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INTRODUCTION

Amiloride is a weak diuretic which retains potassium, since it favours sodium excretion and potassium reabsorption. This diuretic is widely used in the treatment of several diseases 

The literature reports many analytical methods for the separation and determination of amiloride, including spectroscopy, electroanalytical procedures (6), and high-performance liquid chromatography. Normally the determination of amiloride at therapeutic levels by liquid chromatography requires tedious preliminary procedures, such as extraction and preconcentration in an organic solvent.

In human urine there are numerous organic substances, most of which give a high absorbance in the ultraviolet region, consequently, it is necessary to separate amiloride from the protein matrix and endogenous compounds. In order to achieve this, liquid-liquid and solid phase extraction have been used previously to chromatographic determination. These procedures, however, are high time-consuming. Recently, direct injection methods have been applied without a separation step, which represent an interesting simplification of the analytical procedures. 

Solid phase spectroscopy has been successfully applied to the determination of active principles in pharmaceuticals, urine and serum samples. The selective sorption of the analyte on an appropriate solid support usually provides selectivity enough to allow its direct determination just based on the measurement of a native analytical property  of the target species. 

In this paper, we propose a single one step procedure for the determination of amiloride  in pharmaceuticals and urine by Solid Phase UV Spectrophotometry (SPUVS) based on the direct measurement of its intrinsic UV absorbance after sorption on a cation exchange gel without a previous separation or a previous treatment of the sample. 

EXPERIMENTAL

Apparatus. A single-beam GBC 911 microprocessor-controlled UV-Vis spectrophotometer supplied by GBC Scientific Equipment Pty Ltd. with 1-mm optical path length quartz cells from Starna was used for all absorbance measurements. It was connected to a Bravo Ast/30286 microcomputer by means of a serial port for data acquisition and data processing using Scan Master V 1.62  program  from GBC. 

Reagents. Standard solution of 100 µg ml-1 of amiloride hydrochloride (SIGMA, Madrid, Spain) was prepared by dissolving in a solvent mixture of 15% (v/v) DMSO-water. This solution was stable for at least 1 month in a refrigerator at about 5º C. Standard solutions were prepared daily by an appropriate dilution to volume with doubly distilled water.Sephadex SP C-25 (40-120 (m) was used as the cation-exchange gel (Aldrich, Madrid, Spain) in the H+ form, without any pretreatment, as solid support.

Absorbance measurements.The absorbance of amiloride sorbed on the solid phase was measured in a quartz cell (1-mm) at two wavelengths, 362 nm (absortion maximum) and 412 nm (wavelength at which the analyte does not absorb any more radiation). The net absorbance for amiloride (A) in solid phase was obtained from:  A = A 362  - A412
Procedure.  An appropriate volume of aqueous solution containing 8.0-70 µg of amiloride hydrochloride was transferred into a 25 ml glass tube with stopper and 1 ml of a 0.01M HAc/NaAc buffer solution, pH 4.0 was added. The total volume of the solution was adjusted to 10 ml with doubly distilled water, 30 mg of Sephadex SP C-25 resin was added to the solution and the mixture was stirred for 3 min. The solution was filtered and the resin beads were collected together with a little volume of solution and put into a 1-mm quartz cell with the aid of a little pipette. A blank solution without amiloride was prepared in the same way as described for the sample. The net absorbance was obtained from the absorbance difference between sample and blank, measured as described above.Procedures for 100 and 500 ml of sample were similarly established by using polyethylene bottles of appropriate volume, proportional volumes of buffer solutions, the same amount of cation-exchanger gel (30 mg), and stirring times of  5 and 20 min respectively.
Sample preparation. Pharmaceuticals. Tablets were reduced to a homogeneous fine powder and dissolved in 15 % (v/v) DMSO/water. The solution was filtered through a 0.45-µm membrane filter (Millipore) where insoluble matter remained. Then the solution was diluted to volume with the same solvent mixture. Appropriate dilution with distilled water was performed before analysing. Urine. Urine from four people was filtered through a 0.45 (m membrane filter (Millipore) prior to analysis.

RESULTS AND DISCUSSION

Spectral Characteristics and Effect of Experimental Variables. 
Amiloride shows a UV spectrum with two absorbance maxima at 286 and 362 nm. both in aqueous solution and on Sephadex SP C-25 (Figure 1). When amiloride was sorbed on Sephadex SP C-25, the analytical signal was about 10 times higher than that obtained in solution, this is due to the concentration of the analyte (by ion exchange) on the solid support. Figure 1

The chosen wavelengths were 362 nm and 412 nm (wavelength where only the ion-exchange gel absorbs light). 

