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Abstract

A method has been developed for the separation of hydrochlorothiazide and amiloride by high-performance liquid
chromatographic (HPLC) method on a C18 column with detection at 280 nm. The optimal conditions of separation
were determined with the aid of ‘window diagram’ technique of Laub and Purnell. The effect of simultaneously
varying the pH, proportion aqueous acetic acid and methanol in the mobile phase were studied to optimize the
separation. A response surface diagram was used to optimize the experimental conditions for the separation. The
mobile phase composition that provides an acceptable resolution hydrochlorothiazide and amiloride in a short elution
time is water:methanol (60:40) and pH 3.2 (pH adjusted to 3.2 with CH3COOH). A method is applied for the
quantitative analysis of Moduretic® tablets (Merck Sharp & Dokme International). The powdered tablets are
extracted with methanol, containing caffeine as the internal standard, and assayed by comparison of peak areas after
liquid chromatography. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Amiloride hydrochloride and hydrochlorothi-
azide are applied in treatment of hypertensis in
tablet form. Methods for their determination in
pharmaceutical formulations are based on spec-
trophotometry [1–4], gas–liquid chromatography

(GLC) [5,6] and high-performance liquid chro-
matography (HPLC) [7–16].

Hydrochlorothiazide and amiloride are ana-
lyzed separately by spectrophotometry and GLC
method. Numerous HPLC methods for the deter-
mination of hydrochlorothiazide [7–11], of
amiloride [12–14], and both hydrochlorothiazide
and amiloride [15,16] in biological fluids exist.
Published HPLC methods for determination of
amiloride includes fluorescence detection.* Corresponding author.
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This report describes a new, sensitive, and repro-
ducible reversed-phase HPLC technique for the
simultaneous separation and quantitation of hy-
drochlorothiazide and amiloride in tablets with
UV detection at 280 nm.

The major goal of this investigation was to
obtain quality separation of amiloride and in a
reasonable analysis time by adjusting acceptable
chromatographic factors. Good chromatography
requires capacity factors to be neither too low (bad
resolution), nor too high (long analysis time, pure
detection sensitivity). A mathematical description
of such goal is called an optimization criterion.
Usually, the methods are based on the optimiza-
tion of the mobile phase composition, i.e. on the
concentration of the organic modifier and the
optimization of pH. The degree of ionization of
solutes, stationary phase and mobile phase addi-
tives may be affected by the pH and may lead to
better selectivity. On varying the pH, the selectivity
varies, but so does retention. In order to allow
work at the pH value that yields the best possible
selectivity, it is necessary to compensate for
changes in retention. The best way is to vary the
pH and aqueous/organic ratio simultaneously.

The ‘window diagram’ technique of Laub and
Purnell [17–22] has been shown to be an effective
means of locating the global optimum if a mathe-
matical functional relationship between chromato-
graphic retention and a single variable factor is
known or can be assumed.

Single-factor systems for which the window dia-
gram technique has been used successfully include
variation of stationary phase composition in gas
chromatography [17], variation of pH in liquid
chromatography [22–24], and variation of lan-
thanide-induced shift reagent concentration in nu-
clear magnetic resonance spectrometry [21].

Laub and Purnell [17] have shown that plotting
the relative retention (a) as a function of a single
chromatographic factor (e.g. pH) for all possible
pairs of compounds in a mixture gives a ‘window
diagram’ that can be used to locate the globally
optimal experimental condition. The ‘windows’
consist of the areas below the curves showing
lowest relative retention. The experimental condi-
tion corresponding to the top of the tallest window
gives the best possible separation of the two worst

separated pairs of compounds [17].
This paper extends the single-factor window

diagram technique to the multifactor case. Results
are presented for the two-factor study in which
values of pH and mobile phase composition are
chosen to give the optimal chromatographic per-
formance. The effects of methanol were examined
in the range 5–50% and pH 3–6. The best set of
conditions was chosen for further investigation.

2. Experimental

2.1. Equipment

Separations were made on a Waters 5 mm m
Bondapak C-18 column (300×3.9 mm i.d., Waters
Milford, MA, USA). The injection volume was 10
ml, elution was performed at a flow rate of 1.0 ml
min−1 and the column was maintained at ambient
temperature. The absorbance was monitored at
280 nm. The mobile phase was water:methanol
(60:40; v/v), pH 3.2 (adjusted with CH3COOH)

2.2. Sol6ents and chemicals

Standards of amiloride and hydrochlorothiazide
and Moduretic® tablets (containing amiloride hy-
dochloride 5 mg and hydrochlorothiazide 50 mg)
were supplied by Merck Sharp & Dokme Interna-
tional, USA. The chromatographic internal stan-
dard was caffeine. All the solvents used for the
preparations of the mobile phase were HPLC
grade and the mixtures were filtered and degassed
before use.

2.3. Solutions

2.3.1. Internal standard solution
A 80 mg ml−1 solution of caffeine in methanol

was prepared.

