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Abstract
Atenolol (Scheme 1) is antihypertensive drug that form β-blocker group,
which widely used in the treatment of hypertension In this study, the
redox properties of the Tensinor drug used in blood pressure treatment
were examined on modified glassy carbon electrode and the electrodes
prepared by coating carbon nanotubes on this modified electrode. In
order to investigate the effects of nafion coated multi-walled glass
nanotube (MWCNT / NGCE) electrode response and nafion coated
glassy carbon electrode (NGCE) and electrode responses of only glassy
carbon electrode (GCE) surfaces on the support electrolyte, pH and scan
rate, the cyclic voltammetry (CV) and differential pulse voltammetry
(DPV) methods were used. Atenolol (ATN) was observed in the BrittonRobinson (BR) buffer solution (pH 7.0) thereabouts 1.11 V (vsAg / AgCl
(3.0 mol L-1 KCl). Voltammetric method reacted linear at a
concentration range between 3x10-5 μM and 9x10-2 μM under
optimum analytical experimental conditions. The results of Tensinor's
limit of detection on the Britton-Robinson (BR) (pH=7) buffer were
found to be 7.67 x 10-5 mM and 2.5 x 10-4 mM, respectively.
Additionally, in the study, interference effects experiments were
performed with auxiliary substances used in the preparation of
medicines and no negative effect was observed.

Öz
Atenolol (Şekil 1), hipertansiyon tedavisinde yaygın olarak kullanılan βbloker grubunu oluşturan antihipertansif ilaçtır. Bu çalışmada;
Tansiyon tedavisinde kullanılan Tensinör ilacının redoks özellikleri,
modifiye camsı karbon elektrot ve bu modifiye elektrot üzerine karbon
nano tüp kaplanarak hazırlanmış elektrotlarda incelenmiştir. Nafion
kaplı çok duvarlı karbon nanotüp (MWCNT/NGCE) elektrot yanıtı ile
Nafion kaplı camsı karbon elektrot (NGCE) ve sadece camsı karbon
elektrot (GCE) yüzeylerinin elektrot yanıtlarının destek elektroliti, pH,
ve tarama hızı üzerine etkilerini araştırmak için Çevrimsel voltametri
(CV) ve Diferansiyel puls voltametri (DPV) yöntemleri kullanılmıştır.
Atenolol (ATN) Britton-Robinson (BR) tampon çözeltisinde (pH 7.0)
1.11 V (vsAg/AgCl (3.0 mol L-1 KC1) civarında gözlenmiştir.
Voltametrik yöntem, optimum analitik deney koşulları altında, 3x10-5
µM -9x10-2 mM konsantrasyon aralığında lineer tepki göstermiştir.
Britton-Robinson (BR) (pH=7) tamponundaki Tensinör belirme sınırı
sonuçları, sırasıyla 7.67 x 10-5 mM ve 2.5x10-4 mM olarak bulunmuştur.
Ayrıca çalışmada ilaçların hazırlanmasında kullanılan yardımcı
maddeler ile girişim etkisi deneyleri gerçekleştirilmiş ve olumsuz bir
etkiye rastlanmamıştır.
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1 Introduction
In the area of pharmaceutical research, the analytical
examination
of bulk
drug
agents,
intermediates,
pharmaceutical products, drug formulations, impurities and
decomposition products, and biological samples containing the
drugs and their metabolites is very important. From the
beginning of the official pharmaceutical analysis, analytical
analysis methods have taken part in the pharmacopoeia
monographs with the aim of characterizing the quality of bulk
drug materials by setting limits of their active agent content [1].
Electrochemistry is an area that analytical techniques with the
emphasis of instrumentality simplicity, accuracy, low cost, and
portability are quite important. With the help of these
instruments it is possible to develop some very useful methods
for specific applications. Especially, biologically important
molecules and toxic metals can be investigated
electroanalytically by voltammetric methods for their
determination. Additionally, the mechanisms of electrode
reactions can be also thrown light on by these methods. As a
result of these, electroanalytical methods have many
advantages that make them an attractive selection for
pharmaceutical and environmental studies [2].

