New Approach Methodologies as tools for
mechanistic understanding of GIT.

José V. Tarazona

Research Professor and Head Risk Assessment Unit
Spanish National Environmental Health Centre
Instituto de Salud Carlos Il
Ministry of Science and Innovation, Spain

&= o -

CTLS 7 | - . ZY

Centro Nacional de Sanidad Amblental Webinar: Gastrointestinal Tract Toxicity, September 2023 de salud
05/10/2023 Disclaimer: The views are those from the author. Figures have been adapted from Creative Commons




Hazard assessment
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Toxicological models

Animal Human in vitro s .

models
Inter species In vitro to In vivo
extrapolation extrapolation
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Animal models and gut toxicity
Main assumptions

@ o Gut processes covered by animal studies
» No specific considerations regarding interspecies
l physiological differences
e Focus on fate and ADME
Inter species  No specific attention on effects on microbiome
extrapolation Main limitations

 Extrapolation of toxicokinetic properties
 First step Is already the internalization “Absorption” in ADME
« Focus on gquantitative estimation of percentage of
O absorption
* Focus on dose & gavage administration or animal feed not
resembling human food

o O
| &« 11U
<  Limited consideration of gut local effects

mc” i e |Lack of information on effects on the microbiome de Salua
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Hazard assessment
Integrative approaches for setting THE Guidance Value ad
Existing information New information Integration
@“?} e Invitro To support/challenge
e Read-across the guidance value

Experience

« Are all NAM effects covered by in vivo observations?
 Are population groups with expected high susceptibility?
 Are interactions of specific concern?
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Mechanistic understanding in gut toxicology

 High doses
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® @ * Suspension by gavage

Problem formulation

Regulatory need =» sclentific capacity

Mechanistic understanding
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Risk characterisation
HBGV exceedance

Risk communication
Safe use (no information on
aggregate or cumulative risks)

o Apical adverse effects
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In vitro models and gut toxicology

Main assumptions

 Using human cells ensures human physiological relevance
 Invitro conditions may be very different from those physiological
» Focus on the intestinal epithelia
* Independent assessments for effects on microbiome

» Use of AOP for extrapolating intermediate effects into adverse

outcomes
N vitro to in ViVO * QIVIVE focused on Toxicokinetic considerations
extrapolation Main limitations
 Different levels of complexity, but even the most complex are
oversimplifications

o o O e Mostly with short timeframes
,.' ® e Only the most complex may integrate microbiome
(Z? m’ﬁ ,ﬁ%}\ m  Provide mechanistic or quantitative information, but rarely both
» (Relative) “absorption” for ADME
« Mechanism of uptake (diffusion, paracellular, transporters,

C”S endocytOSIS, e ér;gtsl';l.lj;g
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Monitoring and Exposure ~ ) ( Hazard assessment, closing
HBMAEL data gaps, innovative methods

PARC Objectives

Management.and,Coordination

wWp2
A common science-policy agenda

Our general objective is to consolidate and %
strengthen the EU’s Research and innovatior 5, i
. . . ~3"._ * [ o8, I Y ;-- GI- -~
capacity for chemical risk assessmentto g {
protect human health and the environment 'ﬂ i

\Environment. Food, Products
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WP4 WPS 1| S L T
Monitoring Hazard @ High level network for ! :a'\ i
and exposure assessment regulatory science interface 3 A, "_
wes [l wes ( Risk assessment \< 4 Concepts and Toolboxes )
Innovation in Concepts & : ! : Safe and sustainable by design
Toolboxes . "
I Research & Innovation . _;; - ﬁ}j
o towards Next Generation W, e-===~-»  Early warning @6'9
. B | |
Risk Assessment
[ (e ) (e ) @) Integrative modelling
WP7 WP3 WP9 c it d Platf )
FAIR Data Capacities 3 Capacities and Platiorms WP6 % ( wms)
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Innovative tools and methods for TYrE Miri Review