Influence of the pH.
From the structure of amiloride, it is expected that it could be sorbed on a cation- exchange gel in acid medium, because some of the N atoms could be protoned.  The influence of pH on the fixation of amiloride on the solid support was studied using hydrochloric acid and sodium hydroxide for adjustment for a sample volume of 10 ml. The results show a maximum and constant absorbance within the range 3-6 (Figure 2). At basic pH values absorbance decreased as expected, according to the above indicated. At very low pH values, the signal also decreased, probably due to the competition of H+ ions by the active sites of the ion-exchange gel. Three different buffer solutions were tested: citric acid/sodium citrate (pH 3.4, 4.8 and 6.0), HAc/NaAc (pH 4.0, 4.8 and 6.0) and succinic acid/ sodium succinate (pH 4.0). The results showed that HAc/NaAc at pH 4.0 provided a higher signal. Absorbance was heavily dependent on the ionic strength (adjusted with the buffer solution), as usual in SPS, probably owing to competition between the cations of the buffer for the cationic sites of the resin. Consequently, a 0.01 M buffer solution at pH 4.0 was used in all cases.
Other experimental conditions

An increase in the amount of resin reduces absorbance values (Figure 3, curve 1), as the concentration of analyte in solid phase decreases according to the empirical equation: Amr 0.902 ( 0.070 = 0.023 ( 0.002 where A = absorbance and mr = mass of resin (g). This equation is practically that one from an equilateral hyperbole, as usually is found in previous papers (20, 23). In fact, when absorbance A is represented vs. 1/mr  (Fig.2, curve 2) we find that A varies according to the empirical equation  A = 0.023 + 0.015/mr (r = 0.9994). The theoretical value of this straight line should be very approximately equal to (20) (r b C V 1000, where (r = is the molar absorptivity of amiloride on the ion-exchange phase (average value  = 1060 Kg mol-1 cm-1) which can be deduced from the apparent molar absorptivity, (, according to the calibration lines:

(r =  
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as V/D can be neglected against mr
The mean light-path length through the solid phase is b (0.1cm). C is the initial concentration of amiloride (1.87x10-5 M) in the volume V (0.010 l) of sample solution equilibrated with the resin. D is the distribution ratio (l g-1). Therefore, the theoretical value of the slope will be: 0.0198 g-1 which is, actually, in good agreement with the experimental value 0.015 ( 0.003. This means that A and mr are, approximately, inversely proportional magnitudes, as expected. Figure 3

Analytical data

Analytical parameters, calibration lines (equation and correlation coefficients), limit of detection and quantification and reproducibility are summarised in Table 1. The reproducibility was measured for a series of ten independent determinations containing 6, 0.5 and 0.1 (g ml –1 for 10, 100 and 500 ml volumes, respectively. The limit of detection (K = 3) and the quantification limit (K = 10) were established from the standard deviation of the absorbance measurements of 10 independent blank for the three volumes. It should be noted the high increase in the apparent molar absorptivity showed for the proposed procedure (about three orders of magnitude) compared with the corresponding value in aqueous solution  at 362 nm (3.83 x 104 l mol -1cm-1). Table 1

Influence of Foreign Species

A systematic study of the effect of foreign potentially interfering species on the determination of 4 (g ml –1 of amiloride was undertaken following the general procedure for the 10 ml sample system. Tolerance was defined as the interference concentration that produced an error not exceeding  ( 3 % in the determination of analyte. The tolerance limits for the ions studied are shown in Table 2. As can be seen, the proposed method has a good tolerance level for tested species. On the other hand, matrix effects can be reduced by diluting the samples, taking into account the sensitivity of the method proposed and the dependence of the sensitivity on the sample volume. Table 2

Applications

The methods for 10 and 500 ml were applied to the determination of amiloride in pharmaceuticals and urine respectively. 

