
 
 

Comments from the Natural Resources Defense Council 
 

Draft Considerations for the Development of the Strategic Plan for Developing and Implementing 
Alternative Test Methods and Strategies to Reduce, Refine, or Replace Vertebrate Animal Testing for 

Chemical Substances or Mixtures 
 

Docket EPA-HQ-OPPT-2017-0559 
 

January 10, 2018 
 
 
The Natural Resources Defense Council ("NRDC") is a national, non-profit environmental organization of 
lawyers, scientists, and other professionals. NRDC presents these comments on behalf of our over three 
million members and online activists. NRDC does not have any financial interest in the topic of these 
comments. 
 
Under the amended Toxic Substances and Control Act, Congress directed EPA to develop a Strategic Plan 

“to promote the development and implementation of alternative test methods and strategies to reduce, 

refine, or replace vertebrate animal testing and provide information of equivalent or better scientific 

quality and relevance for assessing risks of injury to health or the environment of chemical substances or 

mixtures”1 within two years of the bill’s enactment.  The Strategic Plan was intended to be iterative, 

with reports to Congress every five years, and was intended to serve as a roadmap for the integration of 

health-protective uses of alternative test methods (ATMs2) in Agency decision-making.   

New tools in hazard, exposure, and risk assessment have developed rapidly over the last decade.  

Federally sponsored programs like Tox213 have exponentially increased the amount of molecular 

information available for environmentally-relevant chemicals.  These tools have the potential to support 

decision-making related to chemical assessments due to their relatively low cost and rapidity of data 

generation.  The ability to screen thousands of chemicals, including chemical mixtures, across a range of 

biological pathways, offers many valuable potential applications for new technologies. 

                                                           
1 section §4(h)(2)(A) 
2 For these comments, we use the term alternative test methods (or ATMs) rather than the Agency-generated term 
new alternative methods or (NAMs) due to the presence of this specific term in the law.  ATMs and NAMs should 
be seen as synonymous.   
3 https://ntp.niehs.nih.gov/results/tox21/index.html 
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While there are important potential benefits to faster, cheaper testing methods for evaluating 

environmental chemicals, their ultimate usefulness resides in their ability to be protective of the health 

of populations and ecosystems.  In order to be fully protective, the statute requires ATMs to be (1) 

scientifically reliable, (2) relevant, and (3) capable of providing information of equivalent or better 

scientific reliability and quality to that which would be obtained from vertebrate animal testing.  

Reliability, relevance, and providing equal or better information than vertebrate tests represent 

independent criterion that must be established prior to use of ATMs in lieu of whole-animal based tests. 

NRDC supports the careful and rational development of alternative test methods that can be used to 

accurately assess toxicity and/or exposure that will be deployed with the primary purpose and outcome 

of protecting public health.  However, our support is tempered by significant concern that the process of 

deploying new technologies will progress at a pace that exceeds their ability to provide equivalent or 

better information for purposes of assessing chemicals.  The overzealous deployment of tests that may 

underestimate or completely miss toxicity or exposure (high false negative rate) would result in risk 

evaluations and determinations that are not consistent with the requirements of the revised TSCA – 

particularly for vulnerable populations including children, pregnant women and workers.  In short, while 

ATMs can provide useful data, the context here is whether the ATM data are sufficiently robust to 

reduce or replace animal test data.  In this particular context, given the statutory standard and the state 

of the science, EPA must proceed deliberatively, as explained further below. 

In order to design a Strategic Plan that is both protective and responsive to the requirements outlined in 

section 4(h)(2)(A) of the amended TSCA, NRDC recommends in the comments below that: 

1. The process of integrating ATMs into decision-making be incremental, iterative, and 

transparent.  

2. The timeline and associated objectives outlined in the Strategic Plan must represent realistic 

expectations and should extend beyond a five-year time frame. 

3. Recommended timelines and uses of ATMs should be consistent with their capacity to 

accurately and adequately assess hazard, risk, or exposure potential – particularly for vulnerable 

populations. 

4. ATMs and strategies must be proven to be reliable, relevant, and able to provide information of 

equivalent or better scientific reliability and quality prior to being included on a list of 

acceptable tools to aide decision making. 

