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Abstract:



The construction and general performance characteristics of two novel potentiometric membrane sensors responsive to the acebutolol are described. The sensors are based on the use of ion-association complexes of acebutolol (AC) with tetraphenylborate(TPB) (I) and phosphomolybdate(PM) (II) as exchange sites in a PVC matrix. The sensors show a fast, stable and near- Nernstian for the mono charge cation of AC over the concentration range 1×10-3 - ∼10-6 M at 25 °C over the pH range 2.0 - 6.0 with cationic slope of 51.5 ± 0.5 and 53.0 ± 0.5 per concentration decade for AC-I and AC-II sensors respectively. The lower detection limit is 6×10-6 M and 4×0-6 M with the response time 20-30 s in the same order of both sensors. Selectivity coefficients of AC related to a number of interfering cation and some organic compounds were investigated. There are negligible interferences are caused by most of the investigated species. The direct determination of 3 - 370 μg/ml of AC shows an average recovery of 99.4 and 99.5% and a mean relative standard deviation of 1.5% at 100.0 μg/ml for sensor I and II respectively. The results obtained by determination of AC in tablets using the proposed sensors which comparable favorably with those obtained by the British pharmacopoeia method. In the present investigation the electrodes have been utilized as end point indicator for some precipitation titration reactions.
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1. Introduction


Acebutolol hydrochloride, (Fig.1.) is a cardioselective, hydrophilic β-adrenoreceptor blocking agent with mild intrinsic sympathomimetric activity for use in treating patients with hypertension and ventricular arrhythmias. It is marketed in tablets form for oral admininistration [1].


Figure 1. Chemical structure of acebutolol hydrochloride.



[image: Sensors 07 03272f1]






Different techniques have been concerned with the development of rapid and sensitive methods for the separation, identification or determination of AC and several others β-blockers. Those techniques are high performance liquid chromatography (HPLC)[2,3], HPLC-mass spectrometry(MS)[4], gas chromatography-mass spectrometry (GC-MS)[5], and capillary electrophoresis (CE) [6] were presented for the sensitive detection of the β-blocking agents in human urine. On the other hand, existing publications concerning the individual determination of AC in pharmaceutical preparations were based on, spectrophotometry [7-10], spectrofluorimetry [8], thin layer chromatography (TLC)[9], polarography [11], HPLC [9,10,12], GC[10] and CE[13].



Since, some of these methods required expensive equipment(s) and/or especial treatment. Potentiometric membrane sensors have been more extensively used in pharmaceutical analysis. Their advantages are simple design, low cost, adequate selectivity, low detection limit, high accuracy, wide concentration range , applicability to colored; turbid solution and have found wide applications in divers field of analysis[14-17]. To our knowledge no potentiometric electrochemical sensors has been yet described for determination of AC. The only reported method is a coated wire electrode for some β-blocker and calcium blocker has been suggested based on the use of dinonylnaphthaline sulphonic acid as ion exchanger material. Their selectivity behavior was accurately predicted from calculated distribution coefficient constant for each drug [18] (acebutolol one of them). The present work describes the construction and evaluation of novel PVC membrane sensors for AC in its pharmaceutical preparations. The sensitivity and stability offered by the PVC sensors are in advantageous to allow accurate determination of low levels of AC.




