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Abstract

In this work, an electrochemical sensor using differential pulse voltammetric method for the assessment of antipyretic and
analgesic drug, paracetamol was developed. The CuO nanoparticles were synthesized and characterized. A glassy carbon
electrode (GCE) fabricated with the suspension of CuO nanoparticles (CUONPS) and multi-walled carbon nanotubes (MWCNTS)
were used. The fabricated electrode was characterized using Potassium ferricyanide as a redox probe, which showed increase in
the electro active area in the modified electrode. The modified electrode showed improved anodic peak current enhancement in
phosphate buffer solution. The consequence of pH of supporting electrolyte and amount of nanoparticles suspension were
investigated at a physiological pH of 7.4. Using differential pulse voltammetry, the fabricated electrode showed linear dynamic
range from 9 to 160 nM of paracetamol concentration. From the calibration plot, the computed detection limit was 5.06nM and
quantification limit was16.88 nM. The developed method was checked for its reproducibility and assay during a day and intraday
as well and the results were good with permitted range of errors. The developed process was fruitfully applied to detect

paracetamol in pharmaceutical formulations.

Keywords

Paracetamol, Nanoparticles, Voltammetry, Sensor, Modified Electrode

1. Introduction

Paracetamol (PCM), is the most widely studied pharmaco-
logical and hepatotoxic drug used by billions of people globally
as an antipyretic and analgesic therapeutic drug. It is believed to
be safe when administered in lower doses and it relieves mod-
erate to severe pain and is being used to treat fever. The ad-
ministered PCM in healthy adults metabolizes in liver and
eliminates through urine [1]. Among the administered dosage,
about 1-4% only is released as pure PCM and majority amount
of it is converted into conjugated forms as acetaminophen
glucuronide, about 47-60% and as acetaminophen sulphate,

about 25-35%, and are excreted from the human body. At
higher dosage, PCM proved to be deadly or humans and also
causes disturbance of heart and mind. The extended and too
much use of PCM may lead to toxic metabolite amassing and
this can cause failure of kidney and liver or even death.
Therefore, there is a need for development of an analytical
scheme to analyze PCM in various samples.To date, there are
many analytical methods are being used to analyze and quan-
tize various drug molecules either in real samples or pharma-
ceutical samples. Among the methods developed, spectro-
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scopic, chromatographic, titrimetric and electrochemical
methods are being used widely [2-7]. Amongst all of these
methods, the electrochemical methods are being developed
heavily in recent years, since these methods are cost effective,
reliable, require less time for analysis, very simple with good
selectivity and high sensitivity. These methods also fall in
sustainable analytical methods because of no or less solvent
usage. The electrodes based on carbon materials are being
employed widely in electrochemical analysis, since they have
broad potential window, brilliant electrical conductivity, very
little background current, more surface area for reaction,
chemically and electrochemically inert, highly stable and very
much cost effective [8-10]. High sensitivity and excellent se-
lectivity were achieved by employing modified electrodes
using various types of modifiers, especially with the
nano-dimensional ~ materials,  either  carbon  based
nano-materials or metal based nano-materials or even
nano-composites [11, 12]. To date, PCM was one of the drug
molecule which was extensively studied and detected using
various modified electrodes with very low detection limits in
different formulations. There was a report on paracetamol
sensing using graphite flakes [13]. MWCNTSs decorated silver
nanoparticles were used to sense PCM with good detection
limit and recovery [14]. There was an attempt to study elec-
trochemical kinetics of PCM and its detection on a carbon
paste electrode, eventhough this is economical, but it was bit
dfficult to produce same surface area using carbon paste
electrode [15]. Simultaneous detection of PCM and caffeine
was reported using bare graphite electrode, but this lacks in
sensitivity [16]. A polyglycine modified GCE was used to
detect PCM in syrup with good sensitivity and selectivity. A
screen printed carbon electrode was used successfully [17] for
the assessment of PCM, acetylsalicylic acid, caffeine simul-
taneously with good selectivity [18]. A sensor for PCM de-
tection was developed using guanine modified electrode, but
which is lacking in selectivity and sensitivity [19]. A nano-
material-poly composite electrode was fabricated for PCM
detection in biological fluids with excellent detection limit
and sensitive [20]. There was an attempt to recover graphene
oxide from Zn-C battery waste to construct a sensor for de-
tection of PCM [21]. The recovery procedure was not so
convincing and limit of detection reported was on higher side.
PCM and ciprofloxacin were detected simultaneously on a
sub-microparticle modified electrode with good linearity
range [22]. There was an attempt to develop an organometal-
lic complex encapsulated in nanozeolite electrode [23]. The
modified electrode shown excellent electrocatalytic activity
for the detection of PCM and acsorbic acid together with good
linear range and detection Ilimit. In this work, the
CuONPs-MWCNTs modified electrode was fabricated and the
signal of oxidation in PBS of physiological pH was signifi-
cantly enhanced in presence of nanomaterials. All the parame-
ters were optimized using DPV and the developed method was
applied to detect PCM in tablet dosage forms.
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2. Materials and Methods

