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ABSTRACT

Objective: In this context, a rapid and powerful signal processing approach, a ratio-derivative
spectrophotometry (RDS) method were developed for the simultaneous determination of irbesartan (IRB)
and hydrochlorothiazide (HCT) in a tablet.

Material and Method: The RDS method was applied to the UV spectra of the IRB and HCT. The
calibration equations were obtained by measuring amplitudes at 236.3 nm for the IRB determination and at
260.0 nm for the HCT determination, respectively. The proposed method was validated by using the recovery
studies, intra-day and inter-day assays and standard addition technique.

Result and Discussion: This study aims to apply a rapid and powerful signal processing method to the
simultaneous quantification of IRB and HCT in their synthetic mixtures and tablets. As can be seen, the UV
spectra of two drugs overlapped strongly in same spectral region. Direct conventional absorbance
measurements do not give expected results for the IRB-HCT tablet analysis mainly due to the spectral
interference. However, in order to reach a reasonable spectral analysis outcome, we focused mainly on the
application of the ratio-derivative spectra treatment to the quantitative resolution of IRB-HCT mixtures
without having to a separation procedure.
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Amac: Bu ¢alismada, tablette irbesartan (IRB) ve hidroklorotiyazidin (HCT) ayni anda miktar tayini
icin hizli ve giiclii bir sinyal isleme yaklasumi, spektrum oranlari tiirev spektrofotometri (RDS) yontemi
gelistirilmistir. RDS yontemi, IRB ve HCT'nin UV spektrumlarina uygulanmigstir.

Gerec ve Yontem: Kalibrasyon denklemleri, sirasiyla IRB tayini icin 236.3 nm'de ve HCT tayini i¢in
260.0 nm'de élgiilerek elde edilmistir. Onerilen yontem, geri kazanim ¢alismalar, giin ici ve giinler arast
testler ve standart ekleme teknigi kullanilarak dogrulanmistir.

Sonug ve Tartisma: Bu ¢alisma, IRB ve HCT'nin sentetik karigimlar: ve tabletlerinde ayni anda miktar
tayini i¢in hizli ve giiclii bir sinyal igleme yéntemi uygulamayr amaglamaktadir. Goriilebilecegi gibi, iki ilacin
UV spektrumlar: ayni spektral bélgede giiclii bir sekilde ortiismektedir. Dogrudan geleneksel absorbans
Olgiimleri, spektral girisim nedeniyle IRB-HCT tablet analizi i¢cin beklenen sonuclart vermemektedir.
Bununla birlikte, makul bir spektral analiz sonucuna ulasmak igin, esas olarak spektrum oranlart tiirev
spektrofotometri isleminin IRB-HCT karisimlarimin kantitatif tayinine bir ayirma prosediiriine gerek
kalmadan uygulanmasina odaklaniimistir.

Anahtar Kelimeler: Kantitatif tayin, spektrofotometri, sinyal isleme, tiirev, validasyon

INTRODUCTION

New analytical methods or approaches play an increasingly important role in practical
applications such as biomedical, clinical, pharmaceutical analysis, environmental monitoring, quality
control of industrial manufacturing and forensic science. For these purposes, analytical chemists
work to develop more powerful methods and to improve the reliability of existing analytical
techniques to meet the demands for better chemical measurements in many fields of science as well
as the above mentioned areas [1-3].

As described above, the analytical methods e.g. spectrophotometry [4], mass spectrometry
[5], chromatography [6], electrophoresis [7], electrochemistry [8] and their combined devices have
been used for analytical aims. For example, the separation techniques, LC and CE combined with
various spectroscopic systems (hyphenated techniques namely LC-MS and CE-MS) have been
applied to provide additional chemical information and to decrease the complexity of
multicomponent mixtures in material analyses. In addition, LC method has been proposed as main
or comparison method for the analysis of active compounds in pharmaceutical preparations and other
samples. In applications, these chromatographic analysis approaches require a preliminary separation
and other tedious analytical processes during analysis for searching optimal separation and other
chromatographic conditions. In addition to that, these methods using the combined devices bring
high cost and time-consuming for analysis [9-11]. Therefore, the separation methods based on high
technology may not provide successful analytical results in some cases.

