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ABSTRACT

In this study the electrochemical behavior of GlyCPE was compared with bare CPE for
the determination of PCT using CV and DPSV. After cyclic voltammetric investigation of
the electrochemical behavior of paracetamol and dependence of peak current on scan
rate and pH; differential pulse stripping voltammetric method based on glycine modified
carbon paste electrode was developed for direct determination of paracetamol in
pharmaceutical tablet samples. In contrast to the peak potential at the unmodified
electrode, enhancement of the oxidative peak at a lower potential at the modified
electrode indicated a catalytic property of the modifier towards paracetamol oxidation.
While the observed peak potential shift with scan rate confirmed the irreversibility of the
reaction, comparable correlation coefficients for the dependence of peak current of
square root of scan rate and the slop of log v versus log I, indicated that the irreversible
oxidation reaction was diffusion controlled. The peak current response of the developed
method showed a linear dependence on the paracetamol concentration in the range 5 to
1000 uM. The recoveries from 90 to 106%, wide dynamic range, low limit of detection
(0.01 uM), and limit of quantification (0.04 uM). Good recovery results for spiked PCT in
tablet samples and selective determination of PCT in tablet formulations in the presence
of selected potential interferents such as ascorbic acid confirmed the potential
applicability of the developed method for the determination of PCT in real samples.
Finally, the proposed methods were applied for paracetamol determination in three
brands of pharmaceutical tablet samples such as Julphar aldol, Panadol adva, and Para
denk.

Keywords: paracetamol, tablet formation samples, glycine modified carbon paste

electrode, cyclic voltammetry, differential pulse stripping voltammetry.
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1. INTRODUCTION

Drug analysis is undertaken during various phases of pharmaceutical development [1],
such as formulation and stability studies, quality control (QC) and toxicology and
pharmacological testing in animals and man [2-4]. In hospitals, drug analysis is
performed on patient samples in support of clinical trials, i.e. bioavailability and
pharmacokinetic studies and in monitoring therapeutic drugs and drugs abuse [5, 6]. All
these investigations require reliable and validated analytical methods in order to measure
drugs in complex media such as formulation and biofluids.

PCT is an acylated aromatic amide that was firstly introduced in medicine by Von
Mering in 1893 as an antipyretic/analgesic. It has low toxicity when used at
recommended doses. The drug is of worldwide application for the relief of postoperative
pain as well as mild to moderate pain associated with headache, backache and arthritis [7-
9]. PCT is also known as an anticancer drug that tends to supplant aspirin for patients
who are allergic to aspirin. In the case of drug overdose, accumulation of toxic products
leads to severe kidney and liver problems [10, 11]. Nausea, vomiting, perspiration, and
tiredness are the other reported mal-effects of PCT overdose [12, 13].

Paracetamol (PCT) is one of the most common oral analgesics and antipyretics used for
the relief of fever, headache, menstrual cramps and other minor aches and pains [1], [14].
It is also useful in the management of more severe pains, where it allows lower dosages
of additional Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) or opioid analgesics to
be used, thereby minimizing overall side-effects [15].

Although PCT (Scheme 1) is renowned to have excellent safety profile at recommended
therapeutic doses, acute overdose or misused in at-risk populations is also known to
exhibit few side effects including fatal hepatotoxicity, often heightened with use of
alcohol [6], [13], [14]. Therefore, there is a clear need to find a sensitive and selective
analytical technique that enables to monitor the PCT content of the various sources

including pharmaceuticals and body fluids.
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Scheme 1 Chemical structure of paracetamol (acetaminophen).

Highperformance liquid chromatography [15, 16] spectrometry [17-19] and amperometry
[20-23] are among the reported methods for determination of PCT in real samples
including pharmaceutical formulations. Although most of them are standard methods due
to their high sensitivity and reproducibility, these conventional methods are also known
to have some limitations including high instrumental and analysis cost, skilled man
power, and most of them are not environmentally-friendly. In contrast to these
conventional analytical methods, electroanalytical methods offer remarkable sensitivity,
accuracy, and precision in addition to a large dynamic range, with relatively low
instrumentation cost [24, 25]. Thus, there is a clear need for development of suitable
electroanalytical methods for determination of PCT in various matrices. Voltammetric
techniques using modified electrodes have been reported [26-34] for determination of
PCT in pharmaceutical formulations.

1.1. Statement of the Problem

Paracetamol or acetaminophen (N-acetyl-p-aminophenol) is an acetylated aromatic
amide. It is commonly used as over-the-counter analgesic (pain reliever) and antipyretic
(fever reducer). It is generally used for the relief of headaches and other minor aches and
pains such as muscular aches, chronic pain, migraine headache, back ache, tooth ache,
and other aches and pains [7-9].

When administered combined with opioid analgesics, paracetamol can also be used to
alleviate more cruel pain such as post-surgical pain as well as offer palliative care in
advanced cancer patients. However, overdose and the chronic use of paracetamol produce

toxic metabolite accumulation that will cause nervousness, trembling, nausea, seizures,



insomnia, headaches, kidney and liver damages [10, 11]. Therefore, assessment of the
level of paracetamol content in any matrix containing paracetamol including tablet
formulation is crucial to introduce the possible side effects of overdoses.

