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The need for non-animal safety assessments

Human Relevance
Societal 

Attitudes/Consumer 
Preference

Regulatory Change 
(e.g. EU Cosmetic 

regulation)



3SEAC | Unilever

Unilever approach to systemic toxicity, Framework Approach: The 
overall goal is a human safety risk assessment 
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in vitro and in vivo dose metrics used in NGRA
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Workflow for the application of true dose considerations

Nicol et al. "A workflow to practically 

apply true dose considerations to in 

vitro testing for Next Generation 

Risk 

Assessment." Toxicology (2024)
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In vitro biokinetic considerations included in OECD Guideline
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• Free fraction determination using RED 
assay for ~ 40 chemicals

• 4 different assay media:
HepG2 media
HepaRG media
MCF7 media
human plasma 

Data generation – Assessment of binding/free fraction and stability in in 
vitro assay media
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Physicochemical 
characteristics of chemicals in 
the study;
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Stability results; Mass 
balances observed in the RED 
assay after 24 hours 
incubation
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• Aspartame and Hydralazine: unstable both in plasma 
and media with half-lives of less than 2 h indicating 
rapid chemical degradation. 

• Fenazaquin: incubation plasma in glass or plastic and 
in media in glass vessels full recovery after 24 h; 
however, only 10% of chemical were recovered from 
media incubations in plastic demonstrating that 
plastic binding rather than instability are responsible 
for the observed losses.

• Chlorpyriphos and Cypermethrin: low recoveries under 
all conditions, both instability and plastic binding are 
likely to affect the dose available in an in vitro assay 
experiment.

Follow up stability experiment – to identify instability or plastic binding 
as cause of losses
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Comparison of fraction unbound in 
plasma and fraction unbound in 
three different in vitro assay media 
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Difference between predicted fraction unbound in plasma and 
measured values for the three media types 
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Solubility results; Predicted media solubility
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Application of mass balance distribution modelling to 40 case 
study chemicals –Prediction of steady state mass distribution:

Armitage vs2 model – considering binding, volatility and 
solubility simultaneously

• Can not consider stability

• Only predicts situation at equilibrium, but some kinetic 
processes are very slow (evaporation, precipitation)

• Volatility difficult to predict due to difficulty to define 
headspace (plates are not a closed system)

• Based on simple logP based QSARs with little validation and 
therefore high degree of uncertainty

• Not easily applicable to ionisable chemicals – requires 
adjustment factors which introduce further uncertainty

Can models provide us with all the 
answers?

Left: for 1 µM test concentration
Right: for 1000 µM test concentration
Top: Plastic binding prediction based on QSAR option 1. 
Bottom: Plastic binding prediction based on QSAR option 2.

Armitage et al., (2021)
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Dose confidence 
matrix: overview of 
identified potential 
True Dose challenges 
for test chemicals
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What is the impact on risk assessment?

• Plastic binding: Cmax< Cnominal

• Distribution between cells and media-water:

• Difference in serum binding: for the same total 

concentration. Cfree in vivo < Cfree in vitro

• Active transport: Relationship between free 

intracellular and free extracellular concentration 

assumed to be the same for in vitro and in vivo. ?

In vitro 

distribution

• Volatility: Loss of chemical over time Experimental 

artefacts from cross-contamination. Loss of chemical 

over time. AUCactual < AUCnominal

• Stability: Loss of chemical over time. Composition of 

the dose changes over time. AUCactual < AUCnominal

• Solubility:  Experimental artefacts from chemical 

precipitation. Cmax< Cnominal

In vitro loss 

processes

BER risk 
assessment
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Nicol, Beate, et al. "A workflow to practically apply true dose 

considerations to in vitro testing for Next Generation Risk 

Assessment." Toxicology (2024): 153826.

https://doi.org/10.1016/j.tox.2024.153826 
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