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Challenges to establish a framework to assess the safety of FCM
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Limitations in the usage of bioassays to exclude mutagenicity
Past -Today and preparing for the future

KEY LIMITATIONS:

» Regulatory guidelines

constraints
« Selection of test/s

* In-site performance

validation

« SENSITIVITY (Food

exposure context)

» Fit-for-purpose methods
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Requirement

Deliverable
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Implementation of in vitro genotoxicity testing
based on mammalian cells for FCM (migration
and extraction) sample testing

Bluescreen test (Gentronix) was improved and
implemented for FCM

S

Approach was not suitable according to the
requirements for genotoxicity assessment of FCM
(genotoxicity vs mutagenicity)
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Evaluation of the Suitability of Mammalian In Vitro
Assays to Assess the Genotoxic Potential of Food

Elisabeth Pinter "+, Bernhard Rainer ", Thomas Coerny ', Elisabeth Riegel ', Benoit Schilber 5
\ Maricel Marin-Kuan * znd Manfred Tacker *

TODAY
(1LSI packaging WG (Schilter et al 2019):\

m Food Additives & Contaminants: Part A
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Value and limitation of in vitro bioassays to
support the application of the threshold of
toxicological concern to prioritise unidentified
chemicals in food contact materials

Banolt Schilter, Karin Burmett, Chantra Eskes, Lucks Geurts, Mélanie Jacquet,
Cheistian Kirchnawsy, Peter Oldring, Gabriele Pieper, Elsabeth Pinter,
Manfred Tacker, Heinz Traussnig. Peter Van Herwijnen & Alan Boobis

Recommendation: Exclusion of mutagenicity to
apply TTC Cramer Class llI

U

AMES assay
limit of detection is not
suitable for TTC threshold?

J

E. Pinter et al. Evaluation of the Suitability of Mammalian In
Vitro Assays to Assess the Genotoxic Potential of Food
Contact Materials. Foods 2020, 9, 237
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Future? Need breakthrough strategy?
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Suitability of mutagenicity Ames assays to assess FCM

(Migratox project contribution)

() Taylor & Francis
Food Additives i ; - '
. Food Additives & Contaminants: Part A
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Suitability of the Ames test to characterise
genotoxicity of food contact material migrates
Bernhard Rainer, Elisabeth Pinter, Thomas Czerny, Elisabeth Riegel,
Christian Kirchnawy, Maricel Marin-Kuan, Benoit Schilter & Manfred Tacker
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Mutagenicity assessment of food contact material migrates with the Ames MPF
assay

Bernhard Rainer*®, Elisa Mayrhofer*®, Miriam Redl®, Irene Dolak®, Daniela Mislivececk®, Thomas Czemy?,
Christian Kirchnawy®, Maricel Marin-Kuan®, Benoit Schilter” and Manfred Tacker®

“Department of Applied Life Sdences, University of Applied Sciences, Vienna, Austria; *0F, Austrian Research institute for Chemistry and

Technodogy, Vienna, Austria; “OF| - Department for Microblodogy and Cell Culture, Nestle Research - Chemical Food Safety. Lausanne,
Switzerland
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Adapted from Rainer et al, 2019

! Concentrated
sample

concentration

dilution
FCM migrate
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_ Ames assays

Limit of Detection (TTC)?

Compounds responsible of mutagenic effect?
Other solutions needed?
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REQUIREMENTS NEEDED

Limit of detection
Metabolic activation

Solvent used prepare samples (e.qg.;
DMSO toxicity)

Whole sample vs fractionation
Matrix effect

Identification of compounds
responsible biological activity (e.g;
mutagenicity)

Exclusion of mutagenicity vs
genotoxicity
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Proposed strategy to achieve ILSI recommendations on mutagenicity

Develop new approach combining three technologies:

(1) The High-Performance Thin Layer Chromatography (HPTLC)
coupled to a genotoxicity test

> Separation of complex

mixtures possible

(2) AMES assay (Miniaturized liquid AMES-MPF to Ames agar to
assess mutagenicity

(3) LC-HRMS for chemical identification of bioactives

-

Effect-Directed Analysis Approach as solution

S Research and
== Development



New HPTLC methodology coupled to genotoxicity assay

Application Chromatography Bioassay Detection bioactive bands Quantification

i 8 L .11 ; ""k ;
s ; 4 - - b O -_: s 1‘“%—». Bioactive band
ale A0 & % Irlh\h
¢ Fluorescence
\ v ]
l Development: bioassay
i ~SOS Umu-C
SN o Separation of i
ample application . . Gentoyic S5 et : T
(e.9., migrates, extracts) | | COMPounds with mobile| | g mh ( mb iV NChmp &5 mup Dose response
phase (depending on o S ot Poscen enotoxic effect
polarity) e 9

Meyer, D., et al (2021) “” ALTEX -2021 Alternatives to animal experimentation, 38(3), pp. 387—397. doi: 10.14573/altex.2006201.