To the best of our knowledge, no work has been reported on the application of glycine
modified carbon paste electrode (GlyCPE) for determination of paracetamol in tablet
formulations. Therefore, in this study very simple and cheap glycine modified carbon
paste electrode (GlyCPE) was conducted to determine PCT content in three brands of
tablet samples by using cyclic and differential pulse stripping voltammetric techniques.

1.2. Objective of the study

1.3. General objective
Investigate the electrochemical behaviors of paracetamol at glycine modified carbon

paste electrode.

1.4. Specific objectives

1. To investigate the electrochemical behavior of paracetamol at glycine modified
carbon paste electrode using cyclic voltammetric.

2. To determine the optimum pH of buffer solution needed for the study
ofparacetamol at glycine modified carbon paste electrode.

3. To study the effect of scan rate on the peak current and peak potential of
paracetamol at glycine modified carbon paste electrode.

4. To construct a calibration curve using standard paracetamol solutions.

5. To determine paracetamol in tablet using DPSV.

1.5. Significant of the study

The main significance of this study is to assess the PCT content of pharmaceutical tablet
samples available in markets and to create the awareness of negative effects of PCT on
human health. Thus, this study will contributed to the scientific community a precise and
accurate method for determining the PCT content in real samples characterization by

complex matrix.



2. LITERATURE REVIEW

2.1. Electrochemical Activation and Chemical Modification of Electrode

Chemical modification and surface treatment of a solid electrode is method to extensively
improve the electrochemical performance of the electrode. Especially, electrochemical
pretreatment is used for cleaning and activating surface of electrode. The surfaces of the
metal and carbon electrodes can be oxidized, and thus various kinds of oxygenous
groups, such as phenolic, quinoidal, and carboxyl functionalities,can be added on the
surfaces [35-37].

The goals of chemical modification are to acceleration electron transfer reactions at the
electrode surface, changing transport properties to the electrode surface, creating
selective membrane permeation, and interferent exclusion. However, its responses are
depend on the preparation method of the chemically modified electrode, and in particular,
factors such as surface coverage, film composition and morphology.
Electropolymerisation, chemisorptions, covalent (chemical) attachment (silanisation or
direct bonding), sol-gel encapsulation, physical adsorption, and the Langmuir-Blodgett
method (creating highly ordered monolayer films) can be employed to attach modifiers to

solid electrode surfaces [38].

2.2. Synthesis of Paracetamol

The original method for production of PCT involves the nitration of phenol with sodium
nitrate gives a mixture of two isomers, from which wanted 4-nitrophenol (bp 279 °C) can
easily be separated by steam distillation. In this electrophilic aromatic substitution
reaction, phenol's oxygen is strongly activating, thus the reaction requires only mild
conditions as compared to nitration of benzene itself (scheme 2). The nitro group is then
reduced to an amine, giving 4-aminophenol. Finally, the amine is acetylated with acetic
anhydride. Industrially direct hydrogenation is used, but in the laboratory scale sodium
borohydride serves [39, 40].
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Scheme 2 Synthesis of PCT from phenol in the laboratory

An alternative industrial synthesis developed by Hoechst-Celanese involves direct
acylation of phenol with acetic anhydride catalyzed by hydrogen fluoride, conversion of
the ketones to a ketoxime with hydroxylamine, followed by the acid-catalyzed Beckmann

rearrangement to give the amide (PCT)

2.2.1. Physical properties of paracetamol

PCT is a white, odorless crystalline powder with a bitter taste which melts at 169-171°c.
its solubility in cold water is 1.43g/100cm?, but it is much more soluble in hot water
(59/100cm®) and in ethanol (14g/100cm?). It is also soluble in acetone, chloroform,

methyl alcohol and alkali hydroxide, but insoluble in benzene and ether.



2.2.2. Chemical Properties of Paracetamol

Paracetamol is most stable in saturated aqueous solution. It is a moderately water and
lipid soluble weak organic acid with Pka value of 9.5 and is therefore largely unionized
over the physiological range of pH. The stability decreases in acidic or alkaline

conditions. It is slowly broken down in to acetic acid and p-aminophenol.

2.3.Electrochemical Methods

There are different types of electrochemical methods. Some of these methods are: cyclic
voltammetry (CV), square wave stripping voltammetry (SWSV), differential pulse
stripping voltammetry (DPSV) and linear sweep voltammetry (LSV). Cyclic voltammetry
and linear sweep voltammetry are the two commonly used potential sweep techniques
while differential pulse stripping and square wave stripping voltammetry techniques are
pulse techniques and they are renowned for determining heavy metals in food and water
matrices [41, 42].

To grasp electrochemistry, the following five important and interrelated concepts need to
be appreciated: (1) the potential of the electrode determines the form of the analyte
(reduced and oxidized form) at the surface of the electrode; (2) The concentration of
analyte at the surface of the electrode may not be the same as its concentration in bulk
solution; (3) The analyte may participate in other chemical reactions as well as reduction-
oxidation reaction; (4) current is a measure of the rate of oxidation or reduction of

analyte; and (5) we cannot control simultaneously current and potential [41].

2.4.Cyclic Voltammetric Technique

Cyclic voltammetry (CV) is a sweep technique in which potential is scanned positively
and negatively (oxidative scan and reductive scan). Hence, it is a better technique to

study the electrochemical behavior of analyte because the analyte is scanned twice [41].



