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Abstract 
This review summarizes some recent developments in the fabrication of modified sensors 
and biosensors using carbon-based materials. The great potential of carbon-based 
electrodes as sensing platforms is exciting due to their unique electrical and chemical 
properties, high accessibility and high biocompatibility. Carbon-based materials are 
particularly interesting due to almost infinite possibility of their functionalization with a wide 
variety of organic molecules, biologically important compounds and pharmaceuticals. This 
review is specifically focused on recent developments in the utilization of various carbon-
based electrodes as sensing devices for the electrochemical investigation of drug molecules. 
Various voltammetric techniques considered in this effort include linear sweep voltammetry 
(LSV), cyclic voltammetry (CV), differential pulse voltammetry (DPV), square wave voltam-
metry (SWV), and square wave adsorptive stripping voltammetry (SWAdSV). The carbon-
based electrode materials considered in this review comprise carbon paste, carbon 
nanotubes, graphite, graphene, and glassy carbon. The analytes chosen are some routinely 
used drugs such as paracetamol (PC), diclofenac sodium (DCF), 5-fluorouracil (5-FU), 
cetirizine (CTZ) and salbutamol (SAL). All here reported sensing electrodes produced very 
good results in electrochemical investigations of these drug molecules. 

Keywords 
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Introduction 

Drugs are chemical substances of specific structures, which administered to a body, interact and 

bind with certain proteins and cells and affect physiological function by altering the biological 

structure. This is the common thought staying behind all medicine. There are no drugs, however, 

being so specific to interact with a certain type of cell or protein, what is the main reason of various 
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side effects [1]. Since drugs are routinely used for treatments of various diseases, it is generally 

considered very essential to develop a convenient method for their determination. Among various 

analytical techniques, electroanalytical techniques possess high flexibility, sensitivity, simplicity, 

rapidity, and are easy to handle. Under accessible operating conditions, these techniques are found 

appropriate for the analysis of food, pharmaceutical and clinical samples [2‒5]. 

Most of the analytical methods for investigations of drug molecules already reported in the 

literature, such as high-performance liquid chromatography (HPLC) [6], capillary zone 

electrophoresis [7], fluorescence spectroscopy [8], and spectrophotometry [9], are expensive 

compared to electroanalytical methods. All these methods, however, are inappropriate for routine 

analyses because they need expensive instrumentation, tedious sample preparation, complex pre-

treatment, solvent extraction, elongated analysis time, derivatization, and expert analysts handling 

with a complex instrumentation [10,11]. The electroanalytical performance is the most appropriate 

analytical platform for sensitive and selective investigation of commercial and real drug samples. 

Electroanalytical methods use easy instrumentation and show fast responses. They are also highly 

sensitive, steady, simple, accurate, specific, economical and need small amounts of sample [12‒14]. 

In the context of electroanalytical methods aimed to the analysis of drug molecules, the most 

important topic is preparation of modified sensing electrodes via numerous modulating mediators 

and methods. Such sensor electrodes show the boosted sensitivity and respectable steadfastness 

for the analysis of drug molecules using some specific electrochemical methods [15‒18]. The 

modification of electrode surfaces has usually been done by some important methods such as 

electro-deposition, drop-casting, and electrochemical polymerization. These methods need surface 

modifying agents such as metal-based nanomaterials, carbon-based nanostructures, organic 

molecule functionalized nanostructures, surfactants (anionic, cationic and nonionic), dyes and 

organic molecules (like amino acids, vitamins, neurotransmitters, etc.) [19‒21]. The surface 

modification of bare electrode materials enhances the electrochemical sensing activity due to 

application of elevated catalytic action, and generates more active sites, higher electron affinity, 

lower ionization potential, and higher electronic and ionic conductivity [23‒25]. 

Electroanalytical approach with carbon-based modified electrodes is extensively used in the 

exploration of new drug compounds. In that, voltammetric and amperometric techniques are 

usually used for recording of current-voltage responses of drug molecules at fabricated electrode 

surfaces [26‒28]. Depending on the mode of potential change, voltammetric techniques include 

various types such as linear sweep voltammetry (LSV), cyclic voltammetry (CV), normal pulse 

voltammetry (NPV), differential pulse voltammetry (DPV), differential pulse adsorptive stripping 

voltammetry (DPAdSV), square wave voltammetry, (SWV), and square wave adsorptive stripping 

voltammetry (SWAdSV).  

