

  chemosensors-10-00074




chemosensors-10-00074







Chemosensors 2022, 10(2), 74; doi:10.3390/chemosensors10020074




Article



Potentiometric Sensors for the Selective Determination of Benzodiazepine Drug Residues in Real Wastewater Effluents



Sherif A. Abdel-Gawad 1,2,* and Hany H. Arab 3





1



Department of Pharmaceutical Chemistry, College of Pharmacy, Prince Sattam Bin Abdulaziz University, P.O. Box 173, Al Kharj 11942, Saudi Arabia






2



Analytical Chemistry Department, Faculty of Pharmacy, Cairo University, Cairo ET-11562, Egypt






3



Department of Pharmacology and Toxicology, College of Pharmacy, Taif University, P.O. Box 11099, Taif 21944, Saudi Arabia









*



Correspondence: s.daif@psau.edu.sa; Tel.: +966-540586921







Academic Editors: Núria Serrano and Clara Pérez-Ràfols



Received: 30 December 2021 / Accepted: 9 February 2022 / Published: 11 February 2022



Abstract

:

The application of ion-selective electrodes (ISEs) in the detection and determination of environmental pollutants has become a very important mission in the last few years. Two selective and sensitive membrane electrodes were fabricated in the laboratory and intended to evaluate the electrochemical response of bromazepam (BRZ) using phosphotungstic acid (PTA) and sodium tetraphenylborate (TPB) as ion pairing agents. The linearity range of the fabricated electrodes was between 1 × 10−6 M to 1 × 10−3 M. Nernstian slopes of 54 mV/decade and 57 mV/decade were obtained for the BRZ-PTA and BRZ-TPB membrane electrodes, respectively. The performance of the fabricated membranes was optimum in the pH range of 3–6. Optimum electrochemical response was attained through the careful adjustment of all assay settings. The cited method was successfully applied for the selective determination of BRZ in either its pure form or real wastewater samples obtained from a pharmaceutical industrial plant. The main core of novelty in the suggested method lies in the application of the membranes for the sensitive, selective, and economic determination of BRZ in real wastewater effluents without the tedious sample pretreatment procedures. This can make the suggested method considered an eco-friendly method, as it minimizes the use of organic solvents and chemicals used in the pretreatment process.
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1. Introduction


Bromazepam (BRZ) is a classical benzodiazepine that is medically applied for the effective handling of insomnia, control of panic attacks, or anxiety. It gives its action by acting as a positive modulator that binds to gamma amino buteric acid (GABA)A receptors, performing a conformational alteration and increasing the inhibitory effects of GABA [1]. Regarding the International Narcotics Control Board (INCB), BRZ is a widespread used drug worldwide [2]. This widespread use and the increase in its production may lead to its being present commonly in the wastewater effluents coming from pharmaceutical factories, which constitute an enormous risk on either the ecosystem or human health [3,4]. Using BRZ for a long period has many adverse effects, including neurotoxicity, as well as cognitive decline and hip fracture [5]. Many studies attempted to determine the levels of active pharmaceutical ingredients (APIs) in the environment, particularly in wastewater effluents [6,7,8]. Because the presence of APIs in the environment poses a significant risk to humans, there is no permissible minimum limit for their presence in either natural water or soil [9].



BRZ is chemically known as 7-bromo- 1,3-dihydro-5-(2-pyridyl)-2H-1,4-benzodiazepine-2-one (Figure 1). It is pharmacologically classified as benzodiazepine, applied for the handling of anxiety and panic attacks [1].



According to the literature survey concerning the analytical techniques applied for the quantification of BRZ, there are many papers dealing with its determination in different samples. These methods comprise spectrophotometric and spectrofluorimetric methods [10,11,12]. Also, high performance liquid chromatography (HPLC) [13,14,15,16,17] and liquid chromatography coupled to tandem mass spectroscopy (LC-MS/MS) [18,19,20] were applied for the quantification of the studied drug in bulk, dosage forms, and biological fluids. At the same time, many electrochemical methods were applied for the determination of BRZ, which itself was determined by the application of different polarographic and voltammetric techniques [21,22,23,24]. Also, different kinds of electrodes were applied for the determination of BRZ, including solid contact ion-selective electrodes (SC-ISEs) [25], carbon paste electrodes [26], and boron-doped diamond electrodes [27].



