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a b s t r a c t

A simple, reproducible and efficient dual separation mode high performance liquid chromatographic
(HPLC) method was developed for simultaneous determination of antihypertensive drug combinations
including; hydrochlorothiazide (HCTZ), valsartan (VAL), amiloride (AML) and captopril (CAP). The newly
developed PlatinumTM column, which provides a dual-mode separation with its polar and non-polar
sites, was used for rapid separation of these co-administered drugs. Good resolution was obtained when
PlatinumTM column was used compared with C18 column. Additionally, simple isocratic mode with mobile
phase containing methanol and 0.02 mole L−1 phosphate buffer adjusted to pH 3.0 (45:55, v/v) was used
for separation. The flow rate was 0.5 mL min−1 and effluent was monitored at 270 nm. All the investigated
drugs were completely separated within less than 6 min. The linearity range obtained for the developed
ydrochlorothiazide

alsartan
aptopril
miloride

HPLC method was 0.5–100 �g mL−1 with detection limits of 0.13–1.2 �g mL−1 for all the studied drugs.
The method was validated in accordance with the requirements of ICH guidelines and shown to be suitable
for intended applications. The method was successfully used for determination of the studied drugs in
pure form and pharmaceutical dosage forms without prior need for separation. The method is valuable for
quality control laboratories for simultaneous determination of these co-administered antihypertensive

nd qu
drugs in binary, ternary a

. Introduction

Hypertension is a major risk factor for cardiovascular morbid-
ty and mortality. Only 50% of hypertensive patients respond to

onotherapy treatment [1]. Therefore, treatment of moderate or
evere hypertension in most cases requires the simultaneous use
f multiple antihypertensive agents. Using binary, ternary and qua-
ernary mixtures of antihypertensive drugs with complimentary

odes is more likely to achieve better blood pressure control as
ell as attenuate the adverse events [2]. Antihypertensive drug

ombinations are formulated to be administered once daily to
mprove the patient compliance as monotherapy, with the advan-
age of increased effectiveness during treatment [3].

Hydrochlorothiazide (HCTZ) (Fig. 1), is a thiazide diuretic
hat reduces active sodium reabsorption and peripheral vascular
esistance. It is often prescribed in combination with other anti-
ypertensive drugs such as; angiotensin converting enzyme (ACE)
nhibitors, angiotensin receptor blockers (ARBs), or potassium-
paring diuretics. The combination of these drugs with HCTZ is
ighly efficient especially for patients not responding to monother-
py [4].

∗ Corresponding author. Tel.: +20 88 2366244; fax: +20 88 2332776.
E-mail address: sameh aa@yahoo.com (S. Ahmed).

039-9140/$ – see front matter © 2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.talanta.2011.01.066
aternary mixtures.
© 2011 Elsevier B.V. All rights reserved.

Valsartan (VAL) is a new angiotensin II receptor blocker used
either alone or in combination with HCTZ [5,6]. Few methods were
reported for the simultaneous determination of VAL and HCTZ in
pharmaceutical dosage forms [7–10]. These methods were based
on HPLC, HPTLC, capillary electrophoresis and UV-derivative spec-
trophotometry. Additionally, captopril (CAP) is an ACE inhibitor
used for the treatment of hypertension and some types of conges-
tive heart failure [1]. It differs from other ACE inhibitors by the
presence of a sulfhydrile group. CAP is characterized by the lack of
a strong chromophore and is, therefore, unable to absorb at higher
wavelengths. Its binary mixture with HCTZ was determined using
HPLC [11–14] and UV-derivative spectrophotometry [15]. Further-
more, amiloride (AML), a potassium-sparing diuretic, is widely
used therapeutically in combination with HCTZ. AML and HCTZ
mixture was analyzed in different pharmaceutical preparations
by spectrophotometry [16–18], HPLC [19,20] and polarography
[21]. However, the simultaneous determination of their ternary or
quaternary pharmaceutical mixtures is highly desirable because
it allows the generation of more efficient clinical data as well as
it could be more cost-effective than separate assays. The major

problem encountered during the analysis of these combinations
was attributed to the strong spectral overlapping of these drugs
in mixtures. This spectral interference would further complicate
such analysis, especially if one of the components (HCTZ) exists
as a minor relative to the other [22]. Moreover, polar drugs have
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Fig. 1. Structures of the investigated antihypertensive drugs.