2.3.2. Stock solution
About 50 mg of hydrochlorothiazide reference

material and 5 mg of amiloride reference material
was precisely weighted, dissolved in internal stan-
dard solution and diluted to 50 ml. This solution
(1 ml) was diluted to 10 ml with the same solvent
to form a stock solution.
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2.3.3. Standard solutions
Working standard solutions were prepared by

dilution of a 0.7 ml volume of this solution to 10
ml with the internal standard solution. Ten solu-

Fig. 3. (a) Separation of hydrochlorothiazide (H), amiloride
(A) and caffeine as internal standard (C) on optimal condi-
tions; Eluent, methanol:water (40:60); pH 3.2; flow rate, 1.5 ml
min−1. (b) Chromatogram of hydrochlorothiazide (H),
amiloride (A) and caffeine as internal standard (C) in Mod-
uretic® tablets on optimal conditions; Eluent, methanol:water
(40:60); pH 3.2; flow rate, 1.5 ml min−1.

Fig. 1. Predicted retention behavior of amiloride (A) and
hydrochlorthiazide (H) as function of pH and methanol ratio
in mobile phase.

Fig. 2. Predicted relative retention (a) values for amiloride and
hydrochlorothiazide as a function of pH and methanol per-
centage.

Table 1
Precision of the assay expressed as % RSD of 10 samples

ResponseaSample no.

Amiloride Hydrochlorothiazide

1 1.0500.1105
2 0.1103 1.020
3 0.1123 1.058

0.1135 1.0604
0.1105 1.0455

1.0330.11036
0.1140 1.0407
0.1109 1.0288

1.0500.11049
0.1108 1.04010

RSD 1.211.23

a Response, peak area response of drug divided by peak area
of internal standard.

tions were prepared. The standard solutions were
stable during the assay.
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Table 2
Percentage recoveries obtained from 10 Moduretic® tablet
sample solutions

Recovery (%)aSample no.

Amiloride Hydrochlorothiazide

99.19104.521
2 101.72106.13

98.43104.253
99.794 105.51

100.62100.745
100.076 103.15
100.30100.327
98.078 106.53
96.00105.759
97.0410 104.63
99.13104.15Mean recovery

2.14S.D. 1.74
2.06RSD 1.76

a Recovery, response of sample by response of drug.

to 10 ml with internal standard solution. A 0.7 ml
volume of this solution was diluted to 10 ml with
the internal standard solution. Ten solutions were
prepared. The solutions of analytes were stable
during the assay.

2.6. Procedure

Three injections (10 ml) of each of these solu-
tions and of undiluted caffeine standard solution
were made into the chromatographic system. The
areas of the peaks were measured, and the ratios
of the area peak of amiloride and hydrochlorothi-
azide to that of the internal standard were calcu-
lated for each injection. For calibration curve the
average peak area ratio for each dilution was
plotted against the quantity of amiloride and hy-
drochlorothiazide in the solution.

3. Results and discussion

3.1. Optimum conditions for chromatographic pro-
cedure

This work presents the results of an experimen-
tal study design to determine the combine effect
of pH and mobile phase composition on the
reverse-phase liquid chromatographic behavior of
amiloride and hydrochlorothiazide. The effects of
these factors were examined in the range of condi-
tions where they provided acceptable retention
and resolution. The effect of ratio of methanol
was tested at proportion of 5–50% and effect of
pH was tested at pH 3–6.

2.4. Preparations of standard cur6e

Stock solutions (0.15, 0.3, 0.5, 0.9 and 1.5 ml)
were accurately transferred into five 10-ml volu-
metric flasks and diluted to volume with the inter-
nal standard solution.

2.5. Sample preparation

A finely powdered tablet was accurately trans-
ferred to a 50 ml calibrated flask and diluted to
volume with internal standard solution. The mix-
ture was sonicated for 5 min at room temperature
and than centrifuged at 2500×g for 5 min. The
supernatant liquid was filtered through a 1.5 mm
membrane filter. This solution (1 ml) was diluted

Table 3
Statistical analysis of results in the determination of amiloride and hydrochlorothiazide

S.D. (mg)(n=10) RSD (%)Concentration (mg/ml) Recovery (%)Found (mg/ml)

Standard solution (bulk drug)
0.7Amiloride 0.7 0.01 1.23 99.5–102.8
7.0 98.9–102.8Hydrochlorothiazide 1.280.087.0

Sample solution (Moduretic® tablets)
Amiloride 0.7290.7 0.01 2.06 100.3–106.53
Hydrochlorothiazide 7.0 6.94 0.12 1.79 95.94–101.7
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A response surface methodology was used to
specify retention time of amiloride and hy-
drochlorothiazide to all combination of pH values
(3.0, 3.5, 4.0, 4.5, 5.0, 5.5 and 6.0) and six combi-
nation of methanol:0.5% water solution of acetic
acid ratio in mobile phase (5:95, 10:90, 15:85,
20:80, 30:70, 40:60).

