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ABSTRACT

Objective: Candesartan cilexetil (CDS) is a member of the sartan group of drugs and is widely used
to lower blood pressure. Hydrochlorothiazide (HCT) is the most commonly used diuretic group of
drugs and is prescribed together with candesartan cilexetil in cases where blood pressure cannot
be reduced. Pharmaceutical preparations containing these two active compounds in combination
are preferred today to provide a more effective pharmacological effect. Therefore, it is of great
importance to determine the quantities of these combined pharmaceutical preparations with new
analytical methods that are fast, easy, and sensitive in quality control and routine analysis. In this
study, a new trivariate classical least squares calibration method (TCLS) was developed for the
simultaneous quantification of candesartan cilexetil (CDS) and hydrochlorothiazide (HCT) in
binary mixtures and commercial tablets without using a preliminary separation step.

Material and Method: CDS and HCT compounds were kindly donated by National Pharm Ind.,
Turkey. HPLC-grade methanol (J.T. Baker, Netherlands) was used as a solvent for the
spectrophotometric analysis. In the application of the TCLS method, the determination and
quantification of CDS and HCT were carried out using UV spectrophotometric measurements with
1 cm quartz cells in the 200-310 nm spectral region (slit range 2 nm). The newly developed TCLS
method was tested using a validation set consisting of eight synthetic mixture solutions within the
working ranges of 4.0-20.0 ug/ml for CDS and HCT. Simultaneous quantification analyses of CDS
and HCT were performed on ATACAND PLUS® Tablet supplied by Astra Zeneca Ila¢ Ltd Sti.
Result and Discussion: The method is based on the application of TCLS to the absorbance
measurements at three different wavelength points (223.5, 240.0, and 268.5 nm). The absorptivity
values (ug*mlcm®) of pure CDS and pure HCT were 6.67x102, 2.76x102, 2.33x10?2, and
11.41x102, 0.46x102, 6.42x102 at the selected wavelengths, respectively. Recovery values and
relative standard deviation values were calculated as 97.2% and 1.61% for CDS and 99.7% and
3.67% for HCT, respectively. This method was successfully applied to the spectrophotometric
guantitative analysis of tablets containing CDS and HCT, and then, a good agreement was reported.
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Amac: Kandesartan sileksetil (CDS), sartan ilag¢ grubuna ait olup, kan basincini diisiirmek
amaciyla yaygin olarak kullanimaktadir. Hidroklorotiazid (HCT) en sik kullamilan diiiretik ilag
grubudur ve kan basincimin diisiiviilemedigi durumlarda kandesartan sileksetil ile birlikte recete
edilir. Bu iki aktif bilesigin kombinasyon halinde bulundugu farmasotik preparatlar, giiniimiizde
daha etkili bir farmakolojik etki saglamak amacuyla tercih edilmektedir. Bu nedenle, bu kombine
farmasotik preparatlarin miktarlaruun, kalite kontrol ve rutin analizlerde hizli, kolay ve hassas yeni
analitik yontemlerle belirlenmesi biiyiik dnem tagimaktadir. Bu ¢alismada, ikili karisimlarda ve
ticari tabletlerde kandesartan sileksetil (CDS) ve hidroklorotiyazidin (HCT) bir 6n ayirma adimi
kullanilmadan es zamanli élgiimii icin yeni bir ii¢ degiskenli klasik en kiiciik kareler kalibrasyon
yontemi (TCLS) gelistirildi.

Gerec ve Yontem: CDS ve HCT bilesikleri National Pharm Ind., Tiirkiye tarafindan bagiglanmigstir.
Spektrofotometrik analiz ic¢in solvent olarak metanol (J.T. Baker, Hollanda) kullamildi. TCLS
yonteminin uygulanmasinda CDS ve HCT'nin belirlenmesi ve nicelendirilmesi, 200-310 nm spektral
bolgede (slit araligi 2 nm) 1 cm'lik kuvars hiicrelerle UV spektrofotometrik olciimler kullanilarak
gerceklestirildi. Yeni gelistirilen TCLS yontemi, CDS ve HCT i¢in 4.0-20.0 ug/ml ¢alisma
araliklarinda sekiz sentetik karisim ¢ézeltisinden olusan bir dogrulama seti kullanilarak test edildi.
Astra Zeneca Ilag Ltd Sti tarafindan saglanan ATACAND PLUS® Tablet iizerinde CDS ve HCT'nin
es zamanl miktar tayini analizleri yapild.

