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ISSN: 2582-1598 Abstract: Electrochemical sensing (ECS) is one of the most preferred detection techniques for the analysis of 

biomolecules such as purine bases (PB) which is based on transducing of biochemical reactions to electric signal 
(impedance, current, voltage, etc.). The sensitivity and fast signal responding nature of ECS technique to quantify PB, 
depends on the surface characteristics of working electrodes (WE), since all electrochemical reactions during sensing of 
PB is generally detected on the surface of WE. In this context, carbon electrodes have been widely studied and used 
WEin ECS techniques because of their promising electrochemical properties. Moreover, the modification of carbon 
electrode surfaces with carbon based nanocomposites (CNC) has displayed effective outcomes with good 
reproducibility, stability, and improved sensitivity in PB quantification via electrochemical methods. CNC including 
carbon nanomaterials, metal/ metal oxides nanoparticles and polymers, are frequently used electrode modifier due to 
their extraordinary conductivity and surface to volume ratio. This review provides a critical analysis of the CNC 
electrochemical sensor with examination of more suitable/efficient sensors for the quantitative detection of PB. 
Among various PB, the adenine and guanine bases are overviewed in the present review for their electrochemical 
quantification. In addition, the recent progress in CNC for WE surface modification used in ECS of Adenine and Guanine 
is also discussed. 
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1. Introduction 

Purines, the nitrogenous aromatic bases are known to play crucial 

roles in life processes as they contain one pyrimidine ring fused to an 

imidazole ring. They are weak bases with core formula C5H4N4 and 

exhibit lower oxidation potential than pyrimidine bases.
[1]

 This redox 

property of purine bases (PB) is found to be very helpful for easy 

electrochemical analysis of PB than other bases present in DNA and 

RNA. Adenine (Ad) and Guanine (Gu) are two important PB, present 

in nucleosides and hence serve as building blocks for both DNA and 

RNA.
[2]

 Ad and Gu has contributed in cell signaling processes and also 

play key role in the storage of genetic information as well as in the 

determination of hereditary characteristics. Interactions of DNA and 

RNA with foreign compounds may cause the variation in PB (Ad and 

Gu) structure and this results some kinds of damage in structure of 

DNA and RNA.
[3] 

Consequently, they give rise to different type of 

diseases and extensively affected the adenylate cyclase activity, 

control of blood flow as well as inhibition of neurotransmitter 

release.
[4-7]

 The concentration levels of Ad and Guare considered as 

an important indicator for diagnosis of different diseases. Therefore, 

the qualitative and quantitative estimation of PB in pharmaceuticals 

and biological fluids must be required, as they have significant 

impacts on bioscience and clinical diagnosis.
[8]

 For the estimation of 

PB various sensitive detection methods such as capillary 

electrophoresis
[9,10]

 chemiluminescence,
[11]

 spectrometry
[12]

 and 

liquid chromatography
[13,14]

 have been used in past few years. These 

analytical methods provide a good accuracy and sensitivity but have 

some drawbacks due to their time-consuming nature, high cost, 

tough to handle, slow response and consist a complicated setup that 

required a skilled person to handle it.
[15,16]

 Electrochemical 

techniques have become the promising candidate for the sensing of 

PB as these techniques directly transform the biological changes into 

an electrical signal.
[17-19]

 This type of sensing in which electrochemical 

methods are used for the estimation of biological molecules, called 

electrochemical sensing (ECS). ECS is mainly electrode-based 

technique because working electrodes (WE) play crucial role to 

determine the performance of ECS. The main advantages of using 

ECS, are its low cost, rapid response, simplicity, high sensitivity and it 

is a user- friendly technique that required a semi- skilled person to 

operate.
[20]

 Basically, ECS consist a WE (also known as 

electrochemical transducer) or detector system with a molecular 

recognition element (MRE) immobilized on its surface and this MRE 
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has capability to detect desired molecule (analyte) present in the 

sample (Fig. 1).
[21-23]

 The binding nature of MRE with analyte can 

result various electrochemical changes on WE surface and some 

redox reactions also observed on WE surface due to electrochemical 

behaviour of analyte. These chemical activities on WE surface 

(transducer) is transformed into electrical signal (impedance, current, 

voltage, etc.) and finally displayed on a screen by signal processor.
[22]

 

Since concentration of analyte is determined by the quantifications 

of electrical signal, the various approaches i.e. amperometry, 

voltammetry, conductometry, impedimetry, or potentiometry are 

adopted for the quantification of electrical signal.
[24]

