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Abstract

Introduction

Paper reports, gold nanoparticles (GNPs) /multi walled carbon
nanotubes (MWCNTS) modified glassy carbon electrode (GC) sensor
for the simultaneous quantification of atenolol (ATN) and losartan
potassium (LOS). The modified sensor was characterized by scanning
electron microscopy (SEM), electrochemical impedance spectroscopy
(EIS) and cyclic voltammetry (CV). The effect of frequency, amplitude,
pH, solvent, loading of modifier and scan rate on voltammetric
response of both drugs was studied to select the optimum
experimental conditions. The fabricated sensor exhibited two well
defined oxidation peaks at 0.9 and 1.4 V for ATN and LOS respectively
in BR buffer pH 10.0. Limit of detection (LOD) for ATN 0.09µM and LOS
0.07 µM and limit of quantification (LOQ) for ATN 0.26 µM and LOS
0.21µM could be achieved at the fabricated sensor. ATN and LOS could
be quantified in pharmaceutical formulation and spiked human serum
sample at the developed sensor.

Hypertension is a developing disease of therapeutic
concern [1]. Atenolol (ATL) is a cardio selective β-blocker and
chemically it is (RS) - 4-(2 hydroxy-3-isopropylaminopropoxy)phenylacetamide [2] (Scheme 1 A). Losartan potassium (LOS)
is an orally active, non-peptide angiotensin II (AII) receptor
antagonist and is 2-n-butyl-4-chloro-5-hydroxymethyl-1-[2’-(1Htetrazol-5-yl) (biphenyl-4-yl) methyl] imidazole [3] (Scheme 1B).

Keywords: Losartan potassium; Atenolol; GNPs/MWCNTs/GC
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Various analytical methods have been reported for the
simultaneous quantification as well as of individual component
or with other and same compounds (like ATN and LOS) such as
chromatographic methods [3-19], spectroscopic techniques [2027] and electroanalytical methods [1, 28-37].Chromatographic
and spectroscopic methods require, sample pretreatment,
time consuming steps and high costs thus justifying the need
for reliable, low cost and simpler methods. Electroanalytical

Scheme 1

methods, being simple, economical, rapid, selective, and highly
sensitive for the estimation of organic molecules including drugs
in pharmaceutical formulations and human serum constitute
a highly acceptable group A techniques for individual and
simultaneous quantification of organic molecules [38, 45].
Symbiosis Group

Gold nanoparticles (GNPs) are one of the most useful
nanoparticles in industry and medicine [39, 40]. GNPs are
synthesized by various methods such as [41-44]. Over the
years, the unique properties of carbon nanotubes make them
attractive for application as chemical sensors, in general and
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voltammetric detection, in particular [45]. GNPs have attracted
much attention as a sensing platform in electrochemical sensor
because of their distinctive advantages, such as easy preparation,
high specific surface area, good biocompatibility and high
electrical conductivity [46-48]. Modification of the sensing layer
components is crucial for sensor response, for example through
the incorporation of nanocomposites, the analytical performance,
particularly sensitivity, selectivity, and signal to noise ratio can be
significantly improved [49]. The use of (GNPs) with / (MWCNTs)
based sensors have exhibited admirable electrocatalytical
properties.

as reference electrode and a platinum electrode as auxiliary. A
calibrated Decibel DB -1011 digital pH meters fitted with a glass
electrode was used for the pH measurements. All electrochemical
measurements were performed at a room temperature (25± 0.1
°C).

In this paper, a simple, selective and highly sensitive
voltammetric sensor based on GNPs/MWCNTs is being reported
for the simultaneous determination of ATN and LOS. To the best of
our knowledge, this is first systematic study of the simultaneous
electrocatalytic determination of ATN and LOS in combined
dosage form. The proposed method was also successfully
applied to the investigation of these analytes in pharmaceutical
formulation and human body fluid.

Preparation of voltammetric sensor

Analysis of compounds simultaneously, recommends lot’s of
benefits viz (a) less time consuming, (b) economical as more than
one analyte can be quantified at the same time and (c) can also
be carried out with compounds where peak-to-peak separation is
very less, by modifying the experimental conditions [50].

Experimental Methods

All Voltammetric measurements were carried out at ambient
temperature. GNPs/MWCNTs/GC Sensor was used for the
simultaneous quantification of ATN and LOS in BR buffer 10.0.
The electrochemical cell contained 16 mL of BR buffer pH 10.0,
2.0 mL acetone and 2.0 mL of 1.0 M KCl as supporting electrolyte.

