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Research Article ABSTRACT

Ranitidine (RAN) is a drug from the histamine H2 receptor antagonist class and is used to prevent excessive
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production of stomach acid. An electrochemical investigation of the RAN in pharmaceutical preparation and
spiked human urine was performed for the using a boron-doped diamond electrode (BDDE). Voltammetric
measurements were performed in a pH 11 BR solution supplemented with the anionic surfactant, sodium

dodecyl sulfate (SDS). In the proposed method using optimized experimental conditions, linearity was obtained
for RAN in the concentration range of 0.8-50.0 uM. The LOD value obtained is 0.22 uM. Good selectivity,
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Introduction

RAN, (N-(2-((5-((dimethylamino) methyl) furan-2-yl)
methylthio) ethyl)-N'-methyl-2-nitroethene-1,1-diamine)
is an H2 receptor antagonist and is often used to treat
peptic ulcers by reducing stomach acid production. It is
used in the treatment of RAN, duodenal and gastric
ulceration, gastro-esophageal reflux disease, Zollinger-
Ellison syndrome diseases [1,2]. The majority of the oral
or intravenous RAN dose excreted in urine is in the
unchanged drug form, but only a small fraction of the
administered dose is excreted as metabolites (RAN-N-
oxide, RAN-S-oxide, and desmethyl-RAN) [3,4]
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Figure 1. Chemical structure of RAN.

In the literature survey, there are various analytical
methods developed for the quantitative analysis of RAN,
such as high-performance liquid chromatography (HPLC),
liguid chromatography (LC)-mass spectroscopy (MS),
fluorescence technique, colorimetric detection, and
electrophoresis [5-15]. Although these methods are
effective and sensitive, they are known to be quite
expensive and not environmentally friendly due to the
excessive use of organic solvents. In addition, it creates
disadvantages such as long analysis times and the need for
experts to use analytical devices. Electrochemical
methods, on the other hand, have a more
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accuracy, precision, and acceptable repeatability were also achieved in this proposed electrochemical sensor.
Finally, this electrochemical sensor was successfully used for RAN detection in pharmaceutical samples.
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environmentally friendly feature than other methods and
are preferred in the analysis of electro-active compounds
used in many areas (such as agriculture, food, plants,
health, and drugs) [16-20]. Voltammetry, one of the most
used electroanalytical techniques, is widely used
especially in drug analysis. These methods have many
advantages such as short analysis time, low cost, low use
of organic solvents, high sensitivity, precise analytical
capabilities, and analysis in low volumes.

Boron-doped diamond electrode (BDD) is a special
electrode used in chemical analysis and electrochemical
applications. Boron-doped diamond electrodes are widely
used in electrochemical analysis, sensor applications,
bioanalytical measurements, and various electrochemical
research. The properties of boron-doped diamond
electrodes combine high mechanical strength, chemical
inertness, low surface roughness, and conductivity [21-
22]. These electrodes have the potential to provide high
sensitivity and  durability, especially in harsh
environmental conditions and when working with
biological samples.

The combination of carbon-based electrodes with
surfactants is a widely used strategy in electrochemical
studies to improve surface properties and increase
measurement sensitivity. As is known, carbon-based
electrodes generally have a high surface area, and their
surface properties can be further improved with the use
of surfactants. This allows reactants on the electrode
surface to be adsorbed more effectively and
electrochemical reactions to be monitored more
precisely. Surfactants have the ability to control molecular
adsorption on the electrode surface. This can particularly
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increase the selectivity of certain analytes and reduce
undesirable interactions on the electrode [23-25].

In this study, it was aimed to obtain a more stable
sensor in the anionic surfactant environment with a
boron-doped diamond electrode for sensitive
voltammetric detection of RAN and to examine the
possible electrochemical oxidation mechanism.