5. Emerging tools involving the use of vertebrate animals should be included in the Strategic Plan.  

1.  The process of integrating ATMs into decision-making be incremental, iterative, and transparent  

The amended TSCA requires a multistage process for the development and implementation of ATMs.  

Within two years of the enactment of the law, the Agency is mandated to create its first Strategic Plan, 

outlining the vision for how ATMs can be incorporated into chemical assessments.  After the initial 

drafting of the Strategic Plan, the Agency is then required to provide updates on the progress made 

under the Strategic Plan and identify goals for future ATMs and strategies every five years.  This process 
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allows the Agency to take incremental steps consistent with the science throughout the process, with 

opportunities of course corrections every five years.   

In order for the incorporation of ATMs to be protective of public health and the environment, the 

Agency must be incremental and should utilize the first iteration of the strategic planning process, 

particularly in the near-term (by 2022), to: 

1. Demonstrate its ability to strengthen (make more public health protective) existing, whole 

animal test information to expedite the risk classification of chemicals with rich data sets, 

2. Identify opportunities to use ATMs to flag and address concerns regarding toxic data-poor 

chemicals using read across from data-rich chemicals, 

3. Outline a process to increase its ability to identify and probe the appropriate level of biological 

complexity (knowledge development), and 

4. Define the types of decisions that will need to be made under the amended TSCA in order to 

help generate/develop tools that are specifically targeted to answering the questions being 

asked (problem formulation). 

The current draft consideration document does not distinguish between data-rich and data-poor 

chemicals, a distinction that creates significant barriers to the implementation of emerging tools (NRC, 

2017)4.  For chemicals with large amounts of existing data (data-rich chemicals), ATMs can be integrated 

more readily and rapidly into decision-making as they provide a single stream of information flowing 

into an already existing large pool.  As demonstrated in the 2014 Next Generation Risk Assessment: 

Incorporation of Recent Advances in Molecular, Computational, and Systems Biology (NextGen) report5, 

data-rich chemicals can provide a valuable opportunity to demonstrate the usefulness of emerging tools 

for enhancing hazard and risk decisions.  For example, in the Next Gen report, case studies for benzene-

induced leukemia; ozone-induced lung inflammation and injury; and tobacco smoke, PAH-, and B[a]P-

induced cancer illustrated the ways that molecular information and pathway-based networks can be 

used to inform causal findings, dose-response assessments, cumulative risk assessments, and 

evaluations of variability and susceptibility in human responses to chemical exposures. 

Data-poor chemicals, i.e., those with non-existent or extremely limited amounts of existing information, 

do not as easily lend themselves to analysis with ATMs as those with more extensive data sets.  While 

approaches such as quantitative structure activity relationship modeling and read-across can be helpful 

tools for grouping chemicals and identifying potential for toxicity, ATMs cannot be used to discount 

potential hazard based upon the behavior of a structurally similar chemical.   

Within the first iteration of the Strategic Plan, the Agency should focus significant effort on identifying 

data-rich chemicals for which ATMs could be used to upgrade or strengthen a hazard, risk, or exposure 

                                                           
4 National Academies of Sciences, Engineering, and Medicine. (2017). Using 21st Century Science to Improve Risk-
Related Evaluations. Washington, DC: The National Academies Press. https://doi.org/10.17226/24635. 
5 U.S. Environmental Protection Agency. (2014). Next Generation Risk Assessment: Incorporation of Recent 

Advances in Molecular, Computational, and Systems Biology. Washington, DC: National Center for Environmental 
Assessment, Office of Research and Development 
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classification.  By focusing on data-rich chemicals first, the Agency can simultaneously identify 

limitations in the application of ATMs that need to be addressed, and build public confidence in the 

ability of the Agency to integrate new methods in a health protective way.  The Agency should then 

focus on ways in which to use ATMs to rapidly identify toxic data-poor chemicals (e.g., based upon 

chemical similarity to chemicals with known adverse effects) for removal or reduction from market-

based applications. 

