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  Aristotle, the great Greek 
philosopher ‘ ......   ανευ των 
αναγκαίων αδύνατον και 
ζην  και εύζην,  
        which means that  .....     
without the basics it is     
 impossible to live   
                and live well.  
      And I too, believe that  
the   science of toxicology 
and its effect to the people  
and the environment  .. 
 is truly such a basic, 
both for our existence, as    
well for our well being   

Aristotle 



Trust the evidence…..but don’t generalise into 
conclusions ! …..Think of personlised causality and 

intergarted approaches  ... AMT 
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«Αρχή σοφίας, η γνώση της άγνοιας.» 
Μέτρον άριστον Thales   

Ippocrates  

Kleovoulos  Rodios Modern 
toxicology  
influenced 
  by ancient  
philosophy  











 
 
   Changes in Causes of Morbidity and the 
concern of increase of chemical exposure  

During the last 100 years changes in our 
planet and in life conditions and climate 

 have resulted in major changes in causes 
of morbidity and the burden of diseases  

The Burden of Disease and the Changing Task of Medicine 
N Engl J Med 2012; 366:2333-2338 June 21, 2012 

Why to study Long Term Low Dose Exposure to Chemicals  



Decrease in mortality from 
infectious diseases during 

century  



Main causes of morbidity in 1900 and 2010 

12%   acute and infectious diseases  
88%   chronic diseases  

60% acute and infectious diseases  
40%  chronic diseases  

The Burden of Disease and the Changing Task of Medicine: N Engl J Med 2012 



Preker: Int. Health Summit 
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Modern toxicology  













• Contribution of medical 
therapies in mean life length 
is only :  5-10% 

• Contribution of hygiene in 
mean life length is major  :    
    90-95%                          

• Hygiene   as ‘’prophylactic ‘’ 
preventive medicine based on 
public surveillance and 
exposure science, toxicology  
data  and  risk assessment 
and risk analysis   

• aims to improve and maintain 
public health  

 

 

 

The role of medical care in contributing to health improvements within 
societies . Int. J. Epidemiol. (2001) 30 (6): 1260-1263.  



Qualitative and Quantitative Inferences Based on 
Mechanistic Understanding 

Parenchymal 
--Diploid 
--Polyploid 
--Putative  
 stem cell 
 
NPCs 
--Kupffer 
--Ito 
-Endothelial 
 

Lobular and regional 
differences: 
• Ploidy 
• Maturation 
• Function 

Pathway 
Exposure dose/ 

window? 
Tissue  concordance 

across species? 
Other outcomes? 

Susceptible 
populations? 

Shape/slope of 
population 
dose-response 
curve? 

Molecule   Cell     Tissue / Organ    Individual   Population 
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Safety Factor 

TOXICOLOGICAL EVALUATION 

Acute  
NOAEL 

Chronic  
NOAEL 

FIELD EVALUATION 

Maximum 
Residue Levels 

(MRL)  
ADI 

Short term 
NOAEL 

Safety Factor Safety Factor 

AOEL ARfD 





Modern toxicology  







3R and the JRC Activity 
 New integrated methods based on in-

depth biological knowledge are needed. 
Therefore the JRC is developing and 

testing new animal-free methods, 
alternatives to animal-based tests, to be 

applied in an integrated safety 
assessment of chemicals. 

 EURL ECVAM, the European Union 
Reference Laboratory for Alternatives to 
Animal Testing 
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3R! 
Examples of EU legislation that 
require, or strongly encourage, the 
replacement of animal testing 
 
   Directive on the protection of 
animals used for scientific purposes 
(2010/63) 
   Regulation on cosmetic products 
(1223/2009)  
   REACH (2007/2006)  
   Classification, Labelling and 
Packaging (CLP) (1272/2008)  

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32010L0063:EN:NOT
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32010L0063:EN:NOT
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32010L0063:EN:NOT
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32010L0063:EN:NOT
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32009R1223:EN:NOT
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32009R1223:EN:NOT
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32009R1223:EN:NOT
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32006R1907:EN:NOT
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32006R1907:EN:NOT
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32008R1272:EN:NOT
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32008R1272:EN:NOT
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32008R1272:EN:NOT


In the Near Foreseeable Future, Much of Toxicity Testing  
Can Be Replaced by Computational Approaches 







Examples of non-monotonic curves 
 Xenoestrogens in vitro cell lines  

(A)Estradiol 
(B)Coumestrol 
(C)p-nonylphenol 
(D)endosulfan 

 
 
 

Concentration-dependent 
changes in the 
phosphorylation status of 
extracellular-regulated 
kinases (ERK) 
 
Concentrations in log10 scale 

Bulayeva NN Watson CS 
(2004). Environmental 
Health Perspectives, 
112(15): 1481-1487  



• Mortality data: this study (Renieri E.), 
including recent literature 
o S. Cambier et al.,  2010 
o L. Vergauwen et al. / Chemosphere  (2013) 
o LA. Arini et al., 2015 

• Accumulation data: this study (Renieri E.) 

