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Iron oxide nanoparticles have extensive application potential in diverse fields, ranging from biomedical drug delivery to chemical catalysis. These nanoparticles, whether directly injected as therapy or inhaled from the environment, will eventually reach the bloodstream and interact with endothelial cells lining blood vessels. Our long term goal is to develop nanoparticle-based vascular therapies for restenosis and cancer. However, before iron oxide nanoparticles can be safely used for drug delivery or industrial processes with potential for environmental release, their endothelial cell toxicity must be determined. Iron oxide nanoparticles are often coated for biomedical applications, but need to be left un-coated for effective catalysis. Nanoparticle cellular uptake and cell toxicity are thought to depend on nanoparticles geometry and composition, both of which are altered by different coatings. While a wide variety of individual studies have been conducted across a range of cell types using different nanoparticle sizes, compositions, and coatings, no comprehensive functional investigation of bare and coated iron oxide nanoparticle toxicity mechanisms in endothelial cells exists.

We hypothesize that iron oxide nanoparticle toxicity depends on particle geometry and coating, and therefore different coatings should be used for specific nanoparticle applications. To investigate this hypothesis, we propose the following objectives:
1. Create monodispersed suspensions of bare and coated iron oxide nanoparticles (< 50 nm).

a. Create 10 nm and 50 nm iron oxide nanoparticles via combustion synthesis.

b. Coat nanoparticles with polysaccharides, polymers, or organic molecules.

2. Quantify bare and coated iron oxide nanoparticle toxicity

a. Evaluate nanoparticle induced cell death through apoptotic and necrotic mechanisms.

b. Measure how intracellular reactive oxygen species formation contributes to cell activation through adhesion molecule expression and actin cytoskeleton disruption.
This pilot project represents a quantitative physiological approach to developing environmentally safe nanoparticles for biomedical and catalysis applications. The scientific impact of this project will be an enhanced understanding of nanoparticle toxicity mechanisms, specific to the vasculature, and related to nanoparticle size and coating. This research will provide commercial guidelines for how nanoparticles should be coated for a particular technological application, as well as create a paradigm for quantitatively assessing nanotoxicology in vitro. With an understanding of iron oxide nanoparticle vascular toxicity, we and others will be able to develop clinical therapies, in particular targeting vascular diseases such as restenosis following angioplasty and tumor blood vessel regression.

