BEU Fen Bilimleri Dergisi BEU Journal of Science
9 (1), 357-365, 2020 9 (1), 357-365, 2020

Arastirma Makalesi / Research Article

An Investigation into the Electrochemical Behavior of Beta-Blocker Drugs
Using Reduced Graphene Oxide Modified Screen Printed Electrodes

Hilal CELIK KAZICI”

Van Yiiziincii Yil University, Faculty of Engineering, Department of Chemical Engineering, Van
(ORCID: 0000-0001-6391-1811)

Abstract

In this study, the electrochemical behavior of propranolol was investigated on screen printed electrodes (SPCE)
with reduced graphene oxide (rGO). Oxidation process, cyclic voltammetry (CV) and differential pulse
voltammetry (DPV) techniques were conducted by using measurements. The results showed that rGO increased
the oxidation rate by increasing the peak current, and therefore oxidizing these drugs at appropriate potentials. The
modified SPCE exhibited excellent catalytic activity towards oxidation of the beta-blockers at an unusually
positive potential in phosphate buffer solution (PBS). The linear concentration range and the detection limit of the
proposed sensor for the detection of propranolol was 5- 50 uM and 2.61 uM, respectively.
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Indirgenmis Grafen Oksit Modifiye Yiizey Baskih Karbon Elektrotlar
Kullanilarak Beta-Bloker Ilaclarin Elektrokimyasal Davramsinin
Arastirilmasi

Oz

Bu ¢aligmada, propranololiin elektrokimyasal davranisi, indirgenmis grafen oksit (rGO) ile modifiye edilmis yiizey
baskil1 karbon elektrotlar (SPCE) ile incelenmistir. Oksidasyon islemi, déngiisel voltametri (CV) ve diferansiyel
puls voltametri (DPV) teknikleri kullanilarak gerceklestirilmistir. Sonuglar, rGO'nun oksidasyon pik akimini
artirarak bu ilaglar1 uygun potansiyellerde oksitledigini gostermistir. Modifiye edilmis SPCE, beta-blokerlerin,
fosfat tampon ¢ozeltisinde (PBS) alisilmadik derecede pozitif bir potansiyelde oksidasyonuna dogru mitkemmel
katalitik aktivite sergilemistir. Propranololiin tespiti igin dnerilen sensoriin dogrusal konsantrasyon araligi ve tespit
limiti, sirastyla, 50 uM ve 2.61 uM olarak elde edilmistir.

Anahtar kelimeler: Beta-bloker, indirgenmis grafen oksit, Yiizey baskili elektrot.

1. Introduction

The action mechanism of beta-blockers on the sympathetic nervous system is based on the binding of
the Bl and B2 receptors and inhibiting the effects of norepinephrine and epinephrine [1]. These
substances are used in the treatment of hypertension, cardiac arrhythmias and angina pectoris [2]. There
are two types of beta-blockers, which are generally used in the treatment of hypertension. These are
selective beta-blockers (B1) such as atenolol, betaxolol, bisoprolol, metoprolol, nevibolol and
nonselective beta-blockers (1, B2) such as propranolol, carteolol, penbutolol, pindolol, timolol.
Carvedilol is a al and 1 beta blocker [3]. Propranolol is the first beta blocker to be used in the
clinical treatment of angina pectoris. The active substance of this drug reduces blood pressure in all
vessel beds except for the brain vessels, reduces blood pressure and controls cardiac arrhythmia. It also

“Corresponding author: hilalkazici@yyu.edu.tr
Received: 26.04.2019, Accepted: 11.07.2019

357


mailto:sorumluyazar@

H. Celik Kazic1 / BEU Fen Bilimleri Dergisi 9 (1), 357-365, 2020

decreases the volume of breath in the bronchi and bronchioles by blocking the 2 receptors. Another
important action mechanism of propranolol is that it controls anxiety and stress somatic symptoms [4].
Due to the widespread use of blockers, it has become increasingly important to detect the reliability of
these drugs accurately. For this purpose, a variety of methods such as spectrophotometry [5], gas
chromatography [6], capillary electrophoresis [7] and high performance liquid chromatography [8] have
been developed. In contrast to these methods, electrochemical methods have taken an important place
in the literature as being more suitable for the detection of drugs due to their low cost as well as their
high degree of sensitivity. Electrochemical methods are the most suitable methods for investigating the
redox behavior of drugs and other substance [9-11]. The most striking feature of modern
electroanalytical methods is that they are not affected by any materials that can interfere. Therefore, the
samples can be prepared simply by dissolving the pharmaceutical component in a suitable solvent.

