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Two continuous wavelets transform (CWT) methods were
developed for the simultaneous determination of
candesartan cilexetil (CAN) and hydrochlorothiazide
(HCT) in tablets. The CWT methods were applied to the
ratio spectra (RS) of the CAN and HCT. The CWT
approaches based on the application of Haar and Mexican
hat function (RS-HAAR-CWT and RS-MEXH-CWT,
respectively) to the transformation of the ratio spectra
were found to be suitable to reach a good spectral
quantification. In the use of transformed ratio spectra, the
calibration graphs for CAN and HCT were computed by
using the RS-CWT-amplitudes at 244.5 and 264.5 nm in
RS-HAAR-CWT spectra and at 255.6 and 250.0 nm in
RS-MEXH-CWT spectra, respectively. The LOD and
LOQ values for RS-HAAR-CWT and RS-MEXH-CWT
were 0.39-0.58 and 0.43-0.33, 1.28-1.92 and 1.44-1.10
for CAN and HCT, respectively. The recovery results
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obtained by applying RS-HAAR-CWT and RS-MEXH-CWT calibrations to the artificial mixtures were found between 99.3 and
103.5% and obtained RSD values were found between 1.38 and 2.42. The validity and applicability of the CWT methods was
performed by using the recovery study, standard addition technique and intra-day and inter-day tests. The proposed methods were

successfully applied to the analysis of the CAN- HCT tablets.

INTRODUCTION

New analytical methods or approaches play an
increasingly important role in practical applications.
The analytical methods e.g. spectrophotometry, mass
spectrometry, chromatography and electrophoresis,
electrochemistry and their combined devices have
been used for the analytical aims. For example, the
separation techniques, liquid chromatography (LC)
and capillary electrophoresis (CE) combined with
various  spectroscopic  systems  (hyphenated
techniques namely liquid chromatography — mass

spectrometry (LC-MS) and capillary electrophoresis
— mass spectrometry (CE-MS)) have been applied to
provide additional chemical information and to
decrease the complexity of multicomponent mixtures
in material analyses but these techniques bring high
cost and time-consuming for analysis. Also, spectral
methods may not lead to 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.
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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 gave us
more opportunity for the better quantitative resolution
of the complex analytical problems as well as other
areas of science. One of the newest additions is
wavelets for the spectral quantification of compounds
in mixtures. Wavelet transform (WT) has gained
wide acceptance as a valuable tool for signal
processing tasks, due to their wide range of
applications. WT is classified into two categories;
discrete wavelets transform and continuous wavelets
transform.!

In analytical chemistry and related branches, the
CWT approach is a powerful signal processing tool
for data reduction, de-noising, baseline correction and
resolution of overlapping spectra.® The usage of the
CWT methods and their applications in chemical
analysis has significantly increased the potential
power of spectroscopic methods for the analysis of
multicomponent samples. In recent studies, the
combined use of the CWT methods with zero-
crossing technique and ratio signals has opened a
new door for the spectrophotometric simultaneous
resolution of mixtures without using priory
separation step.*> Some applications of the CWT to
the quantitative analysis of mixtures were reported.52

The CAN-HCT combination in tablets has been
used for the treatment of high blood pressure
(hypertension). CAN and HCT provided in one tablet
are the angiotensin Il receptor blocker and the
diuretic, respectively. Quantitative analysis of CAN

and HCT in synthetic samples and/or biological
fluids was performed by spectrophotometry® 3 16 and
chromatographic methods. 012 14,15, 17-20

By using the continuous wavelet analysis to the
transformation of the ratio spectra technique, we
propose a new method of quantitative two
component guantitative analysis of mixtures and
tablets of CAN and HCT. RS-HAAR-CWT and
RS-MEXH-CWT analysis gave successful results
for the commercial tablet formulation. This new
approach does not require any pre chemical
separation procedure. Our investigated methods do
not require any other complex calibration
technique and it is a powerful tool for the
resolution of binary mixture systems.