Debon E, et al . (2022) Toxics. 2022 Aug 27;10(9):501. doi: 10.3390/toxics10090501. PMID: 36136466; PMCID: PMC9500983.
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Identification of substance(s) with genotoxic potential and Jor
exclusion of MUTAGENICITY

HPTLC HPTLC coupled to genotoxicity test — Mutagenicity

Chemical analysis
[ (LC-HRMS)

- N -~

Umu-C induction Bioactive band
recovery

Packaging sample Genotoxicity
separation using HPTLC Umu-C assay

b

Facilitate TTC application & risk assessment

e Research and
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PoC of capability to detect low levels of a wide range of DNA-
damaging substances in accordance with TTC requirements

v Limit of detection suitable according to ILSI reccomendations
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Article
‘ . . Incorporation of Metabolic Activation in the
Detection of low levels of genotoxic compounds in HPTLC-SOS-Umu-C Bioassay to Detect Low Levels of
food contact materials using an alternative HPTLC- Genotoxic Chemicals in Food Contact Materials

SOS-Umu-C assay
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Meyer, D., et al (2021) “” ALTEX -2021 Alternatives to animal experimentation, 38(3), pp. 387—397. doi: 10.14573/altex.2006201.
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FLom packaging extract/migrate to the identification of potential
genotoxicants/mutagens using paper as case study

v' Spiked mutagenic compound was confirmed with Ames-MPF assay and LC-HRMS
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« HPTLC approach facilitate detection and identification of potential genotoxicity/mutagenicity hazards
« Chemical identification still challenging
* P. Rogeboz et al (in preparation) ‘t‘yf\fz Research and

B2\ Development
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Progress on other biological endpoints?
High Performance Thin-Layer Chromatography coupled to

estrogen and androgen receptors

Chemical Bioassays Detection/ Chemical

profiling coupling Quantification Identification

Inhibition

Activation

-\.c - 'i“..“l
-".-:-:: L WEY
:ﬁlh.‘: FDG my TM B2 las
Stationary phase (silica plate) p-YES assay LC-HRMS

Bioassay method Chemical identification of
development compound(s) present in

—— Spraying of Ifl\\

Mobile phase yeast cells on

Separation - _ the silica plate £ . (fl.u.ore_scence)_and _ bioactive band responsible of
constituents | inl . —— identification of bioactive biological effect (e.g; estrogenic
= Incubation 3h [ 37°C bands activity)

e Research and
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Endocrine activity assessment using HPTLC application has been
demonstrated with FCM

Analytical and Bioanalytical Chemistry [ 2030) 412:4527-4536
ety fd ol org 10.1007/<002 16-020-02701 -w
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Microtiter

Yeast estrogen screen

HPTLC

Bloassay responsa

Check for I
Estrogenic activity of food contact materials—evaluation of 20 PG oo
chemicals using a yeast estrogen screen on HPTLC or 96-well plates
Alan J. Bergmann ' (3 « Eszter Simon " « Andrea Schifferli’ - Andreas Schénborn® - Etiénne L. M. Vermeirssen'
Recehved: 11 February 2000 / Revised: 8 Apwil 2000 / Accepted: 11 May 2020 / Published online: 26 May 2020
© The Authar(s) 2020
E 100
s
E- 75
:
3 %
3
E 2
o

10" [T 107 W0 104
Males

Bergman et al; 2020

EnSNe Research and
B2\ Development

24th January 2024 Lessons learned from the contribution of bioassays to address packaging safety



Packaging materials prioritization tool using effect-direct analysis
approach (genotoxic & endocrine activity)

Biological endpoints

) LC-HRMS
- Anti-Androgenicity
Estrogenicit :
I Estogenicity - |
- Androgenicity i . i ll
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BUT...Chemical identification for concordance analysis is still key limiting
factor?

E ool o~ . DNA—reactive contaminants are not randomly .
Kb e introduced through the misuse of recycled packaging

e by consumers but are systematically formed qluring

Safety Assessment of Recycled Plastics from Post-Consumer the recycling process from precursors in the input.

Waste with a Combination of a Miniaturized Ames Test and

Chromatographic Analysis ’

_ b i ’ L | * This publication highlights the need to identify the
e e T et e Hicthmny source for this critical contaminant to enable the
future use of polyethylene, polypropylene and
polystyrene in sensitive applications
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Effect-detection by planar S05-Umu-C genotoxicity bioassay and chemical &= ul z ;
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identification of genotoxins in packaging migrates, proven by microtiter !*- ‘
plate assays SOS-Umu-C and Ames-MPF j= g t
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) Step forward using HPTLC coupled to bioassays, but still work needed
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The combination of different technologies is required to conclude on
which migrating chemicals are of concern

Chemical + Understand migrating IAS,

analysis Packaging migrate NIAS, Unknown compounds

=

» Screen for presence of mutagenicity and

Suitable and fit-for-purpose . e .. endocrine activity
i BIOASSAYS are needed Prioritisation * Look for substances over threshold of Cramer
class Il (TTC)

Chemical analysis
improvements needed, Data » Characterisation and quantification of hazards

bioassay/in silico Refinement

Exclusion of direct DNA mutagenicity

MoS for tox characterized with official HBGV
MoE for chemicals with limited or no tox data
TTC (no tox data)

Compounds of
—_ 0 Facilitate risk assessment concern

to be managed

MoS: Margin of Safety

MoE: Margin of Exposure

HBGV: Health Based Guidance Value g9neN& Research and
TTC: Threshold of toxicological concern ‘g_é"_‘m\ F‘h 5:’ EE <
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