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STRATEGY TO DELIVER A
MECHANISTIC BASED, NEXT
GENERATION
ENVIRONMENTAL SAFETY
ASSESSMENT PARADIGM SHIFT

and Environmental

l'e want consumers to be confident that our products are safe for them and their
families, and better for the environment. The scientists at fety and
Environmental Assurance Centre (SEAC) play a key rol

products are safe and environmentally sustainab|
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Safety science: what can we do better? SEAC | Unilever

Ensuring that the use of ingredients in our products is safe

for the receiving environment YET ...

|/ 3 > 8

Increasing Limited Moving
number of availability of away from
chemicals toxicity data animal tests

NGRA is defined as an exposure-led, hypothesis-drivenrisk

assessment approach that integrates New Approach Methodologies

(NAMs) and spatially explicit modellingto assure
o . : .
<4 safety without the use of animal testing
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Next generation Environmental Risk Assessment SeaC|Unitever @)

predicting Predicting
concentrations potential effects
inthe —— to organisms in

e
environment ™
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Establishing better environmental protection through NGRA

Exposure Effect (bioactivity)

-

Understand fate
and behaviour in
the environment

Collate existing
information

Generate NAMs-
based data to fill
data gaps

Estimate emissions
using spatially-
explicit models

Consider
ADME (TK/TD)
processes

Evaluate toxicological
and taxonomical
coverage

-----—----—-—--1

Safety
assessment

decision
O O
Rivetti & Campos, IEAM 2023




Hazard characterization - the present SeaC|Unitever (@)

Examples of selected endpoints and available methods

® @

Bioaccumulation Toxicity to fish Endocrine disruption

In vitro clearance trout hepatocytes: OECD
319

Bioaccumulation in Halella azteca: draft test
guideline

TKTD models In vitro method for chronic toxicity: NONE

2
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Effects on vertebrate progeny for cosmetics:
NONE

In silico models

2
e
Unillever- |/ Cruelty-Free

Adapted from Veronique Poulsen 2023



Hazard characterization - the future SeaCUnitever (@)

New approach methodologies (NAMs) are defined as

“any non-animal technology, methodology, approach or
combination thereof that can be used to provide information on

chemical hazard and human risk assessment’ (Dent et al., 2018).

v’ insilico(e.g. QSAR, PBK models, machine learning models and artificial

intelligence)

v invitro(cell cultures, organoids and other micro-physiological systems)

v inchemico(i.e. abiotic methods aimed at identifying chemical reactivity)

Unilowor- Adapted from Miccoli et al. (2022) EFSA Journal


https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2022.e200908#efs2e200908-bib-0003

Some examples: Groupingandr

MIE/ MechoA profiling

To reduce the proportion of compounds that
receive an “unclassified” by current schemes
enabling more robust grouping/ read-across/
prioritisation
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Species coverage
f Chemical coverage

f Unique information particularly for
the reactive and specific domains
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Omics based grouping for read-across

Conventional structure-based

~ grouping hypothesis

dierarchical clustering of ToxPrint
chemotypes

-

SN

Butyl phthalates
benzyl butyl phthalate (8BP)
dibutyl phthalate (DBP)
dmsobutyl phihalate (DBP)

Uncouplers of oxidative
phosphorylation

SEAC | Unilever

Omics-based chemical
grouping

Morg
Hybrid LC~

MS(/MS) assays by
Phenome Centre

Birmingham

Processing and statistical
v Acute (48 h) analysis of each omics data
exposure of
juvenile (5 d)
D. magna to 6
test compounds

Focus Article on
Omics-based
grouping

streanmn

Fuse data streams
and perform
hierarchical

4.
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Some examples: OMICs and protectiveness SEAC|Unilever (@)

CRUSTACEANS: Tier 1 = Mean Effect Concentrations for All 10 Chemicals

ZnS04 (483) sem =

Thiaclopnid 1‘29}*‘ \

Sertraline (17)4 —_

Paroxetine (4)4 M

E NiSO4 (103)4 A ———————— ™ e wmee Crustaceans - Tier 1
E @ ECOTOX Mean Effect
O - tPOD
midacloprid (313)4
Fluoxetine (20)1 _— fp— .
Flupyradifurone (15)4 . ~m~
CuS04 (1341)1 s smmns e -mee s smese
Clothiamidin (29)1 —]
-4 -2 0 2
% Log10(Concentration) in mg/L

