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Abstract:  Graphene and its subsidiaries have some charming properties, which produces 

enormous interests in different fields, including biomedicine. The biomedical utilizations of 

graphene-based nanomaterials have pulled in extraordinary interests throughout the most 

recent decade, and a few gatherings have begun taking a shot at this field the world over. In 

view of the brilliant biocompatibility, solvency and selectivity, graphene and its subordinates 

have appeared potential as biosensing and bio-imaging materials. Additionally, because of 

some novel physico-compound properties of graphene and its subordinates, for example, vast 

surface zone, high virtue, great bio-functionalizability, simple dissolvability, high medication 

stacking limit, capacity of simple cell layer infiltration, and so forth., graphene-based 

nanomaterials become promising possibility for bio-conveyance bearers. Plus, graphene and 

its subsidiaries have additionally indicated intriguing applications with regards to the fields 

of cell-culture, cell-development and tissue designing. In this article, an extensive survey on 

the utilizations of graphene and its subordinates as biomedical materials has been exhibited. 

The one of a kind properties of graphene and its subsidiaries, (for example, graphene oxide, 

decreased graphene oxide, graphane, graphone, graphyne, graphdiyne, fluorographene and 

their doped renditions) have been talked about, trailed by discourses on the ongoing 

endeavors on the utilizations of graphene and its subordinates in biosensing, bio-imaging, 

medicate conveyance and treatment, cell culture, tissue building and cell development. 

Likewise, the difficulties associated with the utilization of graphene and its subordinates as 

biomedical materials are talked about quickly, trailed by the future viewpoints of the 

utilization of graphene-based nanomaterials in bio-applications. The audit will give a 

viewpoint to the uses of graphene and its subordinates, and may open up new skylines to 

motivate more extensive interests crosswise over different orders.

Keywords: Graphene , Biomedical,  Applications

Introduction  

In the past 20 years the field of nanoscience has blossomed. Polymer nanocomposite based 

on carbon black, carbon nanotubes and layered silicates have been extensively studied for the 

improvement of mechanical, thermal, electrical and gas barrier properties of polymers 
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(Huang 2002, Moniruzzaman and Winey 2006). The discovery of graphene with its 

combination of extraordinary physical properties (high values of its Young's modulus ~ 1,100 

GPa) (Lee, Wei et al. 2008), fracture strength (130 GPa) (Lee, Wei et al. 2008), thermal 

conductivity (~ 5,000 W m-1 K-1 (Balandin, Ghosh et al. 2008), mobility of charge carriers 

(200,000 cm2 V-1 s-1) (Bolotin, Sikes et al. 2008) and specific surface area (calculated value, 

2,630 m2 g-1) (Stoller, Park et al. 2008) and ability to be dispersed in various polymer 

matrices has created a new class of polymer nanocomposites (Kuilla, Bhadra et al. 2010). 

Therefore, graphene and graphene based nanocomposites play a key role in the future of 

nanoscience (Stankovich, Dikin et al. 2006). The promising mechanical, electrical, optical, 

thermal and magnetic properties of graphene have led to the creation of a new subfield of 

nanoscience that studies graphene based polymer nanocomposites. 

 

Discovery of Graphene 

 In 1940, it was established by Wallace that graphene is the building block for graphite 

(Wallace 1947). In 2004, Geim et al. identified single layers of graphene and other 2-D 

crystals (Novoselov, Geim et al. 2004). Graphene is an atomically thick, two dimensional 

sheet composed of sp2 carbon atoms arranged in a honeycomb crystal lattice (Kim, Abdala et 

al. 2010). It is the basic structural unit for carbon allotropes such as graphite, carbon 

nanotubes and fullerenes (Figure 1).  

