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Outline

• What is NGRA?

• Examples of how it could be applied?

• How Protective is this?



The need for non-animal approaches 

Societal Attitudes/Consumer 
Preference

Scientific Relevance Regulatory Change



What is NGRA?

An exposure-led, hypothesis driven risk assessment 
approach that incorporates one or more NAMs to ensure 

that chemical exposures do not cause harm to consumers

Dent et al ., (2018) Comp Tox 7:20-26

What is NGRA?



Paradigm shift for systemic safety - Protection not Prediction

Slide from Dr Rusty Thomas, 
EPA, with thanks
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Safety margin

The hypothesis 
underpinning this type of 

NGRA is that if there is 
no bioactivity observed 

at consumer-relevant 
concentrations, there 

can be no adverse 
health effects. 

Rotroff, et al. Tox.Sci 2010

Thomas RS et al., 2019. Tox Sci. 1;169(2):317-332. 



Framework Approach: The overall goal is a human safety risk 
assessment 

ICCR 9 principles of NGRA



0.1% COUMARIN IN FACE CREAM 

Assumed that:

- Coumarin was 100% pure

- no in vivo data was available such as animal 
data, History of Safe Use (HoSU) info. or 
Clinical data

- no use of animal data in Read Across

- In silico alerts known to be based on animal 
or in vivo data or on the structure of 
Coumarin itself were excluded

Exposure Led

All safety assessments of cosmetic ingredients are exposure-driven: Baltazar et al., (2020) Tox Sci (vol 176: 236–252) 
https://doi.org/10.1093/toxsci/kfaa048

Case Study approach – Human Health Safety 
Assessment required for …

Can we safely use x% of ingredient y in product z?

https://doi.org/10.1093/toxsci/kfaa048


Some key elements in the NGRA toolbox



NGRA for 0.1% coumarin in face cream: exposure estimation

GastroPlus® 
(Simulations Plus)

Total Plasma 
Cmax (µM)

Mean Median
90th 

percentile
95th 

percentile
97.5th 

percentile
99th 

percentile
Face Cream 0.0022 0.0021 0.004 0.0043 0.0046 0.005



NGRA for 0.1% coumarin in face cream: In vitro biological activity 

characterisation: In vitro binding and enzymatic assays: Eurofins 

SafetyScreen44 

Results:

All binding and enzymatic assay 
results were negative at 10 µM

To investigate possible interactions 
between coumarin  and the 44 key targets 

involved in drug attrition



In vitro biological activity characterisation: In vitro cell stress panel 

- Mitochondrial Toxicity: 
MitoSOX, PGC1α, MMP, ATP, 

Glu/Gal

- Oxidative Stress: GSH, ROS, 
SRXN1, NRF2

- DNA damage: pH2AX, p53

- Inflammation: TNFAIP3, ICAM1, 
NFkB p65, IL-1β, IL-8, HMGB1

- ER Stress: PERK, ATF4, CHOP, 
XBP1, BiP, ER Tracker

- Metal Stress: MTF-1, 
Metallothionein

- Osmotic Stress (NFAT5); 

- Heat Shock (HSP70); 

- Hypoxia (HIF1α)

- Cell Health: LDH, 
Phospholipidosis, Steatosis, pH 
rodo indicator, apoptosis 
(caspase-3/7) & necrosis (ToPro-3)

• Cellular stress response assays are useful to characterize non-specific biological
activity which is not mediated via a specific protein/receptor interaction

• Measures a range of biomarkers covering ~10 cell stress pathways

• Single exposure; 8 concentrations; 1h, 6h & 24hr timepoints; HepG2 & NHEK cells

Hatherell et al., 2020, https://doi.org/10.1093/toxsci/kfaa054

Biomarkers
Cell 

type
Stress 

pathway

PoD

(µM)
Effect

Concentration 
dependency 
score (CDS)

ATP (6h)

ATP (24h)

HepG2
cell health

794 (363-977)

617 (282-891)

down

down

0.98

1

Phospholipidosis 
(24h)

HepG2
cell health

759 (437-977) down 0.93

GSH (24h) HepG2 oxidative 
stress

851 (301-
1000)

up 0.92

IL-8 (24h) HepG2 inflammation
912 (575-

1000)
down

0.61

OCR (1h)

OCR (6h)

OCR (24h)