 Amperometry is 

a transduction method used to estimate the concentration of analyte 

which is directly proportional to peak current generated by redox 

reactions between MRE and analyte on WE surface at constant 

potential.
[25,26]

 Potentiometry and impedimetric is used to detect the 

accumulation of a charge potential and impedance (both resistance 

and reactance) respectively, at the WE compared to the reference 

electrode (RE) when zero or no significant current flows between 

them.
[27-29]

  Conductometry measure the ability of an analyte to 

conduct an electrical current between electrodes. Among these, 

voltammetry (sweep or pulse) is one of the most widely used ECS 

techniques for the PB sensing. Cyclic voltammetry (CV) and linear 

sweep voltammetry (LSV) comes under sweep voltammetry whereas 

square wave voltammetry (SWV) and differential pulse voltammetry 

(DPV) is a part of pulse voltammetry.
[25]

 CV and SWV are widely used 

quantitative method to evaluate redox potential and for the 

quantification of electrical signal due to electrochemical reaction 

between PB and MRE. Voltammetric measurement is performed 

under an electrochemical cell based on two-or three-electrode 

assembly that is connected with a potentiostat where the resultant 

impedance, voltage and current can be measured (Fig. 2).  

Basically, three electrode systems, widely used for ECS, contain 

Ag/ AgCl or calomel electrode as reference electrode (RE), Pt wire as 

counter electrode (CE) and metal substrate with some material 

coating is performed as WE. Performance of ECS can be improved by 

surface modification of WE because it has been observed that all the 

redox reactions due to oxidation or reduction of Ad andGu are 

detected on, WE surface.
[30,31]

 Hence, WE play crucial role in the 

detection of PB present in biological substances. Binding capacity of 

WE material with PB also affected the efficiency of ECS, larger 

surface area of electrode material can provide the greater sites for 

sensing molecules to bind with it and hence greater sensing ability of 

that particular electrode. Weak electron transfer capacity and poor 

  

 

 

 

 

 

 

 

 

 

 

 

 

binding capacity of Ad and Gu with bare or traditional electrodes, 

loss the bioactivity behaviour of Ad and Gu and also limit the use of 

these electrodes at high scale for PB sensing.
[32]

 In past few years, 

carbon materials such as graphite (Gr), grapheme,
[33,34]

 fullerene, 

carbon nanotubes (CNT)
[35]

 single walled carbon nanohorns 

(SWCNH), graphene oxide (GO) based electrodes have gain much 

attention for sensing of PB due to their wide potential window range, 

good electrical and structural properties.
[36-38]

 

The good redox behaviour of Ad and Gu on carbon allotrope 

electrodes has been reported via ECS technique, showing sharp 

individual Ad and Gu oxidation peaks on voltammogram. The 

allotropes of carbon have larger surface area and hence, much sites 

are available for PB binding on WE surface which make these 

electrodes highly sensitive and electrochemically active.
[39]

 However, 

some problems related with these carbon allotropes WE have also 

been reported
[40]

 e.g. hydrophobicity of Gr and less dispersion of 

carbon-based compounds in common solvents decreases the 

widespread use of ECS at some levels.
[41]

 Therefore, for better 

performance of carbon electrodes, carbon based nanocomposites 

(CNC) have been proposed as potential candidate for WE used in 

ECS.
[42]

  

CNC consisted two or more materials in which unique properties 

of carbon nanoparticles (NPs) is combined with other components to 

fabricate a composite with enhanced performance. Each individual 

component in CNC does not lose its original identity but as a whole 

CNC have distinctive chemical, mechanical and physical peculiarities.  

In this review, we present the recent developments in the composite 

materials domain that contain at least one carbon-based component 

for the development of WE used in ECS technique. We comprise here 

about the performance of various composite materials for sensing of 

PB (Ad and Gu) and application of PB sensing is also discussed. CNC 

may be of following types: carbon–carbon composite, carbon/metal 

oxide composite, carbon/polymer composite and carbon/polymer-

metal oxide composite materials and this study elaborates these all 

composite materials that have been developed as electrode material 

for quantitative estimation of Ad and Gu. 

