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Outline

 Unilever’s approach: science-based safety

 Overview of  Unilever’s NGRA Framework for DART

 Biological coverage of the NGRA Framework for DART

 Next steps, case studies / fit for purpose validation



Unilever Policy & Approach
Safe & Sustainable Products without Animal Testing

• Every Unilever product must be safe 
for people and our environment

• Non-animal testing to assess 
ingredient & product safety – there 
are a wide range of non-animal 
alternatives grounded in modern 
science and new technology

What we believe How we do it

40+ years of developing 
non-animal safety 
science

70+ collaborations

600+ publications
https://tt21c.org



Using 21st century science to assure safety – NGRA

The hypothesis underpinning 
NGRA is that if no bioactivity is 

observed at consumer-relevant 
concentrations, there can be no 

adverse health effects. 

At no point does NGRA attempt 
to predict the results of high 

dose toxicology studies in 
animals.

NGRA uses new exposure 
science and understanding of 

human biology.
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How PODs from NAMs compare to PODs coming from animal studies
-including chronic, developmental/reproductive studies

“The primary conclusion of our work is that for
89% of the chemicals in this case study, the HTS
approach to derivation of a PODNAM, 95 for
screening and prioritization purposes
produced a value less than or equal to the
PODtraditional from in vivo toxicology studies.”

Toxicol Sci, Volume 173, Issue 1, January 2020, Pages 202–225, 
https://doi.org/10.1093/toxsci/kfz201

448 chemicals



Unilever’s Framework for NGRA DART



Unilever’s NGRA Framework for DART – tiered approach

Rajagopal et al., Front. Toxicol., 07 March 2022 
https://doi.org/10.3389/ftox.2022.838466



Unilever’s NGRA Framework for DART – exposure

Rajagopal et al., Front. Toxicol., 07 March 2022 
https://doi.org/10.3389/ftox.2022.838466



Nonpregnant PBK model

Pregnant PBK model

Before gestation week 6

Parameterisation
• Physiological parameters
• Chemical specific parameters (ADME and physiochemical 

properties
Model validation 
• against available human PK data

Parameterisation
• Changes in physiological parameters: GFR, body weight, plasma 

volume, cardiac output, enzyme expression, etc.
• Verified chemical specific parameters from nonpregnant model
Model validation 
• against available human PK data

Parameterisation
• Placental-Foetal physiological parameters: volume of foetal tissue and foetal blood, 

placental blood flow, placental and foetal weight, foetal cardiac output, etc. 
• Placental transfer parameters
Model validation 
• against available human PK data

After gestation week 6 
PBK model for pregnant women 

and foetus

Use of maternal concentrations as embryonic 
concentration

Foetal exposure

Systemic exposure estimates– pregnant PBK modelling

Rajagopal et al., Front. Toxicol., 07 March 2022 
https://doi.org/10.3389/ftox.2022.838466



Unilever’s NGRA Framework for DART – exposure

Rajagopal et al., Front. Toxicol., 07 March 2022 
https://doi.org/10.3389/ftox.2022.838466



Unilever’s NGRA Framework for DART – biological activity

CSP
HTTr

IPP+

Repro 
Tracker

devTox
quickPredict



Scientific and Technical Challenges associated with NGRA

 Metabolic capacity of the framework (cell models, MPS, alginate technology, 

etc.)

 Short duration exposures and extrapolation to chronic effects

 Complex data interpretation and uncertainty analysis

 Spatio-temporal complexity of developmental and reproductive processes

 Coverage of important cellular and intercellular processes

 Chemical domain of applicability / case studies – need for a flexible and fit for 

purpose validation 



Biological coverage of the NGRA Framework for DART



What is the biological coverage of the NGRA DART Framework?

Does the Bioactivity Characterisation cover for important cellular and intercellular processes? 

