
Open Tox, Munich, August 9-12, 2011 

 

Meta Analysis of a Battery Test of 

Reproductive Toxicity Assays 

 
The ReProTect Experience 

 

 

Michael Schwarz 

 

Institute of Experimental and Clinical Pharmacology and Toxicology 

Department of Toxicology, University of Tübingen, Germany 
 

 

 



Open Tox, Munich, August 9-12, 2011 

2004-2009  
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Development of a novel approach in hazard and risk assessment of reproductive 

toxicity by a combination and application of in vitro, tissue and sensor 

technologies 

•   Integrated project funded through the EU FP6 program 

 

•  Total budget amounts: 13.2 mEUR 
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Structure of the ReProTect Project 

33 partners  
from Academia, Industry, SMEs and Governmental Institutes 

http://www.uni-tuebingen.de/
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Structure of the ReProTect Project 
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Reduction and/or replacement of animal use  

in reproductive toxicity testing 

Coordination: 

M. Schwarz, Tübingen 

 

Project management 

(Financial):  

S. Stoppel, Tübingen 

 

(Scientific) 

S. Bremer, ECVAM, Ispra 

C. Pellizzer, ECVAM, Ispra 

 

Advisory Board (chair): 

Bernward Garthoff 

 

Research Area leaders: 

I.:  G. Lazzari, Cremona 

II:   L. Dencker, Uppsala 

III:  H. Spielmann, Berlin 

IV:  A. Mantovani, Rome  
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Specific Endpoints in the Reproductive Cycle 
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The ReProTect database 

~150  

compounds 
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Tests for Detection of (anti-)Endocrine Activity 

Bart van der Burg 

 

Hilda Witters 

 

Alexius Freyberger 

 

Ovanes Mekenyan 
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Ligand 

Receptor 

R.E. 

Luc-reporter 

R.E. R.E. 
Fluorescence 

Cell-based reporter system 

Tests for (Anti)-Endocrine Activity 
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Tests for (Anti)-Endocrine Activity 

Receptor Binding Assay 

Radioligand 

Receptor 

Ligand 

Test tube 
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(Anti-)Estrogenic Effects: Comparison of in vitro assays 

Cell-based  

reporter assays 

Receptor  

binding assay 
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Effect in vivo 

Effect in vitro 

(Anti-E)estrogenic Effects: Comparison in vitro / in vivo 

Hexestrol 

Oral application 

http://www.scbio.de/images/gels/74075.jpg
http://www.scbio.de/images/gels/74075.jpg
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Female Fertility 

Giovanna Lazzari 

 

Rita Cortvrindt 
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Use of Bovine Gametes for Reproductive Toxicity Testing 

Giovanna Lazzari 

bovine ovaries 

2 cm 

Endpoint:          

% Metaphase II 

bovine oocytes 

Endpoint:                 

% 2Pronuclei 

Chemical 

 exposure (24h)  

during IVM 

In vitro fertilisation (IVF) of bovine oocytes 

In vitro maturation (IVM) of bovine oocytes 

Chemical 

 exposure (20h)  

during IVF 

IVM, 24 h 
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0 100 200 300 1000

 

 in vitro fertilisation

 in vitro maturation

  Molecular Target  Effect  Chemical  

Aneuploidy-inducing  Nocodazol  

Aneuploidy-inducing  Carbendazim  

Calcium ionophor  Ionomycin  

Tyr-Kinase inhibitor  
Genistein  

Weakly estrogenic, GJC inhibitor Lindane  

Anti-progestogen  
Mifepristone  

Estrogenic  
Diethylstilbestrol  

Weakly estrogenic  Butylparaben  

Steroidogenesis inhibitor  
Ketoconazol  

Clastogen  
Busulfan  

Mutagen  Benzo[a]pyren  

Protein synthesis inhibitor 
Cycloheximide 

General toxicant  
CdCl2  

Unknown  
Methyl acetoacetate  

Results obtained with the bIVM and bIVF Bioassays 

EC50 [µM] 

l * 

l * 

l * 

Ribosom 

Mikrotubuli 

  Gap      

junctions 

 Endocrine  

 System  

   DNA 

Signal- 

transduction 
l * 

l * 

l * 

l * 

ª Solubility limit reached 

 ª 

ª 

ª 

ª 

Modified from: G. Lazzari et al., TAP 233, 360 (2008) 

b  Cytotoxic to gametes at the conc. used 

  b 

  b 
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Suggested Mechanisms of Compounds 
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Embryotoxicity Tests 

