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Summary

Three simple, sensitive, and validated methods were developed 
for the quantitative determination of fosinopril sodium (FOS) and 
hydrochlorothiazide (HCZ) in the presence of an HCZ impurity, 
chlorothiazide (CZ). The fi rst method (I) was the ratio diff erence 
spectrophotometric method (RD), in which a standard spectrum of 
8 μg mL−1 HCZ was used as a divisor, and the diff erence in ampli-
tude values at 204.6 and 231.2 nm and 290 and 302.6 nm was used 
for the determination of FOS and CZ, respectively. Meanwhile, for 
the determination of HCZ, a standard spectrum of 6 μg mL−1 CZ 
was the chosen divisor, and the amplitude diff erence at 275 nm and 
293.6 nm was selected for the calculation of its concentrations. The 
second method (II) was mean centering of ratio spectra spectro-
photometric method (MCR), which depended on the implementa-
tion of the mean-centered ratio spectra in two successive steps and 
the measurement of the amplitudes of the mean-centered second 
ratio spectra at 243.4 nm for CZ and peak-to-peak amplitudes at 
215.6 and 215.8 nm for FOS and at 223.8 and 224 nm for HCZ. On 
the other hand, the third method (III) was thin-layer chromatogra-
phy (TLC)‒densitometry at which the chromatographic separation 
of this ternary mixture was performed using pre-activated silica 
gel 60 F254 TLC plates and a developing system mixture consisting 
of ethyl acetate‒chloroform‒methanol‒formic acid (60:40:5:0.5, by 
volume) with ultraviolet (UV) scanning at 215 nm. The developed 
methods were validated according to the International Conference 
of Harmonization (ICH) guidelines and were successfully used for 
the determination of FOS and HCZ in their pharmaceutical formu-
lations. Also, a statistical comparison between the developed meth-
ods and the reported HPLC method was attained. Using Student’s 
t-test and F-test, the results confi rmed that there was not any sig-
nifi cant diff erence between them regarding accuracy and precision.
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1 Introduction

Fosinopril sodium (FOS) is chemically identifi ed as sodium 
(2S,4S)-4-cyclohexyl-1-(2-{[2-methyl-1-(propionyloxy)
propoxy](4-phenylbutyl)phosphoryl}acetyl)pyrrolidine-2-car-
boxylate [1] (Figure 1). It is the only angiotensin-converting 
enzyme (ACE) inhibitor which contains phosphate group, 
which makes it a safer choice than other ACE inhibitors for 
the treatment of hypertension and some types of chronic heart 
failure, especially for patients with impaired kidney function 
as it is eliminated from the body by both renal and hepatic 
pathways [2].

Hydrochlorothiazide (HCZ) is chemically identifi ed as 6-
chloro-3,4-dihydro-2H-1,2,4-benzothiadiazine-7-sulfon-
amide 1,1-dioxide [1] (Figure 1). It is a thiazide diuretic 
drug, which acts by inhibiting the reabsorption of water in 
the nephron. Chlorothiazide (CZ) is chemically identifi ed as 
6-chloro-2H-1,2,4-benzothiadiazine-7-sulfonamide 1,1-dioxide 
[1] (Figure 1). It is reported to be the common process impurity 
of HCZ [1]. Also, CZ was found to be pharmacologically less 
active than HCZ and was reported to be incompletely and vari-
ably absorbed comparing to the parent drug, HCZ.

The combination of ACE inhibitor (FOS) and thiazide diuretic 
(HCZ) has been noticed to have advantages over monotherapy 
for the treatment of hypertension [3]. It was reported that ACE 
inhibitors inhibit the counterregulatory rise in the angiotensin 
II level produced as a result of stimulation of the renin–angio-
tensin system caused by thiazide diuretics [4]. Additionally, in 
combined medication, the patient needs lower dose of each drug 
than monotherapy, leading to reduce the risk of dose-related 
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Figure 1

The chemical structures of fosinopril sodium (a), hydrochlorothia-
zide (b), and chlorothiazide (c).
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side eff ects [3]. On the other hand, the presence of impurities 
such as CZ in the pharmaceutical preparations may infl uence 
the effi  cacy and safety of the product.

After reviewing the literature extensively, some methods have 
been found for the determination of FOS and HCZ in their 
binary mixture. They were determined by diff erent spectro-
photometric methods including multiwavelength UV spec-
trophotometry [5], fourth derivative ultraviolet (UV) spectro-
photometry [6], derivative diff erential spectrophotometry [7], 
ratio spectra derivative spectrophotometry [7], absorbance ratio 
spectrophotometry [7], and high-performance liquid chroma-
tography (HPLC) [6, 8, 9] methods. On the other hand, they 
were determined along with other drugs by capillary electro-
phoresis [10], HPLC [11‒13], and ultra-performance liquid 
chromatography (UPLC) [13].

