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Abstract
A membrane selective electrode for the determination of ranitidine hydrochloride was developed, based on ranitidine - picrate as electroactive substance. For pH 4.0, the linear response range, slope (25ºC) and quantification limit of the electrode were 1.0×10-5 - 1.0×10-1 M, 29.98 mv per decade and 3.98×10-6 M, respectively. The electrode was successfully applied for the determination of ranitidine hydrochloride in tablets and injectable solutions by direct potentiometric method. 

Rezumat
A fost construit un electrod membrana selectiv pentru determinarea clorhidratului de ranitidină ce foloseşte ca material electroactiv, picratul de ranitidină. La pH 4,0 domeniul de răspuns liniar, panta şi limita de cuantificare ale electrodului au fost 1,0×10-5 - 1,0×10-1 M, 29,98 mv/decadă de concentraţie şi respectiv 3,98×10-6 M. Electrodul a fost utilizat cu succes la determinarea clorhidratului de ranitidină din comprimate şi soluţii injectabile prin metoda potenţiometrică directă.
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INTRODUCTION

Membrane selective electrodes are playing an important role in pharmaceutical analysis [1] due to their simplicity, rapidity and accuracy, when compared to other analytical methods. 
Ranitidine hydrochloride, chemically N - [2 - [[[5 - [(dimethylamino) methyl] - 2 - furanyl] methyl] thio] ethyl] - N' - methyl - 2-nitro -1,1 - ethenediamine  hydrochloride, is an H2-receptor antagonist indicated for the treatment of duodenal ulcer. 

Ion-selective membrane electrodes for ranitidine hydrochloride have been constructed based on ranitidine - tetrakis-(3-chlorophenyl)borate [2], ranitidine - tetraphenylborate [3, 4] and ranitidine - phosphotungstate [4] as the electroactive substance.

In the present study, a ranitidine ion-selective PVC membrane electrode is developed based on an ion-pair compound of ranitidine - picrate as the electroactive substance, and dioctylphthalate as plasticizer.

EXPERIMENTAL PART

Apparatus

Potentiometric measurements were carried out using a Hanna 301 digital pH/millivoltmeter. A ranitidine PVC selective electrode was used as the indicating electrode in conjunction with a Radelkis OP-0830P calomel electrode (SCE) as reference. 

The electrochemical system may be represented abbreviated as follows: SCE / test solution / ISE

Reagents and Materials

Picric acid, tetrahydrofuran (THF), dioctylphthalate (DOP), hydrochloric acid and sodium acetate were of analytical grade. Polyvinylchloride (PVC) of relatively high molecular weight was used. Ranitidine hydrochloride was obtained as pure raw material (Dar Al Dawa - Jordan). All solutions were prepared with distilled water.

Preparation of Ion-pair Compound

For preparation of the ion pair complex, 0.1 g ranitidine  hydrochloride is dissolved in 100 mL water, the pH is adjusted to 1.0 with hydrochloric acid 2 M and saturated aqueous picric acid solution is added in small portions with stirring. 

The resulting precipitate, ranitidine - picrate, was filtered through a G4 crucible, washed with precipitate saturated solution and dried at 50°C.
Construction of the Electrode

A mixture of PVC was prepared by dissolving 1 mg of ranitidine picrate, 31 mg of PVC, 68.0 mg of DOP in 3 mL of tetrahydrofuran. The mixture was poured into a 30 mm glass ring resting on a polished glass plate, and allowed to evaporate for 24 h at room temperature. The membrane was removed from the glass plate, and a disk (10 mm diameter) was cut out and fixed to the end of a 100 mm PVC tube by using a PVC/THF solution. The Ag/AgCl electrode and 1.0 ×10-3 M of ranitidine hydrochloride solution were used as the reference electrode and the internal filling solution of the electrode, respectively (Figure 1).
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Figure 1

Electrode construction

The assembled electrodes were conditioned by soaking in 1.0×10-5 M ranitidine hydrochloride solution for 2h before the use of electrodes. When not in use, the electrodes were stored in air.

RESULTS AND DISCUSSION

The pH effect
The effect of pH on the response of the electrode was examined by measuring the variation of potential over the pH range from 1.0 to 10.0 for three different ranitidine hydrochloride concentrations, namely 1.0x10−4, 1.0x10−3 and 1.0x10−2 M. The results are shown in Figure 2.
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Figure 2
Effect of pH on the potential of the electrode

The change in pH had a negligible effect in the pH range of 1.0 - 6.0, and thus in this range the electrode could safely be used for ranitidine hydrochloride determination. At higher pH, free base precipitated in the aqueous test solution and lower potential readings were recorded.

Total ionic strength

A value of 0.1 ionic strength was found to be the optimum for samples below 1.0x10-1 M and was obtained by dilution with potassium nitrate 1 M. The measured potential is independent of the ionic strength in the case of 1.0x10-1 M solutions. 