lways been problematic in HPLC in particularly basic drugs. The
ajor problems have been associated with the interaction between

he polar drugs and C18 phases that make separation of complicated
ixtures difficult [23].
Traditional C18 columns were used for separation of HCTZ in

inary mixtures with VAL [7], AML [19,20] or CAP [11–14]. How-
ver, different chromatographic conditions were used in each case
hat may be attributed to the difference in the physico-chemical
haracteristics of these drugs. In addition, the obtained chro-
atograms had either insufficient resolution or long analysis time.
Recently, a novel approach was taken by Grace Davison Discov-

ry Sciences® with the introduction of their PlatinumTM columns.
n these columns instead of thoroughly covering the silica with
onded phase (as traditional C18 columns), the exposure of the silica

s controlled to provide a dual-mode separation with both polar and
on-polar sites [24,25]. Therefore, platinum phases have enhanced
olar selectivity in addition to reversed phase retention. It is pro-
osed that the hydrophobic compounds are retained by the bonded
hase (alkyl C18) while the polar compounds retained by the inert
ilanol groups. Because of the claimed highly pure nature of the
urface and the uniform covering of inert vicinal silanol groups,
eak shape is generally considered to be very good [26]. Moreover,
ual separation mode was successfully used for separation of some
harmaceutical mixtures [27].

In this research, we aimed to develop a simple, fast, accurate
nd efficient dual separation mode HPLC method using the newly
eveloped PlatinumTM column for simultaneous determination of
ome antihypertensive drug combinations of HCTZ, VAL, CAP, and
ML in binary, ternary and quaternary mixtures. The separation
echanism was based on dual separation mode on both polar

nd non-polar sites of the stationary phase. The performance of
latinumTM C18 column was compared with those of Cosmosil
18 column results. The method was optimized and validated in
ccordance with International Conference on Harmonization (ICH)
uidelines [28]. Then the method was applied successfully for the
etermination of pharmaceutical dosage forms without prior need
or separation.

. Experimental

.1. Materials and reagents
Reference standards of HCTZ (% purity 100.3 ± 0.45) and AML (%
urity 97.2 ± 0.92) were obtained from (Sigma–Aldrich, St. Louis,
SA). VAL (% purity 98.1 ± 0.75) from (Novartis Pharma AG, Basle,
witzerland), CAP (% purity 100.3 ± 0.45) from (GlaxoSmithKline
o., Cairo, Egypt).
4 (2011) 666–672 667

Pharmaceutical preparations containing studied drugs were
obtained from the local market. Capozide®tablets (15 mg HCTZ,
50 mg CAP) were obtained from (GlaxoSmithKline Co., Cairo,
Egypt), Co-Tareg®tablets (12.5 mg HCTZ, 80 mg VAL) from (Novar-
tis Pharma Co., Cairo, Egypt), Moduretic®tablets (50 mg HCTZ,
5 mg AML) from (Cairo Pharmaceuticals Co., Cairo, Egypt) and
Hydretic®tablets (12.5 mg HCTZ) from (ChemiPharm Co., Cairo,
Egypt). Double distilled water was obtained using Simpli Lab-UV
(Millipore, Bedford, MA, USA) water device. All other chemicals and
solvents used in work were of HPLC analytical grade.

2.2. Apparatus and chromatographic conditions

A Younglin Autochro-3000 HPLC system (Younglin, Korea) with
UV detector, a Rheodyne injection valve with a 20-�L loop was
used. Compounds were separated isocratically on a platinumTM

C18 column (100 mm × 4.6 mm, 3 �m i.d.) (Grace Davison Discovery
Sciences®, Lokeren, Belgium) that was maintained at ambient tem-
perature (25 ◦C). The performance of a platinumTM C18 column was
tested and compared with Cosmosil 5C18-MS II (150 mm × 4.6 mm,
5 �m i.d.) (Nacalai, Japan). The mobile phase was a mixture of
0.02 mole L−1 phosphate buffer (pH 3.0) and methanol (55:45, v/v).
The flow rate was 0.5 mL min−1 and detection was carried out at
270 nm. The mobile phase was filtered and degassed by sonica-
tion before use. Peak identity was confirmed by comparison of
spectra and retention times with those of standards. In addition,
ultrasonic cleaner (Cole-Parmer, Chicago, USA), pH meter, model
3305 (Jenway, London, UK), Sartorius handy balance H51 (Hanover,
Germany) and oil-less vacuum pump (Rocker, Tiwan).