Materials and Methods

RAN (C13H22N403S - HCI) standard pharmaceutical
active ingredient was purchased from Sigma-Aldrich
(Turkiye, CAS: 66357-59-3). 1.0x 103 M stock solution
was prepared by dissolving the appropriate amount of
RAN in salt form in water. A stock solution of the
surfactant tested in this study, sodium dodecyl sulfate,
SDS (anionic) (1 x 1072 M), was prepared by dissolving it in
water.0.1 M Acetate buffer (pH 4.8), 0.1 M phosphate
buffer (pH 2.5, 7.4), 0.1 M Britton-Robinson buffer (pH 2.0
—12.0), and H2S04 (96%) (0.1 and 0.2 M) were used as
supporting electrolytes. Additionally, dopamine, ascorbic
acid, uric acid, lactose, glucose, potassium chloride,
magnesium chloride, sodium sulfate, and potassium
nitrate were obtained from Sigma-Aldrich to perform
interference studies. The chemicals HsPOs (85%),
NaH2P0s4-H.0, CHsCOOH (100%), HClI (37%), HsBOs
(99.5%), and Na:HPOs4 used in the preparation of
supporting electrolyte solutions were obtained from
Sigma-Aldrich.

Electrochemical studies were carried out with cyclic
voltammetry (CV), and square wave voltammetry (SWV)
techniques using Autolab PGSTAT 101 (Metrohm Autolab
B.V., Netherlands) electrochemical analyzer with NOVA
2.1.6 electrochemical software.

Electrochemical studies were carried out using a triple
electrochemical cell system containing a working
electrode, counter electrode, and reference electrode.
The BDD electrode as the working electrode (Windsor
Scientific Ltd., UK, declared boron doping level of 1000
ppm, disk diameter of 3 mm); the platinum wire (MW-
1032, USA) obtained from BASi was used as the counter
electrode and Ag/AgCl electrode (3 M NaCl; BASi, MF
2056, USA) was used as the reference electrode. In
addition, solid chemical substances were weighed with a
Vibra brand electronic scale with a sensitivity of 0.01 mg.
ISOLAB model ultrasonic bath was used to clean the
working electrode and dissolve some substances. WTW
inoLab pH7110 digital pH meter was used to adjust the pH
of the solutions.

Before starting the voltammetric experiments, BDD
was pretreated cathodic and anodic in 0.5 M H2S0s by
applying -1.8 V, then + 1.8 V for 120 s, respectively, to
activate the electrode. Between individual
measurements, the BDD electrode was gently cleaned
with a damp velvet cloth and then rinsed with water.

Zantac® (contains 50mg 10mL-1 RAN HCI) brand syrup
was used for RAN syrup formulations. The contents of the
bottle were mixed thoroughly to ensure homogeneity.
The required volume for voltammetric analysis was taken

and diluted with buffer containing anionic surfactant
(SDS). The prepared solutions were analyzed directly
voltammetrically without being subjected to any further
processing.

Results and Discussion

Electrochemical Behavior of RAN

First, the CV technique was used to investigate the
electrochemical response of 1x10* M RAN on BDDE in pH
11 BR buffer solution (the best medium for RAN analysis
has been selected and will be mentioned later) is
presented in Fig. 2. As seen in the voltammogram,
oxidation peaks of RAN were obtained at 0.75 pA at 1.28
Vin pH 11 BR buffer solution, and no reduction peak was
observed in the cathodic scan. This result shows that the
oxidation of the RAN molecule under all applied
conditions is completely irreversible.
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Figure 2. CVs of 1x10* M RAN at BDD electrode with

three repetitions in pH 11 BR buffer solution. The scan
rate is 100 mV/s.

Valuable information regarding the electrode reaction
mechanism (rate determination step) can be obtained
from the relationship between oxidation peak current and
scan rate. The effect of scan rate on the electrochemical
oxidation of 1x10% M RAN was studied using different
scan rates (75-500 mV/s; n:6) with BDD electrode in pH 11
BR buffer solution and the corresponding voltammograms
are shown in Fig. 3. v—Ip (Eq.1), log v—log Ip (Eq.2) graphs
were drawn using the findings obtained from these
voltammograms, and the linearity equations of these
graphs are presented below.

log Ip = 0.7809+0.16 log v — 1.6105+0.562; r = 0.999 (1)

log Ip = 0.7809+0.16 log v — 1.6105+0.562; r = 0.999  (2)
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Figure 3. Cyclic voltammograms of 1x10* M RAN
recorded using a BDD electrode in the scan rate range
of 75-500 mV s in pH 11 BR buffer solution. Inset:
Linearity graphs of Vv — Ip and log v — log Ip.