Cyclic volltammetry is effective for it observes swiftly the redox behavior of analyte over
a wide potential range. Cyclic voltammetry consists of cycling the potential of an
electrode, which is immersed in a quiescent solution, and measuring the resulting current.
The potential of this working electrode is controlled versus a reference electrode such as
a saturated calomel electrode (SCE) or a silver/silver chloride electrode (Ag/AgCl). The
controlling potential which is applied across these two electrodes can be considered an

excitation signal [41].
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Fig.1: Cyclic Voltammetry

In the voltammetric techniques, the potential can be scanned in one direction, either to
more positive potentials or to more negative potentials. As it is shown above in figure
One, in cyclic voltammetry a scan is completed in both directions. Firstly, the potential is
scanned to more positive values, resulting in the following oxidation reaction for the
species

R [O+ne”



When the potential reaches a predetermined switching potential, the direction of the scan
is reversed towards more negative potential. Because oxidized species is generated on the

forward scan during the reverse scan it is reduced back to R [41].

O+ne” &—” R

2.5.Differential Pulse Voltammetry (DPV)

It is a voltammetric method that is used to make electrochemical measurements and it is
the derivative of linear sweep voltammetry or staircase voltammetry with a series of
regular voltage pulses superimposed on the potential linear sweep or stair steps [43, 44].
This technique is similar to normal pulse voltammetry except for two important
differences. The base potential is increased between pulses with equal increment. Current
is measured twice prior to applying pulse and at the end of the pulse. The difference
between the two currents is measured. Pulses that are superimposed on a potential ramp
have also been employed. For microprocessor control the staircase wave form is clearly
simple to put in to 13 operation. Since DPV is a differential technique, the response is
similar to the first derivative of a conventional VVoltammogram that is a peak. The peak
potential can be approximately identified with EI/2. With increasing irreversibility, E
moves away from EI/2 (reversible system), at the same time as peak width increases and
its height diminishes. The degree of reversibility of an electrode reaction is similar to that
observed in NPV [43].



potential

change in current

Fig. 2: Potential-excitation signals and voltammograms for differential pulse
polarography

2.6.Square Wave Voltammetry

Square wave voltammetry has exceptional versatility, which was invented by Ramaley
and Krause but has been developed extensively in recent years by the Osteryoungs and
their coworkers. It can be observed as combining the best aspects of several pulse
voltammetric methods, including the background suppression and sensitivity of
differential pulse voltammetry, the diagnostic Value of normal pulse voltammetry, and
the ability to interrogate products directly in much the manner of reverse pulse
voltammetry. It also gives access to a wider range of time scales than can be achieved by
any of the pulse polarographic techniques [45].

Square wave voltammetry is normally carried out at a stationary electrode; such as
HMDE, and involves the wave form and measurement scheme. As in other forms of
pulse voltammetry, the electrode is taken through a series of measurement cycles;
however there is 14 no renewal of the diffusion layer between cycles. Square wave
voltammetry has no true polarographic mode unlike NPV, RPV, and DPV [45, 46].
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Fig. 3: Potential wave form for square wave voltammetry

2.7.Stripping Voltammetry

Another important voltammetric technique is stripping voltammetry. There are three
types of stripping voltammetry. Namely: anodic stripping voltammetry, cathodic
stripping voltammetry and adsorptive stripping voltammetry. Anodic stripping
voltammetry is the most widely used technique and much emphasis is given to it. In
anodic stripping voltammetry, three types of potential are applied on the working
electrode. The first potential is the potential that can preconcentrate or bring the
electroactive species closer towards the electrode solution interface from the bulk of the
solution, the second potential is the potential that is strong enough to adsorb the analyte
or the electroactive species on the surface of the electrode and eventually the third
potential is scanned positively so that the analyte is stripped ofthe surface of the electrode
[41].
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2.8.Solvents and supporting electrolyte

In electrochemistry, according to an IUPAC definition, is an electrolyte containing
chemical species that are not electroactive (within the range of potential used) and which
has an ionic strength and conductivity much larger than those due to the electroactive
species added to the electrolyte. Supporting electrolyte is also sometimes referred to

as inert electrolyte or inactive electrolyte.

Supporting electrolytes are widely used in electrochemical measurements when control of
electrode potentials is required. The choice of the solvent is dictated primarily by the
solubility of the analyte and its redox activity, and by solvent properties such as the
electrical conductivity and electrochemical activity. The solvent should not react with the
analyte or products and should undergo electrochemically reaction over a wide potential
range. This is done to increase the conductivity of the solution (to practically eliminate
the so-called IR drop), to eliminate the transport of electroactive species by ion migration
in the electric field, to maintain constant ionic strength, to maintain constant pH, etc. The
inert supporting electrolyte may be an inorganic salt, a mineral salt, or buffer. Buffer
systems(such as acetate, phosphate, citrate, or BRB) are used when a pH control is
essential. The composition of the electrolyte may affect the selectivity of voltammetric
measurement. The supporting electrolyte should be prepared from a highly purified
reagent, and should not be easily oxidized or reduced [49].