2.3. Preparation of standard solutions

A stock solution of HCTZ, AML, VAL and CAP reference standards
(1.0 mg mL−1) was prepared in methanol. The working standard
solutions were prepared by further dilution of the stock solution
with the mobile phase to obtain concentration ranging from 0.05
to 500 �g mL−1. The stock and working standard solutions were
kept ±4 ◦C in light protected flasks.

2.4. Method validation

The validation was performed according to International Con-
ference on Harmonization (ICH) guidelines [28].

2.4.1. Linearity
The linearity of the method was checked by analyzing six solu-

tions in the range 0.5–50 �g mL−1 for AML and VAL (0.5, 2, 5, 10, 25,
and 50 �g mL−1) and in the range 1–100 �g mL−1 for HCTZ and CAP
(1, 2, 5, 10, 25, 50 and 100 �g mL−1). Each solution was prepared in
triplicate. Calibration curves were constructed as peak area versus
the concentrations and the linear relationship was determined.

2.4.2. Limits of detection and quantification
The limit of detection (LOD) is defined as the lowest concentra-

tion of an analyte that can be readily detected but not necessarily
quantified. It is usually regarded as the amount for which the signal-
to-noise ratio (S/N) is 3:1. The limit of quantitation (LOQ) is defined
as the lowest concentration of an analyte that can be quantified
with acceptable precision and accuracy. It is usually regarded as the

amount for which the S/N is 10:1. Blank and samples spiked with
known concentrations of each analyte were prepared and analyzed
by the proposed HPLC method. LOD and LOQ were then established
experimentally by evaluating the minimum levels at which the ana-
lyte could be readily detected or accurately quantified, respectively.
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Fig. 2. Chromatograms for separation of quaternary mixture of 5 �g mL−1 AML (1),
10 �g mL−1 HCTZ (2), 40 �g mL−1 CAP (3) and 5 �g mL−1 VAL (4) using platinumTM
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.4.3. Accuracy and precision
Intra-day precision was determined by replicate analysis (n = 5)

f standard solutions at low, medium, and high concentration levels
5, 20 and 50 �g mL−1). The inter-day precision was conducted by
epeating the analysis over a period of three consecutive working
ays. The overall precision of the method was expressed as rela-
ive standard deviations (RSD). Method accuracy was determined
y addition of known amounts of standard HCTZ, VAL, AML and CAP
o a sample solution of known concentration and comparing mea-
ured and calculated values. The accuracy was expressed as percent
o the true value.

.4.4. Robustness
The robustness of an analytical procedure is a measure of its

apacity to remain unaffected by small, but deliberate variations in
ethod parameters and provides an indication of its reliability dur-

ng normal usage. For the determination of a method’s robustness,
number of method parameters, for example, buffer pH, mobile

hase composition, flow rate or detection wavelength, were var-
ed within a realistic range, and the quantitative influence of the
ariables is determined.

.4.5. Recovery
Recovery of HCTZ, VAL, AML and CAP from its formulations

tablets) was assessed (n = 5) by standard addition method. Known
mounts of standard drugs were added to pharmaceutical formu-
ations then samples were extracted (as described in Section 2.5).
he obtained peak areas were compared with those obtained from
irect injection of equivalent quantities of pure standards.

.5. Analysis of dosage form

An accurately weighed amount of powder obtained from 20
ablets equivalent to 25 mg of the drug was transferred into 100 mL
olumetric flask. About 50 mL methanol was added and the flask
as shaked for10 min, and then was completed to 100 mL with
ethanol, mixed and then the solution was filtered and the first

ortion of filtrate was rejected. The prepared solution was diluted
uantitatively to obtain the required concentration for assay. An
liquot of 20-�L was injected to HPLC system.

. Results and discussion

.1. Optimization chromatographic conditions

The most important aspect of method development in liquid
hromatography is the achievement of sufficient resolution within
reasonable analysis time. This goal can be achieved by adjust-

ng different chromatographic factors to give the desired response.
he main analytical parameters to be optimized are the stationary
hase, and mobile phase composition (organic modifier, buffer, and
H).