Rajagopal et al., Front. Toxicol., 07 March 2022 
https://doi.org/10.3389/ftox.2022.838466



Baseline expression of the cell lines within the NGRA DART

Differentiated hiPSCs not included in this 
study but in scope for future work

HepG2, MCF-7, HepaRG- Systemic Toolbox
hiPSCs- ReproTracker®, devTOXquickPredict

Rajagopal et al., Front. Toxicol., 07 March 2022 
https://doi.org/10.3389/ftox.2022.838466

14,225 genes in total



Chemicals & assays based 
approach
• ReproTect (10 

chemicals, 14 assays)
• ChemScreen (12 

chemicals, 31 assays)
• ReproTracker®
• devTOXquickPredict
• ToxCast

AOPs based approach
• Eleven DART-related 

Adverse Outcome 
Pathways (AOPs) 
published in 2015

• Over 90 AOPs in 
AOPWiki related to 
DART

• Network AOPs

Using the 
master content, 

evaluation of 
biological 

coverage of the 
NAMs and 

potential gaps

Pooling all 
biomarker 
terms to 
generate 

master content

Extraction of 
key biomarker 
terms for each 
stage, including 
any related to 

xenobiotic 
stress

Targeted 
literature 
search for 

cellular and 
molecular 

mechanisms

List of key 
stages, 

morphogenetic 
events, organ 

or organ 
systems 

Mechanisms in 
reproduction & 
development

DART MIEs and AOPs

Key Biomarkers for DART - Systematic literature search

Molecular/Signalling 
events (MIE coverage)

Cellular events

Morphological events

Rajagopal et al., Front. Toxicol., 07 March 2022 
https://doi.org/10.3389/ftox.2022.838466



Sex determination

Gametogenesis

Fertilization

Zygote formation

Implantation

Blastulation

Gastrulation

Placenta formation

Neurulation

Ectoderm formation and its derivatives
• Central nervous system
• Peripheral nervous system
• Autonomous nervous system
• Integumentary system

Mesoderm formation and its derivatives
• Somitogenesis
• Hematopoiesis
• Heart and circulatory system
• Immune system
• Spleen
• Urinary system and urethra
• Reproductive system – testis
• Reproductive system – ovary 
• Skeletal system

• Limbs
Endoderm formation and its derivatives

• Digestive system
• Respiratory system
• Thymus
• Parathyroid
• Thyroid 

Structures developing from mesenchyme or multiple germ layers
• Adrenal glands
• Eyes
• Ears
• Face and neck

Intrauterine growth

Key Stages, Morphogenetic Events and Derivatives Organs & Systems 
in Human Reproduction and Development 



34,308 articles on key 
stages and 

morphogenetic events

69,299 articles on 
organs and organ 

systems development

Literature search 
MeSH Ontology         

37 million Articles

Validation and 
quality check of 

results; finalising 
the articles

103,607 total articles

Pooling extractions, 
Thresholding of hit counts

Semantic enrichment 
using HGNC, miRNA and  

biological processes 
ontologies

Abstracts extracted and 
collated

Overview of Literature Search and Extraction of Key Markers 
Information 

Query run: (“CNS") AND (embryonic 
development OR fetal development) 
AND (cell physiology OR nervous system 
physiology) OR (signalling OR pathway 
OR gene OR protein) AND (human OR 
mammalian) NOT (infections)



Download 
Abstracts of 

Selected articles

Extract Genes

Extract Cellular 
& Molecular 
Mechanisms

CNS - 6757 Abstracts

Vocabulary based on Hugo Gene
Nomenclature Committee 

standard list of genes

902 genes

Human Phenotype Ontology

Extract miRNA

Overview of Literature Search and Extraction of Key Markers 
Information 



Pooled List of DARS biomarkers

Rajagopal et al., Front. Toxicol., 07 March 2022 
https://doi.org/10.3389/ftox.2022.838466

Rajagopal et al., Front. Toxicol., 07 March 2022 
https://doi.org/10.3389/ftox.2022.838466



Pooled List of DARS biomarkers

3551 DARS Genes 474 DARS Biological Processes 338 DARS miRNA

Rajagopal et al., Front. Toxicol., 2022
Rajagopal et al., Front. Toxicol., 07 March 2022 
https://doi.org/10.3389/ftox.2022.838466