Reagents and Chemicals

A pure standard of atenolol in powdered form was purchased
from TCI Chemicals Pvt. Ltd., India and losartan potassium was
obtained as a gift from Jubilant Life Sciences Ltd., Delhi, India.
Analytical grade (Merck and Sigma) reagents and chemicals
were used for all the experiments. All solutions were prepared
in purified water (18.0 MΩ) collected from ELGA Milli-Q system
assembly. Combined dosage form of ATN and LOS manufactured
from unichem laboratories Ltd India labeled as 50 mg LOS and
50 mg ATN, respectively, was purchased from local market. A
stock solution of ATN (7.0 mM) and LOS (4.0 mM) was prepared
in acetone and working solutions were freshly prepared daily by
dilution of the stock solution.

Apparatus

All voltammetric measurements were carried out at an
autolab potentiostat-galvanostat with NOVA 1.11 computrace
software. Square wave voltammetry (SWV) and cyclic
voltammetry (CV) were used for the investigation of these
compounds simultaneously. Square wave voltammograms were
recorded at a potential from 0 to 2 V (vs. SCE) with scan rate
of 100 mVsec-1, amplitude 0.04 V and frequency 25Hz. Glassy
carbon electrode (GCE) behaved as working electrode, Ag/AgCl

Synthesis of Gold nanoparticles (GNPs) and GNPs/
MWCNTs

Sodium citrate solution 3.0 mL 1% (w/v) was added to 100
mL 0.01% (w/v) boiling HAuCl4•4H2O solution with magnetic
stirring. Boiling continued for 8 min. During the process, the
solution colour changed from yellow to gray in 2 min, then from
gray to wine red and the mixture was further stirred for 15 min
until the colour turned to bright red. The solution was cooled to
the room temperature and kept at 4OC. After that 2mg of MWCNTs
was mixed in the alone prepared solution of GNPs. The solution of
GNPs/MWCNTs was used as a modifier.
First the GCE (3mm diameter) was polished to mirror finish
with alumina powder on microfiber cloth. Next, the electrode was
rinsed with purified water to clear away unbounded particles on
the surface of the electrode and after that ultrasonically cleaned in
ethanol and then with ultrapure water for about 5min. 6 µL of the
GNPs/MWCNTs solution was released on the surface of GCE and
dried for 1 h at room temperature to form a GNPs/MWCNTs layer.
Thus developed sensor was used for voltammetric investigation
of ATN and LOS.

Sample Preparation

Pharmaceutical Formulation
10 tablets containing ATN and LOS were exactly weighed and
finely ground with mortar pestle. A portion of powdered tablet
equivalent to the average weight of one tablet was transferred
into 50.0 mL volumetric flask using 50.0 mL of acetone. The
mixture was sonicated for 20 min till complete dissolution. After
that solution was made up to the mark using acetone to get final
concentration and solution was further sonicated for 10 min
followed by centrifugation and aliquot of the clear supernatant
was transferred into an electrochemical cell for further study.

Spiked human serum

Serum sample were obtained from a local pathology clinic
and stored under refrigeration. To avoid coagulation, EDTA
was used as an anticoagulant. Serum matrix interferences were
removed by adding buffer solution in electrochemical cell.
200 μL human serum was taken in a series of centrifuge tubes
and drug was added in the concentration ranges of 0.448 μM
to 1.792 μM for ATN and 0.256 μM to 1.024 μM for LOS. After
addition of 400 μL acetone (as precipitating agent), sample was
vortexed for 5-10 min and then centrifuged at 3000 rpm for 15
min. The voltammograms were recorded by adding the collected
supernatant, 16.0 mL BR buffer (pH 10.0) and 2.0 mL of 1.0 M KCl.
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Result and Discussion
Characterization of GNPs/MWCNTs/GC Sensor
The voltammetric behaviour of the developed sensor
was studied by using K3Fe(CN)6 as a redox probe in cyclic
voltammetry at 100mVs-1scan rate. Randles–Sevcik equation was
used to calculate the effective surface area:
I = (2.69 × 105) ACD1/2 n 3/2 ʋ1/2

(i)

Where, the effective surface area of the electrode in cm2
represented by A, n is the number of electrons taking part in charge
transfer process, D is the diffusion coefficient of the analyte in the
solution, C is the concentration of K3Fe(CN)6 solution. The values
of n and D for K3Fe(CN)6 are 1 and 7.6 × 10−6 cm2 s−1 respectively.
Surface areas of the electrodes were calculated by randles–sevcik
equation and the calculated surface area of GNPs/MWCNTs/GC
sensor (0.020cm2), GNPs/GC sensor (0.016cm2) and GC sensor
(0.010cm2) (Figure 1), indicating that GNPs/MWCNTs/GCE has
largest surface area.