Carbon-based electrodes are currently in widespread use in electroanalytical chemistry for many 

different applications. This is due to their large potential window, low cost, rich surface chemistry, 

low background current, chemical inertness, and congruity [29‒35]. Carbon is a distinctive and 

necessary element in our world. Remarkably, for the human body, it is the second most common 

element after oxygen [36]. Carbon science is very popular today in the field of nanoscience, 

materials science, engineering and technology. Carbon nanostructures are considered as different 

low-dimension allotropes of carbon including graphite, activated carbon, carbon nanotubes (CNTs), 

and graphene [37,38]. Most of recently reported data on the application of these carbon materials 

for the electrochemical sensing of some commonly applied drug molecules (paracetamol, 

diclofenac, 5-fluoro uracil, cetirizine, and salbutamol), are discussed in this review. 
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Carbon-based sensors for electrochemical study of drug molecules 

Electrochemical analysis of paracetamol 

Paracetamol (PC) is one of the most frequently using painkillers to relieve pain, and it shows both 

analgesic and antipyretic activities [39]. Electrochemical sensing of PC is known to be very 

interesting due to its routine usage for various treatments. Usually, PC has no adverse side effects 

as it is entirely metabolized into inactive metabolites, which can be quickly excreted by urine [40]. 

However, the overdose of this drug may lead to inflammation of the pancreas, depletion of 

glutathione, fulminating hepatotoxicity, kidney problems and nephrotoxicity [41]. The possible 

redox reaction of PC at an electrode surface is shown in Scheme 1. 
 

 
Scheme 1. Possible redox reaction of PC at electrode surface 

In regard to electrochemical investigation of PC, Charithra et al. [42] investigated the 

electrochemical activity of PC at carbon nanotube paste electrode (CNTPE) modified with poly 

(methyl orange) using CV and DPV techniques, in phosphate buffer solution (PBS) of pH 7.5. CV 

response produced well resolved redox peaks at 0.35 and 0.21 V vs. SCE, due to the diffusion (DFN) 

controlled redox reaction of PC at the electrode surface. Linearity between anodic peak current and 

concentration of PC was procured in the concentration range of 2.0×10-6 to 5.0×10-5 M with limit of 

detection (LOD) of 3.8×10-8 M. The offered sensor showed excellent stability (Sbt) of 94.0 %, suitable 

reproducibility (Rpd) (relative standard deviation (RSD) = 3.5 %) and repeatability (Rpt) (RSD = 2.2 %). 

The developed electrochemical sensor showed brilliant sensing performance for the determination 

of PC, even at simultaneous presence of dopamine (DA) and folic acid (FA). The developed electrode 

was successfully applied to detect PC in some pharmaceutical formulations. 

In the research performed by Zhang et al. [43], a new electrochemical sensor was fabricated for 

the detection of PC, based on glassy carbon electrode modified with poly (caffeic acid) and Zn/Ni-

ZIF-8-800. CV and DPV techniques were applied in PBS of pH 7.5, and the fabricated electrode was 

additionally characterized by electrochemical impedance spectroscopy (EIS), X-ray diffraction (XRD) 

and scanning electron microscopy (SEM). The electrochemical reaction taking place at the electrode 

surface was found adsorption (ADS) controlled. The electrode exhibited good reproducible 

characteristic with RSD of 2.5 %. DPV responses were recorded by increasing the concentration of 

PC from 0.08 μM to 1000 μM and LOD was evaluated as 0.029 μM. The developed novel 

electrochemical sensor was successfully applied for the determination of PC in medicinal dosage 

forms, and human urine samples with satisfactory recoveries. 
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The study was conducted by Gholivand and his co-researcher [44] for the determination of PC in 

PBS of pH 7.0 using glassy carbon electrode modified by polyluminol/functionalized multi-walled 

carbon nanotubes (MWCNTs) and applying CV and SWAdSV techniques. The redox reaction of PC at 

the electrode surface was found ADS controlled. The prepared electrode surfaces were additionally 

characterized by SEM and EIS techniques. Under optimized conditions, two linear concentration 

ranges (0.04-32.2 and 32.2-172.2 μM) were obtained, and LOD was determined from lower 

concentration range as 0.025 μM. The prepared electrode exhibited high Sbt of 95.0 %, and high Rpt 

(RSD = 2.1 %). The applicability of projected sensors was checked by determinations of PC in serum 

and urine samples. 

As reported by Charithra et al. [45], PC was electrochemically studied using CNTPE modified with 

poly (alizarin carmine) sodium lauryl sulfate, having electroactive surface area (ESA) of 0.04 cm2. CV 

technique was applied in PBS of pH 7.0. The electrode reaction was DFN controlled, and exhibited 

enhanced Sbt (94.0 %), Rpt (RSD = 3.5 %) and Rpd (RSD = 4.1 %). The proposed electrode was 

successfully utilized to detect PC, DA and estriol simultaneously. A fine linear fit was obtained at PC 

concentrations from 4.0-100 μM, and LOD of 0.06 μM was accomplished. The developed sensor was 

effectively applied for tablet sample analysis. 

The analytical characteristics of some other carbon-based sensors utilized in the study of PC and 

reported recently in the literature, are summarized in Table 1.  

