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Abstract

:

A novel highly selective, sensitive and simple analytical technique was recommended for the investigation of anthelmintic veterinary drug oxyclozanide based on square wave anodic stripping voltammetry (SWASV) by using a carbon paste electrode (CPE). According to the cyclic voltammetric data, the oxidation and electron transfer processes of oxyclozanide were found as irreversible and adsorption-controlled, respectively. The voltammetric anodic peak response was characterized with respect to pH, accumulation potential, accumulation time, frequency and pulse amplitude, etc. Under these optimized experimental conditions, the anodic peak density of oxyclozanide was linear to oxyclozanide concentrations in the range from 0.058 to 4.00 mg/L. The described electrochemical method was successfully carried out for the oxyclozanide in pharmaceutical formulation and tap water with mean percentage recovery of 101.5 % and 102.2 %, respectively. The results of pharmaceutical formulation studies were statistically compared to the high-performance liquid chromatographic method.
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1. Introduction


Pharmaceuticals are necessary for human and animal health. They are an important class of emerging contaminants in the environment because, after usage, these compounds and their metabolites are widespread in the environment by several mechanisms. Many drug residues have been detected in the environmental areas such as surface water, groundwater, sewage sludge and manure [1,2]. Therefore, it is very important to the enhancement of some efficient, appropriate and accurate detection methods for these pharmaceuticals in environmental samples.



Oxyclozanide is an anthelmintic drug introduced over 50 years ago and its IUPAC name is [2,3,5-trichloro-N-(3,5-dichloro-2-hydroxyphenyl)-6-hydroxybenzamide] [3]. Helminths are the most important group of parasitic infections in livestock and can be classified into three major types; cestodes, trematodes and nematodes [4]. The chemical structure of oxyclozanide is shown in Figure 1. It has been widely used to control parasitic flatworms called flukes in livestock fields, primarily for ruminants such as goat, cattle and sheep [5]. Oxyclozanide is also used to treat infections caused by F. gigantic and F. hepatica [6].



Very few papers, most of them are spectrophotometric and chromatographic analytical methods, have been reported in the literature for the determination of oxyclozanide in veterinary medicinal products and biological fluids such as liquid chromatography [7], high-performance liquid chromatography (HPLC) [8,9], high-performance thin-layer chromatography [10], HPLC–tandem mass spectrometry [11], liquid chromatography coupled with tandem mass spectrometry [12] and spectrophotometry [13]. These methods are widely used in routine analysis since they are good in sensitivity, stability and repeatability. However, the disadvantage of these methods is that they are time-consuming, expensive, require a large sample volume and need a large number of organic solvents with extraction and separation procedures [14,15]. Electroanalytical techniques are selective, rapid, sensitive and easy methods; they also have low detection and determination limits. So, they have been widely used to analyze organic molecules as pharmaceuticals and pesticides in food, environmental or biological samples and commercial formulations [16,17,18,19,20]. Carbon electrodes, which have great advantages, such as low cost, lightness, large specific surface area, light weight, oxidation resistance, high corrosion resistance and extraordinary porous structure, have a dominant position in the analysis of drugs, pesticides and numerous organic molecules [21]. Therefore, the carbon paste electrode (CPE) can be one of the most suitable indicator electrodes for the determination of oxyclozanide.



To our knowledge, there are no published procedures regarding the electrochemical properties of oxyclozanide and it is available for determining by electrochemical methods. This manuscript reports the development of a new analytical method for the sensitive detection of the oxyclozanide based on a voltammetric technique using a carbon paste electrode (CPE). The principal purpose of this work is the development of a highly sensitive and selectivity electroanalytical technique for the detection of oxyclozanide and to implement the methodology for its quantitative determination in environmental samples and pharmaceutical formulation.




2. Materials and Methods


2.1. Apparatus


The cyclic and square wave stripping voltammetric measurements were carried out by using a Vertex.One/Ivium electrochemical analyzer (Potentiostat/galvanostat, Eindhoven, The Netherlands) controlled with software. The electrochemical cell consisted of three electrodes: the CPE as a working electrode, an Ag/AgCl (3 M NaCl) as a reference electrode and a platinum counter electrode. The pH of the solution was measured using the HANNA model HI 8521 digital pH-meter.