.1.1. Stationary phase
Initially, traditional C18 column was used for separation of tested

ixture HCTZ, VAL, AML and CAP but it was difficult to separate
ll the tested antihypertensive drugs simultaneously due to the
ifference in the physical–chemical characteristics of these drugs.
owever, binary mixtures of HCTZ with another antihypertensive
rug could be separated but at different chromatographic con-

itions. Besides, separation took longer time or had insufficient
esolution. Therefore, a column with enhanced polar selectivity was
eeded such as platinumTM C18 column. The choice of the separa-
ion method depends on factors such as the nature of the drug, the
omplexity of the sample, and the intended use.
C18 column (A) and Cosmosil 5C18-MS II (B). Chromatographic conditions were; a
mixture of 0.02 mole L−1 phosphate buffer (pH 3.0) and methanol (55:45, v/v), flow
rate was 0.5 mL min−1, injection volume; 20 �L, and UV detection at 270 nm.

It is considered important to study and understand the perfor-
mance of the platinum column, which was considered as a novel
stationary phase that has hydrophobic and polar selectivity provid-
ing a dual mode separation medium with both polar and non-polar
sites [24,25]. Its performance was compared with traditional C18
columns for separation of the tested mixtures.

The mobile phase composition was modified to adapt the
selected mixtures. The final optimized HPLC procedure for sepa-
ration of the tested compounds was; a mixture of 0.02 mole L−1

phosphate buffer (pH 3.0) and methanol (55:45, v/v), flow rate was
0.5 mL min−1., injection volume; 20 �L, and UV detection at 270 nm.
Fig. 2 represents the chromatograms for separation of quaternary
mixture of HCTZ, VAL, AML and CAP on platinumTM C18 column
(A) and Cosmosil 5C18-MS II (B). It is clear that the resolution and
peak symmetry of tested mixture using platinumTM C18 column is
far better than Cosmosil 5C18-MS II and the total run time for the
platinum column (6 min) is shorter than that of the C18 column
(10 min).

The following operating parameters for the platinum column

were compared with those of the C18 column for the tested mix-
tures (Table 1); retention factors (k′), number of theoretical plates
(N), peak resolution (Rs), and the tailing factor (T0.05). A good chro-
matographic separation requires retention factors (k′), to be neither
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Table 1
Performances of platinum column and C18 column for separation of tested antihypertensive mixtures.

Compound Platinum columns C18 column

k′ N × 102 Rs T0.05 k′ N × 102 Rs T0.05

AML 1.27 11.2 – 1.05 1.23 4.71 – 1.54
HCTZ 2.18 16 3.1 1.15 2.65 8.07 2.8 1.8
CAP 2.91 18.8 2.3 1.08 3.17 12.60 1.05 1.3
VAL 4.27 26.6 3.75 1.10 4.4 15.64 1.89 2.5
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ig. 3. Effect of buffer pH on the retention factor (k′) (A) and peak resolution (Rs) (B)
xcept the buffer pH were varied.

oo low (tendency of molecules to be in a mobile phase rather than
n the stationary phase), nor too high (long analysis time, poor
etection sensitivity). In addition, number of theoretical plates (N)

s a measure of the efficiency of the column and tailing factor (T0.05)
s a measure of the peak symmetry. From the results presented in
able 1, it was observed that the efficiency of the platinum column
ith respect to the number of theoretical plates is higher than C18

olumn for all the tested antihypertensive drugs. On the other hand,
he peak symmetry for the tested compounds when using platinum
olumn is better than C18 column. These results make platinum
olumn superior to C18 column for analysis of the tested antihy-
ertensive mixtures that coincide with previous reports concerning
eparation of polar samples using platinum columns [24–26].

.1.2. Mobile phase composition
A number of variables relating to the mobile phase composition

uch as buffer concentration, pH, and organic modifier were stud-
ed. Phosphate buffers are commonly used in the determination
f the tested antihypertensive drugs. The effect of buffer concen-
ration from 0.010 to 0.06 mole L−1 was studied. It was observed
hat increasing the buffer concentration provided little effect on
oth the retention times and the peak resolution of the tested
rugs. Phosphate buffer with the concentration of 20 mmole L−1

as chosen for further experiments to avoid problems associated

ith precipitation in the presence of significant amounts of organic
odifier and minimize the abrasive effect on pump seals [29].
Because the pH could alter the retention time, resolution or

eak symmetry, the effect of pH of phosphate buffer was studied in
H range from 2.5 to 6 pH (Fig. 3). The retention values increased

ig. 4. Effect of methanol content on the retention factor (k′) (A) and peak resolution (Rs) (
n Fig. 2 except the methanol content were varied.
ted antihypertensive mixtures using platinum column. Conditions as given in Fig. 2

with the buffer pH increasing, but peak resolution and symmetry
decreased. This behavior can be ascribed to the effects of pH on the
ionization of surface silanols and the tested drugs [30]. The ioniza-
tion of the silanols is gradually increased at pH more than 3 and the
tested antihypertensive drugs are basic compounds with different
pKa values are mainly in protonated state at that pH. Good reten-
tion values with acceptable peak shapes are obtained at buffer pH
of 3.0, hence it was selected as the optimal pH.

