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Abstract

Poly (DL-valine) modified multiwalled carbon nanotube paste sensor (PVLMCNTPS) was
prepared by electro-polymerization route. PVLMCNTPS and bare multiwalled carbon
nanotube paste sensor (BMCNTPS) morphologies and sensing properties for cetirizine (CTZ)
were confirmed through a field emission scanning electron microscope (FE-SEM) and
electrochemical studies, respectively. In contrast to BMCNTPS, PVLMCNTPS surface
composite creates an electrocatalytic impact on the oxidation of CTZ. PVLMCNTPS
properties were optimized using parameters such as accumulation time, number of
polymerization cycles, solution pH, and scan rate. The optimized PVLMCNTPS was applied
for the determination of cetirizine in 0.1 M phosphate buffer solution (PBS) of pH 7.0, using
cyclic voltammetry (CV). It is shown that PVLMCNTPS provides analytical linearity from 2.0
to 80 uM, with detection limit of 0.11 uM for CTZ determination. PVLMCNTPS was found
highly selective for CTZ in presence of some interfering organic molecules. The stable and
selective PVLMICNTPS was applied for CTZ determination in pharmaceutical pills with
satisfactory results.

Keywords
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Introduction

Cetirizine (CTZ) is an antihistamine drug which is usually prescribed for allergic symptoms like
running nose, itching, hives, watery eyes, body ache, etc. It acts as an allergy reliever by blocking
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histamine which is produced during allergic reactions in the human body. The overdose of CTZ can
trigger many adverse effects such as stomach pain, tiredness, vomiting, diarrhea, drowsiness, etc.,
while in serious conditions, one may experience breathlessness [1-5]. Therefore, it is significant to
develop the analytical tool for determination of CTZ drug. Drug testing and analysis are important
in the quality and quantity control of pharmaceutical utilities, and therefore, fast, simple and
effective analytical methods are required for the analysis of drug molecules [6]. There are many
methods previously used for CTZ determination such as electrophoresis [7], high performance liquid
chromatography [8], spectrophotometry [9], HPLC/MS [10], spectrofluorimetry [11], and
electrochemical methods [12,13]. All these methods, except electrochemical methods, have some
drawbacks like time consuming, requirements for more organic solvents and reagents, and experts
for handling, and also inclusion of complicated and expensive procedures [14]. Nowadays, the field
of interest has been focused on electrochemical devices and their applications, almost due to their
benefits like low cost, simple sample preparations, low consumption of reagents and analytes, fast
testing time, and portability with high sensitivity [15-20].

Looking from the aspect of materials for electrochemical sensors, one must mention multiwalled
carbon nanotubes (MWCNTs). MWCNT is the widely used allotropy of carbon material for different
applications including sensors, supercapacitors, drug delivery platforms, electronic chips, fuel cells,
energy storage devices, additives in polymers, flat panel display, charge-discharge tubes, etc. [21-24].
To further improve their usefulness, MWCNTSs are frequently modified. The high utility of modified
MWCNTs is due to their enhanced electrical, thermal, mechanical, electronic, and stability
properties [25-27]. Different modification techniques such as surfactant immobilization, electro-
polymerization, etc. have already been reported. Modification of a sensing electrode is usually
performed to improve the sensing properties of electrodes [28-35].

In the present work, bare multiwalled carbon nanotube paste sensor (BMCNTPS) is coated with
poly (DL-valine) through electro-polymerization. The formed poly (DL-valine) multiwalled carbon na-
notube sensor (PVLMCNTPS) is used as a sensing surface for the determination of CTZ in real samples.

Experimental

Instruments

Model CHI-6038 potentiostat (procured from USA) connected with three-electrode arrangement
and a computer was used for all voltammetric measurements. The three-electrode system included
a working electrode (PVLMCNTPS/BMCNTPS), a counter electrode (platinum wire) and a reference
electrode (Hg/Hg:Cl>). All measurements were performed at laboratory temperature (27 + 2 °C).

Chemicals and preparations

Riboflavin (RF), paracetamol (PC), and DL-valine (VL) were procured from Molychem, India.
Cetirizine (CTZ) is procured from TCl Japan. Multiwalled carbon nanotubes were received from Sisco
Laboratories LTD, Mumbai, India. The remaining chemicals were of AR grade. CTZ, RF, PC (10* M)
standard solutions were prepared using distilled water. Phosphate buffers standards of different pH
were prepared by mixing Na;HPO4 (0.1 M) and NaH;PO4 (0.1 M).