2.9.Reference Electrodes

Voltammetric methods are those in which current passing in an electrochemical cell is
measured as a function of the potential applied to the working electrode. Potential, by
definition, is not something that can be directly measured. Rather, the measurement of
applied potential requires that a reference point first be established, and individual
potentials be measured relative to that reference point. This is accomplished by placing a
second electrode, called the reference electrode, in the cell and measuring potential as

the energy difference between the two electrodes. As Kissinger and Bott have perfectly
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expressed, “electrochemistry with a single electrode is like the sound of one hand
clapping”.

Reference electrodes should be constructed using half-cell components that are stable
over time and with changing temperature, present at well-defined values of activity. They
should possess fixed, reproducible electrode potentials. The reference half-cell with
which most of us are familiar is the standard hydrogen electrode (SHE), composed of an
inert solid like platinum on which hydrogen gas is adsorbed, immersed in a solution
containing hydrogen ions at unit activity. Tables of electrode potential values for many

redox couples relative to the SHE are commonly available.

Practical application of the SHE is limited by the difficulties in preparing solutions
containing H* at unit activity and maintaining unit activity for H, (g) in the half-cell. The
most commonly used reference electrodes for aqueous solutions are the saturated calomel

electrode (SCE), with potential determination by the reaction:

Hg,Cl,(s) +2e° — 2Hg(1) +2CI"

or the silver-silver chloride electrode (Ag/AgCl),with potential determination by the

reaction:

AgCI(s) + e — Ag(s) + CI'
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Fig. 4. Saturated Calomel Electrode (SCE) and Silver-Silver Chloride Electrode
(Ag/Agcl).

2.10. Working Electrode

The performance of the voltammetric procedure is strongly influenced by the working
electrode materials. The working electrode should provide high signal-to-noise
characteristic, as well as reproducibility response. Thus its selection primarily depends on
two factors: the redox behavior of the target analyte and the background current over the
potential region for the measurement. Other consideration includes the potential window,
electrical conductivity, mechanical property, cost, availability, and toxicity. The most

popular are those involving mercury, carbon or metals.
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2.11.Counter Electrode

The counter electrode, often also called the auxiliary electrode used in a three electrode
electrochemical cell for voltammetric analysis. The purpose of the auxiliary electrode
(AE) is to provide a pathway for current to flow in the electrochemical cell without
passing significant current through the reference electrode. There are no specific material
requirements for the electrode beyond it not adversely influencing reactions occurring at
the working electrode (WE). Remember that if a reduction occurs at the WE, there must
be an oxidation that takes place at the AE. Care should be taken that electrode products
formed at the AE do not interfere with the WE reaction. The AE can be physically
separated from the WE compartment using a fritted tube, but one should be aware that

under certain circumstances this can have a deleterious effect.

The most commonly used material for the auxiliary electrode is platinum, due to its
inertness and the speed with which most electrode reactions occur at its surface. Other,
less expensive materials may also be used as auxiliary electrodes. Choices
include carbon, copper, or stainless steel if corrosion is not an issue for a particular

electrolyte solution or reaction.

As discussed in the previous section on electrochemical cells, the AE should supply
current density and potential that is constant across the length of the WE. Many times this
means fashioning the AE such that it “mirrors” the shape of the WE, as is the case for a
rectangular WE being located near a rectangular AE of similar area. Wire is convenient
in that it can be coiled in a symmetrical arrangement around the WE. In some instances,
the electrochemical cell can be fashioned from the material chosen for the AE, and the

cell itself can serve that purpose.

2.12.Carbon Paste Electrodes (CPEs)

CPEs are among the most popular types of carbon electrodes which have been widely
used in electroanalysis, mainly due to such interesting properties as chemical inertness,

low cost, wide potential window and suitability for a variety of sensing and detection
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applications. The performance of the carbon paste electrodes depends on the properties of

the modifier materials used to impart selectivity towards the target species.

2.13.Chemically Modified Carbon Paste Electrodes (CMCPES)

The modification of CPE begins in 1964 with the fundamental studies on the placement
of a reagent onto the surface, to impart behavior of that reagent to the modified surface.
Such deliberate alteration can thus meet the needs of solution to many electroanalytical
problems.

There are various ways in which the CMCPE can benefit analytical applications. These
include the acceleration of electron transfer reactions, preferential accumulation or
selective membrane permeation. Such steps can impart higher sensitivity, selectivity or
stability.

CPE is chemically modified by means of various techniques. Some of the techniques
include direct mixing, the modifier can be dissolved directly in the binder or admixed
mechanically to the paste during its homogenization, soak graphite particles with a
solution of a modifier, and after evaporating the solvent use the impregnated carbon
powder (solvent volatilization) and the prepared pastes can be modified in situ [46].
Whereas direct modifications obviously provide special sensors for one purpose use, but
in situ approaches offer a possibility to employ the same carbon paste for repetitive

modifications with different modifiers.
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3. EXPERIMENTS

3.1. Chemicals

All chemicals that have been used in this experiment were of analytical grade. graphite
powder (Blulux), paraffin oil (BDH), paracetamol (Kenya, Ethiopia, Germany), K;HPO,
(98-101%, BDH, England), KH,POy(Titar, India), NaOH (Blulux, India), HCI (85%,

India), glycine (98.8%, India). Distilled water was used for solution preparation.