Due to the mentioned disadvantageous of the above separation techniques or combined

analytical devices, analytical chemists prefer the spectroscopic methods (instead of separation
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techniques) for rapid analysis with low cost and successful outcome. Particularly derivative
spectrophotometry and its modified versions have been intensively utilized in fast quantitative
resolution of multi-component mixtures without separation step. However, in all cases, these spectral
methods may not lead good analytical results due to characteristics of strongly overlapping spectra
of compounds, interference of main peaks with noise, baseline problems, decreasing signal intensity
and worsening signal-to-noise ratio (S/N) for higher derivative orders [12]. In this context, to
overcome the drawbacks of the above traditional methods, analytical chemists need to develop new
signal analysis techniques, approaches or methods for the efficient quantitative resolution of complex
mixtures. Recent developments in signal processing methods give us more opportunity for the better
guantitative resolution of the complex analytical problems as well as other areas of science [13,14].
One of the newest additions is ratio-derivative spectrophotometry (RDS) method for the spectral
guantification of compounds in mixtures [15]. Ratio-derivative spectrophotometry (RDS) method
has gained wide acceptance as a valuable tool for signal processing tasks, due to their wide range of
applications.

Several analytical methods, including derivative spectrophotometric methods (16-18) and
high performance liquid chromatographic methods (19-22) were reported for the analysis of IRB and
HCT in pharmaceutical and biological studies.

In this context, a rapid and powerful signal processing approach, a ratio-derivative
spectrophotometry (RDS) method were developed for the simultaneous determination of irbesartan
(IRB) and hydrochlorothiazide (HCT) in a tablet. IRB and HCT mixture is a combination of an
angiotensin-Il receptor antagonist, irbesartan, and a thiazide diuretic, hydrochlorothiazide. The
binary mixture of IRB and HCT, which have closely overlapping spectra. Direct conventional
absorbance measurements do not give expected results for the IRB-HCT tablet analysis mainly due
to the spectral interference. However, in order to reach a reasonable spectral analysis outcome, we
focused mainly on the application of the ratio-derivative spectra treatment to the quantitative
resolution of IRB-HCT mixtures without having to a separation procedure. The proposed method
was validated by using the recovery studies, intra-day and inter-day assays and standard addition

technique.

MATERIAL AND METHOD

In the UV data collection, the absorption spectra of the compounds and their samples in the
spectral region of 200-305 nm were recorded by using a Shimadzu UV-1601 double beam UV-VIS

spectrophotometer having a fixed slit width (2 nm) connected with a computer loaded with Shimadzu
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UVPC software and a LEXMARK E-320 printer. In the application of the approaches, the Microsoft
EXCEL and Wavelet Toolbox in Matlab 7.0 software were used for data treatments, regressions and
statistical analysis.
Chemicals and commercial tablet product

A commercial tablet formulation (KARVEZIDE® Tablet, Sanofi-Aventis. Ind., Istanbul,
Turkey), containing 150 mg of IRB and 12.5 mg of HCT per tablet was collected from local Turkish
market. IRB and HCT reference substances were kindly donated from National Pharm. Ind.
Companies, Turkey).
Preparation of standard solutions

A stock standard solution of IRB and HCT was separately prepared by dissolving 25 mg of
each drug in 100 mL methanol. For the spectral analysis, a calibration series for each drug between
4.0-32.0 ug mL* for IRB and 2.0-9.0 pg mL* for HCT in the above solvent was prepared from the
standard stock solutions. For the standard addition technique, the sample solutions were prepared by
adding the stock solution of each compound to tablets at three different concentration levels for six
replicates to evaluate the interference of excipients on the analysis. In addition, the sample solutions
at three different concentration levels for six times were prepared for testing intra-day and inter-day
analysis.
Sample solutions preparation

For analysis of commercial tablets; twenty tablets containing IRB and HCT were weighed
and crushed into fine powder. A quantity of powder equivalent to one tablet was transferred to in 100
ml volumetric flask and then volume was made up to mark with methanol. The content of the flask
was mechanically shaken for 30 min. After filtration, the supernatant was diluted with methanol to

obtain final concentrations.