? frontiers | Frontiers in Toxicology =~ toXicity testing within PARC work PUBLISHED 19 July 2023
package 5 on hazard assessment ool 10.3389/Mtox 2023.1216 369

Thalia De Castelbajac*, Kiara Aiello®, Celia Garcia Arenas™,
Terje Svingen?®, Louise Ramha|®, Daniel Zalko™, Robert Barouki®,
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Philip Marx-Stoelting™ and Gilles Riviére
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Focus on systemic effects and toxicokinetic processes

Metabolism Elimination
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Oral uptake EXTERNAL SCIENTIFIC REPORT

l APPROVED: 22 February 2021

doi:10.2903/sp.efsa.2021.EN-6504

Gut lumen

Modelling human variability in toxicokinetic and
toxicodynamic processes using Bayesian meta-analysis,
physiologically-based modelling and /n vitro systems

Gut tissue

Emanuela Testai, Camille Bechaux, Franca M. Buratti, Keyvin Darney, Emma Di Consiglio,
Emma E.J. Kasteel, Nynke I. Kramer, Leonie S. Lautz, Nicoletta Santori, Zoi-Vasiliki Skaperda,

Liver Dimitrios Kouretas, Laura Turco, Susanna Vichi
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© Safety (ANSES), University of Utrecht, University of Thessaly
Kidney
; 0
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Adipose tissue )

APPROVED: 29 Newermber 2022

doi:10.2903/sp.efsa. 2023.EN-7793

Poorly perfused
tissue

Richly perfused

EFSA Pilot Project on New Approach Methodologies
(NAMs) for Tebufenpyrad Risk Assessment. Part 1.
Development of Physiologically-Based Kinetic (PBK)
Model Coupled With Pulmonary and Dermal Exposure

tissue
Jérome HENRI!, Ludovic LEHEGARAT!, Adeline CAVELIER?, Bertrand DESPREZ?
French Agency for Food, Environmental and Occupational Health & Safety (ANSES)
'ANSES Fougéres Laboratory, 10 rue Claude Bourgelat-Javené CS 40608 F-35306 Fougéres - oa
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J.V. Tarazona®*, M.C. Astuto, M. Bastaki, ¥. Deves, J -L.C M. Dome, G E.M. Kass and A K_D. Liem

Iy p— v" First element. Description of the OoC tool and methodology sufficiently

;?// 1 ] Fac””ate rep“ Ca‘hon ﬂ detailed to allow studly replication and verification by third parties.

v Second element. All test substances, controls and other
chemicals (CAS No, purity, source, batch, etc.) should be
sufficiently  described.  For  nanomaterials  also  the
characterization of particles, and level of agglomeration [3].

LN B
2. Describe test substance .I[jflg

[ | CAS No, Batch, ...

’.____. 3. Clear QC for biology viability

v Third element. OoC elements/tools (commercially) available or indicate
suitable alternatives. Describe Quality Criteria for assessing the viability of

e [ D moce by docn the biological components at the beginning/during/end of the
=== =SS 6 i o st = experiment.

- @i 1 v o roesis

A=

4. Report quality assurance

v' Fourth element. All individual results should come from
i multiple replicates of the procedure with full QA/QC

S b i information. The QA/QC should include calibration at inter-
== T laboratory exercise  (round robin test); detailed Standard
Operating Procedure (SOP); and/or have been replicated in an
independent lahoratory.

v' Fifth element. For toxicokinetic or mechanistic toxicity investigations,
appropriate pharmacological modulators, time course, etc. would need to
be included.

v" Sixth element. Kept raw data if not published, and records for
all equipment and model calibrations and quality controls.

v Seventh element. The authors of the publication are required to make
materials, data, code and associated protocols promptly available without
undue qualifications.




How?