The linearity obtained from the Ip/v relationship
shows that the electrochemical oxidation of the RAN
molecule is adsorption-controlled under the experimental
conditions studied. When the logarithmic equations of
current and scan rate are examined, the slope obtained
(0.78) is between the theoretical values of 0.5 and 1.0,
indicating that this reaction is adsorption-controlled in the
irreversible electro-oxidation process of RAN on the BDD
electrode. On the other hand, anodic peak potentials (Ep)
were observed to slowly shift linearly to more positive
values from 75 to 500 mV s~*. This phenomenon, as is
known, is characteristic of the irreversible electrochemical
reaction. The plot of the Ep/log v (Eq.3) between 75-
500 mV s~! can be expressed as follows:

Ep = 0.054+0.085log v + 1.1978+1.238; r = 0.9949 (3)

The number of electrons (n) transferred in the
oxidation of the RAN molecule on the BDD electrode was
calculated by taking measurements on CVs and using the
‘Laviron’s equation (Eq. 4) given below, which is valid in
the adsorpsion-controlled irreversible electrode process
[26].

Ep = E°+(2.303RT / anF) log (RTk° / anF) + (2.303RT ()
/anF) log v

The constants T, R, F, EC, v, n, k® and a in the formula
are expressed as absolute temperature, universal gas

constant, Faraday constant, formal redox potential,
scanning speed, number of electrons transferred,
heterogeneous transfer constant, respectively.

Considering the slope of the graph of Ep (V) versus log v
(mV s™), the resulting an is 1.0. In irreversible systems, the

avalue is accepted as 0.5. Thus, the value of nis calculated
as 2. This result shows that 2 electrons are transferred per
molecule in the redox reaction of RAN [27].

As it is known, the pH of the analytical solution is an
important step that determines whether protons will take
part in electrode reaction mechanisms. In studies carried
out to develop a sensitive and selective voltammetric
method for the determination of RAN, sharper and well-
defined peaks were obtained with the SWV technique.
The effect of pH value on the anodic potential and current
responses at the BDD electrode was investigated in 1x10°
4 M RAN. In order to examine the effect of supporting
electrolyte and pH on the voltammetric behavior of RAN,
SW voltammograms were recorded in the (0.0) - (+1.6) V
potential scan range of RAN solutions prepared in the
appropriate support electrolyte. For this purpose,
supporting electrolyte solutions of 0.1 M Britton-Robinson
buffer (pH 2.0-12.0) were used. Figure 4 shows the effect
of pH on square-wave voltammograms recorded in 1x10™
M RAN solutions.
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Figure 4. SWVs of 1 x 10™* M RAN in BR buffer (pH 2.0—
12.0) at a range of pH values. Electrode, BDDE; SWV
parameters: 50 Hz frequency, 8 mV scan increment,
and 30 mV pulse amplitude.

As seen in Fig. 4 the oxidation peak current of RAN can
change with different pH values. The highest oxidation
peak current was obtained at the pH 11 BR buffer. The
oxidation peak potential of RAN appears to shift towards
a more negative potential between pH 2 and 5. In the
more basic region, pH again shifts to negative potential
between 8 and 11. Therefore, there are two inclined
regions of RAN on the BDD electrode surface, one being
an acidic region and the other being a basic region. This
result shows that protons on the BDD electrode surface
are effective on the electrochemical mechanism. As can
be seen from the SW voltammograms in Fig. 4, pH 11 BR
buffer solution was preferred in terms of both peak
morphology and oxidation peak current, and all studies
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were continued in this medium. When the relationship
between pH and peak potential (Ep) of RAN is examined;
It can be seen that there are two slope region. The linear
regression equations of RAN are expressed as follows.