Sensors preparation

BMCNTPS material was prepared by physical mixing of multiwalled carbon nanotubes and
silicone oil in a proportion of 60:40 for 20 min. The obtained uniform paste was filled into the cavity
of Teflon rod pre-inserted with copper wire for electrical connection. Surface of electrode was
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polished with a tissue to provide uniform surface and to avoid disturbance in electrochemical
measurements.

Results and discussion

Preparation of PVLMCNTPS through electro-polymerization

Electrochemical polymerization on BMCNTPS was performed by the potential scanning in PBS (pH
5.5, 0.1 M) containing 1.0 mM DL-valine in the potential window -0.2 to 1.7 V with a scan rate of 0.1
V/s (Figure 1a). As the number of scanning cycles passed, CV curves sloped down at positive potentials.
This shows the formation of a polymer layer on electrode surface. The number of polymerization scans
can affect the electrode properties, and so it was optimized by varying cycles from 5-20 as shown in
Figure 1b. Five CV cycles were fine-tuned for CTZ sensing, while after 5 cycles the CV shape and peak
current values declined. The structure of electro-generated poly (DL-valine) is shown in Figure 1c.
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Figure 1. (a) Electrochemical polymerization of VL (1.0 mM) at BMCNTP surface in 0.1 PBS, pH 5.5 with scan
rate 0.1 V/s; (b) peak current values of CTZ response against the number of polymerization cycles; (c)
structure of electro-generated poly (DL-valine) film on BMCNTP electrode surface.

Surface characterization of sensors

Figure 2 presents FESEM images of BMCNTPS and PVLMCNTPS surfaces, where rather different
surface textures can be clearly seen. Whereas BMCNTPS shows arrangement of carbon layers with
nanotubes on the surface, PVLMICNTPS provides a porous and fibrous morphology due to poly
(DL-valine) layer growth on BMCNTPS.
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Figure 2. FESEM images of (a) BMCNTPS and (b) PVLMCNTPS.

Electrochemical characterization and calculation of effective surface area

Electrochemical characterizations of BMCNTPS and PVLMCNTPS were performed in 0.1 M KCl
containing 2.0 mM [Fe(CN)s]37/# redox system using CV at 0.1 V s’ scan rate, as depicted in Figure 3.
BMCNTPS surface interaction with [Fe(CN)s]3*/* gives poor current signals with higher separation of
peak potential values (AEp). At the other side, PVLMCNTPS gives higher current response with lower
AE, upon interaction with Fe(CN)e]>/*. The surface area of BMCNTPS and PVLMCNTPS was
determined using Randles-Sev¢ik formula [36]:

I = Kn32ADY2Co M2 (1)

Here, K is the constant equal to 2.69x10° (C mol™ V12), |, is peak current (A), n is the number of
transferred electrons, A is effective surface area (cm?), D is diffusion coefficient (cm? st), vis voltage
sweep rate (Vs), and Co is concentration of [Fe(CN)s]3*’* in mol cm?3. Using n=1 and
D =7.6x10°%cm?/s for [Fe(CN)s]>*’*, the calculated effective surface area of BMCNTPS and
PVLMCNTPS was 0.034 and 0.13 cm?, respectively for 2 mol cm= [Fe(CN)s]3/*.
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Figure 3. CV responses (0.1 V/s) of BMCNTPS (curve a) and PVLMCNTPS (curve b) in
0.1 M KCI containing 2 mM [Fe(CN)s]*"*.

Electrochemical oxidation of CTZ

CV behavior of CTZ (0.1 mM) was tested at BMCNTPS and PVLMCNTPS in PBS (0.1 M, pH 7.0) at
the sweep rate 0.1V s}, as exhibited in Figure 4. The curve a in Figure 4 represents CV of PVLMCNTPS
for blank solution. Both BMCNTPS (curve b) and PVLMCNTPS (curve c) detect CTZ oxidation.
BMCNTPS recognizes CTZ at the oxidation potential of 0.89 V with poor current response, while
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PVLMCNTPS gives two superior signals at 0.765 V and 0.888 V. At PVLMCNTPS, the current signal is
five times higher and over-potential is reduced by 15.1 % compared to BMCNTPS. Since CV of CTZ
does not show a peak in the reverse scan, the CTZ process is considered irreversible.
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Figure 4. CV responses (0.1 V/s) of CTZ (0.1 mM) in 0.1 M PBS of pH 7.0 at PVLMICNTPS (curve c) and
BMCNTPS (curve b) against blank solution at PVLMCNTPS (curve a).