Pharmaceuticals. The proposed method was applied to the determination of amiloride in the two commercial pharmaceuticals preparations of the Spanish Pharmacopoeia, Ameride (Dupont Pharma) and Kalten (Zeneca Farma) which contain it, and in Moduretic (Sidus S.A.) a commercial pharmaceutical from the Argentina Pharmacopeia. The concentration values are in good agreement with those given for the manufacturers (Table3). For Kalten and Moduretic, the standard addition method was used because a negative matrix effect was observed (calculated from addition calibration graph/standard calibration graph: 0.756 and 0.821, respectively). In order to check de accuracy of the procedure, a recovery study was carried out by adding three different amounts of amiloride to each drug. Recovery results range was 97.9-100.6 %. (Table 4).

Urine.Four different urine samples were taken from four people. All of them were found to be free from amiloride, so the samples were spiked with known amounts of the analyte, 2, 4, 4.5 and 5 (g ml-1 (these amounts were chosen taking into account that the levels of amiloride in urine are 80-90 % of the intake). The determination of these samples was performed by triplicate from an appropriate aliquot by standard addition method for 500 ml sample volume. The mean recovery results ranged from 97.8 to101.0 %, so confirming the validity of the proposed method.
CONCLUSIONS

The proposed one step method allows simple, inexpensive, and fast determination of amiloride by SPUVS in pharmaceuticals and urine. The method does not use neither derivative reaction nor previous treatment of the samples. The sorption of the analyte on the solid support provides very good selectivity as well as a high sensitivity. Good both linearity and reproducibility are also other two remarkable analytical features of the method.

FIGURE CAPTIONS

Figure 1. Net absorption spectra of 5 (g ml -1 of amiloride 1) in aqueous solution (blank as reference); 1 mm optical path length. 2) on the resin (blank resin as reference); 0.030 g of resin; sample volume 10 ml; stirring time 5 min. 1 mm optical path length

Figure 2. Influence of pH on absorbance of 5 (g ml -1 amiloride; 10ml sample volume; 0.030 g of resin.

Figure 3. Influence of the amount of resin. Inset: A vs 1/mass of resin. 5 (g ml -1 of amiloride; 10 ml sample volume; pH = 4.0

Table 1. Analytical features of the method


Sample volume (ml)

       Parameter
10
100
500

Intercept
-0.015
-0.009
-0.027

Slope / ml (g-1
0.136
1.40
6.20

Linear dynamic range /(g ml-1
0.8- 7
0.08-0.7
0.02-0.15

Apparent molar absorptivity

         (l mol-1 cm-1)
3.62 x 105
3.73 x 106
1.65 x 107

Correlation coeff. (r)
0.9999
0.9996
0.9994

RSD / % (n=10)
1.85
2.13
3.46

Detection limit /(g ml-1
0.20
0.02
0.006

Quantification limit /(g ml-1
0.67
0.05
0.02

Table 2.  Interference study (determination of 4 (g ml-1 of amiloride) 

Foreign species
Tolerated interferent/analyte

(w/w) ratio

Lactose
400

Glucose, Saccharose
> 150

Urea
25

Hydrochlorothiazide
> 20

Atenolol
20

Uric acid
5

Table 3.  Determination of amiloride hydrochloride in pharmaceutical preparations

Pharmaceuticals
Labelled (mg)
Founda   (mg ( SD)
Recovereda (%)

Kalten 1
2.5
2.49 ( 0.05
99.6 

Ameride 2
5
5.02 (  0.03
100.4

Moduretic 3 
5
4.89 ( 0.09
97.8

a Mean or three determinations.

1 Tablets containing: atenolol, 50 mg; hydrochlorotiazide, 25 mg; amiloride hydrochloride, 2,5 mg; lactose, 80 mg; excipients (Zeneca Farma, Spain).
2 Tablets containing: amiloride hydrochloride, 5 mg; hydrochlorotiazide, 50 mg; lactose and other excipients (Dupont Pharma, Spain).

3 Tablet containing: amiloride hydrochloride, 5 mg; hydrochlorotiazide, 50 mg; and excipients (Sidus S.A. Buenos Aires, Argentina).

 Table 4. Recovery study of amiloride hydrochloride in pharmaceuticals.

Pharmaceutical
Added ((g ml-1)
Recovereda (%)


1
97.9 ( 0.2 

Kalten
3
100.3 ( 0.5 


5
100.6 ( 0.1 


0.5
98.7 ( 0.5

Ameride
1
100.2 ( 0.2 


2
99.6 ( 0.6


1
98.7 ( 0.4

Moduretic
2
99.8 ( 0.3


3
100.3 ( 0.2


a Mean and standard deviation (n=3) 
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