2. Results and Discussion


2.1. Sensor characteristics


AC readily reacts with NaTPB and PMA solution to form a sparingly soluble ion associate complex of 1:1 and 3:1 for AC: TPB and AC: PM respectively. Plastic membranes were prepared by using a casting solution of the composition 1.82: 34.54: 63.64 (w/w) ion associates, PVC and dioctylphthalte (DOP) or dibutyl phthalate (DBP) or tricresyl phosphate (TCP) or dibutylsebacate (DBS) or o-nitrophenyloctyl ether (o-NPOE) as plasticizers, respectively. The potentiometric response for AC based on the use of AC-TPB or AC-PM ion pair complexes as a novel electroactive material and o-NPOE as a plasticizer in a PVC matrix were evaluated according to IUPAC recommendations [19], o-NPOE showed better performance characteristics. The elemental analysis data agree with the composition of 1:1 and 3:1 for AC: TPB and AC: PMA respectively. From IR spectra both ion-associate complexes showed the observed bands at 2910cm-1 and 3000cm-1 indicate CH starching aliphatic and aromatic respectively; two bands at 3205 cm-1 and 3340 cm-1 indicate the presence of NH and OH group. Also the observed band at 1590 cm-1 indicates the presence of carbonyl group. There were no absorption bands in case of PMA or NaTPB reagent. They concluded that, the formation of ion-associate complexes. The performance characteristics of the electrode in o-NPOE are given in Table 1. In phosphate buffer of pH 4.0, the sensor displays a linear and stable response for 1×10-3- 8×10-6M; 1×10-3- 6×10-6 M for AC with cationic slope of 51.5 ± 0.5 and 53.0 ± 0.5 mV/decade, and lower limit of detection being 6×10-6 M and 4×10-6 (∼ 2.3 and 1.5 μg/ml) for AC-TPB and AC-PM sensors respectively. The least squares equation obtained from the calibration data as follow:


E(mV)=(51.5±0.5)log[AC]+(134.0±0.5)for sensor−I



(1)






E(mV)=(53.0±0.5)log[AC]+(164.0±0.5)sensor−II



(2)







Table. 1. Response characteristics of the PVC membrane sensors.







	
Parameter

	
Value*




	

	
AC-TPB

	
AC-PM






	
Slope, (mV/ decade)

	
51.5 ± 0.5

	
53.0 ± 0.5




	
Intercept, mV

	
134.0 ± 0.5

	
164.0 ± 0.5




	
Correlation Coefficient, (r)

	
0.998

	
0.999




	
Detection limit, M

	
6×10-6

	
4×10-6




	
Response time for1×10-3 M solution, s

	
25 ±0.5

	
20± 0.6




	
Working pH range

	
2 - 6.0

	
2- 6.0








*Average of five replicates









2.2. Response mechanism of the proposed sensor


The mechanism of potential response of most liquid and liquid polymeric membrane sensor is based on ion exchange equilibrium and analyte extraction process at the membrane interface. The membranes frequently contain hydrophobically trapped, mobile sites [19] in plasticized poly (vinyl chloride). Such membranes with charged sites are named sited membranes. Ions of opposite sign in the membrane are counter ions. Ions of the same sign as sites are not present in significant quantities are known as coions. Sited membranes are selective to counter ion i.e only counter ions exchange into the membrane and therefore have some mobility in the membrane bulk.




2.3. Effect of pH


The effect of pH of the AC test solutions (1×10-3, 1×10-4 and 1×10-5 M) on the sensor potential was investigated by following the potential variation over the pH range 1-12. The electrode response for AC concentrations was tested by various pH values, each time being adjusted by using hydrochloric acid and sodium hydroxide solution. Potential-pH plots (Fig.1) reveal that, within pH range 2-6, the potential did not vary by more than ±0.5 mV. At pH < 2 potential displayed by the sensors increased due to increasing the acid nature of the drug or interferences by hydrogen ion. At pH > 7.0, the potential displayed by the sensor sharply decreases due to formation of non-protonated acebutolol, the pKa value of AC = 9.4 (secondary aliphatic amine group) [20]. On the other hand upon testing different types of buffer solution e.g. citrate, phthalate, phosphate and acetate in the suitable pH range of the membrane sensor, phosphate buffer (pH 4.0) proved to be a more suitable measuring solution. All subsequent potentiometric measurements were made in phosphate buffer of pH 4.0.




2.4. Response time


The average response time is defined as the time required for the electrode to reach a steady potential values within ±1 mV of the final equilibrium value, after successive immersion of the electrode in AC solutions each having a 10-fold difference, or after rapid 10-fold increase in concentration by the addition of AC. This time was found to be short, ranging form 15 sec for concentration ≥1×10-4M and 20 sec for concentration ≤1×10-4M.



The sensors displayed constant potential readings ±1 mV/concentration decade from day-to-day and the calibration slopes did not change by more than 2 mV/concentration decade over a period of 4 weeks for both sensors, after which the membrane of the electrode should be renewed. The higher stability of the sensors is attributed to the increased lipophilicity of PM: TPB and this leads to partial leaching of the components from membrane sensors. After more than one month, a new section from the master membranes was found to function very properly. Table 2 shows the day-to-day reproducibility of the sensors.



