Takeyoshi 2006), whereas MCF-7 
cells (human breast adenocarcinoma) (Fujimoto et al. 2004) showed no estrogenic response when 
exposed to L-thyroxine. These reports indicate a possible tissue-specific response to this chemical, 
which may explain the lack of ER agonist activity observed in this experiment with BG-1 cells 
(human ovarian carcinoma). 

Table 5-5 Discordant Substance in the BG1Luc ER TA Agonist Test Method 

Substance CASRN 
MeSH 

Chemical 
Class 

Product Class 
BG1Luc ER 

TA 
Classification 

ICCVAM 
Reference 

Classification 

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

Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method; CASRN = CAS Registry Number 
(American Chemical Society); ICCVAM = Interagency Coordinating Committee on the Validation of Alternative 
Methods; MeSH = Medical Subject Headings (National Library of Medicine); NEG = negative; N = number; 
POS = positive. 

 

5.3 Accuracy Analysis of the BG1Luc ER TA Antagonist Test Method 

Accuracy analysis conducted with the 25 reference substances that produced a definitive result in 
antagonist testing showed an overall accuracy of 100% (25/25), sensitivity of 100% (3/3), specificity 
of 100% (22/22), false positive rate of 0% (0/22), and false negative rate of 0% (0/3) (Table 5-6). 
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Table 5-6 Accuracy of the BG1Luc ER TA Antagonist Test Method 

N Accuracy Sensitivity Specificity False Positive 
Rate 

False Negative 
Rate 

25 
100% 

(25/25) 
100% 
(3/3) 

100% 
(22/22) 

0% 
(0/22) 

0% 
(0/3) 

Abbreviations: N = number. 
 

5.4 Comparison of BG1Luc ER TA Results with CERI-STTA (U.S. EPA OPPTS 890.1300) 
Results 

The CERI-STTA (OECD 2009; Takeyoshi 2006) method for assessing ERα agonist activity of test 
substances is currently the only ER TA test method accepted by regulatory agencies. This test system 
utilizes the hERα-HeLa-9903 cell line, which is derived from a human cervical tumor, with two 
stably inserted constructs: the hERα expression construct (encoding the full-length human receptor) 
and a firefly luciferase reporter construct bearing five tandem repeats of a vitellogenin ERE driven by 
a mouse metallothionein promoter TATA element. Because the BG1Luc ER TA test method is 
another STTA that could be considered for regulatory use, a comparison of test method accuracy 
between these two test methods was conducted based on a list of ICCVAM-recommended agonist 
reference substances for which definitive classifications have been produced in both methods. These 
substances are listed in Table 5-7. The results show identical levels of accuracy when both methods 
tested the same agonist reference chemicals: concordance of 96% (25/26), sensitivity of 95% (21/22), 
and specificity of 100% (4/4) (Table 5-8 and Table 5-9). The test methods differed only in the one 
false negative from each method: L-thyroxine was false negative in the BG1Luc ER TA test method, 
and p-n-nonylphenol was false negative in the CERI-STTA. Overall, these data suggest a very high 
level of agreement in the performance of these two assays. 

Table 5-7 Substances Used in the Evaluation of Accuracy of the BG1Luc ER TA and 
CERI-STTA Test Method Results 

Substance CASRN 
ICCVAM 
Reference 

Classification 

BG1Luc  
ER TA 

Classification 

CERI-STTA 
Classificationa 

17α-Estradiol 57-91-0 POS POS POS 

17α-Ethinyl estradiol 57-63-6 POS POS POS 

17ß-Estradiol 50-28-2 POS POS POS 

4-Cumylphenol 599-64-4 POS POS POS 

4-tert-Octylphenol 140-66-9 POS POS POS 

Apigenin 520-36-5 POS POS POS 

Atrazine 1912-24-9 NEG NEG NEG 

Bisphenol A 80-05-7 POS POS POS 

Bisphenol B 77-40-7 POS POS POS 

Butylbenzyl phthalate 85-68-7 POS POS POS 

Corticosterone 50-22-6 NEG NEG NEG 
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Substance CASRN 
ICCVAM 
Reference 

Classification 

BG1Luc  
ER TA 

Classification 

CERI-STTA 
Classificationa 

Coumestrol 479-13-0 POS POS POS 

Daidzein 486-66-8 POS POS POS 

Diethylstilbestrol 56-53-1 POS POS POS 

Estrone 53-16-7 POS POS POS 

Ethyl paraben 120-47-8 POS POS POS 

Genistein 446-72-0 POS POS POS 

Kaempferol 520-18-3 POS POS POS 

Kepone 143-50-0 POS POS POS 

Linuron 330-55-2 NEG NEG NEG 

L-Thyroxine 51-48-9 POS NEG POS 

Methyl testosterone 58-18-4 POS POS POS 

Norethynodrel 68-23-5 POS POS POS 

p-n-Nonylphenol 104-40-5 POS POS NEG 

p,p’-Methoxychlor 72-43-5 POS POS POS 

Spironolactone 52-01-7 NEG NEG NEG 
Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method; CASRN = CAS Registry Number 

(American Chemical Society); CERI = Chemicals Evaluation and Research Institute, Japan; I = inadequate (positive or 
negative classification could not be determined because of poor-quality data); ICCVAM = Interagency Coordinating 
Committee on the Validation of Alternative Methods; NEG = negative; OECD = Organisation for Economic 
Co-operation and Development; POS = positive; STTA = stably transfected transactivation assay. 

a Data published by the Chemicals Evaluation and Research Institute, Japan (CERI) (Takeyoshi 2006). 
 

Table 5-8 Accuracy of the BG1Luc ER TA Test Method Assessed Using Agonist Reference 
Chemicals Listed in Table 5-7 

 
BG1Luc ER TA Agonist Classification 

Positive Negative Total 

ICCVAM Consensus 
Classification 

Positive 21 1 22 
Negative 0 4 4 

Total 21 5 26 
Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method; ICCVAM = Interagency Coordinating 

Committee on the Validation of Alternative Methods. 
 
Concordance 96% (25/26) 

Sensitivity 95% (21/22) 

Specificity 100% (4/4) 
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Table 5-9 Accuracy of the CERI-STTA Method Assessed Using Agonist Reference 
Chemicals Listed in Table 5-7 

 
CERI-STTA Classification 

Positive Negative Total 

ICCVAM Consensus 
Classification 

Positive 21 1 22 
Negative 0 4 4 

Total 21 5 26 
Abbreviations: CERI = Chemicals Evaluation and Research Institute, Japan; ICCVAM = Interagency Coordinating 

Committee on the Validation of Alternative Methods; STTA = stably transfected transactivation assay. 
 
Concordance 96% (25/26) 

Sensitivity 95% (21/22) 

Specificity 100% (4/4) 

5.5 Comparison of BG1Luc ER TA EC50 and IC50 Values with Values from ICCVAM 
Reference Data 

Although the primary goal of the BG1Luc ER TA test method is to provide a qualitative assessment 
of estrogenic/anti-estrogenic activity, quantitative measures of activity (i.e., EC50 and IC50 values) are 
usually obtained for positive results. EC50 and IC50 values obtained from BG1Luc ER TA test results 
were compared to median values from other ER TA test methods reported in the literature. The 
substances used for these comparisons are listed in Table 5-10 for EC50 and Table 5-11 for IC50 
comparisons. Regression analyses of these data are presented in Figures 5-1 and 5-2, respectively. 

Based on EC50 values obtained for 26 substances, the correlation coefficient between the log EC50 for 
the BG1Luc ER TA agonist test method and that reported for other ER TA test methods in the 
literature was R2 = 0.839. Although EC50 values can differ by an order of magnitude between 
methods, this relatively high correlation indicates that the BG1Luc ER TA agonist test method might 
be considered for quantitative as well as qualitative assessment of estrogenic activity. 

Likewise, based on IC50 values obtained for three substances, the correlation coefficient between the 
log IC50 for the BG1Luc ER TA antagonist test method and that reported for other ER TA test 
methods in the literature was R2 = 0.95. Again, this high correlation suggests that the BG1Luc ER TA 
test method might also be considered for quantitative as well as qualitative assessment of anti-
estrogenic activity. However, this conclusion is necessarily limited by the small number of substances 
(n = 3) upon which it is based. 

Table 5-10 Median EC50 Values for Substances Used to Generate EC50 Linear Regression 

Substance BG1Luc ER TA Median 
EC50 (M) 

ICCVAM Reference  
Data Median EC50 (M) 

17α-Estradiol 3.02 × 10-10 5.20 × 10-09 

17α-Ethinyl estradiol 7.09 × 10-12 5.20 × 10-11 

17β-Estradiol 3.37 × 10-12 8.65 × 10-11 

19-Nortestosterone 1.65 × 10-06 2.00 × 10-07 

4-Cumylphenol 3.03 × 10-07 3.22 × 10-07 

4-tert-Octylphenol 2.08 × 10-08 1.00 × 10-07 
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Substance BG1Luc ER TA Median 
EC50 (M) 

ICCVAM Reference  
Data Median EC50 (M) 

5α-Dihydrotestosterone 8.97 × 10-08 1.33 × 10-07 

Apigenin 1.40 × 10-06 7.65 × 10-07 

Bisphenol A 3.95 × 10-07 5.00 × 10-07 

Bisphenol B 2.36 × 10-07 9.20 × 10-08 

Coumestrol 1.31 × 10-07 1.60 × 10-08 

Daidzein 6.75 × 10-07 4.90 × 10-07 

Dicofol 2.22 × 10-06 7.05 × 10-06 

Diethylstilbestrol 2.08 × 10-11 6.60 × 10-11 

Estrone 2.16 × 10-10 2.10 × 10-09 

Fenarimol 9.15 × 10-06 7.00 × 10-06 

Genistein 3.00 × 10-07 6.75 × 10-08 

Kaempferol 2.55 × 10-07 1.60 × 10-07 

meso-Hexestrol 1.62 × 10-11 1.00 × 10-10 

Methyl testosterone 6.49 × 10-07 1.58 × 10-08 

Norethynodrel 1.26 × 10-07 6.40 × 10-09 

o,p’-DDT 4.22 × 10-07 1.69 × 10-06 

p-n-Nonylphenol 2.50 × 10-06 3.60 × 10-07 

p,p’-Methoxychlor 8.43 × 10-07 5.25 × 10-06 

Tamoxifen 6.73 × 10-08 5.30 × 10-07 

Testosterone 4.85 × 10-07 2.00 × 10-07 

Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method; EC50 = half-maximal effective 
concentration; ICCVAM = Interagency Coordinating Committee on the Validation of Alternative Methods; M = molar. 

 

Table 5-11 Median IC50 Values for Substances Used to Generate IC50 Linear Regression 

Substance Name BG1Luc ER TA Median 
IC50 (M) 

ICCVAM Reference  
Data Median IC50 (M) 

4-Hydroxytamoxifen 4.94 × 10-09 2.13 × 10-09 

Raloxifene HCl 1.24 × 10-09 2.31 × 10-09 

Tamoxifen 7.12 × 10-07 4.00 × 10-07 
Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method; IC50 = half-maximal inhibitory 

concentration; ICCVAM = Interagency Coordinating Committee on the Validation of Alternative Methods; M = molar. 
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Figure 5-1 Relationship of EC50 Values Obtained in the BG1Luc ER TA Test Method and 
EC50 Values from ICCVAM Reference Data 

 
Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method; EC50 = half-maximal effective 

concentration; ICCVAM = Interagency Coordinating Committee on the Validation of Alternative Methods. 
Each point in this figure represents a median EC50 value obtained in the BG1Luc ER TA test method compared with the 

median ICCVAM EC50 value (from the literature reference data updated in 2010, discussed in Section 3 and provided in 
Annex N). 

