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Graphene: the magic carbon derived biological weapon for human welfare
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Abstract
Graphene plays an etiologic role for the new edge drug designing in the area of
therapeutic management of myriads of diseases. Several researchers have
experimentally validated the use of graphene and its derivative either in chemical form
or in their nano-form to provide a longer and better life to the patients suffering from
cancer, diabetes, etc. In this review, we have tried to focus on the literature to
understand molecular docking-based role of graphene as an anti-cancer and anti-
diabetic therapeutic tool which is very pertinent in the extensive arena of
pharmacology, from pharmacovigilance to pharmacodynamics and kinetics, that
ameliorates and concords with the modern scientific approaches of disease
management.
Keywords: Anti-cancer, anti-diabetic, graphene, graphene oxide (GO),
therapeutic management.

Introduction

Carbon is an element of life. Carbon exists
in many different forms in nature, either in a
free state, as an element, or existing in a
combined state with other elements, as a
compound. With an electronic configuration
of 2, 4, carbon can form 4 covalent bonds
with other element and also with itself, i.e.,
with other carbon atoms, forming long-chain
carbon compounds, termed as catenation,

which augments an uniqueness to its
elemental property (Walker and Thrower,
1975; Ergun, 1968). The physical forms or
allotropes of Carbon are categorised into two
categories; first are the crystalline forms,
where the substances have a regular
geometric shape, which includes diamond
and graphite; and second are the amorphous
forms where the structural arrangement have
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no definite geometric shape, which includes,
coal, lampblack and soot (Walker and
Thrower, 1975; Ergun, 1968).

The three most common allotropes of
carbon, coal, graphite and diamond, has been
known to exist with a substantially vast
spectra of application for a considerable
period of time, until the notable discovery by
Kroto et al. in 1985 where they observed in
several experiments that some of the mass
spectrum of laser-sublimated graphite
samples displayed a peak at 720, which
indicated that the sample must be holding 60
carbon-atoms structure (720/12 D 60), i.e.,
C60 molecule. By validating their results, they
successfully added a third member to the
family of carbon allotropes, which had 60
carbon atoms and was named as
Buckminsterfullerene or simply fullerene
(Smalley, 1997; Kademani et al., 2002;
Ahmad, 1999; Kroto et al, 1985). In
laboratory condition, the Cs molecule
formed by laser vaporization of graphite
showed to possess a hollow sphere structure,
with an approximate diameter of 0.7 nm,
made of 12 pentagonal and 20 hexagonal
rings of carbon with structural similarities to
that of graphite, differing by the presence of
the pentagonal rings (Smalley, 1997;
Kademani et al, 2002; Ahmad, 1999;
Dresselhaus et al., 1996). Fullerenes also exist
in higher carbon numbers like Cso, Css, Coo,
Casetc, all of which possess 12 pentagonal
rings and varying numbers of hexagonal rings
which obeys Euler’s Theorem, defining that
each closed-caged geometry can be
composed of a vast number of hexagonal
rings but must hold exactly 12 pentagonal
rings in order to implement curvature
essential to lock the caged structure
(Diederich and Whetten, 1992; Diederich et
al., 1991; Choudhary, 2012).

While the discoverer of the next interesting
member of the carbon allotrope family
remains a part of controversy in scientific
literature (Monthioux and Kuznetsov, 2006),
the discovery itself gained much attention.
The 3D (three-dimensional) tube structure
formed by the polymerization of
Cycloparaphenylene (Carbon nanoring) came
into existence and was righteously named as
carbon nanotubes (CNT). These CNTs have a
diameter ranging from less than 1 nm up to
70 nm, but their lengths are in order of
several microns (lijima, 1991; Kuila et al.,
2012; Delgado et al.,, 2008; Salvetat et al.,
1999).

With the proposed hypothesis of Landau
and Peierls, it was believed for over 70 years
that strictly 2D (two-dimensional) crystals
were thermodynamically unstable and could
not exist (Peierls, 1935; Landau, 1937) and
that the melting temperature of thin films
decrease with decreasing thickness, and they
become unstable and segregate into smaller
fragments (Venables et al., 1984; Evans et al.,
2006). Discoveries of carbon allotropes so far,
strictly abided by the proposed hypothesis
until 2004, when the experimental discovery
of graphene flaunted the common wisdom
(Novoselov et al., 2004). Experiment
validated that these one atom thick 2D sheet
of graphite derivative was not only
thermodynamically stable but also possess
robust crystal quality (Novoselov et al., 2004).