Sonug ve Tartisma: Yontem, TCLS'nin ti¢ farkli dalga boyu noktasinda (223.5, 240.0 ve 268.5 nm)
absorbans dl¢iimlerine uygulanmasina dayanmaktadir. Saf CDS ve saf HCT'nin absorptivite
degerleri (ug*mlem?) secilen dalga boylarinda sirasyla 6.67x1072, 2.76x102, 2.33x10?2 ve
11.41x10?, 0.46x102, 6.42x1072 idi. Geri kazamm degerleri ve bagil standart sapma degerleri CDS
icin siraswyla %697.2 ve %1.61, HCT igin ise %99.7 ve %3.67 olarak hesaplandi. Bu yontem, CDS
ve HCT igeren tabletlerin spektrofotometrik kantitatif analizine basariyla uygulandi ve ardindan iyi
bir uyum oldugu bildirildi.

Anahtar Kelimeler: Anjiyotensin Il reseptor antagonistleri, hidroklorotiyazid, kandesartan
sileksetil, kantitatif tablet analizi, ii¢ degiskenli klasik en kiiciik kareler yontemi

INTRODUCTION

Angiotensin Il receptor antagonists are a group of drugs, also known as the sartan family, used in
the treatment of hypertension [1]. Angiotensin Il, which is the basic peptide of the renin-angiotensin
system, which has important physiological effects on blood pressure regulation and water and salt
homeostasis, plays a key role in the cardiovascular system by playing an important role in the
development of physiopathological events such as hypertension, heart and kidney failure, and
atherosclerosis. Candesartan cilexetil (CDS) (see Figure 1a) is a member of this group of medicines. It
helps reduce blood pressure by relaxing and widening blood vessels. Candesartan can be used to treat
hypertension, left ventricular hypertrophy, isolated systolic hypertension, and diabetic nephropathy, and
is also used as an alternative agent in the treatment of heart failure, myocardial infarction, systolic
dysfunction, and coronary artery disease [2,3]. Hydrochlorothiazide (HCT) (see Figure 1b) belongs to a
group of medicines called 'diuretics’. It is used to treat swelling due to hypertension and fluid
accumulation, as well as to treat renal tubular acidosis and diabetes insipidus, and to reduce the risk of
kidney stones in those with high calcium levels in the urine [4]. It helps remove water and salts such as
sodium from the body through urine. This causes blood pressure to decrease. These two active
ingredients are prescribed in cases where blood pressure cannot be reduced with candesartan cilexetil
(CDS) or hydrochlorothiazide (HCT) alone.

It is of great importance to determine the quantities of these combined pharmaceutical
preparations, which are preferred today to provide a more effective pharmacological effect, with new
analytical methods that are fast, easy, and highly sensitive in quality control and routine analysis. In the
literature, chromatographic separation methods such as liquid chromatography (LC) [5], high-
performance liquid chromatography or ultra-performance liquid chromatography (HPLC/UPLC) [6-8],
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capillary electrophoresis (CE) [9-10] and micellar electrokinetic chromatography [11], which consist of
high-tech and expensive equipment for the analysis of complex samples are used. These expensive and
complex methods may not always produce the expected results in the analysis processes. In addition,
another disadvantage in the application of these methods is that the optimization of experimental
conditions and analysis are time-consuming. On the other hand, it is noteworthy that spectrophotometric
methods are also used extensively in the literature [12-13]. However, quantitative analysis of combined
commercial pharmaceutical preparations is not possible with conventional spectral analysis methods
because the active substances give interfering spectra in the same region [14]. In such cases, derivative
spectrophotometry and its modified versions were used for a simple and rapid quantitative determination
without separation steps [15-19]. However, derivative spectrophotometry requires signal-processing
treatments, which need a long analysis period, to get derivative signals of zero-order spectra.
Additionally, these conventional derivative methods do not yield successful results in their applications
due to their disadvantages such as interference of main peaks and noise peaks, and decrease in
signal/noise ratio, especially at high derivative degrees. To eliminate the drawbacks of the spectral
derivative methods, numerical methods or multivariate spectral methods, such as direct absorbance
measurement techniques based on a set of two or more wavelength points, provide an alternative way
to quantitatively resolve complex mixtures containing two or more active compounds.

Figure 1. a) Candesartan cilexetil (CDS), b) Hydrochlorothiazide (HCT)

In this study, a new TCLS approach was developed, for the first time, for the quantitative analysis
of a commercial pharmaceutical tablet consisting of candesartan cilexetil (CDS) and
hydrochlorothiazide (HCT). The developed and validated method was successfully applied to both
synthetic mixtures and commercial pharmaceutical tablets.