RESULTS AND DISCUSSION

This study aims to apply new powerful signal
processing methods to the simultaneous
quantification of CAN and HCT in their synthetic
mixtures and tablets. The UV spectra of CAN and
HCT standard series and tablet solution were
recorded between 200-305 nm as shown in Fig. 1.
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 CAN-HCT tablet
analysis manly due to the spectral interference.
However, in order to reach a reasonable spectral
analysis outcome, we focused mainly on the
application of the CWT methods to the quantitative
resolution of CAN-HCT mixtures without having
to a separation procedure.
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Fig. 1 — The UV absorption spectra of 2.0, 4.0, 6.0, 8.0, 10, 12, 14, 16, 18, 20 ug/mL CAN (---)
and HCT (—) with their tablet sample (—) in methanol.
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Table 1
Linear regression analysis and its statistical results for the proposed methods
Method RS-HAAR-CWT RS-MEXH-CWT
Parameter CAN HCT CAN HCT
A (nm) 2445 264.5 255.6 250
m 0.3714 -0.1763 -0.6848 -0.4054
n 0.2195 -0.0066 -0.3194 -0.0584
r 0.9992 0.9999 0.9992 1.0000
SE(m) 6.53x10°° 1.07x10? 9.92x10° 1.41x107?
SE(n) 1.51x10°2 9.44x10* 3.12x107 1.13x10°®
SE(r) 1.19x10! 1.72x10°2 1.80x10? 2.06x1072
LOD 0.39 0.58 0.43 0.33
LOQ 1.28 1.92 1.44 1.10
m Slope of the linear regression equation

Correlation coefficient
SE(m) = Standard error of slope
SE(n) = Standard error of intercept

SE(r) = Standard error of correlation coefficient

LOD = Limit of detection (ug/mL)
LOQ = Limit of detection (ug/mL)

Ratio Spectra-Continuous Wavelets
Transform Method

This combined approach for the determination of
CAN and HCT in their mixtures is based on the
application of the continuous wavelet analysis to the
transformation of the ratio spectra of CAN/HCT and
HCT/CAN, respectively. The UV spectra of the
standard calibration series containing 2.0-
20.0 pg/mL of CAN and HCT, and their tablet
solution were recorded in the range 200.0-305.0 nm
and divided by the standard spectrum of 14 pg/mL
HCT and the standard spectrum of 14 pg/mL CAN,
respectively. Thus, the ratio spectra of CAN/HCT
and HCT/CAN with together a tablet sample were
obtained and presented in Figures 2 and 3,
respectively.

To identify the optimal wavelet family, several
wavelet families were tested for the transformation of
the ratio spectra data vectors consisting of the 1024
data points corresponding to the ratio of CAN/HCT
and HCT/CAN in the spectral region 200.0-302.3
nm to obtain the high recovery results for the CAN
and HCT analysis, respectively. From the above
optimal control processes, the Haar continuous
wavelet transform (a=64) and the Mexican hat
continuous wavelet transform (a=64) (HAAR-CWT
and MEXH-CWT, respectively) were found to be
appropriate for the determination of CAN and HCT
in their samples. The applications of HAAR-CWT
and MEXH-CWT to the ratio spectra (RS) were
named as RS-HAAR-CWT and RS-MEXH-CWT.

For the determination of CAN in samples, the
ratio spectra of CAN/HCT and HCT/HCT of the
standard series of CAN and HCT between 2.0-20.0
pg/mL were processed by HAAR-CWT and MEXH-

n = Intercept of the linear regression equation

CWT methods. As a result, the RS-HAAR-CWT and
RS-MEXH-CWT spectra of CAN/HCT and
HCT/HCT, and tablet sample were obtained and
indicated in Figures 2B and 2C, respectively. As it
can be seen from these figures, HCT was eliminated
by RS-HAAR-CWT and RS-MEXH-CWT methods.
The calibration graphs were obtained by using the
relationships between concentrations and the RS-
HAAR-CWT amplitudes at 244.5 nm corresponding
to a maximum wavelength and the RS-MEXH-CWT
amplitudes at 255.6 nm corresponding to a minimum
wavelength. The statistical results for the linear
regression analysis were illustrated in Table 1. The
calculated calibration equations were applied to the
quantitative analysis of CAN in samples. In the same
way, to determine HCT in samples, the HAAR-CWT
and MEXH-CWT methods were applied to the
transformation of the ratio spectra of HCT/CAN and
CAN/CAN of the standard series of HCT and CAN
in the linear concentration range of 2.0-20.0 pug/mL.
Thus, the RS-HAAR-CWT and RS-MEXH-CWT
signals of CAN/HCT and HCT/HCT, and tablet
sample were obtained and presented in Figures 3B
and 3C, respectively. As shown in these figures,
CAN was eliminated by RS-HAAR-CWT and RS-
MEXH-CWT approaches. In the analysis of HCT,
the calibration graphs were obtained by measuring
the RS-HAAR-CWT amplitudes at 2645 nm
corresponding to a minimum wavelength and the RS-
MEXH-CWT amplitudes at 250.0 nm corresponding
to a minimum wavelength. The linear regression
analysis and its corresponding statistical results were
depicted in Table 1. The quantitative evaluation of
HCT in samples was carried out by the above
calculated calibration graphs. In the process of the
spectral division procedure, 14 pg/mL HCT divisor