RESULT AND DISCUSSION

This study aims to apply rapid and powerful signal processing method to the simultaneous
guantification of IRB and HCT in their synthetic mixtures and tablets. The UV spectra of IRB and
HCT standard series and tablet solution were recorded between 200-305 nm as shown in Figure 1.

As can be seen, the UV spectra of two drugs overlapped strongly in same spectral region.
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Figure 1. The UV absorption spectra of 4.0-32 ug mL* IRB (---) and 2.0-9.0 ug mL* HCT (—) in
methanol

Direct conventional absorbance measurements do not give expected results for the IRB-HCT
tablet analysis mainly due to the spectral interference. However, in order to reach a reasonable
spectral analysis outcome, we focused mainly on the application of the derivative spectra treatment
to the quantitative resolution of IRB-HCT mixtures without having to a separation procedure.

The UV spectra of the IRB and HCT, and their tablet solution were recorded in the range
200.0-305.0 nm and divided by the standard spectrum of 16 pg mL* IRB. The same procedure was
repeated for the standard spectrum of 4 pg mL™* HCT as a divisor, respectively. The obtained ratio

spectrum was also presented in Figure 2. and Figure 3.
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Figure 2. RDS of IRB (---) (4.0-32 ug mL) and HCT (—) (2.0-9.0 pg mL™) in methanol (Div:
16 pgmL? IRB) (AA=10 nm))



J. Fac. Pharm. Ankara, 44(3): 506-516, 2020 Ustiindag and Ding 511

3.50

dA/dNAirs/Anct]

-3.00
200 210 220 230 240 250 260 270 280 290 300

Figure 3. RDS of IRB (---) (4.0-32 pg mL*) and HCT (—) (2.0-9.0 pg mL™) in methanol (Div: 4
ng mL™t HCT) (AA=10 nm))

Obtained regression analysis results can be seen in Table 1.

Table 1. Linear regression analysis and its statistical results for the proposed method

Method RDS
Parameter IRB HCT
A (hm) 236.3 260.0
m -7.03x1072 2.26x10?
n -5.43x1072 3.00x10°%
r 0.9993 0.9996
SE(m) 1.07x10® 2.58x10*
SE(n) 8.16x10° 1.54x10
2.77x1072 1.67x10°
SE(r)
LOD (ug mL?) 0.98 0.58
LOQ (ug mL?) 3.28 1.92
m: Slope
n: Intercept

r: Correlation coefficient

SE(m): Standart error of slope

SE(n): Standart error of intercept

SE(e): Standart error of regression constant
LOD: Limit of detection

LOQ: Limit of quantification

The amount of IRB and HCT in the samples were calculated using the calibration equations

calculated according to the linear regression analysis in the Table 1.

Validation of the Proposed Method
For the validation of the RDS method, a validation set consisting of 16 artificial mixture

solutions at different concentrations was prepared in methanol, within the working range of 4.0-32.0
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ug mL* for IRB and 2.0-9.0 ug mL* for HCT. The precision and accuracy of the RDS method was

tested using this validation set. The results obtained by applying the RDS method to artificial

mixtures prepared as the validation set can be seen in Table2.

Table 2. Recovery results obtained in synthetic mixtures

RDS
Added Found Recovery
(ng mL?) (ng mL™) (%)

IRB HCT IRB HCT IRB HCT
30 2.0 28.98 1.94 96.6 96.9
30 3.0 28.73 2.93 95.8 97.6
30 4.0 28.90 3.95 96.3 98.7
30 5.0 28.73 5.01 95.8 100.3
30 6.0 28.81 5.99 96.0 99.9
30 7.0 28.72 6.96 95.7 99.4
30 8.0 28.82 7.81 96.1 97.7
30 9.0 28.65 8.85 95.5 98.3
4.0 25 4.09 2.52 102.3 100.6
8.0 25 7.86 2.46 98.2 98.5
12 25 12.11 2.53 100.9 101.3
16 25 16.28 2.47 101.7 98.7
20 25 20.41 2.43 102.0 97.1
24 25 24.25 244 101.1 97.7
28 25 27.98 2.45 99.9 97.9
32 2.5 31.42 2.46 98.2 98.5

X 100.6 98.5
SD 141 1.46
RSD 1.40 1.48

SD= Standard deviation

RSD= Relative standard deviation

To evaluate the accuracy and precision of the RDS method, intra-day and inter-day precision

and accuracy studies were performed at three different concentrations (4.0, 16.0 and 30.0 pg mL*

for IRB and 2.0, 5.0, and 8.0 ug mL* for HCT) within the calibration concentration range. 6 different

solutions were used for concentration, and the solutions prepared on the same day and inter days

were used (Table 3).