Table 2. Day to day reproducibility of the proposed method.







	
Parameter

	
AC(100μg/ml)*

Within–day

	
AC(100μg/ml)*

Between-days




	

	
AC-TPB

	
AC-PM

	
AC-TPB

	
AC-PM






	
R, %

	
98.0

	
98.7

	
97.7

	
98.5




	
R.S. D, %

	
1.5

	
1.5

	
1.6

	
1.5




	
Slope

	
51.5 ± 0.5

	
53.0 ± 0.5

	
51.5± 0.6

	
53.0± 0.6




	
Correlation coefficient

	
0.998

	
0.999

	
0.998

	
0.998








*Average of 5 measurements ± RSD.



*R%, recovery percentage; RSD relative standard deviation









2.5. Effect of plasticizer type on the characteristic performance of the sensor


The effect of plasticizer composition was studied on the characteristic performances of AC-PVC membrane sensors. PVC membrane sensors were prepared using different plasticizers namely DBS, DOP, DBP, TCP and NPOE of different polarities which are usually used for the preparations of PVC membrane sensors. Sensors incorporated membranes plasticized with DOP, DBP, and TCP showed less response (slope 35, 29, 23 mV/decade) for acebutolol probably due to poor solubility of ion-associate in the plasticizer. In case of DBS a negligible or very poor response was obtained. The solubility of the complex was examined by its ability to form transparent solution in the plasticizer. In case of NPOE a clear transparent solution was formed whereas in DOP, DBP, TCP and DBS turbid and suspended solutions were obtained, respectively. This indicate that the complex solubility in the order of NPOE>DOP>DBP>TCP>DBS. It seems that o-NPOE improves the membrane selectivity due to its high dielectric constant (ε =24), affects considerable dissolution of ion-association within the membrane; consequently enhances its partition coefficient in the membrane and also provided suitable mechanical property of the membrane compared with less permittivity plasticizers.




2.6. Effect of divers ions


The potentiometric selectivity coefficient [image: there is no content] of an ISE is commonly used as quantitative expression of the ability of the electrode to respond primarily to the analyte ion in the presence of interfering ions. The influence of the presence of some different species on the response of AC sensors was investigated. The selectivity coefficients [image: there is no content] of the proposed sensors were calculated in the presence of related organic and inorganic substances using separate solution and mixed solution technique [21, 22]. The selectivity coefficient [image: there is no content] measured by separate solution method was calculated from the following equation:


logKA,Bpot=EB−EA/S+[1−ZA/ZB]logaA



(3)




Where [image: there is no content] is the potentiometric selectivity coefficient; EA and EB are the potential readings observed after 1 min of exposing the sensor to the same concentration of AC and interfering species (1×10-3 each) alternatively, aA the activities or concentration of AC; ZA and ZB are the charge of acebutolol and interfering ions and S is slope of calibration graph (mV/decade). The selectivity coefficient by mixed solution method was defined as the activity ratio of primary and interfering ions that give the same potential change under identical conditions. The selectivity coefficient [image: there is no content] measured by mixed solution method was calculated from the following equation:


[image: there is no content]



(4)




where a`A known activity of primary ion, aA fixed activity of primary ion and aB activity of interfering ions. The results are given in Table 3. The results reveal reasonable selectivity for AC in presence of many related substances.



Table 3. Potentiometric selectivity coefficients ( [image: there is no content]) for the two proposed sensors.







	
Interferent, J

	
[image: there is no content]




	

