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The European Union Reference Laboratory for 
Alternatives to Animal Testing

Established under Directive 2010/63/EU on the protection of animals 
used for scientific purposes

Key responsibilities*

o Coordinate and promote development and use

o Coordinate validation at Union level

o Information exchange on development

o Databases and information systems

o Promote dialogue between legislators, regulators and 
stakeholders 

*Article 48 of the Directive, Annex VII
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EURL ECVAM Strategy Document (July 2015)
Opportunities for generating and making better use of toxicokinetic data in 
human safety assessments, ultimately avoiding the need for animal studies
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Background
• Information on toxicokinetics important in human safety assessment
• Few data requirements in the EU regulatory framework

CLP: Classification and labelling 
products;
REACH: Registration, Evaluation, 
Authorisation and Restriction of 
Chemicals;
CPR: Cosmetic Products;
BPR: Biocidal Products;
PPPR: Plant protection products.
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Background
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Background
• Official (EU/OECD- 417 - 427) methods based mostly on animal procedures 

and only one based addressing in vitro dermal absorption (EU/OECD-428)
• Opportunities to use new (non-animal) methods and tools
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AIM
The aim of the EURL ECVAM strategy is to avoid, replace, reduce
and refine animal testing in the assessment of toxicokinetics and
systemic toxicity of substances, showing a significant short to
mid-term 3Rs impact, and at the same time laying the foundation
for a risk assessment approach that is increasingly based on
human ADME/TK data.

LINK: https://eurl-ecvam.jrc.ec.europa.eu/eurl-ecvam-publishes-
its-strategy-in-the-area-of-toxicokinetics
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Strategy for Toxicokinetics

Strategic 
AIM 1:

ADME methods

Strategic 
AIM 2:

Kinetic modelling

Strategic 
AIM 3:

Data Collection

Strategic 
AIM 4:

Regulatory 
Anchoring
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Strategic 
AIM 1:

ADME methods
Development and standardisation of ADME/TK methods

• Need quality assurance framework that covers in vitro, in silico and human data

• Reporting standards already adopted for QSAR & non-guideline in vitro methods 

• Need standards for PBK models ( CEN WA Merlin Expo)
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Development of 
standards for 

human in vitro 
ADME methods

Human tissue 
distribution and 
protein binding

Human route 
specific absorption 

methodology

Human metabolic 
stability/clearance 

methodology

Human xenobiotic 
metabolic pathway 

profiling 
methodology

Human route 
specific excretion 

methodology
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ADME methods
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Validation framework for in vitro methods based 
on standards

Primary level: characterisation of th
properties and functionality of the bi
test system

Intermediate level: validation of th
method's utility to measure the endp
qualitative and quantitative terms

Application level: validation of the method in terms of its 
potential to serve specific domains of application 

A complete set of 'nested' standards serves all three levels of 
characterisation and validation of an in vitro method

Strategic 
AIM 1:

ADME methods
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Validation Standards

Reporting 
Standardised templates for describing the characteristic

of a method and how it used to generate results

s 

What kind of 
information 
should be 

reported to 
describe the 
method and 

its 
performance?

Chemical

Reference chemicals 
with clearly defined structural, 
physiochemical, mechanistic, 

toxicological and
toxicokinetic properties

Which reference 
chemicals 
should be used 
to fill the 
required 
information? 

Procedural 

(Experimental) Protocols

12

How these 
reference 
chemical should 
be applied to fill 
in the required 
information? 

Data Processing
-Evaluation-

Reproducibility 
&

goodness of fit!!!

How should we
Validate the 
method? 

Strategic 
AIM 1:

ADME methods
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What kind of 
information 
should be 

reported to 
describe the 
method and 

its 
performance?

Which reference 
chemicals 
should be used 
to fill the 
required 
information? 

How these 
reference 
chemical should 
be applied to fill 
in the required 
information? 

How should we
Validate the 
method? 

