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Background and Aims

Middleton et al. 2022

DART being a major endpoint that 
historically relies heavily on animal 

testing 

https://academic.oup.com/toxsci/article/189/1/124/6641985
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DART NGRA Framework

~80% coverage of key stages 
and processes of human 
development and 
reproduction*

Rajagopal et al., 2022

* Not including differentiated hiPSCs 
and H295R cells

Tier 1

Tier 0

https://www.frontiersin.org/articles/10.3389/ftox.2022.838466/full
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• 37 compounds 

• High Risk, Low Risk and 
Uncertain Risk- exposure 
scenarios 

Examples: 

Methods

Chemical Exposure Scenario Dose
Risk 

Classification
Reason

Theophylline Black Tea 0.14 mg Low Estimated daily intake USA (NIH)

Theophylline Pharmaceutical 800 mg High
Only use during pregnancy if the potential benefit 
justifies the potential risk to the fetus (FDA, EMA)

Thalidomide Pharmaceutical 50 mg High Contraindicated in pregnancy (FDA, EMA)

Methotrexate Pharmaceutical 10 mg High Contraindiacted in pregnancy (FDA, EMA)

Paraquat Dietary Residues 0.27 mg Low ADI (EFSA)

2-methylresorcinol Hair Colourant 1.5 mg Low Favourable MoS (SCCS)
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Methods

Tier 0- in silico predictions 

• Derek Nexus (34 endpoints related to systemic tox and DART)

• OPERA:

✓  OPERA_CoMPARA_Androgen_Receptor 

✓OPERA CERAPP Estrogen_Receptor 

• OECD QSAR Toolbox:

✓DART scheme (P&G alerts)

•  VEGA:

✓VEGA_DEVTOX_PG 

✓VEGA_ ANDROGEN_COMPARA 

✓VEGA_ESTROGEN_CERAPP 
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Methods

Bioactivity Exposure Ratio (BER) = 
𝐿𝑜𝑤𝑒𝑠𝑡 𝑏𝑖𝑜𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑃𝑂𝐷

𝐼𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑖𝑛 𝑣𝑖𝑣𝑜 𝑒𝑥𝑝𝑜𝑠𝑢𝑟𝑒 (𝐶𝑚𝑎𝑥)
(uM)

 

Tier 1- exposure estimates Tier 1- Bioactivity Characterisation 

Estimation of systemic exposure to a 
compound through physiologically-based 

kinetic modelling or  clinical data
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Results- Tier 0 

DART Hazard Flag No DART Hazard Flag
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Results- Tier 1 

DART targeted 

Broad
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Results- Tier 1 

Warfarin- Oral 5mg/day (Drug) 

Thalidomide- Oral 50mg (Drug) 

2-methylresorcinol- Dermal 

Non- Pregnant Adult Pregnant Fetus
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• Conservative approach and framework is a good starting point for
a protective NGRA for DART

• Additional testing of more substances with different MoAs (DNT
and thyroid)

• Advanced more physiologically-relevant models are needed for
refinement (e.g. placenta transfer).

• Better understanding of pregnant and foetal exposures 

• Expansion of in silico tools for predicting additional endpoints 
(e.g. thyroid)

• Uncertainty calculations and models for decision making 

• Expansion of biological coverage understanding 

Conclusion and Next Steps
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