
Willkommen
Welcome
Bienvenue

NanoScreen: Assessing the impact of SAS particles on 
advanced in vitro intestine models

Particles & Health 2021, October 20 – 21, 2021, Paris France

Dr. Peter Wick, Head Particles – Biology Interactions, Empa



Disclaimer

n The study was performed within the frame of CCMX Materials 
Challenge Nanoscreen and was co-financed by Evonik
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Nanomaterials as food additives and in packaging 
materials 
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Aim: 
find a structure – activity relationship between differently
produced SAS particles and their bioresponses using an 
adv human GI in vitro model

Debate of nano-enabled food additives re-launched



Set of synthetic amorphous silica particles (SAS)

Dispersion protocol:

Stock dispersions of SAS (10mg/ml) were prepared in double 
distilled water (ddH2O) using an ULTRA-TURRAX T25 at 14’600 rpm 
for 1 min, which results in a particle size distribution as expected in 
food matrix

Dilutions of the stock dispersions were applied in protein 
containing cell culture medium to cell cultures Hempt et al 2020 Toxicol in vitro



In vitro co-culture model applied

Enterocytes

Goblet cells

B-lymphocytes

M-cellsModified after Abreu M.T. et al., Nature Reviews Immunology, 2010



The 10 different SAS particles do not induce any 
acute cytotoxicity effects…

Hempt et al 2020 Toxicol in vitro



… nor an acute effect on the barrier function

Hempt et al 2020 Toxicol in vitro



No visible changes of the enterocyte morphology 
and layer integrity

Hempt et al 2020 Toxicol in vitro



Analysis of sub-toxic events and influence on 
barrier functions



Quadrupel GI in vitro model



No effect on barrier integritiy

Hempt et al 2020 Archives of Toxicol

After 1 h

DSS: Dextran sulfate sodium
Luperox®: tert-Butyl hydroperoxide solution

SAS N=6; PS-amine N=2-4

TEER: Transepithelial electrical resistance

After 48 h



No acute effects on micro villi function

Hempt et al 2020 Archives of Toxicol



No SAS influence on lipid uptake
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SAS influence on iron uptake

After 48 hAfter 24 h



No release of (pro-)inflammatory factors

Hempt et al 2020 Archives of Toxicol



Summary
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Conclusion

n Despite considerable differences in production process, specific 
surface area or silanol content, SAS neither induced severe acute 
cytotoxicity nor had an effect on barrier integrity and functionality.

n The mucus acts somehow as a protective layer with additional 
barrier properties, seen by the reduced cytotoxicity of our pos. 
controls

n The role of the mucus layer on nanomaterial interactions with the 
intestinal barrier should be investigated in more detail
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