	
AC-TPB

	
AC-PM






	
Na+

	
2 × 10-3

	
2 × 10-3




	
K+

	
1 × 10-3

	
1 × 10-3




	
Ca2+

	
3 × 10-3

	
3 × 10-3




	
Mg2+

	
3.5 × 10-3

	
3.4×10-3




	
Fe3+

	
3 × 10-3

	
2.0×10-3




	
Glucose

	
2 × 10-4

	
2 × 10-4




	
Sucrose

	
2 × 10-4

	
2×10-4




	
Lactose

	
2 × 10-4

	
2×10-4




	
Starch

	
3 × 10-4

	
3 × 10-4




	
Avisil

	
1 × 10-4

	
1.5 × 10-4




	
gelatin

	
1 × 10-4

	
1 × 10-4




	
Caffeine

	
3 × 10-3

	
3 ×10-3




	
Tryptophan

	
2 × 10-3

	
2 ×10-3




	
Urea

	
1 × 10-3

	
1 ×10-3








*Organic compounds were studied by mixed solution method









2.7. Validity of the proposed method


2.7.1. Limit of quantification and limit of detection


Each of different concentration of standard solution was tested five times. The potentials obtained for the five analyses were averaged at each concentration. The average potential was plotted versus concentration. The relation between potential and concentration is logarithmic (equation 1 and 2) × = s log [AC] + y where × is equal the potential, s is the slope, and y is the intercept and correlation coefficient r equal 0.998 and 0.999, it is observed a linear (linear range) over the concentration range of 1×10-3- 8×10-6M and 1×10-3- 6×10-6 M for AC-TPB and AC-PM respectively. The limits of detection (LOD) and limits of quantification (LOQ) were determined using the formula: LOD or LOQ = kS.D.a/b, where k=3 for LOD and 10 for LOQ, S.D.a is the standard deviation of the intercept, and b is the slope. Also lower limit of detection (LOD) defined as the concentration of AC corresponding to the intersection of the extrapolated linear segment of the calibration graph which is 6×10-6 M and 4×10-6 (2.3 and 1.5μg/ml) [19] for sensor-I and sensor-II respectively.




2.7.2. Precision and Accuracy of the method


The precision and accuracy of the method were investigated inter-day repeatability by the analysis of AC, five replicate at the limit of quantification range. The precision and accuracy of the method expressed as RSD and % of deviation of the measured concentration (recovery %). The results obtained are within the acceptance range of less than 1.5% and 1.6%. Also reproducibility (day-to day) was investigated. The results indicate an average recovery of 97.8 and 98.5%, relative standard deviation 1.6% ; 1.5% and correlation coefficient of 0.998 and 0.998 respectively for sensor-I and sensor-II.




2.7.3. Ruggedness


The ruggedness of the potentiometric method was evaluated by carrying out the analysis using two different analyst (operator) and different instruments on different days. The RSD of less than 2.5% were observed for repetitive measurements in three different day time periods using two different instruments and operators. The results indicate that the method is capable of producing results with high precision.




2.7.4. Robustness


The robustness of the method was explained by the evaluation the influence of small variation of some of the most important procedure variables including pH, potential range and measuring time. Preliminary inspection of the results under various conditions suggested that the method is fairly robust, but the pH of the measuring solution should be in the pH range 2.0 – 6.0.





2.8. Analytical applications


The reliability of the proposed membrane sensors for the quantification of AC was examined for direct determination of various concentration of AC (3 - 370.0 μg/ml) using the standard addition “spiking” technique. Results with an average recovery of 99.4 ±1.4 % and 99.5 ± 1.5% for AC-TPB and AC-PM at 100 μg/ml (n=5) are obtained. The results are shown in Table 4.



Table. 4. Direct determinations of the percentage recovery of AC using the proposed PVC membrane sensors.







	
Added

(μg/ml)

	
Found 

(μg/ml)

	
Recovery, %*




	

	
AC-TPB

	
AC-PM

	
AC-TPB

	
AC-PM






	
3.0

	
2.93

	
2.93

	
97.6 ± 1.9

	
97.6 ± 1.8




	
6.0

	
5.87

	
5.88

	
97.8 ±1.8

	
98.0 ± 1.8




	
10.0

	
9.8

	
9.8

	
98.0 ±1.7

	
99.0 ± 1.7




	
50.0

	
49.0

	
49.5

	
98.0 ±1.6

	
99.0 ±1.6




	
100.0

	
99.4

	
99.5

	
99.4 ±1.5

	
99.5 ± 1.5




	
200.0

	
198.0

	
199.0

	
99.0 ±1.4

	
99.5± 1.5




	
300.0

	
298.0

	
298.0

	
99.3 ± 1.4

	
99.3 ± 1.4




	
370.0

	
369.0

	
369.0

	
99.7 ± 1.4

	
99.7 ± 1.4








Average of 5 measurements ± RSD.



