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Abstract 

Paracetamol have been extensively used in both the human and veterinary clinics due to its 

antipyretic and analgesic properties.It is considered as a well-tolerated drug in patients 

suffering from aspirin intolerance, ulcers, or difficulty in blood clotting. It is very important to 

monitor the doses of paracetamol in the patient’s body under examination since the overdose 

results in accumulation of toxic metabolites which may cause severe adverse effects. Due to a 

wide use of paracetamol and the adverse effects of its over dose, it is alwaysbeing an 

interesting issue to develop suitable techniques for its quantitative as well as qualitative 

analysis. The development of simple, convenient, highly sensitive, versatile, fast and economic 

techniques is very necessary to control the over uses of this drug causing many side effects. 

Various techniques used for the determination and detection of paracetamol have been 

reviewed in this paper predominantly focusing on electro-analytical methods. 
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1 Introduction 

Paracetamol is an acylated aromatic amide known by several names viz. acetaminophen, 4-

acetamidophenol, N-acetyl-p-aminophenol, 4'-hydroxyacetanilide and tylenol. Paracetamol is a 

very commonly used antipyretic and analgesic drug. It is commonly used for relieving 

headachesand other minor pains. It is a major ingredient in numerous cold and flu remedies. In 

combination with opioid analgesics, paracetamol can also be used in the management of more 

severe pain such as post-surgical pain. The over dose of paracetamol causes highly objectionable 

side effects such as liver disorder, skin rashes and inflammation of the pancreas. These are some 

serious side effects of paracetamol overusage which can sometimes prove to be irreversible [1]. 

Sometimes its overdose may cause fatal hepatoxicity and nephrotoxicity [2-4]. Therefore, 

detection of paracetamol is an important issue. 

 Due to a wide use of paracetamol and the adverse effects of it’s over dose, it always has been 

an interesting issue to develop suitable techniques for its quantitative as well as qualitative 

analysis. The development of simple, convenient, highly sensitive, versatile, fast and economic 

techniques is very necessary to control the over uses of this drug causing many side effects. 

Many methods have been described for the determination of paracetamol such as 

spectrophotometry [5, 6], titrimetry [7, 8], HPLC [9], liquid chromatography [10, 11], 

http://en.wikipedia.org/wiki/Headache
http://en.wikipedia.org/wiki/Common_cold
http://en.wikipedia.org/wiki/Influenza
http://en.wikipedia.org/wiki/Opioid_analgesic
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chemiluminescence [12, 13], spot test [14]. All of these methods were associated with one or the 

other drawback like tedious procedure, time consuming, high cost, excessive use of solvents etc. 

However, electroanalytical techniques have been found to be elegant, economic and highly 

sensitive techniques. Researchers are working for the identification of different electroanalytical 

methods for the detection of different drugs [15, 16]. Therefore, the electrochemical methods 

may be considered as the alternative methods to overcome the drawbacks of existing analytical 

methods which are time consuming and expensive. 

 

2 Electro-analysis of paracetamol 

Few electroanalytical methods have been identified by researchers for the determination of 

paracetamol. The mechanism of electrochemical oxidation of paracetamol has been reported by 

Shang Guan and Zhang [17] which is shown in Scheme 1. The electroanalytical methods include 

amperometry, differential pulse voltammetry, square wave voltammetry and cyclic voltammetry. 

These methods have been critically reviewed in this paper. 

 

Scheme 1: Electrochemical oxidation of paracetamol [17] 

 

2.1 Amperometry 

In this electroanalytical method, a constant reducing or oxidizing potential is applied to an 

indicator (working electrode) and the resulting steady-state current is measured. Commonly, the 

magnitude of the measured current depends on the concentration of the reduced or oxidized 

substance, and hence this method can be used for detection of electroactive substances in the 

solution. It has been applied by few researchers for determining paracetamol in spiked/real 

samples. Zen and Ting [18] demonstrated the Nafion/ruthenium oxide pyrochlore chemical 

modified electrode applied for the simultaneous detection of caffeine and paracetamol. A 

biosensor based on vaseline/graphite modified with avocado tissue (Persea americana) as the 

source of polyphenol oxidase has been developed and used for the chronoamperometric 

determination of paracetamol in pharmaceutical formulations [19]. This enzyme catalysed the 

oxidation of paracetamol to N-acetyl-p-benzoquinoneimine whose electrochemical reduction 

back to paracetamol was found to found to take place at a certain potential. Kubota and co-

workers have studied the use of EDTA in the medium to avoid the passivation of solid electrode 

during electrochemical analysis of paracetamol [20].  
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Cobalt hexacyanoferrate modified wax composite electrode has been reported as an 

excellent amperometric sensor for the determination of paracetamol [1].Reports shows the 

synthesis of a novel thio-bridged cysteine ligand and its respective cobalt phthalocyanine 

complex (CoTATPAPc) for the modification of glassy carbon electrode. The modified electrode 

(CoTATPAPc/GCE) displayed remarkable electrocatalytic efficiency for the simultaneous 

sensing of paracetamol (PA) and 4-aminophenol (4-AP). The amperometric sensor successfully 

exhibited a linear response in the 20 to 360 nM concentration range, with LOD values of 4.2 and 

4.1 nM for 4-AP and PA, respectively [21].  