2.1. Chemicals and Reagents

Multi Walled Carbon Nanotubes (MWCNTSs; O.D x L of
7-15 nm % 0.5-10 pm), PCM and KsFe(CN)s and were pro-
cured from Sigma-Aldrich. From Rankem, analytical grade
Methanol, NaH,PO,4, Na,HPO, and acetonitrile are procured.
To prepare the phosphate buffer solution (PBS), doubly dis-
tilled water was employed. The pH of PBS was varied from
54 to 8.0 using various volumes of NaH,PO, and
Na,HPO,stock solution. In methanol, the stock solution of
PCM was prepared. The tablets containing PCM (Paracip —
500mg, Dolo — 650mg and Pyrigestic — 500mg) were col-
lected from a local drug store. Then the tablets arre squashed
to a powder. From this, a known part was weighed accurately
and used to prepare stock solution. Thus prepared solution
was used to analyze PCM after proper dilution with PBS.

2.2. Instrumentation

Voltammetric runs were done on electrochemical analyzer
660E from CH Instruments. A three-electrode convention cell
consisting of Platinum wire as counter electrode, a sil-
ver/silver chloride as reference electrode, and a GCE of 2 mm
diameter (unmodified and modified) were used as working
electrodes, respectively. An alumina powder 0.05um was
used to polish the surface of working electrode and was
cleaned ultrasonically. Then to characterize the prepared CuO
nanoparticles, Scanning electron microscope model SEM XL
30 ESEM with EDAX was used.

Figure 1. Scanning electron microscopic image of prepared cuo
nanoparticles.

2.3. Synthesis of Nanoparticles

The CuO nanoprticles were prepared as reported elsewhere
[24]. By mixing slowly 0.5 M Na,COssolution slowly at about
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80<C with vigorous stirring to 0.5 M CuSO,solution the pre-
cursor was prepared. This results in basic copper sulphate
precipitate, which was filtered, and washed to remove any
ions left behind with doubly distilled water. Then it was fil-
tered and mass was left for drying in air for 8 hours. The
precursor was thermally decomposed in a muffle furnace for
about 4 hours at 800 <C that results in the CuO nanoparticles
formation. Then the Scanning electron microscope image of
the CUONPs was recorded and is as shown in Figure 1.

2.4. Analysis Method

By adding 2 mg of CUONPs and MWCNTSs each in 10 mL
acetonitrile, the CuONPs-MWCNTSs suspension which is
relatively stable was prepared using an ultrasonicator. The
glassy carbon electrode was polished with the slurry of
0.05um alumina powder on a polishing unit, and then kept in
an ultrasonic bath containing mixture of methanol and water
for 10 minutes, respectively. This cleaned electrode was ini-
tially coated by drop-coating 5 uL of the black suspension of
CuONPs- MWCNTSs and dried in open atmosphere.

The CuONPs-MWCNTSs modified electrode was first ac-
tivated in PBS with pH 7.4 by cyclic voltammetric runs from
0 to 0.8 V til stable voltammograms were obtained at a scan
rate of 0.050 V s™' (10 cycles). After that, electrodes are
putted into another cell of PBS with pH 7.4, that contains
accurate amounts of PCM. With an increment of 0.04 V,
amplitude of 0.05 V, pulse width of 0.05 s, sample width of
0.0167 s and pulse period of 0.5 s, the differential pulse
voltammograms were recorded from 0.0 and 0.8 V. All
experiments were carried out at 25<C and in presence of
dissolved oxygen.

3. Results and Discussion

3.1. Charecterization of Modified Electrode

A 1.0 mM solution of KzFe(CN)g in 0.1 M KCI was used to
record CVs at CUONPs-MWCNT modified GCE at different
scan rates. The below Randles-Sevcik equation for a reversi-
ble process was used to calculate electroactive surface area of
bare and modified electrode.

Ipa= (2.69 x10°) n*?ADY2Co v*?

where Ipais the anodic peak current, A is the electrode sur-
face area, n is the number of electrons transferred, D is diffu-
sion coefficient, v is the scan rate and Co is the concentration
of K3Fe(CN)e. In 0.1 M KCI electrolyte for 1.0 mM solution

of KsFe(CN)s, the values of nand D are 1 and 7.6 x 10° cm’s™.