 

Figure 5- 2 Relationship of IC50 Values Obtained in the BG1Luc ER TA Test Method and 
IC50 Values from ICCVAM Reference Data 

 
Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method; IC50 = half-maximal inhibitory 

concentration; ICCVAM = Interagency Coordinating Committee on the Validation of Alternative Methods.  
Each point in this figure represents a median IC50 value obtained in the BG1Luc ER TA test method compared with the 

median ICCVAM IC50 value (from the literature reference data updated in 2010, discussed in Section 3 and provided in 
Annex N). 
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5.6 Concordance of BG1Luc ER TA Results with Estrogen Receptor Binding Results 

Results from the BG1Luc ER TA test method were examined for concordance with published reports 
of ER binding. ER binding results for the 34 reference substances used for this analysis, along with 
agonist and antagonist test results from the BG1Luc ER TA test method, are provided in Table 5-12. 
Because results in binding studies only indicate the ability to bind the ER receptor and therefore do 
not distinguish between agonist or antagonist activity, a positive result in the BG1Luc ER TA test 
method for either agonist or antagonist activity was considered positive in the concordance analysis 
provided in Table 5-13. There was 97% (33/34) concordance between the BG1Luc ER TA test 
method and ER binding data from the literature. The single discordant test substance was 
medroxyprogesterone acetate (MPA), which was positive in the BG1Luc ER TA antagonist assay but 
was reported in two published studies as negative for ER binding. MPA was tested once during 
Phase 4 at one participating laboratory. XDS reported an IC50 of 5.0 x 10-5 M. In light of the excellent 
degree of agreement between ER binding and the BG1Luc ER TA test method (with no false negative 
results), it appears that evaluating results from the BG1Luc ER TA agonist and antagonist testing 
would provide a viable alternative to conducting ER binding studies. This cannot currently be 
accomplished with the only accepted ER TA method due to the inability of the CERI-STTA to assess 
ER antagonist activity. 

Table 5-12 Substances Used to Assess BG1Luc ER TA Concordance with ER Binding Data 

Substance CASRN 
BG1  

Agonist 
Classification 

BG1  
Antagonist 

Classification 

Overall BG1 
Classification 

ER Binding 
Classification  
(Literature) 

17α-Estradiol 57-91-0 POS I POS POS 

17α-Ethinyl estradiol 57-63-6 POS NEG POS POS 

17ß-Estradiol 50-28-2 POS NEG POS POS 

2-sec-Butylphenol 89-72-5 POS NEG POS POS 

4-Cumylphenol 599-64-4 POS NEG POS POS 

4-Hydroxytamoxifen 68047-06-3 NEG POS POS POS 

4-tert-Octylphenol 140-66-9 POS NEG POS POS 

Apigenin 520-36-5 POS NEG POS POS 

Bisphenol A 80-05-7 POS NEG POS POS 

Bisphenol B 77-40-7 POS NEG POS POS 

Butylbenzyl phthalate 85-68-7 POS NEG POS POS 

Corticosterone 50-22-6 NEG NEG NEG NEG 

Coumestrol 479-13-0 POS NEG POS POS 

Daidzein 486-66-8 POS NEG POS POS 

Dicofol 115-32-2 POS NEG POS POS 

Diethylstilbestrol 56-53-1 POS NEG POS POS 

Estrone 53-16-7 POS NEG POS POS 

Ethyl paraben 120-47-8 POS NEG POS POS 



ICCVAM BG1Luc ER TA Evaluation Report 

 C-122 

Substance CASRN 
BG1  

Agonist 
Classification 

BG1  
Antagonist 

Classification 

Overall BG1 
Classification 

ER Binding 
Classification  
(Literature) 

Fenarimol 60168-88-9 POS NEG POS POS 

Genistein 446-72-0 POS NEG POS POS 

Kaempferol 520-18-3 POS NEG POS POS 

Kepone 143-50-0 POS NEG POS POS 

L-Thyroxine 51-48-9 NEG NEG NEG NEG 

Medroxyprogesterone 
acetate 71-58-9 NEG POS POS NEG 

meso-Hexestrol 84-16-2 POS NEG POS POS 

Mifepristone 84371-65-3 NEG NEG POS POS 

Morin 480-16-0 POS NEG POS POS 

Norethynodrel 68-23-5 POS NEG POS POS 

o,p'-DDT 789-02-6 POS NEG POS POS 

p-n-Nonylphenol 104-40-5 POS NEG POS POS 

p,p'-Methoxychlor 72-43-5 POS NEG POS POS 

Phenolphthalin 81-90-3 POS NEG POS POS 

Raloxifene HCl 82640-04-8 NEG POS POS POS 

Tamoxifen 10540-29-1 I POS POS POS 

Abbreviations: BG1 = LUMI-CELL BG1Luc4E2 ER TA test method; CASRN = CAS Registry Number (American 
Chemical Society); ER = estrogen receptor; I = inadequate (positive or negative classification could not be determined 
because of poor-quality data); NEG = negative; POS = positive. 

 
Table 5-13 Concordance of BG1Luc ER TA Results and ER Binding Results 

 
BG1Luc ER TA Classification 

Positive Negative Total 

ER Binding 
Positive 31 0 31 
Negative 1 2 3 

Total 32 2 34 
Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method; ER = estrogen receptor.  
 
Concordance 97% (33/34) 

5.7 Comparison of BG1Luc ER TA Results with Uterotrophic Assay Results 

Results from the BG1Luc ER TA test method were examined for concordance with published data 
from the uterotrophic assay (Owens and Ashby 2002; Owens and Koeter 2003). Data from the 
uterotrophic assay were available for 13 substances tested in the BG1Luc ER TA agonist test method 
(Table 5-14). Based on a comparison with the in vivo uterotrophic assay classification, the 
13 substances with conclusive test results in the BG1Luc ER TA agonist test method produced overall 
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concordance of 92% (12/13) (Table 5-15). All substances found positive in the uterotrophic assay 
were also positive in the BG1Luc ER TA method. The only discordant substance, butylbenzyl 
phthalate, was positive for ER agonist activity in the BG1Luc ER TA agonist test method and 
negative in the uterotrophic assay. These data indicate that the BG1Luc ER TA agonist test method 
has very good agreement with the in vivo results obtained with the uterotrophic assay, with no false 
negative results. 

Table 5-14 Substances Used in the Comparison of BG1Luc ER TA Agonist Classification 
and In Vivo Uterotrophic Assay Data 

ICCVAM Reference 
Substance CASRN 

BG1Luc ER  
TA Agonist 

Classification 

Overall 
Uterotrophic 
Assay Study 

Data 

OECD Study 
Uterotrophic 
Assay Dataa 

CERI Study 
Uterotrophic 
Assay Datab 

17α Estradiol 57-91-0 POS POS NT POS 

17α Ethinyl estradiol 57-63-6 POS POS POS POS 

4-tert-Octylphenol 140-66-9 POS POS NT POS 

4-Cumylphenol 599-64-4 POS POS NT POS 

Bisphenol A 80-05-7 POS POS POS POS 

Bisphenol B 77-40-7 POS POS NT POS 

Butylbenzyl phthalate 85-68-7 POS NEG NEG NEG 

Daidzein 486-66-8 POS POS NT POS 

Estrone 53-16-7 POS POS NT POS 

Genistein 446-72-0 POS POS POS POS 

Ketoconazole 65277-42-1 NEG NEG NT NEG 

Methyl testosterone 58-18-4 POS POS NT POS 

o,p’-DDT 789-02-6 POS POS POS NT 
Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method; CASRN = CAS Registry Number 

(American Chemical Society); CERI = Chemicals Evaluation and Research Institute, Japan; NEG = negative; NT = not 
tested; OECD = Organisation for Economic Co-operation and Development; POS = positive.  

a Pooled data from the validation of the OECD uterotrophic bioassay (Kanno et al. 2003a, 2003b; Owens and Ashby 2002). 
b Data published by the Chemicals Evaluation and Research Institute, Japan (CERI), as part of a comparison database of 

ER TA and uterotrophic data (Takeyoshi 2006). 
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Table 5-15 Concordance of BG1Luc ER TA Agonist Classification and In Vivo 
Uterotrophic Assay Data 

 
BG1Luc ER TA Agonist Classification 

Positive Negative Total 

In Vivo Uterotrophic 
Data 

Positive 11 0 11 
Negative 1 1 2 

Total 12 1 13 
Abbreviations: BG1Luc ER TA = LUMI-CELL BG1Luc4E2 ER TA test method. 
 
Concordance 92% (12/13) 
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6.0 Test Method Reliability 
An assessment of test method reliability (intra- and interlaboratory reproducibility) is an essential 
element of any evaluation of the performance of an alternative test method (ICCVAM 2003b). 
Intralaboratory reproducibility refers to the extent to which qualified personnel within the same 
laboratory can replicate results using a specific test protocol. Interlaboratory reproducibility refers to 
the extent to which different laboratories can replicate results using the same protocol and test 
substances. Interlaboratory reproducibility indicates the extent to which a test method can be 
transferred successfully among laboratories. 

This section describes the reliability assessment for the BG1Luc ER TA test method, which was 
based on validation study results for substances tested multiple times within and across laboratories. 

6.1 Intralaboratory Reproducibility 

As discussed in Section 4.2, the agonist and antagonist DMSO control and antagonist E2 control 
RLU values were the only quantitative values used for acceptance criteria for agonist test plates 
throughout the study; therefore, intralaboratory reproducibility of the BG1Luc ER TA agonist and 
antagonist test methods was assessed by comparing (1) RLU values for the agonist and antagonist 
DMSO control and the antagonist E2 control for all plates tested within each laboratory during the 
course of the validation study and (2) results from Phases 2a and 2b testing, during which 
12 substances were tested in at least three independent experiments in each of the three participating 
laboratories (XDS, ECVAM, and Hiyoshi).  

6.1.1 Agonist DMSO Control 

Because DMSO control RLU values are not normalized, they can vary considerably between test 
plates and across time. Therefore, intralaboratory reproducibility was evaluated by comparing the 
within-plate variability (CV) of the four replicate DMSO control RLU values for all test plates that 
passed acceptance criteria. The range of means and CV values for within-plate DMSO control RLU 
values are provided in Table 6-1. (See Annex L for the mean and CV values of individual agonist 
test plates.) Although mean plate DMSO RLU values ranged from a low of 511 to a high of 9885, 
with a mean of 3749, within-plate variability of DMSO control RLU values between replicate DMSO 
wells was low, with CV values ranging from 1% to 43% and a mean of 8%. Of the 218 agonist test 
plates that met acceptance criteria, only six plates had within-plate CV values greater than 20%. (See 
Annex L for individual test plate mean DMSO control RLU values and associated CV values.) 
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Table 6-1 Agonist Within-Plate DMSO Control Data 

Laboratory Mean and Range of DMSO 
Control RLU Values 

Mean and Range of 
CV (%) N 

XDS 
2800 

(511–9885) 
8 

(1–43) 
93 

ECVAM 
3379 

(828–7306) 
8 

(1–33) 
60 

Hiyoshi 
5465 

(1362–9383) 
6 

(1–24) 
65 

All Laboratories 
3749 

(511–9885) 
8 

(1–43) 
218 

Abbreviations: CV = coefficient of variation; DMSO = dimethyl sulfoxide; ECVAM = European Centre for the Validation 
of Alternative Methods; N = number of plates that passed acceptance criteria; RLU = relative light unit; 
XDS = Xenobiotic Detection Systems, Inc. 

 

Figures 6-1 through 6-3 show the within-plate agonist DMSO control RLU values for Phase 1 of the 
validation study as examples of the low variability for this parameter. As discussed above, within-
plate CVs were low throughout the validation study. 

 

Figure 6-1 Agonist DMSO Control Within-Plate RLU Values During Phase 1 at XDS 

 
Abbreviations: DMSO = dimethyl sulfoxide; RLU = relative light unit. 
Each point represents the non-normalized DMSO value for a single well in a 96-well plate. 
Within-plate DMSO variance at XDS during Phase 1 was fairly low, with coefficients of variation ranging from 5% to 9%. 
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Figure 6-2 Agonist DMSO Control Within-Plate RLU Values During Phase 1 at ECVAM 

 
Abbreviations: DMSO = dimethyl sulfoxide; RLU = relative light unit. 
Each point represents the non-normalized DMSO value for a single well in a 96-well plate. 
Within-plate DMSO variance at ECVAM during Phase 1 was fairly low, with coefficients of variation ranging from 2% to 14%. 
 

Figure 6-3 Agonist DMSO Control Within-Plate RLU Values During Phase 1 at Hiyoshi 
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Abbreviations: DMSO = dimethyl sulfoxide; RLU = relative light unit. 
Each point represents the non-normalized DMSO value for a single well in a 96-well plate. 
Within-plate DMSO variance at Hiyoshi during Phase 1 was fairly low, with coefficients of variation ranging from 4% to 15%. 
 

