Fractional factor analysis wavelet transforms for the simultaneous spectral analysis of a binary mixture system
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Abstract: An application of the fractional wavelet transform to the quantitative resolution of the overlapping signals of Olmesartan Modoxomil and Hydrochlorothiazide in a binary mixture was presented. In this work the recorded absorption signals of two compounds in the range 4-12 µg/mL Olmesartan and 2-10 µg/mL Hydrochlorothiazide were processes by the continuous wavelet transform combined with fractional transform approach. The proposed combined signal analysis methods were validated by analyzing the synthetic binary mixtures of the related compound. Finally, the proposed approach was used for the quality control of the commercial samples of compounds.  
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1. INTRODUCTION

The quality control or simultaneous determination of active compounds in commercial combined pharmaceutical samples is one of main problems of pharmaceutical industry. Various spectrophotometric methods such as derivative spectrophotometry, ratio spectra derivative method, orthogonal function method, Fourier transform method have been proposed for the spectral quantitative resolution of mixtures of compounds with overlapping signals.   In some cases, the applications of the above signal processing methods to the overlapping spectra of compounds in complex mixtures may not give expected analytical results due to the bad spectral resolution and the bad optimization of the ratio of signal/noise etc.  This may give rise to undesirable precise and accurate results for the determinations of the compounds in samples in the presence of overlapping spectral bands. 

Taking account into the above drawbacks, the wavelet method is a powerful tool for signal analysis in several branches of science and engineering [10-12]. in the recent times, the wavelet transform (WT) methods and their applications in the analytical chemistry have been significantly amplified the potential power of various spectral analysis techniques. The CWT approach is a powerful signal processing method for data reduction, de-noising, baseline correction and resolution of multi-component overlapping spectra [13-17]. To overcome the above mentioned drawbacks of the above classical signal processing methods, the CWT methods have been successfully used for the quantitative resolution of multicomponent mixtures without using any priori separation procedure. 
The topic of this study is the use of double signal transform in the sequences, fractional wavelets transform (FWT) and continuous wavelets transform (CWT) with zero crossing technique for the simultaneous quantitative analysis of olmesartan (OLM) and hydrochlorothiazide (HCT) in tablets. 
2. SIGNAL PROCESSING TOOL
2.1. FWT method
Recently, a new transform wavelet transform based on the fractional B-splines was initiated (Blu and Unser 2000a,Blu and Unser 1999, Unser and Blu 2000b). The mathematical idea of fractional derivatives has represented the subject of interest for various branches of science (Miller and Ross 1993, Oldham and Spanier 1974,Podlubny 1999). As it is already known the splines play a significant role on the early development of the theory of the wavelet transform (Daubechie 1992,Walzak 2000, Dinç and Baleanu 2007, Dinç and Baleanu 2004a, Dinç and Baleanu 2004b,Dinç, et al. 2003). The generalization of the spline constructions was proposed in (Dinç and Baleanu 2006), namely new wavelet bases with a continuous order parameter was obtained. The new fractional splines have all properties of the polynomial splines with the exception of compact support when the order ( is non-integer. The main advantage of this construction is that we can build the wavelet bases parameterized by the continuously-varying regularity parameter (.
2.2. B-spline

In this subsection we definebriefly  the notion of B-spline. A B-spline is a generalization of the Bezier curve. Let a vector known as the knot is defined 
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 are called internal knots.  If we define the basis functional as
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then the curve defined by
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2.3.  Fractional B-spline

The fractional B-spline is defined as follows
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where Euler’s Gamma function is defined as follows
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The forward fractional finite difference operator of order ( is defined as
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where 
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The above defined B-splines fulfill the convolution property
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The centered fractional B-splines of degree ( are given by  
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where 
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2.4. Fractional B-spline wavelets

The definition of the fractional B-spline wavelets is below
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The fractional splines wavelets obey the following
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and the Fourier transform fulfills the following relations
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and 
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 is symmetric. We observe that the fractional spline wavelets behaves like fractional derivative operator.
3. EXPERIMENTAL SECTION
3.1. Instrumentation and softwares
The registration of the absorption spectra of OLM and HCT compounds, and their samples was performed by using a Shimadzu UV–visible spectrophotometer (UV-1600 double beam). The data treatments were performed by using the Microsoft EXCEL and Wavelet Toolbox and FFT Wavelet analysis in MATLAB 7.0 software.