Paradigm
evolution

Paradigm
revolution
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Evolution versus revolution

Using alternative methods for setting THE Guidance Value

Hazard assessment

Developing new paradigms for safety assessments based on
mechanistic understanding

ASsess

SAFETY

... like for

genotoxicity
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Revolution of the

Hypothesis
driven

IATA:
existing
data &
NAMs

Mechanism
AOP

In vitro methods may open
a window in the black box!

Next
Generation
RA
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Problem formulation
Bioreactivity/Mad = wype of effects
Adverse effects: Magnitude& likelihood
Health risk drivers & susceptible groups

Hazard drivers
List of endpoints linked to adversity

Exposure drivers
Food iterms driving dietary burden
Other exposure routes?

Exposure characterisation
Selected diets and susceptible groups
Individualised assessments model

Effects characterisation
Doseftime/responses for the exposure
ramge including susceptible groups
Cumulative effects for key endpoints

Risk drivers
Identification of susceptible and highly
exposed groups for:

Target use [ aggregate exposure
cumulative risk drivers for the
endpoint

Risk characterisation
Likelihood for effects quantified for
“standardised” & susceptible groups

Simplified model for consumers

2
3

-

Risk communication
R& outcome + uncertainties, RM 1o
develop their decision scheme
Drivers for aggregated & cumulative
Ready-to-use tools for consumers

risk assessment paradigm

e Dissolution

e Degradation

e Transformation
e Effects

= Uptake
e ocal effects
e Transfer to blood

N

Systemic
distribution

e Partitioning
e Metabolisms
eElimination

«Cell
eTissue
«Organ
eBody

N,
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Adverse Outcome Pathways

— I
Mechanistic understanding

= For each chemical
* For the chemical interactions

@ ﬁﬂi;ﬂTl Human in w‘t -
models \

ALTEX, accepted manuscript
published March 1, 2022
dof:10.1457 3altex. 2202141

t workshop report*
Application of Evidence-Based Methods to
Construct Mechanism-Driven Chemical Assessment

models

Frameworks
- - - -
IﬂtEr SPECIES .fﬂ 'Wtfﬂ tu‘ in vivo Sebastian Hoffimamy', Elisa Alassa’, Michelle Angrish’, Claive Beawsoleil’, Fredevic Y. Bois®, Lawra
. . Ciceolalla®, Peter 5. Craig®, Roh B M de Vries’, Jean Lou €. M. Dovne’, Ingrid I Dvuwe’. Stephen
Extrﬂpﬂ lﬂtlﬂ'rl Extrapﬂlatlﬂﬂ W. Edvwards’, Chanra Eskes™", Marios Georgiadis “, Thomas Harnmg' %, Auwde Kienzlo® ", Elisaberh

A. Kristjansson™, Juleen Low™, Lawra Marting”. Bette Meek™. Retween 1 _iﬂjrrjaa'.' Jrene Muno==
Guajards®, Pamela D Noves®, Elema Parmelli®, Aldert Piersma®, Andrew Rooney”, Emily Sena’’
Kristie Sullivan™, José Tarasona’, Andrea Terven, Kris Thayver’, Jan Turner™®, Jos Verbeek™, Didier
Verloo®, Mathien Vinker™, Sean Warford™, Paul Whaley™, Daniele Wikoff™*, Kare Willerr™ and
Kearver Teaioanun i

» Constructing an AOP and using the AOP for risk assessment require different approaches
* We need a more pragmatic approach, and more important:

AOP-based approaches should be connected to health impacts
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Developing an AOP — Focus on relationships - Chemically agnostic

Adverse Outcome Pathway
Toxicoloagy-based risk assessments

Mm

AOP construction

Time | > AOP 505 https://aopwiki.org/aops/505
Response
| Human blomarkers | Reactive Oxygen Species (ROS) formation leads to
| NAM data on multiple chemicals | | Animal data on multiple chemicals | cancer via inflammation pathway

KER @ KER usnsuEm.' K!R e :ﬁqm Macro-

I I organ I s molecular

| Progression with exposure level = dose/time/response | ----------------------------------------
CE".J"TiSSUE iriseas S Increase Cancer

