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Importance of Assessing Developmental Neurotoxicity (DNT)
• Increase in prevalence of developmental disorders in the US 

and globally 
– WHO: 1 in 6 kids diagnosed 

• In vivo DNT Guideline studies primary method of evaluation 
– Require an a priori trigger to be run 

– Time & resource intensive 

– Relevance of animal studies for human translation have been 
questioned 

• Compounds with unknown DNT and NT potential remain 
untested

* Centers for Disease Control and Prevention (CDC) 
prevalence estimates are for 4 years prior to the report date 
(e.g. 2018 figures are from 2014)

Autism Spectrum Disorder
Estimated Autism Prevalence 2018

Source: autismspeaks.org, “CDC increases estimate of 
autism’s prevalence by 15 percent, to 1 in 59 children”
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Regulatory Focus on Developing New Frameworks
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Bal-Price et al., 2018 ALTEX

Battery of test: 12 in vitro assays + Zebrafish 

3D Neurospheres

2D assays

Zebrafish

136 compounds

Behavior 5

91 + 115 
compounds



Stakeholder Nominated Chemical Library

Selection Criteria
• Evidence of DNT in vivo 
• Known human exposure 
• Guideline study complete, lacking in vitro 
• Suggested by multiple stakeholders 
• Incomplete in vitro battery data
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Phase I chemicals  
https://www.niehs.nih.gov/research/atniehs/assets/docs/developmental_neurotoxicity_screening_assay_chemical_list_508.pdf

Currently tested in the battery in the individual 
labs, to be finalized in early fall

Phase 1: 115 chemical set 

Phase 2: Chemical nominations received, selection is ongoing 



Integrated Approach to Testing and Assessment (IATA) for DNT

Bal-Price et al., 2018 ALTEX

To inform on the testing battery, its usage and 
interpretation. Case studies exemplifying 
different regulatory need e.g., prioritization, 
hazard assessment

FIFRA review
NAMs for DNT

Guidance Document

Expert Group on DNT

2021- EPA Uses
NAMs for DNT to 
support waiving a 

guideline DNT study

Dobrenieck  et al., 2022  
Regulatory Toxicology and Pharmacology 7

Crofton and Mundy 2020



Application 
Case study led by DNTP 

• To be included in the OECD Guidance document on the use and interpretation of DNT battery for 
the aromatic OPFR 

• Intended to provide an example for the use and application of the DNT battery for prioritization of 
a class of compounds 

• Help inform organizations who are evaluating NAMs for use in prioritization and ultimately 
decision-making

Phased-out (BDE) or Extensively used (and studied): 2
Aromatic phosphates (non-halogenated): 6

Aliphatic organohalogens: 2 8



Compare activity of compounds within an assay
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Compare activity of compounds/classes across multiple assays

Individual dose-response curves Plate and well level information Control variability in assay
https://sandbox.ntp.niehs.nih.gov/neurotox/

DNT - Data Integration and Visualization Enabling Resource
What can you do in DNT-DIVER?

9

https://sandbox.ntp.niehs.nih.gov/neurotox/


Summary of Findings

1) Overall, as a class the aromatic 
OPFRs appear to be active in a 
variety of DNT assays 

2) Show comparable activity to 
other classes



Sources of Uncertainty

1) Lack of testing across assays 
(TDCIPP) 

2) Lack of concordance within assays 
(neurite outgrowth, migration) 
• Concentrations, models, 

exposure time  
3) Number of hits (TCEP)



Relevance to Human Exposures
Novel Substitutes

Extensively used/ phased-out

Novel Substitutes

Updated figure from 
Blum et al., 2019, Environ. Sci. Technol. 

1. Novel substitutes have comparable in vitro 
activity to older FRs 

2. In vitro activity within order of magnitude of 
in vivo POD (when known) 

3. In vivo MRL lies within range of human 
exposure for TDCIPP (limited exposure 
data for novel compounds)



Consideration for Further Development of AOP

Example of using KEs + 
underlying mechanistic data in 

the absence of MIEs
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Patisaul et al., 2021 EHE



Conclusions Case Study

• Overall, evidence available and the approach taken in this IATA case study allowed to achieve 
an acceptable level of certainty in prioritization of compounds for further testing 

• It also allowed for DNT hazard identification and characterization of the OPFRs which was one 
of the purposes of the assessment  

• The analysis could likely be used by organizations like the CPSC to prioritize compounds for 
further testing and use the mechanistic data generated here as weight of evidence
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Future Directions for the DNT IVB
• Reduce uncertainty levels 

o Anchor data to AOPs 

o Confirm IVIVE models with in vivo data 

o Harmonization of protocols  

o Transferability of assays 

o Understand bioavailability in the different assays  

• Explore ways of weighting the different assays 

o How many assays need to be positive for different regulatory purposes?  

o Should assays with higher biological activity be given more weight?  

• Develop assays for key events currently missing 

o E.g., Myelination, differentiation and proliferation of astrocytes and microglia, ontogeny of 
neurotransmitters and receptors   
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Additional Ongoing and Future Work by DNT-HEI

• Assay development and enhancement in vitro and in vivo 

• Incorporating testing of mixtures in the DNT IVB (collaboration with Combined Exposures 

and Mixtures Program) 

• Further develop the IATA FR case study to build AOPs  

• Develop additional case studies in collaboration with EPA 

• Support the development of an EFSA data base with in vivo DNT studies  

• Explore computational tools for: 

o PBPK (placenta model and young children) 

o IVIVE/IVIVC 

• Prioritize chemicals for further testing 

• Population variability and susceptibility
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The DNT HEI and NICEATM Groups
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