 

2. CNC for ECS for Ad and Gu Sensing 

CNC modified electrode is highly useful for the better performance of 

ECS against the traditional carbon-based WE since these electrodes 

enhance the oxidation current due to good electrochemical activity 

of PB on CNC modified electrode.
[43]

 Simultaneous detection of Gu 

 
Fig. 1. Simplified diagram for ECS elements. 

 

 
Fig. 2. Three electrode assembly to show voltammetry performance of Ad 

and Gu with fabrication of WE 



 

 
3 

Kavita et al.,  Nano Progress 

Nano Prog., (2021) 3(5), 1-9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

and Ad through DPV is shown in Fig. 3, which represents the electron 

transfer reactions of Ad and Gu was carried out on bare glassy 

carbon electrode (GCE), GCE modified with graphitized mesoporous 

carbon (GCE/GMC) and Gr nano powder modified GCE (GCE/GrNP). 

All DPV measurements was evaluated under 50 mV amplitude, 

potential of 4 mV, pulse width of 0.05 s and 0.5 s pulse period 

parameters. The GCE/GMC offered a more sensitive response with 

well-defined peak separation between the nucleobase peaks 

compared to bare GCE and GCE/GrNP that verifies the well suitability 

of GCE/GMC for quantitative analysis of Gu and Ad. It is also 

observed that GMC enhanced the electroanalytical activity of GCE 

surface for better detection of PB. To find the voltammetric oxidation 

peaks of Ad and Gu in the presence of T, the DPV of one base was 

recorded in the presence of other two fixed concentrations (Fig. 4a, 

b). The linear calibration plot was displayed the high sensitivity of 

GCE/GMC towards Gu (0.29±0.011 μA/μM) and Ad (0.26±0.019 

μA/μM) with concentration range 25 to 200 μM and 25– 150 μM, 

respectively (inset Fig. 4). LOD was found to be 0.76, 0.63 μM for Gu 

and Ad, respectively by using calibration equations values. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Carbon-metal/metal oxide nanocomposites 

Inorganic nanomaterials such as noble metals or metal oxides have 

been reported for their easy absorbance on carbon material surface 

and are considered as a promising candidate for ECS of biological 

molecules since they exhibit highest conductivity and high surface 

area.
[44-47]

 Ag and Fe3O4 based composite material with multiwalled 

carbon nanotube (MWCNT) served as a versatile WE with excellent 

electrochemical activity for Ad and Gu sensing. MWCNT-Fe3O4@PDA-

Ag composite material was synthesised by a simple method and 

hence serves as low-cost sensor for PB (Ad and Gu) in fish sperm DNA 

sample.
[48]

 polydopamine (PDA) was dispersed on MWCNT-Fe3O4 

composite material to form MWCNT-Fe3O4@PDA nanocomposite 

and then Ag NPs was embedded on the surface of PDA (Fig. 5). 

The TEM image of MWCNT-Fe3O4@PDA-Ag nanocomposite in 

Fig. 6a. displayed the homogeneous coating of Fe3O4 NPs on 

MWCNTs side wall (about 10 nm diameter) with Ag NPs  5–15 nm) 

embedded onto the PDA surface. PDA formed a grey layer (10 nm 

diameter) around MWCNT- Fe3O4 with core shell structure. DPV of 

Ad and Gu showed the satisfactory electrochemical behavior of PB 

on MWCNT- Fe3O4@PDA-Ag sensing element and strong interaction 

of PB with Ag NPs offered rapid electroanalytical response with sharp 

oxidation peaks separation @0.35 V (Fig. 6b).  The linear relationship 

between DPV signals of Ad and Gu provided optimum limit of 

detections (LODs) 1.47 and 5.66 μM simultaneously under 

concentration range of 8–130 μM and 10–120 μM, respectively (inset 

Fig. 6b).  

The combination of Ag NPs with Gr can improve the performance 

of composite material to synthesize a highly potentiometric 

transducer in electrochemical sensor. The green reduction of Gr and 

Ag NPs via β-cyclodextrin (β-CD) provide Ag NPs-β-CD-Gr 

nanocomposite for the sensing of Gu and Ad with linear ranges of 

0.3–200 and 0.5–250 μM and detection limits of 0.09 and 0.15 μM, 

respectively.
[49]

 SnO2 NPs on combination with Gr developed a more 

electroconductive MRE which could provide a highly sensitive 

transducer, use to design the cost effective and versatile 

electrochemical sensor for analysis of Ad and Gu.
[50]