Developments of electrochemical methods especially in
experimental studies for the analysis of drugs make these
techniques be more preferable because of their plainness and
comparatively shorter analysis time than other techniques. The
use of various working electrodes such as mercury, carbon, and
chemically modified electrodes for electroanalytical
measurements has increased in recent years by the reason of
their applicability for determining electroactive compounds
that undergo oxidation or reduction reactions, which is very
substantial in clinical and pharmaceutical studies [3].
Nafion, which is a modifier, is an anionic polyelectrolyte of
perfluorinated sulfonated [4]. Nafion is used in
electrochemistry a lot for changing an electrode with its very
significant features like antifouling capacity, chemical
inertness, thermal stability mechanical strength, and high
permeability [5]-[8]. These qualities make the Nafion-coated
glassy carbon electrode (NGCE) very intriguing for applications
of β-adrenergic receptor blocking drugs in acidic aqueous
media. Also, in this study, NGCE surface was covered coated
with the multi-wall carbon nanotube (MWCNT). Carbon
nanotubes (CNTs) are concentric graphitic cylinders closed at
either end due to the presence of five-component rings [9].
MWCNT is formed from of a mixture of cylindrical tubes that
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are separate or are not helicity, thereby resembling turbostratic
graphite. The arrangement of the carbon atoms in the
hexagonal network of the multi-wall carbon nanotube is often
helicoidal, resulting in the formation of chiral tubes. MWCNT is
still appealing comparing with single-walled carbon nanotubes
(SWCNT) due to their sufficient ability to be utilised with its
high chemical stability and high mechanical strength in the
industrial applications [10].
In analytical voltammetry usages of CNTs as electrode
materials or modifiers of conventional working electrodes are
quite common. In electrochemical measurements, CNTs have
various advantages, i.e. the large active surface at electrodes of
small dimensions, the enhanced electron transfer, or the
electrocatalytic properties [11], [12].
Hypertension is a major health problem that affects a
significant portion of the world population, and it was proved
as a risk factor for coronary heart disease (CHD), heart failure,
and stroke, peripheral arterial disease and kidney failure. βadrenoceptor antagonists are drugs that reduce the risk of
cardiovascular disease; In the past its utilising is proven to have
hypertension treating and blood pressure lowering effects in
clinical trials [13],[14]. Tensinor® is the trade name of the drug,
in which active ingredient is the atenolol.
Atenolol (ATN) [4-[2-hydroxy-3-isopropylaminopropoxy]phenylacetamide] is a hydrophillic β1-receptor blocking agent
(Scheme 1). This β-adrenoceptor blocking agent has
therapeutic features and data shows that it could be used in the
treatment of various cardiovascular disorders such as angina
pectoris, cardiac arrhythmia, and hypertension etc.

procedure was applied
pharmaceutical sample

Scheme 1: Chemical structure of atenolol [15].

The main aim of the current study is to examine voltammetric
behavior of ATN especially with the use of NGCE/MWCNT, and
then develop an electrochemical procedure for the sensitive,
simple, and eco-friendly alternative to chromatography
methods. Survey of literature revealed that no electroanalytical
methods for determination of atenolol by using Nafion and
multi-walled carbon nanotube coated glassy carbon electrode
was reported
Since, it has been done very few studies [21-23] on this topic
according to our literature review, the voltammetric
determination of ATN is the focus of this study. In order that
make a significant contribution to the literature in this field,
cyclic (CV) and differential pulse (DP) voltammetric study was
planned. Just after the effective parameters such as pH of
supporting electrolyte solution, scan rate of potential, and type
of working electrode were studied, the developed voltammetric