Horst Spielmann, 

Andrea Seiler 

 

Aldert Piersma 

 

Michael Schwarz 

 

Heinz Nau 

ReProGlo assay 

WEC 

EST 

http://www.uni-tuebingen.de/
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Embryotoxicity Tests 

day 5-10: in vitro differentiation 

to contracting heart muscle cells 

Embryo, day 9,5-11,5 

Incubation with  

test chemical 

48h - max. 96h Whole Embryo  

Culture (WEC) 

ReProGlo 
Fluorescence 

0 

Test chemical 

Alamar blue 

(cytotoxicity) 

(h) 46 24 48 

Wnt/TCF-reporter-transfected mES cells 

day 0: undifferentiated 

mouse-ES-cells 

day 3-5: in vitro differentiation  

to „embryonic bodies “ 

EST 

Incubation with test chemical 

http://jn.nutrition.org/content/vol136/issue5/images/large/1171fig2.jpeg
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Embryotoxicity Tests 
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     The ReProTect Feasibility Study 
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     The ReProTect Feasibility Study 

Chemical 

Bisphenol A 

Cadmium chloride 

Carbendazim 

Glufosinate ammonium 

Methoxyacetic acid 

Methyl acetoacetate 

Nitrobenzene 

Nitrofen 

Sodium chloride 

Vinclozolin 

Selection criteria: 

•  In vivo effects well  

   characterized 

•  No metabolic activation  

   (CYP450-mediated) 

   required 

Selection of 10  chemicals  

by independent  experts 

~150 ReProTect 

chemicals 

Determination of EC50-

(or equivalent) values for 

all 10 chemicals in each 

of the assays 

Blinding of chemicals 

(chemical 1,2,3,...10) 

and distribution to the 

experimental groups 
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TEST Known reference 

compounds  

out of the 10 test compounds 

ARBA 1 / 10 

AR -CALUX 1 / 10 

AR-PALM 1 / 10 

ERBA - / 10 

ER -CALUX - / 10 

MELN - / 10 

FBA - / 10 

bIVM 3 / 10 

bIVF 3 / 10 

MEPA - / 10 

Ishikawa cell 

test 
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WEC 1 / 10 

EST 2 / 10 
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     The ReProTect Feasibility Study 
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     The ReProTect Feasibility Study 
E

nd
po

in
ts

 o
f a

na
ly

se
s 

Compound 2 Compound 5 Compound 4 Compound 4 Sodium chloride 
Compound 4 

Glufosinate Ammonium Compound 4 Cadmium chloride 

Log10 (EC50 [mg/ml]) Log10 (EC50 [mg/ml]) Log10 (EC50 [mg/ml]) 

    Nearest neighbor analysis  (Prediction models, if available, were NOT used) 

 

    Weight of evidence approach (Expert knowledge)      
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Predictions from the Feasibility Study 

1 This water-soluble chemical is negative in all assays except in the 

FBA where it is positive at very high concentrations. 

We regard chemical 1 as having a 

low potency. We do not expect that 

this compound would affect female 

fertility or -if at all- at high dose 

levels only. We do not expect the 

compound to cause embryotoxicity 

in vivo. 

2 This water-soluble chemical is negative in the receptor 

binding/activation assays (effects at very high concentrations are 

regarded as irrelevant). The compound is active at a very low 

concentration (~5x10-7 mg/ml) in the MEPA assay. We therefore 

predict that the compound negatively affects morulation or 

blastocyst formation. The compound is unsuspicious in all other 

assays that predict effects on female fertility.  

Compound 2 had no effect on D3 differentiation and is only toxic 

for 3T3 and D3 cells at a very high concentration. It is also 

negative in the ReProGlo assay. It produced effects at a 

concentration of ~0.01 mg/ml in the WEC. Organ systems affected 

were brain and facial structures whereas the heart was unaffected. 

