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Unilever Policy & Approach Underer
Safe & Sustainable Products without Animal Testing

40+ years of non-animal
safety science

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

- Animal testing is not needed to assess
ingredient & product safety — there
are a wide range of non-animal
alternatives grounded in modern
science and new technology

/0+ collaborations

600+ publications




Establishing protection through Nexgen, mechanistic based risk assessment paradigm shift U o Q

Human Health
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Establishing protection through Nexgen, mechanistic based risk assessment paradigm shift
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Establishing protection through Nexgen, mechanistic based environmental risk assessment paradigm shift

eV

“Previous work indicate strong agreement between species-level toxicological sensitivity and the
conservation of underlying molecular targets.”

HTTr (45 chemicals, 10 human+2 fish
cell lines)

Topiramate

2-Ethylhexanoic acid

Sodium salicylate

Caffeine

Niacinamide

Saccharin

1,2-Octanediol

Diethyl phthalate

Coumarin
4-(3-Ethoxy-4-hydroxyphenyl)-2-butanone
EPAPLTO831P03

Benzocaine

Sulisobenzone

Acetaminophen

Furosemide

Thalidomide

Aspartame

Benzenesulfonic acid, C10-13-alkyl derivs., sodium salts
Valproic acid

Dibutyl 1,2-benzenedicarboxylate
Cyclophosphamide monohydrate
Oxytetracycline hydrochloride
Cetirizine hydrochloride (1:2)
Butylated hydroxytoluene
Azathioprine

Butylparaben

Glybenclamide
2-Hydroxy-4-methoxybenzophenone
Nitrofurantoin

Tetraethylene glycol monododecyl ether
Verapamil hydrochloride
Methotrexate

Diethylstilbestrol

Hydralazine hydrochloride
Paraquat

HC Red 3

Rosiglitazone

EICO

Ketoconazole

Sulforaphane

Etoposide

HID

Digoxin

Doxorubicin hydrochloride
Cucurbitacin |

Dexamethasone

Actinomycin D

BAFIL

Retinoic acid

S E RS Data from Harrill, Reynolds et al. unpublished
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ICCR Principles of NGRA .
é Underer
Main overriding principles:

The overall goal is a human safety risk assessment
The assessment is exposure led

The assessment is hypothesis driven

The assessment is designed to prevent harm

@ Principles describe how a NGRA should be conducted:

Following an appropriate appraisal of existing information
Using a tiered and iterative approach
Using robust and relevant methods and strategies

Z Principles for documenting NGRA:

Sources of uncertainty should be characterized and documented
The logic of the approach should be transparent and documented
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ICCR Principles of NGRA .
Unlenver
Main overriding principles:

The overall goal is a human @@wﬂ@ w&ﬂm safety risk assessment

The assessment is exposure led
The assessment is hypothesis driven
The assessment is designed to prevent harm

Principles describe how a NGRA should be conducted:

Following an appropriate appraisal of existing information
Using a tiered and iterative approach
Using robust and relevant methods and strategies

Principles for documenting NGRA:
ources of uncertainty should be characterized and documented
The logic of the approach should be transparent and documented

Integrated framework
SERS ﬂ
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[ 4
Integrating Human and Environmental Safety assessment: a conceptual approach UA&QA}W

PROBLEM FRAIMING ]
TIERO TIER1 TIER 2
Using EXISTING data and models Generate Standard Data Generate bespoke data and analysis

Exposure
scenario

Biological
activity

................................................................
. .
N .

= Use exp scenario
» Default data and models

» Chemical characterisation
= Predictive tools
= Read across

Estimate safety
thresholds

. .
. .
.............................................................

» EnvSpatially refined data
l Standardised toolbox »

...............................................................................................................................
.........
......

» Refine exposure incl. : ’;‘dVSn;fTFitADMEt 4
= ADME, PBK robabilistic route

exposure models

i = Bespoke assays

[oreret] @) i = Biological and toxicological

= Doseresponses

= Calculate PoDs coverage
Estimate safety Estimate safety
thresholds thresholds

_____
...............................................................

RISK ASSESSMENT CONCLUSION
(if a decision can be made)
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Case-study development (

Problem formulation: l e

*» To evaluate how to make a safety decision using non-animal

approaches for both human health and the environment.

s Case study hypothesis:

Evaluate the introduction of Benzophenone-3, specifically in face cream and
body lotion formulations at a 2.2% inclusion level in 2 countries (Spain and
China).

s Assumptions:

v No existing information is available.