 

Figure 1: Graphene is the building block of all graphitic forms. It can be wrapped to form (A) 

the 0-D fullerene, rolled to form (B) the 1-D nanotubes, and stacked to form (C) the 3-D 

graphite. The figure is reproduced from the reference (Kim, Abdala et al. 2010). 
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For instance, graphite (3-D carbon allotrope) is made of graphene sheets stacked on top of 

each other and separated by 3.37 Å. The fullerenes which are a dimensionless carbon 

allotrope is made by wrapping the graphene sheets. Moreover, it is possible to roll the 

graphene sheets to make the 1-D carbon nanotubes. One-carbon-atom thick graphene can be a 

very promising reinforcement, providing combined benefits of both layered silicates and 

carbon nanotubes. Unlike layered silicates, it has exceptional electrical and thermal transport 

properties (Smith and Rasor 1956, Novoselov, Geim et al. 2004). Unlike carbon nanotubes 

(CNT), these 2-dimensional carbon layers can reduce gas permeability of host membranes 

(Kim and Macosko 2008), and can be derived from naturally occurring graphite at a fraction 

of cost. Moreover, its in-plane mechanical properties are similar to those of CNT 23 (Young's 

modulus ~1 TPa, ultimate strength ~130 GPa) (Kelly 1981). The potentially high aspect ratio 

of single graphene sheets indicates that graphene can greatly improve mechanical and gas 

barrier properties at small incorporation if it is well exfoliated in a polymer matrix.  

 

Synthesis of Graphene  

The first reported method for production of graphene nanosheets can be traced back to 1970 

(Eizenberg and Blakely 1979). However, it was only until 2004 that the isolation of free-

standing single-layer graphene was achieved by separation of graphene from graphite using 

micromechanical cleavage (Novoselov, Geim et al. 2004). Today, graphene can be prepared 

either by bottom-up processes or by top-down processes. In bottom-up processes, graphene is 

synthesized by methods such as chemical vapor deposition (CVD) (Di, Wei et al. 2008, Chae, 

Güneş et al. 2009, Li, Cai et al. 2009, Wang, You et al. 2009), arc discharge (Li, Wang et al. 

2010), epitaxial growth on SiC (Rollings, Gweon et al. 2006, de Heer, Berger et al. 2007, 

Mattausch and Pankratov 2008, Sutter, Flege et al. 2008, Sprinkle, Soukiassian et al. 2009), 

chemical conversion (Carissan and Klopper 2006, Yang, Dou et al. 2008, Zhi and Mullen 

2008), reduction of carbon monoxide (CO) (Kim, Min et al. 2009), unzipping carbon 

nanotubes (Hirsch 2009, Jiao, Zhang et al. 2009, Kosynkin, Higginbotham et al. 2009), and 

self-assembly of surfactants (Zhang, Cui et al. 2009). The CVD and epitaxial growth 

methods, produce a small amount of large-size, defect free graphene sheets (Kim, Kim et al. 

2012). Therefore, these methods are more suited for fundamental studies and electronic 

application than fabrication of polymer nanocomposites since in fabrication of 

nanocomposites, a large amount of graphene sheets is required. In top-down processes, 
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graphene or modified graphene sheets are produced by separation/exfoliation of graphene or 

graphite derivatives (such as graphite oxide (GO) and graphite fluoride (Worsley, Ramesh et 

al. 2007) with methods such as mechanical cleavage, direct sonication, superacid dissolution 

(Figure 2). 

 

Figure 2: Top-down methods for production of graphene and modified graphene starting from 

graphite or via graphite oxide (GO) (image is reproduced from reference (Kim, Abdala et al. 

2010)). 

 

Properties of Graphene 

 In the following sections, properties of graphene which are significant for this research are 

discussed. 

Structure of Graphene  

Dimensionality is one of the most defining material parameters. Carbon exists in various 

structural forms such as zero-dimensional Buckminster fullerene discovered by Kroto et al. in 

1985 (Kroto, Heath et al. 1985), 1D carbon nanotubes discovered in 1991, 2D graphene 

isolated by Geim et al. in 2004 and 3D graphite. Graphene is an allotrope of carbon with sp2 

carbon atoms which are packed in honeycomb crystal structure. A carbon atom has six 

electrons in the atomic orbitals as 1s2 2s2 2p2 (Figure 2-12). The 1s electrons are considered 

inert and do not contribute to the chemical bond (Peres 2009). In the graphene structure, three 

atomic orbitals 2s, 2px and 2py hybridize to form three new planar orbitals known as sp2 

(Park 2009). 
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Figure  3: Schematic illustration of honeycomb lattice of graphene. a1 and a2 are the lattice 

unit vectors and i =1, 2, 3 ). 

