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ADME systems as essential parts of IATA's for systemic toxicity
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ADMIE / Metabolism as key components of IATA Elﬁ!ﬁl

European Union Reference Laboratory
for Alternatives to Animal Testing

In vitro ADME platform for assessing metabolism and toxicity

Entry of a chemical entity to
the human body
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Metabolism/Biotransformation: need for reliable, relevant, easily
accessible human metabolic competent test systems

PBTK is currently regarded as the most adequate approach to
simulate the fate of compounds in the human body (1R)
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Two decades of in vitro methods for test
development and validation for regulatory
purposes:

ADME in vitro methods
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........... and the age of liver
perfusions and metabolism

..... and the use of
cooking pots in the
expenmental design

Human Iliver perfusion, Marseille, April 1992
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Framework and activities to characterise
in vitro metabolism methods
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2009: Identify the main metabolites and the HUMAN clearance
rates of the parent compound and/or its metabolites
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Comprehensive categorical survey of the results
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Comparison of Metabolic Stability and
Metabolite Identification of 55 ECVAM/
ICCVAM Validation Compounds between
Human and Rat Liver Homogenates and
Microsomes - a preliminary Analysis'
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Tab. 4: Similarities and differences in the presencefabsence and major/minor metabolite(s) between human and rat liver
homogenates and microsomes

Human homogenate Rat homogenate vs Homogenate Microsomes
VE MICTOS0Mmes MICrOS0Mes human vs rat human vs rat
Mo metabolites 10 10 a 10
detectable
metabolite(s) in one, 5 3 & ]
but not in the other
only one metabolite 8 9 T &
major metabolitels) 21 18 14 14
same
major metabolitels) 10 15 20 17
different
minor metabolitel(s) 11 i 2 2
same
minor metabolitel(s) 18 22 28 28
different
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Comparison of Metabolic Stability and
Metabolite Identification of 55 ECVAM/
ICCVAM Validation Compounds between
Human and Rat Liver Homogenates and

SO m e CO n C I U S i O n S . anjc:‘osomes = a preliminary Anulysisl‘

u, Finland;

* LC-MS-based analytical methods OK for g
disappearance and formation and tentative identification of metabolites.

e microsomes and homogenates: differences were not large for most of the
substances...microsomes as an enzyme source would not produce most phase Il
metabolites (e.g. paracetamol-sulphate).

e For most compounds, microsomes are still suitable for stability and metabolism
screening, but it is difficult to anticipate the extent and significance of wrong
conclusions, consequent to the selection of microsomes over homogenates as an
enzyme source.
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Some conclusions (cont.):

17

Comparison of Metabolic Stability and
Metabolite Identification of 55 ECVAM/
ICCVAM Validation Compounds between
Human and Rat L|ver Homogenates und

A tentative categorical analysis indicated that differences betwee: ———
and rat preparations were rather modest for most of the substances. There

were a number of exceptions, e.g. amitriptyline and aflatoxin B1 regarding
substrate loss.

Qualitative differences in metabolite profiles were relatively common, about
a third of compounds displayed a difference in major metabolite(s) and in
about a half of the compounds some minor metabolites were different.

#oper| DRUG METABOLISM = Case
AND DISPOSITION B Examples of MIST
Home Articles Information About Us Editorial Board Alerts Virtual Issues .] u m dlfferences In

major metabolites
in different test

Research Aricle | Minireviews

A Decade in the MIST: Learnings from Investigations of Drug Metabolites in Drug

. A o . systems
Development under the “Metabolites in Safety Testing” Regulatory Guidance

Simone Schadt. Bojan Bister, Swapan K Chowdhury, Christoph Funk. Cornelis E. C. A Hop. W Griffith Humphreys, Fumihiko Igarashi. Alexander D. James. Mark Kagan,

5. Cyrus Khojasteh, Angus N. R Nedderman, Chandra Prakash, Frank Runge, Holger Scheible, Douglas K Spracklin, Piet Swart, Susanna Tse, Josh Yuan, and R. Scott Obach
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Establishing a systematic framework to characterise in vitro
methods for human hepatic metabolic clearance
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2015 - Literature search and call for clearance methods