HPLC analyses were performed as indicated by Jo et al. [8]. The HPLC system (Shimadzu UFLCXR HPLC System, Shimadzu Corp., Kyoto, Japan) consisted of a SIL-20A XR autosampler, C18 column and a model of the SPD-M20A diode array detector. The mobile phase consisting of a mixture of 0.1% phosphoric acid/acetonitrile (6:4 v/v) was degassed by sonication before use. Detection of oxyclozanide was carried out at a wavelength of UV-300 nm. The flow rate was 1.0 mL/min and injected volume was 50.0 μL. Each treatment consisted of three replicates.



Mixed graphite powder (<150 µm) and paraffin oil in the ratio 70:30 (w/w) were used to prepare CPE and the obtained carbon paste was packed into the end of the BASi-MF 2010 electrode (3 mm diameter). The procedure for cleaning the electrode surface was done with distilled water. In addition, when not cleaned with pure water, polishing was applied to the electrode surface before the measurements.




2.2. Chemicals and Reagents


Oxyclozanide was purchased from Sigma-Aldrich as an analytical standard. Stock oxyclozanide solution of 500 mg/L oxyclozanide was prepared by dissolving the required weight in acetonitrile and storing it in the dark under refrigeration. Further required dilutions for working solutions were performed with acetonitrile. Veterinary drug formulation containing oxyclozanide, Okzan® (Ceva, Istanbul, Turkey), was purchased from local retail outlets and analyzed by the proposed electrochemical method and by a high-performance liquid chromatography (HPLC) comparative method. The Britton–Robinson buffer (BR, 0.04 M) solutions were used as supporting electrolytes and were prepared from a mixture of H3BO3, H3PO4 and CH3COOH with the appropriate amount of NaOH or HCl solutions to obtain the desired pH. Salts used for buffer solutions, solvents and other chemicals were analytical grade reagents (Merck, Darmstadt, Germany). Throughout all the experiments, doubly distilled water was used.




2.3. Analytical Procedures


The voltammetric response of 6 mg/L oxyclozanide at CPE was investigated in 0.04 M BR buffer and HCl solutions with different pH. For analytical applications, pH 2.0 BR buffer was selected at optimum value. Optimization of SWSV experimental parameters include pulse amplitude (ΔE), frequency (f), accumulation time (tacc), accumulation potential (Eacc) and staircase step potential (ΔEs) are very important because they significantly affect the peak current. So, instrumental conditions were optimized and the calibration curves for oxyclozanide were performed by the standard addition method. The selectivity of the CPE in this paper was evaluated in the presence of different interfering molecules like gentamicin, florfenicol, levamisole and oxfendazole.



To prepare the pharmaceutical sample solution, five Okzan tablets, each containing 750 mg of oxyclozanide were triturated to fine homogeneous powder in mortar. Then, it was accurately weighed and finally dissolved in acetonitrile. These commercial formulations were diluted quantitatively with acetonitrile to obtain a suitable concentration for the analysis.





3. Results and Discussion


3.1. Cyclic Voltammetry


The electrochemical oxidation behavior of oxyclozanide at CPE was studied by using cyclic voltammetry at different sweep rates in a range from 50 to 500 mV/s in BR buffer solution of pH 2.0. The cyclic voltammograms were obtained in the potential range of 0.00–1000 mV on CPE. As shown in Figure 2, oxyclozanide showed an anodic peak at nearly +780 mV by a scan rate of 500 mV/s in BR buffers at pH 2.0. However, since no peak is obtained in the reversed scan as a cathodic direction, it can be concluded that the oxyclozanide oxidation process has an irreversible electrochemical process. Otherwise, with increasing scan rates, the peak potentials of oxyclozanide shifted to more positive values shows the irreversibility of the oxidation process [22].



To define whether the oxidation reaction of oxyclozanide on CPE was adsorption- or diffusion-controlled, the dependency of the peak current (Ip) on the scan rate (ν) was investigated in the range 50–500 mV/s. The linear relation between the oxidation peak current of oxyclozanide and the square root of the scan rate is described by the following equation (Equation (1)) confirming that the electrochemical oxidation of oxyclozanide at CPE is controlled by diffusion [23].