Effect of accumulation time

Accumulation of analyte on electrode surface influences the electrode performance. The effect
of accumulation time (0-60 s) on CTZ (0.1 mM) detection at PVLMCNTPS was analyzed in 0.1 M PBS,
pH 7.0, as shown in Figure 5. The maximum current signal is achieved at 10 s, whereas for further
increases of accumulation time, peak currents were decreased. This is probably due saturation in
accumulation of analyte on the sensor surface. Hence, 10 s of accumulation was optimized for
further measurements.
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Figure 5. Effect of accumulation of time on CTZ (0.1 mM) detection at PVLMCNTPS in
0.1 M PBS, pH 7.0 at 0.1 V/s scan rate.
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Sweep rate effect

Influence of the potential scan rate was carried out in order to elucidate the kinetics of the
process at the electrode-analyte interface. CVs as functions of sweep rate (0.100-0.250 V/s) were
recorded for CTZ oxidation in 0.1 M PBS, pH 7.0, as shown in Figure 6a. The peak current values of
CTZ oxidation are increased with the change in the scan rate, while peak potential values are shifted
towards more positive side. The plots of peak current vs. square root of the scan rate (Figure 6b),
and log /pa against log scan rate (Figure 6c) give clear evidence for diffusion process as per following
equations:

I, = 4.47x10° +1.3467x10* 12 R=0.99 (2)

log 1,=0.56 log v+ 2.12 R=0.99 (3)

The number of electrons involved in the electrochemical oxidation of CTZ is calculated using the

following equation [37]:

Lo RT

E = +— iy (4)
(1—a)nF

where n is number of electrons involved, R is gas constant (8.314 J K*mol™?), T is temperature, Fis
Faraday’s constant (96,485 C mol?) and « is coefficient of charge transfer, assumed to be 0.5 for
irreversible behaviour [38]. The number of electrons transferred for CTZ electro-oxidation was
found to be 1.027 = 1. The electron transfer mechanism of CTZ oxidation is sketched in Scheme 1.
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Figure 6. (a) CV responses at different sweep rates (0.100-0.250 V/s) for CTZ (0.1 mM) at
PVLMCNTPS in 0.1 M PBS, pH 7.0; (b) plot of peak current vs. V//?; (c) plot of log Ipq vs. log v.
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Scheme 1. Electron transfer mechanism of CTZ oxidation.
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According to the given mechanism of CTZ oxidation, the electrochemical sensing is strongly
affected by pH of the supporting electrolyte. The effect of pH changes from 5.5 to 7.5 on the sensing
of CTZ (0.1 mM) in 0.1 M PBS at PVLMCNTPS is represented in Figure 7a. Obviously, the maximum
anodic peak current (/pa) of CTZ oxidation was obtained at pH 7.0. Hence, PBS with pH 7.0 was chosen

for further experimentation. As shown in Figure 7b, the plot of peak potential (Eya) against buffer
pH is found linear according to the following equation:

Epa =1.126 +0.051 pH
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Figure 7. (a) CV responses (0.1 V/s) of CTZ (0.1 mM) at PVLMCNTPS in 0.1 M PBS of different pH (5.5-7.5);

(b) graphical plot of peak potential vs. pH.
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From the linear plot in Figure 7b, the slope was estimated to be 0.051, which is near the
theoretical slope of 0.059. This strongly suggests that the electrochemical oxidation of CTZ at
PVLMCNTPS involves equal number of electrons and protons.

Construction of calibration plot

In order to determine the analytical performance of sensor, the effect of different concentrations
of CTZ were studied by CV and shown in Figure 8a. As presented in Figure 8b, peak currents
increased linearly with increase of the concentration of CTZ in the range 2.0-80 uM. The linearity of
curve is described as: I, / A =9.68x10°+ 0.223 M with R = 0.99. The detection limit (LOD) and limit

of quantification (LOQ) values were found to be 0.11 uM (3 S/N) and 0.372 uM (10 S/N) [39], with
sensitivity of 0.223 A/M.
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Figure 8. (a) CV responses (0.1 V/s) for CTZ concentrations from 2.0-80 uM at PVLMCNTPS in
0.1 M PBS, pH 7.0; (b) calibration plot of CTZ.

Table 1 presents a comparison of detection limit (LOD) values for CTZ determination of here
proposed PVLMCNTPS with already existing sensors described in the literature [40-44]. It is clear
that the obtained result for PVLMCNTPS is comparable with previous literature results.

Table 1. Comparison of obtained LOD values for CTZ determination at PVLMCNTPS with literature data on
other electrochemical sensors.