Table 1. Analytical performances of different carbon-based electrodes for PC determination 

Electrode Method ESA, cm2 Linear range, μM LOD, μM RDS 
Sbt; Rpt (RSD);  
Rpd (RSD), % 

SA Ref. 

CH-CPE SWV 0.097 6.6–500 0.66 DFN - - [46] 

TC8A/AuNPs/MWCNT 
DPV 
CV 

- 
1–150 
1‒100 

0.2 
0.5 

ADS 85.6; -; 4.4 DA [47] 

Nf/GO-COOPd/GCE AMP 0.15 0.04-800 0.012 DFN 97.3; 1.6; 2.81 - [48] 

MWCNTs/graphite/GCE SWV - 0.47–13.2 0.157 DFN -; 2.05; 1.35 - [49] 

AuNPs@TC8A/GN/GCE DPV - 0.5-150 0.1 - 85; -; 4.4 DA [50] 

GPUCSPE CV - 1.00–100 0.818 - - - [51] 

Nano-TiO2/[BMIM]BF4 ionic 
liquid /GCE 

SWV - 0.05-50 0.01 - -; 4.8; 5.02 - [52] 

Graphene-chitosan 
nanocomposite/GCE 

DPV 0.124 1.00–100 0.3 ADS 96.4; 3.0; 2.5 - [53] 

P(4ABA)/ECRGO/GCE DPV 0.27 0.1-65 0.01 ADS 94.8; 4.0; 3.5 DA [54] 

PEDT/GOC/GCE CV - 10-60 0.57 - - - [55] 

Graphene-modified carbon-
paste electrode 

SWV - 2.5-143 0.6 ADS - - [56] 

Poly(taurine)/TiO2-graphene 
nanocomposite/GCE 

DPV - 0.1-90 0.5 DFN 95.75; 3.29; .81 Caffeine [57] 

Poly(caffeic acid)/GCE SWV - 0.2-10 0.026 ADS -; 3.7; - 
AA, DA, UA, 

p-amino 
phenol 

[58] 

Fe3O4@SiO2nanoparticles–
coated PDADMAC CNT/GCE 

DPV - 10-110 0.039 - - - [59] 

TiO2–graphene/poly (methyl 
red) composite film/GCE 

DPV - 0.25-50 0.025 ADS 96.48; 1.92; 2.82 - [60] 

MWCNT-alumina coated 
silica nanocomposite/GCE 

SWV - 0.05-2.0 0.05 DFN - - [61] 

Nafion/TiO2–graphene/GCE DPV - 1-100 0.21 ADS 93.0; -; 3.6 AA, DA [62] 

Graphene/GCE SWV - 0.1-20 0.032 ADS 94.5; -; 4.6 AA, DA [63] 

Pencil graphite electrode ATSDPV - 0.05-2.5 0.025 - -, -; 3.1 - [64] 

ERGLNiONP/GCE DPV - 0.04-100 0.02 DFN 91.4; -; 2.0 - [65] 

SWCNT–GNH /GCE DPV 0.099 0.05-64.5 0.038 DFN 95.0; 3.7; 2.5 DA [66] 

SWCNT/CCE DPV - 0.04-8.5 0.025 
DFN 

 
98.0; -; 4.0 - [67] 

MCNGPSCE DPV - 0.02-0.1 0.034 - - - [68] 
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Electrode Method ESA, cm2 Linear range, μM LOD, μM RDS 
Sbt; Rpt (RSD);  
Rpd (RSD), % 

SA Ref. 

RGCABE NPV - 6.6-66.0 0.132 
- 
 

98.0; 2.6; - - [69] 

N-(3,4-dihydroxyphene-
thyl)-3,5-dinitrobenzamide -

MWCNT/CPE 
DPV 0.084 15-270 10.0 - 97.0; 2.2; - 

N-acetyl 
cystine 

[70] 

GCE DPV - 4-100 0.36 
DFN 

 
-; 1.39; 1.94 - [71] 

ZrO2/CPE DPV - 1-2500 0.912 DFN - 
FA, Noreine-

phrine 
[72] 

Poly(Patton and Reeder’s 
reagent) /MCPE 

DPV - 0.7-100 0.53 - - - [73] 