From the previous literature review, it was clear that there is no 
reported method for the determination of FOS, HCZ, and CZ in 
their ternary mixture. Thus, in this work, three rapid, sensitive, 
effi  cient, and validated spectrophotometric and thin-layer chro-
matography (TLC)–densitometric methods were developed for 
the fi rst time, for the determination of FOS, HCZ, and CZ. The 
developed methods have advantages of being time- and cost-ef-
fective as well as highly sensitive and specifi c.

2 Experimental

2.1 Instruments

For spectrophotometric methods, a double beam UV–visible 
spectrophotometer (Shimadzu, Kyoto, Japan), model UV-1601 
PC, was used. The light path length was 1 cm, and a quartz 
cell was used. This spectrophotometer was connected to an 
IBM-compatible computer. It was turned on by using UVPC 
personal spectroscopy software, version 3.7, and MATLAB®, 
version 6.5 [14], was used for the proposed mean centering of 
ratio spectra spectrophotometric (MCR) method.

For TLC–densitometric method, a CAMAG (Muttenz, Switzer-
land) TLC Scanner 3 S/N 130319 run by winCATS software 
(CAMAG) was used. Absorbance mode was used as the scan-
ning mode, and the scanning speed was adjusted at 20 mm s−1. 
A sample applicator Linomat IV with a 100-μL syringe 
(CAMAG) was used. In addition, deuterium lamp was used as 
the radiation source. The band width was 6 mm, while the slit 
dimensions were 3 mm × 0.45 mm. The output appeared as a 
chromatogram with integrated peak area. High-performance 
thin-layer chromatographic (HPTLC) aluminum plates pre-
coated with 0.25 mm silica gel 60 F254 (Merck, Darmstadt, Ger-
many) with diameters of 10 cm × 20 cm were used. A Sonix 
IV SS-Series ultrasonicator (Newtown, CT, USA) was used for 
dissolving and mixing the prepared solutions. A digital balance 
with 4 digits was used for preparing the accurate weights (Sar-
torius AG, Göttingen, Germany).

2.2 Samples

2.2.1 Pure Samples

Fosinopril sodium (FOS) and hydrochlorothiazide (HCZ) were 
kindly obtained from SmithKline Beecham Egypt L.L.C. (Giza, 
Egypt). Their purity was found to be 100.14% and 100.01%, 

respectively, according to supplier certifi cates of analysis. 
Chlorothiazide with a claimed purity of 99.56% was purchased 
from Sigma-Aldrich (Steinheim, Germany) and brought to us 
by the Egyptian International Center (EIC, Cairo, Egypt) for 
import and export. 

2.2.2 Marketed Samples

MonozideTM (10/12.5) tablets (batch No. 108803) manufactured 
by SmithKline Beecham Egypt L.L.C. labeled to contain 10 mg 
of FOS and 12.5 mg of HCZ per tablet were used.

MonozideTM (20/12.5) tablets (batch No. 157072) manufactured 
by SmithKline Beecham Egypt L.L.C labeled to contain 20 mg 
of FOS and 12.5 mg of HCZ per tablet were used.

2.3 Chemicals and Solvents

Methanol (HPLC-grade) was purchased from Sigma-Aldrich 
and brought to us by the Egyptian International Center for 
import and export. Ethyl acetate, chloroform, and formic acid 
(analytical grade with an acceptable purity) were purchased 
from El-Nasr Pharmaceutical Chemicals Co. (Cairo, Egypt).

2.4 Solutions

Stock standard solutions of FOS, HCZ and CZ were prepared in 
methanol in the concentration of 1 mg mL−1.

Working standard solutions:

A) For spectrophotometric methods: working standard solu-
tions of FOS, HCZ (0.1 mg mL−1), and CZ (0.05 mg mL−1) were 
prepared by proper dilutions of their particular stock standard 
solutions using methanol as a solvent.

B) For TLC–densitometric method: working standard solutions 
of HCZ (0.5 mg mL−1) and CZ (0.2 mg mL−1) were prepared 
by proper dilutions of their particular stock standard solutions 
using methanol as a solvent.

2.5 Laboratory-Prepared Mixtures for Spectrophotometric 
Methods

The working standard solutions of FOS, HCZ, and CZ were 
used for the preparation of diff erent mixtures containing dif-
ferent ratios of them (taking into consideration the marketed 
pharmaceutical formulation ratio) using methanol as a solvent.

3 Procedure

3.1 Spectral Characteristics of Fosinopril Sodium, 
Hydrochlorothiazide, and Chlorothiazide

The absorption spectra of 10 μg mL−1 each of FOS, HCZ, and 
CZ were recorded from 200 to 400 nm using methanol as a 
solvent (Figure 2).