Response time

The response time was 20 s for 1.0x10-5 M ranitidine hydrochloride solution; for higher concentrations the response time was shorter. 
Linearity 
The response characteristics of the ranitidine - picrate electrode at pH 4.0 realized with buffer solution [5] are shown in Figure 3. 
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Figure 3

Calibration curves of the electrode

As the graph shows, the calibration curves constructed for ranitidine hydrochloride were linear over the concentration range of 1.0×10-5 - 1.0×10-1 M (pC = - log C) with a slope of 29.98 mV per decade and correlation coefficient R = 0.9952. Typically, the regression equation for the calibration curve was found to be E (mV) = - 29.98 ·  pC + 240.92.

Limit of quantification 

A graphical method was applied for calculating the limit of quantification [6], defined as the intersection of the regression line for the linear range (E (mV) = - 29.98 ·  pC + 240.92) with the range when the electrode response is relatively constant (E (mV) = 0,5 · pC + 75,5). The limit of quantification for ranitidine hydrochloride was 3.98 ×10-6 M (1.39 μg/mL).

Precision

Repeatability [7] was investigated by measuring the potential for nine replicate samples of each of the 1.0×10-4, 1.0×10-3 and 1.0×10-2 M of ranitidine hydrochloride solutions where the mean standard deviations were 2.01%. Inter-day precision [7] was assessed by determining the same three concentrations over two consecutive days, resulting in mean standard deviations of 2.12%.

Accuracy

The accuracy of the proposed method [7] was assessed by analyzing three standard solutions (1.0×10-4, 1.0×10-3 and 1.0×10-2 M ranitidine hydrochloride) by the direct potential method. The obtained data indicates the average recovery and standard deviation to be 99.44% and 1.10%, respectively.

Robustness

The robustness [7] of the method was investigated under a variety of conditions such as small changes in the pH, laboratory temperature and provenience of chemicals. The percent recoveries of ranitidine were good. 

Electrode Selectivity

The electrode selectivity of was investigated by the separate solution method [8] and the potentiometric selective coefficients (K), were calculated by the following equation:
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Separate drug primary ion (A+ - ranitidine) and interfering secondary ion (Iz+) solutions having equal concentrations (1.0×10-3 M) were prepared. Their potentials EI (for A+) and EII (for Iz+) were measured using the above cell (P – slope of the calibration curve).

The results are revealed in Table I.

Table I

Selectivity coeficient of the electrode

	Interfering species
	 K
	Interfering species
	K

	NH4+
	4.52·10-2
	Al+3
	2.09·10-3

	Na+
	3.91·10-2
	Nizatidine
	1.51

	Ca+2
	9.66·10-3
	Famotidine
	1.01

	Mg+2
	1.20·10-2
	Citric acid
	3.7 · 10-3


 As Table I shows, the tested inorganic cations and the organic compounds (except famotidine and nizatidine), do not interfere. Moreover, the excipients in the ranitidine hydrochloride tablets or injectable solutions do not interfere with the determination of ranitidine.

Analytical Application of the Electrode

The direct potentiometric method was applied for the determination of ranitidine hydrochloride in pharmaceutical tablets (150 mg ranitidine hydrochloride/tablet) and injectable solutions (50 mg ranitidine hydrochloride/2 mL).

Tablets

Twenty tablets were weighed, powdered finely and portions equivalent to 70 mg ranitidine hydrochloride were transferred into 50 ml volumetric flask; 30 ml distilled water was added, shaken thoroughly to dissolve, brought up to volume and mixed well. Suitable aliquots of solution were filtered through a Millipore filter (0.45 μm). 5 ml of the filtered solution was transferred into another 25 mL volumetric flask, completed to volume with 10 mL buffer solution (pH 3.0), potassium nitrate 1 M and distilled water.
Injectable Solution

1.5 mL injectable solution was transferred into a 25 mL volumetric flask, then completed to the mark with the distilled water. 5 mL of this solution was taken and transferred into another 25 mL volumetric flask, completed to volume with 10 mL buffer solution (pH 3.0), potassium nitrate 1 M and distilled water. 

Potential measurements

The ranitidine selective PVC membrane electrode and the reference electrode were immersed into the test solution. The limits value and the relative standard deviation obtained by using ranitidine selective PVC membrane electrode method was 146.79 ± 0,65 mg/tablet and 0.42 % (n = 6) respectively.  For injectable solution, the results obtained were 48.89 ± 0.27 mg/2 mL and 0.53 % (n = 6), respectively.

CONCLUSIONS
A ranitidine-selective PVC membrane electrode based on the ion-pair compound of ranitidine picrate and DOP as plasticizer was developed. The calibration curves were linear over the concentration range of 1.0×10-5 - 1.0×10-1 M with a slope of 29.98 mV per decade and correlation coefficient R = 0.9952. 

The proposed analytical method proved to be simple, rapid and accurate and was successfully applied for the determination of ranitidine hydrochloride in pharmaceutical preparations. 
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