450 Ozgiir Ustiingag and Erdal Ding

for the determination of CAN and 14 pg/mL CAN
divisor for the determination of HCT were found to
be the optimal to obtain the ratio spectra of CAN and
HCT, respectively. These mathematical ratio
treatments for obtaining ratio spectra were carried out
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Fig. 2 — Ratio spectra of CAN/HCT (A) and their corresponding
RS-HAAR-CWT spectra (B) and RS-MEXH-CWT spectra (C)
obtained by transforming the ratio spectra of 2.0- 20 ug/mL
CAN (---) and HCT (—) with CAN-HCT tablet sample (—) (when

14 ug/mL HCT was used as a divisor).

by considering the absorptivities in the working
concentration ranges of drugs. The amounts of CAN
and HCT in samples were analyzed by using the
above mentioned calibration graphs.
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Fig. 3 — Ratio spectra of HCT/CAN (A) and their corresponding
RS-HAAR- CWT spectra (B) and RS-MEXH-CWT spectra (C)
obtained by transforming the ratio spectra of 2.0- 20 pg/mL
CAN (--) and HCT (—) with CAN-HCT tablet sample (—)

(when 14 ug/mL CAN was used as a divisor).
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Validation of the proposed methods

In this study, the proposed methods were
validated on linearity, accuracy, precision,
selectivity and sensitivity by using the recovery
studies, intra-day and inter-day assays and standard
addition technique. The numerical values of
statistical parameters calculated by least-squares
linear regression analysis and the limit of detection
(LOD) and the limit of quantitation (LOQ) for each
method were presented in Table 1. The calculation
of LOD and LOQ was performed by using the
standard deviation of the intercept and slope values
of calibration equations. To test the performance of
the proposed methods, the recovery studies were
performed by applying the developed signal
processing methods to the analysis of the
independent validation set consisting of the CAN-
HCT (Table 2). In addition, precision and accuracy
for the CAN and HCT analysis by the applied
methods were evaluated by the inter-day (n=6) and
intra-day (n = 6) tests at three different
concentration levels (low at 2.0, medium at 8.0 and

high at 16.0 pg/mL). By applying the proposed
methods, the mean percent recovery, standard
deviations and relative standard deviations, percent
relative errors for the related compounds were
summarized in Table 3. For a statistical
comparison, one way ANOVA test was subjected
to the mean percent recovery results obtained from
RS-HAAR-CWT and RS-MEXH-CWT (see
Table 4). The results with % 95 of confidential
limit indicate that there is no significant difference
between the results of the inter- and intra-day
assays.

The selectivity of the methods was studied by
calculating the mean recovery of the subject matter
compounds by adding standards known
concentrations to the tablet samples. This
procedure was repeated six times for each
concentration level. The recovery results, standard
deviations, relative standard deviations and percent
relative error were calculated and given in Table 5.
No interference of the tablet excipients on the
determinations of CAN and HCT in tablets was
observed during the analysis.

Table 2
Recovery data obtained from the analysis of the synthetic binary mixtures by the proposed CWT signal processing methods
| RS-HAAR-CWT RS-MEXH-CWT
Found Recovery Found Recovery
Mixture (pg/mL) (pg/mL) (% (pg/mL) (%