Mortality vs. Cd accumulation  









Issues under consideration  include high variability  in  levels and 
sensitivity  and of exposure duration of the toxicological studies 



WHO , Oct. 26 2015 released review  
study performed by IARC  

Intern Agency Research on Cancer  WHO subsidiary 
- Processed meat as a Group 1 Carcinogen, meaning evidence 

that links to cancer  
- This based on meta-analysis studies evaluating 800 papers 

and conducted by team of 22 experts from 10 countries 
- FDA Food and Drug Administration response : Federal 

Government carries out its own research through the 
      National Toxicology Program 
-  NTP on carcinogens will not look at processed meats as 

whole food items nominated for review as carcinogens  

Contraversies  
 among regulators  



SOT 
EUROTOX 

debate 











Biologic 
Inputs 

Normal 
Biologic 
Function 

Exposure 
 

Tissue Dose 
 

Biologic Interaction 
 

Perturbation 

Low Dose 

Adaptive Stress 
Responses 

Early Cellular 
Changes 

Higher Dose 

Morbidity 
and 

Mortality 

Cell  
Injury 

Higher yet  

Activation of a toxicity pathway (NRC, 2007) 
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AOP 1: Inhibition of the mitochondrial complex I of nigra-
striatal neurons leads to parkinsonian motor deficits  

AOP Wiki: https://aopwiki.org/wiki/index.php/Aop:3, accessed Oct 1, 2016 

Studies  on Adverse Outcome pathways  for many years  now  resulted 
so far only in few AOPs  not without  contraversies also   

See EFSA recent  reports on Paraquat and Parskinson  Disease 

https://aopwiki.org/wiki/index.php/Aop:3
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Associations related to exposures and health problems remain at the end only 
associations for certain cases and is not a prove for general conclusions. 

Association is not Causality  
These associations are more evident  in cases with strong epidemiology support  

and objections and restrictions are apparent . 
 

The  case of  paraquat and parkinson disease in recent EFSA  studies 
 

What is the value then ? Policy  and Prevention  and Regulatory issues, and 
increase of knowledge  

Correlation  ..Chocolate Consumption and 
the Number of Nobel Laureates . 
Messerli (2012) New Engl J Med, 367, 1562  



Pesticides cause oxidative stress, ROS production,  
apoptosis, necrosis, pimutations, ageing  

Ops, Pyrethroids and Carbamades  
cause cholinergic crisis  

Pesticides inhibit the mitochondrial 
energy production at mt complexes  

Mechanisms involved in long-term low dose exposure 
Paradigm for pesticides  

Ops and Pyrethroids 
inhibit Na+/K+ -ATPase 

Muscarinic (Rs) secondary 
signaling Gps, PΚC,Ca+2   

Inhibition or enhancement of enzymes, lipid 
peroxidation 
Production of free radicals, oxidative sress 
Reduction of antioxidant enzymes GHS, SOD, 
CAT, Gpx 
Inhibition of the electron transport chain 
Disturbances in transcription at the nucleus 
Splitting chromatid DNA, Chromosomal damage 
Apoptosis, oncogenesis, epigenetic damage, 
depletion of mitochondria, telomere shortening 
and ageing  
Inhibition of protein synthesis 
Disorders phosphorylation, methylation and 
intracellular signaling 
Receptor and ion channels function’s modifications 



 
 
 
 
 
 
 
 
 
 
 
 
 

The challenge of linking diseases with exposure 
web of interactions   

 
  The complex issue of linking 

exposures to diseases/health  
effects can be summarized 

underthe term “web of 
interactions’’ 

56 

Editorial  in Toxicol Letters 
Environmental contaminants 
and target organ toxicities – 

new insights into old problems 
Tsatsakis and Wilks  



Low  Combined Long Term 

Health  impacts from Exposures  
simulating real Life scenarios 

Modern toxicology  



 
 

Simulating real life exposures to uncover possible risks  
to human health:  

a proposed consensus for a methodological approach 

 Exposure scenarios simulating real life is a complex issue  
 since effects from multiply chemicals must be considered as a 

web of interactions that produce variety of mechanisms of 
effects and subsequently of health outcomes.  

 Linear –monomodal but also nonlinear effects can be seen in 
the range of low and/or high concentrations of exposures 

New Modern toxicology  



PPPs or pesticides “any substance or mixture of 
substances used as insecticides, fungicides, 

herbicides, acaricides, rodenticides, nematicides, 
growth regulators, repellents, biocides to prevent, 
destroy or control a harmful organism (‘pest’) or 

disease, or to protect plants or plant products during 
production, storage and transport” 

[http://ec.europa.eu/food/plant/pesticides/index_en.htm]. 

Food improvement agents 
=  food additives, food 

enzymes and food 
flavouring. Additives are 
defined by the same EU 

legislation as any 
substance not normally 
consumed as a food in 
itself and not normally 
used as a characteristic 

ingredient of food, 
whether or not it has 

nutritive value 
[http://ec.europa.eu/food/safety/food_i

mprovement_agents/additives/index_en
.htm].  