CH-CPE: coffee husks modified carbon paste electrode; TC8A/AuNPs/MWCNT:thiolated calix [8] arene/gold-nanoparticles/multi-walled carbon 
nanotubes; Nf/GO-COOPd/GCE: Nafion/graphene oxide carboxylated Pd/glassy carbon electrode; GPUCSPE: graphite-polyurethane composite/screen 
printed electrode; p(4ABA)/ECRGO: poly(4-aminobenzoic acid)/electrochemically reduced graphene oxide; PEDT/GOC: poly(3,4-
ethylenedioxythiophene) /graphene oxide composites; PDADMAC: poly(diallyldimethylammonium chloride); AuNPs@TC8A/GN/GCE: gold 
nanoparticles (AuNPs) modified by thiolated calix[8]arene graphene nanosheets; ATSDPV: adsorptive transfer stripping DPV; ERGLNiONP: 
electrochemically reduced graphene loaded nickel oxide nanoparticles; SWCNT-GNH: single walled carbon nanotubes-graphene nanosheet hybrid; 
CCE: carbon ceramic electrode; MCNGPSCE: micro crystalline natural graphite polystyrene composite electrode; RGCABE: renewable glassy carbon 
annular band electrode; AMP: amperometry; RDS: rate determining step; SA: simultaneous analysis; AA: ascorbic acid; UA: uric acid 

Electrochemical determination of diclofenac  

Diclofenac (DCF), commonly designated as voltaren, is a non-steroidal anti-inflammatory drug 

taken to reduce inflammation and pain [74]. It is commonly given in clinical medication for the 

treatment of tuberculosis, urinary tract infection and menstrual pains [75]. On the other side, DCF 

might cause life-threatening problems, like cardiac arrest and stroke, particularly when the patient 

is using it for a long time. It may also trigger harmful effects on humans, such as aplastic chlorosis, 

gastrointestinal problems and changes in kidney and liver functions [76]. Therefore, it is essential to 

determine trace amounts of DCF in biotic and medication samples, for development and treatment 

purposes. Scheme 2 represents the redox reaction of DCF at an electrode surface. 
 

 
Scheme 2. Proposed redox mechanism of DCF at electrode surface 

In this regard Chethana et al. [77] studied the electrochemical action of DCF using tyrosine-

modified carbon paste electrode (ESA = 0.014 cm2) by CV and DPV techniques in PBS of pH 7.0. At 

the prepared electrode surface, the electrochemical reaction of DCF is proceeding through DFN 

limited step. The resulting peak current values obtained from DPV responses were increased linearly 
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within DCF concentration range from 10 to 140 μM, with LOD of 3.28 μM. The applicability of the 

designed sensor was checked by determinations of DCF in human urine and pharmaceutical samples 

with 99.5 % recovery.  

Altai et al. [78] developed a novel electrochemical sensor for the analysis of DCF based on 

f-MWCNTs and gold–platinum bimetallic nanoparticles modified gold electrode. Electrochemical 

properties of the fabricated sensor were evaluated by CV and DPV techniques in PBS having pH of 

7.0, and the redox reaction at the electrode surface was found ADS controlled. The surface features 

of the prepared electrodes were additionally examined by SEM and energy dispersive X-ray 

diffraction (EDX) methods. The calibration curve of DCF was linearly fitted over the concentration 

range of 0.5 μM to 1000 μM, giving LOD of 0.3 μM. The proposed electrode showed good Rpt 

(RSD = 1.7 %) and Rpd (RSD = 2.6 %) towards DCF determination. The prepared sensor was 

employed to determine DCF content in real samples. 

Pushpanjali et al. [79] described poly(L-methionine) modified carbon nanotube-based platform 

(ESA = 0.043 cm2) for the enhanced sensitive determination of DCF. CV and DPV techniques were used, 

and the electrode reaction is found ADS controlled. The developed electrodes were also characterized 

by field emission-SEM (FE-SEM) and (EIS) techniques. Under the optimal investigation conditions, DCF 

offered the linear range from 2 μM and 50 μM and LOD was assessed as 0.10 μM. The fabricated 

electrode showed great sensitivity, high Sbt (87.0 %), and good Rpd (RSD = 3.64 %) and Rpt 

(RSD = 2.97 %). The compliance of the projected sensor was confirmed by the valuation of DFC in 

tablet samples. 

Analytical performances of some other carbon-based electrodes recently reported in the 

literature for determination of DCF are summarized in Table 2. 

Table 2. Analytical performances of different carbon-based electrodes for DCF determination 

Electrode Method ESA, cm2 Linear range, μM LOD, μM RDS 
Sbt; Rpt (RSD);  
Rpd (RSD), % 

SA Ref. 

DyNW/CPE SWV - 0.01-1.0 0.002 - - - [80] 

SWCNT modified EPPGE SWV - 0.02-1.5 0.02 ADS 96.18; -; 1.26 - [81] 

EPPG SWV - 0.01-1.0 0.006 ADS - - [82] 

MWCNT-IL/CCE DPV 0.36 0.05-50.0 0.018 ADS 95.0; 3.0; - Indomethacin [83] 

MWCNT-IL/CCE DPV - 0.05-20.0 0.027 DFN 95.0; -; 4.0 - [84] 

MWCNTs/Cu(OH)2 

nanoparticles/IL 
DPV 0.012 0.18-119 0.04 DFN -; 0.99; 2.13 Naproxen [85] 

