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Abstract 

In vitro micro- and nanofabricated test chips were used to investigate mouse primary cortical astroglial cell reactions 
to different surfaces of a multichannel neural microelectrode implant. The following surface types were fabricated 
by MEMS technology and characterized by scanning electron microscopy: poly-Si, Pt, nanostructured Si and 
nanostructured Pt. Survival of primary cortical mouse astroglial cells was analysed by fluorescent microscopy 24 
hours after seeding. Our results show that the nanostructured surfaces are not toxic to the primary mouse astroglial 
cells. 

© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 

The development of electrical recording and stimulating implantable neural electrodes as well as the exploration of 
their clinical effects and usage in different neural dysfunctions (e.g. Parkinson’s disease, Tourette syndrome, 
essential tremor) are rapidly growing scientific areas [1], [2], [3].  
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However, physical insertion of a neural microelectrode implant into brain tissue causes local injury and triggers 
defence reactions of the central nervous system (CNS) [4]. The so-called Foreign Body Response (FBR) alters the 
physiochemical environment and the function of the surrounding tissue [5]: glial scar formation and neural loss take 
place [6], which leads to sensing inaccuracy [7], to instability [8] and very often to failure of device functionality 
[9]. Detailed understanding of FBR and its effect on physiological recordings is still a big challenge, which can 
modify the appropriate interpretation of in vivo recordings. 
It is well known that the micro or nanostructure surfaces of artificial biomedical materials play a key role in the 
behaviour of the attached cell [10-13]. As nanostructured environment is naturally present in the ECM (extracellular 
matrix) and on the cell membranes of the neighbouring cells in the CNS, one might assume that nanofabricated 
implant surface can improve the biocompatibility of the device. The toxicity of nanostructured surfaces, however, is 
still under debate. 
By using micro- and nanofabrication techniques, our aim is to develop implant surfaces with nanometre-range 
patterns which would delay the negative tissue responses to the implanted electrode, resulting in improved neural 
implants with long-term efficiency.  
Our current work focuses on the toxicity study of poly-Si nanopillars with or without Pt coating. Survival of mouse 
primary cortical astroglial cells on Si and Pt implant surfaces was studied 24 hours after seeding, by staining the 
nuclei with a fluorescent dye. 

Fig. 1. (a) Schematic cross sectional view of an in vitro test chip (b) SEM image of a test chip with four different surfaces: polycrystalline Si, 
nanostructured Si, Pt, and nanostructured Pt. (c) 10° tilted SEM image of nanostructured Si (d) 30° tilted SEM image of nanostructured Pt 
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2. .Experimental 

2.1. Nanostructured surfaces 

The investigated nanotopographies were made by large-area, maskless, cryogenic plasma etching and 
subsequent thin film deposition, a technology which can be integrated into the manufacturing process of a 
multichannel neural microelectrode [14]. We designed and fabricated in vitro test chips containing individual 
regions of Si, nanostructured Si, Pt, and nanostructured Pt surfaces (Fig. 1). The height of the nanopillars was 
between 520-800 nm with a density of 18-70 pillars/ m2, depending on the fabrication parameters of the reactive ion 
etching process [14]. Fig. 1(b) and (c) show representative SEM images of nanostructured Si and Pt covered 
surfaces.

2.2. Cell culture and fluorescent microscopy 

Microchips were sterilized at 180°C for 4 hours and then placed in a 24-well culture plate without any further 
surface treatment. 5x104 primary mouse astroglial cells, obtained from neonatal pups and re-seeded twice before 
plating, were seeded in each well and were kept in high glucose DMEM media supplemented with 10% fetal calf 
serum at 37°C and 5% CO2. After 24 hours, cultures were fixed with 4% paraformaldehyde (20 min, RT). Fixated 
microchips were placed on a microscope slide and were covered with Mowiol containing DAPI (4’,6-diamidino-2-
phenylindole) to visualize cell nuclei. 

Samples were investigated by a Zeiss Axio Observer Z1 inverted fluorescence microscope equipped with a Zeiss 
Colibri illumination system. Whole-chip images were captured by a 10x objective and an AxioCam MRm camera 
using the mosaic-type image stitching module of the AxioVision software. 

3. Results and discussion 

Survival of primary mouse astroglial cells on the nanostructured Si and nanostructured Pt surfaces was compared to 
cell attachment on flat Si and Pt surfaces. Fig. 2(a) and (b) show the cell nuclei 24 hours after plating on a whole 
microchip and on an enlarged nano-Pt/flat Pt region. Astrocyte density on each investigated surface was normalized 
to the adjacent reference flat Si surface of the same chip, next to the nanostructured Si region in order to minimize 
the nonuniformity of the cell seeding. Normalized cell densities are shown on Fig. 2(c). Nanostructured surfaces had 
similar cell nuclei density compared to the flat surfaces.  
Based on the cell counts, the investigated nanostructured Si and Pt surfaces are not toxic to the primary mouse 
astroglial cells. Further studies are on their way to characterize the effect of Si and Pt nanopillars on the attachment, 
spreading and proliferation of astrocytes. 