2.2 Differential pulse voltammetry 

In differential pulse voltammetry, short pulses with limited amplitude are superimposed upon a 

staircase waveform. This method can provide improved selectivity for observing different redox 

processes than other voltammetric methods. A C60-modified glassy carbon electrode has been 

introduced by Goyal and Singh [22] for the voltammetric determination of paracetamol which 

showed a high stability and sensitivity. A stable and high sensitive electrochemical sensor for 

paracetamol using carbon-coated nickel nanoparticles modified glassy carbon electrodes have 

been reported by Wang et al.[23]. A simple method determining paracetamol and few other 

drugs in model solutions and spiked human urine samples using a differential pulse voltammetry 

technique has also been reported [24]. All the investigated analytes from the biological 

endogenous components in human urine were successfully separated by this method. Differential 

pulse voltammetry technique has also been used by other researchers for the determination of 

paracetamol using different electrodes [25-27].  

Carbon spherical shells (CSS) were synthesized with diameter 400 to 500 nm using 79% 

carbon and 21% oxygen, and their surface was functionalized with carbonyl and hydroxyl 

groups. These CSS were then used to modify glassy carbon electrode (GCE) forming GC/CSS 

modified electrode for sensitive detection of paracetamol in sweat, saliva and urine using 

differential pulse voltammetry. Sensitivity was found to increase with the decrease in size of 

CSS and it was also competitive with conventional HPLC method [28]. The electrochemical 

behavior of paracetamol has been studied at nanoclay modified graphite electrode in pH 5 

phosphate buffer solution of 0.02 M ionic strength. The results showed a probable 

electrochemical mechanism to perform analytical applications using differential pulse 

voltammetric method [29].Raymundo-Pereira et al. have proposed a simple and cost effective 

method for real-time monitoring of possible contamination in the water supply network using 

differential pulse voltammetry. They have used carbon screen-printed electrodes to determine 

simultaneously the presence of emerging pollutants hydroquinone (HQ), paracetamol (PARA) 

and estradiol (E2) in tap water, with detection limits of 185, 218 and 888 nmol L−1, respectively, 

within a linear range between 0.5 and 10.0 μmol L−1. These results were found to be competitive 

with high-performance liquid chromatography (HPLC), which is the gold-standard methodology 

for water analysis[30]. Some electrodes for efficient detection of paracetamol has been 

developed from nanoparticles of cobalt ferrite (CoFe2O4) and manganese ferrite (MnFe2O4).  

These particles were used for electrode modification with graphite for simultaneous detection of 
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paracetamol and dopamine and was found to be superior to reported literatures [31].  A 

differential pulse adsorptive stripping voltammetry metod has been reported recently using a 

screen‐printed sensor with a carbon/carbon nanofibers working electrode (SPCE/CNFs) for the 
direct determination of low concentrations of paracetamol in environmental water samples [32]. 

Wang and coworkers utilized DPV to detect paracetamol with its varying concentrations. 

This method showed high sensitivity and good resolution [33]. Under optimized experimental 

conditions, the anodic peak current was directly proportional to the concentration of paracetamol 

from 5 to 190 μM as shown in Fig. 1. 

  

 
Fig. 1. Differential Pulse Voltammogram for different paracetamol concentrations [33]. 

 

2.3 Square wave voltammetry 

Squarewave voltammetry is a form of linear potential sweep voltammetry that uses a combined 

square wave and staircase potential applied to a stationary electrode.A sensitive electroanalytical 

method using a multiwalled CNT modified basal plane pyrolytic graphite electrode for the 

determination of paracetamol has been used by Kachoosangi et al.[34]. Adsorptive stripping 

voltammetry technique was applied in this study and the limit of detection for paracetamol was 

found to be the lowest as compared with previous studies. A voltammetric method for the 

determination of paracetamol using square wave voltammetry has also been introduced using a 

boron-doped diamond electrode substrate in aqueous media [35]. A glassy carbon electrode 

modified with a composite of carbon nanotubes, samarium oxide (Sm2O3) and zirconium oxide 

(ZrO2) nanoparticles (Sm2O3@ZrO2/CNT) has also detected as an electrochemical platform that 

can be utilied for the determination of paracetamol. The proposed method used square wave 

voltammetry (SWV) technique that enabled a linear plot over a concentration range of 

3.7 × 10−9–2.2 × 10−6 M with a detection limit of 3.4 × 10−10 M. This novel platform was 

successfully applied to pharmaceutical preparation and blood sample for the determination of 

paracetamol. Such a sensitive determination method for paracetamol is of great interest for the 

public health [36].  