 The conductive  

 
Fig. 3. DPV of a mixture of Gu (50 μM), Ad (50 μM) and T (100 μM) at 

GCE (a), GCE/GNP (b) and GCE/GMC (c) in PB (neutral pH). Reproduced 

from ref.[43] by permission of The Royal Society of Chemistry 

 
Fig. 4. DPV for simultaneous detection of G, A and T with respect to one 

another using GCE/GMC in PB (neutral pH). Inset: calibration curve (Ip 

vs. [analyte]) Reproduced from ref.[43] by permission of The Royal Society 

of Chemistry 

 
Fig. 5. Fabrication of WE with MWCNT/ Fe3O4@PDA-Ag composite 

material.[49] 

 
Fig. 6. TEM image of MWCNT/ Fe3O4@PDA-Ag. b DPV of G (8–130 μM) 

and A (10–120 μM) at MWCNT-Fe3O4@PDA-Ag/CPE, in PB (pH 4.0).[49] 
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properties of SnO2 is responsible for the better performance of 

electrochemical sensor that used SnO2-carbon composite material.
[51]

  

Modified carbon paste electrode (CPE) with SnO2/Gr was developed 

for the estimation of Ad and all electrochemical measurements were 

explored by DPV in acetate buffer solution @ 30 mV/s and 50 mV 

under 0.2-1.45 V potential range for the detection of adenine 

oxidation signal.
[52]

 TiO2-graphene composite material was prepared 

by the immobilisation of TiO2 NPs on graphene surface through in 

situ hydrothermal treatment. The prepared composite material 

fabricated a modified TiO2-graphene/ GCE with good electrochemical 

activity and high sensitivity for Ad and Gu sensing. Results show that 

modified TiO2-graphene/ GCE offers a low detection limit (0.10 and 

0.15 µM) for redox activity of Ad and Gu respectively, in a wide linear 

range (0.5–200 µM).
[53]

  

Magnetic NPs also play vital role in ECS since they have unique 

characteristics like rapid electroanalysis response, larger 

electroactive surface area and exhibit low resistance for mass 

transfer.
[54]

 MWCNT/NiFe2O4 magnetic composite material was 

developed by sol-gel method for the modification of GCE and the 

immobilisation of magnetic composite material display the 

satisfactory electrochemical results for Ad and Gu sensing. The 

modified MWCNT/NiFe2O4-GCE show synergic effect on redox 

activity of Ad and Gu that enhanced oxidation peaks currents 

dramatically but reduces the peaks potential.
[55]

 

L-cysteine (LC) can easily embedded onto the surface of carbon 

materials like Gr and also incorporated the metal oxide NPs that 

provide better performance to electrochemical transducer to detect 

the concentration of Ad and Gu.
[56,57]

 The combination of two metal 

oxides can improve the sensitivity of electrochemical sensor owing to 

their enormous characteristics such as their porous nanorods 

structure and formation of p-n junction between two metal oxide 

NPs.
[58]

 It was reported that LC was electropolymerized on the 

surface of Gr as poly L-cysteine (PLC) in the presence of a phosphate 

buffer solution that contain copper oxide nanofibers (CuO) along 

with zinc oxide NPs (ZnO). These two metal oxides were incorporated 

into the PLC matrix such that they developed PLC/ZnO–CuO 

nanocomposite which further modified the Gr electrode to produce 

PLC/ZnO–CuO /GE modified electrode. The as developed modified 

electrode was detected the high oxidation peaks for Ad and Gu 

individually as well as simultaneously with wide linear concentration 

range (0.05–6.78 and 0.01–3.87 µM) and low detection limit (12.48 

and 1.25 nM) was reported for Gu and Ad, respectively by DPV 

techniques.
[59]

   

An iron (Fe) impurity was doped in nafion (Nf) embedded 

MWCNT by in situ electro assisted derivatization and a hybrid system 

was referred as Nf-MWCNT- Fe which on further treated with 2,2′-

bipyridine ligand (bpy) ligand and provide an electroactive Nf-

MWCNT-*Fe(bpy)3
2+

 complex composite material. Prepared 

composite material was used to modify the GCE electrode to perform 

electrochemical analysis of Ad and Gu in buffer solution (pH=7). 

