




QSAR :  statistically derived relationships between NP descriptors and 
(known) adverse outcomes

Input:

NP 
descriptors:
- material
- size
- shape
- coating
- surface charge

Output:

Adverse 
outcomes:
Biological 
effects
in-vitro and in-
vivo

statistical model:
regression;
neural networks;
machine learning
AI

Fast, but: - existing (and reliable) data in many cases is not enough
 - difficult to find correlations / relevant descriptors

                 - problem for new materials for which data absent

"Mechanisms aware "- approaches are wanted! 

"Statistical" toxicity modeling



Physics-based modeling
     Based on physical laws

Y(x)

ab-initio:
atoms,
electron
wave function

classical atomistic:
atoms,
molecules

coarse-grained:
molecular assemblies

- Rules of the game:   physical laws:  
  quantum (ab-initio) : Schrödinger equation
  classical (molecular dynamics): Newton laws of       
  motion and/ or Statistical thermodynamics
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Simulations of 
Molecular Initiating Events

Sensing of NP by cell receptors is one of possible molecular 
initiating / key events in AOP 

Tool Like Receptor 4 (TLR4) is a part of immune system

Responsible for recognizing 
microbial components (LPS) and initiating 
intracellular signaling cascade leading 
to immune response to microbial invaders.

Activated through ligand-induced dimerization.

Can NP cause signaling event?
We performed molecular dynamics simulations
of full TLR4 in membrane; as well as of extracellular 
domain in contact with nanoparticles