In a study on the determination of propranolol electrochemically, the surface was modified with
copper oxide using carbon paste electrode [9]. The linear concentration range started from 10 uM. It is
clear that concentrations below 10 uM cannot be measured accurately. However, in this study a very
good linear concentration of 5-50 uM was obtained. Although the detection limits are very close to the
two studies.

In this study, the redox behavior of antihypertensive drugs such as carvedilol and metoprolol
were investigated, however a detailed electro-catalytic study was carried out on propranolol. For this
purpose, a screen printed electrode (SPCE) system modified with reduced graphene oxide (rGO) was
developed to ensure that propranolol can be examined in a fast, reliable and reproducible manner with
redox behavior thanks to voltammetric methods. A rapid and simple method with in situ monitoring was
developed without complex sample pre-treatments with SPCE. In recent years, graphene based materials
have caught great attention in various applications including catalyst and electrocatalysts because of
their superior electrical conductivity and load mobility. Therefore in this study, the SPCE surface was
modified with rGO. A single-use, cost-effective electrocatalytic method was developed with rGO for
the investigation of the electrochemical behavior of propranolol.

2. Experimental
2.1. Chemicals and reagents

Potassium dihydrogen phosphate (KH2PO,), potassium hydrogen phosphate (K:HPO,), potassium
chloride (KCI) and sodium hydroxide (NaOH) were obtained from Merck. rGO (15-20 sheets, 4-10%
edge-oxidized), propranolol, carvedilol, metoprolol and nafion (5% w/v) were obtained from Sigma-
Aldrich.

Electrochemical measurements were performed with the help of Bio-Logic SP50 model
potentiostat. SPCE (Working electrode: C (4 mm), Auxiliary electrode: C and Reference electrode: Ag
/ AgCI (0.1 M KCI)) were obtained from Dropsens. A calibrated Mettler Toledo pH-meter was used to
prepare the buffer at the desired pH at room temperature. The mixing process at the desired rate for
solution dispersion was carried out with Isolab model magnetic stirrer. TEM TPG 320 model 0.001 mg
sensitive electronic balance was used for weighing the solid chemicals. The ultra-pure water used in the
experiments was obtained from the Millipore Milli-Q Direct Q-3 ultra-pure water device.

2.2. Cleaning and activation of electrode surface

In order to obtain optimum electrochemical performance of SPCE, mild electrochemical activation is
required [12]. The cleaning and activation of the electrode surface lead to an increase in the current of
electrochemical measurements, a reduction in the signal-to-noise ratio and a reduction of irreversible
reactions. The electrochemical pretreatment for the activation of the electrode surface was carried out
in a buffered buffer of 0.1 M pH 8, at a scanning speed of 50 mVs™ and by applying cyclic voltammetry
at a potential range of - 0.5 to + 0.7 V [13]. Before using the electrodes, the surface was cleaned and
activated, washed with ultra-pure water and dried with high purity nitrogen (N2) gas.
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2.3. Preparation of standard and support electrolyte solution

Propranolol, carvedilol and metoprolol were dissolved in ethanol. A 0.1 M stock solution was prepared
by weighing 0.75 mg of propranolol which was dissolved with ethanol at a total volume of 25 mL. 1 mg
of carvedilol and 0.2 mg of metoprolol were carefully weighed and dissolved in ethanol to complete the
total volume to 25 mL. Standard substances in different concentrations were prepared by diluting the
support electrolytes from stock solutions.

In the experiments, 0.2 M phosphate buffer solution (PBS) prepared using KH,PO4 and K;HPO.
in 0.1 M KCI was used as a support electrolyte. During the preparation of the support electrolyte, pH
adjustment was made by adding 1 M NaOH or 1 M HCI. All solutions used in the experiments were
prepared in phosphate buffer system.