Electrochemical potential cyclisation of GCE/Nf-MWCNT-Fe(bpy)3
2+

 

electrode, estimated the DNA’s PB, Ad and Gu at different oxidative 

potentials i.e. 1 V (Ad and Gu) and 0.7 V vs Ag/AgCl (Gu).
[60]

 NiAl-

LDH/GO hybrids was developed by ultrasonic irradiation of NiAl-

layered double hydroxide (NiAl-LDH) with GO and dispersion of this 

hybrid with MWCNT in ethanol provided an efficient MWCNTs/NiAl-

LDH/GO sensing material, coated on GCE to modify it. The redox 

activities of Ad and Gu at the surface of MWCNTs/NiAl-LDH/GO/ GCE 

were investigated by LSV technique and oxidation peak potentials 

under linear ranges 0.010-45 µM and 0.08-45 µM with LOD 0.003 µM 

and 0.02 µM for Gu and Ad were reported, respectively.
[61]

 

PbO2 play vital role in the field of electrochemistry because of its 

chemical stability, fast oxygen transfer response and good electrical 

conductivity as shown by other metal oxides. The interaction of its 

unique properties with carbon allotropes used for the development 

of new composite material that exhibit the properties of both 

materials.
[62]

  

A novel carbon composite material proposed by the combination 

of PbO2 and MWCNT which was further incorporated with room 

temperature ionic liquid (RTIL) i.e., 1-butyl-3-methylimidazolium 

hexafluorophosphate (BMIMPF6) to develop a composite film on GCE 

and finally a modified WE (PbO2–MWCNT–RTIL/GCE) investigated the 

individual and simultaneous oxidative detection of Ad and Gu via 

DPV technique. The peak separation was found to be 0.29 V in 

neutral PB (0.1 M) and detection limit was 0.006 and 0.0003 mM for 

Gu and Ad, respectively. It was also reported that, synergistic effect 

of PbO2, MWNT and RTIL could facilitate the electron transfer of Ad 

and Gu with improved oxidation peak current and reduced the 

oxidative potential.
[63]

 Gold NPs (GNP) comprised with MWCNT and 

IL (i.e. 1-octyl-3-methylimidazolium hexafluorophosphate, OMIMPF6) 

to prepare an electrochemical composite film with high sensing 

ability for Ad and Gu in milk, plasma and urine samples that 

displayed simultaneous determination of well separated anodic 

peaks of Ad and Gu. The composite film offered the low electron 

transfer resistance that could help electrode in the detection of Ad 

and Gu at lower limit with linear curve of oxidative peak current.
[64]

  

CNT doped with boron (CNB) are investigated for their wide 

applications in carbon electrode modification due to the presence of 

unique characteristics in CNB such as wide potential window, good 

antifouling property and high electron transfer rate could facilitate 

the electrochemical activity of carbon electrode. The 

electrodeposition of CNB on GCE offered a promising platform for 

simultaneous determination of purine as well as pyrimidine bases 

with large peak separation, low detection limit and high oxidative 

linear peak via DPV technique.
[65]

  

The microwave assisted combined properties of lanthanum 

hydroxide (La(OH)3) with CNT was observed to determine the redox 

activities of Ad and Gu via CV technique that demonstrated fast 

oxidative response  towards CNT/La(OH)3 modified electrode with 

detection limits 0.22 (Ad) and 0.26 µM (Gu).
[66]

 

 

4. Carbon-polymer NC for Ad and Gu Sensing 

The combination of conductive polymers with carbon NPs, due to 

their excellent electrical conductivity are well reported as promising 

sensing elements in electrochemical sensors. In this regard, high 

conductive nature and good catalytic property of Poly(3,4-

ethylendioxythiophene) (PEDOT) have been reported for its wide 

application in detection of biological compounds and hence serves as 

good electroactive sensing material to increased efficiency of 

transducer in sensors.
[67]

 Electro- deposition of PEDOT on Gr 

fabricated a PEDOT/GR composite material to modify GCE and to  
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investigate electrooxidation response of PB. The modified electrode 

PEDOT/GR/GCE showed large potential peak separation, low 

detection limit and increased oxidation current due to the synergic 

effect of Gr and PEDOT that improved the electrochemical activity of 

GCE and increased sensing ability of PEDOT/GR for detection.
[68]

  

CNC include ionic liquids (ILs)/ poly(ionic liquids) (PILs), based on 

imidazolium ring provides an attractive means for ECS of Ad and Gu 

since imidazolium ring have excellent ability to bind with carbon 

nanomaterial via interaction between positive charge of imidazolium 

ring and p orbital of carbon nanomaterial.
[69-71]