In the 2007 report of the National Research Council of the National Academy of Sciences, Toxicity 

Testing in the 21st Century: A Vision and Strategy6, the committee identified knowledge development as 

the key factor in ensuring the successful development and use of ATMs.  Heightened focus on growing 

the underlying biological and physicochemical knowledge necessary to build ATMs of relevance for 

TSCA-related decisions must be a key primary focus of the initial Strategic Plan.  Uncovering the 

expansive biological networks involved in disease processes will help design tests capable of identifying 

chemicals that perturb these processes across a wide range of chemistries. Knowledge development is 

essential in ensuring the ultimate usefulness of ATMs, particularly for data-poor chemicals with no 

known structural analogues, and is an area that is currently completely missing from the draft 

considerations document. 

In addition to being incremental and iterative, to ensure public confidence in the process of 

incorporating ATMs into agency decisions, each step of the process must be transparent and easily 

understandable to the public.  To be fully transparent, the Agency must disclose not only the data 

generated by ATMs, but must also clearly articulate the intended use of data generated with emerging 

tools.  Identifying the specific decisions that need to be made under the amended TSCA and the specific 

information and tools that would be required to help fill those information needs, is an important early 

step that will strengthen the first iteration of the Strategic Plan for the integration of ATMs.  

The Agency should also ensure a transparent process by making information such as the model code, 

underlying data, triage processes, sensitivity analyses, chemical QA/QC, etc. that underlie a specific 

decision (e.g., weight of evidence determination), publicly available at the time of a decision to ensure 

the public has the opportunity to reproduce the results generated by the Agency.  Full disclosure of data 

and implementation actions will allow the public to fully evaluate the ability of ATMs to provide 

equivalent or better health protections compared to traditional methods.   

When developing an initial plan for the strategic incorporation of ATMs into agency-based decisions 

under the amended TSCA, EPA must do so in a way that is consistent with the statutory framework.  The 

ATMs must meet the Section 4(h) statutory standards, and when applying these standards (particularly 

the requirements of relevancy and equivalency), EPA must apply those standards to ensure ATMs are 

fully protective of vulnerable populations as mandated by the law (see Section 4 of the comments 

below).  We find the strategic plan’s “considerations” (slide 16) missing this overriding and cornerstone 

TSCA obligation.  

                                                           
6 National Research Council. (2007). Toxicity Testing in the 21st Century: A Vision and a Strategy. Washington, DC: 
The National Academies Press. https://doi.org/10.17226/11970. 
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2. The timeline and associated objectives outlined in the Strategic Plan must represent realistic 

expectations and should extend beyond a five-year time frame. 

In the draft discussion document, the Agency outlines timelines for new and existing chemicals that 

include short-term (by 2020), mid-term (by 2022), and long-term (2022 and beyond) goals.  The 

timelines presented by the Agency represent an extremely aggressive and unrealistic schedule for 

implementation of tools across a wide range of potential uses (e.g., prioritization, qualitative risk 

assessment, and quantitative risk assessment).  This is particularly so given that they have yet to be 

proven fit for the purpose of independently assessing the risks associated with chemical exposures 

including in vulnerable populations. The draft timelines should be refocused, revised, and extended to 

more adequately reflect the current state of the science.   

In its initial Strategic Plan, the Agency should redefine short-term outcomes as a five-year time frame, 

rather than two-year period (i.e., by 2022 instead of 2020), and should focus on strengthening the 

assessments of data rich chemicals, knowledge generation, and problem formulation (see section 1, 

above).  Mid- and long-term objectives should also be extended beyond the five-year timeline proposed 

in the draft consideration documents, and should represent aspirational goals and targets that could 

realistically be realized in a health protective way.   Mid-term goals (five to ten years) could include a 

review of the near-term objectives included in the first Strategic Plan iteration and could include 

incremental changes in the application of ATMs beyond data rich chemicals.  Long-term goals (ten to 

fifteen years) should include a review of the prior ten years and could identify potential application 

areas for data medium and data poor chemicals. 

3.  Recommended timelines and uses of ATMs should be consistent with their capacity to accurately 

and adequately assess hazard, risk, or exposure potential – particularly for vulnerable populations. 