The ‘window diagram’ technique pioneered by
Laub and Purnell for the single factor optimiza-
tion was applied to the present multifactor case to
obtain optimal separation.

Fig. 1 shows the predicted retention behavior of
amiloride and hydrochlorothiazide as functions of
both pH and mobile phase composition. Relative
retention, (a) is a better measure of separation
than is the difference in retention times, as it is
independent of the column efficiency [25]. The
two-dimensional ‘alpha diagram’ shown in Fig. 2
was produced by dividing the higher capacity
factor surface by the lower capacity factor surface
at all combination of pH and mobile phase com-
position. The ratios of these capacity factor sur-
faces than give the relative retention surface. The
domains giving acceptable separations are evident
in Fig. 2 as the higher parts of the surface. Values
greater than 1.4 were set equal to 14.4 [26]. The
unacceptable domain occurs in the lower parts of
the figure.

The mobile phase composition (of those tested)
that provides acceptable resolution of amiloride
and hydrochlorothiazide in a short elution time
(10 min) is water:methanol (60:40) and pH is 3.2
(adjusted with CH3COOH). There are other do-
mains in Fig. 2 that give the same optimum
results (a$1.4, quality separation within 10 min).
The domain on the left is preferable because it is
more rigid, and not so sensitive to the small
changes in pH and methanol percentage.

Fig. 3a presents chromatogram for standard
solution showing the separation under the best
(optimized) conditions.

Fig. 3b presents chromatogram for Moduretic®

tablets showing the separation under the best
(optimized) conditions.

3.2. Quantitati6e determinations

The HPLC method was tested for specificity,

linearity, precision and reproducibility. The spe-
cificity of the method was investigated by observ-
ing any interference between amiloride and
hydrochlorothiazide and with tablet excipient. No
interfering peaks and no peaks that indicate
degradation products were present in the chro-
matograms. It is confirmed by the appearance of
the baseline of chromatogram analytes (Fig. 3b)
and recovery value of analytes (Table 2). The
described method may use as stability-indicating
assay. The k % values for hydrochlorothiazide and
amiloride were 0.95 and 2.1, respectively. HPLC
allows the direct analysis of amiloride in pharma-
ceutical dosage forms not only in the presence of
the excipient, but also in formulation containing
hydrochlorothiazide and vice versa. Eluting sam-
ple and standard peaks were collected and a com-
plete ultraviolet spectrum of each peak was
obtained. In all cases sample and standard peaks
were found to be identical.

The linearity of the relationship between peak
area and concentration was determined by analyz-
ing five standard solutions over the concentration
range 0.15–1.50 mg ml−1 for amiloride and 1.5–
15 mg ml−1 for hydrochlorothiazide. The parame-
ters of the linear regression equation were
calculated for each component. The regression
equation was Y= −0.0155+0.1805x for
amiloride and Y= −0.0737+0.1578x for hy-
drochlorothiazide. For all analytes, the relation-
ship between peak area ratio of drug to internal
standard and concentration was highly linear over
the entire concentration range (correlation coeffi-
cients of the calibration curves were greater than
0.999 and the relative standard deviation (RSD)
values for the slope and the intercept with respect
to the linearity were 1.5 and 1.8%, respectively,
calculated at the 100% analyte level [27]. This
allows only one standard solution to be used for
the determination.

Limit of determination (LOD) was measured as
the lowest amount of analyte that may be de-
tected to produce a response which is significantly
different from that of a blank. LOD for amiloride
was 0.07 mg ml−1 and LOD for hydrochlorothi-
azide was 0.7 mg ml−1.

Limit of quantification (LOQ) was measured as
the lowest amount of analyte that can be repro-
ducibly quantified above baseline noise, for which
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duplicate injections resulted in a RSD53%. A
practical LOQ giving a good precision and accept-
able accuracy was 0.15 mg ml−1 for amiloride and
1.5 mg ml−1 for hydrochlorothiazide.

The precision of the chromatographic proce-
dure was assessed by analyzing 10 solutions con-
taining known quantities of investigated
compounds. (0.7 mg ml−1 for amiloride and 7 mg
ml−1 for hydrochlorothiazide). The RSD %
shows the satisfactory repeatability of the system
(Table 1).

Reproducibility studies were performed by ana-
lyzing 10 Moduretic® tablets (Table 2). A sum-
mary of results is presented in Table 3. Recoveries
are calculated as response of sample divided by
response of drug. The high recovery and the low
relative standard deviation confirm the suitability
of the proposed method for the routine analysis
of amiloride and hydrochlorothiazide in pharma-
ceutical preparations.

4. Conclusions

The HPLC is efficient method for separation
and quantitative determination of amiloride and
hydrochlorothiazide in its dosage forms. The
method provides nanogram sensitivity and ade-
quate linearity and repeatability. There was no
interference in the product examined, so no addi-
tion extraction or separation procedures are re-
quired. The method is rapid and sensitive enough
to be used for single tablet analysis.
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