IL/CNTPE DPV - 0.50-300.0 0.2 DFN 98.0; 1.5; 2.5 - [86] 

DNA-GO/GCE DPV - 1.0-130.0 - DFN - - [87] 

IL/MWCNTPE SWV 0.23 0.3‒750 0.09 DFN 98.0; -; 2.4 - [88] 

CNTPE NPV - 2‒100 0.8 - -; -; 1.5 - [89] 

Vinylferrocene/MWCNTPE SWV - 5‒600 2 - -; 1.9; - Morphine [90] 

MWCNTs-surfactant 
composite GCE 

LSV 0.072 0.17-2.5 0.08 DFN 94.4; 2.10; 2.96 - [91] 

Cu-doped zeolite-expanded 
graphite-epoxy electrode 

DPV - 0.3-20 0.05 
ADS & 
DFN 

- - [92] 

Ion selective electrode PTM - 10-10000 4.0 - - - [93] 

Bismuth film electrode AMP - 6-50 4.3 - -; 3.27; - - [94] 

PEDOT/TiO2 [BMIM]C1/CPE DPV - 10-100 0.011 DFN - UA, AA [74] 

Core shell nanostructured 
modified carbon electrode 

SWV 0.083 0.01-300 0.034 ADS 97.5; 4.0; 2.4 - [75] 

DyNW: dysprosium nanowire modified; EPPGE: edge plane pyrolytic graphite electrode; IL: ionic liquid; DNA-GO: DNA- graphene oxide; PEDOT: 
poly(3,4-ethylene-dioxythiophene); BMIM: 1-butyl-3-methylimidazoliumchloride; PTM: potentiometry. 

Electrochemical scrutiny of 5-fluorouracil 

Uracil (UR) is a naturally occurring pyrimidine base found in RNA [95]. Nucleic acid biosynthesis 

in tumors is preferably carried out using UR. A huge number of UR derivatives are already reported 
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as anti-cancer agents, among which 5-fluorouracil (5-FU) is of great importance [96]. 5-FU is 

amongst the most impactful drugs for the treatment of cancer, and also has antibacterial activity in 

a biological state [97]. However, an overdose of 5-FU has an adverse effect, including the metabolic 

build-up, which causes neurotoxicity and has a great impact on morbidity and mortality rates in 

humans. Therefore, it is necessary to determine 5-FU in pharmacological and human fluids [98]. The 

plausible redox mechanism of 5-FU at an electrode surface is illustrated in Scheme 3. 
 

 
Scheme 3. Probable redox mechanism of 5-FU at electrode surface  

Bukkitgar and his co-researcher [99] studied the electrochemical behavior of 5-FU at CPE 

modified with glucose in PBS of pH 7.0, using CV and DPV techniques. The redox reaction of 5-FU 

was found DFN controlled. The experimental results showed the applicability of electrode for 

electrochemical investigation of 5-FU with LOD of 0.0051 μM. The developed electrode exhibited 

good sensitivity and selectivity towards 5-FU detection. The practical application of the prepared 

novel electrode was demonstrated for the analysis of the pharmaceutical and urine samples. 

In this context, Jyothi et al. [100] investigated 5-FU at MWCNTs – paraffin oil paste electrode 

(ESA = 0.135 cm2) in PBS of pH 7.0, using CV and DPV techniques under optimum conditions. The 

redox reaction of 5-FU at the electrode surface was observed to be DFN controlled. The peak current 

values were found linear in the concentration range from 0.1 μM to 5.0 μM with LOD of 0.039 μM. 

The electrode showed the outstanding selectivity and sensitivity. The proposed technique was 

pronounced appropriate for quality control laboratories, real sample clinical study, and 

pharmacokinetics. 

In addition, Xin et al. [101] described glassy carbon electrode modified with bromothymol blue 

and MWCNTs (ESA = 0.172 cm2), applied in a study of the electrochemical behavior of 

5-FU performed by CV method. This reaction was found controlled by ADS kinetic. The calibration 

graph was plotted over the logarithmic concentration range of 0.8 μM to 5000 μM with LOD of 

0.26 μM. The developed method afforded the benefits of time-savings, high Rpt (RSD = 3.7 %), high 

Rpd (RSD = 5.4 %) and simplicity to determine 5-FU in injection samples. 

Rahimi-Nasrabadi et al. [102] constructed CPE modified with nanoparticles of praseodymium 

erbium tungstate (ESA = 0.093 cm2) for the sensitive voltammetric detection of 5-FU, using CV and 

SWV techniques. This reaction was found DFN controlled. The linear 5-FU concentration range of 

0.01–50 μM was used to evaluate LOD of 0.98 nM by SWV technique. The developed novel electrode 

gained an excellent sensitivity, along with improved Rpd (RSD = 3.6 %), Rpt (RSD = 1.02 %) and 

short response time. 
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Analytical properties of some other carbon-based sensors already reported in literature for the 

electrochemical analysis of 5-FU, are collected in Table 3.  