The retention time and peak resolution of the studied com-
pounds were extensively affected by the type of organic modifier
used. The effect of using acetonitrile, methanol or both of them as
organic modifiers was investigated. Methanol gave the best sepa-
ration and peak symmetry therefore; methanol was selected as the
ideal organic modifier for the investigated antihypertensive drugs.
The effect of different proportions of methanol on the chromato-
graphic behavior of the eluted peaks was studied (Fig. 4). It was
observed that with reduced amounts of methanol in the mobile
phase, the retention values of the studied were extended and peak
resolution was decreased for all the investigated drugs. Since a short
retention time is desirable provided that good resolution and peak
symmetry was obtained, the proportion of 45% (v/v) of methanol
was selected. It provides both short retention time and sufficient
resolution for the eluted peaks.
3.1.3. The effect of the flow rate on the column efficiency
The influence of the mobile phase flow rate on the perfor-

mance of the platinum columns for the separation of tested
mixtures was investigated. The flow rate was varied in the range
0.3–1.5 mL min−1. The Van Deemter plot (plate height (H) versus

B) of tested antihypertensive mixtures using platinum column. Conditions as given
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Table 2
Retention times, calibration curves, detection and quantitation limits HCTZ, VAL, AML and CAP.

Compound tR (min) Calibration curvea (n = 3) Detection limit (�g mL–1) Quantitation limit (�g mL–1)

Range (�g mL–1) Slopeb (±SD) Interceptb (±SD) r

AML 2.5 0.5–50 0.5 (±0.12) 1.1 (±0.25) 0.9995 0.13 0.43
HCTZ 3.5 1.5–100 0.4 (±0.15) 0.93 (±0.20) 0.9991 0.45 1.5
CAP 4.3 5–100 0.2 (±0.07) 1.1 (±0.25) 0.9987 1.2 4.0
VAL 5.8 0.5–50 0.5 (±0.11) 0.67 (±0.17) 0.9990 0.21 0.7

a Peak area of analyte versus concentration (�g mL−1).
b Data presented as mean ± SD of three experiments.

Table 3
Accuracy and precision of the developed HPLC method.

Sample Concentration (�g mL–1) Intra-day assay (n = 5) Inter-day assay (n = 3)

Accuracy (%) Precision (RSD%) Accuracy (%) Precision (RSD%)

HCTZ 5 100.2 0.80 100.5 1.20
20 99.8 0.52 99.4 0.62
50 99.1 0.40 98.7 0.75

CAP 5 98.9 0.72 99.9 1.40
20 99.3 0.49 99.2 0.91
50 99.6 0.82 100.3 0.70

AML 5 98.4 0.65 99.1 1.10
20 98.9 0.74 98.5 0.89
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50 99.5
VAL 5 100.3

20 99.1
50 99.8

ow rate) of the tested mixtures is shown in Fig. 5. This plot shows
he effect of the flow rate on the columns efficiency for separation
f tested mixtures. As can be seen, the efficiency of the platinum
olumn is not significantly affected by increasing the flow rate,
ut backpressure increases significantly. Therefore, flow rate of
.5 mL min−1 was chosen.