BRZ was not investigated enough in surface water. This fact is coupled with the huge elevation in its production and occurrence in biological treatment systems [28]. Therefore, there is an urgent need to develop new sensitive, selective, and accurate analytical methods that can be applied for sensing and determining such pollutants in the surrounding environment.



Liquid chromatography coupled to tandem mass spectrometry (LC-MS/MS) after sample preparation by solid-phase extraction (SPE) is the most commonly used strategy for quantifying BRZ in surface water [29]. LC-MS/MS suffers from the drawback of being a complicated technique that comprises many sample pretreatment steps for analyte extraction and matrix effect removal [30].



Electrochemical analysis via fabrication of membrane sensitive electrodes is a technique applied for the quantification of different organic and inorganic analytes due to its simplicity, being an economic and non-destructive technique [31].



BRZ was analyzed using equilibrium potentiometry through the in-laboratory synthesis of ISEs for its sensing and determination in dosage form [32]. The mentioned method suffers from low sensitivity, as it cannot determine the studied drug at concentrations below 1 × 10−4 M. Therefore, in this work, efforts were exerted to propose an analytical method applying equilibrium potentiometry to determine BRZ with better sensitivity and selectivity in real wastewater effluents without the tedious sample pretreatment procedure, which is considered the main core of the work novelty.



After an extensive literature survey, there were no articles concerned with the BRZ determination in industrial wastewater effluents through the fabrication of membrane sensitive electrodes. Therefore, the main task of this work is to develop, validate, and apply a sensitive, accurate, and simple technique for the determination of BRZ in diverse samples, particularly in industrial wastewater effluents and complex matrices, without any sample pretreatment.




2. Materials and Methods


2.1. Instrumentation


A digital mV/pH meter (Model 3510; Jenway, UK) was used for electrochemical measurements. It was connected with a bi-junctional reference electrode of the Ag/AgCl type. The pH measurement was performed with a pH glass electrode (Jenway, UK).




2.2. Chemicals and Reagents


BRZ bulk powder was kindly supplied by F. Hoffmann-La Roche AG, Grenzacherstrasse, Basel, Switzerland. Its percentage purity was labeled as 100.78 ± 0.57. Sodium tetraphenylborate (TPB), phosphotungstic acid (PTA), hydrochloric acid, NaOH, KCl, silver nitrate, and tetrahydrofuran (THF) were supplied by Prolabo, France. Dioctyl phthalate (DOP), nitrophenyl octyl ether (NPOE), and dibutyl sebacate (DBS) were purchased from Sigma, Germany. Potassium chloride and polyvinyl chloride (PVC) (HMW grade) were purchased from Fluka Chemie, Germany. Deionized H2O was supplied from the water still of Aquatron Automotive, Bibby Sterillin Ltd., (Staffordshire, UK).




2.3. Collection, Preparation, and Storage of the Samples


Collection of the real wastewater samples was carried out at a pharmaceutical industrial plant producing BRZ in tablet dosage form. The samples’ pH was adjusted to 4.0 by the addition of either 10−2 M HCl or 10−2 M NaOH. Filtration of the collected samples was done using nylon membrane filters (0.45 µm) to remove fine particulate matter. To guard against any degradation of the sample, the filtrate was stored in amber glass bottles at 4 °C.




2.4. Standard Solutions


BRZ Stock standard solution (2 × 10−2 M) was prepared by dissolving the appropriate amount of BRZ in 2 × 10−2 M HCl and the volume was completed to 100 mL using deionized water. Working standard solutions in the concentration range (1 × 10−3 to 1 × 10−7 M) were prepared by accurate dilution with deionized water. Also, standard solutions of PTA and TPB (2 × 10−2 M) were prepared by dissolving appropriate weights of PTA and TPB in deionized water.




2.5. Preparation of Ion Pair Complexes


Twenty mL each of standard aqueous solutions of BRZ (2 × 10−2 M) and PTA (2 × 10−2 M) or TPB (2 × 10−2 M) were mixed and vortexed for about 5 min. The obtained precipitates of BRZ-PTA and BRZ-TPB ion pair complexes were processed and washed with cold deionized water. The ion pair complex was completely dried at room temperature and then ground to produce a fine powder.




