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 Lessons-learned form engineered nanoparticles

 Biomolecular corona? 

 Novel approaches in human risk assessment

 Critical points 

Topics to cover
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Interactions of particles with their environment
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Misra S et al., 2012

 Intrinsic properties

● Size, shape, ...

● Polymer type

 Extrinsic properties

● Charge

● Biomolecules

● ...



 500 nm SiO2 NP

Effect of stomach and intestinal conditions of particles

7ACSnano 2012;6;3;2441-2451

Saliva pH 2 pH 2

From pH 2 to pH 7 Enlarged in pH 2
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Walczak et al., Nanotoxicology 2012
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Walczak et al., Nanotoxicology 2012

50 nm Ag NP



Agglomerates of particles
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DOI: 10.1039/C4CS00487F
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Intestinal uptake
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• Transcellular through normal 
intestinal enterocytes

• Paracellular transport (between 
enterocytes)

• Peyer’s patches intestinal lymphatic 
tissue containing M cells = specialized 
phagocytotic enterocytes

https://doi.org/10.1016/j.addr.2016.07.007
Meike van der Zande (WR)



Mechanism of uptake
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www.rpi.edu

Effects of:

 Intrinsic properties

 Extrinsic properties

On transport rates ...? 



Role of surface coating of particles
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Biomolecular layer on particles
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Surface coating dependent protein coverage
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Protein corona affects interactions with bacteria
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Biomolecules in corona

 Microbial fragments

 Environmental 

● Chemicals

● Lipids

● Proteins

● ...



Interactions of particles and micro-organisms
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 15 post  mortem human liver spleen

 Sample preparation techniques 

 Validation of Single particle ICP-HRMS 
LODs (size) = 85 nm; 
LODn (number) = 0.8 × 109/kg; 
LODc (calculated Ti in particles) = 0.005 

mg/kg

 Validation ICP-HRMS
LODt (total-Ti) = 0.01 mg/kg

Particles in human tissues
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When is a nanoplastic toxic?
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Exposure
Fate during 
digestion

Absorption

Cellular uptake



Novel approaches for testing <-> material diversity

24Microplastics EP



A mechanistic approach to understand toxicity
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 An Adverse Outcome pathway allows to 

structure the experimental work and to integrate 

in vitro assays 

 An AOP is ‘blind’ to the chemical of interest: it 

focusses on the biological effect



Main AOPs for particles
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Molecular Initiating 
Event
Oxidative Stress
...

Organelle level
•Cytokine 
production

•Lipid peroxidation
• ...

Cellular level
•Mitochondrial 
dysfunction
•Lysosome 
disruption
• ...

Organ level
Inflammation
Tissue specific 
effects

System 
level



Systemic fate of nanoplastics (and associated chemicals)
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In vitro to in vivo extrapolations: integrate AOP and PBK 
models
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points of departure 
for risk assessment

In vitro In vivo



 Great diversity in materials

 Need for analytical methods

 Development of particle kinetic models (toxicokinetics)

 Which in vitro approach/model to use?

● Cell line; stem cell-based; organ-on-chip models 
(toxicodynamics)

 Extrapolation from in vitro to in vivo

 Point of departure (Benchmark Dose Modelling) for Risk Assessment

Critical points

29Hans.Bouwmeester@wur.nl


