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Introduction

Carbon nanomaterials including carbon nanotubes
(CNT), carbon nanofibers and graphene possess high
potential application for nerve tissue regeneration [1].
Carbon nanomaterials will be able, on the one hand, to
prevent the activity of astrocytes and, on the other, to
stimulate axon growth and the restoration of synaptic
connections. These nanomaterials are proposed as
promising candidates for nerve stimulation and
regeneration especially thanks to their unusual
mechanical and electrical properties and morphology
similar to some structure of the nerve tissue [1,2].
Carbon nanomaterials like CNT or graphene despite the
fact that are composed of the same element differ in
terms of microstructure, structure and chemical reactivity.
These properties can have influence on cell response
in vitro and in vivo conditions. The aim of these studies
was analysis of microstructure, structure and surface
chemistry of carbon nanomaterials on nerve cells
response in vitro condition.

Materials and Methods

Four types of carbon nanomaterials such as carbon
nanotubes without functionalization (MWCNT) and two
types of functionalized CNT (MWCNT-F and MWCNT-
OH) and graphene oxide (GO) were used to creating of
pure coatings and hybrid coatings on the metals’ surfaces
using EPD technique. Optimizing the EPD process aimed
to obtain durable and homogeneous coatings.
Many methods such as infrared spectroscopy (FTIR),
X-ray photoelectron spectroscopy (XPS), Raman
spectroscopy, X-ray diffraction (XRD) and scanning
electron microscopy (SEM) and scanning transmission
electron microscope (STEM) were used to analysis
chemistry, structure and microstructure of the obtained
samples. The contact angle of carbon nanomaterial
coatings on metal substrates were also measured by the
sessile drop method using an automatic drop shape
analysis system DSA 10 Mk2 (Kruss, Germany). The
surface energy of the carbon coatings were calculated
using the Owens-Wendt method. The in vitro studies
were carried out on the human neuroblastoma cell line
SH-SY5Y.

Results and Discussion

Presence of the chemical groups on carbon
nanomaterials strongly depends on functionalization
method and types of nanomaterials. The highest
hydrophilicity of the obtained coatings were observed for
carbon nanotubes oxidized in mixture of sulphuric and
nitride acids (MWCNT-F) although the highest
concentration of oxygen groups were observed for GO.

Hybrid coatings containing both carbon nanotubes and
GO possess different chemistry and microstructure
(FIG. 1) in comparison with pure carbon nanotubes and
GO coatings. The predominant effect on microstructure
and chemistry of these samples has presence GO inside
coating.
The in vitro studies show no cytotoxicity effect for
analysed coatings and additionally the SH-SY5Y cells
viability after 24h, 48h and 72h was different depending
on the physicochemical properties of carbon
nanomaterials coatings.

FIG. 1. SEM microstructure of different carbon
nanomaterials coatings.

Conclusions

The obtained results indicate that by choosing
appropriate type and concentration of the carbon
nanoparticles in the coating can be a fairly large extent
controlled nerve cell response. To summarize the results
obtained are promising and give new insights on issues
related to the use of carbon nanomaterials in nerve cells
regeneration.
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