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Can we use a new ingredient safely?

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

Risk = Hazard x Exposure
https://www.omo.com/br/sem-testes-em-animais.html



Assuring consumer safety without animal testing:
maximising use of existing information and animal-free approaches

• All available safety data (of suitable quality)
• public domain, historical in-house data, supplier data etc 

• chemistry data, in vitro data, clinical data, epidemiological data, animal toxicology data etc

• Exposure-based waiving approaches (e.g. toxicological threshold of concern)

• History of safe use

• In silico predictions

• Read across

• Use of existing in vitro data and approaches 

• Next Generation Risk Assessment (NGRA)



Next Generation Risk assessment (NGRA)

What is NGRA?

• Using new tools and approaches (NAMs – New Approach
Methods) to build a risk assessment to enable decisions to be
made

• An exposure-led risk assessment solution to biological pathway-
indicated hazard concerns

Exposure led Mechanistic Hypothesis driven
Dent et al . Principles underpinning the use of new methodologies in the risk assessment of cosmetic ingredients. Comp Tox 7:20-26, 2018.



NGRA: Using relevant methods to test hypotheses

OECD test methods

Skin and eye irritation Phototoxicity Genotoxicity

Skin sensitisation

36 biomarkers identified that were 
representative of key stress pathways, 
mitochondrial toxicity and cell health.

Image kindly provided by 
Paul Walker (Cyprotex)

Cellular stress

Hatherell et al (2020), Toxicological Sciences, 176, 11-33

Receptor-binding assays

DNA Damage
P53 Binding

Oxidative Stress
Protein Damage

Mechanism based 
gentox assessment

High throughput 
transcriptomics

New Approach Methods (NAMs)

Advanced cell systems 
and microtissues

Established Methods

In silico tools

ToxTree



Case study examples

1) Systemic effects

2) Local effect - skin sensitisation



Case study: hypothetical example for 0.1% coumarin in face cream

Baltazar et al . (2020) A Next-Generation Risk Assessment Case Study for 
Coumarin in Cosmetic Products. Toxicological Sciences, 176, 236-252

Assumptions:

- EU Market

- 100% purity

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

0.1% COUMARIN IN FACE CREAM 

(NEW FRAGRANCE)

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


Next-Generation Risk Assessment case study workflow for 
0.1% coumarin in face cream

Baltazar et al., Toxicological Sciences, Volume 176, Issue 1, July 2020, Pages 236–252  
https://doi.org/10.1093/toxsci/kfaa048

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


STEP ONE

Exposure information and collation 
of existing information



NGRA for 0.1% coumarin in face cream: exposure estimation

Parameter Face cream

Amount of product used per day (g/day) using 90th 

percentile
1.54

Frequency of use 2 times/day

Amount of product in contact with skin per occasion (mg) 770

Ingredient inclusion level 0.1%

Skin surface area (cm2) 565

Exposure duration per occasion 12 hours

Amount of ingredient in contact with skin per occasion (mg) 0.77

Local dermal exposure per occasion (µg/cm2) 2.73

Systemic exposure per day (mg/kg) 0.02

Assessment is 
exposure-led and uses 
available habits and 
practices data



NGRA for 0.1% coumarin in face cream: exposure estimation- Internal 

concentration using PBK modelling - Model Inputs

Moxon et al., (2020). Application of physiologically based kinetic (PBK) modelling in the next generation risk assessment of dermally applied 
consumer products. Toxicology in Vitro Volume 63 

Use in silico parameters 
for modelling

GastroPlus® 
(Simulations Plus)

Sensitivity analysis

Experimental 
Refinement

Skin absorption study

Exposure distribution 



NGRA for 0.1% coumarin in face cream: in silico predictions

• Coumarin might bind to proteins- MIE for induction of skin sensitisation

• DNA binding alert + epoxide formation MIE for genotoxicity

• Reactive metabolites might be formed with alerts for both genotoxicity 
and skin sensitisation

