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A B S T R A C T   

Graphene nanoribbons are thin strips of single sheet graphene used in diagnoses and treatments of cancer, 
inflammation and Alzheimer’s disease and considered as a good nanocarrier in gene, photo-thermal, anti-mi
crobial therapies, etc. This review article focuses on the overview of bio-conjugation and molecular interaction of 
graphene nanoribbons with different biomolecules present in body like enzymes and peptides. The use of gra
phene nanoribbons as biosensor, artificial receptor and cellular device extends their applications in theranostic 
and drug delivery. The relationship between graphene and biological molecules like RNA, DNA, etc. using 
molecular dynamics related to the electronic properties are discussed for site-specific action. The biodegradation 
and use of graphene nanoribbons in safe concentration are important aspects for the prevention of toxicity in 
living cells and body environment. Graphene nanoribbons display various applications in bio-imaging, green 
chemistry and material sciences due to electro-mechanical properties such as higher surface area, greater loading 
capacity, elevated thermal capacity, etc. The functionalized graphene nanoribbons demonstrated better 
adsorption and adhesive binding properties to mammalian cells which make them ideal bio-carrier for gene 
transfection and nucleic acid delivery. Further, research and development of graphene nanoribbons for novel 
drug delivery is currently necessary to overcome barriers like environmental toxicity and extensive cost.   

1. Introduction 

Graphene is made up of one sheet planar atoms of sp2 carbon atoms 
from a naturally occurring mineral known as graphite wherein the 
carbon atoms are closely compressed into a honeycomb-like crystal 
lattice (Allen et al., 2010). It shows physical properties like high me
chanical strength, thermal conductivity, elasticity, carrier loading ca
pacity and electrical mobility due to the presence of π electrons 
conjugated by the sheet structure prevailing an ideal candidate for 
various applications in gene therapy, drug delivery, biosensors, etc. 
(Fig. 1) (Shende et al., 2020; Faccio et al., 2009; Jing et al., 2013. The 
interaction of graphene with various inorganic pollutants and oxygen 
species due to the formation of covalent, non-covalent or ionic bonds 
expands the applications by utilizing graphene as an absorbent in green 
chemistry (Zhang et al., 2016). Moreover, for broader applications in 
health care, graphene-based substances are utilized in different forms 
like carbon nanotubes (CNTs), fullerenes, nanorods and graphene 

