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One-dimensional continuous wavelets transform (CWT) followed by a zero-crossing technique were applied to the 

quantitative resolution of a binary mixture of benazepril (BE) and hydrochlorothiazide (HCT) in two commercial tablet 

formulations. UV-spectra in the range of 210.1–300.0 nm, were recorded and transferred as vectors having 

900 components into MATLAB 6.5. The analyzed signals corresponding to the above vectors were subjected to three 

CWT families, namely, Mexican (MEX), Haar (HA) and Daubechies3 (DAUB3) wavelets. For these three families a 

detailed analysis procedure was performed and we retained only those parameters creating many zero-crossing points 

for transformed signals. At locations where the wavelet transform of one component vanishes, the value of the 

mixture’s transformed signal is due only to the other component. This allows rapid approximate determination of the 

concentrations. The above three wavelet bases provided reliable results of the analysis of the mixtures containing BE 

and HCT in two pharmaceutical tablet formulations. 

INTRODUCTION 

A mixture of BE and HTC in the commercial tablet formulations is usually applied as an 

antihypertensive and diuretic agent. Several simultaneous determinations of HTC binary combination with 

BE by spectrophotometry,1–3 HPLC3–5 and chemometrics techniques6 have been reported in the literature. 

A new and promising method for the mixture analysis is based on the wavelet transform7–9 of UV spectra 

for binary mixtures. 

Very recently, a new method based on a combination of the zero crossing technique and a one-

dimensional continuous wavelet transform (CWT), has been developed and applied for binary mixtures.10,11 

This new approach has the following steps: firstly, the selected-recorded data vectors are subjected to CWT 

and we need the amplitude of the transformed signal to be higher than the initial one and, in addition, to 

have many zero-crossing points; secondly, to obtain the calibration line, a zero crossing technique was 

applied on the transformed signal. 

This method was applied successfully in the quantitative analysis of the analytes in the binary 

mixtures.10,11 Since the method is fast and easy to apply we believe that this new approach will represent an 

alternative resolution for the quantitative analysis of the mixtures. 
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This approach contains some hidden parts, which should be clarified, e.g. for a given mixture which is 

the optimal set of parameters for a specified wavelet family providing the best resolution. 

For these reasons, in this study we investigated, using MEX, HA and DAUB3, the quantitative multi-

resolution of BE and HTC in their binary mixtures and two commercial tablet formulations. During the 

entire process no a priori separation procedure was necessary. The linear regression equations were 

constructed and tested in analyzing various synthetic mixtures of the two-subjected matter drugs. A detailed 

and successful comparison of the obtained results was performed between the two as well as with other 

literature methods. 

EXPERIMENTAL 

Instruments 

A Shimadzu UV-160 double beam UV-Visible spectrophotometer with a fixed slit width (2 nm) connected to a computer 

loaded with Shimadzu UVPC software and an HP DeskJet 600 printer were used for the recording the absorption spectra and their 

absorbance measurements. The treatment of data was made by mean of the MATLAB 6.5 software.  

Pharmaceutical tablet formulations 

Two commercial pharmaceutical tablets, Cibadrex Divitab 5/6.25 (I) and 10/12.5 (II) (Novartis Pharm., Turkey, Batch 

no. 13 and 18, respectively) containing 5 and 10 mg of BE and 6.25 and 12.50 mg of HCT were subjected to three CWT approaches 

followed by a zero crossing technique. 

Standard solutions 

Stock solution of 100 mg / 100 mL HCT and BE were prepared in 0.1 M NaOH. The standard series of the solution 

containing 10–22 µg/mL HCT and 12–36 µg/mL BE was obtained from the stock solutions. A validation set consisting of 14 synthetic 

mixtures in the working range of 10–22 µg/mL HCT and 12–36 µg/mL BE were prepared using the same stock solutions. 

