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Abstract  Review Article 
 

Graphene is a material which is two dimensional, sp2 hybridized, organized in a hexagonal lattice. It is a miracle 

matter in the planet. Graphene derivative in developing discipline has seen tremendous evolution. The 

multidisciplinary attributes of graphene such as considerable surface area, thermal steadiness, and electrical 

conductivity attract immense contemplation at the moment. Nanomaterials based on Graphene are growing as a result 

of characterization, synthesis and large-scale manufacture of graphene. Graphene has portrayed a deep-rooted 

representation in the drug-delivery system. It’s an assertive matter whenever it makes content mixed with other. In the 

present article, we review the utilizes of graphene in different sorts of drug delivery in addition to biological 

application.  
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INTRODUCTION 
Graphene is leanest and potent material in the 

nature [1], Graphene derivative possess sets of 

achievements in the field of biomedical science as well 

as technology owing to its exceptional properties such 

as abundant surface area, electrical conductivity, 

exceptional mechanical strength, biocompatibility in 

addition to permeability enhancing virtue [2, 3].  

 

In biomedical science, graphene has newly 

been spotted due to its competence to scavenge free 

radicals. Nanomaterial of graphene had appealed to the 

domain of tissue engineering as well as regenerative 

medicine on account of their surpassing therapeutic 

implementations. Graphene nanotubes and fullerences 

are the primary initial material of graphene. Carbon 

nanotubes construct a cylindrical hollow tube that can 

be enfolded by individual as well as multiple layers of 

carbon. Fullerences is a cylindrical structure that differs 

in the number of carbon atoms. Currently, permanent 

structures of fullerenes have been discovered that 

contain 60, 70, 72, 76, 78, or 84 atoms. Fullerences 

properties shift harmonizing to their organizational 

frame of the atom. Graphene acts as initial fabric for 

carbon nanotubes and fullerences. The role of graphene 

in addition to its derivative is multifaceted; they may 

characterize as a nanocarrier or reinforcing matters 

along with are worthwhile designed for drug delivery 

system. The graphene-based formulation has been 

scrutinized in cell lines medically for toxic window in 

preclinical models depending on duration and dosage 

form. The alteration in the chemical constitution of 

native graphene material through blending in addition 

to oxidizing the surface has intensified the organic 

action of graphene formation. The planar framework of 

graphene accompanied by intense chemical reactiveness 

is brought into effective action to load miscellaneous 

pharmaceutical drugs as well as biomolecules in favor 

of maximum cleaning of free radicals. Hanns-Peter 

Boehm, a German chemist monitored graphene by 

means of microscopic analysis [4]. Graphene is a 

plentiful substance of carbon allotropes. Miscellaneous 

forms of carbon allotropes can be compounded by 

adapting the blend of sp, sp2 and sp3 hybridization. 

Carbon atoms having sp2 hybridization are ordered in a 

hexagonal lattice, there are various distinct 

morphologies, structure also properties. There are 

various groups of carbon material, arranged as 0D, 1D, 

2D and 3D. 0D macrostructure are known as carbon 

dots, fullerences and graphene quantum dots.  One-

dimensional (1D) nanostructured materials, including 

nanotubes, nanofibers, and nanowires, 2D nanostructure 

are graphene, hexagonal boron nitride (hBN), and metal 

dichalcogenides (MX2) [5-8].   

 

Synthesis of graphene- in the early 1970s, 

graphene was synthesized through chemical deposition, 

Scotch tape and mechanical exfoliation technique to 
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yield high-quality graphene. The fabrication of 

graphene on a substantial degree can be accomplished 

exercising chemical synthesis, mechanical synthesis and 

chemical exfoliation process [9]. Additional paths for 

the mass-production of graphene incorporates chemical 

vapour deposition, pyrolysis and epitaxial growth.    

 

Characteristics and feasibility of graphene 

[1] Physicochemical and mechanical 

characteristics: Graphene is a plane film like 

construction and repeat in a regular hexagonal 

framework [10]. 2D material of graphene is one atom 

wide. The tensile firmness of graphene is 130GPa with 

surface area of 2636 m
2
/g as compared to nanotube of 

single walled carbon, which is around 1000 m
2
/g [11]. 

The graphene holds bond length of carbon– carbon is 

nearby 0.142 nm in addition to interplanar spacing of 

0.335 nm [12]. Graphene is the toughest matter with the 

tensile strength of 130 GPa plus stiffness of 1 TPa [13]. 

It designates that one square meter of graphene layer 

may well uphold four kg of material [14]. There are two 

arrangements of graphite, which include alpha and beta. 