MATERIAL AND METHOD
Apparatus and Software

All UV spectrophotometric data were collected using a Shimadzu UV-1601 (Kyoto, Japan)
double-beam UV-VIS spectrophotometer with 1 cm quartz cells. UV absorbance spectra of the samples
and standard solutions were plotted in the spectral region of 200-310 nm (slit range 2 nm). After the
obtained data were transferred to the Shimadzu UV computer software, the Matlab (MathWorks, Natick,
MA, USA) program was used in the application of the TCLS approach to the spectra, statistical analysis,
and regression analysis. All graphics and figures were drawn with Matlab. All prepared solutions were
filtered with a Sartarius Minisart disposable filter with a pore size of 0.2 pm.

Chemicals and Reagents

CDS and HCT compounds were kindly donated by National Pharm Ind., Turkey. HPLC-grade
methanol (J.T. Baker, Netherlands) was used as a solvent for the spectrophotometric analysis. All
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samples were prepared fresh daily and stored in a dark place and a refrigerator during the analysis.
Standard, Calibration, and Validation Solutions

Stock solutions of CDS and HCT were prepared individually by dissolving 25.0 mg of active
compounds in methanol in a 100 ml calibrated flask and made up to the mark with methanol. All standard
and validation samples were prepared from these stock solutions. In the application of the spectral least
squares method, standard solutions were prepared in the concentration range of 6.0-18.0 ug/ml for CDS
and the concentration range of 4.0-16.0 pg/ml for HCT. A validation set of eight different concentrations
containing these two compounds was prepared within the working ranges of 4.0-20.0 pg/ml for CDS
and HCT.

Preparation of Samples

In the first application of the TCLS method in commercial pharmaceutical tablet analysis, ten
tablets of ATACAND PLUS® Tablet (Astra Zeneca Ilag Ltd. Sti.) were precisely weighed and the
amount corresponding to one tablet was calculated after being thoroughly powdered in a mortar. It was
dissolved in methanol in a 100 ml volumetric flask. The solution content was mixed with a mechanical
stirrer for 30 min and filtered through a 0.20 pm pore size membrane filter. For the analysis, 1.0 ml of
the filtered solution was transferred to a 100 ml volumetric flask and the volume was made up with the
same solvent.

TCLS Method and Its Application

Absorption spectra of solutions and binary mixtures prepared at different CDS and HCT
concentrations were recorded. Absorptivity (a) values were calculated using absorbances measured at
223.5, 240.0 and 268.5 nm for each of the compounds in the binary mixture. Using the absorptivity (a)
value, a system of equations with two unknowns for compounds in a binary mixture can be written as
follows:

A=a.l.C, | (optical path lenght) = 1.0 cm Q)
Where a denote absorptivity, A denote absorbance, and C denote concentration (pg/ml).
Ay = a;C + B1Cy )
Ay = ;C1 + B2, ©)
Az = a3Cy + B5(; (4)

Where A,, A, and A5 denotes the absorbances of solutions of synthetic mixtures of CDS and
HCT, and represent the calculated a and f absorptivity values at A1, A> and A3 for CDS and HCT,
respectively. C,, and C, are the concentrations of CDS and HCT, respectively. The subscripts 1, 2 and
3 refer to A1 (223.5 nm), A2 (240.0 nm) and A3 (268.5 nm), respectively.

When written according to the matrix notation given below, the above set of equations (2, 3, and
4) greatly simplifies the matter and easily solves the equations with two unknowns:

Ay a; f
Ez = [az B2
3 az P
Here, the quantification of CDS and HCT was carried out from the concentrations corresponding

to the absorbance of the samples in Equation 5 at the wavelengths of A1, A2 and Aa.
Based on Equation 5, the concentration of each compound in the binary mixture can be calculated
using the multiplication of the inverse of the coefficient matrix by the absorbance measurements of

samples.

“[¢ (5)
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RESULT VE DISCUSSION
TCLS Method and Its Application

In the spectral analysis of two-component mixture systems, the main problem is the overlapping
spectral bands in the working wavelength region as in our study (see Figure 2). To solve this analytical
issue, we focused mainly on the development of the new spectral numerical method, which is based on
the use of the absorbance measurement at three different wavelength points, for the simultaneous
quantitative analysis of two-component mixtures. This article involves verifying the feasibility and
validity of a fast, easy, reliable TCLS method for the simultaneous quantification of CDS and HCT in
synthetic mixtures and commercial tablets. The UV spectra of standard CDS and HCT solutions and
their synthetic mixtures were plotted in the wavelength region of 200-310 nm.