• No binding alerts for the 39 targets in MIE atlas

Initial Hypothesis 

Generation of hypothesis for potential Molecular 
Initiating events –ToxTree, MIE ATLAS*, OECD toolbox

*Allen THE et al., 2018. Using 2D Structural Alerts to Define Chemical Categories for Molecular Initiating Events. Toxicol Sci. 2018 Sep 1;165(1):213-223

Next case study



NGRA for 0.1% coumarin in face cream: in vitro existing information

Identification of potential biological targets – PubChem and ToxCast

Only few active assays among multiple assays (≈ 5000)

Coumarin inhibited both Monoamine oxidases and Carbonic anhydrases
at concentrations between 3 - 40 µM

The AC50 from dose-response curves was used a 
PoD for MoS calculation

*AC50= activity concentration at 50% of maximal activity 



▪ Total plasma Cmax values 
obtained from PBK model: 0.002 
µM (mean), 0.005 µM (99th

percentile)
▪ Stability assays indicated 

coumarin rapidly metabolized 
mainly via CYP2A6

Exposure 
Estimation 

NGRA for 0.1% coumarin in face cream: exposure estimation

▪ Genotoxicity and skin 
sensitisation alerts for parent 
compound

▪ Hydroxylation predicted as 
main route of 
biotransformation

▪ Reactive metabolites (e.g. 
epoxides) predicted.

▪ Low bioactivity in ToxCast and 
Pubchem: binding to Carbonic 
Anhydrases and MAO-A/B 
reported

▪ Lowest PoD was 3 µM for 
carbonic anhydrase I (Figure 7)

Collate 

Existing 

Information



STEP TWO

In vitro biological activity 
characterisation



Next-Generation Risk Assessment case study workflow for 0.1% coumarin 
in face cream



NGRA for 0.1% coumarin in face cream: In vitro biological activity 
characterisation: Genotoxicity assessment: ToxTracker 

Initial hypothesis:

• DNA binding alerts 
for coumarin and 
metabolites

Results:

• ToxTracker negative

• Reactive coumarin metabolite(s) could induce DNA lesions secondary to 
oxidative stress



NGRA for 0.1% coumarin in face cream: biological activity characterisation
In vitro binding and enzymatic assays – Eurofins SafetyScreen44 

Results:

No significant activity was observed for 
all binding and enzymatic assay results

To investigate possible interactions 
between coumarin  and the 44 key targets 

involved in drug attrition

(G protein-coupled receptor)



NGRA for 0.1% coumarin in face cream: biological activity characterisation:           

Immunomodulatory screening assay - BioMap Diversity 8 Panel 

https://www.discoverx.com/services/drug-discovery-development-services/primary-cell-phenotypic-profiling/diversity-plus

To investigate possible effects on vascular 
inflammation, immune activation and 

tissue remodelling

Data suggested that 
coumarin has no 

immunomodulatory 
effects at relevant 

concentrations and is not 
an anti-inflammatory 

compound

https://www.discoverx.com/services/drug-discovery-development-services/primary-cell-phenotypic-profiling/diversity-plus


NGRA for 0.1% coumarin in face cream: biological activity characterisation

In vitro cell stress panel 

Results:

Coumarin not very active 
in comparison to known 
“high risk compounds” 
like doxorubicin

• PoDs shown for HepG2 
only

Hatherell et al. Identifying and characterizing stress pathways of concern for consumer safety in next generation risk assessment. Tox. Sci., v. 176, p. 11-33, 2020.