Alpha hexagonal is close to ABAB orchestration on 

graphene sheet at the same time as beta hexagonal is 

rhombohedral ABCABC organization. The stretch of c 

─c σ bond is ca.1.42 Å apart. The crystal framework 

can identify both structures. However, they hold 

comparable physical properties. In structure of alpha 

graphite, the interplanar spacing is 0.34 nm and the 

parallel distance is 0.67 nm [15]. There is a weak Van 

Der Waals force of attraction within the sheets of 

graphite, it is the weakest attraction and causes graphite 

to be soft, such as the lead of a pencil, and it can be 

fractured effortlessly. In favor of the chemical reaction, 

graphene comprises of carbon, holds two faces meant 

for the chemical reaction by its two-dimensional 

construction. The edge or side of graphene is 

chemically extremely reactive, and it got burned at 

temperature of 350 ºC [16]. Graphene holds the 

properties of high opacity, high chemical reactiveness 

in addition to unparalleled thermal conductivity [17], 

functionalize readily and posses outstanding 

biocompatibility. Taking into consideration their 

matchless properties, it makes appealing to the 

academicians as well as scientists to reveal the 

implementations of graphene. One of the applicable 

domains for graphene is the biomedical application, and 

it comprises biosensing, bio-targeting, bioimaging in 

addition to further medical applications. The majority of 

the graphene-based matters are favored owing to its 

prominent functional groups such as graphene oxide 

and N-graphene, are exceptionally applicable moreover 

efficacious.           

 

[2] Antioxidative properties of graphene: 

Graphene impacts big effort on biomedical sciences. 

The smallest difference in the magnitude of graphene 

can root oxidative stress and or deliver an anti-oxidant 

effect in the biological system. The antioxidant attribute 

of graphene stalks from the sp2-hybridized carbon 

network and entails the creation of free radical adducts, 

thereby neutralizing free radicals [18].  Reactive oxygen 

species (ROS)-mediated oxidative stress in cells due to 

graphene appears on account of surface area 

normalization by proteins or surfactants [19], or 

contamination by hetero atoms or transition-metal ions 

that materializes in the course of the synthesis [20].   

 

Biomedical application of graphene: The 

application of graphene as well as its derivative like 

graphene flakes, graphene oxide and reduced graphene 

oxide can be flourishingly soiled in biomedical 

sciences.  

 

[1] Antibacterial properties of graphene: 

Although outstanding biocompatibility is noteworthy 

for considering a biomaterial. Moreover, its consequent 

scaffold successfully, the scaffold's competency not to 

spoil the standard habitat of the oral cavity is 

additionally necessary, which is primarily accomplished 

via inhibition of surface-level bacterial spread. This 

material essentially be able to assist cell adhesion as 

well as proliferation [21]. With other traits of graphene, 

the antibacterial properties be based on concentration, 

physical plus chemical properties of graphene and 

factor of bacteria soiled in investigation [22, 23]. 

Graphene nanocomposite holds the maximum potential 

in opposition to gram positive as well as gram-negative 

bacteria. However, usually against bacteria effects 

entering cell membrane and tamper with the bacterial 

function. Graphene sheet that is immersed in suspension 

can separate the bacteria from nutrient-rich surrounding 

environment [24] while function of graphene oxide can 

be effortlessly processed and competently execute water 

dispersion. However, these are advantageous properties 

of graphene oxide. Graphene oxide nanosheets 

antibacterial pursuit relies heavily on their shape. 

Substantial surface area of graphene sheet produces a 

highly antibacterial effect against E.  Coli, and also 

reduces the pathogenetic capacity in the teeth 

depending on the presence of graphene oxide [25, 26]. 

Graphene as well as some of its joint structure also 

work against bacterial biofilm, other than single 

bacteria [27]. Relating to the antibacterial properties 

previously illustrated opposite Gram-positive and 

Gram-negative bacteria, this is also dose-dependent as 

well. While high graphene oxide concentrations restrain 

the establishment of Gram-positive and Gram-negative 

bacteria biofilms, low graphene oxide concentrations in 

reality intensify their formation, coining an absolutely 

adverse reaction to the planned [28]. While it may seem 

like it has an anti-bacterial effect on bacteria itself, it 

also has on biofilm bacteria itself. It has been 

investigated that less than 50 μg/mL graphene oxide in 

a nutrient medium solution has no antimicrobial activity 

and in fact, intensifies bacterial proliferation by acting 

as a biofilm itself. However, GO-

polyoxyalkyleneamine, which is two antibacterial 

molecules in the equivalent concentration, displays 

antibacterial pursuit where bacteria are cultivated in 
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phosphate-buffered saline solution [29, 30]. Graphene 

in dentistry, its antibacterial advantages are associated 

to the environment of the tests, especially the class of 

material and size of particles, concentration and state, as 

well as the strain of bacteria and medium used. In 

addition to all of this, the results on the antibacterial 

effects of graphene in the oral cavity are additionally 

dependent on the host susceptibility, diets and habits 

that could lead to a break in the balance of the oral 

microenvironment [31]. Although the antibacterial 

activity of graphene appears to be favorable, it is all 

relative and cannot yet be generalized.        

