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• To evaluate the performance of this battery of in vitro assays, we must first 
establish a set of DNT reference chemicals.
‒ DNT positive compounds were vetted in Mundy et. al. (2015)
‒ DNT negative compounds have not yet been vetted.

Therefore, the aim of this study is to develop a curated list 
of negative DNT reference chemicals.
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• Epidemiological. studies have indicated that developmental exposure to
environmental chemicals is associated with developmental disorders

• With > 30,000 chemicals in commerce, < 200 chemicals have been tested in
EPA and/or OECD guideline DNT studies.

• Current guideline developmental neurotoxicity (DNT) studies are costly, time-
consuming, use large numbers of animals and are subject to methodological
and scientific uncertainties.

• Only 12 recognized human developmental neurotoxicants. (Grandjean and Landrigan,
2014)

Developmental Neurotoxicity (DNT) guideline studies 

• To address this gap, a suite of DNT NAMs has been proposed for
screening and prioritization.

New approach methodologies (NAMs)

High Content Imaging
Proliferation Neurite Outgrowth Synaptogenesis Apoptosis

Network Formation Assay

• True Negative Rate (specificity) = 
True negatives/Known Negatives

• True Positive Rate (sensitivity) = 
True positives/ Known Positives

Evaluating the performance of the DNT-NAMs using 
sensitivity and specificity

“Truth” or “What is known” 

Known negatives Known positives

Results 
from an 
in vitro 
NAM

Negatives  True negatives False negatives

Positives False positives True positives 

Problem: a curated list of negative DNT reference compounds 
does not currently exist 

12 “positive” developmental 
neurotoxicants

Deliverables

Workflow for the identification of negative DNT reference compounds

Conclusion

Almost 90% of the compounds had “favorable” or “conditionally 
favorable” profile

Identified caveats for "conditionally favorable" compounds

Favorable compounds are not more likely to be U.S. FDA 
pregnancy category A or B

• A set of 38 candidate negative compounds were evaluated using the Abstract Sifter Excel-based application to identify relevant studies which were then reviewed by a panel of experts.
• The panel determined that 8 out of 38 compounds could be categorized as “favorable” negative DNT reference compounds, whereas 6 compounds were categorized as “not favorable”

for use in a DNT reference chemical set. 24 compounds were determined to be “conditionally favorable” given that one or more caveats were identified.
• This reference chemical set may be customized to support performance evaluation of specific DNT NAMs, depending on the assay principle and key processes included. Further, this

work suggests that additional approaches to DNT NAM performance evaluation may be required.

All compounds that had one or more caveat in 
groups 2 and/or 3 also had caveat(s) in group 1

A complete lack of data (caveat F) was the most identified caveat for “conditionally favorable” compounds

Category definition

Favorable
Compounds in this category have convincing evidence for 
a lack of developmental neurotoxicity (DNT). If there are 

caveats, they are considered minor.

Conditionally 
favorable

Compounds in this category may be used as negative 
DNT reference compounds as there was no clear 

evidence that they cause DNT in vivo. However, caveats 
such as lack of (or conflicting) data, experimental design 
challenges, and/or chemistry/toxicokinetic uncertainties 

should be duly considered

Not favorable These compounds have evidence that indicates they may 
have potential effects on the developing nervous system.
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Neuroactive:
Yes No

Favorable 4 4
Conditionally 

favorable 15 10

Not favorable 4 1

U.S. FDA Pregnancy Category
Determination A B C D X

Favorable 1 0 4 0 0
Conditionally 

favorable 0 9 2 2 0
Not favorable 0 0 2 0 2

Caveats
Compound Name A B R C D E F G H I J K L M N O

An
tib
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s

Amoxicillin 
Ampicillin 
Erythromycin 
Penicillin VK 
Sulfisoxazole 
Tetracycline 

D
ru

gs

Aspirin 
Buspirone
Captopril 
Chlorpheniramine maleate 
Doxylamine succinate 
Famotidine 
Fluconazole 
Loperamide 
Metformin 

Food Sodium benzoate 
Metal Bismuth 

O
th

er

Anthracene 
Cotinine 
D-Glucitol 
Diethylene glycol
Galactosamine hydrochloride
Phenol 

Pesti-
cide

Chloramben 
Glyphosate 

Neuroactive compounds are less likely to be categorized as 
favorable
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