SERS

Safety, Environmental
& Regulatory Science



Case-study development

Tier O

Human exposure :

« Consider Spain and China pop habits and traits

(Level 1 PBK)

Daily exposure Surface

(g/d)

Face cream 1.54

Product type area (cm?2)

2.14/day, 565

Body lotion 7.82 2.28/day 15760

Human hazard :

MIE Atlas v.2 |Hits: MMPS (1/3), PPARG (1/3)

Repeated dose (HESS)

2-Acetylaminofluorene (Hepatotoxicity) Alert;2-Amino-4,5-diphenyl thiazole (Renal
toxicity) Alert;3-Methylcholantrene (Hepatotoxicity) Alert;Alpha-Naphthyl-
isothiocyanate (Hepatotoxicity) Alert;Anthraquinone (Renal toxicity) Alert;Beta-
Naphthylisothiocyanate (Hepatotoxicity) Alert;Bromfenac (Hepatotoxicity)
Alert;Carbamazepine (Hepatotoxicity) Alert;Carbamazepine (Renal Toxicity)
Alert;Diclofenac (Hepatotoxicity) Alert;iIndomethacin (Hepatotoxicity)
Alert;Mefenamic Acid (Hepatotoxicity) Alert;N-hydroxy-2-acetylaminofluorene
(Hepatotoxicity) Alert;Propanolol (Renal toxicity) Alert

General
Toxicity OECD QSAR
Toolbox

DNA binding by OASIS

AN2;AN2 >> [2+2] photoinduced AN2-type cycloaddition;AN2 >> [2+2]
photoinduced AN2-type cycloaddition >> Hydroxybenzophenone Derivatives;Non-
covalent interaction;Non-covalent interaction >> DNA intercalation;Non-covalent
interaction >> DNA intercalation >> Hydroxybenzophenone
Derivatives;Radical;Radical >> Radical mechanism by ROS formation;Radical >>
Radical mechanism by ROS formation >> Hydroxybenzophenone Derivatives

DNA alerts for AMES, CA and MNT by OASIS

AN2;AN2 >> [2+2] photoinduced AN2-type cycloaddition;AN2 >> [2+42]
photoinduced AN2-type cycloaddition >> Hydroxybenzophenone Derivatives;Non-
covalent interaction;Non-covalent interaction >> DNA intercalation;Non-covalent
interaction >> DNA intercalation >> Hydroxybenzophenone
Derivatives;Radical;Radical >> Radical mechanism by ROS formation;Radical >>
Radical mechanism by ROS formation >> Hydroxybenzophenone Derivatives

Genotoxicity &

Carcinogenicity OECD

Toolbox v.
4.7.1

1.Estrogen CERAPP - Agonist: 1, Antagonist: 1, Overall binding: 1
DART OPERA Androgen CoMPARA - Agonist: 0, Antagonist: 1, Overall binding: 1

VEGA 3.Estrogen CERAPP - Possible active (LOW reliability)

PROBLEM FRAIMING }

¥ ¥

TIER1 TIER2
Generate Standard Data Generate bespoke data and analysis

~

TIERO
Using EXISTING data and models

{'« Advanced ADME
= Probabilistic routed

exposure models

Refine exposure incl.
ADME, PBK
Env Spatially refined data

Use exp scenario
Default data and models

Standardised toolbox

* Chemical characterisation i * Bespoke assays
»  Predictive tools H [broa.cl C‘I?.\\z’)e::?:s]ponses | Biological and toxicological
* Read across « Calculate PoDs i coverage I
Estimate safety ; Estimate safety H Estimate safety i
thresholds thresholds o o thresholds )
RISK ASSESSMENT CONCLUSION
(if a decision can be made)

Environmental exposure :
Regulatory model CHESAR

PEC*

regional

PEC*
continental
[ng/L]
Spain 0.0259
China 0.6

*PEC: Predicted Env Concentration

Environmental hazard:

