Investigation of the Electrochemical Behavior of Mesalazine on Boron-doped Diamond Electrode
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Abstract
The possibility of application of boron-doped diamond electrode (BDDE) for voltammetric analysis of anti-inflammatory drug mesalazine has been investigated. Cyclic voltammetry was used for study of the voltammetric behavior of mesalazine depending on pH of supporting electrolyte and scan rate. It was found that it provides one oxidation peak on BDDE and the highest current response was observed in Britton-Robinson buffer of pH 7.0. Square wave voltammetry was applied for mesalazine determination and low limit of detection (LOD) was reached 6.96×10−7 mol L−1. Finally, the proposed method has been successfully used in the analysis of the drug in commercial tablet form.	Comment by spravce: Abstrakt má mít maximálně 100 slov. Měla jsi 101 
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Introduction
Mesalazine, also known as mesalamine or 5-aminosalicylic acid (5-ASA, Fig. 1), is a drug used to treat inflammation of the digestive tract (Crohn´s disease) and mild to moderate ulcerative colitis. The role of 5-ASA in combination therapy to improve efficacy and concomitant drug pharmacokinetics or in chemoprevention against inflammatory bowel disease (IBD)-related colonic carcinoma has not yet been completely elucidated. As a derivate of salicylic acid, 5-ASA is also an antioxidant that traps free radicals, which are potentially damaging by products of metabolism 1,2. The electrochemical determination of mesalazine using various types of working electrodes (e.g. pencil graphite electrode, glassy carbon electrode or modified glassy carbon electrode) have been described 3-5.

[image: ]
Fig. 1 Structural formula of mesalazine.

This work is focused on the determination of 5-ASA using BDDE. This electrode corresponds with the concept of green analytical chemistry. The common BDD films usually grow on Si supports from dilute mixtures of a hydrocarbon gas (typically methane) in hydrogen using chemical vapor deposition methods (CVD). The wide potential window is great advantage of BDDE. Thermal conductivity, high thermal stability, chemical resistance and stable background current are the other attractive properties of this electrode 6, 7. The BDDE was used up to now for many various analytical applications in determination of various drugs, e.g. propranolol and atenolol 8, acetaminophen 9 or methotrexate10, as well as in the analysis of other substances, e.g. pesticides 11-15.

Experimental
All chemicals used for the preparing standard solutions, electrolytes and other solutions were of p.a. purity. Britton-Robinson (B-R) buffer of a pH value from 2.0 to 9.0 was prepared from an alkaline component of 0.2 mol L−1 NaOH (Lachema, Brno, Czech Republic) and an acidic component consisting of 0.04 mol L−1 H3PO4, 0.04 mol L−1 H3BO3 and 0.04 mol L−1 CH3COOH (Lachema, Brno, Czech Republic). 0.01 mol L−1 stock solution of mesalazine was made by dissolution of the 5-ASA powder (Sigma Aldrich, Praha, Czech Republic) in 0.1 mol L−1 HCl (Penta, Praha, Czech Republic) and stored in the glass flask in a refrigerator.

All measurements were carried out in three electrode set up, where BDDE (7.07 mm2) (Windsor Scientific Ltd, United Kingdom) served as the working electrode. Saturated silver/silver chloride served as a reference and platinum wire as an auxiliary electrode (both Monokrystaly, Turnov, Czech Republic). The voltammetric measurements were performed by AUTOLAB PGSTAT 12 (Metrohm Autolab, The Netherlands) potentiostat/galvanostat controlled by NOVA 1.11 software. BDDE was anodically (3 V for 60 s) and cathodically (−3 V for 300 s) pretreated in 0.5 mol L−1 H2SO4 (Penta, Praha, Czech Republic) at the beginning of each working day. The measurements were performed at laboratory temperature (23±2°C). The values of pH were measured using pH-meter Accumet AB150 (Fisher Scientific spol. s.r.o., Pardubice, Czech Republic). 

Cyclic voltammetry (CV) measured between potentials 0 mV to 2 200 mV was used for the study of voltammetric behavior of 5-ASA in dependence of pH and scan rate. Square wave voltammetry (SWV) with optimized parameters (Ein = 0 mV, Efin = 2 200 mV, v = 175 mV s−1, step potential 7 mV, amplitude 0.07 V, frequency 25 Hz) was used for 5-ASA determination. The limit of detection (LOD) was calculated as a three times the standard deviation for the blank solution and divided by the slope of the calibration curve. The parameters of calibration curves (e.g., slope, intercept) were calculated using software OriginPro 9 (OriginLab Corporation, USA).

