Graphene/graphene oxide — multifunctional platform for drug delivery and photodynamic
therapy in cancer treatment
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Abstract

Recently, graphene has attracted a great scientific interest in many fields such as electronics, gas storage,
catalysis, and medicine among others [1-4]. Because of its electronic, optical and structural properties it has been
explored as a carrier of variety molecules such as drugs for cancer chemotherapy, ferromagnetic for hyperthermia
or photosensitizers for photothermal therapy and photodynamic therapy [5-7].

In this study, potential of graphene oxide biomedical applications will be presented. Firstly, in vitro
cytocompatibility tests of graphene oxide and reduced graphene oxide dispersed in different polymers will be
shown. Here, type of dispersant and concentration of nanomaterials effects on mice fibroblast cells (L929) viability
will be reported. Secondly, graphene oxide (GO) functionalization with methylene blue (MB) and its performance in
singlet oxygen generation (SOG) under irradiation of laser with excitation wavelengths of 785 nm will be reported.
Remarkably, it was noted that GO functionalized with MB (MB-GO) showed an enhanced efficiency in singlet
oxygen generation compared to pristine MB. The efficiency in SOG was detected by photobleaching of 9,10-
anthracenediyl-bis(methylene)dimalonic acid (ABMDMA). Detailed characterization of the obtained material was
carried out with UV-Vis spectroscopy, Raman spectroscopy, FT-IR spectroscopy, and confocal laser scanning
microscopy. Interestingly, in contrast to previous study [8], fluorescence confocal microscopy demonstrated that the
adsorption of MB on GO resulted in an enhanced fluorescence when the material was excited with light from blue to
orange range. Finally, covalent functionalization of graphene oxide with anticancer drug methotrexate (MTX)
through amide bonding will be shown. A kinetics of the drug release from graphene oxide in physiological solution —
phosphate buffered saline (PBS) containing different biocompatible polymers will be investigated. It was discovered
that dispersion of MTX-GO in poly sodium-4-styrene sulfonate (PSS) and poly ethylene glycol (PEG) resulted in
significant increase of the release time. The material was characterized with transmission electron microscopy
(TEM), atomic force microscopy (AFM), Raman spectroscopy, Fourier transform infrared spectroscopy (FTIR) and
UV-vis spectroscopy. Furthermore, antineoplastic action against human breast adenocarcinoma cell line MCF7 of
MTX-functionalized graphene oxide and empty graphene oxide was explored. It was found that the anti-proliferative

activity of MTX-GO depended on dispersant used to stabilize the suspension.
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Figure 1. AFM image of graphene oxide functionalized with methotrexate (MTX-GO).

Figure 2. Fluorescent confocal images of MB-GO obtained in different excitations (blue: A, green: B, orange: C, far
red: D).




