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Team SEAC’s purpose

is to protect people &
the environment ({x

P AFNIAEE) by

ensuring:

Unilever’'s products &

1 innovations are Safe &
Sustainable by Design
without animal testing
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2 Our scientists & capabilities

af = lndu.f:try-le.admg w!th Much of our strength liesin our

high business impact via shared Values - to be an inclusive,

Unilever’'s Products & Brands sypportive & collaborative Team
that is pioneering, transparent &

high-performing with a strong
focus on learning & wellbeing.

Safety & Env. Sustainability
policies & regulations are
based on modern science
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Team SEAC’s purpose is to protect people & the environment

SEAC is adiverse, multi-disciplinary
team of ~150 scientists covering:

« Cell Biology 20+ Nationalities

* Chemistry , 15+ Languages

« Computational Modelling

« Environmental Safety = Deploy expertise on higher

« Environmental Sustainability risk business projects

« Exposure Science = Collaborate with leading

- Informatics & Data Science external research teams to

. . develop & apply new
Mathematics capability

« Microbiology

- Molecular Biology = Leverage science & global
networks for consumer trust
« Process Safety

o & freedom to operate
- Statistics

- Toxicology
Safety Risk Assessments
- Consumers, Workers, Environment
.7 Life Cycle Assessments
- Environmental Impacts
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The need for non-animal safety assessments (3F
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Shift towards next generation risk assessment ([
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Distributions of Oral Equivalent Values and Predicted Chronic Exposures
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Graph from Rusty Thomas EPA, with thanks. Rotroff et al (2010) Toxicological Sciences , 117, 348-358

_ Lowest bioactivity POD
BER = (M)

Internal in vivo exposure (Cmax)




Safety, Environmental & Regulatory Science (SERS) | Unilever

NGRA and New Approach Methodologies (NAMs)

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”

Dentetal., (2018) Comp Tox 7:20-26

Invitro Insilico
Experiments
with human cells

or tissues (AJR
“MREFNZELR)

=

Experiments based
on computer models

(T EHRE)

]

| — —

NGRA uses a combination of NAMs that are directly relevant to

%8 humans (FIA KB X AHTR12TT%)
’
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NGRA in practice
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From Principles to Application

Dose response
analysis and POD
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Example exposure scenarios

AN
BHR

O 0O

Coumarin (flavouring and fragrance, naturally present in e.g. cinnamon)

Use Scenario Exposure route Risk classification

Dietary intake, 4.1 mg/day Oral Low risk
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Collation of existing information: in silico predictions

Problem
Formulation
Collate Molecular
Existing [ Structure ] In silico tools (ToxTree, MIE ATLAS, OECD toolbox,
Information [ Insilco ] Meteor) predicted
predictions

| Literature |

o Protein binding- MIE for induction of skin
sensitisation

@\/1 o DNA binding alert - MIE for genotoxicity
O "0

o Reactive metabolites (e.g. epoxide formation)-
l alerts both genotoxicity and skin sensitisation

a o No binding alerts for the 39 targets in MIE atlas
O (e.g. nuclear receptors, enzymes, transporters)
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Unilover Allen, Timothy EH, et al. "Using 2D structural alerts to define chemical categories for molecular initiating events." Toxicol. Sci. 165.1 (2018): 213-223.
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From applied dose to internal concentrations (M\/NEEZEN
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Exposure estimation: PBK modelling (EFZ R 51 H#ERR)

Inhalation

l o Different regions of the body (e.g. organs)
are divided into separate compartments
o Connection between compartments
reflects physiology
o Distribution of substances between
compartments are governed by
biophysical processes such as diffusion,
perfusion, active transport etc
Oral o Different exposure routes (dermal, oral,
inhalation, intravenous) can be captured
within the model.

Lung

Adipose

Intravenous
Bone

Brain

Heart

Muscle

Skin J Gl absorption
model

Dermal

l Venous blood

t

Liver Spleen
]

;
Clint Kidney

!

GFR*fup

Physiologically based kinetic (PBK) models are used to simulate the behaviour of a chemical in the body for a given
exposure scenario.
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Exposure estimation: PBK modelling outcome (12E!Z5 )

Food, 4.1 mg day
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In vitro bioactivity characterization: defining in vitro PODs
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POD definition: “The point on a dose-response curve
established from experimental data used to derive a safe level”
[source: EFSA]

PODs can be estimated using mathematical models that fit
data from concentration or dose response data.

NGRA involves generating potentially 10,000s of concentration
response data sets.

In addition to the POD, an important metric when looking across
multiple datasets is the confidence score on e.g.,, whether a
response is truly a chemical dependent effect.