 

[2] Antimicrobial activity: Graphene has been 

used for antimicrobial pursuit, display the efficacious 

antimicrobial effect. Sharp edges of graphene oxide can 

break up the cell membrane of gram positive and gram-

negative bacteria. If it is more resistant to graphene 

oxide then less damage will be caused by the sharp 

edges. The rGO nanowalls will produce more toxicity 

to the bacteria than the nanowalls of GO. To sharpen 

the edges of GO and shift of charge in the course of the 

interaction with bacteria, GO can be adapted in order to 

boost the antimicrobial activity. Some investigations to 

establish the antimicrobial characteristic were organized 

by Liu et al. [32] and it was prophesied that the 

antimicrobial action of graphene-based material is 

hangs on different aspects, and the leading factors are 

generating from the membrane and oxidative stress. 

From the investigations handled by Kang et al. [33], it 

was established that the highly purified narrow diameter 

graphene can be used to damage the cell with direct cell 

contact to release the intracellular content.  

 

[3] Anti-tumour drug therapies: Choroidal 

melanoma may diminished survival rate of five years 

due to high chance of tumor metastasis. The usual 

medication does not boost survival ratio and may 

additionally have side effects. In antitumor drug 

treatments, graphene may cater an prospect for 

controlled and targeted release. Modified graphene 

oxide accompanied by biocompatible polymer is 

immensely used in drug delivery [34, 35]. However, the 

implementation of graphene-based material is restricted 

by other flaws such as hazard residual synthesis, 

complicated synthesis protocol come from the chemical 

oxidation and reduction process. To improve the drug 

therapy, graphene used accompanied by polymer that is 

better capable to target tumor [36].   

 

[4] Stem cells and tissue engineering: 

Graphene derivative can be utilized for tissue 

engineering because of its multiple properties used by 

the experts in different shorts of medical application. In 

this situation a number of prominent considerations are 

essential to be thought over which embrace cellular, 

morphological as well as physiological organization.  

Stem cells is principal region for tissue engineering 

which holds the prospective of self-renewal. For the 

applicable utilization of stem cells, some of the precise 

control needs to be thought over which are biochemical 

and physical environmental. Graphene can be the finest 

choice to promote the stem cells attachment, growth, 

viability and differentiation. It can create various forms 

of stem cell like embryonic stem cells, induced 

pluripotent stem cells, mesenchymal stem cells and 

neural stem cells due to its conspicuous 

biocompatibility in addition to its tunable functionalities 

[37]. Hu et al. [38] have professed that GO can be 

universal adhesive for the attachment of protein. 

Employing bovine serum albumin-coated GO, they are 

used to assemble metallic nanoparticles such as gold, 

platinum, palladium and silver. Graphene has been used 

with numerous interactions by specific chemical groups 

to adsorb the protein. Besides, rGo-chitosan substrates 

can be used for human mesenchymal stem cell 

differentiation with minimal cytotoxicity of 0.1 mg/mL. 

Solanki et al. [39] formulated the arrays of graphene-

nanoparticle hybrid structure to notify the 

differentiation and to target the human neural stem cells 

by the assembly of positively charged silicon 

nanoparticle on the glass substrates with GO deposit 

and coated with an extracellular matrix protein laminin 

to boost adhesion and growth of human neural stem 

cells [40]. The domain step with the stem cells is to 

monitor differentiation with the stage processes that can 

be done by immune-techniques. Surface-enhanced 

Raman Spectroscopy has been used to distinguish the 

undifferentiated and differentiated stem cells using 

graphene-nanoparticle, while the outcome of 

undifferentiated stem cell shows a high percentage of 

C=C bonds compared to differentiated stem cell [41].  

 

CONCLUSION 
Graphene has been used in diverse models of 

drug delivery on account of its specific surface and 

mechanical properties of material. Successfully 

developed therapies with graphene such as drug 

delivery, tissue engineering, gene therapy and 

bioimaging are now well-established and published. In 

the field of research, many achievements on graphene-

based systems are prosperously instituted. However, 

there are a number of barriers need to be attended. In 

the future Graphene-based nanomaterial have 

remarkable scope for various research fields of 

biomedical and therapeutics.     
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