3.2. Apparatus and instruments

CHI 760 Electrochemical Workstation (Austin, Texas, USA), Nimbus analytical
electronic top loading balance (USA), pH meter Adwa, mortar and pestle with a three-
electrode system glycine modified carbon paste electrode as a working electrode,
platinum coil as a counter electrode, and Ag/AgCl as a reference electrode) was used for

voltammetric measurements.

3.3. Procedures
3.4. Preparation of unmodified and Modified Carbon Paste Electrode

3.4.1. Preparation of Unmodified Carbon Paste Electrode

Unmodified carbon paste electrode (UCPE) was prepared following a procedure that was
reported elsewhere [38, 52]. Briefly: graphite powder and paraffin oil were mixed in the
ratio 70:30, respectively (%ow/w). 1.0 g of graphite powder that was mixed with 0.429 g
(density = 0.88 gm™) of paraffin oil was homogenized thoroughly with a mortar and
pestle for 40 minutes. The mixture was then left for further 24 hrs. Finally, the carbon
paste was crammed in to a teflon tube by tapping and using copper wire to make

electrical contact

16



3.4.2. Preparation of glycine modified carbon pate electrodes (GlyCPE)

Four modified carbon paste electrodes were prepared. In preparing glycine modified
carbon paste electrode (GlyCPE), the mass of graphite powder was kept constant and that
of glycine was variable. The mass of the graphite powder that was taken was one gram.
One gram of graphite powder was added to each of four mortars. 0.5, 1.0, 1.5, 2.0 and 2.5
mg glycine was added in to the first, second, third, fourth and fifth mortar respectively.
The mixture was homogenized with mortar and pestle. After a mixture of glycine and
graphite powder has been homogenized, 0.429 g of paraffin oil was added to each mortar.
The fifth mortars containing a mixture of graphite powder, glycine and paraffin oil were
homogenized for 40 minutes one after the other. Each of the fifth mortars containing the
mixture was left for 24 hours. After 24 hours the carbon paste was crammed in to fife
teflon tubes by tapping and using copper wire. The purpose of adding paraffin oil was to
bind the graphite powder strongly

3.5. Preparation of supporting electrolyte

Supporting electrolyte of phosphate buffer solutions (PBS) were prepared by mixing
equi-molar (0.1 M) KH,PO, and K;HPOy in distilled water. The PBS of the required pH
was prepared by mixing appropriate volumes of the solutions followed by adjusting the
pH using drops of HCI (0.1 M) and NaOH (0.1 M).

3.6. Preparation of standard solution of paracetamol

33 mM stock solution of paracetamol was prepared by dissolving 0.5 g of paracetamol in
100 ml of pH 4.5 PBS. From the stock solution, while 0.5 mM paracetamol solution was
used for the cyclic voltammetric investigations, working solutions of different
concentrations of paracetamol (5, 10, 50, 100, 200, 300, 400, 500, 700, and 1000 uM) in
pH 6 PBS were prepared from 33 mM stock solution and 0.5 mM intermediate solution

through serial dilution.
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3.7. Tablet sample preparation

Paracetamol tablets of three brands; Adol Julphar (Ethiopia), Panadol adva (Kenya), and
Para-Denk (Germany) all labeled 500 mg PCT/tablet were purchased from a pharmacy in
Bahir Dar city for analysis of their PCT content using the developed method. Four
weighed tablets from each brand were powdered using mortar and pastel and
homogenized. 33 mM stock solution of PCT tablet was prepared by dissolving 0.5 g of
the powder in pH 4.5 PBS in each brand tablet. Furthermore, 0.5 mM working tablet
solution was prepared by dissolving 0.37 mL of the tablet stock solution in pH 6 PBS and
kept in a refrigerator for its PCT content analysis. To further validate the applicability of
the developed method for determination of PCT in real samples like tablet formulations

and recovery studies were conducted.
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4. RESULTS AND DISCUSSION

Cyclic voltammetric and differential pulse stripping voltammetric techniques were used
to investigate the electrochemical behaviors of paracetamol and determine paracetamol

content in tablet samples, respectively.

4.1. Cyclic Voltammetric Behaviour of PCT at Bare CPE and GlyCPE

Cyclic voltammetric behavior of 0.5 mM PCT at UCPE and GlyCPE was studied in 0.1
M PBS, pH 6.0 at a scan rate of 50 mV/s. Fig. 5 showed that PCT exhibit an irreversible
behavior in both electrodes. However, at GIlyCPE (Fig. 5b), an improved peak potential
difference and anodic current enhancement at the modified electrode confirmed the
modification of the electrode surface with a material that possesses electrocatalytic
activity towards the oxidation of PCT. Therefore, the addition of glycine in carbon paste

electrode could highly enhance the electrochemical performance of the electrode.
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Fig. 5: CVs of the UCPE (a) and the GIyCPE (b) recorded in 0.1 M PBS (pH = 6) in the
absence (dashed Line) and in the Presence of 0.5 mM PCT (solid lines) at scan rate of 50

mVs!
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4.2. Effect of Glycine(Gly) modifier on the peak current of paracetamol

The characterization of GIyCPE was investigated by using cyclic voltammery technique.
GlyCPE was prepared of different ratio by adding different amount of Gly in milligrams.
By increasing the amount of Gly from 0.5 mg to 1.5 mg in the carbon paste electrode, the
electrochemical oxidative peak current of 0.5 mM PCT was increased at 0.1 M PBS.