 As a result, the 

prepared composite materials have broad electrochemical window 

and high ionic conductivity which may useful for sensing of biological 

compounds. MWCNT was dispersed in aqueous solution of 

Imidazolium-based cationic (PILs) e.g. poly(1ethyl-3-vinylimidazolium 

bromide) and poly(1-butyl-3-vinylimidazolium bromide) to synthesise 

a composite material PILs/MWCNT that modify a screen printed 

electrodes (SPEs). Such modification of SPEs remarkably increases its 

electrochemical activity due to the combination of synergistic effect 

of MWCNT and ionic amphiphilicity of PILs. PILs/MWCNT modified 

SPEs reported the oxidation peaks between 0.5–50µM and 5–500 µM 

corresponding to Ad and Gu for the determination of dsDNA.
[72]

 IL, an 

electrolyte or green solvent, is reported as the modifier of carbon 

electrode and due to wide potential window and high ionic mobility 

of IL, the electron transfer reaction rates on carbon surface is 

increased.
[73]

  

Owing to an excellent film-forming-ability and high mechanical 

strength of CHT biopolymer, hydrophobicity of graphene sheets (GS) 

can be reduced and this unique application of CHT for GS could be 

further utilize for the synthesis of an electroactive carbon 

composite.
[74]

 These unusual properties of ILs and CHT was jointly 

used with GS to fabricate GS/IL/CHT modified electrode and this 

electrode was successfully applied for individual and simultaneous 

detection of electrocatalytic activities of Ad and Gu via CV and DPV 

technique. The results revealed that GS/IL/CHT electrode used two 

electrons for oxidation/reduction of Gu and Ad with charge transfer 

coefficient (a) 0.58 and 0.51, respectively, therefore the modified 

electrode followed the two electron- two proton transfer process.
[75]

 

Polypyrrole (PPy) was dispersed onto GO to develop PPy/Gr 

conductive nanocomposite and deposited on bare GCE to evaluate 

their electrochemically measurements through CV @ 1.8 V. The 

obtained modified PPy/Gr/GCE was used for simultaneous 

quantitative estimation of Ad and Gu by LSV technique with high 

linear range covering (60-10
5
μM and 40–10

5 
μM, respectively) at low 

detection limit (0.02 μM and 0.01 μM, respectively)) and it was 

reported that PPy/Gr act as good electrocatalytic sensing element 

because it provides a large surface area for the adsorption of Ad and 

Gu through p-p electrostatic interaction.
[76]

 

PB biosensor based on epoxy composite materials was also 

reported, where epoxy resin develops an insulating phase and carbon 

allotropes generates a conductive phase in composite electrode to 

achieve highly sensitive electrochemical sensor with good 

mechanical properties.
[77]

 Epoxy resin with Gr composite is 

developed to detect the oxidation of Guanine monophosphate and 

adenine monophosphate by SWV under the optimal conditions.
[78]

 

Perfluorosulfonic acid polymer in combination with graphene is used 

to facilitate the electron transfer of PB. It is well reported that 

graphene does not disperse in aqueous solution properly due to its 

reaggregate ability via p-p and van der Waal’s interactions, this 

characteristic makes graphene’s sheets unable to separate out in 

aqueous solution.
[79]

 

 Researchers have been found out that the individual sheets of 

graphene are responsible for all type of properties exhibited by 

graphene. An electroactive composite film of Nf with graphene on 

GCE to study the electrooxidative properties of Ad and Gu was 

developed, showing that negatively charged Nf enhanced the 

oxidative current due to easy adsorption of positive charged Ad and 

Gu on GCE electrode. The peak separation of Ad and Gu determined 

simultaneously at 0.364 V and detection limit 0.75 (Ad) and 0.58 µM 

(Gu) via DPV technique was reported, satisfactorily.
[80]

 MWCNT with 

poly (new fuchsin) (PFu) comprises a composite material MWCNT–

PFuto fabricate a conductive film on GCE for simultaneous 

quantitative estimation of Ad and Gu by DPV technique. 

