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Project Summary

Wound healing is a complex process with many potential factors that can delay healing. There is increasing evidence that
bacteria within chronic wounds often live in communities called biofilms, in which they are protected from host defenses and
develop resistance to the treatment with antibiotics. A possible approach for biofilm prevention might be application of
nanotechnology. Nanotechnology deals with materials and systems whose structures and components exhibit novel physical,
chemical and biological properties due to their nanoscale size which is in the range of 0.1 to 100 nm. Among nanoparticles (NP),
magnetic NPs have many unique magnetic properties, and are used in various bioapplications. The bactericidal effect of
superparamagnetic iron oxide nanoparticles (SPIONs) has been shown on Staphylococcus epidermidis biofilm. Antimicrobial
activity of SPION has been associated with generation of reactive oxygen species. The small size of nanoparticles can also
contribute to bactericidal effects. The same nanoscale properties of SPION potentially induce cytotoxicity in wound adjoining
tissues. Also it was detected that bactericidal SPION concentration could enhance mammalian cell proliferation. 
A critical issue with nanomaterials is the understanding of their potential toxicity, but mechanisms controlling it are still unclear.
Considering possible application of SPIONs for wound healing, we plan to assess bactericidal effect of SPIONs on Staphylococcus
epidermidis – a biofilm-forming bacteria combined with the study of SPIONs effect on human epithelial-like cell line – L-41, as a
dual mechanism of toxic effect induced by SPIONs has been proposed.
The project is aimed at evaluation of cytotoxicity of the SPIONs as well as assessing possible proliferation stimulatory effect for
cultured mammalian cells.
SPIONs will be synthesized via chemical method and electrohydravlic effect, coated with surface layer of organic material ( PEG,
PVA, Dextran) and the magnetic properties of the nanoparticles will be evaluated to confirm superparamagnetic nature of the
synthesized product. The proposed approach significantly improves the dispersion of solution.
The toxicity of different sizes and concentrations of nanoparticles toward bacterial cells will be determined by microbiological
and biochemical methods combined with differential scanning calorimetry (DSC), that is based on our previous experience of
the assessment of toxic impacts on bacterial and mammalian cell cultures by DSC method ( Grants ISTC-348; ISTC-349;
GNSF/STO7/6-240).
Two experimental systems of Staphylococcus epidermidis will be compared: 1) cells grown in liquid media as a batch culture, 2)
cells, grown on 96-cell agar microplates as biofilm.
Besides focusing on the most commonly used determinants of toxicity as a result of exposure to SPION, it will be studied such
cellular alterations as DNA damage, cell cycle perturbation and oxidative stress on the model of L-41 cell culture. 
The outcomes of this project will provide background for future studies. We assume that this will further lead to the application of
SPIONs for human chronic wound healing
The project is designed as cross-institutional, interdisciplinary research. The implementation of the project is possible using the
highly qualified scientists which are experienced in the fields of cell biology, biophysics and bacteriology. 
The preliminary studies are supported by the WFS Fellowship, 2013-2014.
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