Further increase of Gly the current signal of PCT was decreases as shown in Fig. 6.
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0 .
— 259
.10
< ]
3 32 —
204 ] /
-304 .|
40 i ° 10 Glycine :odifier(%)zo ® i i i

02 00 02 04 06 08 10
E(v)
Fig. 6: CVs of different amount of Gly modifiers in PBS at 0.5 mM PCT. Inset Plot of
anodic peak current versus Gly modifiers

4.3. Effect of pH of PBS on the peak current and peak potential of PCT at

glycine modified carbon paste electrode

The effect of pH on the oxidation of paracetamole at GlyCPE was studied in the pH range
2,3,4,5,6,7,8and 9. The cyclic voltammograms of 0.5 mM of paracetamole in PBS of
various pH are shown in Fig. 7. As shown from the Fig. 8a, the anodic peak current of
PCT initially increases from pH 2.0 to 3.0 and become stable till 4.0 and decrease from
pH 4.0 to 5.0 then increases till pH 6.0 and then decreased at pH values beyond 6.
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Therefore, pH 6 was chosen as the optimum pH in the subsequent experiments which is

an agreement with the previous report [47].
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Fig.7: CVs of GIyCPE in PBS of different pH values (a-h: 3, 4, 5, 6, 7, 8, and 9,
respectively) containing 0.5 mM PCT. Scan rate 50 mVs™.
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Fig. 8: Plot of (a) oxidative peak current response versus pH and (b) peak potential as a
function of the pH of PBS solution containing 0.5 mM PCT
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The influence of pH on the peak potentials of paracetamole was also examined. With
increasing pH, the oxidative peak potential of paracetamol at GlyCPE shifted in the
negative potential direction indicating the participation of protons in the oxidation of
paracetamole at the surface of the modified electrode [39]. As can be observed from Fig.
8b, a linear relationship between the peak potential and solution pH with a linear equation
and correlation coefficient of Ep, (mV) = 803.5 — 35.1/pH and R? = 0.998, respectively
was obtained.

As paracetamol oxidation is known to involve two protons and two electrons, the slope
would be expected to be 59-60 mV/pH. The 35 mv/ pH slope obtained in the present
studies indicates that the electrode process is more complex and is caused by the fact that
small quantity of PCT is oxidised to N-hydroxy acetaminophen [48]. Therefore this study
was shown that electrode reaction process was more number of electron and small

number of proton participated in the oxidation.

OH
(1)

Scheme 3. Electrochemical oxidation of PCT

4.4. Effect of scan rate on the oxidative peak current of paracetamol at glycine
modified carbon paste electrode

In order to investigate the reversibility of PCT and type of reaction kinetics its
reaction at the GIyCPE, the effect of scan rate on the peak potential and peak current
was studied in the range 10-200 mVs™. The observed peak potential shift in the
positive direction with increasing scan rate confirms irreversibility of the oxidation
reaction of paracetamol at the modified electrode with increasing scan rate shown in
Fig. 9.
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In order to investigate whether the oxidation Kinetics of paracetamol at GlyCPE is
predominantly diffusion controlled or surface confined process, the dependence of
peak current on square root of scan rate was studied. The high correlation coefficients
for the dependence of peak current on the square root of scan rate (Fig. 10) indicated
that the involvement of diffusion mode of mass transport. Therefore, according to the
Nernst- equation a better correlation coefficient for the linearity of the dependence
peak current on the square root of scan rate shows the oxidation Kinetics is
predominantly diffusion controlled [49, 50].

The logarithm of peak current versus logarithm of scan rate was also plotted for PCT
in order to decide wither the electrode reaction process is diffusion or adsorption
controlled. As shown in the (Fig. 11) the slope (0.45) of log Iy, versus log v was
more close to 0.5 indicated that the electrode reaction process is diffusion controlled

[40].

Generally correlation coefficient of curve between peak current versus square root of
scan rate (Fig. 10) and the slope of log Iy, versus log v (Fig. 11) suggesting that the

oxidation reactions of PCT compounds at GlyCPE, are diffusion-controlled process.
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Fig. 9: CVs of GIyCPE in pH 6 PBS containing 0.5 mM PCT at various scan rates (a—k:
10, 20, 40, 50, 60, 80, 100, 125, 150, 175, and 200 mV s™, respectively)
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Fig. 10: Plot of peak current versus square root of scan rate
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4.5. Effect of concentration

The Fig. 12 shows the cyclic voltammograms at GlyCPE of PCT with different
concentration (10-1000 M) in 0.1 M PBS of pH 6 at scan rate 50 mVs™. The anodic
current of PCT was increase with increase in concentration. Therefore GIyCPE shows
good selectivity and sensitivity in the electrochemical studies of PCT. The plot I, versus
concentration of PCT gives correlation co-efficient value of 0.9962 as in Fig. 13. This
revealed that good linearity. The detection limit of PCT at GIyCPE was 0.18 uM. The
detection limit was calculated by using the formula (1) at (n=8) [51] where S is the
standard deviation and M is the slope obtained from the calibration curve.