3.2 Construction of Calibration Curves

3.2.1 For Spectrophotometric Methods

Into 3 diff erent sets of 10-mL volumetric fl asks, diff erent accu-
rate aliquots containing 40–350, 20–150, and 20–150 μg of 
FOS, HCZ, and CZ, respectively, were individually transferred 
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from their working solutions; then, by using methanol, the vol-
ume was adjusted. For each set, the absorbance spectra were 
recorded in the range of 200–400 nm.

3.2.1.1 For Ratio Difference Spectrophotometric Method (RD) 
(Method I)

The obtained spectra each of FOS and CZ were divided by a 
standard spectrum of 8 μg mL−1 HCZ as a divisor, and then, the 
amplitudes values at 204.6 and 231.2 nm and 290 and 302.6 nm 
in the produced division spectra of FOS and CZ, respectively, 
were measured. On the other hand, the absorption spectra each 
of HCZ were divided by a standard spectrum of 6 μg mL−1 CZ 
as a divisor, and then, the amplitudes values at (275 and 293.6) 
nm in the produced division spectra of HCZ were measured. 
Linear relationships were constructed between the amplitudes 
diff erence at the selected wavelengths and the corresponding 
concentrations of each component.

3.2.1.2 For Mean Centering of Ratio Spectra 
Spectrophotometric Method (MCR) (Method II)

For the determination of FOS, its stored spectra in the range 
of 200–300 nm were divided by a spectrum of 8 μg mL−1 CZ 
to give the fi rst ratio spectra, which was then mean-centered. 
Then, the resultant vectors were divided by the mean-centered 
ratio of (α8μg/mL HCZ/α8μg/mL CZ), and then, the mean centering of 
the second ratio spectra was achieved. In the same way, for 
the determination of HCZ, its scanned spectra in the range 
of 200–300 nm were divided by 8 μg mL−1 CZ to obtain the 
fi rst ratio spectra, which was then mean-centered. Then, the 
obtained vectors were divided by the mean-centered (MC) 
ratio of (α15μg/mL FOS/α8μg/mL CZ), and then, the mean centering 
of the second ratio spectra was achieved. In the same way, 
for the determination of CZ, 8 μg mL−1 HCZ and 15 μg mL−1 
FOS were the fi rst and second divisors, respectively. Then, 
the recorded values of the mean-centered second ratio spectra 
at 243.4 nm for CZ, 215.6 and 215.8 nm (peak to peak) for 
FOS, and 223.8 and 224 nm (peak to peak) for HCZ were plot-
ted against the corresponding concentrations of each compo-
nent. Finally, the calibration curves were established, and the 
regression equations were calculated.

3.2.2 For Thin-Layer Chromatographic�Densitometric Method 
(TLC) (Method III)

Diff erent aliquots of FOS, HCZ, and CZ equivalent to 0.1–1 
mg mL−1, 0.02–0.3 mg mL−1, and 0.02–0.2 mg mL−1, respec-
tively, were accurately transferred from their corresponding 
stock standard solutions into 3 sets of 10-mL volumetric fl asks. 
Then, the volume was completed to the mark with methanol. 
Application of 10 μL from each sample was made in triplicates 
on the TLC plates. The chromatographic elution was carried 
out in a chromatographic tank left for 30 min for saturation with 
a developing system consisting of ethyl acetate–chloroform–
methanol–formic acid (60:40:5:0.5, by volume). The developed 
plates were air-dried and then scanned at 215 nm. Then, the 
integrated peak areas were obtained for each component, and 
calibration curves were constructed by plotting the mean inte-
grated peak areas against the corresponding concentrations for 
each component, and fi nally, their regression equations were 
established.

3.3 Analysis of Laboratory-Prepared Mixtures

For the developed spectrophotometric methods, the above-men-
tioned procedures given under Construction of Calibration 
Curves were followed but using the recorded spectra of the lab-
oratory-prepared mixtures, and the previously obtained regres-
sion equations were used for calculating the concentrations of 
FOS, HCZ, and CZ.

3.4 Application to Pharmaceutical Formulation

For preparing stock solutions (1 mg mL−1) for each pharma-
ceutical formulation, 10 tablets each of Monozide™ 10/12.5 
and Monozide™ 20/12.5 were separately weighed, grinded, 
and then mixed well. An amount weighed from tablet formu-
lations of Monozide™ 10/12.5 or Monozide™ 20/12.5, equiv-
alent to 10 mg of FOS (containing also 12.5 mg of HCZ) or 
20 mg of FOS (containing also 12.5 mg of HCZ), respectively, 
were transferred separately into two 25-mL volumetric fl asks. 
An amount of 15 mg methanol was added, and then, samples 
were sonicated for 15 min, then cooled well, and fi ltered. 
After that, the volume was accurately adjusted with methanol. 
Sample working solutions (0.1 mg mL−1) were then prepared 
using methanol from which several dilutions within a linear-
ity range of each method were prepared, and the developed 
methods were applied to calculate the concentrations of the 
studied drugs. Standard addition method was then performed 
to assess the accuracy of the methods.

