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Our understanding of  

endocrine disruptors 
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Weybridge 1996: 

 “An endocrine disrupter is an exogenous substance that causes adverse 

health effects in an intact organism, or its progeny, secondary 

(consequent) to changes in endocrine function”. 

WHO 2002: 

“An endocrine disrupter is an exogenous substance or mixture that alters 

function(s) of the endocrine system and consequently causes adverse 

effects in an intact organism, or its progeny, or (sub)populations.”  

 

„Endocrine disruption“ is potentially a cut-off 

criterion without any risk assessment 



1989: The beginning 

Study case: Vinclozolin 

Anti-androgenic effects in:  
– prenatal developmental toxicity study: reduced ano-genital distance 
 
2-generation study:  
– a syndrome of changes resulting in a feminization of male rat offspring 
  reduced prostate & seminal vesicle weight and activity 
  hypospadia 
  vaginal pouch 
  delayed / incomplete testicular decent 
 
 can be explained by several modes of action: 
 

1) Reduction of hormone synthesis 
2) Increased breakdown of hormones 
3) Receptor block 
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Overview of the Tier-1 EDSP battery  
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In vitro 
- Androgen receptor (AR) binding -rat prostate cytosol 

- Estrogen receptor (ER) binding - rat uterine cytosol 

- Aromatase - Human recombinant aromatase 

- human estrogen receptor a transcriptional activation in HeLa-9903 line  

  (OECD 455) 

- Steroidogenesis in H295R line 

 (OECD 456) 

 

Summarized from EDSP, US-EPA homepage 

In vivo 
- Uterotrophic (rat) (OECD 440) 

- Hershberger (rat) (OECD 441) 

- Pubertal female (rat) 

- Pubertal male (rat) 

- Amphibian metamorphosis (frog) 

- Fish short-term reproduction 



Development and Registration of 

Agrochemicals: Screening and Selection 
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>100 

<1 

Laboratory 

Greenhouse 

Field 

 
Various crops 

1 

Substances Years 

~140.000 

~7.500 

3-10  

2 Toxicology 

~25.000 



 

An integrated strategy for detection of 

Endocrine Modes of Action under 3Rs 

TIER 1 
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Refined in vivo In vitro 

Receptor dependent Hormone synthesis  Metabolic profiling 

Assessment for Mammalian Endocrine Activity 



Tier 1: 

Yeast Estrogen/ Androgen Screening 

Assays (YES/YAS) 

7 07/09/2012 

 Yeast estrogen/ androgen screening assay 

 Recombinant yeast strains expressing human ER or AR and reporter 

gene. 

 Agonistic and antagonistic effects measureable 

 Determination of effect by reporter assay 



Tier 1: 

Yeast Estrogen/ Androgen Screening 

Assays (YES/YAS) 
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androgenic activity antiandrogenic activity 

Positive 

Control 
Test subs 

+ PC 

Test subs Positive 

Control 
Test subs 

+ PC 

Test subs 
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Tier 1: 

Yeast Estrogen/ Androgen Screening 

Assays (YES/YAS) 

(Kolle et al., 2012, RTP) 



In house validation of the YES/YAS with 

105 substances 
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(Kolle, et al., Toxicol. In Vitro 24(7), 2030-2040).  

Detection of estrogenic compounds with accuracy of 87%, antiestrogenic 

with 90%, androgenic with 95% and antiandrogenic with 85%. 



Tier 1: 

Steroidogenesis assay  

OECD TG 456 and OPPTS 890.1550 
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Summarized from EDSP, US-EPA homepage 

OECD guideline 456 

 The objective of the steroidogenic screen assay is to detect any 

substance that would disrupt estrogen and/or androgen gonadal steroid 

hormone production. 



Tier 1: 

Effects of vinclozolin on the levels of 

estradiol and testosterone 
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Testosterone 
Estradiol 



 

An integrated strategy for detection of 

Endocrine Modes of Action under 3Rs 

TIER 2 
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Refined in vivo In vitro 

Receptor dependent Hormone synthesis  Metabolic profiling 

Assessment for Mammalian Endocrine Activity 



Tier 2: 

In vivo 28 day study combined with 

metabolomics analysis 
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Confirmation of in vitro 

findings (potency / NOAEL)  

Detection of compounds that 

only act in vivo (e.g. 

metabolism specific) 

OECD 407 (28 day rat 

study) 

Estrus cycle analysis 

Pathology of endocrine 

organs  

 Metabolome analysis 



Analysis of effects of 14 compounds 

tested in vitro and in vivo 
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 Of the nine known EDCs all substances were determined to exert 

receptor mediated and/or biosynthesis related mechanisms. 

 The effects were confirmed by in vivo metabolome analysis in the 

OECD TG 407 study. 

(Kolle et al., 2012, RTP) 



Assessment of mammalian endocrine 

effects using a combination of in vitro 

assays and in vivo assays 
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(Kolle et al., 2012, RTP) 



Tiered Testing for Identification of 

Endocrine Disruption 
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Refined in vivo In vitro 

Receptor dependent Hormone synthesis  Metabolic profiling 

Retrospective analysis of in house data showed that with the proposed testing 

strategy additional in vivo studies Hershberger assay (OECD 441),  uterotrophic 

assay (OECD 440), pubertal assays are not needed. 



Thank you 
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