Figure 1: Cyclic voltammetric behaviour of 1.0 mM K3Fe (CN) 6 at (a) GC
Sensor (b) GNPs/GC Sensor and (c) GNPs/MWCNTs/GC Sensor

GNPs/MWCNTs/GC Sensor was also characterized by
electrochemical impedance spectroscopy (EIS) (Figure 2).
Nyquist plots of GNPs/MWCNTs/GC Sensor and GC Sensor in [Fe
(CN)6]3 0.1 M KCl system; the applied DC-voltage was 0.3 V (vs.
Ag/AgCl), the excitation AC voltage applied to the electrochemical
cell was 5 mV (peak-to-peak), and the frequency range was from
100 kHz to 0.1 Hz. The impedance plot consists of a semicircular
part related to direct electron transfer at the GCE and [Fe

Figure 2: Nyquist plots (a) GC Sensor (b) GNPs/GC Sensor and (c) GNPs/
MWCNTs/GC Sensor in the presence of 3.0 mM solution of K3Fe(CN)6
and 1.0 M KCl

(CN)6]3 and a linear part with angle 45OC related to diffusion
control of [Fe(CN)6]3 species at lower frequencies. Based on the
charge transfer kinetics of [Fe(CN)6]3 redox probe, the faradic
impedance of unmodified and GNPs/MWCNTs/GC Sensor can
be described by the Randles’s equivalent circuit. On the other
hand, the value of charge transfer resistance (Rct) for GCE was
39.9 KΩ, after modification of electrode with GNPs the value
was 27.0 KΩ (slightly decreased) and the value of Rct was highly
decreased due to fabrication of electrode with GNPs/MWCNTs
519 Ω. This is confirmed by the numerical values of Rct that
decreases by half of its original value of unmodified GCE. Results
are consistent with CV data for heterogeneous charge transfer
rate values. Consequently, the value of Rct for GNPs/MWCNTs/GC
Sensor decreased and capacitance slightly increased. This result
indicates an effective charge transfer at GCE surface via GNPs/
MWCNTs/GC Sensor mediated charge transfer mechanism.

Scanning electron microscopy (SEM) was employed to
investigate the surface morphology of GNPs/GC Sensor and
GNPs/MWCNTs/GC Sensor. Figure 3 shows SEM images of
GNPs/GC Sensor and GNPs/MWCNTs/GC Sensor. It can be
clearly seen that GNPs were highly crystalline, cube and
uniformly caste on the surface of GC Sensor. The size of
the GNPs varied in the range of micrometer to nanometer.
MWCNTs shows a network like structure with aggregation on
the surface of electrodes which indicated that, MWCNTs were
immobilized on the surface of the electrode. Highly crystalline
GNPs dispersed homogenously in network like structure of
MWCNTs on the surface of glassy carbon electrode.
The voltammetric sensor showed a good electrocatalytic
activity towards electrochemical oxidation of ATN and LOS
in BR buffer pH 10. Square wave voltammetric method was
carried out to investigate the oxidation behaviour of the
ATN (0.896µM) and LOS (0.512µM). Maximum current was
observed at the GNPs/MWCNTs/GC Sensor (Figure 4).
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Figure 3: SEM images of fabricated GC Sensor (a) MWCNTs (b) GNPs/GC Sensor (c) GNPs/MWCNTs/GC Sensor

MWCNTs/GC Sensor. The electrocatalytic oxidation of ATN and
LOS over a pH range (7 to 11) at developed sensor using square
wave voltammetry (SWV). Figure 5 A exhibited maximum current
for ATN and LOS at pH 10.0 in BR buffer. Anodic peak potential
of both the analytes shifted towards less positive side with
increase in pH. The shifting of potential values clearly indicates
involvement of proton in electrode process. The peak potential
(Ep) Vs pH (Figure 5 B) was linear for both the oxidation peaks
of ATN and LOS.

The effect of variation in frequency was studied for 1.12
µM ATN and 0.64 µM LOS in the range from 5 to 35Hz. Figure
6 A shows that, 25Hz has a maximum peak current and
without any distortion sharp peak was obtained. The effect of
amplitude was also examined in the range of 0.01 to 0.05 V
(Figure 6B).
Figure 4: Square wave voltammograms of 0.896 μM ATN and 0.512 μM
LOS in BR buffer (10.0) (a) Blank (b) GC Sensor (c) GNPs/GC Sensor and
(d) GNPs-MWCNTs/GC Sensor

Optimization of experimental variables

Electrochemical investigation of these compounds was
undertaken in various buffer systems such as BR and phosphate
buffers maximum enhancement in the value of peak current was
observed in BR buffer in the pH range from 7 to 11 at GNPs/