4 Results and Discussion

The presence of a drug’s impurities can happen under several 
conditions like the manufacturing process, packaging of the 
formulations, or during their storage. Thus, the principles for 
their acceptance within certain limits depend on accurate phar-
maceutical studies or recognized safety data [15].

The presence of the drug’s impurities may aff ect the safety and 
effi  cacy of the pharmaceutical formulation. Thus, the pharma-
copeias and the ICH established restrictive requirements for the 
accepted levels of such impurities in pharmaceutical products.

Figure 2

Zero-order absorption spectra of 10 μg mL–1 each of fosinopril so-
dium (–––), hydrochlorothiazide (----), and chlorothiazide (…….) by 
using methanol as a solvent.
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CZ was reported to be a HCZ process impurity in the British 
Pharmacopoeia [1], which was found to have less pharmaco-
logical activity than the parent drug, HCZ. One of the main 
problems during analysis of HCZ in the presence of its impurity 
(CZ) is the structural similarity between them, which lead to 
similar chromatographic behavior and UV absorption between 
HCZ and CZ, hindering their simultaneous analysis. 

Also, fosinopril sodium is the only angiotensin-converting 
enzyme (ACE) inhibitor that has a phosphate group in its struc-
ture. This group allows its elimination from the body by both 
renal and hepatic pathways. Thus, this makes it a safer choice 
than other ACE inhibitors for the treatment of hypertension and 
some types of chronic heart failure, especially for patients with 
impaired kidney function [2].

From the literature review, there is no reported spectrophoto-
metric or TLC–densitometric method for the determination of 
FOS, HCZ, and CZ in their ternary mixture. Thus, the goal of 
this work was to develop and validate new, sensitive, precise, 
specifi c, and selective methods for the appropriate determina-
tion of the cited drugs in the presence of HCZ impurity (CZ) in 
their laboratory-prepared mixtures and for the determination of 
the main drugs in their marketed pharmaceutical formulation 
with short analysis time and cost.

UV–Vis spectrophotometry is a rapid, inexpensive, and familiar 
technique used for the quality control of pharmaceutical prepa-
rations. Spectrophotometric methods are widely applicable 
analytical methods due to their simple procedures, as they do 
not need any previous separation steps and their widely spread 
instrument does not need sophisticated apparatus or high-cost 
solvents. Therefore, spectrophotometric methods provide an 
alternative tool for resolving mixtures with overlapping spectra 
in quality-control laboratories.

Two diff erent spectrophotometric methods, namely, ratio dif-
ference (RD) and mean centering of ratio spectra (MCR), were 
chosen for the determination of FOS, HCZ and CZ in their ter-
nary mixture without preliminary separation in bulk and in 
their combined pharmaceutical formulations.

On the other hand, TLC is a commonly used analytical method, 
which provides rapid analysis and effi  cient separation method 
for the determination of various mixtures from diff erent classes 
of compounds. It has many advantages over other chromato-
graphic methods, such as short analysis time, since numerous 
samples can be developed on the same run, and its low-cost 
chemicals [16]. All these make TLC a suitable choice for dif-
ferent applications in the analytical, biomedical, and pharma-
ceutical fi elds. 

4.1 Method Development and Optimization

4.1.1 Ratio Difference Spectrophotometric Method (RD)

As shown in Figure 2, there was a severing spectral overlap 
between HCZ and CZ in the region of 200–350 nm. On the 
other hand, FOS showed absorbance only in the region of 200–
250 nm, at which HCZ and CZ were severely overlapped with 
it. Depending on their UV spectral characteristics, the ratio 
diff erence method was developed, at which HCZ and CZ were 
measured at the region where no interference from FOS was 
found, while FOS was measured in the region which showed 
UV contributions.