3.2. Standard solutions

Stock solutions of HCT and OLM were separately prepared by dissolving of 25 mg for each compound in 100 calibrated flasks within methanol. Calibration solutions of OLM and HCT in the concentration range between 4.0-10.0 μg/mL, 2.0-8.0 μg/mL were prepared from the above stock solutions. The validity of the proposed FWT-CWT approach was performed by analysing an independent validation set consisting of the synthetic mixtures of HCT and OLM.
3.3. Commercial tablet product
A pharmaceutical tablet dosage form (Olmetec Plus®Tablets, Pfizer Drug Industry in Turkey.) containing 20 mg OLM and 25 mg HCT per tablet has been marketed in Turkey. The tablets consisting of the related compounds were used for this investigation. OLM and HCT compounds were kindly denoted from Turkish Pharmaceutical Industry Firms.
4. METHOD APPLICATION

The main purpose of this investigation is to develop a new approach based on the combined use of FWT and CWT with zero crossing technique for the quantitative resolution of the mixtures containing OLM and HCT compounds without requiring a chemical pretreatment. The application of the spectral transformation sequences to the resolution of the overlapping spectra of the analyzed compounds in mixtures will be explained below.     
4.1. FWT applied to the absorption spectra

The absorption spectra corresponding to the calibration solutions of OLM and HCT in the range of 4.0-10.0 μg/mL, 2.0-8.0 μg/mL were recorded in the spectral region 210.0- 312.3 nm as shown in Figure 1. The similar registration procedure was applied to the synthetic mixture and tablets samples.
Under the above mentioned optimal conditions, the FWT-coefficients were obtained in the application of the fractional wavelet analysis to the absorbance data vectors of OLM and HCT in the calibration range of 4.0-10.0 μg/mL, 2.0-8.0 μg/mL. Figure 2 indicates the FWT spectra obtained by plotting the FWT-coefficients against wavelength between 210.0-312.3 nm. In the next step, the FWT-coefficients’ vectors corresponding to 254 data points in the wavelength range 287.0- 312.3 nm were considered for the CWT procedure (see Figure 2). 
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Fig. 1. Absorption spectra of OLM (─) and HCT (─) in the concentration range of 4.0-10.0 μg/mL, 2.0-8.0 μg/mL.
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Fig. 2. FWT spectra of OLM (─) and HCT (─) in the concentration range of 4.0-10.0 μg/mL, 2.0-8.0 μg/mL.
4.2. CWT applied to the FWT spectra
The FWT spectra of OLM and HCT in the spectral range of 227.0-312.3 nm were processed by the CWT method. In this CWT signal procedure, several continuous wavelet families were tested and Mexican wavelet hat function (Mexh) at the scale factor (a) = 20 was found suitable for the signal processing approach to reach highest recovery results for the determination of both OLM and HCT compounds.    
Under the above CWT conditions, Mexh-CWT was applied to the FWT-coefficients and then we have the CWT-coefficients corresponding to the FWT-coefficients of OLM and HCT. In the following step, the CWT spectra of OLM and HCT compounds were obtained by plotting the CWT-coefficients against wavelength between 227.0-312.3 nm as shown in Figure 3. This hybrid approach was named as “double signal transform” (FWT-CWT method).
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Fig. 3. The FWT-CWT spectra of OLM (─) and HCT (─) in the calibration range of 4.0-10.0 μg/mL, 2.0-8.0 μg/mL
4.3. CWT applied to the original absorption spectra
For a comparison of the determination results of OLM and HCT in their mixture samples by the FWT-CWT method, Mexh-CWT with the scale factor (a) = 60 was directly applied to the absorbance data vectors corresponding to the absorption spectra of OLM and HCT presented in Figure 1. As a result, the CWT spectra of  OLM and HCT in the range of 4.0-10.0 μg/mL, 2.0-8.0 μg/mL were obtained by recording the CWT-coefficients of [Abs.] against wavelength between 210.0-312.3 nm as seen in Figure 4.
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Fig. 4. The CWT spectra of [Abs.] for OLM (─)  and HCT(─) in the calibration range of 4.0-10.0 μg/mL, 2.0-8.0 μg/mL
4.3. Calibration graphs