Searching criteria: human based clearance methods and published 1998-2014
Inclusion of 115 published studies

Test system Test system configuration Measured parameter

m Fresh Hep.
B Metabolite
B Cryop Hep M suspension
= HepaRG Wtee
“sandwich  parent
m Microsomes biochip
B Multiple test ot
systems
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2018 Lead NL: OECD 4.132 Feasibility study TG development

Results 2018 literature analysis:

CLint hepatocytes ( pL/min/10 6 cells)

N
o

Human data on 37 chemicals from 30 publications

Rat data on 10 chemicals from 15 publications

Large variation in protocols observed

Limited information on within-laboratory variation

Large between-laboratory variation (partly human variability)
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OECD 4.132 Feasibility study TG development

Conclusions:

No harmonised protocol used in literature
Large between-laboratory variability

Feasibility study Human hepatic metabolic clearance —<‘/_ Are protocols harmonized? H NO
- Available data for retrospective validation of selected methods
Can we assess within- and
j : between-laboratory variability
c B e for specific method? NO
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An example of standardisation of in vitro

metabolism methods: CYP induction
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MiniReview

Cytochrome P450 Induction and Xeno-Sensing Receptors
Pregnane X Receptor, Constitutive Androstane Receptor, Aryl
Hydrocarbon Receptor and Peroxisome Proliferator-Activated

Receptor o at the Crossroads of Toxicokinetics and
Toxicodynamics

Jukka Hakkola>, Camilla Bernasconi®, Sandra Coecke®, Lysiane Richert’, Tommy B. Andersson™ and Olavi Pelkonen'

'Research Unit of Biomedicine, Pharmacology and Toxicology, Faculty of Medicine, University of Oualu, Oulu, Finland, Medical Research Center
Oulu, University of Culu, Oulu, Finland, *European Commission Joint Research Centre, EURL ECVAM, Ispra, Italy, *KaLy-Cell, Plobsheim,
France, “Drug Metabolism and Pharmacokinetics, Cardiovascular and Metabolic Diseases, IMED Biotech Unit, AstraZencea, Gothenburg, Sweden
and *Department of Physiology and Pharmacology, Section of Pharmacogenetics, Kamlinska Institutet, Stockholm, Sweden

(Received 23 Januvary 2018; Accepted 1 March 2018)

European
Commission

24



Science of the Toral Environment 645 [2018) 97-108

Capturing the applicability of in vitro-in silico membrane transporter data i)
- . . - - ?,m""
in chemical risk assessment and biomedical research

Laure-Alix Clerbaux ®*, Sandra Coecke 2, Annie Lumen ?, Tomas Kliment ¢, Andrew P. Worth 2, Alicia Paini?

Human test
CYP 3 MRP1 systems
CYp2 UoFC MRP4 (PHH, HepaRG)
EAC-OH — % EAC-CONT—*

CYP isoforms

EAC A

PBREM / XREM _ indUCtiOn
© ©
£ 3
? Nucleus g
2 c
£ 8
@ Cytoplasm
Hepatocyte PXR pregnhane X receptor
y CAR constitutive androstane receptor e European

Commission



PXR and CAR activation by EDCs

Type of EDC EDC Affected honmone system
Other Benzophenone (metabolic products) Esti agonist; drogens
Bisphenol-A (BPA) Estrogen agonist
Triclosan Potential weak androgen
Cyproterone acetate Antiandrogen
H Spironolactone 4 gen; aldost tag
Ste ro | d S progestational activity
’ Alachlor \ Disruption of thyroid hormone levels;
. antiestrogen; antiandrogen
pest|C|d es Aldrin Potential EDC
Chlordane Increases estrogen agonist effects of other EDC

phthalates

alkylphenol

———————————

PCBs

Chlordecone (kepone)
Chlorpyrifos
Cypermethrin

DDE ({1.1-dichloro-2.2-bis(p-
chlorophenyl} ethylene)
DDT

Dieldrin

Endosulfan

Endrin

Fenvalerate

Lindane (y-BHC)

