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Human critical period of development 

Various organs develop at different times: different windows of vulnerability 



Thalidomide (1961) 

2

Lancet 1961; II: 1358

Le “reazioni avverse” in gravidanza

• Malformazioni congenite (maggiori/minori)

• Aborto spontaneo/morte fetale

• Tossicità/danno funzionale

• Ritardo nella crescita intrauterina

• Parto pretermine/ritardato

• Effetti neonatali

• Effetti a lungo termine (sviluppo cognitivo; leucemie infantili)

The Lancet, 1961 



Minamata disease (1956): Methylmercury 

Photo, Tomoko Uemura in Her Bath by W. Eugene Smith, Minamata, 1972, 

 courtesy of Masters of Photography 

Children exposed in utero to methyl mercury exhibited severe 

neurodevelopmental deficits, even when their mothers showed little or  

no symptoms  

Fetus- Newborn 
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ICH guideline S11 on nonclinical safety testing in support of development of paediatric medicines  

EMA/CHMP/ICH/616110/2018 Page 26/42 

 

Figure A.1: Age-dependent Development of Human Organ Systems 764 
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Birth does not represent the end of any developmental 

processes 
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The timeline of development processes in the nervous system 

Birth does not represent the end of any developmental processes 

Knuesel, Nat. Rev. Neurol, 2014 

Various part of the brain develop at different times: different windows of vulnerability 



Developmental Origins of Health and Disease (DOHaD) 

ADULTHOOD 
Long-term impact on later health and disease risk 

DEVELOPMENT 

LOW DOSE 

CHEMICALS 

No teratogenic effect evident at birth 

 

But 

 

Subtle disruption in the absence of a phenotype at birth 

(changes in cell signalling and gene expression)  



Sensitive time windows for exposure to neurotoxicants and 

susceptibility to neurodevelopmental disorders 

Heyer and Meredith, 2017 



Key Weight of Evidence factors to be considered in determining if 

nonclinical studies are warranted  



Factors favouring toxicants exposure in developing organisms 
 

1. Some lipofilic substances are shown to accumulate in maternal adipose tissue  and 

breast milk and can be transmitted by breast feeding ( DDT) 

 

2. Many substances easily cross the BBB (MeHg-methylmercuric-cysteinyl complexes)  

 

3. A greater energy demand then adults due to development, thus relative to b.w., they 

breath air more rapidly and ingest a higher proportion of water, fruit, vegetables in 

their diet than adults 

 

4. Natural behaviour and activity, in and outdoor crawling, sticking objects or soil to 

their mouths 



 

 

 

ICH guideline S11 on nonclinical safety testing in support of development of paediatric medicines  

EMA/CHMP/ICH/616110/2018 Page 31/42 

 

Figure A.6. Comparison of Rat and Human Ontogeny 791 
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Comparison of Rat and Human ontogeny 



Dose-response for critical effect 

To establish a dose without adverse effect  

Dose 

NOAEL: No Observed Adverse Effect Level is the highest concentration or amount 

of an agent, found by study or observation that causes no detectable, usually 

adverse (or toxic?) alteration in morphology, functional capacity, growth, 

development or lifespan of the target 

 



HUMANS 
population means 

Animal based toxicological studies 

Quantification of adverse health effects 

dose mg/kg bw 
100 10 1 

ADI: Admissible Daily Intake  represents the amount of a food additive, a pesticide  or 

a veterinary drug residue, expressed on a body weight basis, that can be ingested daily 

over a lifetime without appreciable health risk. 

  

ANIMALS 
 

HUMANS 
sensitive subjects 



Dose-response for critical effect 

To establish a dose without adverse effect  

Dose 

 

Maternal Hg in hair 

   Maternal Hg in blood 

50-750 mg/kg 

0.2-3 mg/L  

 

Mental retardation and  

severe neurodevelopmental  

deficits 

11.5 mg/kg Maternal Hg in hair 

46 mg/L Maternal Hg in blood 

Neurological auditory functions up to 14yrs 

Motor, cognitive attention functions? 

Tolerable Weekly Intake  

(TWI): 1.3 mg/kg b.w. 

EFSA Journal, 2012 



Conclusions 

NOAEL, ADI, TWI:  allows to adopt preventive measure 

 

   The Seventh Environment Action Programme adopted 

   by Decision No 1386/2013/EU of the European  

   Parliament and of the Council (3) establishes the long-

   term objective of a non-toxic environment and, for that 

   purpose, stipulates that action is needed to ensure 

   the minimisation of significant adverse effects of  

   chemicals on human health and the environment by 

   2020 (Official Journal of the European Union- 24.5.2017- 

   Legislative act) 

Adult: 5mg/dL 

Dose-response for critical effect: 

 the lead (Pb) case 