Electrochemical sensor LOD, uM Method of analysis Reference
Glassy carbon electrode modified with
multiwalled carbon nanotubes
Glassy carbon electrode 4.5 Differential pulse voltammetry [41]
Square-wave adsorptive anodic

0.071 Cyclic voltammetry [40]

Carbon black / Glassy carbon electrode 04 - [42]
stripping voltammetry
Pre-treated graphite pencil 0.16 Square wave voltammetry [43]
Multi-walled carbon nanotube and . _— . .
. . . Adsorptive stripping differential
platinum nanoparticles nanocomposite 0.058 [44]
o pulse voltammetry
modified carbon paste electrode
PVLMCNTPS 0.118 Cyclic voltammetry Present work

Resolution of CTZ in presence of riboflavin (RF) and paracetamol (PC)

CV responses showing resolution of oxidation peaks for 0.1 mM of CTZ, RF and PC at BMCNTPS
(dashed line) and PVLMCNTPS (solid line) are depicted in Figure 9. The BMCNTPS shows oxidation
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peaks for CTZ, RF and PC at 0.913, -0.592 and 0.456 V with low current responses. PVLMCNTPS,
however, exhibits enhanced current signals, showing clear peak separation for CTZ, RF and PC at
0.771,-0.472 and 0.332 V, respectively. This ultimately shows that analysis of CTZ in the mixture is
more feasible at PVLMCNTPS than BMCNTPS.
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Figure 9. CV responses (0.1 V/s) showing simultaneous separation of RF, PC and CTZ (0.1 mM)
oxidation peaks at PVLMCNTPS (solid line) and BMCNTPS (dashed line) in 0.1 M PBS, pH 7.0.

Stability and reproducibility

Reproducibility was tested at three newly formed PVLMCNTPS, where the results of CTZ
determination were obtained with relative standard deviation (RSD) of 1.24 %. This RSD result shows
good reproducibility of the prepared sensor. The stability of the proposed sensor was examined by
keeping the sensor in a dry place for 24 hours prior CTZ detection. Even after 1 day of standing, the
sensor provided 93.15 % current retention for CTZ determination. This clarifies good storage stability
of the proposed PVLMCNTPS.

Selectivity

To test reliability of the proposed PVLMCNTPS, the binding selectivity for 0.1 mM CTZ detection
in presence of various organic molecules such as ascorbic acid (AA), glucose (GU), riboflavin (RF),
paracetamol (PC), ciprofloxacin (CF), oxalic acid (OA), anthrone (AN), rhodamine (RH) (0.1 mM) was
tested in 0.1 M PBS using CV technique. Figure 10 shows the change of peak potential (E,) value of
CTZ oxidation with addition of 0.1 mM of each organic molecule. The results in Figure 10 suggest no
significant interference of these organic molecules for CTZ detection, confirming thus the specificity
of PVLMCNTPS.

Signal change, %

AA AN CF GU OA RF RH PC
Organic molecules

Figure 10. Graphical representation of effect of different organic molecules for detection of CTZ at PVLMCNTPS
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CTZ tablet sample analysis

To examine the practicability of the proposed strategy, PVLMCNTPS was utilized to detect CTZ
concentration in CTZ tablets. CTZ tablets were firstly powdered uniformly using mortar and then 0.1
mM CTZ solution was prepared using tablet powder. The analysis is performed in 0.1 M PBS, pH 7.0
using the standard addition method. The results are given in Table 2, showing that CTZ recovery in
the pharmaceutical product is obtained between 90-102.4 %.

Table 2. Real sample CTZ analysis and recovery at PVLMCNTPS.

Sample Amount of CTZ Added, uM Amount of CTZ Found, uM Recovery, %
8.0 7.20 90.0
CTZ tablet 10.0 9.71 97.1
20.0 20.48 102.4
Conclusions

A simple and effective sensor for CTZ detection was prepared by electrochemical polymerization
of DL-valine on the surface of multiwalled carbon nanotube paste sensor. The sensor modified by
poly (DL-valine) has strong affinity towards CTZ molecules as compared to the unmodified sensor.
The proposed CTZ sensor provides low detection limit of 0.11 uM with good linear range of
concentrations within 2-80 uM. These results are either similar or even better than those obtained
by already existing methods. Moreover, the proposed sensor is found stable, reusable, and specific
for CTZ detection in presence of other interfering organic molecules, and also, very efficient for
routine pharmaceutical analysis.

Acknowledgement: We gratefully acknowledge the financial support from VGST, Bangalore under
Research project. No. KSTePS/VGST-KFIST (L1)2016-2017/GRD-559/2017-18/126/333, 21/11/2017.
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