nanoribbons (GNRs). The graphene nanoribbons are synthesized mainly 
by bottom-up (G. Li et al., 2016) and peeling methods wherein carbon 
nanotubes are unzipped to form nanoribbons (Hirsch, 2009). The in- 
solution bottom-up method of synthesis provides an easy functionali
zation of GNRs while the chemical vapor deposition produces low-cost 
GNR films for industrial scale-up. The on-surface ultrahigh method of 
bottom-up synthesis is expensive process although shows formation of 
zig-zag GNRs, considered as promising material (Panwar et al., 2019). 
The GNRs are repetitive hexagonal structures (Yang et al., 2008) with 
dimensions of 0.4–0.7 µm of length and 1–1000 nm of width and clas
sified as narrow, wide and shortened according to their sizes, as shown 
in Fig. 2. The narrow GNRs show width less than 10 nm, the wide GNR 
width ranging from 10 to 100 nm and the shortened GNRs show no 
specific size due to shortening by cutting from the oxidized or reduced 
GNRs (Higginbotham et al., 2014). The GNRs are also classified as zigzag 
graphene nanoribbons (ZGNR) or chiral GNRs (Li et al., 2008) and 
armchair graphene nanoribbons (AGNR) according to their edge shape, 
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position and width of the hexagonal rings in the nanoribbons (Prezzi 
et al., 2008). The asymmetrical ZGNRs demonstrate higher electrical 
mobility and flow of current than symmetrical ZGNRs due to distorted 
structure (Kiran and Gangadharappa, 2019; Ezawa, 2008). The GNRs 
show various advantages due to the functionalization with many drugs 
molecules, diagnostic agents and genes like siRNA, mRNA and DNA. The 
attachment of GNRs to several ligands, antibodies and other biological 
compounds like DNA displays a stable interface and extends the use for 
site-specific targeted delivery into the cells for chemotherapeutic action 
and cell imaging (Rahman et al., 2019). The detection of the gene into 
the cytoplasm of the cell is performed using GNRs as the cellular device 
in gene therapy as non-viral vectors for diagnosis and treatment of gene- 
related disorders like breast cancer, defective microRNA, etc. (Dong 
et al., 2011). The electronic and structural abilities of the GNRs play a 
significant role in understanding the interaction between the GNRs with 
biomolecules such as proteins, DNA, amino acids, etc. The doping of 
amino-functionalized GNRs with boron due to higher dipole moment 
offered long-term stability, better electrical property and chemical 
reactivity, and larger attachment of biomolecules to the GNRs (Janani 
and Thiruvadigal, 2017). The GNRs are also used in medical devices for 
biosensing of various proteins like IgG, DNA, RNA, etc. by coating the 
plasmonic device. The plasmomic resonances (1450–1800 cm− 1) tuned 
on the GNR surface helped in the detection of human IgG and expand 
application in cell analysis by transcription, translation and genetic 
engineering (Panwar et al., 2019). Also, the different functional groups 
on the GNR provide attachments for different antibodies due to bio
conjugation property of the material. This property is used for recog
nition of certain viruses and bacteria such as E. coli, Salmonella 
typhimurium, Zika virus, rotavirus and dengue virus by development of 
biosensor and serve as a potential material for the detection of patho
gens (Peña-Bahamonde et al., 2018). 

2. Bioconjugation 

The carbon nanomaterials like graphene nanoribbons pass through 
several changes like de-functionalization, modification in the surface, 
bio-coronation, bio-distribution and targeting to the biodegradation by 
interacting with the proteins and lipids present in the body (Bhatta
charya et al., 2015). The attachment of dextran with GNRs display the 

ability to form stable bioconjugates and enhances the in-vitro biocom
patibility of the graphene oxide in the physiological solutions (Hu and 
Zhou, 2013). Another method of bioconjugation established by cellulose 
nanowhiskers- functionalized graphene sheets by using covalent cross- 
linking agents via nitrene chemistry to demonstrate an increase in the 
absorbing capacity of GNRs (Soleimani et al., 2018). In a study per
formed by Imani et al. using octa-arginine peptide sequence function
alized graphene nanosheets illustrated the applications for conjugation 

Fig. 1. Applications of graphene nanoribbons in health care.  

Fig. 2. Structure of graphene nanoribbon.  
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with proteins, peptides, nucleic acids, and other biomolecules present in 
the body due to various surface functional groups like carboxyl, 
carbonyl, etc. (Eylu, 2018). The PEG one of the biocompatible polymer 
was used to achieve better physiological stability, reduction in cyto
toxicity and higher gene transfection efficiency for bioconjugation by 
functionalizing with polyethyleneimine graphene oxide and showed 
several applications in in-vitro plasmid, DNA and siRNA delivery systems 
(Sun et al., 2008). The conjugation of minerals found in the body like 
calcium, magnesium, sodium and potassium with GNRs using L-gluta
mine, to help in generating electronic stability, higher values of charge 
transmission, ionic character and Gibb’s free energy of solvation. The 
adsorption of such minerals induces an increase in energy levels by 
altering the chemical potential. The conjugation of calcium with l- 
glutamine was found to be highly effective compared to other metals for 
generating nanocarriers in drug delivery applications (Chowdhury et al., 
2015). The bioconjugation of gamma-globulins from bovine blood and 
polyclonal antibody IgG–FITC from human serum to the graphene 
nanoparticles using iron nanoparticles was established by poly
ethyleneimine (cationic polymer) by covalently immobilizing sulphy
drylated groups on the surface (Kasprzak et al., 2016). The improvement 
in hemolytic properties of graphene oxide was performed by utilizing 
bioconjugation of bovine serum albumin (BSA) with graphene oxide. 
The resistance on surface of RBC due to the charges on the BSA increased 
the hemocompatibility of graphene oxide and decreased the hemolysis 
ratio less than 0.2% (Cai et al., 2015). Similarly, the attachment of 
biodegradable polymers derived from marine, plant and bacterial 
sources like chitosan, cellulose, cyclodextrin, starch, alginate, etc. to 
graphene nanoribbons serve as a reinforcing nanomaterial in biomedical 
field for tissue engineering (Shende and Pathan, 2020). The function
alization of graphene nanoribbons by bioconjugation with different 
molecules are given in Table 1. 