Rajagopal et al., Front. Toxicol., 2022

DARS BP: Signalling, cell cycle, cell death, DNA methylation, 
epithelial to mesenchymal transition, phosphorylation, cell 
differentiation, cell development, oocyte maturation and 
neurogenesis
DARS miRNA: LET-7, MIR-21 and MIR-145

Protein classes and signalling pathways over-represented in 
DARS biomarkers



Biological coverage of the DARS biomarkers by the DART NGRA

NGRA Framework

DARS Biomarkers

Expectation



Biological coverage of the DARS biomarkers by the DART NGRA

NGRA Framework

DARS Biomarkers

Expectation

NGRA Framework

DARS Biomarkers

Realityversus



Biological coverage of the DARS biomarkers by the DART NGRA

• 41 GPCRs (6 present in IPP)
• 60 HTH transcription factors (mainly homeobox transcription 

factors)
• Intercellular signal molecules (chemokines, cytokines, growth 

factors, neurotropic factors, peptide hormones)

Coverage Gaps

Rajagopal et al., Front. Toxicol., 2022Rajagopal et al., Front. Toxicol., 07 March 2022 
https://doi.org/10.3389/ftox.2022.838466



Biological coverage of the DARS biomarkers by the DART NGRA

General cellular & functional 
processes- cell survival, 
cytotoxicity
Receptor or enzyme activity-
IPP covers about 13%
Signalling pathways- DARS 
genes

Specific differentiation-
ReproTracker®
Specific cellular processes-
devTOXQuickPredict
Cellular stress- Cell stress 
panel assays

Coverage
Specific cellular processes-
E.g. cytokine secretion or 
myelination or androgen 
biosynthesis

Specific functional 
processes- E.g. sperm 
motility or axon guidance or 
lymphocyte migration
Receptor or enzyme activity-
E.g. receptor tyrosine 
kinases or receptor 
serine/threonine kinases or 
GPCRs 

Gaps
Integrating data from 
different NAMs

MIE -> KEs -> Adverse effects 
E.g. ADORA 2A binding, 
inhibition of PI3Kinase-AKT 
signalling, T cell 
development

Weight of evidence 

Rajagopal et al., Front. Toxicol., 2022



Case studies - flexible and fit for purpose validation of 

NGRA DART



How PODs from NAMs compare to PODs coming from animal studies

Health Canada: “The purpose of this SciAD is to demonstrate that PODBioactivity can provide a lower bound estimate for in vivo based 

effect levels derived from oral repeat-dose, developmental, and reproductive studies considered under the Chemicals Management Plan 
(CMP). The PODBioactivity was lower than the lowest PODTraditional cited in the risk assessment for 43 of the 46 of the chemicals examined. 
These findings are consistent with other published case studies using similar methodology. This was done to demonstrate confidence in using 
in vitro bioactivity as a surrogate lower bound estimate of in vivo adverse effect levels.” From Health Canada

Middleton et al. Tox Sci 189(1) , 2022
https://doi.org/10.1093/toxsci/kfac068



Next Steps

 Evaluation of DART NGRA across many

chemistries

 ReproTracker assay

 Development and evaluation of an

osteoblast differentiation protocol Rajagopal et al., Front. Toxicol., 2022

 Identification and filling of existing gaps (PBK modelling e.g placenta transfer 

measurements, DNT, DIT, endocrine disruptors, multigenerational effects, 

studying epigenetics in germline development, advanced cell models for 

refinement)

 CLP/GHS hazard classification

 Use for regulatory purposes (REACH submission)



Developmental & Reproductive Inhalation

Skin Sensitisation

Reynolds et al (2021) Reg Tox Pharmacol, 127, 105075            Baltazar et al (2020) Toxicol Sci, 176, 236-252

Rajagopal et al (2022) Frontiers in Toxicology, doi: 10.3389/ftox.2022.838466

Systemic

Ongoing Evaluations

Unilever NGRA frameworks for Consumer Safety decisions
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