 
”Lifestyle additives” - other substances 

used as additives, preservatives, 
plasticisers, solvents, colorants that can be 

found in consumer related products as 
cosmetics, products of personal hygiene, 

detergents, food contact materials and 
medicines.  59 



Simulating Real Life Exposures to Uncover Possible Risks to 
Human Health.  

The present regulatory assessment disadvantage 

Chronic toxicity evaluations for chemicals 
have been performed for a single chemical 

each time in order to set appropriate 
reference doses and regulatory limits,  

Status now  
such as the ADIs of additives in food and 

other consumer products,  
the MRLs for pesticides residues in food, 
the OELs to different chemicals and the 

DNELs (derived no-effect levels) for 
chemical safety assessment of chemicals 

under the REACH Regulation.  

BUT 
In practise the general 

population is never exposed 
to one single chemical  

but  
experiences uncontrolled 
multi-chemicals exposure 

from many different sources, 
at doses around or well 

below the regulatory limits.  



The existing studies on mixtures  
disadvantages :  

•  dosage schemes proposed from the 
internationally recognised experimental 
protocols that are too high to simulate 

real exposure scenarios 
• endpoints studied - limited to specific 

types of toxicity covered by the 
Regulations, allowing for a gap of 

knowledge for example on 
cardiotoxicity or neurotoxicity. 

• Long term studies are not performed to 
simulate time frames for 

neurodegenartive diseases 
61 

Limitation of toxicological studies investigating 
mixtures 
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The need for a cumulative risk assessment  
• Nowadays, the international scientific community as well 

as the international regulatory authorities have started to 
realise the need for a cumulative risk assessment and new 
methodologies are being developed  
[https://www.efsa.europa.eu/en/efsajournal/pub/3313].  

• EFSA started to give special attention to cumulative risks 
from exposure to pesticides that produce common adverse 
outcomes on the same target organ/system [EFSA. Scientific opinion 
on the identification of pesticides to be included in cumulative assessment groups on the basis of 
their toxicological profile. EFSA J., 11 (2013), p. 3293]. 

• The lack of data from toxicological studies investigating 
mixtures consists one of the biggest regulatory challenges. 

•  The CLP Regulation [http://echa.europa.eu/web/guest/regulations/clp] gives 
the opportunity to Industry to perform animal testing in 
commercial mixtures as a last resort to prove a 
toxicological hazard. 

https://www.efsa.europa.eu/en/efsajournal/pub/3313
http://echa.europa.eu/web/guest/regulations/clp


Aim of the 
study 

Our experimental methodology has the 
ambition to provide at one strike multi-

answers to multi-questions: 
 

•    long term toxicity study of non-
commercial chemical mixtures, 
consisting of common everyday life 
chemicals (pesticides, food additives, 
life-style products components) 

•    at low and realistic dose levels 
around the regulatory limits  

•      with the simultaneous 
investigation of several key 
endpoints like genotoxicity, 
endocrine disruption, target organ 
toxicity and systemic mechanistic 
pathways, like oxidative stress.  



The new methodology approach high lights 

 The need for a new experimental methodology for 
mixture testing intending to answer to multiple questions 
related to health concerns after exposure to low, realistic doses 
raised the attention of research  

in the field 







{ 
A non-monotonic 
adaptive response 

on redox status was 
observed in rats 
exposed to low-
dose chemical 

mixture. 

Hepatotoxic 
effects  

observed 
showed non-

monotonic dose-
response curves  
(Total bilirubin, 

ALP, ALT, 
tChOH). 

 



Experimental location 



























Toxicology saves consumers better than ever  
 

However there is still a considerable 
number of known and unknown risks to be 
assessed 

 
Global collaboration is necessary 
 
There is no 100% safety.   
 
However, a desirable protection level should 

be set and this is a matter of will, cost, and 
needed time.  



Trust the evidence…..but don’t generalise into 
conclusions ! …..Think of personlised causality 

and intergarted approaches  ... AMT 

82 

«Αρχή σοφίας, η γνώση της 
άγνοιας.» 

Begin of Wisdom is acknowledgement 
of ignorance 

Pan metron ariston 
Be fond of hearing  

rather than of talking  
Be fond of learning   

 
I grow old 

ever learning  



{ 

"The only good is knowledge and the only 
evil is ignorance“ 

 
As much we increase our knowledge 

as  more we understand that we 
increase the boarders with our 

ignorance  
 

"I know that  
I know 

nothing" 



http://ctoxres.med.uoc.gr
/ http://toxplus.gr/en/ 
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http://ctoxres.med.uoc.gr/
http://ctoxres.med.uoc.gr/
http://toxplus.gr/en/


Sbasibo za vnimanie  

Protect Yourself ! 
 
           Protect Others ! 
 
                    Protect the Environment ! 
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