There are significant limitations of ATMs that make them inappropriate tools for filling data gaps in a 

way that rules out or decreases potential risk estimates, rather than increases the risk estimates of 

substances regulated under the amended TSCA. Due to the significant limitations of ATMs, classification 

of chemical substances or categories of chemical substances deemed “low” toxicity or “low” exposure 

should only be based in combination with other types of data, including whole animal tests – which EPA 

can now more easily obtain using Sections 4, 8 and 11 of TSCA.   

Emerging ATMs in hazard, exposure, and risk assessment hold great potential for increasing the speed 

and breadth of chemical evaluations.   New tools such as ToxCast, Tox21, and ExpoCast are rapidly 

evolving into methods by which to screen large numbers of chemicals across multiple toxicity pathways 

and exposure scenarios.7  As outlined in EPA’s NextGen report8, high-throughput and high-content 

                                                           
7 Wambaugh, J. F., Wang, A., Dionisio, K. L., Frame, A., Egeghy, P., Judson, R., & Setzer, R. W. (2014). High 
Throughput Heuristics for Prioritizing Human Exposure to Environmental Chemicals. ENVIRONMENTAL SCIENCE & 
TECHNOLOGY, 48(21), 12760–12767. http://doi.org/dx.doi.org/10.1021/es503583j; Sipes, N. S., Martin, M. T., 
Kothiya, P., Reif, D. M., Judson, R. S., Richard, A. M., … Knudsen, T. B. (2013). Profiling 976 ToxCast chemicals across 
331 enzymatic and receptor signaling assays. Chemical Research in Toxicology, 26(6), 878–895. 
http://doi.org/10.1021/tx400021f; Knudsen, T. B., Houck, K. A., Sipes, N. S., Singh, A. V, Judson, R. S., Martin, M. T., 

http://doi.org/dx.doi.org/10.1021/es503583j
http://doi.org/10.1021/tx400021f
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assays could be useful for prioritizing large number of chemicals for “focused research, further testing, 

or further assessment”.   

While the potential exists for ATMs to be used to identify toxicity and exposure potential for TSCA-

regulated chemicals, there are several severe limitations that demonstrate the need for additional 

research and development prior to their sole use (i.e., without the inclusion of existing, whole animal, 

ecosystem, and/or epidemiologic data) under the amended TSCA – particularly for identifying low 

toxicity or exposure.  Several limitations in the tools severely diminish the capacity of high-throughput 

systems to accurately identify all chemicals with toxicity – resulting in potentially toxic chemicals being 

missed with the existing suite of alternative test methods9.  Some key limitations include: 

• Lack of biological coverage – the biological, biophysical, and biochemical complexity inherent in 

whole animals cannot, at present, be recapitulated in a cell, chip, or in silico testing method.  

Reductionist approaches, i.e., those that rely on partial knowledge of a complex biological 

process, cannot be used to rule out hazard, but could be used to increase confidence in animal-

based toxicological outcomes. 

• Lack of metabolic capacity – when humans, animals, bacteria, and other living organisms 

encounter chemicals in the environment, metabolic processes can generate a suite of by-

products that differ in chemical structure and toxicity from the original parent compound.  

Chemical toxicity can change when a substance is bound to biomolecules or broken down by 

metabolism in the body.  For example, the oxon metabolite of the organophosphate pesticides 

is much more toxic than the parent compound; EPA recognized this when it included the oxon 

metabolites in its cumulative assessment.10  The inability of current ATMs, like those used in 

the ToxCast™ platform, to mimic the metabolic capacity within humans (and across species) 

means that relying solely on ATMs could result in EPA failing to identify toxicity that would 

otherwise occur in an intact living system (e.g., a human body). Metabolically incompetent (or 

marginally incompetent) test systems can be appropriately deployed for identifying positive 

hazard findings – i.e., for identifying toxic parent compounds – but cannot be used to 

demonstrate a lack of toxicity due to the inability to identify potentially toxic metabolites.  