RSD%, Relative standard deviation%








2.8.1. Determination of AC in Tablets


The proposed method has been applied for the determination of AC in Tablet (complete procedure as in section 2.4). The results are summarized in Table 5 including the repeatability data (n=5). The content of AC in its formulation using the membrane sensors are with a good agreement with declared amount. The results (Table 5) obtained compare favorably well with the data obtained by British Pharmacopoeia method [23]. Comparison between the experimental means for the two method was carried out using the null hypothesis of |t|2 for P=0.05and n=5. It was found that |t|2 = 1.3 and 1.2 for AC-TPB and AC-PM, respectively which is less than the tabulated value (|t|2 =3.36) [24]. No significant difference was found between the two methods, which indicate that the proposed method is accurate as British pharmacopoeia method. Comparison between the precessions of the proposed method with the British pharmacopoeia method to estimate the random errors of the two sets of data (Table 5) was also carried out using the two-tailed F-test [24]. From this table it is clear that all the experimental F4,4 values is 1.5 and 1.4 for both AC-TPB and AC-PM, respectively. These values are obviously less than the tabulated value of F4, 4 for P=0.05 and n=5 (6.38) [24]. This proves that the results obtained by the two methods are not subject to random errors.



Table 5. Determination of AC in some pharmaceutical preparations using the proposed PVC membrane sensors.







	
Drug (trade name)

	
Nominal value of AC, (mg/tablet)

	
AC, content ±RSD (%) (mg/tablet) (n=5)

	
Official, ** method content ±RSD(%) (mg/tablet) (n=5)

	
|t|2 AC- TPB(PM)

	
F AC- TPB(PM)




	

	

	
AC-TPB

	
AC-PM

	

	

	






	
Sectral tablets

	
200mg

	
197.0 ± 1.4

	
198.0 ± 1.4

	
197.0 ± 1.5

	
1.3 (1.2)

	
1.5 (1.4)








*Average of five determinations



**Aqueous potentiometric method.









2.8.2. Application of AC –PVC electrodes as indicator electrode


The AC sensors were utilized as indicator electrode in conjunction with an Ag/AgCl reference electrode for some potentiometric titration. Titration of AC with NaTPB has been performed. Fig.3a and Fig.3b show typical potentiometric titration curves of AC with NaTPB. One mole of AC is consumed per 1 mol of NaTPB. The inflection break at the equivalence point is about 150 and 120mV for sensor-I and sensor-II respectively. The equivalence points by all titration curves have been calculated from the titration curve at inflection point and from the first derivative curve.


Figure 3. a. Typical potentiometric titration curves of 1.5 and 2 ml of 1×10-2 M AC with 1×10-2M sodium tetraphenylborate using AC-TPB membrane sensor.b. Typical potentiometric titration curves of 2 and 2.5 ml of 1×10-2 M of AC with 1×10-2M sodium tetraphenylborate using AC-PM membrane sensor.



[image: Sensors 07 03272f3a][image: Sensors 07 03272f3b]









3. Experiment


3.1. Apparatus


All potentiometric measurements were made at 25 °C unless otherwise stated using a WTW pH/mV meter (Model 525, Germany) with AC sensor (indicator electrode) in conjunction with a Calomel reference electrode (Model 476350) containing 10% (w/v) potassium nitrate in the outer compartment. A combined Ross glass pH electrode (Orin 81-02) was used for all pH measurements.




2.3. Reagents and materials


All chemicals were of analytical reagent grade unless otherwise stated and doubly distilled water was used throughout. Polyvinyl chloride powder PVC high molecular weight, dioctyl phthalate, dibutyl phthalate, tricresyl phosphate, dibutylsebacate, o-nitrophenyloctyl ether, tetrahydrofurane (THF) of purity >99%, sodium tetraphenyl borate the preparation of standard solution of NaTPB was prepared by standardization with cetylpyridinium chloride[25], phosphomolybdic acid (PMA) and AC were obtained from Aldrich Chemical Company. AC hydrochloride pure drug was obtained by Sigma and Sectral tablets (labeled 200 mg per tablets) was obtained from Alexandria Co., under license of Rhone Poulenc Rorer, Paris, France. The stock solution of 1×10-2 M AC was prepared by dissolving the appropriate amount of AC in 100ml of water. Phosphate buffer of pH 4.0 was prepared by mixing 50 ml of 0.1M KH2PO4 with appropriate amount of 0.1M phosphoric acid. The pH was adjusted to the exact value of pH 4.0.