Methoxychlor (metabolic products
Mono-OH-methoxychlor
Bis-OH-methoxychlor
Trans-nonachlor

Trifluralin
Vinclozolin

Phthalic acid

Mono(2-ethylhexyl) phthalate (MEHP)

Di(2-ethylhexyl) phthalate (DEHP)
Di-ni-tutyl phthalate (DBF)

Nenylphenol

1s  PCBs (highly chlorinated)

(synergism); mimicry of male sex steroids;
antiandrogen

Estrogen agonist and antiestrogen
Potential EDC; estrogen agonist
Dismuption of reproductive function
Antiandrogen

Estrogen agonist; antiandrogen

Potential EDC; Zen agonist; anti
agenist; antiand

Potential EDC

Potential EDC

Interference with or without estrogen-mediated
events (mechanism unlknown); disruption of
reproductive cycle

ERu agonist, ERP antagonist. AR antagonist
Estrogen agomist

Estrogen agonist

Progesterone and estrogen agonist
Reproductive and metabolic effects
Antiandrogen

Faf

Antiandrogen

Breakdown product of DEHP. Potential
antiandrogen

Antiandrogen

Weakly estrogenic

Estrogen agomist

Estrogen agonist; inhibit estrogen catabolism:
antiestrogen

26

EAC

Sinusoidal

CYP 3A MRP1
CYP2C MRP2
CYP 28 UDPGT MRP4
CYP 24 SuLT MDR+—+—

EAC— PEAC-OH — ®EAC-CONJ—®

PBREM / XREM

Nucleus

Canalicular

Cytoplasm

Hepatocyte

Adapted from X.C. Kretschmer, 2005

Luthe et al., 2009
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PXR and CAR: species differences

27

Agonists bPXE  Rodent

hCAR  Roden

PXR CAR
Alachlor 2z
Androstanol ag ag ant ant
Androstenol ant
Benzophenone az
Bisphenol A az
Chlordane ag ag
Chlordecons e
Chlorpyrifos ag
Corticosterone ag ag
Cypermethrin ag
Cyproterone acetate ag
Daidzein ag
DBP ag ag ag
DDE ag ag
(s pram—
o.p-DDT ag ag
DEHP ag =
DHT ag
Dexamethasone ag ag
Dexamethasone-21-acetate ag
Dexamethasone-f-butyl ag ag
acetate
Dieldrin ag ag
Diethylstilbestrol ag
Endosulfan ag
Endrin ag
17B-Estradiol ag ag ag
Estrone ag
170 Ethynylestradiol ag
Fenvalerate ag
Genistein ag
Lindane ag ag
Lithocholic acid ag ag
MEHP ag ag
Methoxychlor ag ag ag ag
Mono-OH methoxychlor e
Bis-OH-methoxychlor ag
Trans-nonachlor ag ag ant
ag
ag

3B-Pregnane-3.20-dicne ag ag
Pregnenolone

6.160-Dimethyl ag ag

pregnenolone

170-OH-pregnenclone ag ag
Progesterone ag ag
170-OH progesterone ag ag
RU486 ag ag
Spironolactene ag ag
Tamoxifen ag

ag

ant

Rifampicin is a potent activator of hPXR but not of mPXR

PCN is a weak activator of hPXR and a potent activator of mPX
Hyperforin (Saint John’s Wort) is a potent activator of hPXR but not
of mPXR

TCPOBOP is an activator of mCAR but not of hCAR

Clotrimazole is an inverse agonist for hCAR yet has no effects on
mCAR

Androstanol is an inverse agonist for mCAR but is inactive in hCAR
Several estrogenic EACs are only active on mCAR not on hCAR

X.C. Kretschmer, 2005

K. Abass et al., 2012

Fujiwara et al., 2018
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PXR and CAR activation: key mechanistic event in
deregulation of homeostasis