LOD = 3S/M---mmmmmmm oo -- (1)
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Fig. 12: CVs of glycpe in pH 6 PBS containing various concentrations of PCT (a-g: 10,
50, 100, 200, 400, 700, and 1000 uM, respectively)
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Fig. 13: plot of oxidative peak current versus concentration of PCT

4.6. Differential pulse stripping voltammetric investigation

The electrochemical oxidation of paracetamole at glycine modified carbon paste
electrode was studied using differential pulse stripping voltammetry. Fig. 14 represents
the differential pulse stripping voltammograms of GlyCPE in pH 6 PBS in the absence
(@ and in the presence (b) of 0.5 mM paracetamole. No peak is observed at the
voltammogram of GlyCPE in PBS solution while there is an irreversible oxidative peak

in the presence of paracetamol.
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Fig. 14: DPSVs of GIyCPE in pH 6 PBS solution containing (a) no PCT and (b) 0.5 mM
PCT.

Since the kinetics of the oxidation of paracetamol at GIyCPE is diffusion controlled, the

potential accumulation (E4c) and accumulation time (tacc) were optimized.

4.7.0ptimization of Deposition parameters

4.7.1. Deposition potential (Eacc) and Time (tac)

The effect of accumulation potential and time on the magnitude of peak current response
of GlyCPE for 0.5 mM paracetamole was investigated. The effect of accumulation
potential (Eacc) over the potential range of 400 to 650 mV on the oxidative peak current of
PCT at a constant accumulation time of 30 s, the resulting voltammograms are (not
shown). As can be seen from the Fig. 15a, the peak current increased with increasing the
accumulation potential from 400 to 500 mV. A peak current decrease was observed at
accumulation potentials higher than 500 mV and hence, a preconcentration potential of

500 mV was taken as the optimum accumulation potential throughout the present work.
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Fig. 15: Plot of oxidative peak current of 0.5 mM PCT solution versus (a) accumulation
potential and (b) accumulation time. Scan rate: 50 mV/s and pulse amplitude: 50 mV

The effect of accumulation time on the peak current of 0.5 mM paracetamol in pH 6 PBS
using GlyCPE was studied by varying the time from 3 to 50 s at accumulation potential
500 mV, pulse amplitude 50 mV and scan rate 50 mVs™. The resulting voltammogram
are (not shown).

As can be seen from the Fig. 15b, the peak current increased with increasing the
accumulation (deposition) time until it reached its maximum at 5 s. An accumulation time
longer than 5 s, the peak current was decrease which could be ascribed to the saturation
of the electrode surface. Thus, an accumulation time of 5 s was selected as an optimum

(deposition) time for this work.
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4.8. Linear Range and Limit of Detection

Under the optimum experimental conditions (pH, accumulation potential (Eacc),
accumulation time (tacc), pulse width, amplitude, and pulse period of: 6.0, 0.5 V, 5 s,
0.025 s, 0.05 V, and 0.05 s respectively), the dependence of oxidative peak current on the
concentration of PCT and the inherited sensitivity of the method was investigated in the
concentration rang 5-1000 uM. Fig. 16 shows the back ground corrected differential
pulse striping voltammograms of various concentrations of PCT in pH 6 PBS at the
GlyCPE. The oxidative peak current increases with increase the concentration of
paracetamol.

The dependence of peak current as the function of the concentration of paracetamol is
shown in Fig. 17. The liner regression equation and correlation coefficient were found to
be lpa (MA) = 6.04 + 0.26 C (uM) and R%= 0.999, respectively. The limit of detection
(LOD) and limit of quantification (LOQ) calculated using the equation (1) and (2) were
0.012 uM and 0.043 uM respectively.

LOQ = 10S/M------------- e e s ----2

Where s is the standard deviation of the blank (n =9) and m is the slope of the calibration

curve.
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Fig. 16. DPSVs of GIyCPE in pH 6 PBS containing various concentrations of PCT (5, 10,
50, 100, 200, 300, 400, 500, 700, and 1000 uM, respectively)
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Fig. 17: Plot of oxidative peak current versus concentration

4.9. Determination of PCT content in tablet sample

The selectivity and the accuracy and hence the validity of the GIyCPE for the
determination of PCT in real samples were demonstrated by evaluating its application for
the determination of PCT content in some pharmaceutical tablets. In this study, three
brands of paracetamol tablets (Panadol adva Kenya, Julphar aldol Ethiopia, Para denk
Germany) available at a local pharmacy were analyzed for their labeled paracetamol
contents.

Fig. 18 presents the differential pulse stripping voltammogram for the studied three
tablet brands, the detected PCT content in each brand tablet and hence the percent
detected relative to the theoretical label and corresponding tablet mass are summarized in
Table 1. In each of the three brands of tablet sample 55 uM PCT were prepared following
the procedure under the experimental section. Table 1 presents the detected paracetamol
content of each brand of tablet calculated using the regression equation compared against
the theoretically expected paracetamol content as per to the label. As can be seen from
the Table 1, the method enabled to detect paracetamol in the range of 97.6 to 103 % of

what is expected. The deviation of the detected from the expected may be accounted for
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either low efficiency of the method used or inconsistency of the factories to maintain the

paracetamol content per tablet during production.
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Fig. 18: DPSVs of GIyCPE in pH 6 PBS containing in three brands of paracetamol

tablets (Ethiopia, Germany, and Kenya).