2.4 Cyclic voltammetry 
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Cyclic Voltammetry (CV) is a widely employed potentiodynamic electrochemical technique that 

can be used to gain qualitative and quantitative information about electrochemical 

reactions.During CV measurement, the potential of the working electrode is measured in system 

under study with respect to the reference electrode, and the potential is scanned back and forth 

between specific upper and lower limits. At the same time, the current passing between the 

working electrode and the counter electrode is recorded. Cyclic voltammetry has been used by 

several researchers for determination of paracetamol using modified electrodes[37, 38]. Zidan et 

al. used zinc oxide microparticles for the mechanical modification of glassy carbon electrode and 

found that the modified electrode acted as good electrochemical sensor for the detection of 

paracetamol [39]. Later, they used bismuth oxide nanoparticles modified glassy carbon electrode 

for the electrochemical detection of paracetamol [40]. The results of their study were found to be 

superior to those of HPLC methods. The electrocatalytic response for the oxidation of 

paracetamol on the copper poly-terthiophene carboxylic acid modified electrode has also 

reported [41]. 

Due to their excellent redox mediator properties, some metal hexacyanoferrates have 

been used for the development of electroanalytical methods for detection of paracetamol. The 

carbon paste electrode modified with copper hexacyanoferrate has been prepared and applied in 

the voltammetric determination of paracetamol in pharmaceutical preparations with good 

sensitivity and selectivity. The modified electrode was found to be simple and easy to prepare 

quickly [42]. In above cases, the cyclic voltammograms of the modified electrode showed the 

presence of a well-defined redox peaks. The voltammetric response was also found to be affected 

by using different ionic species and their different concentrations in the supporting electrolyte. 

Copper hexacyanoferrate-poly(3,4-ethylenedioxythiophene) film modified electrode has been 

used in determining paracetamol [43]. Electrochemically reduced graphene oxide/neodymium 

hexacyanoferrate film has been fabricated on the glassy carbon electrode and the fabricated film 

modified GCE was successfully employed for the detection of paracetomol drug [44]. 

Researchers have also used 1-ethyl-3-methylimidazolium tetrafluoroborate-nickel 

hexacyanoferrate nanoparticles modified graphite electrode for quantitative determination of 

paracetamol [45]. 

Printex 6L Carbon nanoballs of diameters between 20 and 25has been reported as 

electrode material for electrochemical detection of paracetamol. These balls were found to form 

homogeneous films on glassy carbon electrodes. The limit of detection for these glassy carbon 

decorated carbon nanoball(GC/CNB) sensors was 8.0 × 10−9 mol L−1 for paracetamol, being 

competitive with other devices made with carbonaceous materials. In spite of their simplicity, the 

sensor was also stable, reproducible and robust against typical interferents in biological fluids 

such as nitrite, sulfite, the antibiotic amoxicillin, sodium dodecyl sulfate and humic 

substances [46]. 

A novel paracetamol sensor has been developed which is based on Pd nanoparticles 

deposited on carboxylated graphene oxide (GO−COOH) and nafion (Nf) modified glassy carbon 
electrode (GCE). Excellent electrocatalytic responses has been observed for the oxidation of 

https://www.sciencedirect.com/topics/materials-science/electrochemical-reaction
https://www.sciencedirect.com/topics/materials-science/electrochemical-reaction
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paracetamol in the linear range 0.04–800 μM with detection limit of 0.012 μM and excellent 
sensitivity of 232.89 μA mM−1 cm−2[47].Recently, a polymeric ionic liquid incorporated carbon 

nanospheres (PIL-MCNs) modified glassy carbon electrode has been reported to sensitively 

detect paracetamol with good detection limits [48]. Few more electrochemical methods using 

cyclic voltammetry technique have been reported using the modified electrodes for the detection 

of paracetamol [49, 50]. Wang and coworkers reported an electrochemical sensor for the 

detection of paracetamol using NiCu-CAT  modified GCE which showed a detection Limit of 

about 5μM for paracetamol through a wide concentration range (5–190 μM). The NiCu-

CAT/GCE exhibits excellent reproducibility, stability, and interference for paracetamol. The 

voltammogram of their study has been shown in Fig 2 [33]. 

 
Fig. 2. Cyclic Voltammogram of bare GCE and modified GCE in presence of 40μM paracetamol 

[33] 

The efforts are being made by researchers to develop a simple, sensitive, economic and 

accurate electroanalytical method for the determination of paracetamol which can be used for 

pharmaceutical and clinical applications.  
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