By slope of the plot of Ip v/s v'?, the active surface areas

obtained are 0.1462 cm? for modified GCE and 0.03925 cm?
for bare GCE. From these values, it was concluded that ac-
tive surface area has become significantly increased after
fabrication.
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3.2. Voltammetric Response of PCM

The DPV was recorded for 100 nM PCM with 10 pL of
CuONPs-MWCNTSs on GCE. Without nano particles, the oxi-
dation peak at about 0.41 V was a bit weaker (Figure2(a)) than
as compared with the peak in presence of nano particles at
about 0.38 V, with significant enhancement in peak current
and negative shift in peak potential (Figure 2(b)). The intro-
duction of nano particlesonto the electrode effectively reduces
the interface between the electrode and PCM. This reduction
in the interface is clear from the enhancement in the peak cur-
rent as indicated in (Figure 2(b)). The added nano particlesare
facilitating the electro-oxidation process there by permitting
the analyte to get to the surface of the electrode and take part
in redox reaction more conveniently, by diminishing the inter-
action between surface of electrode and PCM.
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Figure 2. Differential pulse voltammogram of 100 nm pcm in 0.1 m
pbs of ph 7.4 at (b) cuonps-mwcnts modified gce and (a) bare gce.
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Figure 3. Plot of variation of volume of cuonps-mwcnts suspension
with peak current.

3.3. Effect of Concentration of Nanoparticles

The consequence of quantity of CUONPs-MWCNTS sus-
pension on anodic peak current was investigated. Highest
oxidation peak current was obtained when 15 pl of suspen-
sion was employed for drop coating. The peak current in-
creased significantly with increasing the amount of the sus-
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pension till 15 pl and afterwards, peak current decreased
gradually and remain almost constant for higher concentra-
tions of the suspension (Figure 3).

This was owing to the fact that, at higher quantity the film
was thicker and that result in reduced conductivity which
results in decreased oxidation current. Therefore, 15 pl of
suspension was utilized for further studies. The effect of pH
was investigated from 8.0 to 5.8 using PBS, since pH of the
supporting electrolyte plays key role in the reactions which
take place at the electrode. The investigation indicated that,
the oxidation potential was shifted to lesser values with in-
crease in pH of the reaction medium. There was no signifi-
cant variation in peak current, but physiological pH was em-
ployed for further studies.
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Figure 4. Differential pulse voltammograms with increasing quan-
tities of pcm from (a) 9, (b) 20, (c) 40, (d) 60, (e) 80, (f) 120, AND (g)
160 nM AT CuONPS-MWCNTS Modified gce in pbs. inset: plot of
peak current vs concentration of Pcm.

3.4. Calibration Graph

To develop a detection method using voltammetry for the
estimation of PCM, DPV was used since the peaks are
sharper and well defined using pulse techniques with lower
background current. Using PBS as supporting electrolyte at
physiological pH, voltammograms were recorded with in-
creasing amount of PCM. The oxidation peak current rose-
linearly from 9.0 to 160 nM of PCM as shown in Figure 4.
The calibration plot was constructed (Inset Figure 4.) which

yields the equation Ip = 0.22 C + 3.58; R* = 0.996 (C is in
nM). It was also observed that, variation from linearity for
the higher quantity of PCM, due to the adsorption of analyte
or its product after electro-oxidation at the electrode surface.
Using the equations, 3s/m and 10s/m, the detection limit
and quantification limits were computed. The obtained detec-
tion limit and quantification limit are 5.06 nM and 16.88 nM
respectively. These acquired outcomes were matched up with
previously reported values and were tabulated in Table 1.

3.5. Reproducibility Study

To study the reproducibility of the fabricated electrode,
voltrammograms were recorded with 100 nM PCM at the
fabricated electrode, which was re-fabricated each time for
every several hours during a day. The relative standard devi-
ation (RSD) of 2.13% was found that for anodic peak current
for 12 number of runs. The reproducibility of results between
days was analogous to that of within a day at constant tem-
perature. However, the oxidation product was strongly ad-
sorbing on to the electrode and hence the electrode has to be
fabricated all over again after each run.

To substantiate the accuracy and precision of the above
developed process, the assay of PCM was carried out during
inter-day and intra-day. This was carried out at various
amounts of PCM, i.e., at 10, 80 and 150 nM. Using DPV,
voltammograms were recorded one time during a day (n = 8)
for five successive days for the inter-day analysis and under
alike state at the identical amounts of PCM (n = 8) for five
times during a day to compute assay in a day.