• Diminished concordance with animal systems/high false negative rate - When comparing 

guideline and guideline-like studies to an ATM developed for screening under the Endocrine 

                                                                                                                                                                                           
… Kavlock, R. (2011). Activity profiles of 309 ToxCast (TM) chemicals evaluated across 292 biochemical targets. 
TOXICOLOGY, 282(1-2), 1–15. http://doi.org/10.1016/j.tox.2010.12.010 
8 U.S. Environmental Protection Agency. (2014). Next Generation Risk Assessment: Incorporation of Recent 

Advances in Molecular, Computational, and Systems Biology. Washington, DC: National Center for Environmental 

Assessment, Office of Research and Development. 
9 Pham, N., Iyer, S., Hackett, E., Lock, B. H., Sandy, M., Zeise, L., … Marty, M. (2016). Using ToxCast to Explore 
Chemical Activities and Hazard Traits: A Case Study With Ortho- Phthalates. Toxicological Sciences, 151(2), 286–
301. http://doi.org/10.1093/toxsci/kfw049; Silva, M., Pham, N., Lewis, C., Iyer, S., Kwok, E., Solomon, G., & Zeise, L. 
(2015). A Comparison of ToxCast Test Results with In Vivo and Other In Vitro Endpoints for Neuro, Endocrine, and 
Developmental Toxicities: A Case Study Using Endosulfan and Methidathion. BIRTH DEFECTS RESEARCH PART B-
DEVELOPMENTAL AND REPRODUCTIVE TOXICOLOGY, 104(2), 71–89. http://doi.org/10.1002/bdrb.21140 
10 EPA 2006. Organophosphorus Cumulative Risk Assessment, 2006 Update. US EPA Office of Pesticide Programs.  
Document No. E6-12343. 71 FR 43740. Docket EPA-HQ-OPP-2006-0618 

http://doi.org/10.1093/toxsci/kfw049


7 
 

Disruptor Screening Program, the ToxCast™-derived “ER Model” missed nearly 30 percent 

(15/5511) of the in vivo estrogenic reference chemicals12 from guideline-like studies and 3 

percent (1 out of 30 chemicals) of estrogenic reference chemicals from guideline studies13.  The 

lack of sensitivity (high false negative rate) of the “ER Model” and similar ATMs for in vivo 

studies is extraordinarily problematic and leads to decreased confidence in the ability of the 

model to reliably identify chemicals that could disrupt biological processes in whole animal 

(including human) systems. 

• Overly narrow exposure estimates in high-throughput models – The current models used by the 

Agency to generate high-throughput population-level exposure estimates are severely limited 

in their capacity to generate values for vulnerable populations.  The reliance on National Health 

And Nutritional Examination Survey data for the generation of model estimates prevents the 

ExpoCast program from accurately identifying exposures in vulnerable populations including 

children under the age of 6, highly exposed populations (e.g., workers) and vulnerable 

populations (e.g., pregnant women).  The large uncertainties associated with these exposure 

tools renders them unacceptable methods for filling exposure-data gaps for TSCA-regulated 

chemicals. 

In addition, the inaccuracy of underlying databases, the lack of inclusion of vulnerable populations 

(including children under the age of six and worker populations), and failure to conduct robust 

sensitivity analyses14 for existing models – (which can limit the interpretability and reliability of 

computational models) , increases the likelihood that high-throughput exposure models will incorrectly 

identify and/or under predict individual and population-level exposure levels for chemical substances 

and categories of chemicals substances.15  Furthermore, the current systems of rapid exposure and 

toxicity assessment are extraordinarily limited in their capacity to evaluate risks in ecosystems.  The 

Agency is required to protect both humans and ecosystems, so relying upon tools that focus almost 

exclusively on human health endpoints will not fulfill EPA’s obligations under the law or meet the 

statutory standard of relevance and equivalent or better data.   