Table 3. Analytical performances of different carbon-based electrodes for 5-FU determination 

Electrode Method ESA, cm2 
Linear 

range, μM 
LOD, μM RDS 

Sbt; Rpt (RSD);  
Rpd (RSD), % 

Ref. 

Methylene blue/CPE DPV 0.155 0.1-40 0.00204 DFN -; -;1.4 [103] 

IL/CPE DPV - 50-800 0.013 DFN 95.9; 2.3; 3.1 [104] 

RGO/Chitosan/GCE SWV 0.192 0.01-0.11 0.00493 DFN -; -; 0.54 [105] 

CPE DPV - 0.1-40 0.01225 DFN 97.5; -; 3.5 [96] 

ZnFe2O4/ILCPE SWV - 0.1-1400 0.07 DFN -; 3.9; 3.6 [97] 

MWCNTs/BTB/GCE CV 0.172 0.8-5000 0.26 - - [101] 

GCE/CTAB DPV - 0.02-0.6 0.02013 DFN - [106] 

Porphyron/Au 
nanoparticles/CPE 

DPV 0.075 29.9-234 0.66 DFN -; 2.09; 2.20 [107] 

GCE/p(BCP)/DNA DPV - 7.6-383.8 2.38 DFN -; 3.9; 3.6 [108] 

GQD/BPBr/CPE SWV 0.26 0.001-400 0.0005 DFN 92.3; -; - [119] 

CuNPs/MWCNT/IL/ 
chitosan/GCE 

DPV - 1-110 0.15 DFN 93.0; 2.5; - [110] 

PNIPAM/PEDOT/GCE DPV - 0.03-182 
0.015 (40 °C) 
0.37 (25 °C) 

DFN 98.6; -; 2.21 [111] 

CPE: carbon paste electrode; RGO: reduced graphene oxide; BTB: bromothymolblue; CTAB: cetyltrimethyl ammonium bromide; p(BCP): 
poly(bromocresol purple); GQD/BPBr: graphene quantum dots/1-butylpyridinium bromide; PNIPAM: poly(N-isopropylacrylamide) 

2.4. Electroanalysis of cetirizine  

Cetirizine (CTZ) is one of the antihistamine drugs that many people have used in medicine and 

pharmacy [112]. CTZ is chemically recognized as 2-[2-[4-[4-chlorophenyl]-phenylmethyl] piperazin-

1-yl] ethoxy] acetic acid [113]. It is usually prescribed for allergic symptoms such as runny nose, 

itching, hives, eye irritation, body aches, etc. [114]. However, it is understood that its overdose 

causes mild drowsiness, headache, dry mouth, and fatigue [115]. Therefore, it is essential to 

determine CTZ in biological samples. The reaction mechanism of CTZ at an electrode surface is 

presented in Scheme 4. 
 

 
Scheme 4. Proposed reaction mechanism of CTZ at electrode surface 

As reported by Girish et al. [116], CTZ was determined via CV method at poly (DL-valine) modified 

MWCNT paste sensor (ESA = 0.13 cm2) in PBS of pH 7.0, and the corresponding reaction at the 

electrode surface was found DFN controlled. The fabricated sensor showed the linearity range at CTZ 
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concentrations from 2.0 to 80.0 μM, with LOD equal to 0.11 μM. The fabricated sensor was fruitfully 

used to simultaneously detect CTZ, riboflavin and PC. The sensor surface was additionally examined 

by FE-SEM micrographs. The modified sensor exhibited very good Rpd (RSD = 1.24 %), Sbt (93.15 %) 

and was used for the assessment of CTZ in pharmaceutical pills with satisfactory results.  

Roopa et al. [117] developed MWCNTs modified GCE (ESA = 0.144 cm2) for the determination of 

the electrocatalytic activity of CTZ using CV technique, and the respective electrode reaction is found 

ADS controlled. LOD was evaluated by plotting the graph of peak currents versus different concen-

trations of CTZ in the range of 0.5 to 10.0 μM and calculated as 0.07 μM. The offered technique has 

significant benefits over all other current methods regarding sensitivity, Rpd (RSD = 2.48 %), precision, 

time-saving and minimal susceptibility. The introduced sensitive and convenient electrochemical 

method was successfully extended to CTZ detection in pharmaceutical and urine sample trials. 

The study carried out by Gholivand et al. [118] for the detection of CTZ at GCE modified with a 

nanocomposite of chitosan, MWCNTs and ionic liquid (ESA = 0.086 cm2) using DPAdSV technique, 

showed CTZ redox reaction at the electrode surface controlled by ADS step. EIS, CV and SEM 

techniques were additionally used to characterize the proposed electrodes. The linear fit for CTZ 

determination was obtained over the concentration range of 40 nM–480 μM, with LOD of 0.008 μM. 