3. Degradation and toxicity 

The biodegradation is of utmost importance for reducing the high 
amount of GNRs from the environment and to prevent toxicity in living 
cells. The attachment and entrance of GNRs into the cells of several 
micro-organisms including fungi, bacteria, viruses occur by endocytosis 
(Chen et al., 2017). A ligninolytic enzyme, known as lignin peroxidase 
(LiP) releases from white-rot fungus showed the degradation of oxidized 

and reduced forms of GNRs by forming large holes into the sheets 
(Lalwani et al., 2014). Moreover, the addition of hydrogen peroxide and 
veratryl alcohol illustrated faster and complete degradation of the GNRs 
in the environment within 96 h (Akhavan, 2012). Another enzyme 
derived from human neutrophils known as myeloperoxidase (hMPO) 
showed the biodegradation property of GNRs by perforation and 
degradation into smaller fragments. The hydrophilic nature and 
colloidal stability in the aqueous media of graphene oxide play an 
essential part in enhancing the degradation process by enzyme peroxi
dase (Fielden et al., 2018). The GNRs establish an advantage for 
biomedical use as they adhere to the cells by attaching to the phos
pholipid membrane, translocating into the membrane, or by persisting 
between the bilipid layers of the membrane (Mullick et al., 2014). 
Moreover, using in-vitro and in-vivo studies, it was observed that the 
functionalized graphene showed 85% more stability and less toxicity in 
the body (Kostarelos and Novoselov, 2014). Another study reported that 
the cytotoxicity of GNRs to neuroblastoma cells and were successful in 
producing autophagy by generating ROS molecules and enter into the 
cytoplasm of the cell by disrupting the phospholipid bilayer. Therefore, 
used in the treatment of cancer and brain delivery without affecting 
healthy cells. The oxidized GNRs below 100 µg/mL of concentration 
displayed no toxicity and alterations in gene expression on osteoblast 
cells (Ricci et al., 2017). Similarly, the reduced form of GNRs below the 
concentration of 10 µg/mL showed no cytotoxic effect on human 
mesenchymal stem cells while the exposure of reduced GNRs to the 
enzymes above the duration of 1 h disrupted cell membrane. Thus, the 
penetration of GNRs into the cell formed DNA fragmentation and 
chromosomal disruption (Mbeh et al., 2014). The bovine and human 
serum albumin functionalized GNRs below the concentration of 50 µg/ 
mL displayed no toxicity on the human epithelium cells, but caused 
inhibition of cell proliferation and activated cell apoptosis above the 
concentration of 100 µg/mL, as mentioned in Table 2 (Zhang et al., 
2016). In a study, the results of in-vitro studies showed that above the 
concentrations of 20 µg/mL, the cell metabolism and cellular prolifer
ation were significantly decreased by structurally disruption of the GNRs 
(Mullick et al., 2014). 