6.1.2 Agonist E2 Reference Standard EC50 and Methoxychlor Control 

Although E2 reference standard EC50 and Met control RLU values were not used for plate acceptance 
after Phase 2a of the validation study (see Section 2.7.1), these values were collected throughout the 
study for information purposes. The means and SDs for these parameters from all plates that passed 
acceptance criteria are provided in Table 6-2. 

Table 6-2 Agonist E2 EC50 and Methoxychlor Control Values 

Laboratory Mean SD N 

E2 Reference Standard EC50 (M) 

XDS 1.1 × 10-11 6.7 × 10-12 93 

ECVAM 1.1 × 10-11 1.9 × 10-11 60 

Hiyoshi 8.0 × 10-12 2.8 × 10-12 65 

Methoxychlor (RLU) 

XDS 6075 1283 93 

ECVAM 6246 1609 60 

Hiyoshi 8029 1233 65 
Abbreviations: EC50 = half-maximal effective concentration; ECVAM = European Centre for the Validation of Alternative 

Methods; M = molar; N = number of plates that passed acceptance criteria; RLU = relative light unit: SD = standard 
deviation; XDS = Xenobiotic Detection Systems, Inc. 

 
As shown in Table 6-2, mean E2 reference standard EC50 values ranged from 8.0 × 10-12 to 
1.1 × 10-11 M. Met control RLU values, which ranged from 6075 to 8029, were highest at Hiyoshi and 
lowest at XDS. 

E2 reference standard EC50 and Met control RLU values for all plates tested during the validation 
study are presented in Figures 6-4 and 6-5, respectively. The three laboratories were relatively 
consistent when data from only acceptable plates were considered. These data also indicated that the 
variability of each parameter is generally higher when only values obtained from plates that failed one 
or more acceptance criteria were considered. With the exception of E2 EC50 at XDS, all outlier values 
among the parameters evaluated were associated with these failed plates. 
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Figure 6-4 Agonist E2 Reference Standard EC50 Values 

 
Abbreviations: EC50 = half-maximal effective concentration; ECVAM = European Centre for the Validation of Alternative 

Methods; M = molar; XDS = Xenobiotic Detection Systems, Inc. 
Each point represents a single plate. 
An EC50 value (1.18 × 10-9 M) from one experiment that failed acceptance criteria at XDS was excluded from the graph to 

minimize scale distortion. 
EC50 values (1.69 × 10-10 M and 7.78 × 10-11 M) from two experiments that passed acceptance criteria at XDS were excluded 

from the graph to minimize scale distortion. 
An EC50 value (1.56 × 10-10 M) from one experiment that passed acceptance criteria at ECVAM was excluded from the 

graph to minimize scale distortion. 
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Figure 6-5 Agonist Methoxychlor Control Values 

 
Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; RLU = relative light unit; 

XDS = Xenobiotic Detection Systems, Inc. 
Each point represents a single plate. 
Methoxychlor control values (35581, -74511, and -6995) from three experiments that failed acceptance criteria at XDS were 

excluded from this graph to minimize scale distortion. 
Methoxychlor control values (-127587 and -8464) from two experiments that failed acceptance criteria at ECVAM were 

excluded from the graph to minimize scale distortion. 
 

6.1.3 Intralaboratory Reproducibility of Phase 2 Agonist Reference Substances 

As described in Section 2.0, test substances were classified as positive or negative for agonist activity 
based on a specific set of criteria. The resulting classifications for each of the 12 substances that were 
tested at least three times at each laboratory were used to evaluate the extent of intralaboratory 
agreement (see Table 6-3). Although the classifications for some of the test substances differed 
among the laboratories, there was 100% agreement within each laboratory for each of the three repeat 
tests. No “inadequate” data were generated at any laboratory during this phase of the validation study. 
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Table 6-3 Intralaboratory Agreement for Multiple Testing of 12 Phase 2 Agonist 
Substances Tested Independently Three Times at Each Laboratory 

Activity per Test XDS ECVAM Hiyoshi 

Agreement Within 
Laboratory 12/12 (100%) 12/12 (100%) 12/12 (100%) 

+++ 8/12  12/12  9/12  

−−− 4/12  0/12  3/12  

Discordance Within 
Laboratory 0/12 (0%) 0/12 (0%) 0/12 (0%) 

++− 0/12  0/12  0/12  

+−− 0/12  0/12  0/12  

Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; XDS = Xenobiotic Detection 
Systems, Inc. 

+ denotes a positive test result. 
- denotes a negative test result.  
+++ indicates that each of three replicate tests within each laboratory had a classification as positive. 
--- indicates that each of three replicate tests within each laboratory had a classification as negative. 
++- indicates that a test substance was classified as positive in two of three replicate tests. The substance was classified as 

negative in a third replicate test. 
+-- indicates that the test substance was classified as positive in one of three replicate tests. The substance was classified as 

negative in the remaining two tests. 
 

6.1.4 Antagonist DMSO Control 

Because DMSO control RLU values are not normalized, they can vary considerably between test 
plates and across time. Therefore, intralaboratory reproducibility was evaluated by comparing the 
within-plate variability (CV) of the DMSO control RLU values for all test plates that passed 
acceptance criteria. The range of means and CV values for within-plate DMSO control RLU values 
are provided in Table 6-4. (See Annex L for the mean and CV values of individual antagonist test 
plates.) Although mean plate DMSO RLU values ranged from 132 to 8451, with a mean of 3299, 
within-plate variability of DMSO control RLU values between replicate DMSO wells was low. 
Associated CV values ranged from 1% to 52%, with a mean of 8%. Of the 194 antagonist test plates 
that passed acceptance criteria, only eight plates had within-plate CV values greater than 20%. (See 
Annex L for individual test plate mean DMSO control RLU values and associated CV values.) 
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Table 6-4 Antagonist DMSO Control Values 

Laboratory Mean and Range of DMSO 
Control RLU Values 

Mean and Range of 
CV (%) N 

XDS 
2230 

(132–6860) 
9 

(1–52) 
79 

ECVAM 
3622 

(1352–7333) 
9 

(1–37) 
62 

Hiyoshi 
4030 

(1625–8451) 
6 

(1–20) 
53 

All Laboratories 
3299 

(132–8451) 
8 

(1–52) 
194 

Abbreviations: CV = coefficient of variation; DMSO = dimethyl sulfoxide; ECVAM = European Centre for the Validation 
of Alternative Methods; N = number of plates that passed acceptance criteria; RLU = relative light unit; 
XDS = Xenobiotic Detection Systems, Inc. 

 
Figures 6-6 through 6-8 show the within-plate agonist DMSO control RLU values for Phase 1 of the 
validation study as examples of the low variability for this parameter. As discussed above, within-
plate CVs were low throughout the validation study. 

Figure 6-6 Antagonist DMSO Control Within-Plate RLU Values During Phase 1 at XDS 

 

Abbreviations: DMSO= dimethyl sulfoxide; RLU = relative light unit; XDS = Xenobiotic Detection Systems, Inc. 
Each point represents the non-normalized DMSO value for a single well in a 96-well plate. 
Within-plate DMSO variance at XDS during Phase 1 was fairly low, with coefficients of variation ranging from 3% to 18%. 
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Figure 6-7 Antagonist DMSO Control Within-Plate RLU Values During Phase 1 at 
ECVAM 

 
Abbreviations: DMSO = dimethyl sulfoxide; ECVAM = European Centre for the Validation of Alternative Methods; 

RLU = relative light unit. 
Each point represents the non-normalized DMSO value for a single well in a 96-well plate. 
Within-plate DMSO variance at ECVAM during Phase 1 was fairly low, with coefficients of variation ranging from 3% to 17%. 
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Figure 6-8 Antagonist DMSO Control Within-Plate RLU Values During Phase 1 at Hiyoshi 

 
Abbreviations: DMSO = dimethyl sulfoxide; RLU = relative light unit. 
Each point represents the non-normalized DMSO value for a single well in a 96-well plate. 
Within-plate DMSO variance at Hiyoshi during Phase 1 was fairly low, with coefficients of variation ranging from 3% to 9%. 
 

6.1.5 Antagonist E2 Control 

Normalized and adjusted antagonist E2 control RLU values were used as acceptance criteria 
throughout the validation study. The mean, SD, and CV values calculated for the E2 control RLU 
value from all antagonist test plates that passed acceptance criteria are provided in Table 6-5. Mean 
E2 control RLU values ranged from 5793 at Hiyoshi to 9246 at ECVAM. Variability was low, with 
associated CV values ranging from 9% at ECVAM to 19% at XDS. 

Table 6-5 Antagonist E2 Control Values 

Laboratory Mean RLU SD CV (%) N 

XDS 7524 1443 19 79 

ECVAM 9246 805 9 62 

Hiyoshi 5793 791 14 53 
Abbreviations: CV = coefficient of variation; ECVAM = European Centre for the Validation of Alternative Methods; 

N = number of plates that passed acceptance criteria; RLU = relative light unit; SD = standard deviation; 
XDS = Xenobiotic Detection Systems, Inc. 
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6.1.6 Antagonist Raloxifene Reference Standard IC50 and Flavone Control Values 

Although Ral reference standard IC50 and flavone control RLU values were not used for plate 
acceptance after Phase 2a of the validation study (see Section 2.7.2), these values were collected 
throughout the study for information purposes. The means and SDs for these parameters from all 
plates that passed acceptance criteria are provided in Table 6-6. 

Table 6-6 Antagonist Raloxifene IC50 and Flavone Control Values  

Laboratory Mean SD N 

Raloxifene Reference Standard IC50 (M) 

XDS 1.1 × 10-9 5.6 × 10-10 79 

ECVAM 1.3 × 10-9 5.6 × 10-10 62 

Hiyoshi 1.2 × 10-9 2.9 × 10-10 53 

Flavone (RLU) 

XDS 3774 1366 79 

ECVAM 599 468 62 

Hiyoshi 873 772 53 
Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; IC50 = half-maximal  

inhibitory concentration; M = molar; N = number of plates that passed acceptance criteria; RLU = relative  
light unit; SD = standard deviation; XDS = Xenobiotic Detection Systems, Inc. 

 

As shown in Table 6-6, mean Ral reference standard IC50 values ranged from 1.1 × 10-9 to 
1.3 × 10-9 M. Mean flavone control RLU values ranged from 599 at ECVAM to 3774 at XDS. 

Ral reference standard IC50, flavone control, and E2 control RLU values for all plates tested during 
the validation study are presented in Figures 6-9 through 6-11. The laboratories were relatively 
consistent when data from only acceptable plates were considered. These data also indicate that the 
variability of each parameter is generally higher when considering only values obtained from plates 
that failed one or more acceptance criteria. Additionally, any outlier values among the parameters 
evaluated were associated with these failed plates. 



ICCVAM BG1Luc ER TA Evaluation Report 

 C-136 

Figure 6-9 Antagonist Raloxifene Reference Standard IC50 Values 

 
Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; IC50 = half-maximal inhibitory 

concentration; M = molar; Ral = raloxifene; XDS = Xenobiotic Detection Systems, Inc. 
Each point represents a single plate. 
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Figure 6-10 Antagonist Flavone Control Values 

 
Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; RLU = relative light unit; 

XDS = Xenobiotic Detection Systems, Inc. 
Each point represents a single plate. 
Flavone control values from two experiments that passed acceptance criteria at XDS were excluded from the graph (237690 

and 23164) to minimize scale distortion. 
Flavone control values from four experiments that failed acceptance criteria at XDS were excluded from the graph (22676, 

-21568, -16714, and -8081) to minimize scale distortion. 
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Figure 6-11 Antagonist E2 Control Values 

 
Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; RLU = relative light unit; 

XDS = Xenobiotic Detection Systems, Inc. 
Each point represents a single plate. 
E2 control values from two experiments that failed acceptance criteria at XDS were excluded from the graph (41227 and 

-3995) to minimize scale distortion. 
A flavone control value from one experiment that failed acceptance criteria at ECVAM was excluded from the graph 

(20345) to minimize scale distortion. 
 