Epa (V) (pH 2 - 5) = -0.047 pH + 1.5178 r: 0.996
Epa (V) (pH 8 - 11) =-0.016 pH + 1.4477 r: 0.995

When the obtained slopes are examined, it is seen that
the proton transfer in acidic and basic environments
changes on the BDD electrode surface of RAN. Therefore,
since the slope value obtained in a strongly basic solution
is closer to the theoretical value of 30 mV/pH, two
electrons and one proton transfer are involved in the
oxidation of RAN in BR buffer, pH 11 solution. Accordingly,
the possible electrochemical oxidation mechanism of RAN
has been reported previously [27].

Since the signals occurring in voltammetric techniques
may vary with the variables of the device used, it is
necessary to optimize these variables. For this purpose,
square wave pulse variables were optimized in the range
of 15 - 200 Hz frequency (f), 4 - 20 mV step potential (AEs),
and 10 - 100 mV pulse amplitude (AEsw) of 1x10°> M RAN
in pH 11 BR buffer. The optimization process was carried
out by changing one parameter at a time and keeping the
others constant. By increasing the frequency, the
oxidation peak current increased up to 200 Hz, but after
125 Hz, the oxidation peak current increased but the peak
morphology deteriorated. For this reason, the most
appropriate frequency value was determined as 125 Hz.
The best result in terms of peak shape and oxidation peak
current value in the potential range of 4-20 mV was
obtained at AEs = 14 mV, and the best result was obtained
at 40 mV in oxidation peak current in the pulse amplitude
range of 10-100 mV.

Finally, the effect of surfactant (SDS; anionic
surfactant, CTAB; cationic surfactant, Tween 20; non-ionic
surfactant) on the electrochemical oxidation of RAN was
examined. As is known, the sensitivity of voltammetric
methods can be increased thanks to this electrostatic
interaction between the electrode surface - surfactant
and analyte. Figure 5 shows the interaction of RAN with
cationic, anionic and nonionic surfactants in the same
medium (pH 11 BR). As can be seen from the figure 5, the
oxidation peak current of RAN increases in the presence
of SDS, and decreases significantly in the presence of CTAB
and Tween 20.

By keeping the RAN concentration constant at 5 x 107
M in the pH 11 BR buffer solution, the surfactant effect
was investigated by adding SDS in different concentration
ranges (1 x 10~ to 1 x 1073 M). The maximum value was
observed when 8 x 10™ M SDS (Figure 6) was added, and
the 8 x10™ M SDS concentration was chosen for the
remainder of the present analytical study.
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Figure 5. SWVs of 5 x 10> M RAN (---) in BR buffer (pH
11.0) with 8 x10™> M SDS (Red), CTAB (green), and
Tween 20 (blue) surfactant. Electrode, BDDE; SWV
parameters: 125 Hz frequency, 14 mV scan increment,
and 40 mV pulse amplitude.
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Figure 6. SW voltammograms of 5 x 10> M RAN in pH 11
BR buffer solution in the concentration range of
1.0x107° to 1x10~2 M SDS. Dashed lines represent
voltammograms without SDS. Inset: ip plot and SDS
concentration. Electrode, BDDE; SWV parameters:
125 Hz frequency, 14 mV scan increment, and 40 mV
pulse amplitude.
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Analytical Application of RAN

The sensitivity, selectivity, repeatability and linearity
range of the studied voltammetric method were
investigated in detail. To examine the effect of RAN
concentration on oxidation peak current under the best
experimental conditions, voltammograms of RAN
solutions at different concentrations were evaluated with
the BDD electrode in pH 11 BR buffer. The SW
voltammograms for calibration were obtained by
increasing the concentrations of RAN as shown in Fig. 7.
As seen in the figure, the oxidation peak currents of RAN
at increase in proportion to their concentrations, and the
relevant analytical parameters are summarized in Table 1.
Fig. 7 shows that RAN has a linear range between 0.8 and
50 uM, [ip (uA) =0.1181 C (uM) + 0.0113], r=0.999].
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Figure 7. SWVs for RAN levels of (1-15) 0.8, 1.0, 2.0, 3.0,
4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 20.0, 30.0, 40.0, 50.0
UM in pH 11 BR solution with presence 8 x 10™ M SDS.
Inset shows the corresponding calibration plot for the
guantitation of RAN. Electrode, BDDE; SWV
parameters: 125 Hz frequency, 14 mV scan increment,
and 40 mV pulse amplitude.