4. Molecular interaction with biomolecules 

The molecular interactions of graphene with biomolecules such as 
proteins and peptides using various computational methods like mo
lecular dynamics simulations and density functional theory (DFT) were 
conducted using peptides non-covalently conjugated with GNRs in the 
aqueous environment. The peptides displayed planar residues adsorbed 
on the surface of graphene and hydrophilic residues exposed away from 
the graphene surface (Zou et al., 2017). Moreover, certain non-aromatic 
amino acids like arginine and isoleucine were adsorbed by the AGNR 
and established prolong conductance, higher charge transfer and dipole 
moment due to the electronic property by placing the formulation be
tween gold electrodes. Therefore, GNRs are used in electrochemical 
enantiomeric bio-sensing of several amino acids like tyramine, methio
nine, etc. (Martín et al., 2015). A study conducted on the interfacial 
bonding characteristics on GNRs functionalized with collagen using 
molecular dynamics revealed the collagen-graphene nanocomposites 

Table 1 
Applications and bioconjugation of GNRs with various compounds.  

Sr. 
no. 

Bioconjugation 
of GNRs 

Advantage Application Reference 

1 Cellulose Increased 
biocompatibility 

Drug 
delivery 

(Soleimani 
et al., 2018) 

2 Dextran Higher absorption 
capacity 

Bio-sensing 
and gene 
delivery 

(Hu and 
Zhou, 2013) 

3 Octa-arginine 
peptide 

Greater 
conjugation with 
biomolecules 

Attachment 
of proteins, 
peptides 

(Eylu, 2018) 

4 PEG, 
polyethyleneimine 

higher gene 
transfection 
efficiency 

Targeted 
human 
therapy, 
siRNA 
delivery 

(Kasprzak 
et al., 2016) ( 
Sun et al., 
2008) 

5 Minerals Enhanced 
electronic ability 

Nanocarrier 
for drug 
delivery 

(Chowdhury 
et al., 2015) 

6 Albumin Decreased 
hemolysis ratio <
0.2% 

Potential for 
biomedical 
use 

(Cai et al., 
2015) 

7 Biopolymers Increase in 
biocompatibility, 
mechanical 
strength and 
thermal stability 

Drug 
delivery for 
cancer 
therapy 

(Shende and 
Pathan, 
2020)  

Table 2 
Safe concentration of GNRs in different cells.  

Sr. no. Cells Safe concentration 
(µg/mL) 

References 

1 Neuroblastoma cells 10–100 (Zhang et al., 2016) 
2 Osteoblast cells Below 100 (Ricci et al., 2017) 
3 Human mesenchymal 

stem cells 
Below 10 (Mbeh et al., 2014) 

4 Human epithelium 
cells 

50–100 (Zhang et al., 2016) 

5 Chicken embryo Below 20 (Mullick et al., 2014)  
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density to be 0.5 g/cm3, that is very close to the density of tissues in the 
body (0.51 g/cm3) (Ebrahimi et al., 2013). The adsorption of four serum 
proteins like bovine fibrinogen (BFG), immunoglobulin (Ig), transferrin 
(Tf) and bovine serum albumin (BSA) was demonstrated on the rGO and 
GO using molecular dynamics wherein it illustrates the binding affinities 
in the order of BFG > Ig > Tf > BSA, as shown in Fig. 3. The GO displays 
greater binding affinity to aromatic protein residues due to the π-π 
stacking interactions and hydrophobic bonding which are necessary for 
the adsorption of protein. The protein coated GO displayed thicker 
membrane surface, lower surface area and lower the transportation 
through cell membranes leading to reduction in cytotoxicity by sup
pression of redox activity and lysosomal disruption (Chong et al., 2015). 