In short, while many of the nascent ATMs hold potential for improving chemical screening and 

assessments, and perhaps eventually reducing the need for whole animal testing, their current gaps and 

limitations render them “not ready for prime time” across all decision types.  Opportunities do exist, 

                                                           
11 For this discussion, false negatives include chemicals that were incorrectly identified as not having estrogenic 
activity and those with “inconclusive” results. 
12 Estrogenic in vivo reference chemicals missed by the “ER Model” include methylparaben, triclosan, reserpine, 
permethrin, octamethylcyclotetrasiloxane, and gibberellic acid.  Inconclusive chemicals cannot be specifically listed 
due to coded identities in footnote 8. 
13 Browne, P., Judson, R. S., Casey, W., Kleinstreuer, N., & Thomas, R. S. (2015). Screening Chemicals for Estrogen 
Receptor Bioactivity Using a Computational Model. Environmental Science & Technology, 150612115349008. 
http://doi.org/10.1021/acs.est.5b02641 
14 Sensitivity analyses are used to assess how the results of a mathematical model change when varying the inputs 
of the model.  They are used to establish the confidence in a model and can help identify sources of uncertainty.  
15 Wambaugh, J. F., Wang, A., Dionisio, K. L., Frame, A., Egeghy, P., Judson, R., & Setzer, R. W. (2014). High 
Throughput Heuristics for Prioritizing Human Exposure to Environmental Chemicals. ENVIRONMENTAL SCIENCE & 
TECHNOLOGY, 48(21), 12760–12767. http://doi.org/dx.doi.org/10.1021/es503583j 

http://doi.org/dx.doi.org/10.1021/es503583j
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however, to use ATMs to increase confidence in the assignment of higher levels of hazard, exposure, 

and risk for environmental chemicals.  Positive signals from ATMs could indicate actual toxicity of a 

chemical substance or category of chemical substances.  Public health and environmentally protective 

prioritization processes should err on the side of caution – i.e., allow for some potentially non-toxic 

chemicals to require additional testing – to ensure that no toxic chemicals are prematurely and 

incorrectly identified as lacking risk. The statutory framework for prioritization is consistent with this 

protective approach. 

4.  ATMs and strategies must be proven to be reliable, relevant, and able to provide information of 

equivalent or better scientific reliability and quality prior to being included on a list of acceptable 

tools to aide decision making. 

Section 4(h)(2)(C) of the amended TSCA requires the Agency to “include in the Strategic Plan developed 

under subparagraph (A) a list, which the Administrator shall update on a regular basis, of particular 

alternative test methods or strategies the Administrator has identified that do not require new 

vertebrate animal testing and are scientifically reliable, relevant, and capable of providing information of 

equivalent or better scientific reliability and quality to that which would be obtained from vertebrate 

animal testing.”  As noted above, these are independent criteria, meaning each must be met.   

The measure of equivalent or better scientific reliability and quality requires the Agency to demonstrate 

that the alternative method, particularly if used as the replacement of an animal test, meets the bar of 

providing adequate protection to vulnerable populations.  Children and pregnant women are 

particularly sensitive and susceptible to environmental chemicals, and the development of ATMs must 

include methods to evaluate critical windows of development.  Children are not simply little adults.  

There are specific processes, particularly in early development, that may not follow canonical toxicity 

pathways found in adults.  When identifying and listing ATMs to replace whole animal tests, the Agency 

should seek to move beyond the traditional gold standards and generate testing strategies that heighten 

the Agency’s ability to rapidly identify and evaluate potentially harmful chemicals. 

Though section 4(h)(2)(C) requires the development of a list, the ATMs must meet the statutory 

standard to be included on the list.  If the ATMs do not meet this statutory standard, the obligation to 

list ATMs no longer applies.  In addition, the iterative nature of this requirement (i.e., “the Administrator 

shall update on a regular basis”), gives the Agency the opportunity to forego listing specific ATMs at this 

time, while reserving the right to periodically update the list once new tests have been proven 

scientifically capable of adding to the health protections of vulnerable populations. 

5.  Emerging tools involving the efficient and strategic use of vertebrate animals should be included in 

the Strategic Plan. 

Whole animal toxicology tests provide reliable and important information relevant to hazard assessment 

under TSCA because animals and humans exhibit similarities in biological processes of disease induction. 