determining

ATN

in

a

2 Experiments
2.1

Chemicals reagents and instruments

Atenolol
was
obtained
from
Sigma-Aldrich
(www.sigmaaldrich.com).
Atenolol-containing
tablets,
marketed by different medical companies, were purchased
from a local pharmacy in Turkey. Stock solution of ATN
(1.0×10-2 mmolL-1) was made ready in (ultra)purified water
and kept in a refrigerator at 4 C. Nafion (5 wt.% solution in a
mixture of lower aliphatic alcohols and water) used was
provided from the Sigma-Aldrich. MWCNT and all other
chemicals had qualities at analytical level, and were used as
received. Britton-Robinson (BR) buffer solution was
determined as supporting electrolyte for the pH study and
separate evaluation of ATN. This solution was prepared by 0.04
mol L−1 in acetic, orthophosphoric, and boric acids, with pH
adjusted to 7.0 with a 2.0 mol L−1 NaOH solution. All of the
solutions used in the study were made ready with high purity
water from Milli-Q water purification system.
The electrochemical experiments were performed with CHI
660E potentiostat (Chen Hua Instrument Co., Shanghai, China).
A
three-electrode
configuration
involving
NGCE
(3-mm diameter) or a bare glassy carbon electrode (GCE),
NGCE/MWCNT as a working electrode, the Ag/AgCl/3 M KCl
reference electrode and Pt wire as a counter electrode, was
used. All of these tests were done at room temperature
(25±2 C).
2.2

Frequent and wide use of atenolol resulted in using some
analytical methods to determine atenolol including liquid
chromatography (LC) [16], spectrophotometry [17],
high-performance liquid chromatography (HPLC) [18],[19], gas
chromatography (GC) and mass spectrometry in recent years
[20].

for

Synthesis of nafion coated-GCE and NGCE/MWCNT

The GCE was pretreated by polishing its surface by means of
emery paper using aqueous slurries of alumina powder
(0.3 μm) and thoroughly rinsed with water for making as clean
surface as it could be. GCE was modified by 0.5% NAF (m/v)
ethanol solution as the dispersing agent. Between the
modifications, the GCE was polished with 0.05-micrometer
alumina slurry with the help of a cloth for mirroring
smoothness, rinsed thoroughly with deionized water, and had
ultrasound in distilled water for 30 seconds. NAF-GCE surface
and the solvent allowed evaporating at room temperature.
Before the measurement, the modified electrode was rinsed
with deionized water, and then scanned between 0 V and 2 V in
sulfuric acid solution. The absorbed analyte on the surface of
the modified electrode after measurement was removed via
mechanical polishing by alumina powder. After then, multiwalled carbon nanotube (MWCNT) with 100 mg was kept
waiting in the mixture of HNO3 (33 mL, 1/1) and H2SO4
(17 mL, 1/1) for 20 hours (h). After it was kept waiting in the
ultrasonic bath during 1 hour, it was heated by stirring at
100 °C for 4 h. Subsequently it was washed with deionized
water many times and was dried 4 h with IR lamp. Finally,
MWCNT was dropped on to the NGCE surface.
2.3

Experimental procedure

The standard stock solution of ATN (1.0×10−2 mM) was
prepared. The working solutions with lower concentrations
were prepared by further dilution of them via transferring with
digital adjustable transfer pipettes.
Britton-Robinson (BR) buffer solutions were used as
supporting electrolyte that has different pH values throughout
the study. BR buffer solutions in the pH range between 2.0 and
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10.0 were prepared from mixture solution of 0.04 M H3PO4 0.04
M H3BO3 and 0.04 M CH3COOH in deionized water. For each
buffer solution, the pH of 50 mL mixture solution was adjusted
to the desired value by adding 0.2 M NaOH, and then it was
diluted to 100 mL with deionized water. Also, sulfuric acid
(H2SO4) solutions were used as supporting electrolyte that has
different concentrations, 0.1-0.5 mol L-1, throughout the study.
The supporting electrolyte was deaerated with argon for 5
minutes (min) prior to all of the electrochemical
measurements. Between consecutive additions, the
voltammetric cell content was also deaerated with argon for
30 s.
The effects of pH on the anodic peak current values resulting
from the oxidation of ATN were investigated using cyclic
voltammetry technique. After the required volume of ATN
standard solution had been added to the cell containing the
supporting electrolyte which has different pH values in the
range between 2.0 and10.0 for each measurement, first of all
the cyclic voltammogram values of 1.0×10−2 mM ATN were
recorded under the same conditions.
In order to compare the obtained peak currents, both CV and
DP voltammograms were also recorded at NGCE and
MWCNT/NGCE in similar conditions.
The effective parameters for analytical performance, such as
dynamic calibration range, limit of detection, limit of
quantification, repeatability, etc. were optimized by
considering the peak current of ATN obtained from DP
voltammograms recorded between 0.15 V and 0.30 V.
2.4

calibration curve were made use of to measure the
concentration.