.1.4. The effect of detection wavelength
The chemical and spectroscopic behaviors of HCTZ are common

nowledge. The UV absorbance spectrum of its methanol solu-
ion exhibits three absorption bands with maxima at 317, 271,
nd 226 nm (A1%

1cm: 130, 654, 1280) [31]. For AML, CAP and
AL, 286 nm, 210 nm, and 265 nm wavelengths were used for their
etection, respectively. Therefore, effect of detection wavelengths
f 226, 254, 270 and 286 nm were investigated for the tested mix-

ure. The best detection wavelength for optimum sensitivity for

ost of the tested mixture was at 270 nm. However, CAP exhibits
ower sensitivity of at this wavelength.

ig. 5. Van Deemter plot of the height equivalent to a theoretical plate versus flow
ate for separation of tested antihypertensive mixture using platinum column. Con-
itions as given in Fig. 2 except the flow rate were varied.
0.43 99.9 0.75
0.89 99.8 1.05
0.68 98.8 0.92
0.37 99.5 0.57

3.2. Validation of the developed HPLC method

3.2.1. Linearity, detection and quantitation limit
Under the optimum chromatographic conditions, the relation-

ship between peak areas was linear in the range 0.5–50 �g mL−1

for AML and VAL, 1.5–100 �g mL−1 for HCTZ and 5–100 �g mL−1

for CAP. The retention times (tR), intercepts (a), slopes (b), corre-
lation coefficients, limits of detections and limits of quantitations
for HCTZ, VAL, AML and CAP are summarized in Table 2. All the
studied analytes were fully separated within less than 6 min. Short
analysis time is necessary for these frequently administered mix-
tures especially for quality control laboratories. The slopes of the
calibration curves reflect the sensitivity of the developed HPLC
method. The detection limits (S/N = 3) obtained with the devel-
oped HPLC method were 0.45, 0.21, 0.13, and 1.2 �g mL−1 HCTZ,
VAL, AML and CAP, respectively. The proposed method was found
to be more sensitive than spectrophotometric methods [15–18],
HPLC–UV methods [11–14], but less sensitive than LC–MS method
[8]. However, the high cost and the need for technical experience
make LC–MS less convenient for routine assay of the studied ana-
lytes in quality control laboratories. In addition, some of these
methods require long retention times to complete the separation
of all analytes in binary mixtures [11–14].

3.2.2. Precision and accuracy
Intra-day precision of the proposed method was tested by repli-

cate analysis of five separate solutions of the working standard
of HCTZ, VAL, AML and CAP at three different concentration lev-
els; low (5 �g mL−1), middle (20 �g mL−1) and high (50 �g mL−1)
(Table 3). This study was repeated for three days to determine the
inter-day precision. RSD % values for HCTZ, VAL, AML and CAP in all
cases were ranged from 0.37 to 1.20 indicating good repeatability
and precision. Accuracy was determined by comparing measured

concentrations of HCTZ, VAL, AML and CAP with the actual val-
ues and expressed as percentage. The accuracy of the developed
HPLC method for HCTZ, VAL, AML and CAP was ranged from
98.5 to 100.5% indicating good accuracy. The obtained accuracy
and precision was satisfactory for quality control measurements
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Table 4
Robustness of the developed HPLC method.

Sample % Recovery ± SD

HCTZ CAP AML VAL

No variations 99.7 ± 0.40 99.1 ± 0.84 98.5 ± 0.77 98.4 ± 0.64
Buffer pH

pH 2.8 100.2 ± 0.73 98.1 ± 0.91 99.0 ± 0.65 99.6 ± 0.46
pH 3.2 98.5 ± 0.86 99.3 ± 0.62 100.7 ± 0.79 99.0 ± 0.91

Buffer conc.
0.015 mole L–1 98.7 ± 0.60 99.3 ± 0.69 99.9 ± 0.87 100.4 ± 0.55
0.025 mole L–1 99.5 ± 0.75 99.8 ± 0.76 99.5 ± 0.71 99.6 ± 0.59

Methanol
42% 99.4 ± 0.88 98.8 ± 0.95 99.8 ± 0.60 100.5 ± 0.57
48% 98.9 ± 0.75 98.3 ± 0.88 93.9 ± 0.49 99.6 ± 0.80

Flow rate
0.7 mL min–1 98.4 ± 0.81 99.1 ± 0.90 99.5 ± 0.67 99.0 ± 0.77
0.4 mL min–1 99.9 ± 0.73 98.7 ± 0.83 95.9 ± 0.69 98.6 ± 0.82

Detection �max

265 nm 98.2 ± 0.79 98.9 ± 0.56 100.1 ± 0.89 94.5 ± 0.69
275 nm 93.5 ± 0.92 99.8 ± 0.70 99.6 ± 0.98 92.7 ± 0.81

Table 5
Determination of pharmaceutical formulations by the developed HPLC method and official methods.