Proposed mechanism of thyroid tumor promotion mediated by CAR

- T Thyroid
atanani M et al., 2005 . ’
Q ' TUGTs 174 follicular cell
Xenobiotics == CAR< T T TSH == proliferation
T SULT’s T Thyroid

tumors

"Changes in hepatic UGTs and transporters may be involved in decreases
in circulating T4 following BDE 47 exposure " (in mouse)
V.M. Richardson et al., 2008

molecular cellular
interaction effects

"BDE-47 induces CYP genes through activation of human m{- :
CAR in addition to the previously identified pathway s
through human PXR" (in PHH) sueyoshietal, 2014 B
CYP1A activity Tl
P?S\" apoptosis resistance
Px\$‘P““1-ga\B —rf
W’ cell growth and proliferation o
AhR activation e

— AhR, HIF-

4hQ’ s ———>» invasive growth and angiogenic potentia
kB, C/Egp
'q/)/i; inflammatory responses "
Vogel CFA et al., 2017 S £ European
* *
* 4 K

Commission
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How to measure PXR and CAR activation resulting in phenotypic changes at

enzyme activity level? ....Human CYP induction in vitro method

https://ecvam-dbalm.jrc.ec.europa.eu
https://tsar.jrc.ec.europa.eu/search-test-methods-a?search combined anonymous=cyp+induction

WHY CYP activity and not mRNA? CYP induction is a slow process. CYP induction, requiring de novo
protein synthesis, is a sensitive biomarker for evaluating phenotypic hepatic metabolic

competence. _
Cell culture Analytics (LC-MS/MS)
1 2 3 4 6§ 6 7 8 9 10 11 12 123456789101112/ -
» Q00 1999390000000 T
s QOO _ Cyp 8 OO.....OO .55 CYP2B6
a2 Induction ¢ O 00000, 00 - g4 cYP3As
"Q Q0O ETETT 100000 ! 10 00 >E3 :
i Q0O H0000000 0000 metabolites =2 ﬂ
F OO  Testitem exposure  + OOOOOOO@OOOO E= e
; Q0 Q00000000000 measurement
000000000000 0000000000 1o 102 107 10° 10
SO Test items (6 serial dilutions) + enzymatic probe p e
O I\N/I(caegl?utln\:e control (DMSO) substrates

= Reference item for Enzymatic Metabolite
human CYP induction probe substrate d
1A2 O B-naphthoflavone (BNF) 25 uM phenacetin acetaminophen
N ¥ 286 Phenobarbital (PB) 500 bupropion OH-bupropion
|_P450 Gene Expression | . (PB) uM RrOpe reR E
1 34 @ Rfampicn (RIF) 10 M midazolam | 1-OH-midazolam uropean

| 450 Enzymatic profile | Commission



Human CYP induction validation study ‘ ' ’

PHH

— ® HepaRG cells
= Pharmacelsus

¥ CONTHACT HESEARCH ORCANISATION

7
KalLy-Cell

|

[ janssen :
= = AstraZeneca@
VRIJE
2] UNIVERSITEIT
BRUSSEL
5 AT ke
Rogiers Vera o
S $C
Tamara Vanhaecke 3@7’% Vi;
kﬂ"’No -

> ATERA Michael Cunningham : - ... .
Judy Strickland Olavi Pelkonen agnus ngeiman-sundberg
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The human CYP induction in vitro method:
between and within labs reproducibility

Laboratory CYP1A2 | CYP2B6 | CYP3A4 | Laboratory CYP1A2 | CYP2B6 | CYP3A4

Lab 1 72% 75% 92% Lab 4 82% 60% 82%
{43/60) | (45/60) | (55/60) {42/51) | (30/50) | (41/50)

Lab 2 82% 75% 87% Lab 5 B6% 78% 78%
(46/60) | (45/60) | (52/60) (39/59) | (46/59) | (46/59)

Lab 3 85% 78% 28% Lab & T7% 60% 74%
{51/60) | (47/60) | (53/60) {54/70) | (42/70) | (52/70)

WLR based on based on concordance of predictions between three batches obtained in each laboratory and based
on twelve (PHH)/ten (HepaRG cells) test items.