CAN HCT CAN HCT CAN HCT CAN HCT CAN HCT
2 6 1.97 6.07 98.3 101.2 2.02 6.33 100.8 105.5
4 6 3.95 6.14 98.8 102.3 3.85 6.35 96.2 105.9
6 6 5.93 6.16 98.8 102.6 5.90 6.44 98.3 107.3
8 6 7.97 6.04 99.6 100.6 7.96 6.37 99.5 106.1
10 6 9.93 6.06 99.3 101.1 9.90 6.32 99.0 105.3
12 6 12.04 5.94 100.3 99.0 12.01 6.33 100.0 105.4
14 6 13.97 6.06 99.8 101.0 13.94 6.35 99.5 105.9
16 6 16.15 5.95 100.9 99.1 16.14 6.30 100.9 105.0
18 6 18.08 5.75 100.4 95.8 18.10 6.28 100.5 104.6
20 6 20.33 5.78 101.7 96.3 20.26 6.31 101.3 105.2
8 2 8.05 2.10 100.7 105.1 8.08 2.01 101.1 100.7
8 4 8.16 4.10 102.0 102.4 8.01 4.05 100.1 101.4
8 6 7.89 5.85 98.6 975 7.84 6.20 98.0 103.3
8 8 7.93 7.82 99.1 97.7 7.99 8.34 99.9 104.2
8 10 7.96 9.83 99.5 98.3 7.79 10.28 97.3 102.8
8 12 8.31 11.76 103.9 98.0 7.70 12.28 96.3 102.4
8 14 8.09 14.14 101.1 101 7.78 14.15 97.2 101.0
8 16 8.06 15.90 100.7 99.3 7.96 15.95 99.4 99.7
8 18 8.12 17.52 101.4 97.3 8.02 17.88 100.2 99.3
8 20 8.05 19.83 100.7 99.1 8.05 19.88 100.7 99.4

100.3 99.7 99.3 103.5
SD 1.37 2.39 SD 158 2.50
RSD 1.38 2.35 RSD 1.59 2.42

*SD= Standard deviation and RSD = Relative standard deviation
** The ratio spectra of CAN/HCT and HCT/CAN were obtained by using the divisors, 14 pg/mL of HCT and 14 pg/mL of CAN,
respectively, in the application of RS-HAAR-CWT and RS-MEXH-CWT
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Table 3
Results obtained from the analysis of intra-day and inter-day samples by the proposed CWT signal processing methods
Intra-day (n=6) Inter-day (n=6)
Added Found Recover Found Recover
(mg/mL | (mg/mL | SD RSD RE N y (mg/mL | SD RSD RE 0
) ) (%) ) y (%)
2.0 1.97 0.02 | 087 | 0.36 98.3 1.99 0.03 | 1.63 | 0.67 99.6
RS CAN 8.0 7.93 0.17 | 214 | 0.88 99.2 7.94 018 | 223 | 091 99.2
HAA-R- 16.0 16.07 0.16 | 1.01 | 041 100.5 16.06 017 | 107 | 044 100.4
CWT 2.0 1.96 002 | 112 | 0.46 98.1 1.98 0.04 | 211 | 0.86 99.2
HCT 8.0 7.82 014 | 180 | 0.73 97.7 7.89 0.13 | 1.68 | 0.68 98.7
16.0 15.81 012 | 0.78 | 0.32 98.8 15.83 0.2 1.29 | 0.53 99.0
2.0 1.99 0.04 | 193 | 0.79 99.4 1.96 0.04 1.8 0.73 98.2
RS CAN 8.0 7.84 011 | 145 | 059 98.0 7.74 0.09 | 1.14 | 046 96.7
MEX-H- 16.0 15.85 014 | 086 | 0.35 99.1 15.57 031 | 201 | 0.82 97.3
CWT 2.0 2.04 0.03 | 164 | 0.67 102.2 2.04 0.04 | 176 | 0.72 101.8
HCT 8.0 8.07 015 | 182 | 0.74 100.9 8.21 015 | 1.87 | 0.76 102.6
16.0 15.48 0.02 | 013 | 0.05 96.8 15.84 017 | 1.09 | 0.44 99.0
SD = Standard deviation, RSD = Relative standard deviation
RE = Percent relative error corresponding to formula Added amount- Found amount x100
Added amount
Results were obtained from six times for each concentration level (n=6)
Table 4
ANOVA test results obtained from the analysis of the intra-day and inter-day samples
by the proposed CWT signal processing methods
Drug Source of Variation SS df MS F-calculated P-value F-crit
Between Groups 10.09 5 2.02 0.57 0.72 2.53
RS CAN Within Groups 106.73 30 3.56
HAAR- Total 116.82 35
CWT Between Groups 10.04 5 2.01 0.88 0.50 2.53
HCT Within Groups 68.11 30 2.27
Total 78.15 35
Between Groups 42.49 5 8.50 1.68 0.17 2.53
CAN Within Groups 151.85 30 5.06
RS- Total 194.34 35
MEXH-
CWT Between Groups 2986.81 5 597.36 0.72 0.62 2.53
HCT Within Groups 25019.72 30 833.99
Total 28006.53 35