Ip (µA) = 14.184 ν1/2 − 2.941; (r = 0.9898)



(1)







According to the scan rates by cyclic voltammetry, the plot of the logarithm for the peak currents (log Ip) versus the logarithm of the scan rate (log ν) was linear, with a slope of 1.13, in close agreement with the theoretical value as 1.0, can be taken for the irreversible electrochemical process, for an adsorption-controlled process [24]. The linear equation was found as follows:


log Ip (µA) = 1.133 log (ν) (V s−1) − 1.390 (r = 0.9946)



(2)







According to the results, the electrode process of the oxyclozanide is mixed adsorption-controlled with diffusion at the CPE surface [25].




3.2. Square Wave Anodic Stripping Voltammetry


3.2.1. Influence of pH and Square Wave Parameters


The pH of the electrolyte solution is one of the experimental factors that strongly influenced the shape of the voltammogram. In order to obtain the best peak definition, peak current magnitude and repeatability, electrochemical measurements were performed in a pH range of 2.0–9.0 in BR buffer solution and 0.1 M HCl solution as supporting electrolyte using SWSV at CPE. Since oxyclozanide is slightly soluble in the aqueous medium, a certain amount of acetonitrile (20%) is added to the supporting electrolyte medium in all experimental studies. As shown in Figure 3, oxyclozanide exhibited in all cases a single oxidation peak, and the potential of oxidation peak shifted negatively by increasing the solution pH for oxyclozanide with the linear regression equation Ep (mV) = −54.875 pH + 892.06 (r = 0.999), suggesting that protons were involved in the reaction [26]. Based on this equation, the slope value for oxyclozanide is 54.88 mV per pH, which is very close to the theoretical value of 59 mV/pH unit. The result indicates that the electrochemical oxidation of oxyclozanide at CPE should be an equal number of protons and electrons in the electrode reaction [27,28].



When the effect of pH on the peak current of oxyclozanide was investigated in the range of pH 2.0–9.0 of a Britton–Robinson universal buffer and 0.1 M HCl solution, it can be seen that the highest peak current value was obtained in pH 2.0 BR buffer solution (Figure 4) which was selected to carry out the quantitative determination of the oxyclozanide.



The peak current of oxyclozanide in square wave stripping voltammetry is dependent on several instrumental parameters including, frequency (ƒ), pulse amplitude (ΔE), step potential (ΔEs), accumulation time (tacc) and accumulation potential (Eacc). To optimize the frequency for oxyclozanide determination, the effect of varying frequencies on the anodic peak of 3.0 mg/L oxyclozanide in pH 2.0 BR buffer solutions were studied using SWSV in the range of 10–150 Hz. The oxidation peak current of oxyclozanide increased with changed frequency until 80 Hz and then decreased slowly at higher frequencies. Thus, the optimum frequency was chosen to be 80 Hz because of the obtained high peak current to noise ratio for all voltammetric experiments. For irreversible electrochemical reactions, the relationship between the peak potential and the frequency is defined by the following equation [29]:


     Δ E p   Δ log f   =   2.3 R T   a n F     



(3)







In Equation (3), α is the transfer coefficient and n is the number of electrons involved in the redox reaction. Therefore, the number of electrons transferred in the oxidation reaction is calculated with the aid of this equation. The following equation represents the relationship between the peak potential and frequency.


Ep (mV) = 166.17 log f + 546.42; (r = 0.988)



(4)







Using this equation, a value 0.355 was calculated for αn. For irreversible reactions, if the value is assumed to be 0.5, the numbers of electrons transferred in the oxidation reaction should be equal to 1.0.



The influence of accumulation time ranging from 10 to 120 s on the oxidation of oxyclozanide at CPE is shown in Figure 5. The anodic peak current increased gradually as accumulation time increased from 10 to 80 s. However, the accumulation time beyond 80 s the peak current of oxyclozanide tends to be almost stable. So, the optimal accumulation time of 80 s was used in further voltammetric experiments.



The variation of peak current with accumulation potential was studied over the range −0.1 to +0.4 V for 3 mg/L oxyclozanide at pH 2 for an accumulation time of 80 s using SWSV. As shown in Figure 5, the peak current value of oxyclozanide was maximal for an accumulation potential of 0.0 V. Therefore, the optimal accumulation potential of 0.0 V was used in further experiments. The influence of step potential and pulse amplitude has an important effect on peak current. To evaluate the analytical performance, the pulse amplitude effect was studied in the range from 10 to 120 mV. At a pulse amplitude of 90 mV, the peak current of oxyclozanide is found to be much sharp and well defined. The effect of the wave pulse amplitude on the anodic peak current of oxyclozanide was also investigated over the range from 1 to 8 mV, and 4 mV was optimal pulse amplitude for oxyclozanide determination.