During a day assay, the accuracy values obtained were
+1.20%, #0.43%, and #0.75% for low, medium and high
concentrations levels with recovery values of 101.20%,
99.56% and 100.75%, respectively (Table 2). For inter-day
assay, the accuracy values of #0.60%, #0.53% and #0.58%
were got with recovery values of 99.40%, 100.53% and
99.42% for low, medium and high quantity of PCM, re-
spectively. The average precision values obtained werein the
range of 4.67% to 10.24% (Table 2). The precision and
accuracy values computed were within #15%, and are hence
within tolerable limits [25].

Table 1. Comparison of analytical parameters for the detection of PCM by voltammetry at various electrodes.

Electrode Method LDR (uM) LOD (uM) Ref.
ePAD DPV 1-60 0.2 13
AgNPs@HOOC-MWCNT@SPCE SWv 0.5-1000 0.24 14
Stv-CPE DPV 0.6-100 0.2 15
BGE DPV 5-150 0.2 16
Polyglycine-GCE DPV 0.5-75 0.03 17
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Electrode Method LDR (uM) LOD (uM) Ref.
SPCE SWv - 1.2 18
Guanine-GCE DPV 0.005-10 0.9 19
MWCNT/GO/Poly(Thr)/GCE DPV 3-140 0.16 20
ERGO-GCE DPV - 0.14 21
C-HAP-GCE DPV 0.01-1310 0.139 22
NiCoSalenA/CPE DPV 1.71-32.5 0.51 23
SDS/CuONPs-MWCNTs/GCE DPV 0.009-0.16 0.005 This work

ePAD - Electrochemical paper based analytical device; AgNPs — Silver nanoparticles; MWCNT — Multi walled carbon nanotubes; SPCE —
Screen printed carbon electrode; Stv-Stevensite; CPE- Carbon paste electrode; BGE — Bare graphite electrode; GCE — Glassy carbon electrode;
GO - Graphene oxide; ERGO — Elctrochemically reduced graphene oxide; HAP — Hydroxyapatite; NiCoSalenA - Nickel-Cobalt Salen-
nanozeolite; PGE — Pencil graphite electrode; NiZ — Nickel ion zeolite; LSG — Laser scribed graphene; CCE- Carbon cloth electrode; SDS —
Sodium dodecyl sulphate; LDR — Linear dynamic range; LOD — Limit of detection; DPV — Differential pulse voltammetry; SWV — Square
wave voltammetry

Table 2. Statistics obtained for PCM assay during a day and inter-day.

Quantity (nM) Estimated quantity (nM) Recovery (%) Accuracy (%) Precision(%RSD)
Intra-day
10 10.1240.42 101.20 +.20 6.13
80 79.6530.64 99.56 40.43 9.75
150 151.13£32 100.75 #0.75 5.32
Inter-day
10 9.9440.21 99.40 .60 10.24
80 80.4310.17 100.53 40.53 4.67
150 149.134.35 99.42 +).58 8.74
3.6. Detection in Pharmaceutical Formulations Table 3. Results computed for PCM assay in tablet dosage forms.

By following the identical conditions described above, the
assessment of the analyte was carried out. The stock solution
was: diluted _vvith doubly qistilled watfar so that PCM cochn— Labeled claim (mg) 500 650 500
tration fall in LDR and introduced into the cell containing
accurate quantities of PBS of pH 7.4. DPV runs were recorded ~ Amount found (mg)” 495 653 502
and standard addition method was used to compute the con- Added (nM) 140 140 140
centration of PCM in tablet samples. The computed results
were as shown in Table 3. It was found that, PCM concentra-
tions obtained by the present method were matching with the Recovered (%)"° 99.28 101.42  100.71
labeled claim.

Paracip®  Dolo? Pyrigestic

Found (nM) 139 142 141

®Name of tablets
PMean of six experiments
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4. Conclusion

In the present effort, a glassy carbon electrode was fabri-
cated with CuO nanoparticles-Multi walled carbon nanotubes
for the electro-oxidation and detection of PCM in PBS. The
fabricated GCE demonstrated electro-catalytic nature for the
electro-oxidation of PCM, as indicated by improvement in
anodic peak current. This modified electrode showed higher
sensitivity and good recovery values. The PCM present in
various pharmaceutical formulations were detected using the
developed method productively.

Abbreviations

CuONPs CuO Nanoparticles

GCE Glassy Carbon Electrode
MWCNTSs Multi-walled Carbon Nanotubes
PCM Paracetamol

PBS Phosphate Buffer Solution
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