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Editorial

Advances in nanoscience and nanotechnology, enabling
the synthesis of new nanomaterials, development of the new
nanoanalytical methods and devices, opened a number of new
directions in a future medicine. New carbon materials are on
the top of the list today. Carbon materials are known to be
more environmentally and biologically friendly than inorganic
materials and it is one of the most common elements in our
ecosystem. In particular, graphite is a naturally occurring
material, thus, it can be expected that graphene, a single layer of
graphite, will be safe and useful for biological purposes. Graphene,
a two-dimensional (2D) sheet of sp2-hybridized carbon atoms
packed into a honeycomb lattice, has led to an explosion of
interest in the field of materials science, physics, chemistry and
biotechnology since the Andre Geim and Konstantin Novoselov,
the researchers behind the discovery from the University of
Manchester, were awarded the Nobel Prize in Physics in 2010
and as of 2014, the global market of graphene is reported to have
reached $9 billion with the market predicted to expand further
to roughly $100 billion. Aside from electronics [1], energy
applications graphene due to its unique properties has attracted
much attention in the scientific community for numerous
potential applications in biotechnology, including biosensing,
disease diagnostics, antibacterial and antiviral materials, cancer
targeting and photothermal therapy, drug delivery, electrical
stimulation of cells and tissue engineering [2-4].

Drug delivery

The capabilities to produce and manipulate object sizes in
nanometer ranges were available only since last decade, there
has been tremendous interest in the use of nano objects for
more efficient methods of drug delivery. It has been reported
that nanostructures have the ability to protect drugs from
degradation, allow their target delivery, increase bioavailability,
etc. [5-6]. The key to understanding the potential of nano objects
as drug delivery carriers is that their minute size, smaller than
cells and cellular organelles, allow them to penetrate basic
biological structures, disrupting their abnormal functions. In
the midst of a wide diversity of nanostructured drug delivery
systems, graphene based architectures initially were envisaged
as abnormal case keeping in mind their different nature in
respect to biomolecules or cellular substructures.

However, it was found that graphene and especially its
oxidized modification, graphene oxide, can be highly optimized
for their specific functions in vivo and possess features that are
often desired in drug delivery carriers. In biomedical applications
and nanomedicine, GO have been utilized over existing drug
delivery vectors due to their ability to cross cell membranes
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easily and their high surface area, which provides multiple
attachment sites for drug targeting. Graphene oxide (GO) is a
flexible two-dimensional carbon layer with oxygen-containing
functional groups (epoxy, hydroxyl and carboxyl) - on the basal
plane and at the edges. For drug delivery system GO branched by
appropriate side substitutes represent a set of features like good
solubility and stability in physiological solutions, also a unique
ability of graphene structure to attach and deliver aromatic,
water insoluble drugs. The first step to use graphene oxide as a
drug delivery carrier is a functionalization of GO with functional
molecule, particle, etc. [7]. GO can be successfully functionalized
through its functional groupsusing both covalent bonding or
via weak, non-covalent m-m stacking. In particular, GO was
effectively functionalized with anticancer drugs like doxorubicin
and porphyrins, as well, were successfully linked with graphene
or GO via both m-m stacking and covalent bonding between
amino and carboxyl groups [8].

Gene delivery

Non-viral gene therapy is a new way to treat various diseases
caused by genetic disorders. However, the lack of efficient and
nonmutagenic vectors or gene vehicles, make this technique
unpredictable [9] and many researchers are looking for the
synthetic vectors [10]. It has been shown that GO derivatives
can improve the penetration of siRNA or plasmid DNA into
cells protecting DNA from enzyme cleavage.Moreover, the
cytotoxicity of cationic polyethylenimine is significantly reduced
after complexation or conjugation with GO [11]. Additionally,
graphene is absorbing near infrared (NIR) light with high
efficiency and localized heating increase the uptake against
cancer cells.

Photodynamic therapies

The strong optical absorbance of graphene-based
nanoma-terials in the NIR region makes them generally
applicable as prognostic, diagnostic and therapeutic agents
in the treatment of cancer and other disease states. The easy
conjugation of graphene and GO with porphyrins makes
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the graphene based materials as an attractive platform for
photodynamic therapy of cancer [12].

Graphene for biosensing

rGO can be successfully used in order to develop highly
efficient electrochemical and biological sensors thanks to
their different functionalities which can be designed to be
very sensitive to small changes in the chemical or biological
environment. The responses have been obtained essentially by
changes in conductivities, capacities or spectral changes. It was
demonstrated the possibility to detect the glucose, nicotinamide
adenine dinucleotide, haemoglobin, cholesterol, ascorbic and
uric acid, dopamine, heavy metal ions and DNA [13]. In all
these cases, the biosensors performed well with low working
potentials, high sensitivities, low detection limits and long-term
stabilities.

Tissue engineering

The development of highly organized and functional 3D
complex scaffolds in vitro is of great importance in tissue
engineering since native tissues and organs exhibit highly
organized and multifunctional architectures composed of
extracellular matrix, different cell types and chemical and
physical signalling clues.It was demonstrated that fibrin-
graphene hydroxyapatite was an excellent platform for
osteoblast cell growth and maturation, showing very high
viability rates compared with GO and functionalized graphene
oxide [14]. In [15] have been reported that graphene sheets can
support the required growth and differentiation of neural stem
cell (NSC). The novel technique uses three-dimensional (3D)
porous graphene foam. Provided that graphene foam can not
only house the NSCs, but also control them electrically, itstands
in competition with existing substrates for neural cell based
therapy like glass or polymerpolydimethylsiloxane.

Toxicity

However, with the expanding use of GO in biomedical
applications, a broader understanding of its toxicology is of
high importance. Recently, several in vitro and in vivo studies
examined the toxicity of GO. Both in vitro and in vivo studies
have demonstrated the toxic effects of graphene oxide (GO). It
is known that the cytotoxicity of GO appears because of physical
damage to the cell plasma membrane [16] or the interaction of
GO with toll-like receptor that may be the predominant molecular
mechanism for GO induced macrophagic necrosis. However, the
molecular basis for translocation and toxicity of GO is still largely
unclear. Research results presented by different authors suggest
that intracellular localization and impact of GO on viability
of different cell types can vary with experimental conditions
[17]. So, for the successful application of GO in nano-medicine
the knowledge of the influence of GO on the viability of various
cells and the search for the ways to reduce the toxicity of GO still
remains an unsolved problem. One of the ways, which is also
under investigation, is coating of nanoparticles with proteins. If
the nanoparticles are pre-coated with proteins (protein corona
is formed) the cytotoxicity is reduced. Albumin is one of the
plasma proteins that bind to nanoparticles [18].
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Conclusion

To date, the exploitation of graphene materials for
nanomedicine applications remains at its infancy. Could
graphene bring solutions to the challenges faced by the current
nanomedicines and offer an efficient platform for theranostics
and synthetic biology? Without major breakthrough, the answer
to this question is quite challenging [7]. To solve the graphene
solubility and aggregation problems which are the main
challenge for the conjugation of graphene with therapeutically
active molecules or active biological components, chemical
functionalisation of graphene sheets or application of rGO may
be the way to address these concerns
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