2.4. Modification of screen printed electrodes with rGO

For the modification of SPCE, 3 uL of the rGO solution was drop-casted onto the working electrode
surface. Electrode was kept in the dark at room temperature until it was dry [14]. 1t was then cleaned in
ultrapure water for 15 minutes with a magnetic stirrer and dried with high purity N> gas.

2.5. Electrochemical measurements

Electrochemical measurements were performed using electrochemical techniques such as cyclic
voltammetry (CV) and differential pulse voltammetry (DPV). As a result of using the CV techniques,
the nature of the electrochemical reactions was revealed in a short time. In CV, the current-potential
change is usually in the form of a peak. The effect of the scan rate was monitored in the studied potential
range. The relation between peak height and scanning speed gives information about the mechanism of
adsorption, diffusion or kinetics.

In DPV, pulses with constant amplitude were applied to the increased direct current potential in normal
voltammetry. The current was measured before and after the pulse. The difference between the currents
was plotted against the potential and the height of the peak was directly proportional to the concentration
of the analyte. Therefore, this technigue can be used for qualitative analysis.

3. Results and Discussion
3.1. Electrochemical behavior of beta blockers on the SPCE

Voltammetric behavior of propranolol is shown in Figure 1 using a bare SPCE and modified SPCE with
rGO in pH 7.0 and 0.1 M PBS. On the bare electrode surface, no significant peak of propranolol was
observed. It is clear that the current is very low in the voltamogram which shows that the determination
of propranolol by a bare electrode system is not possible. However, a high-current oxidation peak of
about 0.7 V (750 pA) around 0.5 V was obtained for propranolol on the rGO/SPCE surface.

After the determination of the working electrode type, the electrochemical behaviors on the
surface of the rGO/SPCE were investigated using carvedilol and metoprolol (Figure 2). For this purpose,
CV measurements of 1 M propranolol, carvedilol and metoprolol solution in 0.1 M PBS with a pH of
7.0 were carried out.

It was observed that propranolol provided the best peak current from the beta blockers prepared
under the same conditions (Figure 3). The oxidation process on the rGO/SPCE surface showed a high
electrocatalytic effect for propranolol. Therefore, an effective method for selective oxidation of beta-
blocker drugs was developed. The oxidation mechanism for the beta-blocker drug studied is presented
in Figure 3.
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Figure 1. CV of 1 mM propranolol on bare electrode and rGO modified surfaces, support electrolyte: 0.1 M
PBS, pH 7.0, scan rate 50 mV s
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Figure 2. CV on 0.5 mM propranolol, metoprolol and carvedilol rGO/SPCE modified surfaces, support
electrolyte: 0.1M PBS, pH 7.0, scan rate 50 mV s
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Figure 3. Oxidation mechanism of propranolol

When the current passes through the interface between the solution and the electrode, oxidation
occurs in one of the electrodes and the reduction reaction occurs, and these reactions are referred to as
Faraday laws [15]. Figure 4 illustrates the most appropriate potential for the transfer of electrons between
the electrode and the solution interface. As can be seen from the figure, when the 1.5 V potential was
applied, the highest (500 pA) oxidation peak current was obtained.
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Figure 4. Propranolol CV of optimal working potential on rGO/SPCE modified surfaces: 1 mM propranolol,
support electrolyte 0.1 M PBS, pH 7.0, scan rate 50 mVs*

The CVs of propranolol in PBS ranging from pH 5.0 to 10.0 in 1 mM concentration are shown
in Figure 5. As can be seen from the voltamograms, while no oxidation peaks were observed at pH 5.0
or 10.0, peaks were observed at pH 7.0 and 8.0 at about +0.5 V. According to the results of the pH scan
of propranolol, it was observed that the current response was high in the PBS buffer and the smoothest
shape was obtained at pH 8 (Figure 5).
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Figure 5. CVs of 1 mM propranolol in the pH 5.0-10.0 range PBS, scan rate: 50 mV s

The pH of the solution increased from 7.0 to 8.0 and the peak potential shifted to negative
potential, therefore it was found that the electrochemical reaction of propranolol also included the
transfer of protons.

