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The	  Adverse	  Outcome	  Pathway	  (AOP)	  concept	  

Scien&fic	  Framework	  for	  the	  management	  of	  
toxicological	  knowledge,	  informa&on	  and	  data	  	  



The	  Theory	  of	  Storks	  assessed	  with	  the	  AOP	  concept	  
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Hypothesis:  
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The	  Theory	  of	  Storks	  assessed	  with	  the	  AOP	  concept	  

…summation operatorDDT 147 ng/mL in 
Painted Stork Mycteria leucocephala. 

search: DDT AND stork 

•  Endocrine Disruptor 
•  Egg shell thinning 
•  Bird population decline 
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Hypothesis:  

Lack	  of	  CAUSALITY	  defeats	  Theory	  of	  Storks	  

No literature support 

Storks have rarely been 
seen at sites of baby 
delivery  

X 
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Food supplements contain high amounts of plant extracts or their 
pure ingredients. 
 
 

General toxicities         are commonly known. 
 

lethal doses 50 

Consumers consider herbal-based food supplements as 
healthy and safe… 
 

    
                       … and use them during pregnancy. 

Moussally et al., 2009 
Bishop et al., 2011 
Forster et al., 2006 
Nordeng et al., 2004 

Reviewed by Barenys et al., Curr Drug Targets 2015 

Developmental	  effects	  of	  high	  dose	  plant	  extracts?	  



Epigallocatechin 
gallate 

EGCG 

 
Potential health benefits in preventing or treating several chronic 
diseases, including cancer.  
 
MoA: 
 
Cell proliferation 
Cell adhesion 
Cell migration 

These cellular 
processes 

are essential for 
brain development 

EGCG‘s potential to cause neurodevelopmental toxicity is not known. 

Singh et al., 2011 
Suzuki and Isemura, 2001 
Mineva et al., 2013 
Shankar et al., 2008 

EGCG - preclinical studies to 
prevent developmental FAS 
adverse effects  

Long et al., 2010 
Tiwari et al., 2010 

Developmental	  effects	  of	  high	  dose	  EGCG?	  



EGCG	  disturbs	  migraJon	  of	  rat	  and	  human	  NPCs	  in	  vitro	  

unpublished	  data	  
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Ankley et al., 2009 
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migrating cells) 

PutaJve	  AOP	  on	  DNT	  caused	  by	  disrupted	  laminin-‐β1-‐
integrin	  interacJon.	  



 

 

 

 

 

 
 

 

 

 

 

 

   

    

Suzuki and Isemura, 2001 

Affinity chromatography 

EGCG	  disturbs	  migraJon	  of	  rat	  and	  human	  NPCs	  in	  vitro	  …	  

4 M urea and 
1 M NaCl 

EGCG unpublished	  data	  
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migration 
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migrating cells) 

EGCG 

Chemical binding to 
laminin 

PutaJve	  AOP	  on	  DNT	  caused	  by	  disrupted	  laminin-‐β1-‐
integrin	  interacJon.	  





EGCG	  disturbs	  adhesion	  of	  rat	  and	  human	  NPCs	  in	  vitro	  …	  

unpublished	  data	  
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Lower density of 
BrdU+ cells in 
cortical layers  

Graus-Porta et al., 2001 
Belvindrah et al., 2007 

Disturbed glial cell 
alignment in brain cortex 

Behavioral 
deficits 

Warren et al.,  
J Neurosci 2012 



EGCG	  disturbs	  alignment	  of	  radial	  glia	  cells	  

unpublished	  data	  



EGCG	  causes	  secondary	  neuronal	  loss	  

unpublished	  data	  
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Disturbed glial cell 
alignment in brain cortex 

Behavioral 
deficits 

Warren et al.,  
J Neurosci 2012 

Chaotic GFAP+ cell 
orientation 



Modified after Shonkoff et al. 2014  
www.pinterest.com 

Exposure	  

PutaJve,	  qualitaJve	  	  quanJtaJve	  AOP 



EGCG oral supplements available via the Internet: 
    Concentration                                     Dose 
  0.1 g EGCG/mL    x                          =   3 g  
 
From EGCG pharmacokinetics in humans: 
          Dose                                        Cmax plasma 
 1.6 and 2 g EGCG/d                       7.4 and 8.7 µM 
 
Considering pregnant women, extrapolating from: 
          Dose                                  Cmax maternal plasma 
     3 g EGCG/d                                 11.9 to 22.2 µM 
 
From EGCG pharmacokinetics in rats: 
 Cmax maternal plasma                    Cmax fetal brain 
         0.6 µM                                       0.0761 µM     
 
Assuming similar pharmacokinetics in pregnant rats and humans, which is 
supported by comparable EGCG kinetics in non-pregnant individuals  
 
       Dose        Cmax maternal plasma    Cmax fetal brain 
 3 g EGCG/d      11.9 to 22.2 µM              1 to 3 µM 

Pharmacokinetics 
Ullmann et al., 2003 
Shanafelt et al., 2009 
Chu et al., 2007 
Suganuma et al., 1998 
Zini et al., 2006 

Rev. in Barenys et al. 2015 

PharmacokineJc	  assessment	  of	  EGCG	  food	  supplement	  
intake	  

Barenys et al. 2015 under review 



Why	  do	  we	  need	  the	  AOP	  concept?	  