This method (RD) resolved the spectral overlap between the 
studied components without needing any derivatization steps. 
It depended on dividing the scanned spectrum of the ternary 
mixture (for example, x + y + z) by the standard spectrum of one 
of the constituent components (for example, x) to obtain a new 
ratio spectrum. For determination of component y (for example), 
2 wavelengths in the obtained ratio spectrum were chosen, at 
which the ratio diff erence was zero for each of x and z, while 
the diff erence was signifi cant for y. Calibration curve for y was 
constructed by plotting the ratio diff erence between the selected 
wavelengths for pure y against its corresponding concentrations. 
Components x and z were then determined in the same way. In 
this method, the divisor and its concentration played a signifi cant 
role in method specifi city. Diff erent concentrations including 6, 
8, 10, and 15 μg mL−1 each of CZ, HCZ, and FOS were tried as 
divisors. Standard spectra of 8 μg mL−1 HCZ and 6 μg mL−1 CZ 
were the chosen divisors. For the determination of FOS and CZ 
in the ternary mixture, a standard spectrum of 8 μg mL−1 HCZ 
was used as a divisor, and the ratio diff erence between 204.6 
and 231.2 nm was used for measuring FOS (zero diff erence for 
each of CZ and HCZ) (Figure 3a). Meanwhile, the diff erence 
between 290 and 302.6 nm was used for measuring CZ (the dif-
ference was zero for each of FOS and HCZ) (Figure 3a). In the 
same way, HCZ was determined in the ternary mixture after 
dividing by the standard spectrum of 6 μg mL−1 CZ and then 
measuring the ratio diff erence between 275 and 293.6 nm (zero 
diff erence for each of CZ and FOS) (Figure 3b). Calibration 

Figure 3

Ratio spectra of 10 μg mL–1 each of fosinopril sodium (–––), hydro-
chlorothiazide (----), and chlorothiazide (…….) by using (a) 8 μg mL–1 
of hydrochlorothiazide as a divisor and (b) 6 μg mL–1 of chlorothia-
zide as a divisor.

(a)

(b)
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curves for each of the studied components were constructed, 
relating the ratio diff erence at the selected wavelengths and 
their corresponding concentrations.

4.1.2 Mean Centering of Ratio Spectra Spectrophotometric 
Method (MCR)

Mean centering of ratio spectra in two successive steps was 
used for resolving the overlapped spectra of diff erent mixtures 
[17‒22]. In this work, it was used for resolving the overlap 
between HCZ, CZ, and FOS without needing any derivatization 
steps, leading to enhancement in the signal-to-noise ratio [23]. 
The full mathematical elucidation of this method was fi rstly 
illustrated by Afkhami and Bahram [24, 25]. In this method, 
for resolving a ternary mixture of (x + y + z) and for meas-
uring x (as an example), the spectrum of the ternary mixture 
was divided fi rstly by the standard spectrum of y (fi rst divi-
sor), and the obtained ratio spectrum was mean-centered. The 
obtained fi rst mean-centered ratio spectrum was then divided 
by mean-centered ratio (z/y) to obtain the second ratio spec-
trum, which was then mean-centered. In the obtained second 
mean centering of ratio spectrum, a wavelength maximum or 
minimum was chosen to determine the component x (no inter-
ference from both y and z). The remaining components y and 
z could be determined in the same way. In the studied ternary 
mixture, the standard spectra of 8 μg mL−1 CZ and 8 μg mL−1 
HCZ were used as the fi rst and second divisors, respectively, 
for the determination of FOS. Meanwhile, the standard spectra 
of 8 μg mL−1 CZ and 15 μg mL−1 FOS were used as the fi rst and 
second divisors, respectively, for the determination of HCZ. In 
addition, for measuring CZ, the standard spectra of 8 μg mL−1 
HCZ and 15 μg mL−1 FOS were used as the fi rst and second 
divisors, respectively. The selected amplitudes were 215.6 and 
215.8 nm (peak to peak) for the determination of FOS, 223.8 
and 224 nm (peak to peak) for the determination of HCZ, and 
243.4 nm for measuring CZ (Figure 4).

4.1.3 Thin-Layer Chromatographic–Densitometric Method 
(TLC–Densitometry)

TLC method is a very widespread chromatographic method 
used in separating numerous mixtures [26‒31]. In order to sep-
arate the 3 studied components, various trials were examined 
to choose the most suitable developing system. Firstly, diff erent 
developing systems consisting of either ethyl acetate‒chloro-
form (in several ratios including 80:20, 70:30, and 60:40) or 
methanol‒chloroform (in several ratios including 75:25, 70:30, 
and 60:40) were tested. It was observed that ethyl acetate‒chlo-
roform (60:40, V/V) resulted in good resolution among HCZ 
and CZ, as well as unresolved peaks between FOS and HCZ. 
Secondly, diff erent small ratios of methanol were added as tri-
als to improve the resolution between FOS and HCZ, where 
an amount of 5 mL was found to be suffi  cient to improve the 
resolution between FOS and HCZ without aff ecting the separa-
tion between HCZ and CZ. Thirdly, to improve the symmetry 
of the FOS peak, diff erent ratios of glacial acetic acid, formic 
acid, ammonia, or tri-ethylamine solutions were individually 
added to the last developing system. It was observed that addi-
tion of 0.5 mL formic acid solution was enough to remove the 
tail and improve the FOS peak shape. Finally, suitable separa-
tion among the 3 studied components could be achieved from 
using a developing system mixture of ethyl acetate‒chloro-
form‒methanol‒formic acid (60:40:5:0.5, by volume), where 

