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I. The US toxicology in the 21st Century project 

II. Incentives in Europe to reduce regulatory testing in animals:

7th Amendment of the EU Cosmetics Directive & the REACH policy

III. Funding concept of the EU FP6 & FP7 programs on alternatives

IV. AXLR8 = accelerate (coordination support project) 

V. EU–COLIPA project on replacing systemic repeated dose toxicity

VI. Advances in reproductive toxicity testing: 

a) EOGRTS: Extended One-Generation Reproductive Toxicity Study 

b) EU Project ReProTect: innovative developmental toxicity testing 

(mEST & hEST)

VII. The future:  toxicity pathway based testing (US Tox21 concept)

Topics
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In Vitro Studies

Epidemiology

Human Clinical Studies

Animal Toxicology Studies

In Vitro Studies:

What is their Role in Toxicology?
Robert Devlin US EPA 2005
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Toxicity Testing in the 21st Century:

A Vision and a Strategy
Advances in molecular biology, biotechnology, and other fields

are paving the way for major improvements in how scientists 

evaluate the health risks posed by potentially toxic chemicals 

found at low levels in the environment. These advances would 

make toxicity testing quicker, less expensive, and more directly

relevant to human exposures. They could also reduce the need 

for animal testing by substituting more laboratory tests based 

on human cells. This National Research Council report creates 

a far-reaching vision for the future of toxicity testing.

2007
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US National Academy 

of Sciences

2007

“….. a not-so-distant future 

where all routine toxicity 

testing will be conducted in 

human cells or cell lines in 

vitro by evaluating 

perturbations of cellular 

responses in a suite of 

toxicity pathway assays…..”

Andersen and Krewski (2009). Toxicity 

Testing in the 21st Century: Bringing the 

Vision to Life. Tox. Sci., 107, 324-330.
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15 FEBRUARY 2008 VOL 319 SCIENCE www.sciencemag.org

We propose a shift from primarily in vivo animal

studies to in vitro assays, in vivo assays with

lower organisms, and computational modeling

for toxicity assessments.
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Increasing frustration with current 

approaches to toxicity testing …

Low throughput; expensive

Questionable relevance to 

actual human risks

Conservative extrapolation 

defaults, including safety 

factors

Traditional approaches dating 

to 1930’s

Reliance on animals

Little use of modern biology, 

mode of action

Requires:

1. Extrapolation across 

species

2. Extrapolation from 

high-to-low dose
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Option I

In Vivo

Option II

Tiered In Vivo

Option III

In Vitro/In Vivo

Option IV

In vitro

Animal biology Animal biology Primarily human

biology

Primarily human

biology

High doses High doses Broad range of 

doses

Broad range of 

doses

Low throughput Improved throughput High and medium

throughput

High throughput

Expensive Less expensive Less expensive Less expensive

Time consuming Less time 

consuming

Less time

consuming

Less time

consuming

Relative large

number of animals

Fewer animals Substantially fewer 

animals

Virtually no animals

Apical endpoints Apical endpoints Perturbations of 

toxicity pathways

Perturbations of 

toxicity pathways

Some in silico and 

in vitro screens

In silico screens 

possible

In silico screens

Options for Future Toxicity Testing Strategies
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Biologic

Inputs

Normal

Biologic

Function

Morbidity

and

Mortality

Cell 

Injury

Adaptive Stress

Responses

Early Cellular

Changes

Exposure

Tissue Dose

Biologic Interaction

Perturbation

Low Dose
Higher Dose

Higher yet 

Perturbation of Toxicity PathwaysPerturbation of Toxicity Pathways
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SG 1 Toxicity Pathway Identification
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Assess 

pathways, 

integrate tissue 

responses, and  

evaluate  

metabolites

Pathway Testing – toxicogenomics, etc.
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SG2 Assay Development
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Sample  A
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EU and US approaches to advanced toxicity testing 2010

EU FP6 & FP7 

BOTTOM-UP approach

individual methods

EU & OECD TGs

POLICY DRIVEN

EU cosmetics directive &

EU chemicals directive REACH

US Tox21

TOP-DOWN approach

SCIENCE DRIVEN

„toxicity pathways“

New molecular endpoints

& toxicity patterns

new testing strategies
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Cosmetics Industry and the 7th Amendment

of the EU Cosmetics Directive

• EU: 2.000 companies, 60 billion €

turnover

• EU: 5.000 new products per year,   

25% turnover with products 

released within last 6 months

• Marketing ban since 2003 for 

testing finished products in 

animals or not using ECVAM-

validated methods

• Phasing out testing in animals and 

stepwise marketing ban in 2009 

and 2013
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7th Amendment of the 

EU Cosmetics Directive 76/768/EEC 2003

Ban of testing in animals

immediately ���� since 2003

Testing of - finished products

Testing for - phototoxic potential

- skin penetration

- skin corrosion

Intensive research will be required to reach validation and 

regulatory acceptance of in vitro test for the following 

endpoints :

31. Dec. 2009 - eye irritation

- skin irritation

- skin sensitization

31. Dec. 2013 - embryotoxicity - EST ?
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Basic concept:

An alternative method has to be used for safety testing of 

cosmetic ingredients as soon as it is accepted by the OECD.