Source: 
US Environmental Protection Agency, Office of Prevention, Pesticides and toxic 
substances. 2006. Memorandum: Risk Assessment. Subject: Paraquat Dichloride: 
Human Health Risk Assessment for Proposed Uses on Ginger and Okra and Amended 
Uses on Soybeans, Wheat, Cotton, Cucurbits, Onions, and Tanier. PC Code: 061601, 
Petition Nos: 2F6433, 3E6764, 1E6223, 1E6332, 3E6763, and 1E6319, DP Barcode: 
D328653. 

Ntzani EE, Chondrogiorgi M, 
Ntritsos G, Evangelou E, Tzoulaki I  EFSA supporting publication 2013:EN-497 

 

Any enquiries related to this output should be addressed to pesticides.ppr@efsa.europa.eu 
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Literature review on epidemiological studies linking exposure to pesticides 
and health effects1  

Evangelia E Ntzani, Chondrogiorgi M, Ntritsos G, Evangelou E, Tzoulaki I 

Department of Hygiene and Epidemiology, University of Ioannina Medical School, Ioannina, Grecce 

 

ABSTRACT 
We performed a systematic and extensive literature review of epidemiological studies examining the 
association between pesticide exposure and any health outcome published after 2006. We searched 
43,259 citations and identified 603 published articles examining a very wide variety of outcomes and 
presenting over 6,000 analyses between pesticide exposure and health outcomes. We divided the 
different outcomes into 23 major disease categories. The largest proportion of studies pertains to 
cancer outcomes (N=164) and outcomes related to child health (N=84). The majority of studies were 
case-control studies and cross-sectional studies (N=222) and examined occupational exposure to 
pesticides (N=329). A wide and diverse range of pesticides was studied with studies using various 
definitions of pesticides; it is very hard to harmonise between studies this information. Despite the 
large volume of available data and the large number (>6,000) of analyses available, firm conclusions 
cannot be made for the majority of the outcomes studied. This observation is disappointing especially 
when one accounts for the large volume of research in the area. However, this observation is in line 
with previous studies on environmental epidemiology and in particular on pesticides which all 
acknowledge that such epidemiological studies suffer from many limitations and that the heterogeneity 
of data is such that does not allow firm conclusions to de made. We also performed updated meta-
analysis for major outcomes and for those where a relevant meta-analysis published after 2006 was 
identified. This has only been  possible  for  childhood  leukaemia  and  for  Parkinson’s  disease.  For  both  
these outcomes we found significant associations between pesticide exposure and disease in line with 
previous evidence.   

© European Food Safety Authority, 2013 

KEY WORDS 
Pesticides; epidemiological studies; pesticide exposure; health outcomes; mortality; case control 
studies; cohort studies 

DISCLAIMER 
The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried 
out exclusively by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), 
awarded following a tender procedure. The present document is published complying with the transparency principle to 
which the Authority is subject. It may not be considered as an output adopted by the Authority. The European Food Safety 
Authority reserves its rights, view and position as regards the issues addressed and the conclusions reached in the present 
document, without prejudice to the rights of the authors.  
 
                                                      
 
1 Question Number EFSA-Q-2012-00372 
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Parkinson’s Disease 
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Parkinson’s Disease 
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MANDATE 1 

EFSA activities following the publication of the EFSA External Scientific Report 

� Scientific opinion 
• 2014 – 2016: The working group is expected to: 

• Develop a prototype for assessing risk factors for Parkinson’s 
disease/childhood leukaemia using the principles established for 
adverse outcome pathways (OECD, 2013) 

• Evaluate if, how and to what extent the experimental toxicity 
studies on mechanisms of toxicity cover effects and modes of action 
that are relevant for Parkinson’s disease and childhood leukaemia 

• Address eventual data gaps and potential weaknesses in the current 
regulatory dossiers in supporting the hazard assessment 

� Call for tender (OC/EFSA/PRAS/2014/01) 

� 2014 Systematic literature review on Parkinson's disease and 
childhood leukaemia and mode of actions for pesticides 

� Public consultation 
• 2016 - Public consultation on the scientific opinion will be available 

on EFSA’s website 
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