Graphene: a therapeutic weapon

The structure of graphite involves planes of
hexagonal carbon rings that form stacking
sheets one on top of the other with Van Der
Wall forces that holds those stacked sheets
together yet allows them to slide over each
other (Walker and Thrower, 1975; Ergun,
1968; Pereira et al., 2009). Graphene may
thus be defined as the single-layer derivative
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of graphite that is one atom thick, which also
shows the similar sp? hybridization state of
each carbon atom which has an additional p-
orbital that can form weak delocalized bonds
as exhibited by graphite (Walker and
Thrower, 1975; Geim and Novoselov, 2010).
So graphite may also be defined as stacked
layers of graphene sheets held together by
Van Der Wall forces. So the question that
arises is, what would be the considerations
regarding the differentiation of classification
of 2D structure from 3D graphite? Electronic
structure rapidly evolves with the number of
so the 3D
approached at 10

layers, limit of graphite is
layers (Partoens and
Peeters, 2006). The production of graphene
involves two processes which often involves
either chemical vapour deposition of
hydrocarbons on metal substrates, or by
thermal decomposition of Silicone Carbide
(SiC) substrates (Land et al., 1992; Nagashima
et al., 1993; Forbeaux et al., 1998; Berger et
al., 2004; Berger et al., 2006).

oxide (GO) as a

component in enzyme-assisted and non-

Graphene potential
enzyme assisted glucose biosensor systems
Graphene oxide (GO) has been taken into
consideration due to its unique characteristic
having

of being amphiphilic in nature,

aqueous surface, exceptional surface
features, capable of fluorescence quenching
and has Raman’s scattering property (Chung
et al., 2013). Synthesis of GO using Hummer’s
method includes graphite oxidation which is
done by combining graphite, potassium
permanganate, and sulfuric acid and mixing
the solution followed by sonication producing
graphite salts (Gao, 2015). These salts of
graphite functions as the GO precursor
after

producing GO which undergoing

thermal and chemical reduction, forms

graphene analogue (Park et al., 2009). These
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chemical procedures extend the interlayer
space and base plane (Compton et al., 2010).
The following part of this study reviews the
beneficial role of graphene, in the arena of
drug delivery and the development of
biosensors with relevance to requisites of
modern pharmacology.

Diabetes mellitus has become a significant
health issue, mainly among adults. It is a type
of disorder or disease where the blood
glucose level rises at an abnormal rate due to
deficiency in the secretion of insulin. It is
accompanied with thirst and urination at a
frequent rate along with several other
difficulties including renal failure, diabetic
neuropathy and blindness (Jiang et al., 2011).

Therefore, consistent monitoring and
detection of blood glucose level of diabetic
patients needs to be an important part of
diabetes management regime, for which
several  biosensors are  commercially
available. Enzymatic biosensors were found
several drawbacks,

to have including

immobilization and quick inactivation of
enzyme, which led to the development and
more preferred usage of non enzymatic
biosensors where glucose oxidation occurs
directly with enzyme-free electrode (Jiang et
al., 2010; Bo et al., 2011; Wang et al., 2010;
Chen et al., 2010; Zhu et al., 2009) (Fig. 1).
Despite the toxicological effect, graphene
and its derivatives have therapeutic
efficiencies by behaving as a platform for
preparing nanoparticles using Au, Pt etc., for
non-enzymatic detection of glucose (Krishnan
2019).

computational method to analyse the binding

et al, Molecular docking, a

of ligand with its target, confirms the
interaction between GO with several
substrates including glucose oxide and

glucose oxidase, an enzyme which catalyzes
the oxidation of B-D-glucose into H,0, which
further auto-catalyzes to vyield two free
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electrons that are utilised for the detection of
glucose in the sample. The docking approach
in an enzyme-assisted biosensor system also
reveals that graphene oxide interacts with
the enzyme glucose oxidase, at a site away
from the active binding pocket of f-D
glucose, thus behaving as a non-competitive
ligand that is meant to function as glucose
oxide immobilizer. GO is surrounded by a
large number of amino acids such as Arg37,
Glud40, Asnd4l, Aspl34, Asnl135, Alal3s,
Tyr139, Leuldl, GInl142, Argld5, Serl63,
Glyl66, Vall67, Asnl68, Glyl69, Arg239,
Asp573, Leu576, and Glu577
hydrophobic interactions which proves it to

forming

have a very strong binding affinity with

enzyme. Besides counting its enzymatic
mechanism, the docking platform also shows
its non-enzymatic approach, which exhibits
the propensity of GO to directly interact with
glucose having almost the same binding
affinity to that of the enzyme. These potential
of GO widens its

application, both in enzyme-assisted and non-

abilities spectra of
enzyme assisted biosensor systems, further
disclosing its promising role to act as an
upgraded “fine-tailored” biosensor of glucose
(Sumaryada et al., 2019).