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

characterisation:   

High-Throughput Transcriptomics (HTTr) using TempO-SEQ technology 

Transcriptomics was applied as a broad non-targeted biological screen

Differential expression analysis 
using DESeq2 analysis 

Results:

Across the cell lines, treatment 
with coumarin resulted in limited 

gene-expression changes at 
concentrations below 100 µM, 

suggesting limited cellular 
effects at lower concentrations



▪ Total plasma Cmax values 
obtained from PBK model: 0.002 
µM (mean), 0.005 µM (99th 
percentile)

▪ Stability assays indicated 
coumarin rapidly metabolized 
mainly via CYP2A6

Exposure 
Estimation 

NGRA for 0.1% coumarin in face cream: Key results

▪ Genotoxicity and protein binding 
alerts for parent compound

▪ Hydroxylation predicted as main 
route of biotransformation

▪ Reactive metabolites (e.g. epoxides) 
predicted.

▪ Low bioactivity in ToxCast and 
Pubchem: binding to Carbonic 
Anhydrases and MAO-A/B reported

▪ Lowest PoD was 3 µM for carbonic 
anhydrase I (Figure 7)

Collate 

Existing 

Information

In Vitro 
Biological

Activity
Characterisation

▪ ToxTracker negative; weak 
activation of DNA damage 
reporters (only +S9)

▪ No immunomodulation 
potential

▪ Low bioactivity confirmed 
by binding/enzymatic 
assays, HTTr and cell stress 
panel.

▪ PoD range: 6-912 µM



STEP THREE

Margin of Safety



Margin of Safety
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NGRA for 0.1% coumarin in face cream: Preliminary Margin of Safety 

Based on total concentrations for both Cmax and PoDs

• The lowest MoS  across all assays was derived using the PoD (represented by Ki) for the 
inhibition of carbonic anhydrase I 

• All PoD are higher than predicted exposure

Technology
Cell line/

Enzyme/Biomarker

Face cream 
Min. 5th 

percentile MoS

PoD provided 
as 

distribution?

Cell stress panel HepG2 (ATP, 24h) 96738 Yes
Cell stress panel NHEK (OCR 1h) 1330 Yes
HTTr HepG2 (24h) 7223 No
HTTr HepaRG (24h) 8864 No
Toxcast MAO B (rat brain) 3711 No

PubChem Carbonic Anhydrase Type I 706 No

PubChem Carbonic Anhydrase Type II 2140 No

PubChem Carbonic Anhydrase Type VI 14652 No



▪ Total plasma Cmax values 
obtained from PBK model: 0.002 
µM (mean), 0.005 µM (99th 
percentile)

▪ Stability assays indicated 
coumarin rapidly metabolized 
mainly via CYP2A6

Exposure 
Estimation 

NGRA for 0.1% coumarin in face cream: Key results

▪ Genotoxicity and protein binding 
alerts for parent compound

▪ Hydroxylation predicted as main 
route of biotransformation

▪ Reactive metabolites (e.g. epoxides) 
predicted.

▪ 90-100% coumarin predicted to be 
freely available in vitro

▪ Low bioactivity in ToxCast and 
Pubchem: binding to Carbonic 
Anhydrases and MAO-A/B reported

▪ Lowest PoD was 3 µM for carbonic 
anhydrase I (Figure 7)

Collate 

Existing 

Information

In Vitro Biological
Activity

Characterisation

Preliminary MoS

706 - 96738

Determine 
Margin of 

Safety

▪ ToxTracker negative; weak 
activation of DNA damage 
reporters (only +S9)

▪ No immunomodulation 
potential

▪ Low bioactivity confirmed 
by binding/enzymatic 
assays, HTTr and cell stress 
panel.

▪ PoD range: 6-912 µM

▪ Potential metabolite-
driven bioactivity not 
addressed



NGRA for 0.1% coumarin in face cream: Next steps for refinement

1. Coumarin metabolism in primary human hepatocytes - investigation of metabolites formed in 

human in vitro liver models

2. Short and long-term exposure in 3D tissues - longer exposure durations in a 3D HepaRG model with 

potentially higher metabolic capacity and in vivo-like physiology than HepG2 cells



NGRA for 0.1% coumarin in face cream: Coumarin metabolism in primary 
human hepatocytes

Metabolism study to investigate if reactive metabolites are likely to be formed at 
consumer relevant concentrations

Coumarin’s proposed metabolic pathway based on the in vitro experiments.