3 Results and discussion
In connection with the aim of the study, first, type of working
electrode was examined in detail by using CV and DPV
techniques. Then, the resulting peak currents, which were
obtained in the same supporting electrolyte (BR buffer solution
containing, pH 7.0) at bare GCE, modified GCE (NGCE), and
carbon nanotubes modified GCE (MWCNT/NGCE) were
compared with each other. Finally, the performance of
voltammetric technique was also investigated for determining
ATN.
3.1

Cyclic voltammetric studies using different working
electrode

To investigate the electrochemical behaviour of ATN, CV
voltammogram of 1.0 × 10-2 mM ATN solution was recorded at
scan rate (ν) of 20 mV s-1 in the BR buffer solution (pH 7.0) by
using bare GCE, NGCE, and MWCNT/NGCE as the working
electrode. The results obtained from these voltammograms (in
the first scan) are given in Figure 1. When GCE was used as the
working electrode, the peak current value of ATN was found
very low according to its concentration. When NGCE was used
as the working electrode, the peak current value of ATN was
found much higher than that of bare GCE. As shown in Figure 1,
when MWCNT/NGCE was used as the working electrode, the
peak current value of ATN was higher than that of bare GCE and
NGCE.

Atenolol analysis in tensinor® drug

The sample solution of Tensinor® drug was carefully prepared.
For this purpose, ten tablets were grounded to a fine powder
and homogenized. A Tensinor® tablet has a weight of 0.50 g
(average of 10 tablets) and involves 50 mg ATN per tablet.
Then, this obtained powder (0.50 g) was added into 100 mL
water containing about 0.2 M HNO3 for dissolving. The obtained
heterogenic tablet mixture solution was filtered and washed.
After that, obtained supernatant solution was diluted 200 mL
water. The solutions of standard ATN and Tensinor® tablet
were stored in the dark refrigerated environment.
The content of ATN tried to be determined in Tensinor® drug
by being applied the voltammetric procedure under optimum
experimental conditions. For this purpose, standard additions
method was used. The standard addition is a useful method
when the analyte is present in a complicated matrix and no
ideal blank is available. In order to do that various solutions
would be prepared with including the same unknown quantity,
but different known quantities [24].
Under the optimum experimental condition, 15 μL tablet
solution was added into the voltammetric cell containing
5.0 mL BR buffer solution (pH 7.0), and DP voltammogram was
recorded. Following this step, the known volumes of the
standard ATN solution were consecutively added into the same
voltammetric cell and then the voltammogram was recorded
after each addition.
The standard addition calibration curve of the obtained current
values from proposed method against concentrations of ATN
standard solution added was plotted. Subsequently, linear
regression analysis was done to find out the concentration of
analyte. Here the slope (m) and y-intercept (b) of the

Figure 1: Cyclic voltammograms of measurements at GCE,
NGCE, and MWCNT/NGCE (ν: 20 mVs-1) in the presence of
1.0×10-2 mM ATN in BR buffer solution (pH 7.0).
As a result the highest peak current value for ATN was obtained
by using cyclic voltammetric technique at MWCNT/NGCE. In
relation to this, studies on the investigation of cyclic and DP
voltammetric behaviours of ATN were carried on by using
MWCNT/NGCE. These studies including these optimization
experiments were presented below.
3.2

Effect of pH and supporting electrolyte

Effect of pH was investigated by means of using cyclic
voltammograms in BR buffer solutions (2.0<pH<10.0) at
MWCNT/NGCE. The obtained cyclic voltammograms and
results at a scan rate of 20 mVs-1 are given in Figure 2a. It is
clear that the intensity was increased to a high value at pH 7.0,
then the peak intensity decreases. Because the best result with
respect to sensitivity accompanied with sharper response was
obtained with pH 7.0, it was selected for further experiments.
Also, the effect of pH on the response of ATN (1×10−2 mM) was
evaluated using cyclic voltammetry (20 mVs-1 scan rate)
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employing MWCNT/NGCE. The effect of pH on peak potential
and peak current of ATN was studied between 0.1-0.5 M
sulfuric acid (H2SO4) (Figure 2b).