The fabricated electrode showed outstanding Sbt (96.32 %), Rpt (RSD = 1.77 %), Rpd (RSD = 2.64 %) 

and was used for the assessment of CTZ in serum and tablet as a real sample study. 

Yaragatti et al. [119] have fabricated graphene oxide modified carbon paste sensor (ESA = 0.083 cm2) 

to analyze the behavior of CTZ electrochemically in PBS of pH 6.0, using CV technique. The linear 

response was observed in the calibration curve for concentrations of CTZ in the range of 0.01-0.4 μM 

with LOD of 0.0019 μM. The electrode reaction was found controlled by ADS step. Modification of CPE 

with graphene oxide particles exhibited remarkable reproducibility and accuracy.  

Some already reported analytical abilities for a number of other carbon-based electrochemical 

sensors applied for the electrochemical investigation of CTZ are collected in Table 4.  

Table 4. Analytical performances of different carbon-based electrodes for CTZ determination 

Electrode Method ESA, cm2 Linear range, μM LOD, μM RDS Sbt; Rpt (RSD);  
Rpd (RSD), % SA Ref. 

MWCNT/PtNPs/CPE DPAdSV 0.081 0.19-193 0.058 ADS - PC, Phenylephrine [113] 

Nanoclay/CPE SWV 0.098 0.1-0.3 0.00848 ADS - - [114] 

GCE 
CV 

DPV 
- 20-100 

4.3 
4.5 

DFN - - [120] 

CB/GCE SWAdSV - 0.49-10.8 0.40 ADS -; 4.68; - Hydroxyzine [121] 

Pretreated graphite 
pencil electrode 

SWV - 0.5-10 0.16 DFN 91.7; -; - - [122] 

β-cyclodextrin/GCE SWV - 0.02-6.0 0.00037 - - - [123] 

Ru-TiO2/MWCNTs SWV 0.042 0.03-1.0 0.0031 DFN 97.0; 2.8; 2.6 - [124] 

Bentonite clay/CPE DPV 0.083 0.08-1.0 0.059 DFN 97.8; 2.82; 2.5 - [125] 

Carbon paste 
membrane sensor 

PTM - 0.1-60 7.0 - -; 0.9; - - [126] 

PLMCNTPE CV 0.039 5-50 0.17 DFN 89.0; 3.29; 3.94 PC [127] 
PLMCNTPE: poly(leucine) modified carbon nanotube paste electrode 

Electrochemical study of salbutamol 

Salbutamol (SAL) is ([1-(4-hydroxy-3-hydroxymethylphenyl)-2-(t-butylamino) ethanol]) and is also 

referred as albuterol. SAL is selective agonist of 2-adrenergic receptor widely used to treat airway 

obstruction in patients with bronchial asthma, emphysema, chronic obstructive pulmonary disease, 

lung disorders and also blood potassium level balance [128‒131]. SAL is commonly used in humans as 

a tocolytic agent and also in veterinary medicine [132]. High doses of this medication can have a 

lipolytic effect. Its presence is most common in liver and meat, and it may be harmful to humans who 
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are consuming those as a food supplement [133]. However, owing to its misuse as a stimulant and 

anabolic agent, a high dose of SAL is banned in sports. Therefore, SAL containing inhaler is permitted 

to use for athletes with asthma or asthma-induced exercise [134]. Hence, the determination of SAL is 

of high importance. The oxidation mechanism of SAL at an electrode surface is shown in Scheme 5. 
 

 
Scheme 5. Oxidation mechanism of SAL at electrode surface 

Wei and his lab mates [135] determined SAL in PBS of pH 7.0 using MWCNT film coated GCE and 

SWV technique. The electrode reaction with respect to SAL was found ADS controlled. The response 

of SAL was found linear in the concentration range from 0.8 μM to 10.0 μM with LOD of 0.2 μM. The 

method of detecting SAL in pharmaceutical formulations was successfully carried out at the 

fabricated electrode. The developed electrode showed elevated Sbt (96.4 %) and Rpt (RSD = 4.2 %). 

A rapid and effective electrochemical method for the determination of SAL was introduced by 

Abdol et al. [136], using iron titanate nanopowder-modified CPE in phosphate nitrate solution 

having pH 7.5, and DPAdSV technique. The electrode exhibited a linear response for SAL in the 

concentration range of 0.2–25 nM with LOD of 90 pM. The proposed electrode was found stable 

(90.8%) and reproducible (RSD 4.32 %). It was used satisfactorily for the detection of SAL in human 

serum samples. 