If in vitro methods are not available, there will is a marketing 

ban starting in 2010 or 2014 !

Exemptions:

In 2013 most probably in vitro methods will not be available to 

test for the following endpoints:

1. Toxicokinetics

2. Reproduction (fertility and embryotoxicity) 

3. Carcinogenic potential

7th Amendment of the 

EU Cosmetics Directive 76/768/EEC 2003
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The Chemical Industry and REACH

• EU: 27.000 companies (96% SME), 

590 billion € market = 33% of the world 

market, 1,7 million workers/employees

• REACH: 30.000 chemicals marketed at

>1 ton/year will have to be evaluated

• 86% of toxicological data are missing 

for existing/‘old’ chemicals

• 180.000 pre-registrations expected by 

2009

• 70% of testing must be conducted by 

2011-2017  
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2008

2009
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EU

FP6 & FP7
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The AXLR8 project aims to support the transition to a toxicity 

pathway-based paradigm for quantitative risk assessment and will: 

1) Organize a series of annual workshops to map research progress, 
gaps and needs in the FP6/FP7 program on alternative testing strategies. 

2) Provide a range of tools and opportunities for enhanced interdisciplinary 
and international communication, coordination and collaboration in order 
to maximise the impact of available resources.

3)  Work to streamline regulatory acceptance procedures to provide for 
the uptake of validated 3Rs methods, including a smooth transition 
to 21st century systems as they become available. 

4)  Produce annual progress reports on the state of the science, including 
recommendations on priority research and funding targets, 
in order to ensure a prominent role for European science in this rapidly 
developing global research area.
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►

►

►
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Georges-Pierre SEURAT : detail from La Parade (1889) showing pointillism 

EU Concept for Funding 

of Alternatives

<SEURAT>

Safety Evaluation

Ultimately Replacing

Animal Testing
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CONCLUSIONS 2008

The Participants agreed that there is considerable value in 

reconsidering the science base for regulatory testing in the 

field of repeated dose systemic toxicity. 

The time is right to harness more effectively the substantial

achievements that have been witnessed in biology and 

chemistry during the last 10 years. 

Many discoveries and technological advances have the 

potential to impact substantially on the development 

of alternative approaches.
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EU-Legislation, regulations and directives require urgently a 

phasing out of animal tests thus placing high pressure on research, 

validation and regulatory acceptance of non-animal alternatives. 

The research plan for the first phase includes specific building blocks: 

1. Development and use of functional human-based target cells.

2. Construction of advanced organ-simulating devices.

3. Predictive endpoints and intermediate markers.

4. The development of biological models with emphasis on systems

biology. 

5. Computational modelling and estimation techniques.

6. Integrated data analysis and servicing.

Towards replacement of repeated dose toxicity

testing in human safety assessment

2011: EU & COLIPA funding for 6 years 50 Mio €

S E U R A T

SEURAT
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S E U AR T

EU-COLIPA 2011
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31%

24%
8%

7%

3%

3%

3%

3%

2%

2%
12%

Estimated testing costs REACH

Developmental toxicity

Two-generation 

reproductive toxicity

Assessment of additional testing needs under REACH. Finn Pedersen, Jack de Bruijn, Sharon 

Munn & Kees van Leeuwen. EUR 20863 EN (2003) , http://ecb.jrc.it

Other

Accumulation

Ready Biodegradation

Skin sensitisation
Long term repeated dose

Short term repeated dose

Cytogenicity mammalian cells

Subchronic toxicity

Further mutagenicity

For reprotox and dev tox the costs may vary between 

about 700 million EURO and 1100 million EURO 
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Test animal need for different endpoints 

(% of total test animals needed)

0 5 10 15 20 25 30 35 40

Long-term bird

In vivo skin irritation

In vivo eye irritation

Acute oral tox

Acute dermal tox

Acute inhalation tox

Short-term fish

Long-term repeated tox

Sub-chronic tox

Carcinogenicity

Short-term repeated dose

Accumulation

Developm. tox screening

Long-term fish tox

Skin sensitisation

Further mutagenicity

Developm. tox study

Two-generation reprotox

%

Estimated test animal need for the different endpoints 

(EU Commission: van der Jagt et al. 2004)

-60%

-50%
-60%

-66%

-80%
Avoid: -60%

-50%

-100%

-75%

-100%

Possible impact of

methods under validation
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International Test Guidelines in Reproductive Toxicology 