3.2.2. Quantitative Study


Based on the adsorption behavior of oxyclozanide onto the CPE, square wave adsorptive anodic stripping voltammetry technique, a linear calibration curve was established for oxyclozanide in the bulk form. Using the obtained optimized parameters, the anodic peak presents a linear relationship from 0.058 to 4.00 mg/L of oxyclozanide (Figure 6), following the regression equation:


Ip (µA) = (65.52 C (mg/L) ± 2.06) + (13.64 ± 2.60) r = 0.9975; (0.1 mg/L up to 4.0 mg/L)



(5)







The limit of detection (LOD) and limit of quantification (LOQ) of the developed SWSV for the analysis of oxyclozanide was calculated by using 3sb/m and 10sb/m criteria, respectively. In these equations, sb is the standard deviation of peak current at 0.20 mg/L oxyclozanide (10 repeated measurements) and m is the slope of related calibration plot [30]. Under optimum experimental conditions, LOD and LOQ were calculated as 17.42 µg/L and 58.07 µg/L, respectively. The high slope and correlation coefficients indicate that the proposed method is very sensitive for the analysis of oxyclozanide on CPE in pH 2.0 BR buffer solution. The calibration data and the corresponding validation parameters are summarized in Table 1.




3.2.3. Interference Study


The selectivity performance of the proposed SWASV for the determination of oxyclozanide was evaluated in the presence of commonly used veterinary drugs and some cationic species. Possible interactions with compounds such as gentamicin, florfenicol, levamisole and oxfendazole were investigated in determining the amount of oxyclozanide using a square wave stripping voltammetric method. Especially, the combination of oxyclozanide between oxfendazole or levamisole has recently been introduced in the market. The effect of some ionic species, widely found in surface water and soil, was investigated on the determination of oxyclozanide by SWSV. To perform the interference studies different interfering ions such as Cu2+, Zn2+, Ba2+, Pb2+ and Fe3+ were used. Interaction species concentrations were used as 5 and 10 times the amount of oxyclozanide by mass. The effect of interference species was calculated as a percentage by using reference peak current of oxyclozanide in the presence and absence of the interfering species. It can be seen that 10 times the oxyclozanide concentration of ions and compounds did not interfere with the electrochemical responses of oxyclozanide. Only a serious effect (86.99 %) was observed in the presence of a relatively higher concentration of oxfendazole since it exhibited an oxidation peak at about 1270 mV in pH 2 BR buffer solutions. As shown in Table 2, the sufficiently good recoveries were obtained for the ions or molecules because they do not form a complex with the oxyclozanide.




3.2.4. Application to Pharmaceutical Formulation and Tap Water


In order to interpret the accuracy and validity of the developed methodology, a commercially available pharmaceutical tablet sample containing oxyclozanide (Okzan® tablets, Istanbul, Turkey) was analyzed. The results of pharmaceutical formulation analyses are given in Table 3. The results of SWSV were compared with the high-performance liquid chromatography (HPLC) method. Variance ratio F-test and Student’s t-distribution test were used for statistical analysis. There was no significant difference between SWSV and HPLC in the results of the statistical analysis according to the accuracy and precision between the performances of both methods.



The proposed electroanalytical procedure was successfully carried out to analyze oxyclozanide in tap water by the standard addition method. For tap water samples spiked with 0.25 mg/L and 0.50 mg/L oxyclozanide level, recovery rates were obtained as 102.2% ± 1.5% and 104.5% ± 1.3% at a 95% confidence level, respectively, based on four repetitive measurements. Thus, it seems that the developed voltammetric method can apply to the analysis of oxyclozanide in water samples.



The proposed SWASV electrochemical method with high recoveries and low relative standard deviations shows that the determination of oxyclozanide can be carried out in natural and real samples by the high accuracy and precision on CPE in pH 2.0 BR buffer solution.