MoA profilers:

TEST Narcosis

ASTER Nonpolar narcosis

OASIS Phenols and Anilines
Verhaar Class 3 (unspecific reactivity)

[ng/L]
0.197 25600
4.53 4660

Predicted ecotoxicity - ECOSAR

ECOSAR vl.1l Class-specific Estimations
Fhenols
Predicted
ECOSAR Class Organism Duration End Pt  mg/L
: Fish g6-nr LCS0 2
Daphnid 48-nr LCS0 1.
Green Algae g6-nr ECS0 6.
chv 0.
chv 0.
chv 2.
96-hr LCSO 0.
14-day LCSO s0.
Lemna gibba 7-day ECS0 1.
Neutral Organic SAR __: Fish g6-nr LCS0
(Baseline Toxicity __: Daphnid 48-nr LCS0
: Green Algas 96-hr EC50 5.930 *
: Fish chv 0.224
: Daphnid chv 0.755

: Green Rlgae Chv 2.501



Case-study development

Tier 1Exposure

Human (internal) exposure :

» Models adjusted to reflect body parameters for different
countries (Spain vs China)

» PBK simulation — "L2"; 240 hour repeated exposure + 120 hour
Nno exposure)

Concentration (ug/ml)
o o o o o
NMow s »

o =

Environmental Exposure (external):

> spatially explicit model ScenAT for Spain, and China using
population distribution

Environmental exposure Internal ; s

»Reverse dosimeftry of in vitro concenfrations to water using
fish QIVIVE models including biotransformation )

0.2

SERS

Safety, Environmental
& Regulatory Science

Exposure
scenario

EE i = Chemical characterisation
_E_':E i« Ppredictive tools H
28 + Readacross

(

PROBLEM FRAIMING }

¥

TIERO
Using EXISTING data and medels

Use exp scenario
= Default data and models |

L Estimate safety i
A thresholds '

> 4

TIER1

¥

TIER 2

Generate Standard Data .enerate bespoke data and analysis

i + Refine exposureincl. i
i = ADME, PBK
* EnvSpatially refined data |

Standardised toolbox
i (broad coverage)
B = Doseres|

0se responses
* Calculate PoDs

Estimate safety

="x thresholds '

\
i { = Advanced ADME

i * Probabilistic routed
i exposure models

L Bespoke assays I
i = Biological and texicological |
| coverage

1 Estimate safety I
" thresholds

¥

RISK ASSESSMENT CONCLUSION
(if a decision can be made)

EU Aggregate exposure - Plasma Concentration

... EUSES PECregional _

1 100
PEC Total ngl (ng/L) [log10 scale]

-....EUSES PEClocal _

'
10000

Cmax =
2.09 uM

Reference Lines

, EUSES PECcontinental
| EUSES PEClocal
 EUSES PECregional

Data Source

O ScenAT Model
[J Spain Monitoring Data



Case-study development

Tier 1Hazard

PLD L ]
IL-8 ]
csp e -
ATP -

1 10 100 10° 104
Concentration (uM)

HTS

Tox

ReproTracker
DevToxQP
Calux

Algae _
Daphnia |

Invivo

Using EXISTING data and models Generate Standard Data

scenario

Exposure

| = Default data and models |

L. Env Spatially refined data

* Chemical characterisation

Biological

activity

( chomemerAmNe |
B3

¥

TIER2

Generate bespoke data and analysis

{'« Advanced ADME
{ = Probabilistic routed

exposure models

* Bespoke assays
i = Biological and texicological |
| coverage

Estimate safety

¥

RISK ASSESSMENT CONCLUSION
(if a decision can be made)

1.60 (Ker-CT)
1.90 (MCF-7)

10 human cell lines
HepaRG, MCF-7, HepG2
HepaRG, MCF-7, U20S
10 human cell lines 6.97 (RPTEC)
Cell Stress Panel

Reprotracker 16.73 (cytotox, neural)

Acute fish toxicity (OECD249)
HTTr (reduced panel) ZFL and ZEM2S

ZFL and ZEM2S

Algae acute toxicity test (OECD201) P. subcapitata
Daphnia acute toxicity test
Algae chronic toxicity test (OECD201) P. subcapitata