(EU, OECD, ICH)  

----------------------------------------------------------------------------------------------------------------- 

Drugs (ICH)             Pesticides and Chemicals (REACH)  

                                                              (EU & OECD TGs) 

----------------------------------------------------------------------------------------------------------------- 

Segment 1     teratology study (developmental tox study) 

combined fertility  

& embryotoxicity study  

 Segment 2     1-generation study 

teratology study 

Segment 3     2-generation study 

pre- and postnatal study 

     developmental neurotoxicity study 

--------------------------------------------------------------------------------------------------------------------------  

Test Guidelines in Reproductive Toxicology
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Why are we using different regulatory approaches in 

reproductive toxicity testing of drugs and chemicals ??

There are three approaches in regulatory toxicity testing depending

on specific activity and exposure conditions:

1. Drugs are designed to interact with specific receptors in humans

2. Pesticdes are designed to interact with receptors in the nervous 

system of insects, these receptors are also present in humans

3. Industrial chemicals (REACH) are not designed to interact with specific

receptors in humans but to improve technical products
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This concept is not reflected in the current testing requirements 

in developmental toxicity testing:
1. The testing requirements for drugs are less stringent than for pesticides.

2. Industrial chemicals are less toxic than pesticides and drugs.

3. Current REACH testing requirements for industrial chemicals are driven

by testing requirements for pesticides, in particular the 2-generation 

study (which is not required for drugs). 

Is this concept still valid ??
The way forward ���� critical evaluation of reprotox data in industry 

and regulatory agencies  

1. Can reproductive toxicity testing of chemicals be reduced to the

current requirements for drugs ?

2. For industrial chemicals industry and regulators must provide evidence

that 2-gen studies are contributing data (NOEL/LOEL) that are

essential for regulatory decisions.
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� 176 multi generation studies for 146 chemicals

� OECD 415 – one generation study

� OECD 416 – two generation study

� NOEL derived for reproductive endpoints
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CONCLUSIONS

The second generation in the two-generation studies affected neither 

the overall NOAEL nor the critical effect. Therefore, it had no impact 

on the resulting risk assessment, nor on classification and labeling.

However, several substances did show an increased sensitivity

of the F1 adults in comparison to the P0.

These results support the proposal of replacing the current 

2-generation study by a 1-generation study with a more extensive 

assessment of parameters at F1 adulthood.

Janer et al., Reproductive Toxicol 24, 97-102, 2007

►US-EPA retrospective data analysis supports NL data analysis
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Standard Project Submission Form - SPSF

PROJECT  TITLE

Extended F1 Generation Reproductive Toxicity Study 

(EOGRTS = OECD DRAFT TG 415)

SUBMITTED BY 

United States (Dr. Jerry Smrchek, U.S. National Coordinator)

Germany (Dr. Petra Greiner, DE National Coordinator)

The Netherlands (Betty Hakkert, NL National Coordinator)

OECD since 2007

OECD TEST GUIDELINES PROGRAMME:

Proposal of a new/updated Test Guideline in 2007
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FP6

FP7
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EST 10x OK 
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Endpoints: assessment from concentration response curves

1. inhibition of differentiation in ES cells ���� ID50

2. cytotoxic effects on ES cells ���� IC50 D3
3. cytotoxic effects on 3T3 cells ���� IC50 3T3

Endpoint 1:

 inhibition of differentiation

                ES cells

Endpoint 2:

cytotoxic effects

               ES cells

Endpoint 3:

cytotoxic effects

               3T3 cells

mouse ES cell line D3 differentiated cells

The validated embryonic stem cell test to predict embryotoxicity in vitro

Andrea Seiler & Horst Spielmann, 2011
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confidence interval confidence interval confidence interval

Chemical ID50

Lower 

bound

Upper 

bound
IC50D3

Lower 

bound

Upper 

bound
IC503T3

Lower 

bound

Upper 

bound

Dino 17.3 14.6 20.5 15.8 13.3 18.9 13.9 9.83 19.7 3

Ochra 10.2 9.64 10.8 12.1 8.71 16.7 6.54 5.96 7.17 1

Nitrofen 11.7 11.5 11.9 15.3 8.18 7.48 8.95 1

Lova 3.65 3.6 3.7 5.61 5.19 6.06 7.56 6.11 9.37 2

ββββ-APN 765 763 767 1280 995 1640 1070 846 1350 3

Meto 64.4 63.9 64.9 109 96.3 123 200 69.8 574 4

Doxy 68.3 65.3 71.4 184 66.8 509 387 121 1240 4

D-Penic 581 514 657 634 506 794 589 544 638 1

MAM 37.7 34.2 41.6 9.9 4.66 21 6.54 5.38 7.96 1

Warf 228 194 268 184 165 206 245 230 260 2

Synopsis of ID50, IC50D3, IC503T3 

ID50 (myocardial differentiation)
IC50D3 (Cytotoxic effects on ES 

cells)

 IC503T3 (Cytotoxic effects on 3T3 

fibroblasts)

in vivo 

classi-

fication 

(Daston 

et al.)