6.1.7 Intralaboratory Reproducibility of Phase 2 Antagonist Reference Substances 

As described in Section 2.0, test substances were classified as positive or negative for antagonist 
activity based on a specific set of criteria. The resulting classifications for each of the 12 substances 
that were tested at least three times at each laboratory were used to evaluate the extent of 
intralaboratory agreement (see Table 6-7). Although the classifications for some of the test 
substances differed among the laboratories, there was 100% agreement within each laboratory for 
each of the three repeat tests. No “inadequate” data were generated at any laboratory during Phase 2 
of the validation study. 
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Table 6-7 Intralaboratory Agreement for Multiple Testing of 12 Phase 2 Antagonist 
Substances Tested Independently Three Times at Each Laboratory 

Activity per Test XDS ECVAM Hiyoshi 

Agreement Within 
Laboratory 12/12 (100%) 12/12 (100%) 12/12 (100%) 

+++ 2/12  2/12  2/12  

−−− 10/12  10/12  10/12  

Discordance Within 
Laboratory 0/12 (0%) 0/12 (0%) 0/12 (0%) 

++− 0/12  0/12  0/12  

+−− 0/12 0/12 0/12 

Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; XDS = Xenobiotic Detection 
Systems, Inc. 

+ denotes a positive test result. 
- denotes a negative test result.  
+++ indicates that each of three replicate tests within each laboratory had a classification as positive. 
--- indicates that each of three replicate tests within each laboratory had a classification as negative. 
++- indicates that a test substance was classified as positive in two of three replicate tests. The substance was classified as 

negative in a third replicate test. 
+-- indicates that the test substance was classified as positive in one of three replicate tests. The substance was classified as 

negative in the remaining two tests. 
 

6.2 Interlaboratory Reproducibility 

Similar to the intralaboratory analyses described in Sections 6.1.3 and 6.1.7, the classifications for 
each of the substances that were tested for agonist and antagonist activity during Phases 2 and 3 were 
also used to evaluate the extent of interlaboratory agreement as indicators of reproducibility among 
the laboratories. 

6.2.1 Interlaboratory Reproducibility of Phase 2 Reference Substances 

For each of the 12 substances that were tested at least three times for agonist and antagonist activity 
during Phase 2, agreement among the three laboratories was determined based on the consensus 
classification assigned by each laboratory for each of the 12 substances. (See Tables 4-13 and 4-14 
for agonist and antagonist results, respectively.) As previously noted, no “inadequate” data were 
generated at any laboratory during Phase 2 of the validation study. 

As shown in Table 6-8, all three laboratories classified the same eight of twelve (67%) substances as 
agonists (positive). Among the remaining four substances, one (flavone) was identified as positive by 
2/3 laboratories (ECVAM and Hiyoshi) but negative at XDS. Although the starting concentrations for 
flavone were identical at all three laboratories (100 µg/mL), all three tests at XDS were uniformly 
negative and there was no increasing concentration response noted. The other three substances that 
were discordant among the laboratories (atrazine, corticosterone, and vinclozolin) were identified as 
negative by 2/3 laboratories (XDS and Hiyoshi) but positive at ECVAM. Note that all three 
substances appeared to be negative for agonist activity during range finder testing at ECVAM, but all 
three were uniformly positive when comprehensively tested. Therefore, the positive agonist results 
observed for atrazine, corticosterone, and vinclozolin during comprehensive testing at ECVAM may 
be due to contamination of stocks after range finder testing.  
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Table 6-8 Interlaboratory Agreement for Phase 2 Test Substances 

Results Among 
Laboratories Agonist Testing Antagonist Testing 

Agreement Among 
Laboratories 8/12 (67%) 12/12 (100%) 

+++ 8/12 2/12 

−−− 0/12  10/12  

Discordance Among 
Laboratories 4/12 (33%) 0/12 (0%) 

++− 1/12  0/12  

+−− 3/12  0/12  

+ denotes a positive test result. 
- denotes a negative test result.  
+++ indicates that the substance was classified as positive at all three laboratories. 
--- indicates that the substance was classified as negative at all three laboratories. 
++- indicates that a test substance was classified as positive in two of three laboratories. The substance was classified as 

negative in the third laboratory. 
+-- indicates that the test substance was classified as positive in one of three laboratories.  
 
Among the substances tested for antagonist activity, there was 100% agreement among the three 
laboratories for all 12 substances. Two of these substances (dibenzo[a,h]anthracene and tamoxifen) 
were positive in all three laboratories. The other 10 substances were negative in all three laboratories 
(see Table 6-8). 

6.2.2 Interlaboratory Reproducibility of Phase 3 Agonist Reference Substances 

The classifications for each of the 41 substances that were tested once for agonist activity at all three 
laboratories during Phase 3 were also used to evaluate the extent of interlaboratory agreement. Unlike 
Phase 2, some of the substances tested in Phase 3 produced results that were considered inadequate 
(i.e., substances failed to meet the decision criteria for either a positive or negative response as 
defined in Section 2.7.1). While such results could not be used in the evaluation of test method 
accuracy detailed in Section 5.0, these results are tabulated in this section as an indication of how 
often one or more laboratories produced inadequate results. However, only those substances that 
produced a definitive result in at least two of the three laboratories were used to assess interlaboratory 
reproducibility. 

Of the 41 substances tested in Phase 3, 88% (36/41) produced a definitive result in at least two 
laboratories and were therefore used for the assessment of reproducibility. A definitive result (i.e., 
determination of a positive or negative response) was not determined for the remaining 12% of 
substances. (In these cases, testing produced inadequate results for these substances in at least two 
laboratories, so the results were not used to assess interlaboratory reproducibility, as noted above.) 
Among the remaining 36 substances, the three laboratories agreed on 83% (30/36) of the substances 
tested for agonist activity (see Table 6-9). Of the 30 substances that had 100% agreement across 
laboratories, 20 were positive for ER agonist activity and 10 were negative for ER agonist activity. 
There was discordance among the laboratories for the remaining six substances, as indicated in the 
lower portion of Table 6-9. Three of these substances (2-sec-butylphenol, dicofol, and fluoranthene) 
were positive in 2/3 laboratories (XDS and Hiyoshi) but negative at ECVAM. The other three 
substances (4-androstenedione, clomiphene citrate, and resveratrol) were discordant between the two 
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laboratories that produced a definitive result. That is, a negative result was produced in one 
laboratory, a positive result in another laboratory, and an inadequate result in the third laboratory. 

The discordance among the laboratories for at least four of the six substances listed above 
(4-androstenedione, 2-sec-butylphenol, fluoranthene, and resveratrol) appears to have resulted from 
differences in the concentration selected for comprehensive testing by the discordant laboratory. As 
detailed in Section 2.0, the starting concentrations for comprehensive testing were chosen based on 
data from range finder tests. The highest dose used for range finder tests is directly related to the 
highest soluble concentration. For one of these four substances (fluoranthene), the discordance among 
laboratories appears to be due to differing interpretations of test substance solubility, where the 
highest concentration used for comprehensive testing at ECVAM was at least an order of magnitude 
lower than the highest concentration selected at XDS or Hiyoshi (see Figure 6-12). For the remaining 
three substances (androstenedione, 2-sec-butylphenol, and resveratrol), the differences in starting 
concentrations for comprehensive testing appear to have resulted from incorrect interpretation of data 
during range finder experiments (see Figure 6-13 as an example).  

The discordance among the laboratories for the remaining two substances (clomiphene citrate and 
dicofol) was not based on either differences in solubility or interpretation of range finder results. 
Clomiphene citrate was clearly positive at Hiyoshi and clearly negative at ECVAM when 
comprehensively tested over the same concentration range. Although dicofol was positive when 
tested at Hiyoshi using a starting concentration an order of magnitude higher than those used by XDS 
and ECVAM, it was clearly positive at XDS and clearly negative at ECVAM when comprehensively 
tested over the same concentration range. 

Table 6-9 Interlaboratory Agreement for Phase 3 Substances Tested Once at Each 
Laboratory 

Results Among 
Laboratories Agonist Testing Antagonist Testing 

Agreement Among 
Laboratories 30/36 (83%) 38/41 (93%) 

+++ 18/36  2/41  

−−−a 4/36 33/41  

++I 2/36  1/41  

−−I 6/36 2/41 

Discordance Among 
Laboratories 6/36 (17%) 3/41 (7%) 

++− 3/36 0/41 

+−− 0/36 1/41  

+−I 3/36  2/41  

Abbreviations: I = inadequate data. 
Only those substances that produced a definitive result in at least two of the three laboratories were used in this evaluation. 

Five substances that produced an inadequate result in two laboratories during agonist testing were not included in this 
table. 

+ denotes a positive test result. 
- denotes a negative test result.  
+++ indicates that the substance was classified as positive at all three laboratories. 
--- indicates that the substance was classified as negative at all three laboratories. 
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++I indicates that the substance was classified as positive at two of three laboratories but had inadequate data in the third. 
--I indicates that the substance was classified as negative at two of three laboratories but had inadequate data in the third. 
+-I indicates that the substance was classified as positive at one laboratory, negative at one laboratory, and inadequate at the 

third laboratory. 
a Includes one substance (phenobarbital) that was tested in only two laboratories (XDS and ECVAM, see Section 3.0). 
 

Figure 6-12 Fluoranthene Results at All Three Laboratories: Impact of Differences in 
Solubility on Comprehensive Test Results 

 
Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; M = molar; RLU = relative light 

unit; XDS = Xenobiotic Detection Systems, Inc. 
Each point represents the mean adjusted and normalized RLU value and SD from triplicate wells. 
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Figure 6-13 Resveratrol Results at XDS and Hiyoshi: Impact of Selecting the Incorrect 
Starting Concentration Based on Range Finder Results 

 
Abbreviations: M = molar; RLU = relative light unit;  XDS = Xenobiotic Detection Systems, Inc. 
Each point represents the mean adjusted and normalized RLU value and SD from triplicate wells. Results for resveratrol at 

ECVAM were considered inadequate and are therefore not included here. 
 

6.2.3 Interlaboratory Reproducibility of Phase 3 Antagonist Reference Substances 

The classifications for each of the 41 substances that were tested once for antagonist activity at all 
three laboratories during Phase 3 were also used to evaluate the extent of interlaboratory agreement. 
Similar to the Phase 3 agonist test results, some of the substances tested in Phase 3 for antagonist 
activity produced results that were considered inadequate (i.e., substances failed to meet the decision 
criteria for either a positive or negative response as defined in Section 2.7.2). However, unlike the 
agonist test results, no substances tested for antagonist activity produced inadequate results in more 
than one laboratory. Therefore, all 41 Phase 3 substances tested for antagonist activity were included 
in the reproducibility assessment. 

The three laboratories agreed on 93% (38/41) of the substances tested for antagonist activity. Most of 
these substances (85% [35/41]) were identified as negative for antagonist activity; three substances 
were positive for antagonist activity. There was discordance among the laboratories for the remaining 
three substances. One of these substances (diethylstilbestrol) was negative in 2/3 laboratories (XDS 
and ECVAM) but positive in one laboratory (Hiyoshi). The other two substances (clomiphene citrate 
and 17α-estradiol) were discordant between the two laboratories that produced a definitive result (i.e., 
a negative result produced in one laboratory, a positive result in another laboratory, and an inadequate 
result in the third laboratory). It does not appear that any of these three discordant classifications can 
be explained by differences in solubility or interpretation of the range finder data. 
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If only those substances that produced a definitive result in all three laboratories are considered 
(n = 36), there was 100% agreement for 97% (35/36) of the substances tested. As mentioned 
previously, substances with inadequate data would be retested under the revised testing protocol, and 
conclusive results would therefore be expected for all test substances. Consequently, the high degree 
of intralaboratory reproducibility seen when all laboratories produce conclusive results is indicative 
of the level of performance expected using the revised protocol (Annexes E and F). 
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7.0 BG1Luc ER TA Data Quality 
Good Laboratory Practice (GLP) guidelines are nationally and internationally recognized rules 
designed to ensure the quality and validity of laboratory data and records. To ensure the integrity, 
reliability, and accountability of a study, GLPs provide a standardized approach by which to report 
and archive laboratory data and records, and to prepare compliant test protocols (EPA 2006b, 2006a; 
FDA 2009; OECD 1998; Weinberg 2003). This section describes the extent to which the participating 
laboratories (XDS, ECVAM, and Hiyoshi) adhered to these guidelines during the validation study and 
the effect (if any) of any deviations in the quality of the data. This section also details how often each 
laboratory failed to generate data that met the plate acceptance criteria (see Section 4.0), necessitating 
repeat testing during the validation study.  