Product Ingredient (content, mg) % Recoverya ± SD F-testb t-testb

This method Official methodc

Capozide®tablets HCTZ, 15 100.1 ± 0.92 99.2 ± 0.76 1.30 1.87
CAP, 50 98.3 ± 1.2 99.4 ± 0.88 3.60 2.10

Co-Tareg®tablets HCTZ, 12.5 100.8 ± 0.45 100.1 ± 0.67 2.75 1.92
VAL, 80 99.5 ± 1.1 99.1 ± 0.73 3.31 1.95

Moduretic®tablets HCTZ, 50 97.9 ± 0.59 98.3 ± 0.76 2.61 1.53
AML, 5 98.9 ± 1.3 99.2 ± 0.85 3.56 2.05

Hydretic®tablets HCTZ, 12.5 99.2 ± 0.77 99.8 ± 0.55 2.32 1.54
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a Average of five determination ±SD
b Theoritical values at 95% confidence limit; t = 2.306, F = 6.388.
c USP 2007 [32].

or the investigated drugs in binary, tertiary and quaternary
ixtures.

.2.3. Robustness
The robustness of an analytical procedure refers to its capability

o remain unaffected by small and deliberate variations in method
arameters without changes in quantitation. For the determination
f the method’s robustness, four factors (parameters) were selected
rom the analytical procedure to be examined in the robustness
esting: pH, mobile phase composition (organic modifier, buffer
ontent), flow rate and detection wavelength. Results are shown
n Table 4. The mobile phase composition normally affected chro-

atographic behavior of the investigated substances. Considering
he physical–chemical characteristics of HCTZ, VAL, AML and CAP

apparent pKa’s), the influence of pH of the mobile phase should
e expected. However, experimental data had shown that at the
atio of methanol content from 42% to 48%, the influence of the
H of the mobile phase could be neglected. Also, detection wave-

ength and flow rate had a minor influence. It was found that none

able 6
ercent recovery of standard drugs added to their commercial dosage forms.

Drug Dosage form Declared amount (mg

HCTZ Hydretic®tablets 12.5

VAL Co-Tareg®tablets 80

CAP Capozide®tablets 50

AML Moduretic®tablets 5

a Average of five determinations.
of these variables had a significant effect on the determination of
investigated drugs. This provides an indication of the reliability of
the proposed method during normal usage so the developed HPLC
method considered robust.

3.3. Application of the developed HPLC method for
pharmaceutical preparations

Some commercial dosage forms of the studied drugs were suc-
cessfully analyzed by the developed HPLC method and results were
compared with those obtained by official methods [32] as shown
in Table 5. It is clear from the table that there is no significant dif-
ference between results obtained by the developed HPLC method
or official methods, as indicated by t- and F-tests. Additionally,

recovery experiments were carried out for the studied drugs in
their respective pharmaceutical formulations by standard addition
method. The results in Table 6 indicate that the extraction method
is convenient for all investigated drugs with good recoveries and
there is no interference from either the co-administered drug or fre-

) Amount added (mg) % Recoverya ± SD

12.5 100.3 ± 0.69
25 99.4 ± 0.75
40 99.3 ± 0.54
80 98.7 ± 0.67
25 100.7 ± 1.25
50 99.2 ± 0.95
10 98.3 ± 0.88
20 99.0 ± 0.63
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[31] E.G.C. Clarke, A.C. Moffat, Clark’s Isolation and Identification of Drugs in
72 S. Ahmed et al. / Ta

uently encountered excipients. The proposed method is sensitive,
ccurate and precise. It is suitable for the simultaneous determina-
ion of the studied drugs in their dosage forms and application in
uality control laboratories.

. Conclusion

Herein, a simple, rapid, accurate HPLC method based on using
ual separation mode of the newly introduced PlatinumTM columns
as developed for simultaneous determination of some antihy-
ertensive drug combinations of HCTZ, VAL, AML and CAP in
ntihypertensive pharmaceutical preparations. Platinum phases
ave enhanced polar selectivity in addition to reversed phase reten-
ion that provides high resolution for the investigated drugs in short
nalysis time compared with the frequently used C18 columns.
esides, the use of simple isocratic elution procedures for sepa-
ation of co-administered antihypertensive drugs simultaneously
ffers a simple and convenient HPLC method for pharmaceutical
ndustry. The method has been validated and the obtained results
ndicate good linearity and reproducibility over broad range of con-
entrations. The method is suitable for routine analysis of these
harmaceutical mixtures simultaneously in quality control labora-
ories.
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