Chemical Properties  

Graphene exhibits unique chemical properties which are mostly due to its sp2 bonded 

hybridization and its ultimate incarnation of the surface (two faces with no bulk left in 

between) (Geim 2009). The surface of graphene, like graphite, can adsorb and desorb various 

atoms and molecules such as NO2, NH3, K and OH. These attached adsorbates can act as 

donors or acceptors and lead to changes in the carrier concentration so that graphene remains 

highly conductive. These give an excellent basis for graphene sensing abilities. The 

operational principle of graphene for sensing is based on changes in their electrical 

conductivity σ due to gas molecules adsorbed on graphene’s surface and acting as donors or 

acceptors (Schedin, Geim et al. 2007). The characteristics of graphene that makes it ideal for 

sensing includes: i) it is a two-dimensional material and therefore its whole volume is 

exposed to surface adsorbates ii) it is highly conductive (exhibiting metallic conductivity) iii) 

it has a few crystal defects which leads to low intrinsic noise. Schedin et al. demonstrated the 

sensing abilities of graphene for detection of individual gas molecules such as adsorbed on 

graphene. As demonstrated in Figure 4 various gas molecules such as NO2 and NH3 on 

pristine graphene was successfully detected and lead to step-by-step modulation of local 

carrier concentration resulting in step-like changes in electrical resistance. 
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Figure 4: Blue curve illustrates the step-by-step decrease in the Hall resistivity upon 

adsorption of strongly diluted NO2 and a red curve demonstrates the step-by-step increase 

upon its desorption. The green curve is the control, which is exposed to pure He. (image is 

reproduced from reference (Schedin, Geim et al. 2007)). 

 

Graphene and its derivatives as biosensing and bio-imaging materials 

Owing to the unique chemical, electrochemical, optical, electrical and electronic properties of 

graphene and its derivatives, and the bio-functionalization of graphene-based nanomaterials 

with various biomolecules and cells along with their improved biocompatibility, solubility 

and selectivity, graphene and its derivatives reveal some interesting applications in 

optical/electrochemical sensors, bio-imaging, electronic devices, mass spectroscopy, etc.. For 

example, a graphene-derivative/oligonucleotide nanocomplex is used as a platform for in 

situ sensing of biomolecules, DNA detection and analysis, in vivo imaging of biomolecules in 

living cells, protein detection, sensing of heavy metals, pathogens, etc. As far as the in 

situ sensing of biomolecules is concerned, graphene-field-effect-transistor-based biosensors 

have been extensively explored for the detection of nucleic acids, proteins, etc., and the 

growth factors have been successfully demonstrated by using appropriately functionalized 

graphene derivatives with nucleic acids, aptamers and carbohydrates for monitoring target-

specific changes of electrical signal with high signal-to-noise ratio. Similarly,  depicts a 

thermally reduced graphene oxide (TRGO)-based FET device, where anti-immunoglobulin G 

(anti-IgG) is anchored to the TRGO surface through Au NPs and performs as the specific 

recognition group for the IgG binding. Therefore, graphene-based field effect transistors 

(FETs) become an attractive tool for electrical sensors for biomaterials and processes (like 

DNA hybridization, hormonal catecholamine molecules, protein-binding events, heavy 
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metals, etc.). Regarding DNA detection and analysis,schematically illustrates the mechanism 

of the interaction of fluorescent-tagged DNA with functionalized graphene, where both 

single-stranded (ss) DNA and double-stranded (ds) DNA are adsorbed onto a graphene 

surface (processes A and B, respectively). With ssDNA having stronger interaction than 

dsDNA, the fluorescence on the ssDNA darkens more, thus improving the biosensing 

capability. The adsorbed ssDNA can be detached from the graphene surface when a 

complimentary DNA nears the ssDNA (process C). Additionally, the adsorbed DNA onto the 

graphene is protected from being broken down by enzymes, thus improving the sensing 

efficiency. Because of the aromatic character of graphene and its derivatives, and its ability to 

keep various ionic components onto its basal plane (which leads to the unique capacity to 

absorb bio-molecules), graphene nanomaterials could become excellent biosensors in near 

future. 

