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The two-dimensional planar structure, large surface area, chemical stability, mechanical stability, and good bio-
compatibility of graphene are promising for applications in drug delivery systems (DDSs). In this review, we
briefly discuss the characteristics, synthesis, and modification of graphene. We also investigate its toxicity and
its applications in DDSs, with several representative examples. This review presents a comprehensive summary

gﬁ;’;ﬂﬁi of graphene-based nanomaterials from their characteristics to their synthesis and applications, as well as their
Nanomaterials in vitro and in vivo evaluation in medicine. This paper provides a guiding strategy for the selection of optimal ap-
Modification proaches to the fabrication of nanocarriers that are suitable for medical treatments and to controlling the toxicity
Drug delivery system within therapeutic safety limits. The promising achievements made with graphene-based nanomaterials indicate

Toxicity several possibilities for further biomedical research, as well as theoretical and applied development.
© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

Carbon is one of the most abundant elements in nature; carbon
atoms can form complicated networks that are fundamental to organic
chemistry and the existence of life [1]. Carbon is a unique material that
can exist in forms that range from zero-dimensional (0-D) to three-
dimensional (3-D) [2]. In addition, allotropes of carbon have various
properties, from hard (diamond) to soft (graphite), from insulative (di-
amond) to semi-conductive (graphite) and conductive (graphene), and
from light absorbing (graphite) to diaphanous (diamond) [3-5].

Graphite and its allotropes, such as graphene, graphene oxide (GO),
carbon nanotubes (CNTs), and reduced graphene oxide (RGO), have
attracted extensive interest for use in quantum physics [6],
nanoelectronics [4,7], catalysis [8], nanocomposites [9], and sensor tech-
nology [10] because of their unique structure and geometry. Graphite
and its allotropes possess outstanding physicochemical properties, in-
cluding high fracture strength and Young's modulus, excellent electrical
and thermal conductivity, quick charge carrier mobility, large specific

surface area, and good biocompatibility [11-14] and have thus been
widely used in medical science and biotechnology, including in sensitive
biosensors [15], drug delivery systems (DDSs) [16], and near-infrared
(NIR) fluorescence imaging techniques [17-19].

The allotropes of carbon have various structures and properties but
share a common two-dimensional (2-D) structure called graphene,
which was first prepared in 2004 [20]. Graphene can be transformed
into spherical structures (0-D fullerenes), tubulate structures (one-di-
mensional carbon nanotubes, 1-D CNTs) or layered structures (3-D
graphite) (Fig. 1) [21]. The free-standing 2-D crystal of graphene is com-
posed of six-atom rings in a honeycombed network with one-atom
thickness; thus, graphene can function as a planar aromatic macromol-
ecule [22], which results in several unique properties. Since a single
layer of graphene was first prepared in 2004 using a sticky tape and a
pencil [20], several efficient production methods for graphene have
been developed, such as micromechanical exfoliation, chemical vapor
deposition (CVD), epitaxial growth, and chemical synthesis [23]. In ad-
dition, GO can be mass produced with high throughput, low processing
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Fig. 1. Common structure of all graphitic forms, which can be changed into 0-D fullerence, 1-D nanotubes, and 3-D graphite (Ref.[21]) (Adapted from Nat. Mater. 2007,(61): 183-191, with

permission from Nature Publishing Group).
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