7.1 Compliance with GLP Regulations 

The BG1Luc ER TA validation study was conducted according to GLP guidelines at XDS and 
ECVAM, but not at Hiyoshi, which does not have a formal GLP program. However, prior to initiating 
the validation study, Hiyoshi provided a guidance document that outlined the quality control (QC) 
procedures that they would follow throughout the study. The guidance document is based on the 
OECD principles of GLP (see Annex H2). In addition, Hiyoshi follows the QC and quality assurance 
(QA) procedures included in the International Organization for Standardization (ISO) 9000 standards, 
which describe a series of internationally accepted good quality management practices that are 
applicable to laboratory testing (ISO 2000). However, ISO standards do not dictate the methods by 
which those requirements must be met. ISO 9001:2000, which was used by Hiyoshi, defines and 
describes requirements for the following standards:  

• Quality Management System — requires written quality standards and a control system for all 
documents and records 

• Management Responsibility — assigns the responsibility for all facets of the quality system, from 
creation to improvement, to the organization’s senior management and requires a regular, 
documented review of the quality program 

• Resource Management — requires that personnel be competent enough to provide quality work 
and that all facilities, equipment, supporting services, and training programs be sufficient to 
ensure quality product 

• Product Realization — requires clear documentation on how design decisions are made, 
reviewed, validated, and controlled 

• Measurement, Analysis, and Improvement — requires that all facets of the company be 
monitored, reviewed, and, when necessary, corrected 

7.2 QA Audit Results 

GLP compliance in each participating laboratory was determined by an independent QA review of 
various aspects of the study, including the following: 

• Review of protocols and laboratory standard operating procedures (SOPs) 
• Review of laboratory operations 
• Review of data 
• Review of the final report for each testing phase 

All laboratory reports included QA statements that addressed whether the test methods and results 
accurately followed the test protocols and whether study reports accurately reflected the raw data 
produced during the study. The study project coordinator and assistant project coordinator also served 
as secondary QA reviewers for all data and information provided by study directors and/or study 
technical leads. QA review dates for each participating laboratory are provided in Table 7-1.  
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Table 7-1 Quality Assurance Review Dates 

Laboratory Phase Review During Testing Report Review 

XDS 

1 May–July 2007 March 2008 

2a April 2008 November 2008 

2b September 2008 November 2008 

3 October 2009 July 2010 

4 November 2009 July 2010 

ECVAM 

1 November 2007–January 2008 March 2008 

2a October 2008 November 2008 

2b NR January 2010 

3 NR January 2010 

Hiyoshi 

1 July–October 2007 February 2008 

2a April 2008 November 2008 

2b September 2010 February 2010 

3 September 2010 February 2010 
Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; NR = not reviewed; 

XDS = Xenobiotic Detection Systems, Inc. 
 
The QA statements provided in final reports for all validation study phases completed at ECVAM and 
Hiyoshi (i.e., Phases 1, 2a, 2b, and 3) indicated that (1) the procedures used to conduct validation 
study testing followed the test method protocols and (2) study reports accurately reflected the raw 
data produced during the study. Phases 1, 2a, 3, and 4 at XDS also met these criteria. However, the 
XDS Phase 2b study report indicated that BG1Luc ER TA antagonist protocol procedures for 
assessing cell viability were not used in a consistent manner for five (apigenin, atrazine, o,p’-DDT, 
genistein, and resveratrol) of the eight antagonist substances tested. Therefore, testing results from 
these five Phase 2b substances were not used to evaluate antagonist activity. The validation study 
project coordinator reviewed cell viability assessment procedures with the XDS study director and 
quality assurance officer. Apigenin, atrazine, o,p’-DDT, genistein, and resveratrol were subsequently 
retested at XDS. These repeat testing results were then used to evaluate antagonist activity (see 
Section 4.0, Table 4-13). 

7.3 Test Plate Failure Rates 

As described in Sections 2.7.1 and 2.7.2, plate acceptance criteria were established based on results 
generated in reference standards and control wells. Failures due to results outside of the acceptable 
range could indicate poor-quality data. However, some of the plate failures may have been due more 
to overly stringent criteria that were established prior to testing of coded substances in Phase 2, as 
described in the following sections.  
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7.3.1 Phase 2a 

Following Phase 2a of the validation study, NICEATM evaluated the failure rates of plates used 
during Phase 2a agonist and antagonist testing. The percentages of agonist and antagonist test plates 
that failed to meet acceptance criteria across the participating laboratories were 61% (33/54) and 38% 
(13/34), respectively: 

• At XDS, 53% (8/15) of agonist plates and 43% (6/14) of antagonist plates did not meet 
acceptance criteria. 

• At ECVAM, 80% (24/30) of agonist plates and 50% (7/14) of antagonist plates failed to meet 
acceptance criteria. 

• At Hiyoshi, 11% (1/9) of agonist plates and 0% (0/6) of antagonist plates failed to meet 
acceptance criteria. 

Based on these high failure rates, the plate acceptance criteria were reconsidered to determine if 
changes to these criteria could reduce the failure rates without compromising the ability of the test 
method to detect and quantify test substance agonist or antagonist activity. The test plate acceptance 
criteria that were considered for modification were (1) agonist E2 EC50 and Met RLU control values 
and (2) antagonist Ral IC50 and flavone control RLU values. Acceptance criteria based on the DMSO 
control RLU, agonist E2 reference standard fold induction, and antagonist Ral reference standard fold 
reduction values were not considered for modification because they are used to monitor background 
activity (i.e., vehicle control) and reference standard performance (i.e., positive control). The 
antagonist E2 control acceptance criterion was not considered for modification because it is required 
for determining test substance antagonist activity.  

A comparison was made between qualitative (i.e., positive or negative classification) and quantitative 
(i.e., EC/IC50 values) outcomes for test plates that met all acceptance criteria and those that failed to 
meet one or more criteria (see Section 2.7 for Phase 2a acceptance criteria). The results of the 
qualitative evaluation of the relationship between agonist and antagonist test plate failure rates and 
acceptance criteria for these parameters are provided in Tables 7-2 and 7-3, respectively. The 
qualitative evaluation compared the overall ER TA activity classification of agonist and antagonist 
test substances for plates that passed and failed acceptance criteria. Results indicate that the ER TA 
activities (overall positive or negative classification) of substances tested on agonist plates that failed 
EC50 and/or Met control acceptance criteria were equivalent to the ER TA activities for plates that 
passed acceptance criteria. Antagonist plates that failed IC50 and/or flavone control acceptance criteria 
were equivalent to the ER TA activities for plates that passed acceptance criteria. 
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Table 7-2 Phase 2a Test Substance ER TA Agonist Activity for Plates That Passed or 
Failed Acceptance Criteria 

Agonist Test 
Substance Laboratory Passed All 

Acceptance Criteriaa 
Failed E2 
EC50 Only 

Failed 
Met Only 

Failed Both  
E2 EC50 and Met 

Bisphenol A 

XDS POS (3/3) POS (4/4) NA NA 

ECVAM POS (3/3) POS (7/7) POS (3/3) NA 

Hiyoshi POS (3/3) NA POS (1/1) NA 

Bisphenol B 

XDS POS (3/3) POS (4/4) NA NA 

ECVAM POS (3/3) POS (4/4) NA POS (2/2) 

Hiyoshi POS (3/3) NA POS (1/1) NA 

Corticosterone 

XDS NEG (3/3) NEG (4/4) NA NA 

ECVAM POS (3/3) POS (5/7) POS (3/3) NA 

Hiyoshi NEG (4/4) NA NA NA 

Diethylstilbestrol 

XDS POS (3/3) POS (4/4) NA NA 

ECVAM POS (3/3) POS (4/4) NA POS (2/2) 

Hiyoshi POS (4/4) NA NA NA 

Abbreviations:  E2 = 17β-estradiol; EC50 = half-maximal effective concentration; ECVAM = European Centre for the 
Validation of Alternative Methods; Met = methoxychlor; NA = not applicable; NEG = negative; POS = positive; 
XDS = Xenobiotic Detection Systems, Inc. 

Agonist activity based on initial classification criteria as defined in Section 2.7.1. 
a Numbers in parentheses represent test results (POS or NEG) over the total number of test plates. 
 

Table 7-3 Phase 2a Test Substance ER TA Antagonist Activity for Plates That Passed or 
Failed Acceptance Criteria 

Antagonist Test 
Substance Laboratory 

Passed All 
Acceptance 

Criteriaa 

Failed Ral 
IC50 Only 

Failed 
Flavone 

Control Only 

Failed Both  
Ral IC50 and 

Flavone Control 

Dibenzo[a,h]anthracene 

XDS POS (3/3) POS (2/2) NA NA 

ECVAM POS (3/3) NA NA NA 

Hiyoshi POS (3/3) NA NA NA 

p-n-Nonylphenol 

XDS NEG (3/3) NEG (3/3) NA NA 

ECVAM POS (3/3) NA NA NA 

Hiyoshi POS (3/3) NA NA NA 
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Antagonist Test 
Substance Laboratory 

Passed All 
Acceptance 

Criteriaa 

Failed Ral 
IC50 Only 

Failed 
Flavone 

Control Only 

Failed Both  
Ral IC50 and 

Flavone Control 

Progesterone 

XDS POS (3/3) POS (2/3) NA NA 

ECVAM POS (3/3) NA NA NA 

Hiyoshi POS (3/3) NA NA NA 

Tamoxifen 

XDS POS (3/3) POS (3/3) NA NA 

ECVAM POS (3/3) NA (1/2) NA 

Hiyoshi POS (3/3) NA NA NA 

Abbreviations:  ECVAM = European Centre for the Validation of Alternative Methods; IC50 = half-maximal inhibitory 
concentration; NA = not applicable; NEG = negative; POS = positive; Ral = raloxifene HCl; XDS = Xenobiotic Detection 
Systems, Inc. 

Antagonist activity based on initial classification criteria as defined in Section 2.7.2. 
a Numbers in parentheses represent test results (POS or NEG ) over the total number of test plates. 
 
Table 7-4 provides the quantitative evaluation of the relationship between agonist and antagonist test 
plate failure rates and acceptance criteria. Agonist plates that passed all acceptance criteria are 
compared to those that failed the E2 EC50 and Met RLU control value acceptance criteria. Antagonist 
plates that passed all acceptance criteria are compared to those that failed the Ral IC50 and flavone 
control RLU value acceptance criteria. The quantitative evaluation compared EC50 values that could 
be calculated for bisphenol A, bisphenol B, and diethylstilbestrol at XDS and ECVAM, and the IC50 
values that could be calculated for tamoxifen at XDS for plates that passed and failed acceptance 
criteria. Results indicate that agonist substance EC50 values from plates that failed EC50 and/or 
methoxychlor control acceptance criteria and tamoxifen IC50 values from plates that failed IC50 and/or 
flavone control acceptance criteria were not significantly different from plates that passed acceptance 
criteria (p > 0.05). 

Table 7-4 Comparison of Phase 2a Test Substance EC50/IC50 Values for Plates That Passed 
or Failed Acceptance Criteria 

Laboratory 
and Substance 

Evaluated 

Agonist Plates That Passed All 
Acceptance Criteria 

Agonist Plates That Did Not Pass 
E2 EC50 and/or Methoxychlor 

Acceptance Criteria p Valuea 

N Mean EC50 
Value SD N Mean EC50 

Value SD 

XDS/BPA 3 8.8 x 10-2 7.2 x 10-3 4 9.9 x 10-2 1.4 x 10-2 0.40 

ECVAM/BPA 3 1.9 x 10-1 7.6 x 10-3 10 1.6 x 10-1 5.6 x 10-2 0.16 

XDS/BPB 3 3.9 x 10-2 6.0 x 10-3 4 4.3 x 10-2 1.1 x 10-2 0.63 

ECVAM/BPB 3 4.2 x 10-2 1.3 x 10-2 4 7.5 x 10-2 1.7 x 10-2 0.06 

XDS/DES 4 1.4 x 10-5 5.0 x 10-6 4 2.6 x 10-5 1.1 x 10-5 0.20 
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Laboratory 
and Substance 

Evaluated 

Antagonist Plates That Passed All 
Acceptance Criteria 

Antagonist Plates That Did Not 
Pass Ral/E2 IC50 and/or Flavone 

Acceptance Criteria p Valuea 

N Mean IC50 
Value SD N Mean IC50 

Value SD 

XDS/TAM 4 1.5 x 10-1 5.7 x 10-2 3 3.1 x 10-1 8.8 x 10-2 0.11 

Abbreviations: BPA = bisphenol A; BPB = bisphenol B; DES = diethylstilbestrol; E2 = 17ß-estradiol; EC50 = half–maximal 
effective concentration; ECVAM = European Centre for the Validation of Alternative Methods; IC50 = half maximal 
inhibitory concentration; N = number of plates; Ral = raloxifene HCl; SD = standard deviation; TAM = tamoxifen; 
XDS = Xenobiotic Detection Systems, Inc. 