T T T T T
200 220 240 260 280 300

Wavwvelength (nm)

Figure 2. Absorption spectra of 10 pg/ml CDS ( ) and 12 pg/ml HCT ( —) solutions and
commercial tablet solution (- — - ) (in methanol) containing CDS and HCT

The selection of higher sensitive wavelengths is an important parameter for the development of a
multivariate spectral method for resolving complex mixtures. In this context, three different wavelengths
for CDS and HCT, which correspond to two maxima of wavelength (223.5 and 268.5 nm) and a
minimum (240.0 nm) were selected for the application of the new TCLS method to the analysis of CDS-
HCT mixtures and pharmaceutical preparations.

In the applied method, the absorbances of the drug standards prepared in the concentration range
where Beer's law is valid (6.0-18.0 pg/ml for CDC and 4.0-16.0 pug/ml for HCT) were recorded on the
UV spectrophotometer at three different wavelengths (223.5, 240.0 and 268.5 nm). By using the matrix
calculation approach explained in the "Experimental Section", the simultaneous quantification of two
active substances (CDS and HCT) is possible by direct measurement of absorbances at 223.5, 240.0 and
268.5 nm in the UV spectrum. For both CDS and HCT, the absorptivities of the compounds
corresponding to the absorbance values at three wavelengths were calculated using Equation 1. The
averages of the calculated absorptivities for each concentration in the calibration set of each compound
were presented in Table 1.

Table 1. Calculated absorptivities of CDS and HCT at three different wavelengths

Absorptivity (a) x 1072
A (nm) 223.5 240 268.5
CDS 6.67 2.76 2.33
HCT 11.41 0.46 6.42
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The same spectral procedures were applied to the tablet sample solutions. For the analytical
validation of the TCLS method, a validation set consisting of eight synthetic mixture solutions at
different concentrations within the 4-20 ug/ml linear working range of CDS and HCT was prepared.
The accuracy and precision of the TCLS calibration were tested by analyzing the prepared validation
set. Recovery values were found to be 97.2% for CDS and 99.7% for HCT. Relative standard deviation
values were calculated as 1.61% for CDS and 3.67% for HCT. The results obtained by applying the
TCLS approach to synthetic mixtures are presented in Table 2. As seen in Table 2, the validity of the
method was reported with good accuracy and precision.

Table 2. Recovery results were obtained by applying the TCLS method to the synthetic mixtures
containing different concentrations of CDS and HCT

Synthetic Mixture (ug/ml) Found (pg/ml) Recovery (%)

No. CDS HCT CDS HCT CDS HCT
1 6 6 5.91 6.10 98.54 101.6
2 10 6 9.72 6.05 97.19 100.8
3 14 6 13.47 6.22 96.21 103.6
4 18 6 17.19 6.27 95.51 104.4
5 8 4 7.99 3.99 99.83 99.8
6 8 8 7.86 7.65 98.28 95.7
I 8 12 7.75 11.38 96.86 94.8
8 8 16 7.63 15.43 95.37 96.5

Mean 97.2 99.7

SD 1.57 3.66

RSD 1.61 3.67

SD: Standard deviation
RSD: Relative standard deviation

The commercial tablet sample was prepared five times as stated in the "Preparation of Samples"
subsection. The proposed TCLS approach was applied to the analysis of the tablet samples and then, the
amount of CDS and HCT in the commercial pharmaceutical preparation was determined by using the
TCLS model based on the absorbance measurements at a set of three wavelengths. The determination
results are presented in Table 3. The analysis results showed good agreement with the tablets' label
claims. In addition to that, in the TCLS method application providing a low standard deviation and
relative standard deviation, a good agreement was reported for the experimental outcomes.

Table 3. Results obtained by the applying TCLS method to the commercial tablet (Label claim in the
preparation: 16 mg CDS and 12.5 mg HCT per tablet)

mg/tablet

Exp. No. CDS HCT
1 16.05 12.40

2 16.11 12.58

3 16.22 12.57

4 16.07 12.39

5 16.30 12.40
Mean 16.1 12.5
SD 0.11 0.10
RSD 0.66 0.78

SD: Standard deviation
RSD: Relative standard deviation



J. Fac. Pharm. Ankara, 48(3): 803-810, 2024 Ugeretal. 809

Conclusion

The main aim of this research article was to develop an easy, inexpensive, selective, sensitive,

and validated method for the analysis of a commercial pharmaceutical preparation containing CDS
and HCT. In this context, the developed TCLS approach was successfully applied to the simultaneous
quantification of CDS and HCT in synthetic mixtures and tablets. In the pharmaceutical industry and
R&D laboratories, the TCLS method can be used for quality control and routine analysis of binary
combined preparations containing CDS and HCT active compounds.
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