Daphnia chronic toxicity test



Case-study development

Tier 1Results- Human

( chomemerAmNe |
—T

¥

TIERO

Using EXISTING data and models Generate Standard Data

Use exp scenario

Exposure
scenario

Predictive tools
Read across

Biological
activity

L Estimate safety ;
., thresholds

¥

Default data and models

Chemical characterisation

¥

TIER1 TIER2

Generate bespoke data and analysis
Advanced ADME
Probabilistic routed
exposure models

Refine exposure incl.
ADME, PBK
Env Spatially refined data

Standardised toolbox
(broad coverage)
= Doseresponses
= Calculate PoDs

L Bespoke assays
i Biological and toxicological |
| coverage

Estimate safety
thresholds

Estimate safety .
thresholds .~

[ RISK ASSESSMENT CONCLUSION }
Human Exposure vs Bioactivity (ifa decislon can be made)
Concentration (M)
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Case-study development

Tier 1Results- Environment

Exposure
scenario

Biological
activity

( chomemerAmNe |
—T

¥

TIERO
Using EXISTING data and models

Use exp scenario
= Default data and models

Chemical characterisation
Predictive tools
Read across

L Estimate safety ;
L thresholds

TIER1
Generate Standard Data

Refine exposure incl.
ADME, PBK
Env Spatially refined data

Standardised toolbox
(broad coverage)

= Doseresponses

¥

TIER2

Generate bespoke data and analysis

Advanced ADME
Probabilistic routed
exposure models

Bespoke assays
Biological and toxicological

= Calculate PoDs el
Estimate safety Estimate safety ;
.. thresholds thresholds .~

. . .. [ RISK ASSESSMENT CONCLUSION }
Environmental Exposure vs Bioactivity (2 dacision can be mads)
Concentration (uM)
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c u 1
& - 1 O . Daphnia Chronic
.' I Assay Representation
. | A In vitro - Fish QIVIVE | |nvertebrate Acute
: I o Invivo
™ A | (non-vertebrate) E HTTr
. | = Exposure Tier 1 Model
: ; — = Exposure Tier 0 Model — Algae Acute
n
u A 1 Species Representation H HTTe
= " ! Human
1 o Agquatic Vertebrates I Algae Chronic
1 Other Species (i.e. invertebrates, algae)
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PROBLEM FRAIMING
Case-study development <L t ¥

TIER2
Generate bespoke data and analysis

TIERO
Using EXISTING data and models

TIER1
Generate Standard Data

Advanced ADME
Probabilistic routed
exposure models

Refine exposure incl.
ADME, PBK
= EnvSpatially refined data

= Use exp scenario
Default data and models

Exposure
scenario

Tier 1Results- Human Env Integration

Standardised toolbox
(broad coverage)
= Doseresponses
= Calculate PoDs

Chemical characterisation
Predictive tools
* Read across

Bespoke assays
Biological and toxicological |
overage

Biological
activity

Estimate safety
thresholds

Estimate safety
thresholds A

Estimate safety
thresholds

RISK ASSESSMENT CONCLUSION
(if a decision can be made)

Exposure vs Bioactivity
Concentration (M)
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Work in Progress Unilever-

d Refinement of bioactivity analyses across tiers
O Metabolism and biotransformation integration
O Cross-species mechanistic interpretation

O Exposure modelling refinement and benchmarking

Exp: s Bioactivity
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Key messages Unilover

—

Human and environmental evidence converges on consistent conclusions
Exposure modelling incl. PBK, gIVIVE and Env Exposure drives risk interpretation
Linking bioactivity to realistic exposure is the cornerstone of NGRA

The tiered, exposure-led framework works in practice

o > BN

Integrated HH/Env decision-making without animal data is achievable
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Summary

1
2
3

SERS

Safety, Environmental
& Regulatory Science

Undlonver

Mechanistic and exposure-led approaches align across domains

Conservation of toxicological targets supports cross-species
relevance

Outcome: a more robust, efficient and future-fit risk assessment
paradigm based on multidisciplinary approaches

19
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Undever

For presentation and further Unilever (and

partners) SOT2026 content
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