 

Graphene and its derivatives as bio-delivery carriers 

Some of the unique properties of graphene and its derivatives, such as large surface area, 

chemical purity, easy bio-functionalization, availability of delocalized π-electrons for easy 

solubility and bondage of drug molecules, high drug loading capacity of the double-sided 

graphene sheet, its lipophilic nature to help cell membrane barrier penetration for in vivo drug 

delivery, etc., made graphene nanomaterials highly promising for bio-delivery carriers for 

nanomedicinal applications. For example, figure 5 schematically depicts the manipulation of 

the hydrophilic–lipophilic properties of graphene (blue hexagonal planes) through chemical 

modification, which would allow interactions with biological membranes (purple-white 

double layer) for drug delivery into the interior of a cell (blue region) . In particular, after the 

seminal work on the in vitroloading and release of anti-cancer drugs by GO, a series of works 

has been published on in vitro controlled drug loading and targeted delivery of drugs via 

graphene and its derivatives as bio-delivery carriers for cancer therapy as well as other non-

cancer treatments. For example, a superparamagnetic GO–Fe3O4nanohybrid is used as the 

delivery carrier for targeting agents towards tumour cells, whereas the drug release is 

controlled by pH values.  Represents the schematics of the multi-functionalized GO-based 

anti-cancer drug delivery carrier with a dual-targeting function and pH-sensitive intelligently 

controlled release system. Firstly, a superparamagnetic GO–Fe3O4 nanohybrid is prepared by 

the chemical precipitation method, followed by conjugation with folic acid (FA) onto 

Fe3O4 nanoparticles via imide linkage with amino groups of 3-aminopropyl triethoxysilane 

https://royalsocietypublishing.org/doi/full/10.1098/rsfs.2017.0056#RSFS20170056F11
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modified GO–Fe3O4nanohybrid. Doxorubicin hydrochloride (Dox) as an anti-tumour drug 

model is then loaded onto the surface of this multi-functionalized GO via π-π stacking. 

Furthermore, the release of Dox has exhibited pH dependence due to the carboxylic acid 

groups on GO. Similarly, the biocompatibility and the drug release behaviour of chitosan-

functionalized graphene oxide via the controlled release behaviour of two drug molecules, 

ibuprofen and 5-fluorouracil, has been successfully demonstrated Likewise, surface-

functionalized exfoliated graphene is used as a nanocarrier to release tamoxifen citrate (a 

breast cancer drug) in a time-dependent manner to selectively enhance the death of 

transformed cancer cells compared to normal cells. 

 

Figure 5:Schematic of penetration of graphene inside a cell for drug delivery (adapted with 

permission from © 2012 Macmillan Publishers Ltd). (Online version in colour.) 

 

Conclusion and future direction of graphene 

The utilization of graphene and its subsidiaries as biomedical materials has turned out to be 

very intriguing examination field. Despite the fact that the new and energizing properties of 

graphene-based nanomaterials lead to some fascinating biomedical applications and 

sensational advances have been made toward this path as of late, yet this region of research is 

still in its newborn child stage and needs legitimate future bearings to change over it into a 

market-situated research field.  
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A standout amongst the most imperative and fundamental future objective for the restorative 

utilization of graphene and its subsidiaries would be legitimate comprehension of the 

poisonous quality profile of this sort of new nanomaterials in vitro and in vivo. Additionally, 

the poisonous quality impact of graphene and its subsidiaries can be misused emphatically, 

by considering a specific harmfulness profile (emerged from a certain bio-movement of 

graphene nanomaterials), to use in remedial applications, similar to anti-infection and 

additionally against disease medications.  