The CVs of the rGO/SPCE electrodes were taken at different scan rates in 1 mM pH 8.0 PBS.
The CVs obtained for each electrode are given in Figure 6. Furthermore, the graphs of the anodic peak
currents were plotted against the square root of the scan rate (Figure 7). It can be seen from the CVs that
the anodic peak currents increase as the scan rate increases. This increase in the anodic peak currents is
linear with the square root of the scan rate. According to these results, the electrochemical process
formed by the oxidation of propranolol in the rGO/SPCE electrode is diffusion controlled.

361



H. Celik Kazic1 / BEU Fen Bilimleri Dergisi 9 (1), 357-365, 2020

Peak Current, pA
P

< »
3 e
15 o o
& -
& o
20- é el
A
: »
25 [ "
30 ovs
e e e ——
1.5 10 06 0.0 04
Potential, V

Figure 6. CVs of rGO/SPCE electrode in the range of -1.5 V to +1.5 V potential, scan rate: 10-100 mVs?, 1 mM
propranolol pH 8.0 PBS, inset graph: square root of peak current-scan rate from CVs

Through the DPV voltammetric techniques, the detection limits can be reduced to very low
levels. As a result of advantages such as no separation process for analysis and also the fact that the
analysis is conducted in a short time, solutions containing propranolol were prepared in order to generate
the calibration graph. This technique was used to plot the peak currents for the propranolol-containing
solutions in the range of 0.005 s pulse width and 00.5 V amplitude [16]. The optimum operating range
was determined up to 50 uM and the corresponding graph is shown in Figure 7. The calibration graph
equation was obtained as follows: Ip = 0.3027Cp;opranotor + 36.259 and 0.9922 with correlation
coefficient (Figure 8). With this technique, parameters such as limit of quantification, limit of detection
and sensitivity for analytical characterization of the rGO/SPCE electrode were determined (Table 1).

40 uM (COSFCE

Fraseaal ¥ oibam v

Figure 7. Anodic oxidation curves recorded in rGO/SPCE at different analyte concentrations of propranolol in
potassium buffer, pH = 8 PBS, pulse amplitude: 50 mV; scan rate: 50 mV/s
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Figure 8. Anodic oxidation curves recorded in rGO/SPCE at different analyte concentrations of propranolol in
potassium buffer (pH = 8 PBS), (pulse amplitude: 50 mV; scan rate: 50 mV/s): inset graph: Calibration graph

obtained by DPV technique for propranolol

Table 1. Analytical parameters obtained from the rGO/SPCE electrode

for the determination of propranolol by DPV

Limit of Detection 2.61 uM
Limit of Quantification 8.72 uM
Linear Range 5-50 uM

Sensitivity

4263.38 pAmMem™

As seen in Table 1, the sensitivity of the rGO/SPCE electrode is quite high. This is due to the
rapid transfer of electrons, with the increase of the electroactive surface area and electronic conductivity.
The limit of detection and the limit of quantification can be calculated by the following equation based
on the standard deviation and slope:

LOD:m
m

L0g=3-(22)

1)

2

Where s,/ is the standard error of the graph and m is the slope of the calibration graph [17].

The calibration graph was drawn with optimum working conditions and the y = ax + b equation was
obtained. Standard error of the calibration graph can be calculated by the following equation:

_ [ i-9?
Syx= "z~ O

4. Conclusion and Recommendations

In this study, a new electrochemical sensor for propranolol analysis was developed with rGO/SPCE.
The kinetic studies of propranolol were performed with CV at a scan rate of 10-100 mVs™ in 0.1 M pH
8 PBS. The propranolol oxidation mechanism was irreversible and diffusion controlled. After
optimizing the best operating conditions of the developed sensor (pH, voltage, scanning speed, etc.), the
most important analytical performance values of a sensor, the limit of detection and the limit of
guantification, the linear concentration range and the sensitivity properties were examined. The
propranolol linear concentration range was found as 5- 50 pM, the detection and quantification limits
were 2.61 uM and 8.72 uM, and the sensitivity of the sensor was 4263.38 pA/mMcm?, respectively.
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This study proposes an easy and cost-effective sensor structure for the selective determination

of propranolol. The low detection limit (low micromolar) is very useful in making simple devices for
the detection of propranolol in pharmaceutical preparations.
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