HepaRG PHH cell

cell batch | CYP1A2 | CYP2B6 | CYP3A4 | batch | CYP1A2 | CYP2B6 | CYP3A4
HPR116020 {;5}3:'0} { 489?’920} { 51':}9:[]} B270808 {48539566} {:_;?5} {32??5}
HPR116035 {58;9:0} ( 4;?’920} { 55?5,.f9§u} 5240408 {355?%60} {;ﬁ‘m {35; E:n}
HPR116036 | EE;:U} { 42’?0} : 554':}?0} $2406A {52‘:;9’?60} {43?9?‘50} {f;f;ﬂ}

BLR based on concordance of predictions obtained for one particular batch across the three laboratories and for
12 (PHH)/10 (HepaRG cells) test items.

31 European
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The human CYP induction in vitro method: predictivity

HepaRG cells PHH
Test item CYP1A2 CYP2B6 | CYPIAS CYP1A2 CYP2B6 CYP3A4
Omeprazole ] N M N ] ]
Carbamazepine Y Y Y Y Y Y
Phenytoin Y Y Y Y Y Y
Penicillin N N N N N N
Rifabutin Mot tested M Y ¥
Sulfinpyrazone Y Y Y Y Y ¥
Bosentan % ¥ ¥ M % ¥
Artemisinin M Y Y ¥ M
Efavirenz. Mot tested M Y Y
Rifampicin Y Y Y - Y ¥
Metoprolol M M M M M M
Sotalol M N M N M M

. correct in vitro-human in vivo prediction (i.e. true positive and true negative)
human in vivo induction status (e.g.no studies) or results (e.g. artemisinin)
B incorrect in vitro-human in vivo prediction.

* Xk
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Current regulatory needs

for in vitro metabolism methods
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Community Strategy for Endocrine Disrupters -
1999

v' Coordination framework outlining

%%, | COMMISSION OF THE EUROPEAN COMMUNITIES SYStematiC approaCh for the
identification and assessment of
iy endocrine disruptors that can be

applied across the different pieces
of legislations.

COMMUNICATION FROM THE COMNMISSION
TO THE COUNCIL AND THE EUROPEAN PARLIAMENT

v To identify problem of endocrine
a range of substances suspected of r'.urergl"er.r’ng with the hormeone systems d I S ru ptl O n 14 Its Ca u Ses a n d
af hivmans and wildlife CO n seq u e n CeS

Communiry Strategy for Endocrine Disrupters

v To identify appropriate policy action

http://ec.europa.eu/environment/endocrine/index_en.htm

European
Commission
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EU Legislation — Criteria for ED identification

QO Publication of scientific criteria for the determination of endocrine disrupting properties for pesticides and biocides

COMMISSION DELEGATED REGULATION (EU) 2017/2100
of 4 September 2017

setting out scientific criteria for the determination of endocrine-disrupting properties pursuant to
Regulation (EU) No 5282012 of the European Parliament and Council

(Text with EEA relevance)

t Endocrine ] L Adverse ]
activity effect

biologically
plausible
Interferes with :
link ...change in

hormone action (at
morphology, physiology,

the receptor, prodn’, ADVERSE OUTCOME PATHWAYS, growth, reproduction. Tife

transport,
clearance) span ...that results in

impairment of functional

capacity.... IPCS/WHO 2009




20.4.2018 ] Official Journal of the European Union

COMMISSION REGULATION (EU) 2018/605
of 19 April 2018

amending Annex II to Regulation (EC) No 1107/2009 by setting out scientific criteria for the
determination of endocrine disrupting properties

(Text with EEA relevance)

THE EUROPEAN COMMISSION,

Having regard to the Treaty on the Functioning of the European Union,

Having regard to Regulation (EC) No 1107/2009 of the European Parliament and of the Council of 21 October 2
concerning the placing of plant protection products on the market and repealing Council Directives 79/117[EEC
91/414/EEC ('), and in particular Article 78(1)(a) and the second paragraph of point 3.6.5 of Annex II thereto,