Table 1. Analytical validation parameters of the proposed
SW voltammetric method

Parameters Oxidation of RAN
Linearity range (uUM) 0.8-50
Slope (LA/uM) 0.1181
Intercept (HA) 0.0113
Correlation coefficient 0.999
LOD (uM) 0.22
LOQ (uM) 0.74

The RSD value of the slope of calibration curve for
oxidation of RAN was found to be 4.53%. This result show
that the BDD electrode has very high reproducibility for
the electrochemical oxidation of RAN. Comparison
between previously reported methods for
electrochemical oxidation of RAN and the method
presented here is given in Table 2.

Table 2. Comparison of the proposed method for
determination of RAN with previously reported
electrochemical oxidation using different electrodes.

Electrode LOD (uM)  Sample Ref.
GCE 0.6 Drug [28]
Gr-GCE 0.1 Drug, Serum [29]
PDA-CPE 0.019 Drug, Urine  [27]
Printex 6L-GCE 0.24 Urine, Serum [30]
BDDE 0.22 Drug This work

GCE: Glassy carbon electrode, Gr-GCE: Graphene modified
glassy carbon electrode, PDA-CPE: poly(dopamine)
modified carbon paste electrode.

The precision values of the method were evaluated
with the relative standard deviations (RSD) of both
intraday and interday repeatability of RAN oxidation peak
current values. It was taken again eight times on the same
day and in three different solutions on different days,
using the square wave voltammetry method. Intraday and
interday % RSD values of oxidation peak currents of RSD
were determined as 3.55% and 5.23%, respectively. The
results show us that the repeatability of oxidation in peak
current and peak potential values is quite good.

To examine the selectivity of the proposed
voltammetric method, it was tested on substances that
could interfere with the 3.0 uM RAN solution. In the
selectivity study, no change in the peak potential of RAN
was observed in the presence of Ca%*, Cu?*, Zn%, Ag*, Na*,
NO?, CI, uric acid and dopamine compounds. The results
obtained from these data show that; It can be said that
the method designed with BDD electrode is selective. In
the next step, the amount of RAN was determined using
the BDD electrode at presence 8 x 10 M SDS. Finally, to
check the practical applicability of the determined
method, the analysis of syrup containing RAN was tested
using the calibration method. The assay results with
recoveries for the pharmaceutical formulation examined
are summarized in Table 3.

Table 3. The results for quantification and recovery of RAN

from the syrup sample (Zantac®, mg/10 mL)

Declared Determined Recovery o (T
amount amount (%) EBkd
150 148 98.66 1.34
Conclusions

Electrochemical studies of RAN in the literature are
mainly related to electrochemical reduction. There are a
limited number of studies on electrochemical oxidation.
Here, a new electroanalytical method is proposed for the
determination of RAN with BDD electrode for the first
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time in the presence of SDS, an anionic surfactant. The
results obtained show the sensitivity of the proposed
electrochemical method and its low cost since it does not
require expensive apparatus. The main advantage of the
proposed method is that it is directly applicable to the
analysis of biological samples without the need for
separation or complex sample preparation since there are
no problems caused by endogenous substances compared
to other techniques. The recovery results show that the
proposed procedures are sufficiently accurate and
precise. Therefore, this proposed technique is quite fast,
simple to implement, and most importantly, inexpensive.
It can be considered as a suitable alternative to other
existing analytical methods.

Conflicts of interest
There are no conflicts of interest in this work.
References

[1] HelmanC. A, Tim L. O., Pharmacology and Clinical Efficacy
of Ranitidine, a New H2-Receptor Antagonist,
Pharmacother. J. Hum. Pharmacol. Drug Ther., 3(4) (1983)
185-191.

[2] Dawsonl., Richards D. A,, Stables R., Dixon G. T., Cockel R.,
Ranitidine—Pharmacology and Clinical use, J. Clin. Pharm.
Ther., 8(1) (1983) 1-13.

[3] Ashiru D. A., Patel R., Basit A. W., Simple and Universal
HPLC-UV Method to Determine Cimetidine, Ranitidine,
Famotidine, and Nizatidine in Urine: Application to the
Analysis of Ranitidine and its Metabolites in Human
volunteers, J. Chromatogr. B, 860(2) (2007) 235-240.