Electrochemical studies on MWCNT–PFu revealed a well separated 

voltammetric peaks at 320.3 mV for Ad and Gu with high sensitivity 

218.18 (Ad), 12.62 mA M
−1

cm
−2

 (Gu) display that MWCNT–PFu 

provide a highly sensitive electrochemical PB sensor.
[81]

 

 

5. Carbon-carbon NC for Ad and Gu Sensing 

The combination of MWCNT with GO produce a novel class of carbon 

composite that possess an excellent electrochemical ability to 

fabricate a high response sensor because p-p interaction between 

MWCNT and GO induce GO-MWCNT dispersion.
[82]

 GCE/GO-MWCNT-

CHT electrode material was developed by using GO-MWCNT carbon 

composite dispersed in CHT on the surface of GCE to determine the 

electroanalytical behavior of DNA bases simultaneously. GCE/GO-

MWCNT-CHT examined the redox nature of Gu and Ad with 

enhanced oxidation peaks due to the presence of CHT and wide 

concentration linear ranges with low detection limit (0.12, 0.44 µM, 

respectively) under optimum controlled conditions was also 

evaluated.
[83]

 Fig. 7a represents the individual (blue, green, black and 

 
Fig. 7. DPV for individual and simultaneous detection of Ad (12.5 μM), T 

(147.5 μM), C (97.5 μM), and Gu (10 μM) in PB (0.2 M). (b) Calibration 

curves for simultaneous detection of UA, Gu, Ad, T, and C using GCE/GO-

MWCNT-CHT. Inset: calibration graphs and equations for Ad and Gu.[83] 
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brown lines) and simultaneous (red) DPV detections of Gu, Ad, 

thymine (T) and cytosine (C) in PB (0.2 M) at neutral pH using 

GCE/GO-MWCNT-CHT electrode, that reported the negligible 

variations in oxidations peaks of each base on comparing 

simultaneous and individual detection measurements. The peak 

potential for Gu, Ad, T and C were reported at 0.65, 0.93, 1.13, 1.27 

V, respectively. Fig. 7b elucidates the calibration curve of Uric acid 

(UA) and all DNA bases by using simultaneous DPV detection. 

Calibration graph in inset Fig. 7b, validates the linear dependency of 

Current peaks (Ip) on the concentration of Gu and Ad. The 

concentration range 2-78 and 2-79.5 µM were used to detect Gu and 

Ad, respectively and two calibration equations (line segments) were 

found for each base in this linear range, which is shown in Fig. 7b. 

Blue segment show the calibration equations under 2-13 µM (Gu) 

and 2-19.5 µM (Ad), while 13-78 µM and 14.5- 79.5 µM 

concentration range represent the red segment for linear response 

of Gu and Ad, respectively. These calibration equations were used to 

evaluate the LOD for Gu (0.11 µM) and Ad (0.43 µM). Drop casting of 

MWCNT NPs on Gr surface developed a modified WE to investigate 

electrooxidative properties of Gu by DPV technique that reported 

good working potential window and high charge transfer resistance 

with reduced cathodic current.
[84]

 

The combination of Gr with ILs of N-

butylpyridiniumhexafluorophosphate (BPPF6) offered a carbon ionic 

liquid electrode (CILE) with increased oxidation peak and a negative 

shift in oxidation potential for Ad and Gu was also reported. CV 

technique displayed the well-defined electrochemical calculations 

performed by CILE to detect Ad and Gu at high oxidative peak 

separation (0.304 V).
[85]

 β-CD presents host-guest mechanism due to 

the presence of torus- shaped cavity in which a proper sized 

biological molecule (guest) can trapped easily. CNT can bind to the β-

CD to propose a β-CD-CNT modified electrode for simultaneous or 

individual oxidative estimation of Gu and Ad via DPV technique with 

detection limit 100 and 200 µM under optimum condition of +0.79 

and +1.09 V in acetate buffer (pH=4.5).
[86]

 

Boron doped diamond (BDD), a carbonaceous material has some 

advantages that allow to study the voltammetric response of PB at 

large potential range that is not as much suitable for other carbon 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

composite materials.  BDD offer wide positive potential window 

range, low background current, good biocompatibility, high 

electrochemical stability, high resistance against fouling, these 

properties are found to be helpful to construct an electrochemical 

transducer.
[87,88]

 Human placenta and fish sperm were investigated 

for the direct quantification of DNA via oxidation of its bases (Ad and 

Gu), using BDD electrode. DP voltammogram technique used to 

display electrocatalytic activities of PB on BDD electrode individually 

and simultaneously as well. The results showed that oxidation 

potential is 1.15 and 1.35 V with simultaneous and individual 

determination of LOD 37, 19 and 15.8, 67 µM in concentration range 

210–23×10
3
 120–25×10

3
and 300–19 ×10

3
, 300–19 ×10

3
 µM for Gu 

and Ad, respectively.
[89]