Sample preparation 

20 tablets were accurately weighed and powdered in a mortar. An amount equivalent to one tablet was dissolved in 

0.1 M NaOH in a 100 mL calibrated flask by sonication. The solution was filtered into a 100 mL calibrated flask through Whatman 

no. 42 filter paper. This procedure was realized for Cibadrex Divitab 5/6.25 (I) and 10/12.5 (II) tablets. 8 mL (I) and 4 mL (II) of 

tablet solutions (I) and (II) were diluted in a 25 mL-calibrated flask with 0.1 M NaOH, respectively. Three CWT families were 

successfully applied to the analysis of two pharmaceutical tablet formulations.  

RESULTS 

1. Wavelet transform 

Wavelet analysis provides a systematic new way to represent and analyse multiscale structures. The 

aim is to turn the information of a signal into numbers, which can be stored, transmitted, analyzed, or used 

to reconstruct the original signal. The coefficients tell in what way the analyzing function needs to be 

modified in order to reconstruct a signal. We can construct the signal by putting together wavelets of 

different sizes at different positions. The signal and the analyzing function are multiplied together, and the 

integral of the product is calculated. Wavelets adapt immediately to the different components of a signal, 

using a small window to look at brief, high frequency components and a large window to look at long-lived, 

low frequency components. 

1.1. Continuous wavelet transform 

Wavelet is expressed as a series of functions Ψa,b (λ) having the following forms: 
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Here a represents the scale parameter, which is a variable, used to control the scaling and b represents the 
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and Ψ̂  denotes the Fourier transform of Ψ. 

By definition, a wavelet has an integral of zero, half the area it surrounds is positive the other is 

negative. If we multiply the wavelet by a constant it changes the positive and the negative parts equally and 

the integral remains zero. 

A mixture of frequencies, shown by its own Fourier transform, composes a wavelet; wavelet 

coefficients necessarily refer to this mixture of frequencies. 

Daubechies obtained orthogonal wavelets with compact support.10 Instead of orthogonal wavelet 

families, one can construct biorthogonal ones.10 They provide perfect reconstruction of the signal, without 

redundancy, by using two sets of wavelets: one for the decomposition and another one for the 

reconstruction. MEX is defined as follows 

 Ψ (λ) = 2πω–1/2[1 – 2π(λ/ω)2]
2( / )e−π λ ω   (6) 

where ω represents the width parameter (for example ω =1/16). 

HA has the property of being compactly supported which means that it vanishes outside the finite 

interval. HA is defined as 
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and the whole set of basis functions is obtained by dilation and translation as 

 ψm,n(t) = 2–m/2 ψ(2–m t – n),       m, n are integers  (8) 
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We call m the scale factor, since ψm,n(t) is of length 2m, while n is called the shift factor, and the shift is 

scale dependent (ψm,n(t) is shifted by 2mn). The normalization factor 2–m/2 makes ψm,n(t) of unit norm. 

2. Optimization of the experimental data 

UV-spectra of HCT, BE and their mixtures in 0.1 M NaOH were recorded in the range of 210–300 nm 

and they were subjected to the following procedure. To obtain 900 point in the analyzed signal we used the 

data (as a absorbance vector) from the range of 210.1–300 nm. Fig. 1 shows the analyzed spectra of HCT 

and BE transferred, as a vector, from UV-absorption data into MATLAB 6.5 software. The application of 

CWT, HA, MEX and DAUB3 was carried out for the signal analysis of HCT, BE and their mixture in the 

range 1–900 point number (length). The importance of the scale (a) and frequency parameters was tested. 

For each family of the analyzed wavelet we investigated the amplitude of the transformed signal 

corresponding to the scale parameter (a) in the range of 1–256. It was found that the optimal values of the 

scaling (a) and frequencies are 128 and 0.008 for HA, 38 and 0.026 for MEX, and 128 and 0.008 for 

DAUB3, respectively for the high-resolution of binary mixture of HCT and BE. 
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Fig. 1 – Analyzed spectra of HCT: a1) 10 µg/mL, a2) 12 µg/mL, a3) 14 µg/mL, a4) 16 µg/mL, a5) 18 µg/mL, a6) 20 µg/mL, 

a7) 22 µg/mL and of BE: b1) 12 µg/mL, b2) 16 µg/mL, b3) 20 µg/mL, b4) 24 µg/mL, b5) 28 µg/mL, b6) 32 µg/mL,  

 b7) 36 µg/mL in 0.1 M NaOH. 
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3. Working point selection and calibration graphs 