4.1. Enzymes and GNR 

Graphene shows enzyme modulating property by reverse binding to 
the protein without changing the receptor conformation and effectively 
suppressing the activity of the enzyme as depicted in Fig. 4. The 
α-chymotrypsin (ChT), a serine protease enzyme binds to the graphene 
oxide due to the electrostatic contact to inhibit the activity of the 
enzyme and therefore used as synthetic receptors (De et al., 2011). The 
carbon nanotubes and graphene oxide are the most potent inhibitors of 
VIM-2 Metallo-β-Lactamase enzyme wherein it degrades the broad- 
spectrum antibiotics like carbapenems and establishes enzyme inhibi
tion by non-competitive binding to the active site of enzymes due to 
hydrophobic interactions (Huang et al., 2015). The functionalized three- 
dimensional graphene (monolithic and porous) is used as an enzymatic 
biosensor for the detection of redox reactions like oxidation of glucose 
with a lower detection limit, wider linear range and better stability (Liu 
et al., 2014). 

4.2. DNA and GNR 

The bioconjugation of graphene nanoribbons due to the optical and 
electrical properties shows wider applications in gene delivery, thera
nostic, biosensing and biomedical imaging (Chepyala et al., 2019). 
Several electronic sensing devices like DNA sensors are formulated for 
sensing of biological molecules by using the π-π stacking property of 
graphene to the ssDNA (Feng et al., 2018). The graphene biosensors are 
used for enhancing human cell therapy and showed various applications 
in early diagnosis of cancer and stem cell therapy. The nucleobase 
functionalized GNRs such as cytosine demonstrated higher speed and 
accuracy for DNA sequencing up to 90% at the rate of 66 million 
nucleobases per second during the translocation process on ssDNA 
without any advanced data processing or highly restrictive operational 
conditions like strain flexibility, microscopy, etc. (Paulechka et al., 
2016). Another study demonstrated the electrochemical sensing of 

targeted DNA in human serum by using gold nanoparticles with gra
phene nanoribbons for better sensitivity, higher porosity, and larger 
surface area with greater stable immobilization of DNA. Moreover, 
improved sensitivity and specific capacitance of the formulation was 
achieved due to the electronic property and the charge transfer between 
the gold nanocomposites and the GNRs (D. Li et al., 2016). The graphene 
nanoribbons form similar double helix structures like dsDNA and 
conformation similar to those of biopolymers like DNA and proteins, 
indicating the biocompatibility with body cells due to similarity in shape 
and physical appearance. The similarity between the tunability and ri
gidity of biomolecules and GNRs extends the applications in the 
biomedical field like gene delivery, photothermal therapy, drug de
livery, etc. (Wijeratne et al., 2016). According to the computational 
study, the binding energy of nucleobases to the graphene displays in the 
order of G > A > T > C > U where G shows the highest because of the 
NH⋅⋅⋅π interactions in combination with the π − π stacking interactions 
(Umadevi et al., 2014). 