Table 3. Results obtained from the analysis of intra-day and inter-day samples by the proposed

method
Intra-day (n=6) Inter-day (n=6)
Added Found o Found o
(e mLY) (g mLY) SD RSD RE Rec. (%) (ug mLY) SD RSD RSE Rec. (%)

o 4.0 3.92 0.08 1.92 -1.90 98.1 3.93 0.08 2.01 -1.72 98.3

x 16.0 15.89 0.12 0.77 -0.66 99.3 15.82 0.13 0.81 -1.11 98.9

8 - 30.0 29.79 0.46 1.56 -0.69 100.1 29.67 0.45 151 3.57 96.4
4 = 2.0 1.99 0.01 0.63 -0.53 99.5 1.96 0.06 2.84 -1.11 98.9
% 5.0 4.90 0.10 1.95 -2.08 97.9 4.83 0.07 1.35 -3.34 96.7

8.0 7.93 0.13 1.60 -0.82 99.2 7.75 0.18 231 -3.34 96.8

SD= Standard deviation

RSD= Relative standard deviation

RSE= Relative standard error
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Before applying the RDS signal processing method to the real commercial pharmaceutical
preparation, the interference effects of tablet excipients on IRB and HCT compounds were tested.
Standard addition technique was used for this purpose (Table 4).

Table 4. Results obtained from the analysis of the standard addition samples by the proposed method

Added Recovery Mean SD RSD RE

o 40 98.6 100.5 98.7 102.1 100.8 100.1 1.49 1.48 0.14

4 8.0 103.7 104.8 104.8 103.5 103.3 104.0 0.73 0.70 4.02

2 - 12.0 102.1 103.5 103.7 103.0 103.2 103.1 0.62 0.60 312
o = 20 103.2 105.4 104.3 104.8 104.8 104.5 0.82 0.78 4,53
O 4.0 102.8 103.4 102.8 102.0 102.0 102.6 0.59 0.57 2.60

T 8.0 99.6 100.2 100.3 100.2 100.2 100.1 0.26 0.26 0.09

SD= Standard deviation
RSD= Relative standard deviation
RE= Relative error

Recovery and other calculations were made for IRB and HCT in the added standards by
deducting the amount of IRB and HCT coming from the preparation. These studies were carried out
with five repetitions at three different concentration levels.

Tablet Results

Experimental results obtained by the application of the proposed signal processing method
to the IRB-HCT tablet samples were indicated in Table 5. Successful results were obtained for the
guantitative analysis of commercial tablets containing IRB and HCT compounds. In the tablet
analysis, the interference of the tablet excipients on the determination of the related compounds was

not observed in application of proposed method to the commercial tablets.

Table 5. Analysis results of tablets containing IRB and HCT by the proposed method

Method RDS
IRB HCT
(mg) (mg)
Mean 147.12 £ 0,32 12.05 + 0,04
SD 1.01 0.12
RSD 0.69 1.01
CL 0.63 0.08

SD= Standard deviation,
RSD= Relative standard deviation
CL= Confidence limit

In conclusion, a rapid and powerful hyphenated signal processing approach, RDS were
developed and applied to the simultaneous spectral quantification of IRB and HCT in their synthetic

mixtures and tablets. This signal processing method does not require any separation step for the
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analysis of both compounds having the strong overlapping spectra in the same spectral region (see

Figure 1). In order to demonstrate the validity and applicability of the methods, the optimal control

processes of the proposed methods were performed by using the analytical validation parameters.
The proposed methods can be used for the quantitative estimation and routine quality control

of the tablets containing mentioned drugs.
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