Figure 4

The mean centering of second ratio absorption spectra of (a) fosin-
opril sodium (FOS) in the range of 4–35 μg mL–1, (b) hydrochlorothi-
azide (HCZ) in the range of 2–15 μg mL–1, and (c) chlorothiazide (CZ) 
in the range of 2–15 μg mL–1.

(a)

(b)

(c)
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the obtained RF values were 0.29, 0.39, and 0.53 for CZ, HCZ, 
and FOS, respectively (Figure 5). Scanning at several wave-
lengths was also tested (208 nm, 210 nm, 215 nm). UV scanning 
at 215 nm gave acceptable sensitivity with lower detector noise 
for all the studied components. Also, slit dimensions and inter-
vals between bands were optimized, where slit dimensions of 

3 mm × 0.45 mm were selected, and the bands were separated 
from each other by 5 mm and by 10 mm apart from the bottom 
edge of the plate.

4.2 Method Validation

According to the International Conference on Harmonization 
(ICH) guidelines [32], method validation was carried out.

4.2.1 Linearity and Range

The linearity of the developed method was proved by analyzing 
numerous concentrations of FOS, HCZ, and CZ in triplicate. It 
was achieved in the ranges of 4–35, 2–15, and 2–15 μg mL−1 for 
FOS, HCZ, and CZ, respectively (for RD and MCR spectropho-
tometric methods), and in the ranges of 1–10, 0.2–3, and 0.2–2 
μg per band for FOS, HCZ, and CZ, respectively (for TLC–densi-
tometric method). The obtained regression parameters, such as 
slope, intercept, and correlation coeffi  cients, are presented in 
Table 1. The values of correlation coeffi  cients confi rmed that 
the developed methods were linear within the studied ranges.

4.2.2 Limits of Detection and Limits of Quantifi cation 
(LOD and LOQ)

For the determination of the limits of detection and quantifi ca-
tion, FOS, HCZ, and CZ concentrations located in the lower part 
of the calibration curves were used, and the following equations 
were applied: LOD = 3.3 × SD / B and LOQ = 10 × SD / B, 
where SD is the standard deviation of the response and B is 
the obtained slope of the corresponding calibration curve. The 
values of LOD and LOQ are shown in Table 1, ensuring that the 
methods have high sensitivity.

Figure 5

TLC–densitogram of chlorothiazide, hydrochlorothiazide, and fos-
inopril sodium using ethyl acetate–chloroform–methanol–formic 
acid (60:40:5:0.5, by volume) as the developing system.

Table 1

Regression and analytical parameters obtained from the developed methods used for the determination of fosinopril sodium, hydrochloro-
thiazide, and chlorothiazide.

Parameter
RD MCR TLC–densitometry

FOS HCZ CZ FOS HCZ CZ FOS HCZ CZ

Calibration range
4–35 2–15 2–15 4–35 2–15 2–15 1–10 0.2–3 0.2–2

μg mL−1 μg mL−1 μg per band

Slope 0.1104 0.3168 0.3209 16.317 107.8 1408.4 1.3785 4.6662 5.5267

Intercept 0.1421 0.0928 −0.5386 −2.8617 43.488 527.88 1.1536 2.1228 1.0468

Correlation coeffi  cient 0.9998 0.9999 0.9998 0.9998 0.9998 0.9998 0.9999 0.9997 0.9997

Accuracy 99.79 99.90 99.86 99.90 100.02 100.07 100.21 100.09 99.86

Repeatability (%RSD)a) 0.63 0.88 0.86 0.73 0.95 1.15 1.22 1.08 0.94

Intermediate precision (%RSD)b) 1.41 1.03 1.22 1.17 1.01 1.24 1.53 1.45 1.35

LODc) 1.27 0.73 0.69 1.11 0.84 0.72 0.28 0.09 0.05

LOQd) 3.83 2.46 2.30 3.59 2.79 2.41 0.86 0.35 0.16

a)The intra-day precision (n = 9), average of three diff erent concentrations repeated three times within day
b)The inter-day precision (n = 9), average of three diff erent concentrations repeated three times on three successive days
c)LOD = (SD of the response / slope) × 3.3
d)LOQ = (SD of the response / slope) × 10
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4.2.3 Accuracy

The accuracy of the developed methods was examined by their 
application for the determination of diff erent concentrations 
of the pure samples from the studied components within their 
ranges of linearity. By using their related regression equations, 
the concentrations were calculated, and then the recovery per-
centages were computed. The results of testing accuracy of the 
methods are given in Table 1, where they were near to 100%, 
confi rming the high accuracy of the developed methods. Also, 

the technique of the standard addition was applied to prove 
method accuracy; the results illustrated in Table 2 confi rmed 
that the excipients did not interfere.

