Rapid electrochemical method for determination of L-DOPA in indigenous hypoglycaemic herb Mucuna prurita
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Abstract
This work present electrochemical behavior of L-DOPA at boron-doped diamond electrode using cycling voltammetry in Britton-Robinson buffer solution and application of the proposed electrode for determination of L-DOPA in oil extract from the seeds of indigenous hypoglycaemic herb Mucuna prurita. L-DOPA provides well defined and single oval-shape oxidation peak at +0.8 V vs. Ag/AgCl reference electrode in buffer solution pH 3. Experimental parameters, such as pH of supporting electrolyte, square wave voltammetry operating parameters frequency and pulse amplitude, were optimized. Effects of possible interferences were evaluated. Under optimal conditions detection limit of proposed method was 0.8µM and calibration curve has linear range from 2 to 40 µM. Proposed method was successfully applied for determination of L-DOPA in oil extract from Mucuna prurita herb. Obtained result was in good agreement with result obtained by ABTS method and those reported in the literature. 
Keywords: L-DOPA, Mucuna prurita, boron-doped diamond electrode
Introduction
Mucuna prurita is medicinal plant which is mentioned in the Indian system of medicines including folk medicines mostly due its management of diabetes, which is effective either singly or in combinations with other plants.1 The seeds of this plant, which is anti-inflammatory, are also used as a tonic and aphrodisiac for male virility. 2 The seed powder has recently been found to show the anti-Parkinsonism effects which are probably due to the presence of L-DOPA. It is well known that dopamine is the brain neurotransmitter. The dopamine content in the brain tissue gets reduced because of its blockade of crossing over the blood brain barrier to reach the site of action. As L-DOPA is the precursor of dopamine, it crosses the barrier and gets converted into dopamine resuming the neurotransmission. 3 These important biological actions have led to the investigation of rapid, sensitive and fast method for the determination of L-DOPA in seed extract from Mucuna prurita.
L-dopa (levodopa, 3,4-dihydroxy-l-phenylalanine) is widelyused as a source of dopamine in the treatment of most patients with Parkinson’s disease and epilepsy.4 This drug can be principally metabolized by an enzymatic reaction (dopa decarboxilaze) to dopamine compensating for the deficiency of dopamine in the brain.5 L-dopa when used in long term run it causes serious side effects on the human health, example, Paranoia and dyskinesia.6- 7 Several different methods8-17 for the determination of L-DOPA have been described in the literature, which are highly sensitive but they are complex, require time and besides that expensive equipment. Numerous electroanalytical methods are well employed for determination of L-DOPA18-21 with usage of electrochemical sensors, but they also required time for the electrode preparation and such electrodes have a limited lifetime.
Based on all these facts, aim of this work was to develop new, simple, rapid and sensitive electrochemical method for the determination of L-DOPA in seed extract from Mucuna prurita at boron-doped diamond electrode as electrochemical sensor. The voltammetric behavior of L-DOPA at this electrode are investigated and after optimization of experimental procedure and investigation of influence of some interferences, method was successfully applied for the determination of L-DOPA in real sample with satisfactory results, which are in agreement with those reported in literature.
Experimental 