We predict that chemical 2 will 

affect female fertility at a 

comparatively low dose in vivo and 

it is also expected to cause 

embryotoxicity. 

3 This water-soluble chemical has a low cytotoxic potency. It is 

positive in the EST and WEC and ReProGlo but only at a rather 

high concentration.  

The compound may cause 

embryotoxic effects in vivo with a 

low potency. 

    Methyl acetoacetate 

  Glufosinate 

    ammonium 

    Methoxyacetic acid 
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Predictions from the Feasibility Study 

 

9 

 

This lipophilic chemical has anti-androgenic activity that is 

detected both in the AR-CALUX and in the PALM assay. The 

compound is negative in the ARBA receptor binding assay 

suggesting the compound needs metabolic activation to act as 

an anti-androgen. Chemical 9 is unsuspicious in the female 

fertility assays. Chemical 9 is negative in the WEC and the 

ReProGlo assay and has a low potency in the EST. The effective 

concentration in this assay is close to solubility limits.  

 

Chemical 9 is expected to affect 

male reproductive function and 

development. Furthermore. it may 

be a low potency embryotoxicant.   

    Vinclozoline 

Hydrolases 
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     The ReProTect Feasibility Study 

Chemical Female fertility Male fertility Developmental 

toxicity 

1 
Methyl acetoacetate 

2 
Glufosinate  amm. 

3 
Methoxyacetic acid 

4 
Sodium chloride 

5 
Cadmium chloride 

6 
Carbendazim 

7 
Nitrofen 

8 
Nitrobenzene 

9 
Vinclozolin 

10 
Bisphenol A 

X 

Correctly  

predicted 

Not correctly  

predicted 

Partly   

predicted 
(    ) 

Effect:  

Positive (red) 

or negative (green) 
X X 

X 

X 

(    ) (    ) (    ) 

Good news: 

  
26 out of 30 cells  

correctly predicted 

 

But: 
  Test chemicals mostly „black or white“ type while „grey“ might 

     prevail in e.g. REACH chemicals 

  No drugs included with a very specific MOA not easily 

     predictable by an in vitro assay 

  No chemicals included requiring metabolic activation  

     through e.g. Cyp450s 
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     Estrogenic Effects of Bisphenol A 

s.c. injection: 

estrogenic 

oral: 

first pass effect 

not estrogenic 

http://upload.wikimedia.org/wikipedia/commons/e/ee/Bisphenol_A.svg
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Volume 30, Issue 1 

August 2010 
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Alternatives in Reproductive Tox. testing: Present use 

Early drug development  

(“in-house” use for prioritization during lead compound optimization)  

Selection of candidate compounds for further safety evaluation studies; early 

screen-out of compounds predicted to show undesirable reproductive toxicity 

properties 

Early drug development and regulatory decision making  

Mode of action analysis for compounds that have demonstrated 

reproductive toxicity in vivo. 
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Alternatives in Reproductive Tox. testing:  

Regulatory acceptance? 
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Alternatives in Reproductive Tox. testing: Regulatory acceptance? 

REACH:   

Use in combination with other information  

in a weight of evidence approach  

 

e.g., use for justification of read across if there is doubt on the 

validity of the read across 

http://echa.europa.eu/doc/press/webinars/read_across_and_categories_tatiana_netzeva_echa.pdf 
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Battery Approach in Reproductive Tox. Testing : Potential use 

Chemicals (REACH): 

“Parallelogram approach” for chemicals in a chemical category 

Chemicals 1,2,3.. 

In vivo 

information 

C3 

? 

C1 

In vivo 

information 

C2 

In vitro 

battery 

information 

In vitro 

battery 

information 

In vitro 

battery 

information 

Prediction for 

in vivo activity 
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Battery Approach in Reproductive Tox. Testing : Potential future use 

Chemical 

first decision exposure driven; use Threshold of Toxicological Concern?  

Exposure > TTC Exposure < TTC 

No further testing (Q)SAR for blood testis / placental transfer 

In vitro test battery 

In vitro NO(A)EC 

In vivo NO(A)EL 

PBPK-modeling 
Safety factor approach 

Safe dose 

Problem: 

 
  Industry may not accept a positive in vitro result because of false-positives 

 

  Regulators may not accept a negative in vitro result because of false-negatives 
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