Inflammation Apoptosis
Biochemis
y Malecular biclogy

Physiology  ictopathology

Pathology

Hoffman et al., 2022. ALTEX
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https://aopwiki.org/aops/505

Using AOPs for risk assessment — From observations to predictions

Adverse Outcome Pathway
Toxicology-based risk assessments

Mm

AOP use in NAM-based chemical risk assessments

TKTD models & IVIVE Use patterns & exposure models
(time/dose/response Expectation for the level of exposure

considerations) MIE  KE cell KE tissue AO
l AO
organism

Chemical-specific NAM
information

@

KE
tissue/ @
organ §
=
L]
H
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KER ker (UEETH) ker (N g

KER AO
a organism

+ Risk drivers for effects In susceptible

+ Likelihood for adverse human effects

S
S
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Fig. 5: The use of NAM in AOP-based chemical risk assessment

Hoffman et al., 2022. ALTEX

O
;
if

Compensation

C725d ' st
de Salud

Centro Nacional de Sanidad Ambiental CarlosIll

05/10/2023 18



Needs: Proper coverage for local and systemic effects...
Absb\rption Metabolism
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@ REVIEWS

.. and challenges for complex pathways!

Annual Review of Pharmacology and Toxicology

Microbiota-Gut-Brain
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£y Tosicology Axis: New Therapeutie
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s & Caitriona Long-Smith,! Kenneth J. O'Riordan,
Chronic consumption of food-additives lead to changes via microbiota = saitriona Long-Smith,” Kenneth], i
gut-brain axis Grerard Clarke,™ Catherine Stanton,

Timothy G. Dinan,' and John F. Cryan®*
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Current Opinion)in

Pulmonary Medicine

OBSTRUCTIVE, OCCUPATIONAL AND ENVIRONMENTAL DISEASES: EDITED BY MANISH JOSHI AND BASIL
VARKEY

Lung microbiome, gut-lung axis and chronic
obstructive pulmonary disease

Gokulan, Kuppan®; Joshi, Manish™; Khare, Sangeeta®; Bartter, Thaddeus™®

Author Information@

Current Opinion in Pulmonary Medicine 28(2):p 134-138, March 2022. | DOI:
101097/ MCP.0000000000000853
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microbial biotechnology
Minireview
The gut microbiota and its interactions with
cardiovascular disease
* > :“" 1
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Review

The Influence of Gut Dysbiosis in the Pathogenesis and
Management of Ischemic Stroke

Saravana Babu Chidambaram 7, Annan Gopinath Rathipriya ¥, Arehally M. Mahalakshmi !, Sonali Sharma 1=,

Tovasif Ahmed Hediyal 2 Bipul Ray ', Tuladhar Sunanda '-2, Wiramon Rungratanawanich 4,
Rajpal Singh Kashyap *, M. Walid Qoronfleh *7, Musthals Mohamed Esss ***, Byoung-joon Song '+

and Tanya M. Monaghan 1145
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Initial effects Secondary Other

Ad Ve rS I ty : conseguences Stressors
L. N N
Quantitative 09%2? #.f & |
estimation of the X I
likelihood
for and
Intermediate effect
to progress towards
consequences
affecting
measurable health
Indicators

based ’

Adversity
Indicators
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Conclusions
« We should:
o Consider the assumptions, limitations, and uncertainties for both
animal and NAM-based approaches
 We have
 Significant advances for NAM-based toxicokinetics
* Arelevant number of tools with different levels of complexity,
covering different mechanisms
 \We need
o Systems for qualifying their use for regulatory assessments
* A new paradigm for Next Generation Risk Assessment,
addressing initial effects (microbiome and gut cells) and the
identification of associated consequences

05/10/2023




Thank you!!!

Contact detalls: Jose Tarazona
email: jtarazona@isciii.es
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