1 10 100 1000

Comparison of the results obtained in the validated EST

Protein biomarkers for in vitro testing of embryotoxicity in the mEST

Andre Schrattenholz (Proteosys) et al. J. Proteome Res. 2010
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Dino

Ochra

Nitrofen

Lova

ββββ-APN

Meto

Doxy

D-Penic

MAM

Beta
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3
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0
.0

0
0
1

)

Protein biomarkers for in vitro testing of embryotoxicity in the mEST

Andre Schrattenholz (Proteosys) et al. J. Proteome Res. 2010

380 differential proteins were found and identified by MALDI-TOF mass spectrometry
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filled symbols 

are means

over substs.

Andre Schrattenholz (Proteosys) et al, J Proteome Res. 2010

Protein biomarkers for in vitro testing of embryotoxicity in the mEST 

Abundance ratios of G3BP isoforms in protein spots 540, 541, 550, and 591 for substances 

in clusters 1 and 2 (abscissa). It turns out that all isoforms respond very similar to all substances 

from the same cluster. Distinctly different abundance ratios exist for substances from different clusters

G3BP = Ras-GTPase-activating SH3-domain binding protein
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Vol 247, 2010, 18-27 
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Reproductive Toxicology 30, 2010, 113-120
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Collectively, our study confirms that the overall performance of the mEST 

was generally good and that this assay can be used in commercial settings 

to aid in generating compound-development decisions. 

Possible improvements or refinements that might improve identification of 

developmental toxicity include the use of transcriptional expression profiling 

of the differentiating embryoid bodies, a possible approach already stated 

by Buesen et al. ([2004]). 

Future work will focus on testing more true moderate- and high-risk

compounds and then working to re-derive the predictive linear discriminant

functions to achieve a better separation of low-risk from moderate-risk 

compounds, an issue already foreseen by ECVAM and Spielmann et al. ([2006]).

2008

mEST at Pfizer
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EU and US approaches to advanced toxicity testing

EU FP6 & FP7 

BOTTOM-UP approach

individual methods

EU & OECD TGs

POLICY DRIVEN

EU cosmetics directive &

EU chemicals directive REACH

US Tox21

TOP-DOWN approach

SCIENCE DRIVEN

„toxicity pathways“

New molecular endpoints

& toxicity patterns

new testing strategies
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ZEBET’s Achievements: OECD Test Guidelines (TG) & Guidance Documents (GD)

1. Complete replacement of the animal experiment

TG 428: Skin Absorption: In vitro Method 

TG 430: In vitro Skin Corrosion: Transcutaneous Electrical Resistance (TER) 

TG 431: In vitro Skin Corrosion: Human Skin Model Test 

TG 432: In vitro 3T3 NRU Phototoxicity Test 

TG 437: Bovine Corneal Opacity and Permeability Test Method for Identifying Ocular Corrosives and Severe Irritants 

TG 438: Isolated Chicken Eye Test Method for Identifying Ocular Corrosives and Severe Irritants 

TG 439: In vitro Skin Irritation: Reconstructed Human Epidermis (RhE) Test Method

2. Reduction in the number of animals and stress of the laboratory animals

TG 415b: Extended One-Generation Reproductive Toxicity Study

TG 420: Acute Oral Toxicity ― Fixed Dose Procedure 

TG 423: Acute Oral toxicity ― Acute Toxic Class Method 

TG 425: Acute Oral Toxicity: Up-and-Down Procedure 

TG 429: Skin Sensitisation: Local Lymph Node Assay 

TG 436: Acute Inhalation Toxicity ― Acute Toxic Class Method 

GD 14: Detailed Review Document on Classification Systems for Eye Irritation/Corrosion in OECD Member Countries

GD 16: Detailed Review Document on Classification Systems for Skin Irritation/Corrosion in OECD Member Countries

GD 19: Guidance Document on the Recognition, Assessment and Use of Clinical Signs as Humane Endpoints

GD 24: Guidance Document on Acute Oral Toxicity Testing

GD 28: Guidance Document for the Conduct of Skin Absorption Studies

GD 34: Guidance Document on the Validation and International Acceptance of New or Updated Test Methods for Hazard Assessment

GD 39: Guidance Document on Acute Inhalation Toxicity Testing

GD 69: Guidance Document on the Validation of (Quantitative) Structure-Activity Relationship [(Q)SAR] Models

GD 105: Report on Biostatistical Performance Assessment of the Draft TG 436 Acute Toxic Class Testing Method for Acute Inhalation Toxicity
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