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Abstract: 

Nanoparticles toxicity (1-100nm) to living organisms so far reported to affect different 
organismal levels, from whole organism, cellular to molecular levels. An integrative approach 
was followed in this study to assess the role of nanoparticle size, exposure time and uptake routes 
in determining the immunotoxicity of silver nanoparticles to Mytilus galloprovincialis. 

In so doing, in vivo exposures for 3, 6 and 12 hr to a single sublethal dose (100 μg/L) of two size 
of silver nanoparticles (AgNP: < 50 nm and < 100 nm) prior to and after inhibition of clathrin- 
and caveolae-mediated endocytosis uptake routes, were designed. Cytotoxicity assay and the 
hemocytic parameters used as markers to assess the sub-cellular responses. Histopathological 
analyses of inflammation in the gills and digestive gland were done at tissues level. Redox-based 
proteomic investigations conducted to assess the proteome status after exposures. 

The results showed a significant cytotoxic effect on immune cells of mussels exposed to both 
sizes of AgNP for different timeframes (p < 0.01); the greater effect was with the smaller size. 
However, hemocytes seemed to be more sensitive to the larger size of AgNP after clathrin-
mediated endocytosis was blocked (p < 0.01); this was not so with inhibition of caveolae-
mediated endocytosis. The percentages of different hemocytes sub-populations showed to be 
varied after exposure to AgNP; these variations seemed to be decreased as exposure length 
progressed and noted to be delayed after blockade of either clathrin- or caveolae-mediated 
endocytosis (p < 0.01). Histological analyses showed that AgNP impacted on inflammation 
morphology and intensity dependently to exposure time, nanoparticle size (Highest response 
recorded with Ag-NPs <100nm alone) and uptake pathways (with Ag-NPs <50nm after blockade 
of uptake routes). 

Overall, it was concluded that AgNP toxicity was size- as well as exposure time-dependent. It 
was proven that endocytotic routes were deeply involved in determining redox-based changes 
and immune response face to NP toxicity. Interestingly, NP uptake pathways found to be more 
impactful than the size. Lastly, a protective role of clathrin-mediated endocytosis route against 
NP toxicity was reported. 
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