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Overview

 FELS test and need for an alternative strategy

 Focus and output of 2010 and 2012 workshops

 Research strategy for FELS AOP development

 Stimulation of RFPs within Europe and the US



Fathead minnow full life-cycle test

Source: Environment Canada (www.ec.gc.ca/)

Study 

duration:
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Fish early life-stage (FELS) test

 Introduced >30 years ago as an alternative to FFLC

 OECD TG 210 or OCSPP Guideline No. 850.1400

 Primary guideline test for estimating chronic toxicity 

 Frequently used to support ERAs and chemical 

management programs around the world
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Need for an alternative testing strategy

 FELS test design is labor and resource intensive

 Study duration is one to three months

 Requires at least 360 fish, but usually >700 fish

 Typical CRO cost per test is 50-125K USD

 FELS test endpoints provide little MOA information

 Narrow focus on gross morphologic endpoints 

 i.e., survival, percent hatch, body length, etc.

 Chronic NOEC and/or EC10 thresholds not helpful for 

categorizing chemicals by MOA 



Adverse outcomes following toxicant exposure

Source: Nichols et al. (2011)
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Focus of 2010 workshop

 Overall objective

 Identify research gaps and strategies related to 

development of alternatives for chronic fish and 

amphibian toxicity testing

 First half of workshop focused on the FELS test

 Explored potential alternatives to a representative, 

commonly used chronic (long-term) ecotoxicity test

 Two session topics

1) FELS data availability and endpoint evaluation 

2) Use of FELS-specific AOPs to identify potential assays 

for an alternative tiered testing strategy



Key findings and recommendations from 2010

Toxicological Sciences 123(2): 349-358 (2011)



Case 

Source: Volz et al. (2011)

Case Study #1:

TCDD-induced 

cardiotoxicity

Case Study #2:

CPFO-induced

neurotoxicity

Case Study #3:

LAS-induced

gill toxicity



Three-tiered testing strategy proposed in 2011

Source: Volz et al. (2011)

Tier 1.1 Tier 1.2 Tier 1.3 Tier 1.n



Focus of follow-up workshop in 2012

 Key conclusion from our 2011 paper

 Initial screening tier must be expanded to a broad 

range, or battery, of toxicologically relevant AOPs

 Entire workshop focused on FELS AOPs

 Primary objective

 Identify and discuss the scope and breadth of potential 

AOPs during early fish development

 Expected outcome

 Provide the first critical step for development of an 

alternative testing strategy for the FELS test



Key findings and recommendations from 2012



Research strategy for FELS AOP development

Step 1: Define scope and purpose of FELS AOP effort

Step 2: Build conceptual model and identify key events

Step 3: Prioritize which FELS AOPs should be developed

Step 4: Construct high-priority FELS AOPs using existing data

Step 5: Identify and fill gaps with additional testing and data

Step 6: Evaluate and catalog FELS AOPs in knowledge-base
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Step 2.1 – Build conceptual model

Source: 

Villeneuve et al. 

(2014)

Zebrafish 

embryogenesis



Step 2.2 – Identify key biological events 

Criteria for identification of a ‘key event’ (e.g., cardiac looping)

Criterion #1: 

Observable and measurable

Criterion #2: 

Required for normal growth and survival

Source: Bakkers (2011) Source: Fish et al. (2011)



Step 3 – Prioritize FELS AOPs

Adverse outcome directly 

observable in FET?

Key event(s) directly 

observable in FET?

• Screen with OFET (e.g., HCS assay)

• Low priority for AOP development

• Screen with OFET (e.g., HCS assay)

• High priority for AOP development

• Link observable key event to AO

• Screen with HTS in vitro assay

• High priority for AOP development

• Link in vitro key event to AO
Source: Villeneuve et al. (2014)
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NO
FET = Fish Embryo Acute Toxicity Test (OECD TG 236)

OFET = Optimized FET



Step 4 – Construct FELS AOPs using existing data

FELS AOP for AHR activation

Source: Antkiewicz et al. (2006) Source: Antkiewicz et al. (2005) Source: Antkiewicz et al. (2005) Source: Henry et al. (1997)



Conserved signaling pathways during development

SIGNALING PATHWAY
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Source: Villeneuve et al. (2014)



Step 5 – Identify/fill gaps with additional data

17 conserved 

signaling pathways 

during vertebrate 

development

(NRC, 2000)

Key events captured

in vivo using 

targeted high-

content zebrafish

embryo assays

High-throughput and high-content in vitro assays

Targeted receptor- or cell-based assays 

High-content embryo-

based in vivo assays

Integrated in vitro and in vivo battery of targeted assays

Hypothesized FELS AOPs

Key events not 

captured in vivo 

using targeted high-

content zebrafish

embryo assays

Source: Villeneuve et al. (2014)



Research strategy moving forward

 Short-term (3-5 years)

1) Expand and disseminate a conceptual model of normal 

fish development

2) Identify ‘low-hanging fruit’ based on toxicological 

relevance and immediate regulatory needs

3) Optimize targeted assays for these high-priority AOPs

4) Characterize Phase I/II biotransformation in fish embryos

 Long-term (5-10 years)

1) Optimize targeted assays for lower-priority AOPs

2) Develop quantitative FELS AOPs using reference chemicals
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