Properly conducted whole animal bioassays continue to be recognized and accepted as valid predictors 
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of potential hazards to humans.16 The relevance of experimental bioassays as predictors of human 

adverse effects is established based on sound scientific and medically-established observations that 

many critical basic components of genetics, metabolism, and biological structure and function are highly 

conserved across species. In addition, experimental testing on the same chemical compound – whether 

drug testing or toxicity testing - from independently conducted whole animal bioassays are impressively 

consistent across studies and species.17 To demonstrate this fact, all known human carcinogens that 

have been tested adequately are also carcinogenic in animals and, almost without exception, share 

identical target sites. 18 Further, nearly one-third of human carcinogens were first discovered to induce 

cancer in animals (e.g., 1,3-butadiene, diethylstilbestrol, dioxins, ethylene oxide, 2-naphthylamine, 

formaldehyde, vinyl chloride), thus providing regulatory opportunities for health-protective 

interventions.19 

ATMs are currently unable to address all the complexities of whole animal biology, such as metabolism, 

respiration, development and reproduction. Therefore, animal models are still extremely important 

tools for evaluating chemicals with significant data gaps.  To ensure a health protective transition from 

testing strategies based largely upon the analysis of apical endpoints in whole animal systems (e.g., 

tumors, developmental delays) to one that relies heavily upon molecular pathways that reside upstream 

of disease outcomes, the Agency must include plans for the continued use of vertebrate tests within the 

Strategic Plan.   Genetically diverse mammalian systems (e.g., diversity outbred mice) and whole animal 

systems amenable to high-throughput analysis (e.g., zebrafish) are important tools that can add 

significantly to the knowledge base required to make pathway-based approaches relevant and reliable, 

while fulfilling the statutory goal of reducing and refining the use of existing animal methods. 

Non-mammalian animal models, such as D. rerio (zebrafish), can help bridge the gap between traditional 

animal testing and new testing technologies by offering a logical middle ground between biological 

coverage and efficiency of chemical toxicity testing. Features that make them particularly useful for 

rapid evaluation of a chemical’s potential to disrupt biologically complex processes and that are not 

                                                           
16 Rooney AA, Boyles AL, Wolfe MS, Bucher JR, Thayer KA. Environ Health Perspect. 2014 Jul;122(7):711-8. doi: 
10.1289/ehp.1307972. Epub 2014 Apr 18. 
17 Bucher JR. The National Toxicology Program rodent bioassay: designs, interpretations, and scientific 

contributions. Ann NY Acad Sci.2002;982:198–207 
Haseman J, Melnick R, Tomatis L, Huff J. Carcinogenesis bioassays: study duration and biological relevance. Food 
Chem Toxicol. 2001;39:739–744. 
Huff J. Value, validity, and historical development of carcinogenesis studies for predicting and confirming 
carcinogenic risks to humans. In: Kitchin KT, editor. Carcinogenicity Testing, Predicting, and Interpreting Chemical 
Effects. New York: Marcel Dekker; 1999. pp. 21–123. 
Huff J. Chemicals studied and evaluated in long-term carcinogenesis bioassays by both the Ramazzini Foundation 
and the National Toxicology Program: in tribute to Cesare Maltoni and David Rall. Ann NY Acad Sci.2002;982:208–
230.  
18 Huff J, Jacobson MF, Davis DL. The Limits of Two-Year Bioassay Exposure Regimens for Identifying Chemical 
Carcinogens. Environmental Health Perspectives. 2008;116(11):1439-1442 
19 Maltoni C. The contribution of experimental (animal) studies to the control of industrial carcinogenesis. Appl 
Occup Environ Hyg. 1995;10:749–760 
Tomatis L. Identification of carcinogenic agents and primary prevention of cancer. Ann NY Acad Sci. 2006;1076:1–
14 
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currently represented in in vitro/in silico methods include: rapid development through embryonic to 

adult stages, large numbers of offspring, relatively easy access to developing embryos, frequent mating 

events, and relatively low cost of care. These features provide many of the same advantages of high-

throughput in vitro testing (e.g. the ability to relatively quickly test a wide range of concentrations, 

chemical mixtures and chronic exposures) within the context of a whole animal system. The use of non-

mammalian animal model systems to screen for adverse outcomes is already feasible in a high-

throughput manner and has shown promise for modeling human biology and predicting our 

susceptibility to chemical perturbation.20 The Agency should make it a priority in its Strategic Plan to 

integrate non-mammalian animal models into their screening platforms to create a more 

comprehensive yet efficient toxicity screening and assessment approach. 