Results and discussion
The voltammetric behavior of 5-ASA on BDDE has been studied over a wide pH range. Using CV it was found that 5-ASA provides one oxidation peak at about +900 mV. No reduction signal was recorded under the used working conditions, which is obvious from Figure 2, and the electrode process could be described as chemically irreversible. B-R buffer of pH 7.0 was chosen as a suitable supporting electrolyte for all next measurements because the current signal was well developed and evaluable in this medium. When the scan rate was changed from 10 to 400 mV s−1 using CV, a linear dependence was achieved between the peak current and the square root of scan rate which corresponds to the diffusion-controlled electrode process.

The parameters for SWV determination of 5-ASA on SWV were optimized and are summarized in the part “Experimental”. This method was subsequently applied for analysis of model solutions containing 5-ASA. The repeatability of 5-ASA oxidation measurements under the proposed conditions was studied by application of 11 repeated measurements for 5-ASA concentration 5×10−5 mol L−1 and the relative standard deviation (RSDM(11)) was calculated as 2.70 %. Applicability of the evaluated method was verified by repeated determinations of 5-ASA at two concentrations levels in model solutions. The method of standard addition was applied. Every determination was 5-times repeated and the results are summarized in Table I. The obtained values of RSDD(5) do not exceed 1.50 %. The achieved results proved very good accuracy and repeatability of proposed method. Figure 3 shows an example of the dependence of the peak height on the 5-ASA concentration in the range from 2.5×10−5 to 3×10−4 mol L−1. The linear dynamic range (LDR) of the observed oxidation peak was recorded from 2×10−6 to 3×10−4 mol L−1. The value of LOD for 5-ASA determination using SWV in combination with BDDE was calculated as 6.96×10−7 mol L−1.

Table I
Results of repeated determinations (n = 5) of 5-ASA in model solutions using SWV at BDDE
	Added [mol L−1]
	Found [mol L−1]
	Recovery [%]	Comment by spravce: Tady se uvádí rozsah v procentech. Tedy výtěžnost se pohybovala v rozmezí např.: 98-104 %.
	RSDD(5) [%]

	5.00×10−5
	(5.030±0.033) ×10−5
	100.6
	1.00

	1.00×10−5
	(1.010±0.010) ×10−5
	101.0
	1.50
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Fig. 2 Cyclic voltammogram of 5-ASA (c = 1×10−4 mol L−1) obtained on BDDE.

The applicability of the developed method of 5-ASA determination using BDDE and SWV for practical samples was verified by analysis of the commercially available pharmaceutical preparation Pentasa (500 mg 5-ASA/tablet, Ferring Pharmaceuticals). The studied drug was repeatedly determined in tablets using standard addition method. The analyzed solution of drug was prepared by dilution of one tablet in 25 mL of 0.1 mol L−1 HCl applying the ultrasonic bath. 20 µl of this solution (calculated probable concentration of 0.01 mol L−1) was added to 20 mL of supporting electrolyte in the polarographic cell and analyzed. At least two standard additions of 20 µl of 5-ASA solution (0.01 mol L−1) were added for analyte determination. The analysis was 5-times repeated and the statistical parameters were calculated. It was found 501±13 mg 5-ASA/tablet and (RSDD(5)) was calculated as 3.79 %.


[image: ]
Fig. 3 The concentration dependence of 5-ASA (SWV, cLIN = 2.5×10−5 – 3.0×10−4 mol L−1)  obtained on BDDE. Inset: dependence of peak current of 5-ASA (Ip) on concentration in the solution.
[bookmark: _GoBack]
Conclusion
The voltammetric behavior of anti-inflammatory drug mesalazine on BDDE was investigated and the method for its determination was developed. The studied electrode reaction carried out on BDDE was identified as a diffusion-controlled electrode process. B-R buffer of pH 7.0 was chosen as a supporting electrolyte and parameters of SWV for 5-ASA determination were optimized. It can be concluded, that proposed voltammetric method can be considered as a sensitive and environmentally acceptable tool for analysis of 5-ASA in pharmaceutical preparations.
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