[4] Psoma A. K., Rousis N. I, Georgantzi E. N., Thomaidis N. S.,
An Integrated Approach to MS-based ldentification and
Risk Assessment of Pharmaceutical Biotransformation in
Wastewater, Sci. Total Environ., 770 (2021) 144677.

[S] Zendelovska D., Stafilov T., Development of an HPLC
method for the Determination of Ranitidine and
Cimetidine in Human Plasma Following SPE, J. Pharm.
Biomed. Anal., 33(2) (2003) 165-173.

[6] Castro A., Arancibia A., Romero P., Gai M. N., Validated
HPLC method for the Determination of Ranitidine in
Plasma, Die Pharm. Int. J. Pharm. Sci., 58(10) (2003) 696-
698.

[71 Haque T., Takulder M. M. U., Laila S., Fatema K.,
Development and Validation of RP-HPLC method for
Simultaneous Estimation of Naproxen and Ranitidine
Hydrochloride, Pak. J. Pharm. Sci., 23(4) (2010) 379-383.

[8] Babu B., Hemnath E., Jeyaprakash M., Krishnaveni N.,
Meyyanathan S., Raja R., Venkatesh D., A RP-HPLC method
for Simultaneous Estimation of Ondansetron and
Ranitidine in Pharmaceutical Formulation, Int. J. Heal.
Allied Sci., 1(2) (2012) 129-129.

[9] Kiszkiel-Taudul I., Starczewska B., Jabtonska A., lonic
Liquid-based Ultrasound-assisted Emulsification
Microextraction for the Determination of Ranitidine in
Water Samples and Pharmaceutical Preparations, New J.
of Chem., 44(27) (2020) 11490-11497.

[10] ElI-Naem O. A., El-Maraghy C. M., A Validated Liquid
Chromatography-Tandem Mass Spectrometric method for
the Determination of Co-administered Ranitidine and

[11]

[12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

[21]

[22]

Metronidazole in Plasma of Human Volunteers, Anal. Met.,
13(23) (2021) 2586-2595.

Paul S., Barai L., Husen F., Sarker S., Pal T. K., Bal P., Biswas
S., Analytical method Development and Validation for
Estimation of Ranitidine in Solid Dosage form by UV-
Spectrophotometric method, Orient. J. Chem., 36(6) (2020)
1161.

Berisha L., Jashari G., Veseli V., Shabani E., Lushaj F.,
Maxharraj F., Maloku A., Flow injection Analysis of
Ranitidine based on Derivatization Reaction Producing 2-
Methylfuran Cation as a Sensitive and Selective
Amperometric Detector, Electroanalysis, (2023)
e202200318.

Alshehri Y. M., Alghamdi T. S., Aldawsari F. S., HS-SPME-
GC-MS as an Alternative method for NDMA Analysis in
Ranitidine Products, J. Pharm. Biomed. Anal., 191 (2020)
113582.

Junior J. G. F.,, de Lima A. R. B, de Freitas A. J. D., de Freitas
J. D., Limad P. R., de Abreu F. C., Meneses D., Paper based
Device (PAD) for Colorimetric Determination of Ranitidine
in Pharmaceutical Samples, Microchem. J., 178 (2022)
107336.

Zounr R. A., Khuhawar M. Y., Khuhawar T. M., Lanjwani M.
F., Khuhawar M. Y., GC Analysis of Metformin, Ranitidine
and Famotidine from Pharmaceuticals and Human Serum,
J. Chromathogr. Sci., 61(9) (2023) 807-813.

Karahan F., Basi Z., Keskin E., Pinar P. T., Yardim Y., Sentiirk
Z., Electrochemical Determination of Fluoroquinolone
Antibiotic Norfloxacin in the Presence of Anionic
Surfactant using the Anodically Pretreated Boron-Doped
Diamond Electrode, ChemistrySelect, 5(42) (2020) 12862-
12868.