Values are expressed in EC50 values (µg/mL) except for TAM, which is expressed in IC50 values (µg/mL). 
a p > 0.05 indicates that EC50 or IC50 values are not significantly different. 
 
Based on this evaluation, it was determined that test plate acceptance criteria based on agonist E2 
EC50 and Met RLU control values could be eliminated without compromising the ability of the test 
method to detect and quantify test substance agonist or antagonist activity. The same was determined 
for antagonist Ral IC50 and flavone control RLU values. The modified acceptance criteria for agonist 
and antagonist comprehensive testing are provided in Sections 2.7.1 and 2.7.2, respectively, and were 
used for all plates tested in the remainder of the validation study (i.e., Phases 2b, 3, and 4). 

7.3.2 Phases 2b, 3, and 4 Failure Rates 

The plate failure rates for the remaining phases of the study are provided in Tables 7-5 and 7-6. 
Results indicate that the modified acceptance criteria based on Phase 2a results significantly reduced 
the failure rates of agonist test plates in Phases 2b, 3, and 4 (≤ 27%) compared to the Phase 2a agonist 
test plate failure rate (61%). The failure rate of Phase 2b antagonist test plates (14%) was also 
significantly reduced compared to the Phase 2a antagonist test plate failure rate (38%). During 
Phases 3 and 4, the failure rates for antagonist test plates were only marginally decreased (36% and 
35%, respectively). 

Table 7-5 Test Plate Failure Rates for Agonists: Phases 2b–4 

Phase Laboratory % of Plates That Failed 
Acceptance Criteriaa 

2b 

XDS 0% (0/13) 

ECVAM 25% (4/16) 

Hiyoshi 19% (3/16) 

Total 16% (7/45) 

3 

XDS 26% (12/47) 

ECVAM 29% (10/35) 

Hiyoshi 0% (0/34) 

Total 19% (22/116) 

4 XDS 27% (11/41) 
Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; XDS = Xenobiotic Detection 

Systems, Inc. 
a Numbers in parentheses represent the number of test plates that failed acceptance criteria over the total number of plates 

tested. 
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Table 7-6 Test Plate Failure Rates for Antagonists: Phases 2b–4 

Phase Laboratory % of Plates That Failed 
Acceptance Criteria 

2b 

XDS 0% (0/12) 

ECVAM 33% (6/18) 

Hiyoshi 0% (0/14) 

Total 14% (6/44) 

3 

XDS 47% (28/59) 

ECVAM 31% (11/36) 

Hiyoshi 13% (3/24) 

Total 36% (43/119) 

4 XDS 35% (8/23) 
Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; XDS = Xenobiotic Detection 

Systems, Inc. 
a Numbers in parentheses represent the number of test plates that failed acceptance criteria over the total number of plates 

tested. 
 

7.4 Inadequate Results 

As described in Section 2.0, test substances were classified as positive, negative, or inadequate based 
on updated test method decision criteria. Inadequate data were identified as such based on those 
substances that failed to meet the decision criteria for either a positive or negative response as defined 
in Sections 2.7.1 and 2.7.2. The classification of data as “inadequate” is due to poor-quality data that 
could not be interpreted as valid because of major qualitative or quantitative limitations. Normally, 
substances with inadequate data would be retested, and conclusive results would therefore be 
expected for all test substances. However, because the updated classification system was developed 
after testing was complete, these substances were not retested. 

As an example, tamoxifen test results at XDS and ECVAM failed to produce a clear concentration–
response curve, and the resulting data had overlapping error bars due to one or more highly variable 
results (Figure 7-1). 
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Figure 7-1 Inadequate Test Results: Tamoxifen Tested at XDS and ECVAM  

 
Abbreviations: DMSO = dimethyl sulfoxide; ECVAM= European Centre for the Validation of Alternative Methods; 

M = molar; RLU = relative light unit; XDS = Xenobiotic Detection Systems, Inc. 
Each point represents the mean adjusted and normalized RLU value and SD from triplicate wells. 
 
While the actual test substance classifications based on BG1Luc ER TA results are presented in 
Tables 4-13 and 4-14 (see Section 4.0), the frequency of inadequate data produced at each laboratory 
is summarized in Table 7-7. Inadequate test results in the agonist test method occurred from 3% 
(1/40) at Hiyoshi to 27% (11/41) at XDS. Antagonist testing produced far fewer inadequate results 
(3% to 5% of tests) but Hiyoshi again produced the fewest inadequate results.  
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Table 7-7 Summary of Test Results Classified as Inadequate 

Phase Laboratory Agonista Antagonista 

Phase 2 

XDS 0% 
(0/12) 

0% 
(0/12) 

ECVAM 0% 
(0/12) 

0% 
(0/12) 

Hiyoshi 0% 
(0/12) 

0% 
(0/12) 

Phase 3 

XDS 27% 
(11/41) 

5% 
(2/41) 

ECVAM 17% 
(7/41) 

5% 
(2/41) 

Hiyoshi 3% 
(1/40) 

3% 
(1/41) 

Phase 4 XDS 16% 
(4/25) 

4% 
(1/25) 

Abbreviations: ECVAM = European Centre for the Validation of Alternative Methods; XDS = Xenobiotic Detection 
Systems, Inc. 

a Numbers in parentheses represent the number of inadequate results over the total number of substances tested. 
 

7.5 Availability of Laboratory Notebooks or Other Records 

All records are stored and archived by the participating laboratories and are available for inspection. 
NICEATM has all raw and reported data stored electronically, and the raw data for each test (in 
Microsoft Excel and GraphPad Prism files) are available upon request from NICEATM on compact 
disc(s). Long-term archival is available if deemed necessary. Requests can be made by mail, fax, or 
e-mail to Dr. William S. Stokes, NICEATM, NIEHS, P.O. Box 12233, MD EC-17, Research Triangle 
Park, NC, 27709, (phone) 919-541-2384, (fax) 919-541-0947, (e-mail) niceatm@niehs.nih.gov. 

 

mailto:niceatm@niehs.nih.gov�
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8.0 Other Scientific Reports 

8.1 Summaries of Available Data from Studies Using the BG1Luc ER TA Test Method 

This section reviews published studies that used BG1Luc4E2-based ER TA test methods to evaluate 
in vitro ER agonist or antagonist activity of a number of substances. Results for many of the 
substances described by Gordon et al. in 2003 and 2004 (see Sections 8.1.3 and 8.1.4) were also 
provided in the XDS submission (Annex A). Additionally, a separate study that compared the relative 
utility of qualitative and quantitative methods for determining BG-1 cell viability during the assay is 
described in Clark et al. (2007). 

8.1.1 Rogers and Denison (2000) 

Rogers and Denison (2000) describe the original development, optimization, and characterization of 
the BG-1 cell line, a stably transfected recombinant human ovarian cancer cell line. BG-1 cells were 
transfected using the pGudLuc7.0 plasmid, which contains a segment of the pGudLuc1.0 and the 
mouse mammary tumor viral promoter. The pGudLuc1.0 segment is hormone responsive but lacks 
glucocorticoid-responsive elements. The parent vector, pGudLuc7.0, was shown to be unresponsive 
to estrogen in BG-1 cells in the absence of EREs. After demonstration of estrogen-responsive 
luciferase activity in transiently transfected cells, a stably transfected, estrogen-responsive BG-1 
clone was isolated and designated BG1Luc4E2. BG1Luc4E2 displayed constitutive activation of the 
luciferase gene under normal culture conditions, but this activity was greatly reduced when cells were 
grown in EFM. The estrogen-responsive induction of luciferase seen in BG1Luc4E2 cells that are 
grown in EFM is time and dose dependent. While maximal induction following exposure to 0.1 nM 
estradiol was seen at 20 hours, the minimum detection limit was between 0.1 and 1 pM estradiol. 
Cross-reactivity of BG1Luc4E2 cells with six other steroid hormones was also evaluated. 
Progesterone, testosterone, all-trans retinoic acid, and thyroid hormone did not induce luciferase 
activity, but dihydrotestosterone and dexamethasone produced slight induction (based on three 
independent experiments in which substances were considered positive for ER TA agonist activity 
when induction of luciferase was significantly different from control, at p < 0.05 as determined by a 
t test).  

8.1.2  Jefferson et al. (2002) 

This paper (Jefferson et al. 2002) describes a study that evaluated the ER TA activities of several 
phytoestrogens (biochanin A, coumestrol, daidzein, genistein, naringenin, taxifolin, zearalanol, and 
zearalenone) using a BG1Luc4E2-based test method. All substances except taxifolin tested positive 
for ER TA activity, with EC50 values ranging from 3.9 × 10-5 (zearalanol) to 1.2 × 100 µg/mL 
(naringenin) as compared to 17β-estradiol (2.3 × 10-6 µg/mL) or diethylstilbestrol (4.9 × 10-6 µg/mL). 
The specific criteria used to determine negative ER TA response and the number of tests per 
substance were not provided. ER TA results were compared to uterotrophic bioassay results for the 
substances and showed agreement for all substances except daidzein and naringenin, which were 
weakly positive for ER TA activity (5.2 × 10-1 and 1.2 × 100 µg/mL, respectively) but negative when 
tested in the uterotrophic bioassay. 

8.1.3  Gordon et al. (2003) 

The 2003 International Dioxin Symposium (Boston, MA) presentation by Gordon et al. (2003) 
describes studies that evaluated the ER TA activities of 78 substances using a BG1Luc4E2-based test 
method. Of these substances, 29 had been previously tested in other ER TA assays that were not 
identified in the presented paper. The remaining 49 substances, which were classified by the presenter 
as environmental contaminants, had not been previously tested in ER TA assays. All substances were 
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tested independently at least three times, and ER TA activity was based on whether induction of 
luciferase was less or greater than three times the SD of the mean vehicle control value. Using these 
criteria, 61 substances were positive and 17 were negative for ER TA activity. (Note: A complete 
listing of results for individual substances was not provided. Graphical representations of 
concentration–response curves for 12 positive and 3 negative substances were provided as 
representative examples.) Results also indicated that the 29 substances previously tested were in 
agreement with the BG1Luc ER TA test method results, except for progesterone, which was negative 
in the BG1Luc ER TA test method but positive in other ER TA test methods.  

8.1.4 Gordon et al. (2004) 

The 2004 International Dioxin Symposium (Berlin, Germany) presentation by Gordon et al. (2004) 
describes studies that evaluated the ER TA activity of 13 commonly used organochlorine pesticides 
using a BG1Luc4E2-based test method. Each substance was tested independently at least three times, 
and ER TA activity was based on whether induction of luciferase was less or greater than three times 
the SD of the mean vehicle control value. Based on these criteria, 11 substances were positive and 
2 were negative for ER TA activity. EC50 values for those that tested positive for ER TA activity 
ranged from 1.3 × 10-6 (a-chlordane) to 1.2 × 10-5 M (2,4,5-trichlorophenoxyacetic acid) as compared 
to E2 (1.6 × 10-11).  

8.1.5 Gordon et al. (2005) 

The 2005 International Dioxin Symposium (Toronto, Canada) presentation by Gordon et al. (2005) 
describes studies that evaluated the ER TA agonist activities of 10 commercially available sunscreens 
and eight substances commonly used as “non-active” sunscreen components (substances that are not 
used to protect against UV damage but rather as emulsifiers, emollients, lubricants, etc.) using a 
BG1Luc4E2 test method. The sunscreens and non-active sunscreen component substances were 
dissolved in methanol, serially diluted, and evaluated for ER TA agonist activity. Each substance was 
tested independently at least three times, and ER TA agonist activity was based on whether induction 
of luciferase was less or greater than three times the SD of the mean vehicle control value. This value 
was then translated into an E2 equivalent of 10 ng/g to control for differences in extraction recovery 
for individual substances (i.e., substances with E2 equivalents greater than 10 ng/g are considered 
positive for ER TA agonist activity). Nine of the 10 sunscreens tested positive for ER TA agonist 
activity, but only one of the eight non-active sunscreen component substances tested positive. The 
sunscreens that tested positive for ER TA activity had a range of 200 to 950 ng/g 17β-estradiol 
equivalents. The one non-active sunscreen component substance that tested positive for ER TA 
activity (a substance used for water resistance) had an E2 equivalent of 130 ng/g. 