Results: 

• Coumarin is preferentially 
detoxified to hydroxycoumarins 
and respective glucuronides

• Reactive metabolites such as 
the epoxide, o-HPAA and o-HPA 
were only detected at the 
highest concentration (1mM)

• Not expected to be formed in 
vivo for our consumer exposure 
scenario

Epoxide

Hydroxycoumarins

o-HPAo-HPAA



NGRA for 0.1% coumarin in face cream: Short and long-term exposure in 
3D tissues

To increase our confidence in the initial PoDs from the 2D cell models

Technology
Cell line/

Enzyme/Biomarker

Face cream 
Min. 5th 

percentile MoS

PoD provided 
as 

distribution?

Cell stress panel HepG2 (ATP, 24h) 96738 Yes
Cell stress panel NHEK (OCR 1h) 1330 Yes
HTTr HepG2 (24h) 7223 No
HTTr HepaRG (24h) 8864 No
Toxcast MAO B (rat brain) 3711 No

PubChem
Carbonic Anhydrase Type 
I

706 No

PubChem
Carbonic Anhydrase Type 
II

2140 No

PubChem
Carbonic Anhydrase Type 
VI

14652 No

Cell stress panel
HepaRG_3D
(cell mem perm 168h)

9601
Yes

HTTr HepaRG_3D_24h 9538 No



▪ Plasma Cmax obtained (range 
0.002- 0.02 µM) from PBK models 
(Table 2)

▪ Stability assays indicated 
coumarin rapidly metabolized 
mainly via CYP2A6

Exposure 
Estimation 

NGRA for 0.1% coumarin in face cream: Key results

▪ Genotoxicity and protein binding 
alerts for parent compound

▪ Hydroxylation predicted as main 
route of biotransformation

▪ Reactive metabolites (e.g. epoxides) 
predicted.

▪ 90-100% coumarin predicted to be 
freely available in vitro

▪ Low bioactivity in ToxCast and 
Pubchem: binding to Carbonic 
Anhydrases and MAO-A/B reported

▪ Lowest PoD was 3 µM for carbonic 
anhydrase I (Figure 7)

Collate 

Existing 

Information

▪ ToxTracker negative; 
weak activation of DNA 
damage reporters (only 
+S9)

▪ No immunomodulation 
potential

▪ Low bioactivity 
confirmed by 
binding/enzymatic 
assays, HTTr and cell 
stress panel.

▪ PoD range: 6-912 µM
▪ Potential metabolite-

driven bioactivity not 
addressed

In Vitro 
Biological

Activity
Characterisation

▪ Hydroxylation 
confirmed as main 
route of 
biotransformation at 
10 µM 

▪ Reactive metabolites 
not formed at 
consumer relevant 
exposures

▪ Low bioactivity also 
found in a metabolic 
competent cell model 
(HepaRG 3D)

▪ PoDs range: 41-871 
µM (Table 4 and 5).

Metabolism 
refinement

Updated MoS

9538- 9601

Preliminary 
MoS

706 - 96738

Determine 
Margin of 

Safety



NGRA for 0.1% coumarin in face cream: Risk assessment conclusion

• The predicted Cmax values for face cream were lower than all PoDs with a MoS 
(the 5th percentile) higher than 100

• Coumarin is not genotoxic, does not bind to any of the 44 targets and does 
not show any immunomodulatory effects at consumer relevant exposures

• Weight of evidence suggests that the inclusion of 0.1% coumarin in face 
cream is low risk for the consumer



Case study examples

1) Systemic effects

2) Local effect - skin sensitisation



Case study: hypothetical example for 0.1% coumarin in face cream

Reynolds et al. (2021). A hypothetical skin sensitisation next generation risk 
assessment for coumarin in cosmetic products. Reg. Tox. Pharm., 127, 2021.