Allahverdiyeva S., Pinar P. T., Yardim Y., Sentiirk Z., First
Report for the Electrochemical Investigation of a New HIV
integrase inhibitor Dolutegravir: Its Voltammetric
Determination in Tablet Dosage Forms and Human Urine
using a Boron-Doped Diamond Electrode, Diam. Relat.
Mater., 114 (2021) 108332.

Pinar P. T., Yardim Y., Gilcan M., Sentiirk Z., The First
Approach for the Simultaneous Quantification of
isoproturon, Carbendazim, and Carbofuran at the Surface
of a MIL-101 (Cr) Metal-organic Framework-based
Electrode, Inorg. Chem. Commun., (2023) 111327.

Ali H. S., Barzani H. A., Yardim Y., Utilizing Epicatechin
Voltammetric Oxidation Signal for the Estimation of Total
Phenolic Content in the Tea Samples via the Unmodified
Boron-Doped Diamond Electrode Surface, Microchem. J.,
189 (2023) 108572.

Pinar P. T., Yardim Y. Sentirk Z. Square-wave
Voltammetric Sensing of Lawsone (2-hydroxy-1, 4-
naphthoquinone) based on the Enhancement Effect of
Cationic Surfactant on Anodically Pretreated Boron-Doped
Diamond Electrode, Acta Chim. Slov, 68(4) (2021) 1027-
1032.

Svorc L., Rievaj M., Bustin D., Green Electrochemical
Sensor for Environmental Monitoring of Pesticides:
Determination of Atrazine in River Waters using a Boron-
Doped Diamond Electrode, Sensors and Actuators B:
Chem., 181 (2013) 294-300.

Budak F., Cetinkay, A., Kaya S. I., Atici E. B., Ozkan S. A.,
Sensitive Determination and Electrochemical Evaluation of
Anticancer Drug Tofacitinib in Pharmaceutical and
Biological Samples using Glassy Carbon and Boron-Doped
Diamond Electrodes, Diam. Relat. Mater., 133 (2023)
109751.

254



Cumhuriyet Sci. J., 45(2) (2024) 249-255

[23]

[24]

[25]

[26]

[27]

Kaya S., Cetinkaya A., Ozkan S. A., Surfactant Sensors for
Pharmaceutical/Medical Applications, 23(3) (2023) 163-
192.

Barzani H. A., Yardim Y. First Approach for the
Voltammetric Sensing of Rifabutin by the use of Cationic
Surfactant Media on the Boron-Doped Diamond Electrode,
Diam. Relat. Mater., 132 (2023) 109658.

Mete C., Pinar P. T., Using a Boron-Doped Diamond
Electrode in Anionic Surfactant Media as an Improved
Electrochemical Sensor for the Anticancer Drug lbrutinib,
Chemistry Select, 8(6) (2023) e202204492.

Pilz F. H., Kielb P., Cyclic voltammetry, Square Wave
Voltammetry or Electrochemical impedance
Spectroscopy? Interrogating Electrochemical Approaches
for the Determination of Electron Transfer Rates of
immobilized Redox Proteins, BBA Advances, 4 (2023)
100095.

PinarP.T., Yardim Y., Sentlirk Z., Electrochemical Oxidation
of Ranitidine at Poly (Dopamine) Modified Carbon Paste

[28]

[29]

(30]

Electrode: Its  Voltammetric  Determination  in
Pharmaceutical and Biological Samples based on the
Enhancement Effect of Anionic Surfactant, Sensors and
Actuators B: Chem., 273 (2018) 1463-1473.

pPfaffen V., Ortiz P. |, Alternative method with
Amperometric Detection for Ranitidine
Determination, Ind. Eng. Chem. Res., 49(9) (2010) 4026~
4030.

Xi X., Ming L., Electrochemical Determination of Ranitidine
Hydrochloride in Pharmaceutical Formulations and
Biological Fluids at Graphene Modified Electrode, Asian J.
Chem., 25(10) (2013) 5315.

Silva L. P., Vicentini F. C., Lourencao B. C., Oliveira G. G.,
Lanza M. R., Fatibello-Filho O., A New Sensor Architecture
based on Carbon Printex 6L to the Electrochemical
Determination of Ranitidine, J. Solid State Electrochem., 20
(2016) 2395-2402.

255