Effect of different solvents on anodic peak current of ATN
and LOS at fabricated sensor was studied at highest peak
current was obtained in acetone (Figure 7).
Square wave voltammetry was applied for studying the
effect of loading of GNPs and GNPs/MWCNTs on the surface
of the electrode. Different concentrations of GNPs (2µL to
10µL) and GNPs/MWCNTs (2µL to 10µL) of modifier was
used for the electro catalytical simultaneous quantification
of 1.12 µM ATN and 0.064 µM LOS in 10.0 BR buffer. At 10
µL concentrations of the GNPs maximum peak current could
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Figure 5:Effect of pH on (A) peak current and (B) potential at GNPs/MWCNTs/GC Sensor in BR buffer for ATN and LOS
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Figure 6:(A) Effect on peak current of ATN and LOS due to variation in frequency (B) due to change in amplitude

Figure 7: Effect different solvent of peak current of ATN and LOS
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be observed at GNPs/GC Sensor. Further, the nanocomposite
of GNPs/MWCNTs was used for the determination of these
compounds simultaneously. The maximum anodic peak
current was obtained at 6µL concentration of GNPs/MWCNTs
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(Figure 8). After that the examination of loading of the
modifier on the surface of sensor, 6µL concentration of GNPs/
MWCNTs was used for further experimental work.

Figure 8: Effect of concentration of GNPs/MWCNTs on peak current of ATN and LOS

The dependence of scan rate on anodic peak current of
ATN and LOS was optimized simultaneously at developed
sensor using cyclic voltammetry (CV) in the range of 10-100
mVs-1 (Figure 9) No reduction peaks was observed in the
cyclic voltammograms of ATN and LOS. The analysis of peak
height against the square-root of scan rate was found to be
linear indicating a diffusion controlled nature of the electrode
processes (For ATN; IATN (μA) = 0.901(mVs-1) – 1.690; r2
= 0.997 and ILOS (μA) = 2.963(mVs-1) – 4.882; r2 =0.994).
The linear relationship of log I and log ʋ can be expressed
as; For ATN; logI ATN(μA)= 0.5278 logν (mVs-1) –1.4364;
r2= 0.9909 and for LOS; logI LOS(μA) = 0.6465 logν (mVs1
) – 1.4892; r2 = 0.9958. The slope values corresponding to

heterogeneous charge transfer coefficient (α) are very close
to the theoretical value of 0.5, which clearly indicates that
the electrochemical response is controlled by diffusion mass
transfer processes (Figure 10 B) [51]. Further, it indicates no
significant adsorption of ATN and LOS molecules at GNPs/
MWCNTs/GC Sensor which reveal long-term stability and
signal reproducibility even after several voltammetric cycles.
The number of electrons transferred in the electro-oxidation
processes of ATN and LOS can be estimated by applying the
equation: EATNp = 0.035 (lnʋ) + 1.266; r2 = 0.993 and ELOSp
= 0.032 (lnʋ) + 0.909; r2= 0.986. The values of Ep− Ep/2 is
about 0.035 and 0.032 V for ATN and LOS, respectively.

Figure 9: Effect of scan rate a) 10 b) 25 c) 50 d) 75 and e) 100mVsec-1 at GNPs/MWCNTs/GC Sensor for the oxidation of ATN and LOS
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Figure 10: (A) Plot of υ1/2 vs ILOS and IATN (B) Plot of log I vs log ʋ for ATN and LOS and (C) Plot of Ep vs ln υ
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Simultaneous determination of ATN and LOS
Simultaneous electrochemical investigation of ATN
and LOS was studied using SW voltammetric technique at
GNPs/MWCNTs/GC Sensor. All the experimental parameters
that affect SWV were optimized in BR buffer of pH 10.0
containing a mixture of both compounds (7.0 mM ATN and
4.0 mM LOS) at modified sensor. Experimental conditions for
electrochemical investigation ATN and LOS using SWV and
CV methods have been tabulated in Table 1. ATN and LOS
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exhibited two well defined oxidation peaks at 0.9 V and 1.4
V. Various concentrations of ATN and LOS were evaluated
voltammetrically at developed electrode (Figure 11 A).
The result showed that the plot of I vs concentration of the
Analyte was linear in the range 0.112 to 1.792µM for ATN and
of 0.064 to 1.0240µM for LOS respectively. The corresponding
calibration equations are I (ATN) = 14.44x + 6.993 (R² = 0.992)
and I (LOS) = 24.49x + 8.639 (R² = 0.995) respectively (Figure
11 B and C).