2.6. Sensors’ Fabrication, Calibration, and Optimization


Ten mg of the ion pair complex (BRZ-PTA or BRZ-TPB) was mixed with 190 mg PVC and 400 mg NPOE in two separate 5 cm diameter petri dishes. Addition of five mL THF was done to perform the task of the previous mixture dissolution. Removal of the solvent was done by leaving the petri dishes at room temperature for 24 h. A membrane of 8 mm diameter and 0.1 thickness was taken out and applied to a tip of PVC with the aid of THF, which was joined to the end of the electrode’s body. Mixing equal volumes of BRZ standard solution and KCl of the same molarity (1 × 10−2 M) was performed to prepare the internal reference solution. A wire of Ag/AgCl of 1 mm diameter was made as internal reference electrode, and was then dipped in the internal reference solution.



The fabricated membranes were conditioned by soaking in 1 × 10−2 M BRZ standard solution for 24 h. The sensors were then calibrated using BRZ standard solutions in the range of 1 × 10−8–1 × 10−2 M. The standard graphs were plotted and used for the subsequent determination of unknown concentrations of BRZ.



The electrodes’ competence was examined, optimized, and validated according to the IUPAC recommendation [33]. The impact of the solvent mediator was assessed on using various plasticizers of different polarities. The investigated plasticizers were DBP, DOP, and NPOE to get optimum electrode performance. The pH effect was studied using BRZ standard solution of concentration 10−4 M via the careful drop wise addition of 1 × 10−2 M NaOH or HCl. Potential stability and repeatability of BRZ sensors were traced for 30 days. Calculation of the slope (mV/decade) was performed for each fabricated membrane and compared with the slopes obtained during the first-time calibration. Thermal stability of the fabricated sensors was investigated at three temperature levels (25 °C, 30 °C, and 40 °C). The fabricated membranes selectivity was effectively examined via the matched potential method (MPM) by calculating the potentiometric selectivity coefficients (PSCs) for the examined interferents. The PSC can be defined as the ratio of the primary ion concentration to the interfering ion concentration which gives the same potential change in a reference solution [34,35].




2.7. Application of the Suggested Method in Spiked Water Samples and Real Wastewater Effluent


The proposed method was applied to the determination of BRZ in distilled and tap water samples spiked with known BRZ concentrations and adjusted to pH 4. Also, six real wastewater samples were analyzed using fabricated sensors. The standard curves were utilized to compute the unknown samples’ concentrations. The results obtained for the real wastewater samples were compared to those obtained on applying a reference method [13] after solid-phase extraction of the studied drug from the samples.





3. Results


The three main components of measuring an ISE are an internal reference solution and an outer sample solution separated by an ion-selective membrane. The potential developed at the membrane is the result of an ion exchange process occurring at each interface between the membrane and the solution. At each solution-membrane interface, BRZ molecules are selectively bonded with specific sites in the membrane (PTA or TPB) until an ion-exchange equilibrium is established. The partitioning of BRZ between the aqueous solution phase and the membrane phase depends on its activity or concentration. The resulting charge separation at each interface results in a phase-boundary potential. If BRZ concentration on each side of the membrane is equal, the potential difference across the membrane will be zero. However, if the concentrations are not equal, a membrane potential will develop [36,37,38].



3.1. Performance Characteristics of the Fabricated Membranes


The performance criteria of the fabricated membranes were studied and presented in Table 1. The fabricated sensors showed nearly a Nearnstian response in a range of concentration 1 × 10−6 to 1 × 10−3 M. Slopes of 54 mV and 57 mV per decade for the BRZ-PTA membrane electrode and BRZ-TPB membrane electrode, respectively (Table 1). The nearly Nearnstian slopes can be considered as strong evidence for the 1:1 ratio between the studied drug and PTA or TPB in the ion pair complex. The standard plots are constructed and given in Figure 2.



The fabricated membranes’ performance was examined according to the IUPAC guidelines [33]. The screened factors included the effect of solvent mediators, response time, effect of pH, linearity ranges, detection limits, lifetime, and selectivity.



The impact of the type of plasticizer was examined by trying three different plasticizers with variable polarity. The examined plasticizers were DOP, NPOE, and DBS. The plasticizer that gave the optimum performance was NPOE, as its fabricated sensors gave slopes close to the Nernstian behavior.



Detection limits were computed at the intersection point of the extrapolated segments coming from the two linear parts of the calibration curves [33]. The detection limits extended down to 0.25 µg/mL which revealed excellent sensitivity (Table 1).



The fabricated sensors’ performance was affected by the pH of the medium. It was examined in the range of 1–10 pH units. They were obtained through the action of 1 × 10−2 M HCl and 1 × 10−2 M NaOH on a standard solution of 1 × 10−4 M BRZ. It was noticed that the optimum electrochemical response was attained in the pH range of 3–6 (Figure 3).