 Nano cellulose (NC) and SWCNH based 

material are promising for sensing different biological molecules as 

they exhibit high porosity, good conductivity, less toxicity and high 

biodegradability. NC-SWCNH/GCE modified electrode presented 

good catalytic activity with low detection limit (0.17 and 0.14 μM) for 

Gu and Ad, respectively via LSV technique.
[90]

  

A composite material graphene/COOH which contains carboxylic 

acid (COOH) and graphene was synthesised on GCE to investigate 

electrochemical oxidative activities of Ad and Gu via DPV technique 

and results showed that graphene/COOH-GCE modified electrode 

determined the oxidative peaks separation of Ad and Gu @ 0.334 V 

with detection limit 0.05, 0.025 µM, respectively.
[91]

 Besides, above 

discussed studies some recent developments based on CNC modified 

electrode for PB sensing are given in table 1. 
 

6. Conclusions 

As we have discussed in this review, CNC is emerged as a promising 

candidate for the development of electroactive transducer to design 

an efficient and highly sensitive ECS technique for Ad and Gu. 

Compared to other composites, carbon-based composites provide an 

effective electrode surface with unique characteristics that enhance 

the electrochemical signal generated from the biological reaction 

between PB and electrode material. Although, it has been 

demonstrated that CNC is emerged as an alternate over others with 

satisfactory results in the field of PB sensing, still there is a need of 

Table 1. Recent advances on electrochemical detection of Gu and Ad by various CNC (as sensing elements) 

Sensing element Sample Method LOD (μM) Linear range (μM) Ref. 

 Gu Ad Gu Ad  

PIL/MWCNT dsDNA DPV - - 5-500 0.5-50 [72] 
GCE/GO-MWCNT-CHT Human serum/ Human 

saliva/ Artificial saliva 
DPV 

0.12 0.44 1-78 1-79.5 
[84] 

NC/SWCNH Fish sperm DNA LSV 0.17 1.4 0.74-6.4 7.4-210 [90] 
SWCNT-Borondipyrromethene Calf thymus DNA DPV 1.07 2.91 4-60 4.0-80 [92] 
SWCNT/1-docosyloxylmethyl-pyrene, 
(DomP) 

Fish sperm DNA DPV 
0.25 0.5 140-440 100-360 

[93] 

Nitrogen-doped reduced GO (N-rGO) U87 cells LSV - 0.138 - 0.41- 371 [94] 
MoS2-pencil Gr electrode  Calf thymus DNA DPV 0.76 2.38 15-120 15-120 [95] 
MnO2nanosheets/ionic liquid 
functionalized graphene/PDA 

Fetal bovine serum, mice 
whole blood 

DPV 
0.25 0.15 10-300 10-300 

[96] 

GO nanoribbons /CHT Single nucleotide, dsDNA DPV 0.002 0.023 0.05-256 0.05-172 [97] 
GO quantum dots /MWCNT BALB/3T3 cells, MCF-7 cells DPV - - - - [98] 
Copper−nickel@nitrogen, 
boron−doped reduced GO  

Calf thymus DNA DPV 
0.118 0.134 1-160 1-120 

[99] 

Cu-MOF/GO nanohybrid Herring sperm DNA/Urine  DPV 0.012 0.002 0.02−10 20-100 [100] 
Prussian blue@palladium/ N-rGO Rabbit serum, human urine DPV 0.0026 - 0.01-85 - [101] 
NH2-rGO/ molybdenum disulfide Herring sperm DNA DPV 0.51 0.44 0.5-150 1.0-280 [102] 
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some improvements to enhance the physiological activities of PB on 

electrode surface during analyte/electrode surface interaction. The 

conventional carbon materials such as Gr, graphene, GO, CNT, 

fullerenes utilized in the development of CNC are costly and 

introduces toxicity in CNC. Moreover, the application of CNC as a 

transducer for ECS of Ad and Gu is not so environmentally effective. 

Biocarbons derived from biomass could be a better replacement of 

conventional carbon nano materials in development of cost effective 

ecofriendly CNC. Biocarbons have rich physiochemical properties and 

has ability to use as precursor for synthesis of conventional carbon 

nanomaterials that possess improved properties and may utilize for 

design a sustainable sensor that could help to detect the Ad and Gu. 
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