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IT 
KILLS!

A penetrating, head injury on impact 
from an object that broke the skull 

and entered the brain, causing 
subarachnoid haemorrhage, subdural 

haematoma, and extradural 
haematoma.

Traditional toxicology Toxicogenomics 
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from in vivo to in vitro
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beyond  
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from exposure to human diseases
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Adverse Outcome Pathways to Brain Injury

Glial 
molecular alterations

ion transporters, cell volume control, 
aerobic metabolism, ROS and oxidation of 

cell membranes/structures.

Physiological disturbances of the nervous system

Altered conditions in the 
CNS: acidity, ROS, 
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COVID AOP & Lung Fibrosis

Kinaret et al. Nano Today 2020



next generation 
predictive toxicology 
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Good modelling depends on good data

Saarimäki et al, in revision.



SUMMARY
• inference of molecular networks highlights 

similarities between in vivo and in vitro 
exposure 

• Contextualisation of ENM MOA allows to find 
direct implications to human pathogenesis 

• hybrid predictive models including ENM MOA 
and IP outperform traditional QSAR approaches
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