SS= Sum of squares, df= degree of freedom, MS = Mean of squares

Assay results of tablets

Experimental  results obtained by the
application of the proposed CWT signal
processing methods to the CAN-HCT tablet
samples were indicated in Table 6. Successful
results were obtained for the quantitative analysis
of commercial tablets containing CAN and HCT
compounds. A good coincidence was reported

between the assay tablet results obtained by the
proposed signal processing methods. In the tablet
analysis, the interference of the tablet excipients
on the determination of the related compounds
was not observed in application of proposed
methods to the commercial tablets. The statistical
comparison results were tabulated in Table 6.
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Table 5
Results obtained from the analysis of the standard addition samples by the proposed CWT signal processing methods
Mean
Recovery
Added Found (%) SD  RSD RSE
3.0 3.04 3.09 3.04 2.96 3.00 100.8 163 162 0.85
CAN'| 70 | 699 726 704 703 701 100.9 156 154 093
Hii-R- 12.0 12.08 1239 1197 12.09 1212 101.1 129 127 1.09
CWT 3.0 3.08 2.98 2.96 3.01 2.98 100.0 157 157 -0.01
HCT 6.0 5.87 5.96 5.94 5.93 5.92 98.7 051 052 -125
10.0 9.92 9.67 10.17 9.92 9.92 99.2 177 179 -0.82
3.0 294 3.04 3.00 2.94 2.98 99.3 150 151 -0.66
RS CAN | 70 696 711 709 708 708 100.9 0.86 085 090
MEXH- 12.0 1236 1226 1214 1211 12.04 101.5 1.07 105 150
CWT 3.0 2.94 2.94 2.96 3.04 2.97 99.0 136 138 -1.01
HCT 6.0 5.99 6.01 6.00 6.01 6.01 100.0 0.16 0.16 0.04
10.0 9.85 10.09 9.83 9.86 10.08 99.4 131 132 -0.59
SD= Standard deviation, RSD = Relative standard deviation, RSE = Relative standard error
Table 6
Analysis results of tablets containing CAN and HCT by the proposed CWT methods
mg/tablet (n=10)
RS-HAAR-CWT RS-MEXH-CWT

CAN HCT CAN HCT

Mean 16.03 12.62 15.68 12.83

SD 0.19 0.09 0.52 0.14

RSD 1.17 0.70 3.34 1.10

SE 0.06 0.03 0.17 0.04

CL 0.12 0.05 0.32 0.09

T-test 0.305 0.843 0.393 0.003

F-test 0.957 1.006 1.047 1.030

t-theoretical=2.262
F-theoretical=3.130

SD =Standard deviation, SE = Standard error, CL = Confidential limit (p=0.05),
Label claim: 16.0 mg of CAN and 12.5mg of HCT per tablet

EXPERIMENTAL

Instruments and softwares

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
UVPC software and a Lexmark E-320 printer. In the
application of the CWT approaches, the Microsoft EXCEL and
Wavelet Toolbox in Matlab 7.0 software were used for data
treatments, regressions and statistical analysis.

Commercial tablet formulation

A commercial tablet formulation (ATACAND PLUS®
Tablet, AstraZeneca Pharm. Ind., Istanbul, Turkey),

containing 16 mg of CAN and 12.5 mg of HCT per tablet was
collected from local Turkish market. CAN and HCT reference
substances were kindly donated from National Pharm. Ind.
Companies, Turkey).

Standard solutions

A stock standard solution of CAN 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 2.0 and 20.0 pg/mL for both
CAN and HCT in the above solvent was prepared from the
standard stock solutions. An independent validation set
consisting of 20 synthetic mixture solutions of CAN and HCT
in the above working concentration range was prepared.
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CONCLUSIONS

In this work, new hyphenated signal processing
approaches, RS-HAAR-CWT and RS-MEXH-CWT
were developed and applied to the simultaneous
spectral quantification of CAN and HCT in their
synthetic mixtures and tablets.  These signal
processing methods do not require any separation
step for the analysis of both compounds having the
strong overlapping spectra in the same spectral
region (see Fig. 1). The use of the CWT method
with ratio spectra treatment is new and promising
approaches for the quantification of the related
compounds. In order to demonstrate the validity
and applicability of the methods, the optimal control
processes of the proposed methods was performed
by using the analytical validation parameters.

In conclusion, all of the proposed methods can
be applied with great success to the routine quality
control of the tablets containing CAN and HCT.
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