3.3. Sensor preparation


The precipitation of the AC-TPB or AC-PM ion pair were formed by mixing of drop-wise addition of 25 or 75 ml of 1×10-2 M solution of AC to 25ml of 1×10-2 M of NaTPB or PMA respectively with continuously stirred for 10min. The precipitate was filtered off through a Whatman filter paper No.42, washed with distilled water, dried at room temperature for 24 h and ground to a fine powder. Elemental analysis confirmed the formation of 1:1 and 3:1 complexes of AC-PM and AC-TPB, respectively. A 10 mg portion of the prepared ion association complex was thoroughly mixed in glass Petri dish (5 cm diameter) with 350 mg DOP or DBP or TCP or DBS or o-NPOE, 190 mg PVC powder and 5 ml THF. The Petri dishes were covered with filter paper and left to stand overnight to allow slow evaporation of the solvent and formation of the sensing membrane. The PVC master membrane (0.1 mm thick) was obtained, sectioned with a cork borer (10 mm diameter) and glued to a polyethylene tube (3 cm length, 8 mm i.d.) using THF as previously described [26, 27]. A laboratory made electrode body was used, which consisted of a glass tube, to which the polyethylene tube is attached at one end and filled with internal reference solution (1×10-2 M aqueous AC/ KCl). Ag/AgCl internal reference electrode (1.0mm diameters) was used. The indicator electrode was conditioned by soaking in a 1×10-2 M aqueous AC solution for 1 h and stored in the same solution when not in use.




3.4. Procedure


The AC-PVC membrane sensors were calibrated by immersion in conjunction with the reference electrode into a 9.0 ml of phosphate buffer of pH 4.0 in a 50ml beaker. After potential stabilization ±0.5 mV, 1 ml aliquot of AC was added with contentious stirring , to give a final AC concentration ranging from 1×10-3 - 1×10-6 M; and the potential was recorded. A calibration graph was then constructed by plotting the recorded potential as function of -log AC concentration. The resulting graphs (Fig.4) were used for subsequent measurements of unknown AC concentration.


Figure 4. Calibration graph of acebutolol using AC-TPB (sensor-I) and AC-PM (sensor-II).



[image: Sensors 07 03272f4]







3.5. Determination of AC in Sectral Tablets


Ten tablets were powdered and a weight equivalent to one tablet (200mg) of acebutolol hydrochloride was transferred quantitatively to 250 ml measuring flask with about 100 ml water and dissolved by applying 5min sonication on the ultrasonic bath; thereafter the suspension was diluted to the mark and filtered. 10 ml of the above solution was transferred to 50 ml measuring flask and the pH was adjusted to pH 4.0, and completed to the mark with double distilled water. Suitable aliquot (25ml) of the above solution was transferred to measuring cell, and the electrode potential was recorded and compared with calibration graph.



Alternatively, the standard addition technique was used for the determination of AC by monitoring the potential of AC solution before and after the addition of a known concentration of AC solution (1.0 ml aliquot of 1×10-3M). The change in the potential readings was recorded and used to calculate the unknown AC concentration in the test solution using the standard addition technique [21].





4. Conclusion


In conclusion, the developed PVC membrane sensors described in this work offer a simple, accurate, selective, and specific tool for quantitative determination of AC in some pharmaceutical formulations. The membrane sensor AC-PM seem to better than AC-TPB with respect to calibration, slop, and accuracy. The PVC sensors have been used as indicator electrode in some potentiometric titrations. The statistical evaluations of the proposed method in comparison with standard official method indicate that the method is accurate and precise.
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Figure 2. a. Effect of pH on the response of AC-PM membrane sensor using three series of AC solution 1×10-3, 1×10-4 and 1×10-5M).b. Effect of pH on the response of AC-PM membrane sensor using three series of AC solution 1×10-3, 1×10-4 and 1×10-5M). 
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