Figure 11:(A) Square wave voltammograms of ATN and LOS at GNPs/MWCNTs /GC Sensor in BR buffer (10.0) having (a to e) 0.112 μM to 1.792 μM
for ATN and (a to e) 0.064 to 1.024 μM for LOS (B) Plot of peak current as a function of concentration of ATN and (C) Plot of peak current as a function
of concentration of LOS
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Table 1: Optimized experimental conditions for the determination of
ATN and LOS using SWV and CV
Parameters
pH

Optimized data
10

Buffer

Britton-Robinson buffer

Temperature

Room-temperature

Amplitude

0.04 V

Solvent

Frequency

Acetone
25 Hz

Scan rate

Surface area of the modified
sensor

0.020cm2

0.112 to 1.792 µM

LOD and LOQ of ATN

0.09 and 0.26 µM

Linear range of LOS

LOD and LOQ of LOS

The limit of detection (LOD) was calculated by using
formula 3S/b, where S is a standard deviation of current
and b is a slope of the regression line. For ATN and LOS,
the calculated LOD was 0.09 µM and 0.07µM. The limit of
quantification (LOQ) was examined by the equation 10S/b.
The calculated value of LOQ 0.26µM for ATN and 0.21 µM for
LOS respectively. The developed method was further studied
for the analysis of both the compounds in pharmaceutical
formulation and human serum.

Comparison of proposed method

A comparison of the present work at GNPs/MWCNTs/
GC Sensor (BR buffer pH 10.0) with earlier investigation
of ATN and LOS (individually & simultaneously with other
compounds) has been compared in Table 2. It is clear that the
developed sensor is very sensitive for the quantification of
ATN and LOS individually as well as simultaneously.

100mV

Linear range of ATN
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0.064 to 1.024 µM
0.07 and 0.21µM

Table 2: Comparison of the proposed method with earlier electrochemical studies for the quantification of ATN and LOS (individually &
simultaneously with other compounds)
Analyte

pH

Electrode

Technique

Concentration range
(µM)

LOD (µM)

PBS 7.2

GNPs/ITO

DPV

0.5 to 1.0

0.13

LOQ (µM)

Reference

ATN

BR 10.0

GNPs/MWCNTs

DPV, CA

BR 9.0

MWCNTs/CPE

DPV

5.0 to 210

H2SO4
&NaNO3

BDDE

SWV

2.0 to 41

SWV, DPV

3.0 to 74

BR 9.5

BR 10.0

LOS
ATN and
LOS

GNPs/GCE
n-MCPEs

Acetate 5.0

MOR/MCPE

BR 10.0

GNPs/MWCNTs/GCE

BR 9.5

BDDE

LSV

DPV

CV, DPV
SWV

1 to 60

12 to 96

0.4 to 80
0.112 to1.792 & 0.064 to
1.024

1

0.53

0.53

0.29

31

0.39

29

1.12

7.11

0.1

0.35

0.09 & 0.07

0.21&0.26

0.93
0.92

33
35
36
37

Proposed
work

Abbreviations: GNPs: gold nanoparticles; MOR/MCPE: carbon paste electrode with mordenite zeolite; ITO: indium tin oxide; n-MCPEs: copper-oxide
nanoparticles modified carbon paste electrode; BDDE: boron doped diamond electrode.

Analysis of ATN and LOS in pharmaceutical formulations

Repeatability and Reproducibility

The developed electro analytical method was as tested
to the quantification of ATN and LOS in pharmaceutical
formulations and spiked human serum sample at fabricated
sensor using SWV method (Table 3 and 4). A good recovery
was observed when both of the compounds determined
simultaneously in pharmaceutical formulations and spiked
human serum sample.

Reproducibility and repeatability studies of the fabricated
sensor by using square wave voltammetric (SWV) technique
for the determination of 0.896 µM ATN and 0.512µM LOS in
BR buffer pH 10.0 have been complied in Table 5. It is clear
from the table that a good reproducibility and repeatability
could be achieved during the analysis of the compounds at
GNPs/MWCNTs/GC Sensor.
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Table 3: Analysis of ATN and LOS in pharmaceutical formulations
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Compounds

Added concentration

Found concentration

ATN

0.448

0.443

1.792

1.8

100.5

0.512

100

0.896
LOS

0.256

0.258

1.024

1.024

Table 4: Analysis of ATN and LOS in spiked human serum sample
ATN

0.896

0.766

85.4

0.448

0.379

1.792
0.256

Analyte

Conclusion

Single sensor
repeatability

RSD

I(µA)

%RSD

I(µA)

%RSD

ATN/ LOS

4.49/30.5

1.18/1.14

4.34/16.0
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