Unilever



Some examples: In Vitro Based methods (HTTr, HTPP and others...) SEAC | Unilever

Screening Chemicals Using High-Throughput Phenotypic Profiling (HTPP) in T
Two Zebrafish Cell Lines %

Cell Type ® Embryo 4 Liver

Sorhitol

Saccharin

Exo-1

Ethoxyquin

Amperozide

Amiodarone hydrachloride

2
'y
. : Ao
Topiramate Benzocaine iAo 5811 ot acd
A A A A M oy
More potent | ¢ Y %
Linear alkylbenzene sulfonate, o o
H Rapamycin
* ry o
hidical
-0

1000+

Lys0S
FCCP
Fluazinam
Etoposide
Cycloheximide

125 BuIRgRY

100+

o

in zebrafish sodium salt

liver cells
A§ ‘ At

()] Actinomycin D
— Stauresperine
104 ’ . Y Cucurbitacin |

’ ’ A 1 | 1 | | Docetaxel
’ 0 Thalidomide
3 Sulisobenzone

) Niacinamide
’ . Furosemide

Caffeine

Ketoconazole Active in: Aspartams

& Both
@® Embryo

'S “ A Liver

Sodium salicylate
1,2-Octanedial

Diethyl phthalate
4-(3-Ethoxy-4-hydroxyphenyl)-2-butanone
2-Ethylhexanaic acid

Valproic acid
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ZEM2S PAC [uM]
L 4

Oxytetracycline hydrochloride
0.1+ A Cyclophosphamide monchydrate
Cetirizine hydrochlaride (1:2)
Benzocaine
2-Hydroxy-4-methoxybenzophenone

' Butylated hydroxytoluene
& | Linear alkylbenzene sulfonate
& sodium salt
Ao &  Butylparaben
iy Dibutyl 1,2-benzenedicarboxylate
Methotrexate i—o Glybendlamide
0.014 ’ y -y Verapamil hydrochloride
*— zathioprine
A Tetracthylene glycol menododecyl

L g Retinoic acid iy e

Nitrofurantoin

Rosiglitazone

More potent

Hydralazine hydrochloride

’ HC Red 3
Diethylstilbestrol

0-0014 in zebrafish i i
embryo cells io

@ Methotrexate

0y ‘ A—e Doxorubicin hydrochloride
3 = *— Retinoic acid
i ig *— Dexame! thasane
%@ ] 0.001 0.01 0.1 1 10 100 1000 ' le'0s 0.601 0.01 01 i 10 100 1000

= ZFL PAC [uM] PAC [uM]
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Some examples: Defining the taxonomical applicability domain O

Chemical of interest Molecular targets

G2P-SCAN

o Review
available data

Mapped pathways
+ Counts for pathway genes. proteins.

protein families. entities ond reachions

Key pathway proteins

R-HSA-
R.HEA 931987

Be 1 R519

PPl network and

= pathway
SeqAPASS Q identify key percentage
pathway proteins evaluations

Susceptible Species L Priority Pathways

- Species where all key pathway proteins are conserved - Pathway coverage >10%
- To be considered for axpansion of tDOA for relevant AOPs - Molacular target found within highest scoring cluster
Schuman et al. (2024) STOTEN
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Some examples: Weight of Evidence

Fish Fish Fish

BCF

Acute Chronic

State of the art MoA/ MechoA
identification
(in-silico profilers, Critical

Approaches as per Fish

Acute + the following In silico modelling (e.g.