NHEK
mitochondrial 

toxicity

62 (2.6-776)

468 (214-794)

309 (138-
1000)

down

0.6

1

0.52

Reserve capacity 
(1h)

Reserve capacity 
(6h)

Reserve capacity 
(24h)

NHEK
mitochondrial 

toxicity

44 (23-96)

759 (302-
1000)

794 (295-
1000)

down

1

0.9

0.55

https://doi.org/10.1093/toxsci/kfaa054
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In vitro biological activity: High-Throughput Transcriptomics (HTTr)

Results: 

• The MCF7 PoDT were not 
considered to be sufficiently 
robust to derive a MoS

• The lowest PoDT for each 
cell model was selected for 
the MoS calculation

Cell model HepG2 MCF7
HepaRG

2D

Pathway level tests PoDT (µM) (308 pathways) (0 pathways) (17 pathways)

20 pathways with the lowest p 

value Reactome
70 NA 58*

20 pathways with the lowest 

BMD Reactome
44 NA 58*

BMD of Reactome pathway with 

lowest BMD that meets 

significance threshold criteria

31 NA 38

Gene level tests PoDT (µM)
(1570 

genes)

(47 

genes)

(87 

genes)

Mean BMD of 20 genes with 

largest fold change
6 3 54

Mean BMD of genes between 

25th and 75th percentile
17 1 59

• Tempo-Seq

• Human gene panel 
ver1  ~ 21k

• 3 cell lines

Provide screen for biological activity across a broad biological 
coverage 

Reynolds et al. A Bayesian approach for inferring global points of departure from 
transcriptomics data CompTox 2020 https://doi.org/10.1016/j.comtox.2020.100138

https://doi.org/10.1016/j.comtox.2020.100138


Tier 2 refinement: Metabolism prediction and 
activity



Exposure and PoD are plotted and used to derive a Bioactivity-
Exposure Ratio (BER)

PubChe
m

ToxCast Cell Stress Panel HTTr

BER

How can we evaluate this NAM-based approach to 
ensure we can make robust safety decisions that 

are at least as protective as traditional 
approaches



The BER considers various sources 
of uncertainty in translating 
NAMs into a safety decision. These 
include:

Exposure

Clearance

Metabolism

Cmax/AUC

PoD

Cell/tissue 
sensitivity

Biological 
coverage

Time-
dependence

In vitro 
True dose

Integrating Exposure and Bioactivity Data from NAMs to Make Safety 
Decisions 

Bioactivity 
Exposure 

Ratio



How protective are the NAMs?
Example from the Accelerating the Pace of Chemical Risk Assessment (APCRA) initiative
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Of the 448 substances, 89% had a PODNAM,95 that was less than the 
traditional POD (PODtraditional) value.

Bioactivity:exposure ratios (BERs), useful for identification of priority 
substances, demonstrated that high-throughput exposure predictions 
were greater than the PODNAM,95  for 11 substances.



Examples of ongoing or completed case studies for NAM/NGRA 
based risk assessment or prioritisation

Benchmark BER against risk category 
for each exposure scenario

>85 scenarios
Pilot + Full study 46 compounds >22 compounds30 compounds



Summary

• Exposure-led approach to determine protection through a BER (MoS)

• Focus on weight of evidence to show tools can be integrated to make a safety 
decision - requires diverse expertise

• Strength derived from a combination of targeted and broad unbiased tools –
hypothesis led

• NAMs not standard - need to ensure robustness/quality of tools and include 
estimations of uncertainty to aid acceptance

• Utilise NAMs for further targeted follow where required to refine uncertainty e.g. 
metabolism

• Further evaluation, additional case studies internal/ in collaboration eg EPA, CosEU, 
EU-ToxRisk – as well as APCRA

• Dissemination required to progress assessment and build out confidence for 
broader stakeholder community on applicability domains/ remaining gaps 



Acknowledgements

Maria Baltazar, Alistair Middleton, Sophie Cable, Joe Reynolds, Hequn Li , Matthew Dent, 

Predrag Kukic, Paul Carmichael, Beate Nicol, Sharon Scott, Sophie Malcomber, Annabel 

Rigarlsford, Chris Sparham, Trina Barritt, Katarzyna Przybylak, Georgia Reynolds, Sarah 

Hatherell, Richard Cubberley, Carl Westmoreland


