Neural implants nanocomposite coatings with antibacterial action towards nosocomial
pathogens
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Abstract

The use of biomaterials in the neuroscience field comprises the monitoring of intracranial pressure,
matrix for drug release and probes of the neural system. The latest includes devices for the increase or
decrease of a specific neurologic function[1]. One of the most described devices is the use of implants
to reduce or even cancel the involuntary spontaneous movements that characterize Parkinson's
disease[2]. Many of the obstacles in this area of biomedicine is the lack of compatibility of materials with
the biological system. In fact, the material usually used in neural implants processing is silicon
(inheritance of the microelectronics industry), although other materials emerge as potential candidates
[3,4]. The corrosion problems associated with their implantation in a biological environment has been
corrected by the modification of the surface with biomolecules [5], conductive polymers [6,7], metal alloy
films [4,8] or silicone-based gels [3].

Currently, it is believed that the mechanism of instability and degradation of implanted materials is due
to their "encapsulation” by reactive astrocytes that isolate the implant and induce the increase of the
distance between adjacent neurons, inhibiting synapsis [9]. Moreover, the decrease in the density of
neurons has also been recently associated with an adverse reaction to the implantation of systems
based on silicon [10].

In this work we have developed hybrid nanocomposite thin films based on silica (SiO,) in order to
improve the biological performance of Si neural implants. The aim also included the ability of the
modified surfaces to present antibacterial action against common pathogens associated with
nosocomial infections. The use of silica allows a chemical compatibility with the underlying Si substrate
thus allowing that substrate and coating form a continuum instead of the sum of two different materials
which can induce stresses at the interface. The nanocomposite was obtained by doping the SiO, with
silver (Ag) and gold (Au) (Figure 1). The introduction of silver is related to is known antibacterial
properties and the presence of Au allows serving two purposes: ensuring the electric conductivity of the
coating after silver release as well as an enhancer of cells adhesion and spreading as described in the
literature[11].

The antimicrobial activity was assessed by determining the growth inhibition on Gram-negative
(Acinetobacter Iwoffii and Pseudomonas aeruginosa) and Gram-positive (Enterococcus faecalis)
bacterial strains. The results highlight that SiO,/Ag/Au nanocomposite thin films present good
antibacterial activity against the three studied microorganisms (Figure 2). The preliminary results of in
vitro cell tests also indicate that these coatings present better biological performance regarding neural
cell proliferation and viability than bare Si substrates (Figure 3).

References

[1] Seymour J.P.; Kipke D.R., Biomaterials, 28 (2007) 3594-3607

[2] Leopold N.A.; Polansky M.; Hurka M.R., Movement Disorders , 19 (2004) 513-517.

[3] Polikov V.S.; Tresco P.A.; Reichert W.M., J Neurosci Methods, 148 (2005) 1-18.

[4] Gimsa J.; Habel B.; Schreiber U.; Rienen U. V.; Strauss U.; Gimsa U., Journal of Neuroscience
Methods, 142 (2005) 251—-265.

[5] Azemi E.; Stauffer W.R.; Gostock M.S.; Lagenaur C.F.; Cui X.T., Acta Biomaterialia, 4 (2008) 1208—
1217.

[6] Richardson-Burns S- M.; Hendricks J.L.; Foster B.; Povlich L.K.; Kim D.H.; Martin D.C., Biomaterials,
28 (2007)1539-1552.

[7] Green R.A.; Lovell N.H.; Wallace G.G., Biomaterials 29 (2008) 3393-3399.

[8] Harnack D.; Winter C.; Meissner W.; Reum T.; Kupsch A.; Morgenstern R., Journal of Neuroscience
Methods 138 (2004) 207-216.

[9] Szarowski D.H.; Andersen M.D.; Retterer S.; Spence A.J.; Isaacson M.; Craighead H.G.; Turner J.N.;
Shain W., Brain Res, 983 (2003) 23-35.

[10] Biran R.; Martin D.C.; Tresco P.A., Exp Neurol, 195 (2005)115-126.

[11] Bouafsoun A.; Helali S.; Othmane A.; Kerkeni A.; Prigent A.F.; Jaffrezic-Renault N.; Bessueille F.;
Leonard D.; Ponsonnet L., Macromol. Biosci. 7 (2007) 599-610.



Figures

Figure 1 — TEM bright field micrograph of a nanocomposite hybrid SiO,/Ag/Au thin film.

Figure 2 — Growth inhibition test of nanocomposite hybrid SiO,/Ag/Au thin film with A.lwoffii (a) P. aeruginosa (b)
and E. faecalis (c)

Figure 3 — SEM micrographs of the surface of control (a), SiO2/Ag/Au thin film (b) and Si (c) after 14
days with cortex rat embryo cells culture.