Ongoing studies to develop standards: 

Reporting 
Standardised templates for describing the characteristics 

of a method and how it used to generate results

- Standards for CYP induction method
- Standards for AR Transactivation Assay methods
- Standards for Clearance methods

Strategic 
AIM 1:

ADME methods



Process followed to generate standards

Literature 
search

Questionnaire 
to identify 

potential in vitro 
STANDARDS

EURL ECVAM 
call for in vitro 

methods

Analysis of 
individual 

methods using 
the questionnaire 

Expert meeting 
and refinement 

of in vitro 
STANDARDS

Define and 
describe a 

representative in 
vitro method

Study under GLP 
of representative 

method

Transfer to EU-
NETVAL 

laboratories

Experimental assessment 
(reliability and relevance) 

by EU-NETVAL 
laboratories

Final in vitro 
VALIDATED 

representative 
method 

Final in vitro STANDARDS for 
method

  

 
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Process followed to generate standards

Strategic 
AIM 1:

ADME methods



urinary and biliary
Saliva, sweat, hair, tears, nails, 

exhalation

Development of 
standards for 
human in vitro 
ADME methods

Human route 
specific absorption 

methodology

Human tissue 
distribution and 
protein binding

Human metabolic 
stability/clearance 

methodology

Human xenobiotic 
metabolic pathway 

profiling 
methodology

Human route 
specific excretion 

methodology

Methods to measure 
the permeability of 

external and internal 
membranes

Metabolomics 
Endogenous and exogenous

Low MW molecule
Clearance
Case study

Dr. V. Gouliarmou

Methods to measure 
lipid 

(storage/bioaccumu
lation) and protein 

affinity/binding and 
distribution.
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AIM 1:

ADME methods



Comprehensive 
web-based 

kinetic 
modelling 

portals

Good kinetic 
modelling 
practice
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Strategic 
AIM 2:
Kinetic 

modelling



In vitro 
Methods

In silico 
tools

Database for 
model 

building

Prediction 
of ADME

Parameters

TK

Your One-Stop-Shop for All 
Your BioKinetics Needs

APP

PC

DB existing 
models

Strategic 
AIM 2:
Kinetic 

modelling



Strategic 
AIM 2:
Kinetic 

modelling
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AIM3

AIM3

AIM4

Strategic 
AIM 2:
Kinetic 

modelling



Collection of 
human in vitro 
ADME data in 
vivo TK 
information

Databases

Sampling 
strategy, 
methods, 
preparations 
and analytical 
determination

Strategic 
AIM 3:

Data Collection



24

In vivo Ex vivo In vivo Ex vivo
1,2,3,4-tetrachlorobenzene 634662
2,4-dinitrophenol 51285
2,5-hexanedione 110134 1
3,3'-iminodipropionitrile 111944
3-methylindole 83341
3-nitropropionic acid 504881
4-hydroxy-2-ethyl-2-phenyl glutarimide 1
5,5-diphenylhydantoin 57410 2 2 1
5-fluorouracil 51218 1 1 1
L-glutamate 1676739
R-methadone 76993 1
R-thalidomide 50351 1
R-warfarin 81812 1
RU 486 84371653 1 1
S-methadone 76993 1
S-thalidomide 50351 1
S-warfarin 81812 1
acetaminophen 103902 2 1
acetylsalicylic acid 50782 1 1 3
acrolein 107028
acrylamide 79061 4
amiodarone 1951253 2 1
amitriptyline 50486 1 2
amphetamine 300629 1 1 1
antipyrine 60800 1
arsenic trioxide 1327533 1 1

Double click a cell (if it contains a 
number) to view the experiments, or 
select a number and press the 'Goto 

selected experiments' button.