(a)

The linear regression equations i (μA)=2×10-7 v1/2 ((mV s-1)1/2)
+ 3 × 10-6 which have a correlation coefficient of R² = 0.9946
indicate that the oxidation reaction of ATN was also controlled
by diffusion in the BR buffer solution (pH 7.0). In addition, the
peak potential values shifted to more positive values with
increasing in scan rate.

Figure 3: Cyclic voltammograms of 1.0 × 10-2 mM ATN at the
different scan rates (10<ν<100 mVs-1) in BR buffer solution
(pH=7.0).

Figure 4: υ1/2 - ip in 1.0 × 10-2 mM ATN pH = 7 BRT solution.
(b)
Figure 2(a): Results of cyclic voltammograms (ν: 20 mVs-1) in
the presence of 1.0×10-2 mM ATN in BR buffer solution at
different pH values (2.0<pH<10.0). (b): Results of cyclic
voltammograms (ν:20 mVs-1) in the presence of 1.0×10-2 mM
ATN in sulfuric acid (H2SO4) solution at different
concentration values (0.1-0.5 M).
In this region, the increase of peak current and sulfuric acid
concentration, and ease of oxidation was observed. Besides,
peak potentials of ATN shifted toward lesser values (+) as pH of
the medium growed. The pH of the supporting electrolytes
affects peak current and potential of ATN, which indicates that
the proton plays a role in oxidation reactions. In the working
environment, pH = 7.0 BR solution was selected for the most
obvious, sharp peaks and the maximum current was observed
as + 1.2 V.
3.3

3.4

Analytical characteristics and validation parameters

A calibration study was carried out over the range of
8×10-8-9×10-2 mM ATN concentration to establish a reliable
analytical response in the determination of ATN, under
optimized conditions using a MWCNT/NGCE. These DP
experiments were carried out at the scan rate of 20 mVs-1, in BR
buffer solution (pH 7.0) (Figure 5). When the obtained peak
currents were plotted against concentrations of ATN, the linear
segment was observed as of 3 × 10-5-9×10-2 mM.

Effect of scan rate

The scan rate has an important effect on the peak currents. The
effect of the scan rate on peak current was found in the range of
10 mVs-1 to 100 mVs-1 for 1.0×10-2 mM ATN. The
voltammogram was recorded. As it can be seen in Figure 3. The
anodic peak of ATN grows with increasing scan rate. However,
no cathodic peak of ATN was observed on the reverse scan.
The linear change of peak current values with the square root
of the scan rate was also observed in BR buffer solutions
(pH 7.0), in the range of 10-100 mVs-1 (Figure 4).
Equation is as follows:

Figure 5: Dependence of the DP voltammograms with ATN
concentration 9 × 10-2 mmol L−1 to 8 × 10-8 mmol L−1 in
universal buffer, pH 7, a=50 mV, υ=20 mVs−1.
addition graph was plotted against the calculated concentration
of standard ATN in the cell (Figure 7).
i(μA) = 12737 CATN (M) + 20.363 (R2=0.99)

(1)
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Where i is the peak current and C is the concentration of ATN.
In order to evaluate the limit of detection (LOD), we fitted a
straight line i(μA)=12737 CATN (M)+20.363 to the data in
Figure 6, and applied the widely-used criterion for LOD [25].