Membrane Burden/ Critical Body
Burden/ ‘Omics etc.) BIONIC}
'd N r'y
State of the art grouang/rea_d—across Acute tO. Chronic 4 N
(e-g. omics based grouping) ratios Biotransformation measurements
N S/ - 59/hepatocyte assay (OECD TG
- 319A/8B)
In silico/ QSAR approaches —
logK/10g8Ko,, etc. N\ J
8Kww/logKow Exposure based
p waiving — (E irical and/or in-silico derivati f\
In-vito assaye  cel based profier panels consideration of relevant partitioning parameters e.g.
k e.g. RTglll ce . EcoTTC, . logK.,,,and/or logK,,,,
T biodegradation \ J
PBK/ TK modelling | rates etc. Ve ~
- N \ J Empirical and/or in-silico
Pathway based mechanisms of toxicity across derivation of pl(a
species (X-spp extrapolation/ species \ y
sensitivity)
. J
- ~ 4 N

Exposure thresholds (e.g. EcoTTC) Non vertebrate bioaccumulation assays

\ J (Hyalella azteca, RT-gill cell line etc.)
4 Ny
Understanding species sensitivity — N /
distributions
\ y 4 ™

Exposure based waiving — consideration of
removal/biodegradation rates etc and fate in
environment

Fish IATA (e.g. Threshold approach)

-
Complementary approaches proposed in the OECD ]

W
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Case study:

A proof of concept
to demonstrate the
applicability of
mechanisticinfoin

Environmental
safety assessment

SEAC | Unilever




Information collection process SEAC | Unilever

Mode of Action identification
Using available scientific and regulatory
information and in silico profilers

Including historical in vivo as well as In

o vitro data and in silico predictions to
o HR Toxcast
v generate relevant PoD

om Pub@hem 757"

Species at risk identification
Use of publicly available tools and
databases to identify susceptible species
(based on targets and processes)

Quantitative In Vitro to In Vivo Extrapolation
In vitro and in vivo exposures must be
“transformed” into comparable exposure
metrics requiring robust qlVIVE models

Weight Of Evidence approach
Collate all the information in an intelligible

way to guide and support decisions

Unilever
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Take-home messages seac|unitever (@)

« Understanding exposureis critical to for Next Generation Risk Assessment.

« Tangible opportunities already available to improve environmental protection

by applying spatially explicit exposure, NAMs and weight of evidence approaches.

« Mechanistic understanding allows to move away from black box studies / models
to better understand fate and distribution of chemicals and their potential impacts on

organisms and ecosystem's.

* There are challenges to address particularly in standardisation and training needs

* ¥

within user communities (Risk Assessors and Regulatory bodies)

W

Unilever



Increased integration of human & environmental safety decisions

Unilever
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First step- developing a common framework & language

Tier 0- Identify use
scenario and collect
existing information

Characterise
exposure scenario
(consumer and the

environment)

Use Threshold of
(eco)-Toxicological
Concerns

Collate all
available
information
(literature and
data)

Characterise the
chemical

Use of Predictive
tools (i.e. in silico)

Read-across

Exit if safety decision
can be made

_—e e e -

»
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Tier 1- Generate data to
ensure refined exposure
and increase Toxicological
and taxonomical coverage

_ - mm o e e ===
é Exposure Y i A
Refine chemical
refinement, i i
¢ ' and biological
including read-across
emission, ADME ,

N

Dose-response
data generation

hypothesis

and relevant PBK : \

Broad coverage in
chemico & in

~

and POD vitro bioactivity
estimation panels
\. VAN A
Estimation of
safety thresholds
N~ e e e e e e e e e e e e o = T

\ 4

Exit if safety decision
can be made

7

SEAC | Unilever

Tier 2- Refine assessment,
incl. bespoke assays to
increase decision certainty

- I IS S S I O S S S . . . ey,

\

-~
( Exposure
refinement (e.g.
loss processes and
spatially explicit
emissions,
Metabolism,
clearance,

\transporters, etc) )

(

Definition of
Biological and
toxicological
coverage

\.

S

Bespoke assays to
cover potential
targets of concern
(follow up from tier
1)

Estimation of safety
thresholds

-_—ee o o e o e o e e e e o

\ 4

Safety decision

adapted from Baltazar et al. 2020
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ank You
“the team”

Emilia Gattas
Nicola Furmanski
Jayne Roberts
Claudia Rivetti
Alexandre Teixeira
Chris Finnegan
lan Malcomber
Juliet Hodges

David Gore

Jade Houghton
Katie Endersby
Predrag Kukic
Iris Muller
Simran Sandhu
CENEDAT

Matt Dent

Maria Baltazar

Paul Carmichael

and many more...

All underpinned by SEAC science, its scientists and our scientific
partners
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https://seac.unilever.com/
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