4.2.4 Precision

It was studied on 2 levels, by testing both repeatability and inter-
mediate precision. Repeatability was examined through analy-
sis of diff erent three concentrations of pure samples from the 
selected components in triplicate on the same day. The chosen 

Table 2

Determination of fosinopril sodium and hydrochlorothiazide in the tablets was achieved by the developed methods and also with the appli-
cation of a standard addition technique.
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MonozideTM (10/12.5) tablets claimed 
to contain 10 mg of FOS and 12.5 mg 
of HCZ (batch No. 108803)

Sp
ec

tro
ph

ot
om

et
ric

 m
et

ho
ds RD

FOS 8.00 98.11 ± 1.95
6.00
8.00
10.00

5.87
7.92
9.99

97.86
99.06
99.99

98.96 ± 1.05

HCZ 10.00 97.31 ± 1.46
2.00
3.00
4.00

1.99
2.98
3.97

99.99
99.28
99.32

99.53 ± 0.40

MCR

FOS 8.00 99.67 ± 1.90
6.00
8.00
10.00

5.96
7.98
10.02

99.35
99.73
100.15

99.74 ± 0.40

HCZ 10.00 99.60 ± 1.93
2.00
3.00
4.00

2.01
2.95
3.97

100.67
98.47
99.19

99.44 ± 1.12

TLC–densitometry
FOS 2.00 97.97 ± 1.84 – – – –

HCZ 2.50 97.68 ± 1.22 – – – –

Monozide TM (20/12.5) tablets claimed 
to contain 20 mg of FOS and 12.5 mg 
of HCZ (batch No. 157072) Sp

ec
tro

ph
ot

om
et

ric
 m

et
ho

ds
 

RD

FOS 8.00 99.19 ± 1.60
6.00
8.00
10.00

5.97
7.98
9.88

99.55
99.79
98.81

99.38 ± 0.51

HCZ 5.00 100.84 ± 1.33
3.00
4.00
5.00

2.98
3.96
5.003

99.45
99.08
100.05

99.52 ± 0.50

MCR

FOS 8.00 98.17 ± 1.85
6.00
8.00
10.00

5.96
8.03
9.86

99.35
100.40
98.56

99.52 ± 0.50

HCZ 5.00 99.98 ± 1.88
3.00
4.00
5.00

2.98
4.01
4.96

99.41
100.27
99.17

99.49 ± 0.37

TLC–densitometry

FOS 1.60 100.75 ± 1.78
1.30
1.60
1.80

1.29
1.58
1.803

99.29
98.63
100.17

99.36 ± 0.77

HCZ 1.00 99.20 ± 1.75
0.80
1.00
1.20

0.79
1.01
1.19

98.71
100.61
99.18

99.50 ± 0.99

a)Average of 6 determinations
b)Average of 3 determinations
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concentrations for RD and MCR spectrophotometric methods 
were 10, 20, and 30 μg mL−1 (for FOS) and 6, 10, and 15 μg 
mL−1 (for HCZ), and 8, 10, and 15 μg mL−1 (for CZ). On the 
other hand, the chosen concentrations for TLC–densitometric 
method were 1, 4, and 8 μg per band (for FOS) and 0.5, 1.5, and 
3 μg per band (for HCZ), and 0.2, 1, and 2 μg per band (for CZ). 
For the determination of the intermediate precision, the anal-
ysis was reiterated on 3 sequential days using the same illus-
trated concentrations. The calculated relative standard devia-
tion values (%RSD) were within the agreeable values (Table 1).

4.2.5 Specifi city and Selectivity

The specifi city of the spectrophotometric methods was assessed 
by their application to several laboratory-prepared mixtures 
containing diff erent concentrations of FOS, HCZ, and CZ. Sat-
isfactory results were observed, shown in Table 3. On the other 
hand, the specifi city of the TLC–densitometric method was 
ensured by its application to diff erent mixtures containing the 
cited components in order to assess good chromatographic sep-
aration with good peak shapes, as shown in Figure 5. Moreover, 
the determined results obtained from the application of these 
methods to pharmaceutical formulations containing FOS and 
HCZ (Table 2) affi  rmed the method selectivity, and the addi-
tives did not make any interference. 