8.1.6 Clark et al. (2007) 

The Clark et al. poster presentation (2007) from the 47th Annual Meeting of the Society of Toxicology 
(Charlotte, NC) describes a study that was conducted using the BG1Luc ER TA test method to 
determine if a qualitative method of assessing cell viability based on a visual observation was 
comparable to Promega Corporation’s CellTiter-Glo quantitative cell viability assay, which measures 
cell viability based on the generation of luminescence signal proportional to the amount of ATP in 
viable cells. The qualitative visual observation method is based on an assessment of cell density and 
morphology. The criteria for assessing and scoring cell viability are provided in Table 8-1. 
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Table 8-1 Visual Observation Scoring Table to Assess Cell Viability 

Viability Score Brief Description1 
1 Normal Cell Morphology and Cell Density 
2 Altered Cell Morphology and/or Small Gaps between Cells 
3 Altered Cell Morphology and/or Large Gaps between Cells 
4 Few (or no) Visible Cells 

 

Comparison of the two cell viability assessment methods demonstrated that a score of 1 in the visual 
observation method corresponded to greater than 80% viability in the CellTiter-Glo assay. Visual 
observation scores of 2, 3, and 4 corresponded to 80–60%, 60–40%, and less than 40%, respectively, 
in the CellTiter-Glo assay. An assessment of cell viability is critical in determining whether reduction 
of ER TA activity is ER mediated or the result of cytotoxicity. The study showed that the visual 
observation method and the CellTiter-Glo assay are comparable for this assessment. Importantly, 
these results demonstrated that the simpler and more economical visual observation method can be 
used as effectively as the more complex and costly CellTiter-Glo, which requires testing on separate 
parallel plates. 
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9.0 Animal Welfare Considerations (Reduction, Refinement, and Replacement) 

9.1 Reduction, Refinement, and Replacement Considerations 

ICCVAM promotes the scientific validation and regulatory acceptance of new test methods that 
reduce, refine, or replace animal use where scientifically feasible. Reduction, refinement, and 
replacement are known as the “three Rs” of animal alternatives. These principles of humane treatment 
of laboratory animals are described as: 

• Reducing animal use through improved science and experimental design 
• Refining experimental procedures such that animal suffering is minimized 
• Replacing animal models with non-animal procedures (e.g., in vitro technologies) where possible 

(Russell and Burch 1959) 

Three in vivo methods are now commonly used by regulators to assess the estrogenic potential of 
substances: rat uterotrophic assay, rat pubertal female assay, and fish short-term reproduction assay. 
In addition, the “in vitro” rat uterine cytosol ER binding assay also requires the use of animals as a 
source of ER. Like the CERI-STTA, the BG1Luc ER TA test method will not directly replace any of 
these existing methods; however, it could be incorporated as part of a weight-of-evidence approach to 
reduce or eliminate the need for testing in these animal models. Currently, no in vitro test methods 
have been validated and accepted for use in the screening of both ER agonists and antagonists 
(ICCVAM 2002b). As discussed in Section 1.0, the EPA EDSP Tier 1 screening battery includes the 
CERI-STTA agonist test method, OPPTS 890.1300: Estrogen Receptor Transcriptional Activation 
(Human Cell Line [HeLa-9903]) (EPA 2009; OECD 2009)). The screening guideline also provides 
for the use of other scientifically valid methods. Therefore, the BG1Luc ER TA test method may be 
applicable for addressing the ER TA component of the EPA EDSP Tier 1 screening battery. Used in 
this context, the BG1Luc ER TA test method provides an opportunity to reduce animal use in 
endocrine disruptor testing by identifying substances that may enhance and/or inhibit the activation of 
the ER. 

An evaluation of potential endocrine-active compounds (EACs) is required under European 
Commission Registration, Evaluation, Authorisation and Restriction of Chemicals [REACH] 
Regulation (EC) 1907/2006 (Bars et al. 2011; Bowman and Van Calster 2007; Harvey and Everett 
2006; Løkke 2006; Marx-Stoelting et al. 2011). Validated in vitro methods may reduce animal use in 
this kind of testing program. “REACH-type” programs are also being adopted by Asian countries, and 
the availability of validated in vitro and in silico methods to screen/prioritize chemicals for these 
testing programs has potential to reduce animal use further. Following validation, the development of 
in vitro EAC assays into an OECD Test Guideline will broaden their potential for reducing animal 
use. 

The BG1Luc ER TA method is being proposed as an independent part of a weight-of-evidence 
approach to prioritize potentially endocrine-active substances for further testing. Results from the 
BG1Luc ER TA test method were examined for concordance with published reports of ER binding. 
There was 97% (33/34) concordance between the BG1Luc ER TA results and ER binding data from 
the literature (see Section 5.6). In light of the excellent degree of agreement between ER binding and 
BG1Luc ER TA data (with no false negative results), it appears that evaluating results from BG1Luc 
ER TA agonist and antagonist testing may provide a viable alternative to conducting ER binding 
studies, which use animals as a source of ER. This cannot currently be accomplished with the only 
accepted ER TA method due to the inability of the CERI-STTA to assess ER antagonist activity. 

Results from the BG1Luc ER TA test method were examined for concordance with published data 
from the uterotrophic assay (see Section 5.7). Based on a comparison with the in vivo uterotrophic 
assay classification, the 13 substances with data from the uterotrophic assay and conclusive test 
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results in the BG1Luc ER TA agonist test method produced overall concordance of 92% (12/13). All 
substances found positive in the uterotrophic assay were also positive in the BG1Luc ER TA method. 
The only discordant substance, butylbenzyl phthalate, was positive for ER agonist activity in the 
BG1Luc ER TA agonist test method and negative in the uterotrophic assay. These data indicate that 
the BG1Luc ER TA agonist test method has very good agreement with the in vivo results obtained 
with the uterotrophic assay, with no false negative results. 

The development of a battery of in vitro and in silico methods that can replace animal testing for 
detecting chemicals that have the potential to interact with the endocrine system (i.e., EACs) is a 
biologically complex challenge. For example, a method for assessment of metabolites needs to be 
included with the in vitro assays, and assays for assessing the many modes of action of EACs on 
various tissues and species need to be developed and validated. The experience derived from 
validating and using the in vitro BG1Luc ER TA test method is expected to contribute to our 
knowledge and promote progress toward this goal. It should lead to the broader use of cell-based 
methods for EAC screening and could include the use of cells from other species. 

9.2 Use of Animals in the BG1Luc ER TA Test Method 

The BG1Luc ER TA test method utilizes cultured human ovary adenocarcinoma cells that 
endogenously express human ER and contain an estrogen-inducible gene expression system. Except 
for the fetal bovine sera used as part of the cell culture media, the test method does not require the use 
of animals. 
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10.0 Practical Considerations 
Several issues are taken into account when assessing the practicality of using an alternative to an 
existing test method. In addition to performance evaluations, the following must be assessed: 

• Laboratory equipment and supplies needed to conduct the alternative test method 
• Level of personnel training required 
• Labor costs 
• Time required to complete the test method as compared to the existing test method  

The time, personnel cost, and effort required to conduct the proposed test method must be considered 
reasonable when compared to those of the test method it is intended to replace. This section discusses 
the practical issues associated with using the BG1Luc ER TA test method for the determination of ER 
agonist and antagonist activity.  

10.1 Transferability of the BG1Luc ER TA Test Method 

Test method transferability addresses the ability of a method to be accurately and reliably performed 
by multiple laboratories (ICCVAM 2003b, 2003a), both those experienced in the particular type of 
procedure and laboratories with no prior experience. The transferability of the BG1Luc ER TA test 
method was demonstrated by the intra- and interlaboratory reproducibility studies in the validation 
study (see Section 6.0). 

10.1.1 Facilities and Major Equipment 

The facility requirements for conducting the BG1Luc ER TA test method include a standard 
laboratory setup for sterile cell culture procedures. The major equipment necessary is readily 
available and includes a laminar flow hood and a cell culture incubator. Table 10-1 shows 
representative suppliers and estimated costs of this equipment. 

Table 10-1 Example Suppliers and Costs of Major Equipment for the BG1Luc ER TA Test 
Method 

Equipment Example Supplier Estimated Costa 

Laminar Flow Hood Cole-Parmer $8,000–$12,000 

Cell Culture Incubator Thomas Scientific $8,000–$15,000 
a Estimated costs based on 2009 catalog prices 
 

10.1.2 General Availability of Other Necessary Equipment and Supplies 

The remaining equipment and supplies necessary to conduct the BG1Luc ER TA test method (e.g., 
microscopes, micropipettors, refrigerators/freezers, microtiter plates, cell culture supplies, sera, and 
reagents) are readily available in most cell culture laboratories or can be readily obtained from any of 
several scientific laboratory equipment and supply vendors. 

10.1.3 BG1Luc4E2 Cell Line 

The required BG1Luc4E2 cell line is available upon request from Dr. Michael S. Denison, 
Department of Environmental Toxicology, University of California, Davis. 
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10.2 BG1Luc ER TA Test Method Training Considerations 

The level of training and expertise needed to conduct the BG1Luc ER TA test method should be 
similar to that needed for the HeLa-9903 ER TA test method, the only ER TA test method currently 
included on the EPA EDSP Tier 1 screening battery (see Section 1.0). Both methods require a 
moderate degree of technical capability and a high degree of skill in monitoring and maintaining 
appropriate cell growth conditions, troubleshooting cell culture problems, and analyzing and 
interpreting in vitro data. Accordingly, personnel should be trained in good cell culture practices, in 
the specialized culture procedures needed for this assay, and in safety and handling practices 
appropriate to the types of substances that may be tested in the laboratory (Hartung et al. 2002).  

It is essential that all laboratory staff are trained to be aware of the need to minimize all sources of 
estrogenic contamination, which results in false positive outcomes.  

10.3 Time and Cost Considerations 

Most of the necessary equipment for conducting the BG1Luc ER TA test method is commonly found 
in laboratories that perform cell culture experiments. The one piece of nonstandard laboratory 
equipment is a microplate injecting luminometer (estimated cost is $28,000), which is required for 
generating the RLU data used to establish a positive or negative result in the BG1Luc ER TA test 
method.  

Supplies such as cell culture media, the reagents used to measure luciferase, and cell culture 
plasticware are available from numerous suppliers. An estimated cost for the BG1Luc ER TA test 
method, including relevant consumables (cell culture media, reagents, and supplies), is $2000 per test 
substance for both agonist and antagonist testing (G. Clark, XDS, Inc., personal communication).  

The BG1Luc ER TA test method takes approximately two days to perform (this includes a range 
finder test and at least one comprehensive test). The time estimate for the BG1Luc ER TA test 
method is similar to the two days necessary to conduct the CERI-STTA. The current cost of the 
CERI-STTA conducted at CERI ranges from a minimum of $1800 per test article based on at least 
11 substances tested to a maximum of $2500 per test article when one to five substances are tested 
(A. Ono, CERI, personal communication). 

Commercially available in vivo test methods that are used to evaluate estrogenic activity are the 
uterotrophic and female pubertal assays, which take approximately 30 and 60 days to perform, 
respectively. The current approximate costs of commercially available uterotrophic and female 
pubertal assays are $40,000 and $140,000 per test substance, respectively (Willett and Sullivan 2010). 
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12.0 Glossary 
Acceptance criteria*: Minimum standards for the performance of experimental controls and 
reference standards. All acceptance criteria must be met for an experiment to be considered valid. 

Accuracy*: (a) The closeness of agreement between a test method result and an accepted reference 
value. (b) The proportion of correct outcomes of a test method. It is a measure of test method 
performance and is often used interchangeably with “concordance.” 

Adenosine triphosphate (ATP): A nucleotide involved in energy metabolism and required for RNA 
synthesis. It occurs in all cells and is used to store energy in the form of high-energy phosphate 
bonds. 

Agonist: A substance that produces a response, e.g., transcription, when it binds to a specific 
receptor. 

Androgen: A class of steroid hormones that includes testosterone and 5α-dihydrotestosterone. These 
hormones are responsible for the development and maintenance of the male reproductive system. 

Androgen receptor: The receptor to which androgens bind. 

Antagonist: A substance that inhibits a response, e.g., transcription, when it binds to a specific 
receptor. 