5. Applications 

5.1. Biosensor 

The detection of inflammatory cytokine, tumor necrosis alpha (TNF- 
α) established by Ag@Pt nanoparticles functionalized rGO nanosheets as 
an immunosensor used for exploring atherosclerosis and various other 
diseases related to the immunoglobulin malfunction such as influenza A 
virus, abnormal prothrombin, carcino-embryonic antigen, etc. 
(Vlăsceanu et al., 2018). The detection of galectin-3 biomarker for heart 
failure by using electrochemical immunosensing wherein bio
conjugation of graphene nanoribbons in biosensing was carried out by 
attaching antibodies of galectin-3 to the silver nanoparticles with GNRs 
from both the sides to form sandwich immobilized GNRs using iron- 
based metal–organic framework deposits to establish long-term sensi
tivity with 3.79% RSD (Table 3) (Tang et al., 2018). Another study re
ported the detection of microalbuminuria (mAlb) for the diagnosis and 
treatment of nephrotic and hypoproteinemia patients. The mAlb func
tionalized GNRs with gold nanoreactor formulated for quantitative 
analysis of microalbuminuria in urine using immunoreaction by Surface- 
Enhanced Raman Scattering (SERS) with RSD 0.49%–2.28%, 96.9%– 
109.8% recovery, higher sensitivity and detection limit of 0.02 ng/mL 
(Wen et al., 2018). The electrochemically reduced nanoplatelets and 
electrochemically reduced nanoribbons formed by graphene oxide were 
compared for the recognition of biomarkers like uric acid, ascorbic acid, 
dopamine, NADH and DNA bases such as guanine wherein the GNRs 
were found to be more sensitive to dopamine and uric acid than nano
platelets (Lim et al., 2014). The hybrid GNRs are chemically reduced 
form of GNRs and serve as biosensors due to higher sensitivity and low 
detectability property for the detection of ascorbic acid in presence of 
interference like uric acid, dopamine, etc. (Lavanya and Gomathi, 
2015). Another study displays the extended application of GNRs in the 
diagnostic approach in clinical biology by the detection of neurotrans
mitters like dopamine and glutathione using silver nanoparticles func
tionalized GNRs where silver nanoparticles enhanced the sensitivity for 
the detection of neurotransmitters from the serum samples (Rostami 
et al., 2020). The attachment of gold nanoparticles to graphene is 
exponentially used in the immune-sensing and geno-sensing because 
gold to provide the immobilization of biological molecules and graphene 
helps in providing a large network of active sites with higher sensitivity. 
Therefore, GNRs are used for the detection of disease-causing pathogens 
such as HIV, papillomavirus and DNA sensing of specific sequences 
(Kumar et al., 2015). The doping of graphene nanoribbons by nitrogen 
with amine aptamer is used for detection of aflatoxin B1 using chitosan 
polymer in presence of visible light. The toxic substance aflatoxin B1 
causes cancer and is present in many foods like peanuts, corns used by 
the food and agriculture industries for the detection of toxic compound 
(Chen et al., 2019). Another example of GNRs as artificial receptors is Fig. 3. Adsorption of serum proteins on graphene nanoribbon.  
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the nanoscale graphene nanoribbons (nGNR) used for biosensing of 
enzymes and detecting the changes in photocurrent signals of the cells. 
The improvement in the sensitivity and affinity of nGNR to unknown 
proteins is achieved by a reduction in the size of GNRs below 20 nm due 
to biomolecular interaction to reveal the size-dependent sensing prop
erty of GNRs (Mbeh et al., 2014). The electrochemical sensing of certain 
phenolic compounds using β-cyclodextrin and L-arginine with the car
bon nanotubes attached to the graphene nanoribbons displayed a syn
ergistic effect due to the host-recognition ability and electrocatalytic 
property and helps in the detection of the phenolic compounds like 2- 
aminophenol (2-AP) and 4-aminophenol (4-AP) indicating higher toxic 
effect like mutagenic, genotoxic and hepatotoxic effects due to their easy 
penetration into the skin and cell membrane using the electro
polymerization (Yi et al., 2016). Another study involved the detection of 
bisphenols at the surface by using GNRs in combination with Au-Cu 
bimetallic nanoclusters for determination of BSA at lower concentra
tion levels in food storage containers, baby bottles, bottled water and tap 
water (Pino et al., 2017). The detection of quercetin by molybdenum 
disulfide (MoS2) fabricated GNRs act as ultrasensitive electrochemical 
biosensors with better sensitivity (89 μA/μM) and with the recovery of 
95.4–106.1% indicating improved accuracy for detection in actual 
samples like juice and honey (Zhao et al., 2019). 