Firstly, we applied MEX to the mixture and we observed that the concentrations of HCT and BE were 

proportional to the transformed peak amplitudes at 237 and 464 points for HCT (the points which correspond  

 

 

 



922 Erdal Dinç and Dumitru Băleanu 

to the zero crossing points of BE) and 361 point for BE (the points which correspond to the zero crossing 

points of HCT) as shown in Fig. 2; secondly, HA was applied to the same mixture, and the concentrations 

of HCT and BE were proportional to transformed peak amplitudes at 576 point for HCT (the point which 

corresponds to the zero crossing points of BE) and 501 for BE (the point which corresponds to the zero 

crossing points of HCT) (see Fig. 3). We repeated the procedure for DAUB3 and the quantity of HCT and 

BE were proportional to the transformed peak amplitudes at 301, 453 and 636 points for HCT (the points 

which correspond to the zero crossing points of BE) and 523 and 583 points for BE (the points which 

correspond to the zero crossing points of HCT) (see Fig. 4). 
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Fig. 4 – Transformed spectra of HCT: a1) 10 µg/mL, a2) 12 µg/mL, a3) 14 µg/mL, a4) 16 µg/mL, 

a5) 18 µg/mL, a6) 20 µg/mL, a7) 22 µg/mL and of BE: b1) 12 µg/mL, b2) 16 µg/mL,  

 b3) 20 µg/mL, b4) 24 µg/mL, b5) 28 µg/mL, b6) 32 µg/mL, b7) 36 µg/mL by using DAUB3. 

For all wavelet families, the transformed signal values were plotted versus the corresponding 

concentrations and the calibration graphs were obtained. The simultaneous determination of HCT and BE in 

the samples was carried out using the calibration equations (see Table 1). In all calibration equations the 

linear regression coefficients were higher than 0.998. We observed that under the optimization procedure 

presented above three approaches obey the Beer-Lambert law.11,12 

Table 1 

Linear regression equation and its statistical results by the CWT approach 

Method point Equation R Sr Sb Sa 

 237 S = 0.0779 CHCT – 0.0311 0.9993 0.1115 0.0536 0.1737 

MEX 464 S = –0.0290 CHCT + 0.0099 –0.9995 0.0698 0.0336 0.1088 

 361 S = –0.0112 CBE – 0.0079 –0.9993 0.0619 0.0211 0.0740 
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(continues) 

Table 1  (continued) 

Method point Equation R Sr Sb Sa 

HA 576 S = –0.0286 CHCT + 0.0085 –0.9990 0.0693 0.0333 0.1080 

 501 S = –0.0351 CBE – 0.0110 –0.9995 0.1083 0.0368 0.1290 

 301 S = 0.0348 CHCT – 0.0249 0.9978 0.0763 0.0367 0.1189 

 453 S = –0.0337 CHCT + 0.0169 –0.9995 0.0750 0.0361 0.1169 

DAUB3 636 S = –0.0301 CHCT – 0.0093 –0.9981 0.0711 0.0342 0.1109 

 523 S = 0.0169 CBE + 0.0068 0.9995 0.0759 0.0258 0.0907 

 583 S = 0.0139 CBE + 0.0108 0.9992 0.0689 0.0234 0.0823 

 CHCT = HCT concentration (mg/mL)   R = Regression coefficient 

 CBE  = BE concentration (mg/mL)  Sr = Standard deviation of regression 

 S  = transformed signal  Sb = Standard deviation of slope 

 Sa = Standard deviation of intercept 

4. Validation of CWT technique 

Three CWT families were tested by analyzing different mixtures of the studied drugs at various 

concentrations within the linearity range. Satisfactory results were obtained (Table 2), indicating the high 

selectivity of these approaches for determination of two drugs in their binary mixtures. In addition, the 

accuracy and precision of the wavelet families were confirmed by applying the standard addition technique. 