36
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CECHA * efsam

EURDPEAN CHEMICALS AGENCY GUIDANCE European Fod Safety Authority

ADOPTED (ECHA): 5 June 2018
ADOPTED (EFSA): 5 June 2018

doi: 10.2903/] efsa 20185311

Guidance for the identification of endocrine disruptors in
the context of Regulations (EU) No 528/2012 and (EC)
No 1107/2009

European Chemical Agency (ECHA) and European Food Safety Authority (EFSA) with the
technical support of the Joint Research Centre (JRC)

Niklas Andersson, Maria Arena, Domenica Auteri, Stefania Barmaz, Elise Grignard,
ide Kienzler, Peter Lepper, Alfonso Maria Lostia, Sharon Munn, Juan Manuel Parra Morte,
Francesca Pellizzato, Jose Tarazona, Andrea Terron and Sander Van der Linden
Abstract

This Guidance describes how to perform hazard identification for endocrine-disrupting properties by
following the scientific criteria which are outlined in Commission Delegated Requlation (EU) 2017/2100
and Commission Regulation (EU) 2018/605 for biocidal products and plant protection products,
respectively.

® 2018 European Chemicals Agency and © European Food Safety Autherity.

Keywords: biocidal product, plant protection product, endocrine disruptor, guidance, hazard
dentif

Requestor: European Commission
Question numbers: EFSA-Q-2016-00825, ECHA-18-G-01-EN

Correspondence: For biological products: bioddes@echa.europa.eu
For plant p ion products: pestick i £Uropa.eu

Document aims to assist users in
complying with their obligations
under the Biocidal Products

Regulation (BPR) or the Plant
Protection Products Regulation
(PPPR).
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SECHA " efsam Appendix A - Additional considerations on how to
BUBOREAN CHEMICALS ABENCY GUIDANCE European Faed Safety Authority = = = -

assess the potential for thyroid disruption for human
oot health

doi: 10.2903/] efsa 20185311

Z. Comparative sbudies of enzyme activity induced by the test substance in liver 1 wiro systems
should be measured in both the relevant test spedies (e.g. rat, mouse and deg) and humans,
The metabolism of the specific substance (ADME properties) in both test spedies and humans,
and the activity of possible metabelites must be considered when this comparison is conducted.,

3. The pressnce of other possible thyroid-disrupting modes of action such as interference with TH
synthesis should also be excduded, e.g. by evaluating i witro the potential for inhibition of the
sodium-iodide symporter (NIS) (Cianchetta et al., 2010: Hallinger et al., 2010; Kogai et al.,
2012} and thyroid peroxidase (TPO) (Kambe et al., 1997; Paul et al., 2014: Paul Friedman et
al., 2015; Wu et al., 2018). It must however be acknowlaedged that substances may interfere
with the thyroid hormene system through many different mechanisms of action, and that
currently validated/standardized in witre assays do not exist to investigate all these different
pathways and a reasonable effort is anticpated, bassed on available tocls and current
understanding of thyroid physiclogy.

An example of a postulated mode of action is reported below:

Hapatic CAR/PHR Hapatic Decraasa in Thyraid
tissua dosas NN sctivation - < phase 1111 | T4, increaze o hizstopathalogical
induction in TSH changes
The assessment of qualitative/quantitative differences in hepatic induction can therefora be part of the
WoE and used to provide evidence of non-human relevance.
37 e European
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BETTER POLICIES FOR BETTER LIVES

payissepun

€Z(F102)ONOIN/INI/ANA

OECD encourages the development of no
the detection of thyroid disrupters

The OECD Advisory Group on Endocrine Disrupters Testing and Assessment met on 16-17 Oc
Guidelines and related documents for the testing and assessment of endocrine disrupters.

One important endocrine system is the thyroid pathway. Thyroid hormones are of greatimportai
Guidelines on laboratory animals are already addressing toxicity to the thyroid hormone systerr
development.