High confidence of an effect Low confidence of effect

High confidence of no effect

Doxorubicin ATF4 (24 hours) Sulforaphane DNA struct (24 hours) Caffeine ROS (24 hours)

5 I B
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Middleton et al (2022), Tox Sci, Volume 189, Issue 1, Pages 124-147
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Example: exposure to coumarin through oral dietary
intake (BER>1)

Food, 4.1 mg day

Points of Departure from in vitro

S cell assays, measured in uM
2
S E PBK-model predicted maximum
g concentration (C_.,)
< _
§ 105} PBK-model predicted concentration
< f of coumarin in venous blood plasma
ZOD overtime

10-10 L

0 50 100 150 200
Time (hrs)
%;% PODs: In vitro pharmacological profiling (MAO-A) ® ®® Hijgh throughput transcriptomics (MCF-7)

A
u%fw mm== High throughput transcriptomics (HepG2)
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Acceptable BER?

Conceptually, with the following assumptions a BER>1 indicates a low

risk of adverse effects in consumers following use of the product:

a) The in vitro measures of bioactivity provide appropriate biological

coverage

b) There is confidence that the test systems are at least as sensitive

to perturbation as human cells in vivo

c) The exposure estimate is conservative for the exposed population

R
dhes

Unilever
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What about a larger subset of chemicals? (Part 1):

Selection of chemicals and exposure scenario

Chemicals with well-defined human exposures

Traditional safety assessment available

Societyof T
B SOT |53 dhiht : E—

academic.oup.com/toxsci

Are Non-animal Systemic Safety Assessments
Protective? A Toolbox and Workflow

Alistair M. Middleton @,"* Joe Reynolds,” Sophie Cable,"

Maria Teresa Baltazar," Hequn Li ®," Samantha Bevan,' Paul L. Carmichael,”
Matthew Philip Dent,* Sarah Hatherell,” Jade Houghton," Predrag Kukic,"
Mark Liddell," Sophie Malcomber," Beate Nicol," Benjamin Park," Hiral Patel,
Sharon Scott,” Chris Sparham,” Paul Walker @, and Andrew White*

K44 1LQ, UK; 'Cyprotex Discovery Ltd,

Bioactivity-exposure ratio

BER=lowest POD/Plasma Cmax

: iacinamide Hair Conditioner, 0.1%
I affeine Shampog, 0.2%
I sumarin Food, 41 mg/day Gr————————
E ourmarin 0.1 mgfky bwiday
= 20 : 'I.:af'fe'ne 2 r_ng.ftn?’. 5 em?
Chemical Exposure scenario I exylresorcingd Food pesidues, 0.0033 mgikg bw/day
classification | &Eutylated hydroxytoluene Body Lotion, 0.5%
2 0.5%: iacimarnide Food & Drink. 22.2 mo/day
Oxybenzone 2 scenarios: 0.5%; 2% sunscreen 15 J | @ sumarin Body Lotion, 0.3§%
! @Hexylresorcingd Face Serum, |0 5%
Caffeine 2 scenarios: 0.2% shampoo & coffee oral consumption 50 mg v exylresercingl Throat Lozengs, 2.4 mg
" P p iaci ide Body Lotion, 3%
Caffeine 10g - fatal case reports High risk = sybengone Body Lation, 0 5%
. 3scenarios: 4 mg/d oral consumption; 1.6% body lotion (dermal); TDI 0.1 mg/kg 2 10 4 ulforaphane Food & Drink, 3.9 mgiday
Coumarin oral @tizkinamide Food & Drink, 12.5 mglkg bw/day
- - - .Elxyﬂenzane Sunscreen, 2%
Hexylresorcinol |3 scenarios: Food residues (3.3 ug/kg); 0.4% face cream; throat lozenge 2.4 mg .5u|fc.'-aphane Tablet, 60 mg/day
BHT Body lotion 0.5% .Caﬁeille Food & Drink, 400 mgfday
. 5 Hnsiglil:aﬁne Medical, 1 mgl2 hours
Sulforaphane 2 scenarios: Tablet 60 mg/day; food 4.1-9.2 mg/day Doworubicih 4 5 main?fday continuous infusion for four days
LCaffeine Overdase, 10g
Niacinamide 4 scenarios: oral 12.5-22 mg/kg; dermal 3% body lotion and 0.1 % hair condition Rosiglitazone Medical, B mofday
Paraquat dichloribie Pesticide poisoning, 35 mo/kg/day
Doxorubicin 75 mg/m2 IV bolus 10 min; 21 days cycles; 8 cycles High risk 04 Doxorubicin 75 mﬂ-fm‘:dwfﬂr 10 mirutes
Rosiglitazone 8 mg oral tablet High risk T T ! !
o High risk 10— 107 107 10! 108 10°
Paraquat Accidental ingestion 35 mg/kg