5.2. Cancer therapy 

Graphene is used as theranostics for early diagnosis and treatment of 
cancer as targeted drug delivery in the treatment of multidrug resistance 
tumors in the body. The chemotherapeutic agents showed adverse 

effects like hepato-toxicity, respiratory-toxicity, etc., therefore the dose 
reduction is established by using GNRs which effectively reduces the 
tumor size and associated side effects (Rahman et al., 2019). The 
PEGylated GNRs are most commonly used in the formulation for the 
treatment of cancers due to higher hydrophilicity and pH modification 
property. The phospholipid-polyethylene glycol (PL-PEG) functional
ized GNRs were investigated for the treatment of cancer on U87 glioma 
cells by using combinational therapy with a chemotherapeutic agent, 
photothermal therapy and doxorubicin (Lu et al., 2014). The detection 
of alpha-fetoprotein (AFP), a biomarker used for the detection of hepa
tocellular carcinoma (HCC) was loaded into porous GNRs fabricated by 
gold nanoparticles and established an electrochemical biosensor for quick 
diagnosis of cancer. The anti- AFP were immobilized on GNRs which 
served as excellent biosensor at pH 7.4 with higher sensitivity (99.9% and 
102%), long-term stability with a low detection limit of 1 ng/mL (Jothi 
et al., 2020). A study demonstrated the PEG-DSPE (1–2,distearoyl-s-n- 
glycerol-3-phosphoethanolamine N{aminopolyethyleneglycerol}) func
tionalized oxidized GNRs utilized for the diagnosis of overexpression of 
epidermal growth factor receptor (EGFR) mediated by human papilloma
virus E5 protein and established a 75% increase in drug efficacy with 
higher permeability and retention property with a detection limit of 8 pg/ 
mL (Liu et al., 2016). The graphene oxide composites in combination with 
N-isopropylacrylamide elucidate the drug delivery of doxorubicin and 
paclitaxel due to their adsorbing property at pH 7.4 (plasma pH) and the 
drug release at acidic pH i.e. pH of cancerous tissue (pH). Furthermore, 
slower release of drug and faster adsorption rate on graphene successfully 
formulated for sustained release by increasing the half-life of the drug 
wherein the N-isopropylacrylamide polymer enhanced the water solubility 

Fig. 4. Molecular interaction of biomolecules with graphene nanoribbon.  

Table 3 
Detection of different compounds by graphene nanoribbons.  

Sr. 
no 

Detection Functionalization Detection limit Detection method Sensitivity range Reference 

1 TNF-α Silver nanoparticles 1.64 pg/mL Electro-chemical – (Vlăsceanu et al., 2018) 
2 Galactin-3 Silver nanoparticles 33.33 pg mL-1 Signal amplification- 

electrochemical 
100 fg mL-1 to 50 ng mL-1 (Tang et al., 2018) 

3 Microalbuminuria Gold nanoparticles 0.02 ng/mL SERS quantitative analysis 0.065 to 2.62 ng/mL (Wen et al., 2018) 
4 Ascorbic acid – 230 nM Colorimetric 22nA μM-1 cm-2 (Lavanya and Gomathi, 

2015) 
5 Aflatoxin B1 Amine aptamer 1.7pgmL UPLC-MS and ELISA 5pgmL− 1 to 15ngmL− 1 (Li et al., 2014) 
6 Quercetin molybdenum disulfide 8.2 × 10–10 M differential pulse voltammetry 2.0 × 10–9 − 1.6 × 10–6 M (Zhao et al., 2019) 
7 Aminophenols l-arginine and 

cyclodextrin 
6.2 and 3.5 nM differential pulse voltammetry 25.0–1300.0 nM (Yi et al., 2016) 

8 Bisphenols Gold + copper 
nanoparticles 

0.004 µmol/L Electro-chemical 0.01 to 2.0 and 2.0 to 70 
µmol/L 

(Zhao et al., 2019) 

9 Dopamine and 
glutathione 

Silver nanoparticles 0.46 and 1.2 
µM 

Colorimetric 2.5–25 µM and 5–75 µM (Rostami et al., 2020)  
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and protected the drug molecules from the outer environment (Rezaian 
et al., 2018). 