4. Conclusions


A novel analytical method for the detection of oxyclozanide was developed and is based on square wave stripping voltammetry. The electro-oxidation behavior of oxyclozanide was an irreversible process and adsorptive on the surface of CPE. The anodic peak current of oxyclozanide was proportional to the concentrations in the range 0.058 to 4.00 mg/L with a detection limit of 0.017 mg/L and a correlation coefficient of 0.9975. The results of the research indicated that the proposed novel electroanalytical procedure could be successfully applied to the detection of oxyclozanide in pharmaceutical formulation and tap water samples with excellent selectivity, sensitivity, stability, and reproducibility.
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Figure 1. Molecular structure of oxyclozanide. 
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Figure 2. Cyclic voltammograms of 10 mg/L oxyclozanide in pH 2.0 Britton–Robinson (BR) buffer at carbon paste electrode (CPE) at different scan rates. 
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Figure 3. SWSV voltammograms of 6.0 mg/L oxyclozanide in HCl solution and Britton–Robinson buffer at different pH values (tacc = 60 s and Eacc = 0 V). 
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Figure 4. Effect of pH on peak potentials and peak currents obtained for 6.0 mg/L oxyclozanide in 0.1 M HCl and BR buffer using SWSV at CPE (tacc = 60 s and Eacc = 0 V). 
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Figure 5. The effects of experimental parameters on the SWSV determination of 3 mg/L oxyclozanide in pH 2.0 BR buffer solution. 
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Figure 6. SWSV voltammograms for the calibration graph of oxyclozanide in BR buffer at pH 2.0. (f = 80 Hz, tacc = 80 s, Eacc = 0.0 mV, ΔE = 90 mV and ΔEs = 4 mV). 
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Table 1. Analytical performance data for the determination of oxyclozanide by SWSV using CPE at pH 2 BR buffer solution.
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	Parameters
	Performance Data





	Peak potential (mV)
	780



	Linearity range (mg/L)
	0.058 – 4.00



	Slope (µA L/mg)
	65.52 ± 2.06



	Intercept (µA)
	13.64 ± 2.60



	Correlation coefficient
	0.995



	Limit of determination (LOD) (µg/L)
	17.42



	Limit of quantification (LOQ) (µg/L)
	58.07



	Repeatability of peak current (RSD %)*
	2.08



	Repeatability of peak potential (RSD %)*
	4.53







* 0.20 mg/L oxyclozanide (n = 10 repeated measurements).
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Table 2. Effect of interfering species on the determination of oxyclozanide anthelmintic drug (N = 3).






Table 2. Effect of interfering species on the determination of oxyclozanide anthelmintic drug (N = 3).





	


Interfering Species

	
Mass Ratio of 1:1

	
Mass Ratio of 1:5

	
Mass Ratio of 1:10




	
Recoveries %

    X ±   t s    N       

	
Recoveries %

    X ±   t s    N       

	
Recoveries %

    X ±   t s    N       






	
Gentamicin

	
97.56 ± 1.88

	
96.20 ± 3.89

	
95.74 ± 2.95




	
Florfenicol

	
99.74 ± 2.85

	
95.65 ± 1.51

	
90.33 ± 1.64




	
Levamisole

	
102.92 ± 1.72

	
98.66 ± 3.58

	
94.25 ± 3.01




	
Oxfendazole

	
98.35 ± 1.35

	
93.65 ± 2.19

	
86.99 ± 2.44




	
Cu (II)

	
104.68 ± 2.01

	
104.20 ± 2.73

	
103.48 ± 3.74




	
Zn (II)

	
98.15 ± 2.15

	
96.41 ± 2.75

	
91.63 ± 2.95




	
Pb (II)

	
102.33 ± 1.60

	
102.29 ± 2.85

	
95.96 ± 2.02




	
Ba (II)

	
100.50 ± 2.42

	
100.25 ± 1.76

	
100.15 ± 1.38




	
Fe (III)

	
102.25 ± 0.59

	
98.36 ± 2.89

	
94.57 ± 2.28
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Table 3. Results obtained for oxyclozanide in pharmaceutical formulations Okzan® by using SWSV and HPLC.






Table 3. Results obtained for oxyclozanide in pharmaceutical formulations Okzan® by using SWSV and HPLC.










	
	SWSV (N = 3)
	HPLC (N = 3)





	Labeled claim (mg)
	750.0
	750.0



	Amount found (mg ± mg)     X ±   t s    N         
	761.1 ± 25.6
	757.7 ± 12.9



	RSD (%)
	3.40
	0.69



	Bias (%)
	+1.50
	+1.02



	Student t-test
	0.51 × (2.78)
	



	Variance ratio F-test
	3.92 × (19.0)
	







The figures in parenthesis are the tabulated values of t and F at a 95 % confidence level.
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