However, non-animal test methods are also currently needed for more efficient testing. Progres

)

very high priority, in line with the “3-Rs” (Replacement, Reduction, Refinement) principles. A recent review puon

Unclassified ENV/JM/MONO(2014)23

Organisation de Coopération et de Développement Economiques
Organisation for Economic Co-operation and Development 11-Jul-2014

English - Or. English
ENVIRONMENT DIRECTORATE
JOINT MEETING OF THE CHEMICALS COMMITTEE AND
THE WORKING PARTY ON CHEMICALS, PESTICIDES AND BIOTECHNOLOGY

NEW SCOPING DOCUMENT ON IN VITRO AND EX VIVO ASSAYS FOR THE IDENTIFICATION
OF MODULATORS OF THYROID HORMONE SIGNALLING

Series on Testing and Assessment

No. 207

SNeag a1 VELU almea at SCoping potenual 1ests.

OECD countries are strongly encouraged to support the development of non-animal tests for the thyroid pathway that are applicable to the screening and

assessment of endocrine disruption in humans and wildlife.

Proposals to develop standardised OECD Test Guidelines for the detection of thyroid disrupters should be made via the National Coordinators of the Test

Guidelines Programme.

www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/im/mono(2014) *hx European

38 23&doclanguage=en
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®
GIVIMP

e QECD Guidance Bocument
VY VY o7 oo in Vit bathod Sraceices

% } : .
B onh Hypothalamus &
= o 9

Good In Vitro Method Practices -
(GIVIMP) Download GIVIMP here
©EU, 2018

y Pituitary _4 | European
Bile L
d> RpB2 2. Thyroid Union

l TRH

Hormone (TH)

. Network of
synthesis

4. Metabolism , Laboratories
and excretion BT, _ for the
3. dsfcret”“t Validation of
an ranspor .
i Alternative
Methods (EU-
NETVAL)

5. Local cellular
concentrations

~ Neuron 6. Cellular

responses 7. Relevant
short term

8. lnteqratlye 40 TH Action methods
cellular in vitio ranscription, Neurogene integrating
Gilbert ME et al. methods SRR Akl multiple MoA
2012

https://ec.europa.eu
39 alternative-methods-20

pdate/promoting-jrc-activitiesyyem
onal-congress-vitro-toxicology
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4. Metabolism

and excretion

TCDD, Phen

\

METABOLISM /
EXCRETION

Xenobiotic

(activates CAR, PXRQ/IM/]RJ_

T4-Gluc(excreted)

3 ™ @+
™ i
" UDP-GT \t
Y
\(i, *‘ :
’1.9_‘. T3
2 (Active)

PTU, IOP, ERY

Method

4a. Deiodinase
inhibition

4b.
Glucuronidation

4c¢. TH sulfation

Principle of

the test Test system

Liver
Hepatocytes/

redox reaction .
microsomes GMO

(Sandell-
cells Type I, II, II
. iodo thyronine
deiodinase
Inhibition/
induction Cryohepatocytes
UDPGT

Inhibition/
induction of
sulfotransferase

Cryohepatocytes

Readout

spectrophotometry

Chromatography
mass spectrometry
(LCMS)

Chromatography
mass spectrometry
(LCMS)

40  OECD Scoping Document 207, 2014 m Commission |



12 method developers * 14 EU-NETVAL labs*
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Environmental Toxicology

Adverse Outcome Pathway Networks II: Network Analytics

Daniel L. Villeneuve,™* Michelle M. Angrish,® Marie C. Fortin,® loanna I_(a'tsiadaki,d Marc Leonard,” Luigi Margiotta-Casalu
Sharon Munn,? Jason M. O'Brien," Nathan L. Pollesch,® L. Cody Smith,’ Xiaowei Zhang,' and Dries Knapen"

Example adverse outcome
pathway (AOP) network 2
(thyroxine [T4]-AOP network).
Shown is the network of 14 AOPs
related to disruption of thyroid
hormone signalling (Society for
the Advancement of Adverse
Outcome Pathways 2017; AOPs
8,42, 54, 155, 156, 157, 158,
175, 188, 189, 190, 191, 192,
and 193;
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Thanks to the colleagues at EURL ECVAM and all experts that have collaborated to
the progress of in vitro methods in the metabolism and thyroid field
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