Table 2: Determining atenolol in pharmaceutical preparation
using MWCNT/NGCE electrode.
Sample
Tensinor

Stated
Content
(mg/tablet)
50

Detected
Content
(mg/tablet)
49.21

Relative Standard
Deviation
(R.S.D.) (%)(n=3)
1.79

Figure 6: Calibration curves (i = f (CATN)) for determination of
ATN at MWCNT/NGCE. Data were extracted from Figure 5.
The LOD and limit of quantification (LOQ) were calculated as
7.67×10-5 mmolL-1 and 2.55×10-4 mmolL-1 ATN, respectively,
using the equation LOD=3 sy/x/m and LOQ=10 sy/x/m, where m
is the slope of the first calibration plot and sy/x is the standard
error of the estimate of the calibration curve (Eq. 2).
[∑𝑁 (𝑦𝑖 − 𝑦̂)]2
𝑆𝑦⁄ = √ 𝑖=1
𝑥
𝑁−2

(2)

Where 𝑦𝑖 is measured signal, 𝑦̂; concentration of measured for
this signal and 𝑁 is the number of points in the calibration
graph.
The linear calibration range of the proposed method has
comparativeness quality with or is better than mentioned study
(Table 1).
Table 1: Comparison of the proposed with another method.
Method
Bare graphitepolyurethane
composite
electrode
C60-modified
glassy carbon
electrode
MOR-modified CPE
Nanogold modified
indium tin oxide
(ITO)
MWCNT/NGCE

3.5

Analytical
Range, µM
4-100

LOD
µM
3.16

LOQ
µM
10.5

Ref.
[26]

250-1500

160

530

[22]

0.4-80
0.5- 1000

0.1
0.13

0.35
0.43

[27]
[28]

3×10-5-90

0.0767

0.255

This
work

Real sample analysis

Sample solutions of Tensinor® Drug (in the tablet form) were
prepared with ten tablets. The voltammograms were recorded
under optimum working conditions (BR buffer solution pH 7.0)
by applying standard addition method. The standard addition
graph was plotted against the calculated concentration of
standard ATN in the cell (Figure 7).
The data were in well concordance with the content marked in
the label of Tensinor® (Table 2).

Figure 7: The standard addition graph for to determine ATN in
Tensinor® tablet.
3.6

Effect of excipients

The outcomes of the use of some often-used ingredients of the
pharmaceutical preparations were studied for possible
analytical applications of this method. The effects of these
excipients on the differential pulse voltammetric response
were carried out by testing sample solutions with a fixed
amount of ATN (1.0×10−2 mmolL-1) containing with different
excess quantities of each excipient, in the same experiment
environment.
The experimental results (Table 3) showed that 100 times
excess of sucrose, maltose, and sorbitol did not affect the
voltammetric signal of ATN. Thus, the procedures were able to
determine the ATN in the existence of excipients, and thus it
was understood that it can be considered as specific.
Table 3: Influence of potential excipients on the voltammetric
response of 1.0×10−2 mM ATN.
Excipients (1 mM)+ ATN
(1.0 × 10−2 mM)
ATN
Sucrose+ ATN
Maltose+ ATN
Sorbitol+ ATN

Potential
(V)
0.224
0.229
0.231
0.227

Change
(%)
0
2.2
3.1
1.3

4 Conclusion
In this study, it was aimed to investigate the voltammetric
behavior of ATN and develop a method for the determination of
ATN, especially using MWCNT/NGCE. For this aim, it was
carried out an investigation on bare GCE, NGCE, and
MWCNT/NGCE in BR buffer solutions using both the cyclic and
DP modes. The effective parameters such as pH of supporting
electrolyte solution, scan rate of potential, and type of working
electrode were determined.
The proposed voltammetric procedure was successfully
applied to the direct determination of ATN in Tensinor® drug.
A very low-cost and simple DP voltammetric procedure was
developed for the determination of ATN. It was found that the
voltammetric methods reported by Priscila et al. (2007) have
lower LOD value than the proposed method [26]. This low LOD
value arises from the use of a controlled-growth mercury drop
electrode. However, the use of mercury has been increasingly
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abolished from analytical methodology due to its toxicity in
recent years. Main advantage is that the excipients do not
intervene and hence separation is not necessary. Moreover, the
present method is acceptable for pharmacokinetic studies.
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