4.2.6 Robustness

This parameter was made mainly for the TLC–densitometric 
method and used to prove that the method remained unaff ected 
by little deliberate changes in the method parameters. The stud-
ied parameters were: methanol volume (±0.5 mL), formic acid 
volume (±0.05 mL), saturation time (±5 min), and also scanning 
wavelength (±2 nm). Then the eff ect of these variations on the 
RF values were measured and expressed as %RSD. The values 
given in Table 4 affi  rmed that the developed method is robust.

4.2.7 System Suitability Testing Parameters

These parameters were examined mainly for the TLC‒densi-
tometric method, which was used to evaluate the performance 
of the system either before or during the analysis of the studied 

components. It was performed by measuring some parameters 
such as resolution, selectivity, and symmetry factors. Reasona-
ble results were obtained as given in Table 5 [33].

Table 3

Results obtained from determination of FOS, HCZ, and CZ in laboratory synthetic–mixtures using the developed spectrophotometric 
methods.

No. of mixtures CZ% 
(to pure HCZ)

Claimed [taken μg mL−1] RD MCR

FOS HCZ CZ FOS HCZ CZ FOS HCZ CZ

1a) 20% 8.00 10.00 2.00 100.99 100.64 97.16 101.60 100.60 98.92

2b) 20% 16.00 10.00 2.00 99.69 101.30 98.41 101.10 102.28 99.28

3 14% 6.00 15.00 2.10 97.06 100.97 100.99 98.68 101.52 101.73

4 50% 8.00 8.00 4.00 101.55 102.48 98.60 100.72 97.77 100.42

5 40% 8.00 6.00 2.40 97.02 101.97 97.59 98.67 98.50 98.50

6 25% 6.00 12.00 3.00 98.72 101.67 99.16 99.89 101.46 100.46

Mean ± %RSD 99.17 ± 1.94 101.50 ± 0.66 98.65 ± 1.37 100.11 ± 1.24 100.35 ± 1.81 99.88 ± 1.20

a)Ratio of FOS and HCZ in Monozide™ 10/12.5 tablets
b)Ratio of FOS and HCZ in Monozide™ 20/12.5 tablets

Table 4

Experimental results of robustness that were estimated for the de-
veloped TLC–densitometric method during the determination of the 
studied components.

Parameters
FOS HCZ CZ

%RSDa)

5 mL methanol ± 0.5 mL 0.55 0.24 0.39

0.5 mL formic acid ± 0.05 mL 0.94 0.87 0.69

Saturation time ± 5 min 0.35 0.44 0.28

Scanning wavelength ± 2 nm 0.17 0.25 0.40

a)Relative standard deviation (%RSD) of the change in RF

Table 5

System suitability testing parameters were obtained for the devel-
oped TLC–densitometric method.

Parameters
TLC–densitometric method

Reference values [33]
CZ HCZ FOS

Symmetry 
factor 1 1.04 1 ~1

Resolution 
(Rs)

2.05         2.04 >1.5

Selectivity 
(α) 1.46         1.34 >1

Retention 
factor (RF)

0.29 0.39 0.53 –
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4.3 Application to Pharmaceutical Formulations

After develo pment and optimization of the proposed methods, 
they were applied for the determination of FOS and HCZ in 
Monozide™ 10/12.5 and Monozide™ 20/12.5 tablet formulations 
following the instructions illustrated for each method. The 
results were declared as percentage recoveries, and they were 
within the acceptable limits (90%–110%) (Table 2). In addition, 
the results of the standard addition technique (Table 2) affi  rmed 
the accuracy of the developed methods and also proved that the 
tablets excipients made no interference during the measure-
ment of the studied components.

4.4 Statistical Analysis

The results acquired from the analysis of pure samples of the 
studied components by using the developed methods were com-
pared statistically with those obtained from using the reported 
HPLC method for FOS and HCZ [8]. According to the Student’s 
t-test and F-test assessment, there was no signifi cant diff erence 
between them at 95% confi dence limits (Table 6).

5 Conclusion

Two selective spectrophotometric methods and the TLC–densi-
tometric method have been used for the fi rst time for the anal-
ysis of FOS, HCZ, and the HCZ impurity (CZ) in their ternary 
mixture. The developed RD and MCR spectrophotometric 
methods have the advantage of high-resolution power with-
out needing any derivatization steps, which enhance the sig-
nal-to-noise ratio. On the other hand, the TLC–densitometric 
method has the advantage of high sensitivity with low analysis 
time since various samples can be developed at the same time. 
All the developed methods have high selectivity and are time- 
and cost-eff ective methods. Additionally, the validation of the 
methods was performed according the ICH guidelines, and the 

illustrated values ensured their validity. These suggested meth-
ods can be used eff ectively in quality control laboratories for 
the quantitative estimation of the cited components.
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