The fabricated sensors’ lifetime was 21 days for both electrodes. The acquired potential was almost stable in this period, as declared in Figure 4. The response time was 10–20 S for prepared sensors when used for BRZ standard solutions in the concentration range of 10−3–10−6 M. On the other hand, the response time was 20–30 S when the sensors were used for potential measurement at concentrations below 10−6 M. After three weeks, the response time was increased to 1.5 min., which reflected a marked decrease in electrode stability.



The influence of temperature on the fabricated sensors’ performance was examined at 3 temperatures (25 °C, 30 °C, and 40 °C) by plotting the calibration graphs at the three studied temperatures. No significant variations in the calibration plots were noticed, indicating the excellent temperature stability of the fabricated electrodes. The potential slopes and the detection limits exhibited no significant variations, confirming the thermal stability of the studied electrodes up to 40 °C.



To examine the method accuracy, fabricated membranes were applied to analyze different BRZ concentrations. Method robustness was examined by checking the capability of the method to tolerate deliberate changes in experimental conditions. In addition, the ruggedness was checked to measure the method repeatability (Table 1).



Sensors’ selectivity can be considered as a determining factor in the application of the fabricated electrodes, as it points out the usefulness and scope in handling real samples. The membranes’ selectivity was examined by checking the membrane performance in the presence of different interfering materials and calculating the PSCs [35]. Many salts and structurally related benzodiazepines were tested as interferents. Table 2 presents the calculated PSCs, which were of the order of 10−3 or smaller, showing excellent sensors’ selectivity.




3.2. Quantification of BRZ in Spiked Water Samples


The fabricated membranes were successfully applied for the reliable determination of BRZ in distilled and tap water samples spiked with BRZ. The results are declared in Table 3, showing excellent method accuracy.




3.3. Quantification of BRZ in Real Wastewater Samples


The working conditions were optimized to get the optimum membrane performance. The fabricated sensors were then applied for the careful analysis of different real wastewater samples directly without any sample pretreatment. The lack of sample pretreatment can be considered as excellent merit for the proposed analytical method. Comparison of the obtained results was done against those obtained by applying a reference method [13] to the same real wastewater samples after pretreatment via solid-phase extraction (Table 4).





4. Discussion


There is no doubt that the monitoring of environmental pollutants has been considered a crucial task in the last few years. In this work, two membrane-sensitive electrodes were fabricated to be effectively applied for the selective and sensitive determination of BRZ in real wastewater samples without any specimen pretreatment. First, the working parameters were optimized to ensure optimum membrane behavior. The examined parameters were the working pH of the medium, detection limits, response time, lifetime, and selectivity. The optimization procedures were followed according to the IUPAC recommendations [33].



Regarding the effect of plasticizers on the membrane performance, three different plasticizers were tried (NPOE, DBS, and DOP), which were of variable polarity. NPOE was the plasticizer that gave sensors their optimum electrochemical performance. The potential slope exhibited by the NPOE membranes showed the nearest response to the Nernstian behavior, which can be attributed to the good match in polarity between the studied drug and NPOE. This matching enabled the optimum ion exchange across the membranes.



The electrochemical response of the fabricated membranes was evaluated and compared with that of a membrane in a cited method, which depends on the same equilibrium potentiometric technique [32] (Table 1). The BRZ-PTA and BRZ-TPB membranes showed slopes of 54 and 57 mv/decade, respectively, which are closer to the ideal Nermstian behavior than the case in the published method (52 mv/decade). This may reflect the superior performance of the fabricated membranes. Also, the proposed membranes showed a faster response time (10–20 S) than the situation in the published method (>20 S). The fabricated membranes showed steady response over a pH range of 3–6, which is a wider range than the membrane in the published method (pH 3). A marked deviation from linearity was noticed in the calibration curves at pH levels below three. This behavior was due to the elevated hydrogen ion concentrations. The loss of calibration curve linearity over pH six may be attributed to the BRZ formation of its base form that is characterized by its lower solubility, leading to a marked decrease in electrode potentials [39]. Also, the fabricated membranes were characterized by superior sensitivity, as evidenced by their lower detection limits (0.25 µg/mL), if compared with the membrane in the published method (9.4 µg/mL). The sensitivity issue is a determining factor in the successful application of fabricated sensors for the detection and quantification of BRZ in real wastewater samples.