Apparatus and reagents

3,4-Dihydroxy-L-phenylalanine (L-DOPA), boric acid, sodium hydroxide, ethanol, acetic acid and phosphoric acid were purchased from Sigma Aldrich and used as received without any further purification. Stocksolution 10-3 M ofthe tested compound was prepared in ethanol/Milliporewater. Calibration standard solutions were prepared from the stock solution by appropriate dilution with supporting electrolyte. The pHs of different Britton-Robinson buffers were adjusted with sodium hydroxide (0.2 M).
Cyclic voltammetric and square-wave voltammetric measurements were performed using an electrochemical system AUTOLAB PGSTAT 302N, Methrom Autolab B.V., (The Netherlands) controlled by the corresponding software (NOVA 1.10). The cell (10 mL) consisted of three-electrode system, boron-doped diamond electrode (inner diameter of 3 mm;Windsor Scientific Ltd., Slough, Berkshire, United Kingdom), an Ag/AgCl (saturated KCl) reference electrode and Pt counter electrode. All potentials reported in this paper were obtained vs. Ag/AgCl reference electrode at an ambient temperature. All pH values were measured with pH meter model Orion 1230. 
The potential was swept over the range from 0 to +1.2 V (vs. Ag/AgCl) at different scan rates for CV, and from 0.3 to +1.2 V vs. (Ag/AgCl) at the optimized instrumental parameters (step potential 5 mV, frequency 30 Hz, and modulation amplitude 60 mV) for square-wave voltammetry.
For ABTS method the different volumes of L-DOPA were prepared in range as for SWV. The ABTS●+ radical solution was prepared by mixing equal volume of ABTS stock solution (7mM in water) with 2.45 mM of potassium persulfate. This mixture was allowed to stand for 12-16 h at room temperature in the dark. On analysis day, standard solutions of L-DOPA for calibration curve, were mixed with ABTS●+ radical solution (to made ABTS●+ concentration about 65 µM), and absorbance was measured at 734 nm. 
Sample preparation
Dried seeds of Mucuna prurita were purchased from a local herbal store. The plant material was ground into coarse powder by electrically driven grinder and was soaking in 0.1 M HCl (5 ml/g) and mixture heated on a boiling water bath for 5 min. After cooling, an equal volume of ethanol was added and mixture shaken mechanically for 10 minutes. The procedure with ethanol was repeated twice.The supernatants were combined and made up to a known volume with ethanol. The combined filtrate was stored in fridge at 4oC.
Results and discussions
Effect of pH and scan rate on voltammetric behavior of L-DOPA at boron-doped diamond electrode
Effect of different pH on peak current obtained for oxidation of L-DOPA was evaluated in Britton-Robinson buffer solution as supporting electrolyte. Concentration of L-DOPA was 0.1 mM. Tested compound provide well defined peak in acidic medium (Fig. 1.) and with increasing pH to more basic obtained signal becomes wider with lower current value. Highest oxidation peak current was in supporting electrolyte solution pH 3 (Inset of Fig. 1), and for all further experiments this pH 3 was chosen. On the reverse scan, in investigated potential window,tested compound provides reduction peak at potential around 0.0 V. From this could be concluded that electrode process of L-DOPAat BDD electrode could be considered as quasi-reversible.
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Figure 1. Cyclic voltammograms obtained in BR buffer solution in presence and absence of L-DOPA in concentration of 0.1 mM at boron-doped diamond electrode. Inset figure present dependence of peak current and peak potential from different pH of supporting electrolyte. 
In order to investigated electrode reaction of L-DOPA at BDD electrode the effect of scan rate on peak currents and peak potentials was evaluated in previously selected supporting electrolyte. From Fig. 2 it is obvious that oxidation and reduction peak currents of tested compound increasing linearly with increasing scan rate (Inset of Fig. 2). The corresponding equations obtained from these measurements are Ip (µA) = (0.2469 ± 0.0058) × v1/2(V s-1)1/2+ (0.0531 ± 0.0519),(R2 = 0.9961) and Ip (µA) = (0.1570 ± 0.0017) × v1/2(V s-1)1/2+ (0.1331 ± 0.0153),(R2 = 0.9992), for both, oxidation and reduction peak, respectively. 
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Figure 2. Cyclic voltammograms obtained for 0.1 mM L-DOPA in BR buffer solution pH 3 for different scan rates (10, 20, 30, 50, 75, 100, 150 and 200 mV/s) at BDD electrode. Inset figure present dependence of peaks current from square root of scan rate.

Linear increasing of peak current with increasing scan rate suggested that electrode reaction whose occurs on the electrode surface is controlled by diffusion rather than adsorption. Negligible shifts in peak potential with increasing scan rate indicating that electrochemical reaction is quasi-reversible.

Optimization of square wave voltammetric parameters

Electrochemical methods offer rapid, low-cost and simple sample preparation analysis of lot of biologically active compound. Square wave voltammetry (SWV), after optimization of instrumental parameters, could become suitable method for the determination of these compounds because of its low background current and low detection limit. According to this, most important instrumental parameters as modulation amplitude and frequency were investigated (data not shown). All experiments were done in 0.1 mM L-DOPA in previously selected Britton-Robinson buffer solution pH 3.
 The influence of modulation amplitude on oxidation peak of L-DOPA was studied in range from 10 to 100 mV. Other parameters were at fixed value, frequency 10 Hz and step potential 5 mV. With increasing modulation amplitude, peak current increase to do value of 60 mV, after which peak starting to become wider with slightly increased of current. This value was selected as optimum for determination of L-DOPA, and for all further experiments this value was used. With increasing frequency value from 10 to 100 Hz, at fixed value of modulation amplitude at 60 mV, peak current increase also to do value of 30 Hz. At higher frequency peak current starting to become constant and the peak starting to become wider. The most suitable peak was observed at 30 Hz, and for preparation of calibration curve, effect of interferences and application of proposed method in real sample analysis these optimized experimental set-up was used.