For biological systems or processes not well represented by in vitro or non-mammalian animal models, 

such as effects on respiratory function, traditional mammalian animal models are still essential to 

determining a chemical’s potential to cause harm to human health. However, animal testing reductions 

can still be achieved through thoughtful and more efficient use of traditional animal models. For 

example, animal models that have been genetically altered to include internal labeling mechanisms (i.e., 

transgenic reporter lines21 can be utilized for fast and automated screening of alterations to biological 

pathways of interest, organ structure and function, and other markers of toxicity. Transgenic reporter 

lines allow for screening the same set of specimens at various stages of development and do not require 

animals to be sacrificed at every time point of interest, decreasing cost and total number of animals 

needed. Additionally, human disease animal models (e.g., polycystic kidney disease, heart disease, 

anemias, and neuronal disease models22) and genetically diverse rodent strains (e.g., the Collaborative 

Cross23 and Diversity Outbred mice24), can be created and used to more accurately assess responses to 

                                                           
20 Garcia, G.R., Noyes, P.D., Tanguay, R.L. (2016). Advancements in zebrafish applications for 21st century 
toxicology. Pharmacology & Therapeutics, 161: 11-21. http://doi.org/10.1016/j.pharmthera.2016.03.009 
21 Boverhof, D.R., Chamberlain, M.P., Elcombe, C.R., Gonzalez, F.J., Heflich, R.H., Jacobs, A.C., … Gollapudi, B.B. 
(2011). Transgenic animal models in toxicology: Historical perspectives and future outlook. Toxicological Sciences, 
121(2):207-233. https://doi.org/10.1093/toxsci/kfr075 
22 Aun, M.V., Bonamichi-Santos, R., Arantes-Costa, F.M., Kalil, J., Giavina-Bianchi, P., 2017. Animal models of 
asthma: utility and limitations. Journal of Asthma and Allergy 10, 293–301. https://doi.org/10.2147/JAA.S121092; 
Kumfu, S., Fucharoen, S., Chattipakorn, S.C., Chattipakorn, N., 2017. Cardiac complications in beta-thalassemia: 
From mice to men. Experimental Biology and Medicine 242, 1126–1135. 
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chemicals across vulnerable groups within a population.  Targeted and strategic use of mammalian 

whole animal systems can provide EPA and the public with needed information to increase protections, 

and that are consistent with the law’s criteria for methods that are reliable, relevant, and of equivalent 

or greater benefit than existing methods. 

A major challenge in using any of these methods to test for chemical toxicity is that different systems 

can react to chemicals in diverse ways.  These differences should not be used to dismiss evidence of 

toxicity, however.  It is possible that one model system can be useful for exploring certain aspects of 

biology while another system would be helpful for other biological functions. More research needs to be 

done on the differences between in vitro and in vivo systems and between different species to better 

understand how they do or do not contribute to differences in toxicity responses. 

Toxicity testing should rely upon the methods that are most protective for human outcomes.  Leveraging 

and combining the strengths of various tools, including mammalian, non-mammalian, in vitro, in silico, 

epidemiologic, and other methods, can increase the speed, accuracy, relevance, and reliability of testing 

large numbers of chemicals for adverse outcomes, ensuring the health of populations for generations to 

come.  Note that using complementary techniques is not the same as replacing them.   

Conclusion 

NRDC appreciates the opportunity to provide comments on Draft Considerations for the Development 

of the Strategic Plan for Developing and Implementing Alternative Test Methods and Strategies to 

Reduce, Refine, or Replace Vertebrate Animal Testing for Chemical Substances or Mixtures. We look 

forward to working with the Agency to help craft public health protective uses of ATMs under the 

amended law and would be pleased to discuss the recommendations articulated in these comments at 

your convenience. 

Sincerely, 

Kristi Pullen Fedinick, Ph.D. 
Natural Resources Defense Council 
 