Regarding the long-term stability, the fabricated sensors showed high potential stability up to 21 days, which indicates the suitability of PTA and TPB as ion pairing materials capable of sensing and determining the studied drug. The fabricated sensors showed a marked reduction in their stability after 21 days. This may be attributed to ion-pair leaching out of the fabricated sensors.



BRZ fabricated sensors exhibited excellent thermal stability as declared by the in-variation in the potential slopes and lower detection limits up to 40 °C.



Accuracy, ruggedness, and robustness are important items in the validation scheme. Different BRZ samples were analyzed using fabricated electrodes to evaluate the method’s accuracy. At the same time, robustness and ruggedness were carefully evaluated to show that the proposed method could be applied even in the case of slight variation in the experimental conditions and declare method repeatability. All these parameters are presented in Table 1.



Method selectivity is an important parameter that should be carefully evaluated to be confident enough in the applicability of the proposed method in the presence of a wide range of interfering materials. The membrane selectivity is dependent on the stereo specificity, which means the extent of fitting between the lipophilicity sites of the two competing species in the test solution side and the ion exchanger receptor [40]. It is defined according to the MPM. It is a theory for the determination of the PSCs of ISEs for two ions with any charge. This MPM theory is based on electrical diffuse layers on both the membrane and aqueous sides of the interface, avoiding disadvantages encountered by the Nicolsky–Eisenman equation which include the inability to apply in the case of non-Nernstian response of the investigated interferent and dissimilar charges of the sample and the interfering ions [34,35]. Different interfering materials, commonly present in the wastewater effluent of pharmaceutical industrial plants, were tried. The tried and tested interferents included different inorganic salts with variable charges. Also, benzodiazepines with similar chemical structures to BRZ (diazepam and clonazepam) were examined. The fabricated membranes showed excellent selectivity, as evidenced by the calculated PSCs as presented in Table 2.



Application of the fabricated membranes for the selective and accurate analysis of distilled and tap water samples spiked with BRZ was carried out. The obtained Rec.% values, which are not deviating than the 100% by more than 2%, indicate excellent membranes’ performance. The results were introduced in Table 3. Meanwhile, real wastewater samples were successfully analyzed for BRZ using the fabricated sensors without applying any sample pretreatment procedure, indicating the suitability of the proposed method for the simple, selective, and accurate environmental monitoring of BRZ in industrial wastewater effluents, which is the main core of this work. The results for determination of BRZ in real wastewater samples were validated by analyzing the same samples with reference analytical method [13], showing excellent matching between the results (Table 4). The lack of sample pretreatment procedure is considered to be a major advantage for the proposed method over other analytical procedures applied for determination of BRZ in aquatic samples such as LC-MS/MS. The lack of sample pretreatment confirms that the proposed method is simple and economic. Also, the cited method can be considered an eco-friendly one because it minimizes the use of organic solvents and chemicals.




5. Conclusions


The novelty of this work originates from the absence of any published work dealing with the electrochemical determination of BRZ in real wastewater effluents. The aspect of superiority of this work over other techniques applied for the quantification of the studied drug in environmental samples is the lack of a sample pretreatment protocol that ensures the simplicity of the proposed method. Also, the proposed method is economical enough that it has a low sample analysis cost when compared with LC-MS/MS and UPLC.



Constant, fast potential responses were obtained over a broad pH and concentration range, indicating the ease of applicability of the proposed method for the sensing and determination of BRZ in real wastewater samples.
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Figure 1. Chemical structure of bromazepam (BRZ). 
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Figure 2. Profile of the potential (in mV) versus −log concentration (in M) for bromazepam-phosphotungstate (BRZ-PTA) and bromazepam-tetraphenyl borate (BRZ-TPB membrane sensors at pH 4. 
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Figure 3. Effect of pH on the potential response bromazepam-phosphotungstate (BRZ-PTA) and bromazepam-tetraphenyl borate (BRZ-TPB membrane sensors. 
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Figure 4. Stability of the bromazepam-phosphotungstate (BRZ-PTA) and bromazepam-tetraphenyl borate (BRZ-TPB membrane sensors. 






Figure 4. Stability of the bromazepam-phosphotungstate (BRZ-PTA) and bromazepam-tetraphenyl borate (BRZ-TPB membrane sensors.