Calibration curve
With increase of the concentration of L-DOPA, oxidation peak current increased in the range from 2 to 100 µM (Fig. 3 A and B). The corresponding equation obtained from these currents was I (µA) = (0.0294 ± 0.0002) c (µM) + (0.0068 ± 0.0096) (R2 = 0.9989), with detection limit 0.05 µM. Under optimized experimental conditions repeatability from 6 successful measurements was 2.3 %. This value indicating that proposed method has excellent repeatability.
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Figure 3. A) SW voltammograms obtained for different concentration of L-DOPA (from 2 to 100 µM) under optimized experimental conditions. B) Calibration curve obtained from these measurements.

Effect of possible interference
Perhaps the most important advantage of one analytical method lays in its selectivity. Because of that effect of certain interferences on peak current obtained from L-DOPA was examined. Concentration of L-DOPA was 0.1 mM. Possible interferences in the case of biologically active compounds could be ascorbic acid, uric acid and dopamine, as most common accompanist in drugs and in urine samples, which are often investigated to monitored drug intakes in human body. From Fig. 4 it could be concluded that L-DOPA has a peak potential at similar value as these interferences, and that in presence of them the peak current becomes higher. In presence of ascorbic acid and uric acid, in same concentration level, the peak current becomes slightly higher, around 10-15 %, than those obtained for L-DOPA without interferences. In case of dopamine, also in same concentration level, the peak current obtained for tested compound starting to be much higher, around 45 %. The resulting voltammograms of L-DOPA from these measurements were presented in Fig. 4 A-C.
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Figure 4. Differences between peak current obtained for L-DOPA, with and without interferences in same concentration level, 0.1 mM, under optimized experimental conditions. Insets A-C presents voltammograms from these measurements, for uric acid, ascorbic acid and dopamine, respectively.          

Analytical application
Application of the proposed analytical procedure for real sample analysis and its validation is probably most important requirements to be considered as suitable for further uses. Our proposed method was applied for determination of L-DOPA in seed extract from Mucuna prurita. Extraction was done according previously described procedure. Mass of the seeds was 3.2270 g, and after extraction final volume of the supernatant was 50 mL. Under optimized experimental conditions measurements were than in electrochemical cell: three different volumes of sample were added 100, 200 and 250 µL and diluted with supporting electrolyte to make final volume 10 mL. Representative voltammograms were presented in Fig. 5. All measurements were repeated three times and concentrations of L-DOPA in sample were evaluated from calibration curve. ABTS method was used for the validation of the proposed electroanalytical method. All results were summarized in Table 1. From this table, it could be concluded that our results were in good agreement with those obtained by standard spectrophotometric method and those earlier published in the literature22. Based on all these facts, it is obvious that our method offer rapid, low-cost and simple procedure for the determination of biologically active compounds L-DOPA in oil extract from the seeds of indigenous hypoglycaemic herb Mucuna prurita.
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Figure 5. SW voltammograms obtained for different volumes (100, 200 and 250 µL) sample analysis of L-DOPA by proposed electroanalytical method under optimized experimental conditions.
Table 1. Determination of L-DOPA from seed extract of Mucuna prurita
	Sample
	Our proposed method,    %
	ABTS method
%
	Literature data 22
%

	Seed from Mucuna
prurita
	5.10
	5.11
	4.3-7.8




Conclusions
In this paper we demonstrating rapid, low-cost, easy manipulating and sensitive method for the determination of drug L-DOPA in seeds extract from Mucuna prurita. For the first time boron-doped diamond electrode in combination with square wave voltammetry was applied for determination of L-DOPA. A very low detection limit 0.8 µM and wide linear range were found by proposed method. Influence of certain interferences was investigated. Under optimal experimental conditions, suggested procedure was successfully applied for the determination of L-DOPA in real sample, with results which were in good agreement with those obtained by standard method and previously reported in literature.
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