Assumptions:

- EU Market

- 100% purity

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

0.1% COUMARIN IN FACE CREAM 

(NEW FRAGRANCE)



NGRA for 0.1% coumarin in face cream: biological activity characterisation 
In vitro skin sensitisation assessment

OECD (2014), The Adverse Outcome Pathway for Skin Sensitisation Initiated 
by Covalent Binding to Proteins, OECD Series on Testing and Assessment, 
No. 168, OECD Publishing, Paris, https://doi.org/10.1787/9789264221444-en.

Initial hypothesis:

• Protein binding alerts for coumarin and metabolites

Allergic 
contact 

dermatitis

https://doi.org/10.1787/9789264221444-en


Step 1: Generation of in vitro results for Coumarin

DPRA 
(TG442C)

KeratinoSens
(TG 442D)

h-CLAT 
(TG 442E)

U-SENS 
(TG 442E)

Call -ve +ve +ve +ve

Model 
Input

%cys
depletion

%lys
depletion

EC1.5 (µM)
CD54 
(EC200 
µg/mL) 

CD86 
(EC150 
µg/mL) 

CD86 
(EC150 
µg/mL) 

Results
1.3 0 187.5 <178 >637 95.5

Initial results:

• Coumarin is a 
skin sensitiser 

• Likely to be due 
to metabolites  
(-ve DPRA )

NGRA for 0.1% coumarin in face cream: biological activity characterisation 
In vitro skin sensitisation assessment



Step 2. Generation of PoD for risk assessment- Skin allergy risk 
assessment (SARA) Defined approach (DA)

• The SARA DA is a Bayesian probabilistic model, which estimates the human sensitiser potency

via a prediction of a HRIPT 1% sensitising dose (ED01) (i.e PoD) for a selected chemical.

Reynolds et al. Probabilistic prediction of human skin sensitiser potency for use in next generation risk assessment. Computational 
Toxicology, v. 9, p. 36-49, 2019. 

❖ Historical Local lymph node assay (LLNA)

❖ Historical Human repeated insult patch test (HRIPT)

❖ In vitro data: DPRA (TG442C), KeratinoSens (TG 442D),

h-CLAT (TG 442E), U-SENS (TG 442E)

❖ First publication dataset of 30 chemicals – expanded

to 53 core + 49 in vitro only

SARA Model Inputs

NGRA for 0.1% coumarin in face cream: biological activity characterisation 
In vitro skin sensitisation assessment

• The SARA Model uses a database of public NAM
data covering AOP KEs 1-3, and historic LLNA and
HRIPT data for the AOP AO.

• The SARA model uses Bayesian statistics to infer a
probability that a consumer exposure to some
chemical can be considered low risk, to inform
risk assessment decisions.



Step 2: PoD for risk assessment

The ED01 for coumarin has a 
ranging from 420 –260,000 µg/cm2

Results:

• Exposure is much 
lower than the 
predicted ED01

• Low risk conclusion

NGRA for 0.1% coumarin in face cream: biological activity characterisation 
In vitro skin sensitisation assessment

Local dermal exposure 
(2.7 µg/cm2)



Concluding remarks

• NGRA is a framework of non-standard, bespoke data-generation, driven by 
the risk assessment questions

• Exposure led

• Human relevant

• in silico

• in vitro

• weight of evidence

• Margin of safety is determined by the ratio of  human exposure to the point 
of departure for the most sensitive assay

• NGRA tools are available now and research into more approaches continues



Recordings of past webinars are available:

https://www.afsacollaboration.org/event/

Invitation:
Bianca Marigliani, an AFSA partner, will present the AFSA E&T Platform,

27th May, 14:40 (sala D):
“Animal-Free Safety Assessment of Cosmetics: a global education and training program”
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