human rat
No. Experiments per species and substance

Substance Cas-number

Search / filter substance• Human in vitro ADME methods & data collection

• JRC DB ALM  http://ecvam-dbalm.jrc.ec.europa.eu/beta/

• QSAR databases  http://qsardb.jrc.it/qmrf/

• Human in vivo TK data
• ECVAM KinPar database  https://eurl-ecvam.jrc.ec.europa.eu/about-

ecvam/validation-regulatory-acceptance/systemic-toxicity/toxicokinetics#available-
for-downloading-are

•Online RIVM document: Data Collection on kinetic parameters of substances, Noorlander et al., 2008

• Anatomical and physiological data

• RIVM Interspecies database  https://www.interspeciesinfo.com/

• Integration of databases with modelling platform

Strategic 
AIM 3:

Data Collection

http://ecvam-dbalm.jrc.ec.europa.eu/beta/
http://qsardb.jrc.it/qmrf/
https://eurl-ecvam.jrc.ec.europa.eu/about-ecvam/validation-regulatory-acceptance/systemic-toxicity/toxicokinetics#available-for-downloading-are
https://www.interspeciesinfo.com/
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Evolution of 
legislative 

anchoring of 
human ADME / TK 

data 

Guidance on 
use of 

ADME/TK 
data within 

IATA

Four strategic aims to facilitate 
generation and use of human 
ADME and TK data in a IATA

Strategic 
AIM 4:

Regulatory 
anchoring



Evolution of 
legislative 

anchoring of 
human ADME / TK 

data 

Guidance on 
use of 

ADME/TK 
data within 

IATA

USE CASES SEURAT-1 Project

1. TTC
2. READ-ACROSS
3. AB INITIO

Strategic 
AIM 4:

Regulatory 
anchoring



The SEURAT-1 ab initio case study

 Building a logic decision workflow combining 
in silico knowledge & predictions and in vitro 
data

 Aiming on an integrated risk assessment 
relying only on alternative methods

 Identifying remaining weaknesses and 
knowledge gaps to further advance 
alternative assessment approaches

AB INITIO

Seurat 1 Ab initio team: 
Berggren E, Bois FY, Mahony C, Ouedraogo G, 
Paini A, Richarz AN, White A. 



Determine mode of action using in silico, in vitro (HTS screening) and 
omics  technologies

Predict systemically available concentrations and identify relevant 
organs for further assessment.

Estimate cmax, free concentration and in vitro to in vivo extrapolation 

Predict a point of departure for safety assessment based on relevant AOP 
incorporating kinetics and biomarker data from repeat dose assays

Define margin of safety based on  variability and uncertainty 
estimates.

Describe safety decision and any open issues that could assist in 
gaining higher confidence.

Define exposure based on proposed use case and route of exposure. 

Collect/calculate phys chem properties,  identify structure and active 
groups, predict metabolites, search for existing data EXIT

TTC or 
Read-
across?

PBPK 
modelling

IVIVE

Virtual Cell 
Based Assay

AB INITIO
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AB INITIO

The figure illustrates predicted liver and blood concentrations of PBO alongside in vitro assay 
results overlap. 

Our case study:

Can we safely use 12.5% Piperonyl butoxide (PBO) in a body lotion applied 

twice a day (corresponding to 144.797mg/kg/day)?
Even with the remaining variability and uncertainty it appears 
there is not an adequate margin of safety for a use scenario of 
12.5% PBO in a daily body lotion using the new approach data.
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In conclusions ….
• Better design of in vitro toxicity studies & biokinetic models
• Better documentation of biokinetic models and in vitro toxicity 

methods
• Develop a Risk Assessment based approach on only in silico, in vitro 

and in vivo human data, without use of animals methods or new 
animals data.

• Integrated Approaches to Testing and Assessment (IATA)
• Laying common grounds for TK in several areas of toxicology (ENV, 

NANO, ACUTE, MIX) with an organized knowhow
• Support the regulatory decision making process



…take home message

The implementation of this strategy will rely not only on the 
efforts of EURL ECVAM, but on the collective and coordinated 
contribution of a wide range of stakeholders and international 
collaboration.
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