5.3. Gene delivery 

The detection of genes in the cytoplasm of the cells was established 
by polyethyleneimine graphene nanoribbons (PEI-g-GNR) demonstrated 
as a non-viral vector for gene therapy and were successful in effectively 
transferring the gene probes into the Hela cell lines (Dong et al., 2011). 
The improvement in the DNA binding capacity, condensation and 
transfection efficiency was achieved by conjugating low-molecular- 
weight branched polymer such as polyethyleneimine (PEI) to GO. 
Moreover, the functionalization of PEI-GO by polyethylene-glycol ex
tends its application to siRNA delivery, drug delivery and photothermal 
therapy (Kim et al., 2011). The oxidized graphene nanoribbons serve as 
a DNA carrier by suspending the oxidized GNRs in the dsDNA containing 
solution inside the mammalian cells for long-term stability (Foreman 
et al., 2017). 

5.4. Drug delivery 

Metal functionalized graphene-based materials are used in drug 
transport systems by combining various polymers like β-cyclodextrin, 
dextran, poly-ethylene glycol, wherein conjugation of metals like iron 
enhances the applications by rendering its super-paramagnetic property 
(Goenka et al., 2014). The thioflavin-functionalized GO is used in the 
treatment of Alzheimer’s disease in combination with hyperthermic 
radiation disrupting amyloid plaques. The unique functional GO dis
plays the property of crossing BBB and aids in the treatment of AD with 
lesser side effects like bone marrow disruption, mutagenesis, etc. The 
monoclonal antibody anti-CD20 known as rituximab is widely used for 
the treatment of non-Hodgkin’s lymphomas wherein PEG functionalized 
GO is formulated to adsorb rituximab on the surface with the addition of 
doxorubicin for a synergistic effect. The PEG-GO-DOX-rituximab was 
more effective in treating the lymphoma than a single drug (DOX) (Sao 
et al., 2015). The GNRs show a wider application in antimicrobial drug 
delivery in treating methicillin-resistant Staphylococcus aureus by using 
the silver nanocomposites functionalized graphene oxide. Similarly, zinc 
oxide nanorods-decorated graphene nanoplatelets were formulated for 
treating Streptococcus mutans in anti-microbial therapy. The capability 
of killing drug-resistant bacteria makes them suitable for disinfection, 
wound healing and biomedical coating of formulations (Joshi et al., 
2018). 

6. Conclusions 

The graphene nanoribbons encompass many advantageous proper
ties like large surface area, mechanical strength with higher elasticity, 
optical properties and absorbing capacity for treatment and diagnosis of 
various problems like cancers, lymphomas, Alzheimer’s diseases, ge
netic disorders, etc. The GNRs display the ability to form conjugates with 
several biomolecules present in the body like enzymes, peptides, 
nucleobases, etc. and establish potential applications in bio-sensing and 
bio-imaging for the detection of amino acids and peptide sequences. The 
bio-conjugation occurs due to the molecular interactions like π-π 
stacking and the adsorption of biomolecules to the graphene nano
ribbons. Also, the GNRs show no toxicity when used in limited con
centration (<10–20 µg/ml), and degradation in the body as well as in 
the environment by several enzymes viz oxidases, peroxidases, etc. 
Therefore, the bioconjugation of graphene nanoribbons reveals 
exploring applications in health care and serves as ultimate nanocarrier 
for the early detection and treatment of cancer, gene therapy, drug de
livery, etc. However, no studies are performed on toxicity behaviour, 
biocompatibility and other health related risks of graphene nanoribbons 
in human body. Also, very less information is available on underlying 
mechanism of graphene-related material in cells and requires additional 

research study. Further, the cellular distribution and uptake of graphene 
nanoribbons into the cells remain unclear. Although bottom-up method 
is widely used process for the development of GNR, there is essential 
need to study the synthesis technique for scale-up of graphene nano
ribbons in cost-effective way. A significant work is required to ensure the 
long-term use of GNR in humans for usage in the biomedical field. 
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