Fig. 2. (a) Overview of primary astroglial cell culture seeded onto a test chip with nanostructured and flat Si surfaces with or without Pt coverage. 
Nuclei of the cells are visualized by DAPI staining (white signal). (b) Fluorescent image of primary glial cells on nanostructured and flat Pt. Blue: 
DAPI positive cell nuclei; (c) Normalised cell density on the four investigated surfaces (Si, nanoSi, Pt, nanoPt) 24h after seeding. No cell density 
difference was observed between the flat and nanostructured surfaces indicating that nanopillars are not toxic to primary mouse astrocytes.



175 Zs. Bérces et al.  /  Procedia Engineering   168  ( 2016 )  172 – 175 

Acknowledgements 

The authors are grateful for the technical staff of MEMS Lab in MTA EK MFA. This work was supported by the 
National Research, Development and Innovation Office – NKFIH NN 116550, and the Hungarian Brain Research 
Program (KTIA NAP 13-2-2015-0004, KTIA_13_NAP-A-IV/1-4/6, KTIA_NAP_13-2014-0018). A. Pongrácz is 
thankful for the support of the János Bolyai Research Fellowship. Zs. Bérces is thankful for the KAP 15-190-3.3-
ITK grant. 

References 

[1] A. C. Patil and N. V. Thakor, “Implantable neurotechnologies: a review of micro- and nanoelectrodes for neural recording,” Med. Biol. 

Eng. Comput., vol. 54, no. 1, pp. 23–44, 2016. 

[2] M. P. Ward, P. Rajdev, C. Ellison, and P. P. Irazoqui, “Toward a comparison of microelectrodes for acute and chronic recordings,” 

Brain Res., vol. 1282, pp. 183–200, 2009. 

[3] S. Ferraina, F. O. Morin, D. Prodanov, and J. Delbeke, “Mechanical and Biological Interactions of Implants with the Brain and Their 

Impact on Implant Design,” vol. 10, no. 11, 2016. 

[4] K. a Potter, A. C. Buck, W. K. Self, and J. R. Capadona, “Stab injury and device implantation within the brain results in inversely 

multiphasic neuroinflammatory and neurodegenerative responses,” J. Neural Eng., vol. 9, no. 4, p. 046020, 2012. 

[5] N. F. Nolta, M. B. Christensen, P. D. Crane, J. L. Skousen, and P. A. Tresco, “BBB leakage, astrogliosis, and tissue loss correlate with 

silicon microelectrode array recording performance,” Biomaterials, vol. 53, pp. 753–762, 2015. 

[6] R. Biran, D. C. Martin, and P. A. Tresco, “Neuronal cell loss accompanies the brain tissue response to chronically implanted silicon 

microelectrode arrays,” Exp. Neurol., vol. 195, no. 1, pp. 115–126, 2005. 

[7] R. W. Griffith and D. R. Humphrey, “Long-term gliosis around chronically implanted platinum electrodes in the Rhesus macaque 

motor cortex,” Neurosci. Lett., vol. 406, no. 1–2, pp. 81–86, 2006. 

[8] C. Chestek, V. Gilja, P. Nuyujukian, J. D. Foster, J. Fan, M. T. Kaufman, M. M. Churchland, Z. Rivera-Alvidrez, J. P. Cunningham, S. 

I. Ryu, and K. V Shenoy, “Long-term stability of neural prosthetic control signals from silicon cortical arrays in rhesus macaque motor 

cortex.,” J. Neural Eng., vol. 8, no. 4, p. 045005, 2011. 

[9] K. A. Moxon, S. Hallman, A. Sundarakrishnan, and M. Wheatley, “Long-Term Recordings of Multiple, Single-Neurons for Clinical 

Applications: The Emerging Role of the Bioactive Microelectrode,” pp. 1762–1794, 2009. 

[10] Y. Fan, “Adhesion of neural cells on silicon wafer with nano-topographic surface,” no. FEBRUARY, 2002. 

[11] M. Perez and C. N. Prinz, “Support of Neuronal Growth Over Glial Growth and Guidance of Optic Nerve Axons by Vertical Nanowire 

Arrays,” pp. 7–11, 2015. 

[12] D. Kim, J. Seol, G. Lee, G. Kim, and S. Lee, “Cell adhesion and migration on nanopatterned substrates and their effects on cell-capture 

yield,” vol. 395102. 

[13] X. Xie, A. Aalipour, S. V Gupta, N. A. Melosh, M. Science, U. States, T. Sciences, S. Francisco, S. Francisco, and U. States, 

“Determining the Time Window for Dynamic Nanowire Cell Penetration,” no. 12, pp. 11667–11677, 2015. 

[14] Z. Fekete, Á. C. Horváth, Z. Bérces, and A. Pongrácz, “Black poly-silicon: A nanostructured seed layer for sensor applications,” 

Sensors Actuators, A Phys., vol. 216, pp. 277–286, 2014. 