[image: Chemosensors 10 00074 g004]







[image: Table] 





Table 1. Electrochemical response characteristics of the fabricated electrodes.
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	Parameter
	BRZ-PTA
	BRZ-TPB
	Published Method [32] Ω





	Slope (mV decade−1) * ± S.D.
	54 ± 0.321
	57 ± 0.223
	52 ± 0.100



	Response time (S)
	10–20
	10–20
	>20



	Working pH range
	3–6
	3–6
	3



	Concentration range (M)
	1 × 10−6–1 × 10−3
	1 × 10−6–1 × 10−3
	1 × 10−4–1 × 10−2



	Concentration range (µg/mL)
	0.32–316
	0.32–316
	32–3160



	Stability (days)
	21
	21
	28



	Accuracy (Mean * ± SD)
	101.31 ± 0.72
	99.71 ± 0.842
	NA



	Lower detection limit (µg/mL)
	0.25
	0.25
	9.48



	Ruggedness †
	103.12 * ± 2.014
	102.96 * ± 1.966
	NA



	Robustness Ψ
	100.96 * ± 0.987
	99.36 * ± 0.586
	NA







* Average results of five determinations. Ω A cited electrochemical method depending on similar equilibrium potentiometric technique for the determination of BRZ in the dosage form. † Comparing the results by those obtained by different sensor assemblies using Hanna digital ion-analyzer. Ψ Carried out by measuring different known BRZ concentrations on carrying out slight pH change (pH 4 ± 0.2).
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Table 2. Potentiometric selectivity coefficients of the proposed bromazepam-selective sensors by matched potential method.
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	Interferent
	BRZ-PTA

(Mean * ± S.D.)
	BRZ-TPB

(Mean * ± S.D.)





	Magnesium chloride
	2.1 × 10−4 ± 0.871
	2.4 × 10−4 ± 0.756



	Potassium sulfate
	3.2 × 10−4 ± 0.923
	3.4 × 10−4 ± 0.579



	Potassium phosphate
	1.2 × 10−4 ± 1.023
	1.1 × 10−4 ± 1.052



	Ammonium nitrate
	6.6 × 10−3 ± 0.911
	6.8 × 10−3 ± 0.899



	Potassium carbonate
	4.1 × 10−4 ± 0.534
	4.2 × 10−4 ± 0.642



	Sodium fluoride
	3.2 × 10−3 ± 0.468
	3.1 × 10−3 ± 0.579



	Sodium iodide
	4.7 × 10−3 ± 0.739
	4.9 × 10−3 ± 0.683



	Diazepam
	2.6 × 10−4 ± 0.877
	2.7 × 10−4 ± 0.791



	Clonazepam
	3.9 × 10−3 ± 1.112
	3.8 × 10−3 ± 1.092







* Average of five measurements.
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Table 3. Determination of BRZ in spiked water samples using the fabricated membrane sensors.
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	Specimen
	BRZ-PTA

(Rec.% * ± S.D.)
	BRZ-TPB

(Rec.% * ± S.D.)





	Distilled water
	101.43 ± 1.012
	99.79 ± 1.211



	Tap water
	98.97 ± 0.915
	101.11 ± 0.893







* Average of five measurements.
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Table 4. Determination of BRZ in actual wastewater samples from pharmaceutical industrial plant.
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	Sample Number
	BRZ-PTA

Conc. β (µg/mL) ± S.D.
	BRZ-TPB

Conc. β (µg/mL) ± S.D.
	Reference Method [13] *

Conc. β (µg/mL) ± S.D.





	Sample 1
	5.33 ± 0.667
	5.41 ± 0.672
	5.53 ± 0.833



	Sample 2
	25.98 ± 0.821
	25.76 ± 0.779
	25.56 ± 0.821



	Sample 3
	10.66 ± 0.988
	10.43 ± 0.921
	10.55 ± 0.892



	Sample 4
	53.25 ± 1.211
	52.45 ± 0.948
	52.84 ± 0.956



	Sample 5
	32.24 ± 0.934
	32.31± 0.782
	32.33 ± 0.668



	Sample 6
	75.88 ± 0.734
	75.67 ± 0.821
	75.56 ± 0.854







β Average of five measurements * RP-HPLC- method using Nova Pak 5 microns C18 column as stationary phase, acetonitrile-water-triethylamine (700:300:4, by volumes) adjusted to pH 7.4 with orthophosphoric acid, as mobile phase, flow rate 1.0 mL/min. and UV-detection at 240 nm.
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