Assay*: An experimental system, often used interchangeably with “test” or “test method.” 

BG-1: The BG1Luc4E2 cell line was derived from BG-1 immortalized adenocarcinoma cells that 
endogenously express both forms of the estrogen receptor (ERα and ERβ) and have been stably 
transfected with the plasmid pGudLuc7.ERE. This plasmid contains four copies of a synthetic 
oligonucleotide containing the estrogen response element upstream of the mouse mammary tumor 
viral promoter and the firefly luciferase gene. 

Cell density: The degree of confluence of cells growing in a monolayer in a single well of a tissue 
culture plate. 

Cell morphology: The shape and appearance of cells grown in a monolayer in a single well of a 
tissue culture plate. Cells that are dying often exhibit abnormal cellular morphology. 

Charcoal/dextran treatment: Treatment of serum used in cell culture. Treatment with 
charcoal/dextran (often referred to as “stripping”) removes endogenous hormones and hormone-
binding proteins. 

Coded test substances: Substances labeled by code rather than name so that they can be tested and 
evaluated without knowledge of their identity or anticipation of test results. Coded test substances are 
used to avoid intentional or unintentional bias when evaluating laboratory or test method 
performance. 

Coefficient of variation: A statistical representation of the precision of a test. It is expressed as a 
percentage and is calculated as follows: 

 

standard deviation
mean

 
 
 

 
 
 × 100 

Comprehensive test: A test performed to determine an EC50 or IC50 value. Compared with the range 
finder test, the comprehensive test uses a smaller dilution factor for the concentrations tested.  

                                                 
The definitions in this Glossary are restricted to their use with respect to endocrine mechanisms and actions. 
* Definition used by the Interagency Coordinating Committee on the Validation of Alternative Methods 
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Concordance*: The proportion of all substances tested that are correctly classified as positive or 
negative. It is a measure of test method performance, and it is often used interchangeably with 
“accuracy.” 

Control: A substance with a known response selected for use during the research, development, 
protocol standardization, and validation of a proposed test method. Controls are used to evaluate the 
ongoing performance of a test method. All experimental controls must fall within established 
historical norms for an experiment to pass “acceptance criteria” and be considered valid. 

Culture medium: An aqueous solution containing vitamins, minerals, and growth factors to support 
the growth of cells. 

Cytotoxicity: The adverse effects resulting from interference with structures and/or processes 
essential for cell survival, proliferation, and/or function. For most substances, toxicity is a 
consequence of nonspecific alterations in “basal cell functions” (i.e., via mitochondria, plasma 
membrane integrity, etc.).  

Definitive results: Data and calculations from an assay (excluding data from rejected plates or other 
inadequate data). 

Dextran: A viscous or semiviscous polymer of glucose. 

EC50: The half-maximal effective concentration of an agonist test substance (concentration required 
to induce 50% of the maximum possible response). 

Endocrine: Of or relating to the endocrine system, endocrine glands, and hormones. 

Endocrine disruptor: A substance that interacts with the endocrine system to alter normal 
functioning. Endocrine disruptors may act directly by interfering with receptor binding or indirectly 
by altering hormone biosynthesis, transport, action, or metabolism. 

Endocrine system: A system of glands throughout the body, the hormones they secrete, and the 
receptors that recognize and respond to the hormones. 

Endpoint: The biological process, response, or effect assessed by a test method. 

Essential test method components*: Structural, functional, and procedural elements of a validated 
test method that should be included in the protocol for a mechanistically and functionally similar 
proposed test method. These components include unique characteristics of the test method, critical 
procedural details, and quality control measures. Inclusion of essential test method components is 
necessary when the acceptability of a proposed test method is being evaluated based on performance 
standards derived from a mechanistically and functionally similar validated test method. 

False negative*: An active substance incorrectly identified as negative by a test method. 

False negative rate*: The proportion of all positive (active) substances falsely identified as negative. 
It is a measure of test method performance. 

False positive*: An inactive substance incorrectly identified as positive by a test method. 

False positive rate*: The proportion of all negative (inactive) substances falsely identified as 
positive. It is a measure of test method performance. 

Fluorescence: The emission of visible or invisible radiation by certain substances as a result of 
incident radiation of a shorter wavelength, such as x-rays or ultraviolet light. 

Good Laboratory Practice (GLP)*: Regulations promulgated by the U.S. Food and Drug 
Administration and the U.S. Environmental Protection Agency, and principles and procedures 
adopted by the Organisation for Economic Co-operation and Development and Japanese authorities. 
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GLP regulations cover record keeping, quality assurance, and laboratory practices for studies that will 
be the basis for data submissions to national regulatory agencies.  

Hill function: A four-parameter logistic mathematical model relating the concentration of the test 
substance to the response (typically following a sigmoidal shape). 

 

Y =Bottom +
Top− Bottom

1+10(logEC50 − logX)HillSlope  

where Y = response (i.e., luciferase activity), X is the substance concentration producing the 
response, Bottom is the minimum response, Top is the maximum response, EC50 is the substance 
concentration at the response midway between Top and Bottom, and HillSlope describes the slope of 
the curve. 

IC50: The half-maximal inhibitory concentration of an antagonist (concentration that causes 50% 
inhibition of the measured response). 

Interlaboratory reproducibility*: A measure of whether different qualified laboratories, using the 
same protocol and test substances, can produce qualitatively and quantitatively similar results. 
Interlaboratory reproducibility is determined during the validation process and indicates the extent to 
which a test method can be transferred successfully among laboratories. 

Intralaboratory repeatability*: The closeness of agreement between test results obtained within a 
single laboratory when the procedure is performed on the same substance under identical conditions 
within a given time period. 

Intralaboratory reproducibility*: A measure of whether qualified people within the same 
laboratory can successfully replicate results using a specific test protocol at different times; the first 
stage of validation. 

In vitro: Literally, in glass. Refers to assays that are carried out in an artificial system (e.g., in a test 
tube or Petri dish) and typically use single-cell organisms, cultured cells, cell-free extracts, or purified 
cellular components. 

In vivo: In the living organism. Refers to assays performed in multicellular organisms. 

Luciferase: An enzyme present in the cells of some bioluminescent organisms that catalyzes the 
oxidation of luciferin and ATP to produce luminescence. 

Luminescence: The emission of radiation, especially of visible light caused by chemical or 
biochemical processes. 

Luminometer: A device for measuring luminescence. 

mRNA: Messenger ribonucleic acid (mRNA). The primary role of mRNA is to transport instructions 
related to the production of proteins essential to cell functioning from the genes to the rest of the cell. 

Negative predictivity*: The proportion of correct negative responses among substances testing 
negative. 

Peer review*: Objective review of data, a document, or proposal, and provision of recommendations, 
by an expert individual or group of individuals who have no conflict of interest with the outcome of 
the review. 

Plasmid: A self-replicating circle of bacterial DNA. Plasmids can be artificially constructed and used 
as cloning vectors. 

Positive predictivity*: The proportion of correct positive responses among substances testing 
positive. 
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Precipitate/precipitation: A solid substance, often in the form of crystals, separated from a solution, 
or the act of a solid substance separating from a solution. 

Proficiency: The demonstrated ability to properly conduct a test method prior to testing unknown 
substances. 

Protocol*: The precise step-by-step description of a test, including the listing of all necessary 
reagents, criteria, and procedures for the valuation of the test data. 

Protocol standardization: Selection of reference standards, controls, and performance standards for 
a protocol prior to initiation of validation efforts. 

Q test: A simple statistical test to determine if a data point that appears to be different from the rest of 
the data points in a set may be discarded.  

 

Q=
suspected outlier − closest value

maximum value − minimum value
 

The resultant value, Q, is then compared to a table of critical values (Qc). If Q is larger than Qc, the 
data point is an outlier and can be discarded with 90% confidence. For example, in a data set with 
values of 100, 2655, and 241, the Q value is 0.95. For a set of three data points, Qc is 0.94. Q [0.95] is 
greater than Qc [0.94], so 2655 is an outlier and can be discarded.  

Receptor: A protein or protein complex that binds to specific molecules to transport them elsewhere 
in the cell or to produce a chemical signal. 

Receptor binding assay: An assay to measure the ability of a substance to bind to a hormone 
receptor protein, typically performed by measuring the ability of the substances to displace the bound 
natural hormone. 

Reduction alternative*: A new or modified test method that reduces the number of animals required. 

Reference standard: A reference substance used to demonstrate the adequacy of a test method. 
17β-estradiol is the estrogenic reference standard, and raloxifene HCl is the anti-estrogenic reference 
standard for the BG1Luc ER TA test method. 

Refinement alternative*: A new or modified test method that refines procedures to lessen or 
eliminate pain or distress in animals or enhance animal well-being. 

Relative light unit (RLU): The unit used to characterize the endpoint of the BG1Luc ER TA test 
method, which is luminescence. 

Relevance*: The extent to which a test method correctly predicts or measures the biological effect of 
interest in the species of interest. Relevance incorporates consideration of the “accuracy” or 
“concordance” of a test method. 

Reliability*: A measure of the degree to which a test method can be performed reproducibly within 
and among laboratories over time. Reliability is assessed by calculating intra- and interlaboratory 
reproducibility and intralaboratory repeatability. 

Reporter gene: A gene attached to a regulatory sequence of a gene of interest so that, when 
expression of the gene of interest is altered, activation of the reporter gene results in a quantifiable 
endpoint, such as luminescence.  

Screen/screening test*: A rapid, simple test conducted for general classification of substances 
according to general categories of hazard. The results of a screen are generally used for preliminary 
decision making and to set priorities for more definitive tests. 
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Selection: Enrichment of stably transfected cells in tissue culture, usually by exposure to a substance 
that is noxious to nontransfected cells (e.g., exposure of cells to G418 kills cells that do not contain 
the G418 resistance vector). 

Sensitivity*: The proportion of all positive substances that are classified correctly as positive in a test 
method. It is a measure of test method accuracy. 

Specificity*: The proportion of all negative substances that are classified correctly as negative in a 
test method. It is a measure of test method accuracy. 

Stable transfection: DNA encoding desirable genes is transfected into cultured cells in such a way 
that it is integrated into the cells’ genome, resulting in the expression of those genes.  

Standard operating procedures (SOPs)*: Formal written procedures that describe how specific 
laboratory operations are to be performed. These are required by Good Laboratory Practice (GLP) 
guidelines. 

Tier 1 assay: An assay that is a component of the U.S. EPA Endocrine Disruptor Screening Program 
(EDSP) screening battery of tests. Tier 1 screening includes a battery of screening assays to identify 
substances with the potential to interact with the estrogen, androgen, or thyroid hormone systems. 

Tier 2 assay: An assay that is a component of the U.S. EPA Endocrine Disruptor Screening Program 
(EDSP) testing battery. Tier 2 tests are longer in duration than Tier 1 tests and are intended to 
encompass a broad range of doses, life stages, and processes. 

Transactivation: Induction of gene expression (often measured by a change in a chemical signal) in 
response to a transcription factor binding to DNA and activating adjacent proteins. 

Transcription: Synthesis of RNA by RNA polymerases using a DNA template. 

Transcriptional activation: The initiation of mRNA synthesis in response to a specific chemical 
signal, such as a binding of an estrogen to the estrogen receptor. 

Transfection: The process by which foreign DNA is introduced into a cell to change the cell’s 
genotype. 

Transferability*: The ability of a test method or procedure to be accurately and reliably performed 
in different, competent laboratories. 

Transient transfection: DNA is transfected into cultured cells but is not permanently integrated into 
the cells genome and is retained for only two to three days. 

Trypsin: An enzyme that cleaves proteins and can detach monolayer cells from a culture flask for 
resuspension.  

Uterotrophic bioassay: An in vivo assay for estrogenic substances in which an increase in uterine 
weight compared with controls indicates positive estrogenic activity. 

Validated method*: An accepted test method for which validation studies have been completed to 
determine its accuracy and reliability for a specific proposed use. 

Validation*: The process by which the reliability and accuracy of a procedure are established for a 
specific purpose. 

Vector: A small segment of DNA (frequently a plasmid or viral DNA) that is used to carry a foreign 
gene or DNA sequence into a cell. 

Weight of evidence (process)*: The strengths and weaknesses of a collection of information used as 
the basis for a conclusion that may not be evident from the individual data. 

Xenobiotic: A substance that is not produced by the organism of interest. 
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