This standard addition technique was performed by addition of known amounts of the studied drugs to a 

known concentration of the commercial tablet products. The recovery and its standard deviation results for 

HCT and BE were found to be 100.1% and 1.05; 101.2% and 1.71 using MEX, 102.4% and 1.12; 99.8% 

and 0.89 using HA and 101.1% and 1.25; 100.6% and 1.95, using DAUB3, respectively. We observed that 

the obtained results gave good accuracy of the investigated wavelet families. It was observed that the 

mixture results indicated good agreement with each other .1–7  

Table 2 

Recovery results obtained in synthetic binary mixture by applying the CWT approach 

 Recovery (%) 

Mixture HCT BE 

µg/mL MEX HA DAUB3 MEX HA DAUB3 

HCT BE 237 464 576 301 453 636 361 501 523 583 

20 12 96.9 99.6 103.8 97.9 98.0 98.2 97.8 98.6 97.8 98.5 

20 16 96.8 99.7 103.2 97.5 98.4 100.7 101.2 105.4 97.5 98.5 

20 20 95.9 98.1 103.4 95.9 96.9 100.1 98.8 101.8 97.5 97.8 

20 24 97.5 99.5 105.2 97.4 97.8 102.8 105.9 102.0 105.3 101.2 

20 28 98.4 100.5 105.4 97.3 98.5 105.2 103.3 100.4 104.6 103.6 

20 32 99.4 101.4 104.0 98.4 98.7 104.4 99.6 101.7 104.5 103.3 

20 36 98.1 100.1 105.2 97.6 99.7 99.0 100.5 100.8 103.5 104.2 

10 16 100.1 100.3 99.4 101.5 101.2 95.3 101.0 100.1 103.2 104.7 

12 16 98.9 99.4 95.8 99.4 99.7 98.7 101.6 98.5 104.1 105.2 

14 16 99.0 99.0 96.4 99.5 98.5 95.0 99.1 96.2 103.7 104.9 

16 16 98.7 100.1 103.7 99.7 99.1 96.5 100.7 96.5 99.2 105.5 

18 16 98.3 101.0 102.8 98.8 100.1 97.0 100.7 96.2 96.3 97.8 

20 16 103.3 102.8 107.9 103.5 104.2 95.8 96.6 95.9 97.7 99.0 

22 16 102.6 102.6 99.7 101.8 102.2 95.3 104.2 97.1 98.8 99.2 

 Mean 98.9 100.3 102.5 99.0 99.5 98.9 100.8 99.4 101.0 101.7 

 SD 2.04 1.30 3.49 2.07 1.93 3.40 2.57 2.85 3.37 3.07 
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  RSD 2.07 1.29 3.40 2.09 1.94 3.43 2.55 2.87 3.34 3.02 

5. Analysis of commercial tablet formulations 

Three CWT families were applied to the simultaneous determination of HCT and BE in two 

commercial tablet formulations. Eight replicates determinations for both commercial products were made. 

Satisfactory results were obtained for two drugs in good agreement with the label claims (see Tables 3 and 4). 

The results of the proposed wavelet families for two commercial tablet formulations were compared with 

each other as well with those of the reported literature methods.1–7  

Table 3 

Results of HCT obtained from commercial tablets by applying the CWT approach 

  HCT mg/tablet  

 MEX  HA  DAUB3 

 237 464 576 301 453 636 

  (I) (II) (I) (II) (I) (II) (I) (II) (I) (II) (I) (II) 