Meareg et al. [137] determined the electrochemical behavior of SAL at poly(4-amino-3-hydroxy-

naphthalene) sulfonic acid modified GCE in PBS of pH 7.0 and CV technique. The electrode reaction of 

SAL was observed to be ADS controlled. Using DPV technique, the authors obtained the linear 

dependence of peak current on SAL concentration in the range of 0.2–8 μM, with LOD of 0.068 μM. 

The proposed method was successfully applied for the determination of SAL in medicinal dosages. 

Alcian blue modified CPE for the voltammetric examination of SAL performed by CV technique 

was reported by Chitravathi et al. [138]. The authors gained the linearity in the concentration range 

of 0.5-18.0 μM, with LOD of 0.06 μM. From the scan rate study, the electrode reaction was evaluated 

to be DFN controlled. The proposed method was successfully extended for SAL determination in 

tablet samples with acceptable recovery. Also, the developed electrode was found to be highly 

stable (97.55 %). 

Analytical properties of some other carbon-based electrochemical sensors, recently reported in 

the literature for the electrochemical investigation of SAL, are collected in Table 5.   

Table 5. Analytical performances of different carbon-based electrodes for SAL determination 

Electrode Method ESA, cm2 
Linear range, 

μM 
LOD, μM RDS 

Sbt; Rpt (RSD);  
Rpd (RSD), % 

SA Ref. 

Nano-Au/MWCNTs-
Nf/GCE 

LSV - 0.09–7.0 0.05 ADS 94.5; 4.6; 4.3 - [139] 

C60/GCE SWV - 0.42–8.35 0.17 DFN - - [140] 
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Electrode Method ESA, cm2 
Linear range, 

μM 
LOD, μM RDS 

Sbt; Rpt (RSD);  
Rpd (RSD), % 

SA Ref. 

Poly taurine/ZrO2/GCE LSV - 5–220 0.02 ADS -; 4.9; 3.12 Ractopamine [141] 

SMWCNT-NF/GCE AMP - 0.10-0.30 0.10 ADS 94.7; -; - Ractopamine [142] 

GCE DPV - 3.02-123.0 0.51 - - - [128] 

Graphene-Au/GCE DPV - 0.05-10.0 - - 90.9; 3.1; - Epinephrine [129] 

Graphene-NF/GCE DPV - 0.4-30 0.11 DFN 96.99; -; 4.09 Clenbuterol [143] 

P(aminosulfonic 
acid)/GCE 

CV - 2-100 0.65 - 96.8; 1.85; - - [144] 

SWCNT/EPPGE SWV - 0.21-10.57 0.018 DFN -; .94; 2.40 - [145] 

MnO2/RGO@Ni foam DPV - 0.042-1.463 0.023 - 96.6; 3.5; - Ractopamine [146] 

NsCuHcFe-CNT/GCE CV - 5-25 - - 70.0; -; - - [147] 

Pt-graphene-Pt/GCE DPV 0.682 0.03-180 0.009 DFN 96.0; -; 3.06 - [148] 

Graphene-PEDOT/PSS CV - 5-550 1.25 - 95.5; -; 7.5 - [149] 

MIP/CPE DPV - 0.001-0.055 0.0006 - - - [150] 

AgPd/anti-SAL/GCE LSV - 0.00004-0.41 0.000006 - -; 4.7; 4.7 
Clenbuterol; 
Ractopamine 

[151] 

SMWCNT: mixture of SWCNT and MWCNT; NsCuHcFe: nanostructured copper hexacyanidoferrate; PSS: poly(styrene-sulfonate). 

Conclusions 

This article describes some recent developments of carbon-based electrodes for their possible 

utilization as sensors for drug molecules. As a high-performance material, carbon and its derivatives 

occupy a special place in pharmaceuticals, because of their extremely beneficial properties in many 

ways. The purpose of this review is to demonstrate the application of carbon-based electrodes for 

the analysis of some drug molecules, what can be also used in proof-of-principle research studies of 

pharmaceutical compounds in their dosage forms and biological samples. Several forms of carbon-

based electrodes have emerged over the last few years for measurements of diverse targets in 

biologic fluids and different dosage forms. The synergetic impact of carbon-based materials with 

some combination of various modifiers such as metal nanoparticles, conductive polymers, or 

surfactants, enhances the competence of the electrode in the electrochemical determination of 

bioactive and electroactive molecules. The utilization of carbon-based materials in the development 

of sensing electrodes is still in its infant stage. Thus, future research should be directed towards the 

better understanding of structural properties of carbon-based materials which administer the 

kinetics of electron transfer at the electrode surface and avoid formation of modifier precipitation. 

The unresolved questions in the electrochemistry of carbon-based electrodes still need to be solved. 

One between them could be formulated as: do different surface characteristics and defects present 

different activity, and is this related to the kind of carbon material used? The other one is: what kind 

of mechanism would define the electrochemical performance of an electrode? The interaction 

between the target analyte and functional groups present at the electrode surface needs to be 

explored properly. 
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