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• Introduction: Metabolism/ADME as essential parts of IATA

• Two decades of in vitro methods for test development and validation for regulatory 

purposes: ADME in vitro methods

• Framework and activities to characterise in vitro metabolism methods 

(including species differences)

• An example of standardisation of in vitro metabolism methods: CYP induction

• Current regulatory needs for in vitro metabolism methods

Overview
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Introduction

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

transporters

In vitro ADME platform for assessing metabolism and toxicity
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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)

reproducible transferable

mechanistic

or predictive

relevance
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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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Metabolism

Toxico
dynamics

2007…

Toxico
kinetics

201420132012 2015 2019??20112009 2018

new EU Cosmetics Regulation (EC 

1223/2009) 2010 ECVAM DG 

Sanco



Framework and activities to characterise

in vitro metabolism methods

(including species differences)
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Clearance

transporters



2009: Identify the main metabolites and the HUMAN clearance

rates of the parent compound and/or its metabolites 

TEST SYSTEM??

microsomes

homogenates

Hepatocytes

HepaRG

13
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CYPCYP

Qualitative and quantitative species 

differences
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Some conclusions: 

• LC-MS–based analytical methods OK for

disappearance and formation and tentative identification of metabolites.

• microsomes and homogenates: differences were not large for most of the 

substances…microsomes as an enzyme source would not produce most phase II 

metabolites (e.g. paracetamol-sulphate).

• 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.): 

• A tentative categorical analysis indicated that differences between human 

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. 
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TEST SYSTEM??

microsomes

homogenates

Hepatocytes

HepaRG

Case

Examples of MIST 

differences in 

major metabolites 

in different test 

systems 
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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
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Results 2018 literature analysis:

• 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

NO

NO

Are protocols harmonized?

Can we assess within- and 

between-laboratory variability 

for specific method?



An example of standardisation of in vitro 

metabolism methods: CYP induction
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CYP induction

Human test system (PHH; HepaRG)

CYP, UGT; SULT

Clearance

CYP induction validation

UGT; SULT

Thyroidtransporters
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PXR

CAR

PXR pregnane X receptor 

CAR constitutive androstane receptor 

Human test 

systems 

(PHH, HepaRG)

CYP isoforms

CYP 

induction

thyroid
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PXR and CAR activation by EDCs

Adapted from X.C. Kretschmer, 2005 
Luthe et al., 2009

PXR

CAR

steroids

pesticides

phthalates

alkylphenol

PCBs
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PXR and CAR: species differences

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 
Qatanani M et al., 2005

Vogel CFA et al., 2017

M.Vinken, 2013

"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

"BDE-47 induces CYP genes through activation of human

CAR in addition to the previously identified pathway 
through human PXR" (in PHH) Sueyoshi et al., 2014

CYP1A activity

AhR activation
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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

CYP 

Induction

48-72h

Test item exposure 

+ enzymatic probe  

substrates 

metabolites 

measurement

CYP1A2

CYP2B6

CYP3A4

Test items (6 serial dilutions)
Negative control (DMSO)
Medium

Cell culture Analytics (LC-MS/MS)

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.

AhR

CAR

PXR

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

Human CYP induction validation study
PHH

NICEATM

Michael Cunningham 

Judy Strickland 

Warren Casey

Michael Paris 

Magnus Ingelman-Sundberg

Tommy B Andersson

Armin Kern

Momoko Sunouchi

Olavi PelkonenErwin Roggen

Sonja Beken

Rogiers Vera

Tamara Vanhaecke
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The human CYP induction in vitro method: 

between and within labs reproducibility

BLR based on concordance of predictions obtained for one particular batch across the three laboratories and for

12 (PHH)/10 (HepaRG cells) test items.

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.
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The human CYP induction in vitro method: predictivity

correct in vitro-human in vivo prediction (i.e. true positive and true negative)

human in vivo induction status unknown (e.g.no studies) or conflicting results (e.g. artemisinin)

incorrect in vitro-human in vivo prediction.



Current regulatory needs

for  in vitro metabolism methods
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Community Strategy for Endocrine Disrupters -
1999
� Coordination framework  outlining 

systematic approach for the 
identification and assessment of 
endocrine disruptors that can be 
applied across the different pieces 
of legislations.

� To identify problem of endocrine 
disruption, its causes and 
consequences

� To identify appropriate policy action

http://ec.europa.eu/environment/endocrine/index_en.htm
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EU Legislation – Criteria for ED identification for 

Biocides and Pesticides
� Publication of scientific criteria for the determination of endocrine disrupting properties for pesticides and biocides

Endocrine 
activity   

Adverse 
effect

biologically 
plausible 

linkInterferes with 
hormone action (at 
the receptor, prodn', 

transport, 
clearance)

…change in 
morphology, physiology, 
growth, reproduction, life 

span …that results in 
impairment of functional 

capacity…. IPCS/WHO 2009
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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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www.oecd.org/officialdocuments/publicdisplaydocumentpdf/?cote=env/jm/mono(2014)
23&doclanguage=en
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Gilbert ME et al. 

2012

7. Relevant 

short term 

methods 

integrating 

multiple MoA

8. Integrative 

cellular in vitro 

methods

1. Central 

regulation

2. Thyroid 

Hormone (TH) 

synthesis

3. Secretion 

and transport 

in serum 

4. Metabolism 

and excretion  

5. Local cellular 

concentrations  

6. Cellular 

responses   

European 
Union 
Network of 
Laboratories 
for the 
Validation of 
Alternative 
Methods (EU-
NETVAL)

https://ec.europa.eu/jrc/en/science-update/promoting-jrc-activities-

alternative-methods-20th-international-congress-vitro-toxicology



40 OECD Scoping Document 207, 2014

Method
Principle of 

the test
Test system Readout

4a. Deiodinase  

inhibition

redox reaction 

(Sandell-

Kolthoff)

Liver 

Hepatocytes/ 

microsomes GMO 

cells Type I, II, II 

iodo thyronine

deiodinase

spectrophotometry

4b. 

Glucuronidation

Inhibition/

induction 

UDPGT

Cryohepatocytes

Chromatography 

mass spectrometry 

(LCMS)

4c. TH sulfation

Inhibition/

induction of 

sulfotransferase

Cryohepatocytes

Chromatography 

mass spectrometry 

(LCMS)

4. Metabolism 

and excretion  
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TH 
expert
group

14 EU-NETVAL labs*12  method developers *

17 methods in 
pipeline towards 

IATA / DA

*under negotiation
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Development of Integrated Approaches to 
Testing and Assessment /Defined Approaches

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;



… and many more

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

Collaboration = faster progress
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Stay in touch

•EU Science Hub: ec.europa.eu/jrc

•Twitter: @EU_ScienceHub #ECVAM

•YouTube: EU Science Hub

•LinkedIn: Joint Research Centre

•Facebook: EU Science Hub - Joint Research Centre

sandra.COECKE@ec.europa.eu

https://twitter.com @SandraCoecke