Another intriguing future use of graphene and its subordinates ought to be the advancement 

of combinatorial treatments with high return. This may incorporate at least two of the 

accompanying treatments like PTT, PDT, photoacoustic, photocatalytic, RF removal, and so 

on., with the regular remedial medications, which would be amazingly valuable to defeat the 

multi-tranquilize opposition issues, ready to diminish the portions of medications and lessen 

the symptoms (which frequently present obstacles in the present chemotherapies), hence 

improving the tumor treatment viability 

As in numerous different fields, the exploration on biomedical utilizations of graphene has 

seen emotional improvement, and is growing quickly, yet generally in its underlying stage. 

The advances made around there so far are energizing and empowering, the difficulties we 

face, be that as it may, are additionally gigantic and must be survived. One of such 

difficulties is careful and significant comprehension of graphene-cell (or tissue, organ) 

communications, particularly the cell take-up system. Such information absolutely 

encourages improvement of increasingly effective graphene or GO-based nanoplatform for 

medication conveyance, biosensing and different applications, which, be that as it may, is as 

yet missing right now. The harmfulness of graphene and GO, at in vitro and in vivo 

dimension, is another significant concern. At the present stage there are just a couple of 

distributions in such manner 96-102. The fundamental outcomes show that the 

physicochemical properties, for example, level shape and charges, are firmly identified with 

the cytotoxicity, and influence in vivo biodistribution and destiny of GO 17. The systems of 

the in vitro biotoxicity brought about by graphene are identified with oxidative pressure and 

harm of cell layer. Unmistakably, an orderly report is exceptionally wanted to address the 

security worries before pragmatic utilizations of graphene in biomedicine.  

The ebb and flow inquire about on conveyance of medications, qualities, we expect, will 

stretch out to that of proteins, development factors, and different biomolecules, either single 

or joined utilization of the previously mentioned biomolecules, for malignant growth and 
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other malady treatments. Given its basic highlights and remarkable physicochemical 

properties, structure and development of GO-based theranostic stage with multifunctionalities 

and multimodalities is another bearing to seek after. Certainly, these objectives must be come 

to by the joint endeavors from science, biomedicine, materials sciences, and nanotechnology. 

To this end, improvement of reasonable substance amalgamation and functionalization 

approaches for exact authority over size, estimate dissemination, morphology, auxiliary 

deformities, and oxygen-containing gatherings of GO is direly required, as this is firmly 

corresponded to the execution of the GO-based nanomaterials for biomedical applications, 

and the wellbeing issues also.  

For GO-put together biosensing based with respect to FRET rule, tuning electronic property 

of GO by controllable adjustment and decrease of initially arranged GO, and improvement of 

methods to coordinate GO into down to earth gadgets having high affectability, selectivity 

with satisfactory reproducibility, unwavering quality and minimal effort remain a major test. 

Concerning GO-based bioimaging, in spite of the fact that the GQDs have unmistakable 

favorable circumstances over II-IV QDs in their characteristic biocompatibility, security and 

easy functionalization, the feeble fluorescence power (with quantum yield about 10%) and 

wide emanation band (with data transfer capacity past 100 nm) are positively real hindrances 

for their utilization in biodetection and marking, so more endeavors must be paid to get ready 

GQDs with a decent control of size and size dissemination, the surface imperfections, and 

their functionalization, to improve fluorescence quantum yield and other critical properties.  

The examination on graphene/GO-based platform materials for cell culture is a generally new 

course that merits unique consideration. The examination in this field so far showed that 

graphene and GO can quicken the development, separation, and expansion of undeveloped 

cells, and thusly hold incredible guarantee in tissue designing, regenerative drug, and other 

biomedical fields.  

I have specifically investigated the shockingly fast and energizing advances in the biomedical 

uses of graphene with spotlight on medication conveyance and bioimaging, made over the 

most recent couple of years. This pattern, we accept, will proceed and even accelerate in the 

years to come. 
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