 6.16 12.16 6.28 12.45 6.58 12.66 6.24 12.29 6.26 12.31 6.50 12.53 

 6.13 12.16 6.23 12.44 6.39 12.76 6.28 12.39 6.25 12.38 6.45 13.32 

 6.23 11.86 6.37 12.46 6.41 12.34 6.38 12.40 6.38 12.30 6.61 12.21 

 6.26 11.87 6.37 12.45 6.34 12.76 6.39 12.49 6.38 12.32 6.66 13.21 

 6.16 12.16 6.28 12.45 6.24 13.11 6.24 12.29 6.26 12.31 6.29 12.21 

 6.13 12.16 6.23 12.44 6.50 12.69 6.28 12.39 6.25 12.38 6.66 13.21 

 6.23 12.49 6.37 12.46 6.41 12.49 6.38 12.40 6.38 12.30 6.28 12.58 

  6.26 12.48 6.37 12.45 6.57 12.79 6.39 12.49 6.38 12.32 6.66 13.00 

Mean 6.20 12.17 6.31 12.45 6.43 12.70 6.32 12.40 6.32 12.33 6.51 12.78 

SD 0.05   0.23 0.07   0.01 0.11   0.23 0.07   0.08 0.07   0.03 0.16   0.46 

RSD 0.88   1.92 1.04   0.05 1.78   1.80 1.07   0.62 1.05   0.26 2.47   3.58 

(I) = label claim of 6.25 mg HCT/per tablet 

(II) = label claim of 12.5 mg HCT/per tablet 

Table 4 

Results of BE obtained from commercial tablets by applying the CWT approach 

 BE mg/tablet 

 MEX HA DAUB3 

  361 501 523 583 

  (I) (II) (I) (II) (I) (II) (I) (II) 

 5.21 10.43 5.00 9.64 4.77 9.09 4.81 9.76 

 5.18 10.37 4.86 9.60 4.90 9.05 4.88 10.17 

 5.16 10.31 4.81 9.86 5.11 9.51 5.09 9.62 

 5.13 10.26 4.78 9.83 4.54 9.81 5.14 10.13 

 5.10 10.20 5.00 9.64 4.97 9.09 5.06 10.22 

 5.11 10.28 4.86 9.60 4.90 9.05 4.81 9.62 

 5.14 10.28 4.81 9.86 4.55 9.85 5.03 10.46 

  5.07 10.26 4.97 9.83 4.72 10.19 4.81 9.90 

Mean 5.14 10.30 4.89 9.73 4.81 9.46 4.95 9.99 

SD 0.05 0.07 0.09 0.12 0.20 0.45 0.14 0.31 

RSD 0.91 0.69 1.83 1.26 4.22 4.74 2.81 3.08 
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(I) = label claim of 5 mg BE/per tablet 

(II) = label claim of 10 mg BE/per tablet 

DISCUSSION 

In this study, a new approach was proposed for the simultaneous determination of BE and HCT in the 

samples. Although the analyzed spectra of BE and HCT overlap in the 1–900 point range, the CWT 

approach followed by a zero crossing technique provide successful results for the quantitative determination 

of HCT and BE in binary mixtures and two commercial tablet formulations. It was observed that the 

quantitative determination results obtained in the proposed methods are comparable with the HPLC.5–7 

Besides, the method described in this paper does not require any chemical pre-treatment such as a priori 

separation step required in HPLC. The results also showed that the developed method is more reliable than 

other spectrophotometric methods.1–5 Finally, the approach can be easily applied to a routine analysis, 

quality control of binary mixtures and commercial products containing two subject matter drugs. 
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Fig. 2 – Transformed spectra of HCT: a1) 10 µg/mL, a2) 12 µg/mL, a3) 14 µg/mL,  

a4) 16 µg/mL, a5) 18 µg/mL, a6) 20 µg/mL, a7) 22 µg/mL and of BE: b1) 12 µg/mL,  

b2) 16 µg/mL, b3) 20 µg/mL, b4) 24 µg/mL, b5) 28 µg/mL, b6) 32 µg/mL, b7) 36 µg/mL  

 by using MEX. 
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Fig. 3 – Transformed spectra of HCT: a1) 10 µg/mL, a2) 12 µg/mL, a3) 14 µg/mL,  

a4) 16 µg/mL, a5) 18 µg/mL, a6) 20 µg/mL, a7) 22 µg/mL and of BE: b1) 12 µg/mL,  

b2) 16 µg/mL, b3) 20 µg/mL, b4) 24 µg/mL, b5) 28 µg/mL, b6) 32 µg/mL, b7) 36 µg/mL  

 by using HA. 
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