Table 1: Summary of detected paracetamol content per tablet sample using the method

compared with expected PCT content

Tablet Nominal Detected PCT* Declared PCT content | %

sample PCTcontent uM mg/tablet in mg per tablet detected
(1M)

Panadol Adva | 55 53.69 | 488 500 97.6

(Kenya)

Adol Julphar | 55 54.3 | 493 500 98

(Ethiopia)

Para Denk 55 57 518 500 103

(Germany

*mean of triplicate measurement
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4.10. Recovery and Interference study of the developed method

To evaluate the accuracy of the developed DPSV method for its applicability for
determination of paracetamol in real sample where matrix effect could be pronounced,
recovery studies for spiked paracetamol in tablet sample solution was conducted. For this
purpose, the three brand tablet sample solution of paracetamol content of the tested
brands was selected. From each brand two tablet solutions of 0.11 mL paracetamol
content were prepared to one of which, 33 uM of standard paracetamol was spiked while
the other unspiked. The resulting voltammogram are shown in Fig. 19. Recovery results
in the range of 90 to 106 %, indicated excellent accuracy and precision of the developed
method [52, 53]. From this, it could be concluded that the low paracetamol content
detected in the paracetamol brands of Panadol Adva (Kenya) tablets (Table 1) is not due

to low performance of the method but due to lower paracetamol content than the labels.
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Fig. 19: DPSV of pH 6 PBS containing (a) KEN, (b) ETH, (¢) GER PCT tablet
solution, (d) a + 33 uM, (e) b + 33 uM, and (f) ¢ + 33 uM standard PCT
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Table 2: Percentage recovery of PCT from pharmaceutical tablets using GlyCPE

Tablet brand Present Added PCT | Expected Detected % Recovery *
PCT(uM) | (uM) PCT (uM) | PCT (uM)* | %RSD

Adol Julphar 142 33 175 176 103 £ 0.52

(Ethiopia)

Panadol Adva | 142 33 175 172 90 £ 0.86

(Kenya)

Para Denk 144 33 177 179 106 £ 0.23

(Germany

*mean of triplicate measurement.

To further elaborate the potential applicability of the method, the selectivity of the

method for PCT in the presence of potential interference was studied. For the interference

studies ascorbic acid were selected. The effect of each selected potential interferent was

investigated at various concentrations of the interferents added to 100 uM PCT. The

voltammograms are shown in Fig. 20. As can be observed from Table 3, the presence of

different concentrations of ascorbic acid with a fixed concentration of PCT did not

significantly affect the peak current response or concentration of PCT.
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Fig. 20. DPSVs of pH 6.0 PBS containing (a) Para Denk (Germany) PCT tablet solution,
(b)a+ 50 uM AA (c) a+ 100 uM AA
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Table 3: Interference study of PCT with different concentrations of Ascorbic acid

Tablet Initially present | Added AA | Expected PCT | Detected %
brand PCT uM (LM) (uM) PCT(uM)* | detected
Para Denk | 100 - 100 98.644 -
(Germany | 100 50 100 100.16 100.16
100 100 100 97.79 97.79

*mean of triplicate measurement

4.11.Performance of the developed method compared to reported works

The performance of the developed electrode in this work was compared with selected

previously reported electrodes in terms of the linear range, limit of detection, nature of

the substrate and cost of material used for modification. As can be seen from Table 4, the

present electrode showed the list limit of detection except the electrode modified with

palladium which is has toxic effect on human health. Therefore, the glycine modifier

showed a comparable performance even with the methods that have used expensive

otherwise toxic electrode modifiers.
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Table 4: Comparison of proposed technique with others

Electrode Detection Techniques | Reference
limit (uM)

MCPE/PR 0.53 DPV [47]
Graphite and polyurethane screen-printed DPV [56]
composite electrode 1.6

Bi,O3/GCE 0.2 DPV [49]
DLC:VAMWCNT 0.367 SWV [55]
MWCNT/TiO2/GCE 11.77 cV [21]
Poly(AHNSA)/GCE 0.79 SWV [54]
Palladium/GO 0.0022 DPV [20]
Poly(taurine)/TiO2-Gr/GCE 0.5 DPV [57]
Glycine/CPE 0.012 DPSV This work
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5. CONCLUSIONS

Cyclic voltammetric investigation of PCT at CPE and GlyCP revealed an irreversible
oxidation peak over the studied potential window. While the peak potential shift with
scan rate confirmed the irreversibility of the reaction, peak potential shift with pH
also indicated the involvement of protons in the oxidation process. In contrast to the
unmodified carbon paste electrode, glycine modified carbon paste electrode showed
catalytic property towards oxidation of PCT. A differential pulse stripping
voltammetric method using the glycine modified carbon paste electrode was used for
determination of PCT even in a tablet formulation with a complex matrix. Wide
dynamic concentration range, low detection limit, excellent recovery results and
hence accuracy, high recovery results demonstrating its precision validated the
applicability of the developed method for determination of PCT in tablet samples.
Detected paracetamol content of the studied three brands of tablet samples were in the
range between 97.6 % - 103% of what is the difference expected according to the
label might be ascribed to possible matrix difference among the factories or failure of
the companies in maintaining the 500 mg/tablet description.
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