Graphene oxide (GO) as a modified tool for
drug delivery in biological systems

The potential role of GO nanoparticles in
context of delivery of anticancer drugs has
been elucidated by recent researches, where
GO has been found to selectively target the
tumor cells other than interfering with
normal cells. Therefore, a drug delivery
system using nanoparticles is nowadays more
preferred as it turns down the toxicity and
side effects as well as ameliorates functional
effectiveness (Torchilin, 2014). Thus, loading
of anti-cancer drugs on the surface of GO

either covalently or non-covalently produces

12

a better drug delivery activity compared to
the prodrug used alone (Kim et al., 2013). On
account of the fact that targeting cancer cells
with two drugs yield better result compared
to one, as single-use of drug needs large
quantity to be delivered which will further
the
effects, an upgraded way has been approved
GO
consecutively loaded with two effective anti-

adverse situation causing cytotoxic

by researchers where has been
cancer drugs- Cisplatin (Pt) and Doxorubicin
(DOX) (Pei et al., 2020). The loading of two
different drugs was only made possible due
to its large surface area (Bitounis et al., 2013).
Cisplatin, used for the treatment of solid
cancers like ovarian cancer, cervical cancer,
breast cancer, bladder cancer which mainly
acts by hampering the repair mechanism of
DNA and kills the cell by inhibiting synthesis
and Doxorubicin, another drug that is known
bladder

lymphoma,

to cure breast cancer, cancer,

Kaposi's sarcoma, and acute
lymphocytic leukemia functions by acting as
an intercalating agent and causing double-
stranded break and inhibiting replication (Fig.
2).

The preparation of the co-drug delivery
system is made by loading PEG (Polyethylene
glycol) through covalent modification, then
further loading Pt covalently on the PEG
functionalized GO followed by non-covalently
attaching DOX that forms m- 1 interactions.
When both the drugs are incorporated into
PEG functionalized GO, the increased efficacy
of the chemotherapeutic treatment is being
observed, which makes GO an important
candidate to be used in drug delivery system.
The results of fluorescence imaging study of
CAL-27 cancer cell line incubated separately
with both PEG-GO-DOX-Pt and DOX-Pt
showed the appropriate delivery of both the
drugs in tumour concentrated zone when GO
is used as a carrier.
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Graphene Oxide-based biosensor for blood glucose detection
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Figure 1. Graphene Oxide-based biosensor for blood glucose detection (non-enzymatic
approach).
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Figure 2. Diagrammatic representation of the benefits associated with the therapeutic usage of
graphene-based nano-particles for administration of anti-cancer drugs.
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According to apoptotic assay, negligible cell
death or apoptotic effect was found in vitro
when using only PEG-GO which confirmed the
harmless and safe nature of GO nanoparticles
in in vitro models. A comparably higher
apoptotic and necrotic rate was found in cells
incubated with PEG-GO-DOX-Pt that also
gives evidence of perfect drug release activity
of GO into targeted tumour cells. On the
hand,
histopathology showed no significant changes

other research related to
in the histopathological parameters of organs
like heart and kidney when using GO as a
carrier of dual drugs correlated with the drug
guantification analysis value, which showed
higher concentration of both the drugs into
the target region (Pei et al., 2020). Whereas
the release of a combination of two drugs in
selected tumorigenic region showed reduced
body weight and several histopathological
changes in spleen and heart toxicity like
with
thickening of heart muscle (Ling et al., 2015;
Pan et al., 2014). Quantifiable data in the
reviewed studies showed that the level of

cardiac  dysfunction associated

both the drugs was found to be less, which
proves its agglomeration in different regions.
The negligible cytotoxic effect, excellent drug
delivery potency, and high surface area
confirm the safety of using GO in delivering

anti-cancer drugs.

Conclusion

Researchers have been  continually
undergoing to explore different simple as well
as safe strategies to cure and heal disorders.
The existence of carbon in various allotropes
and the

eventual “quest for more” has led to the

has intrigued scientific minds,
discovery and identification of another form
called graphene, a derivative of graphite. The
synthesis of graphene oxide has gained

importance due to its unique physical and
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chemical properties and has eventually been

validated to  functional in  several
pharmacological applications including the
arena of analysis and treatment diseases such
as diabetes mellitus and different cancers.
Our study focuses on graphene oxide due to
its unique ability to not only sense glucose
levels in a non-enzymatic manner as well as
to be able to act as a major vehicle to drive
and deliver anti-diabetic drugs but also for its
potentiality to deliver the anticancer drugs at
proper tumorigenic site which adds up its
the versatile
gained
due to its

efficacious role. Therefore,
nature of graphene oxide has
importance in many fields

distinctive  properties and remarkable
functionality, which would play a beneficial
role in the therapeutic management and

monitoring of several diseases of humankind.
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