Blue: low risk chemical-exposure scenario

10 chemicals - 25 exposure scenarios
Blue shaded region BER> 11

Unlever Middleton AM et al (2022). Are Non-animal Systemic Safety Assessments Protective? A Toolbox and Workflow. Toxicological Sciences, 189:124-147.
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NAM Systemic toolbox remains protective (>90%) when 38 additional chemicals and
70 exposure scenarios were tested (Part 2):

PBK level: L2

cugational limet. 0,04mg/im3

mm 73% ADI of 0006 bwiday wing the EFSA PRIMo Model for french population
Occupational,

60 4

§
i

BT « Toolbox not protective for 3/46 of the

c-',m:lm:ae;?ummc 15mg/iday

gm:r.,w high-risk exposure scenarios

Tuaznam AD{ 0.01 brwiday
Métiormin Low therapeutic, 1000mg/day
Banzdcaine 22mg/kg is the safety dose
@ utylated Hycroxyanssole ADI 1mg/kg biiday
Metformip Max therapeutic ngz
Digoxn Therapeutic, 1.5 mg/day, 0.25mg/day maintanance

@etoconazple Therapeutic, 2% bwce weakly M H
S e e ot o emical- Exposure scenarios no
Merapamil hydrochloride Migh therapeutic, 480mgiday
etoconazolg Therapeutic, 2% dadly
4 Oxytetracychne hydrochioride Low therapeutic, 1 (]
“ e R rotective for:
@Cyclamate ABI 7 mg/kg bwiday )
drochlonde Low therapeutic, 25mg/day
Metoclopranide High therapeutic. 30 moiday ° .
Cetirizine dihydréchionde Therapeutic, 10mgiday
S amarkchinds st omliny O arrarin tnerapeutic orat dose
EET 15% ]
Oxytetracychne hpdrochionde Low thefapeutic, 1250/1000mg/day with rapid loading
Onxytetracyckne hygirochlonde Fagh thetapeutic, 2000mg/day ° LS M M M
% 1 e s L o Trimellitic anhydride inhalation
Paracetamol Low therppeutsc. S00mg/day
Dpramate Low therapqutic, S0mg'day
utylparaben 0.19% (regulstion says limit «s 0.14% as acid)
igoxin Poisoning, 10 mg acute adult
Paracetamol High therapeutic. 4000mg/day eX p O S u re
Furosenude Therapeutic, 40/20 mg/day
Nitrofurantoin Low therapeutis, S0mgiday
Hydralazine hydrochloride High'therapeutic. 200mg/day
enazaquin ADI 0.005 mgfg bwiday
20 aracetamol Migh therapewtic. 49/ddy
) Dpiramate High therapeutic, 500mg/tiay
@-Amino-6-chicro-d-nitrophenol 2% |

[ ] [ ]
G S i * Furtherresearchis being performed

Chlorpyritos 0.1 mofkg 1
Metociopramide High therapeutic, 30 mg'day |

S S to explore additional relevantin
vitro assays to be added the toolbox.

Hydralazne

Rank

)

10 Furosemide High tharapeutic, 600mg/day :
ibuprofen High therapeutic, 1200mg/day

Dexamethasone Therapeutic, 10mg/day !

Katoconazole 200 mgiday for fungal infection |

$Cyciophosphamide Therapeutic , 3mg/kg bwiday |

Ketoconazole Therapeutic, 1200mgiday I

Furosemide Max therapeutic, 1500mg/day I

Cyciophosphamide Therapeutic. 40 mg/g bw 3.weekly 1

ICyclophosphamide Therapeutic, 60 mg/kg bw for 2 days ]

prathioprine Low therapeutic, S0mgiday ]

0 4 _@Azathioprine High therapeutic. 300mg-225mg/day 1

T T

10-¢ 1074 1072 10° 102 104
BER

Dy
=%

1
Unillew
” Cable et al (2024) - in preparation



The NEW Gold Standard GGTRVEFRE)

Was: Is Now:

 Rodents « Human focused
 Pathology  Broad-based NAMs
 High-dose apical endpoints  Bespoke new NAMs

 No adverse effect level  Exposure led (PBK)

« Uncertainty factors - Bioactivity not pathology

 Protection not prediction
 Underpinned by
Computational modelling

DY
5‘-§ A
LY @ig
Unilever



Safety, Environmental & Regulatory Science (SERS) | Unilever e

Conclusions

« Use of tiered, exposure-led approaches allows safety decisions to
be made for systemic effects without animal test data

« An application of the approaches in food safety risk assessment is
demonstrated here

 More work is needed for the development and acceptance of the
NAMs in food safety risk assessment

Ozes?
Unilever
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Important to collaborate and form stakeholder partnerships

ACADEMIA
(£ R 57)

CONSUMER

GOVERNMENT /REGULATORS > INDUSTRY
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