In the application of the double signal transform (FWT-CWT) the FWT-CWT spectra obtained as explained in the sections 4.1 and 4.2 (see Figure 3) were used for obtaining the calibration graphs for the OLM and HCT determinations. 
Table 1.  Calibration parameters obtained by the linear regression analysis
	Calibration
	FWT-MEXH CWT
	MEXH CWT

	parameter
	OLM
	HCT
	OLM
	HCT

	λ (nm)
	298.70
	302.60
	258.1
	271.7

	Range (μg/mL)
	4.0-10.0
	2.0-8.0
	4.0-10.0
	2.0-8.0

	m
	0.1057
	0.3681
	0.0626
	0.2856

	n
	-0.0731
	0.0303
	-0.0191
	0.0245

	r
	0.9994
	0.9998
	0.9993
	0.9997

	SE(m)
	2.59E-03
	4.82E-03
	1.61E-03
	5.21E-03

	SE(n)
	1.90E-02
	2.64E-02
	1.18E-02
	2.85E-02

	SE(r)
	1.16E-02
	2.16E-02
	7.18E-03
	2.33E-02

	LOD
	1.08
	0.43
	1.13
	0.60

	LOQ
	3.60
	1.44
	3.77
	2.00

	     m     =  Slope of the linear regression equation

      n     =  Intercept of the linear regression equation

      r      =  Correlation coefficient of the  linear regression equation

 SE(m)  =  Standard error of the slope

  SE(n)  =  Standard error of the intercept

  SE(r)   =  Standard error of the correlation coefficient

  LOD   =  Limit of detection  

   LOQ   =  Limit of quantitation


Calibration graphs of OLM and HCT in the linear concentration range of 4.0-10.0 μg/mL, 2.0-8.0 μg/mL were obtained by using the FWT-CWT amplitudes at 227.0-312.3 nm for the determination of OLM and HCT in samples, respectively.  Linear regression analysis and its statistical results were illustrated in Table 1. 
The amount of OLM and HCT in samples was determined by using the above calibration graphs based on FWT-CWT approach.

With the comparison aim of the FWT-CWT results, the direct application of the CWT method to original absorption spectra was carried out as explained in the section 4.3 and then CWT-spectra of [Abs.] were obtained as shown in Figure 4. Two calibration graphs of OLM and HCT for the concentration range between 4.0-10.0 μg/mL, 2.0-8.0 μg/mL were obtained by measuring the CWT-intensities at 258.1 nm corresponding to a zero-crossing point for HCT and at 271.7 nm corresponding to a zero-crossing point for OLM in the wavelength range of 210.0-312.3 nm, respectively. The obtained calibration graphs were used for the quantitative analysis of OLM and HCT in their samples. Statistical results obtained by the linear regression analysis were indicated in Table 1.

4.4. Method validation

In our study, a good linearity was observed for the proposed signal processing methods with the correlation coefficients approach to 1.0000 (see Table 1). 
The validation of double signal transform (FWT-CWT) and CWT approaches were carried out by using an independent set of the synthetic mixtures containing OLM and HCT. Recovery results and their relative standard deviation obtained by FWT-CWT and CWT methods were presented in Table 2. 
Table 2. Recovery results of OLM and HCT in the synthetic mixtures by the proposed signal processing methods 
	Mixture
	Predicted amounts (µg/mL)
	Recovery (%)

	(µg/mL)
	FWT-MEXH CWT
	MEXH CWT
	FWT-MEXH CWT
	MEXH CWT

	OLM
	HCT
	OLM
	HCT
	OLM
	HCT
	OLM
	HCT
	OLM
	HCT

	8
	2
	8.00
	1.99
	8.05
	2.06
	100.1
	99.5
	100.6
	102.9

	8
	4
	8.02
	4.02
	8.07
	4.21
	100.3
	100.5
	100.8
	105.3

	8
	6
	7.88
	6.04
	8.12
	6.46
	98.5
	100.7
	101.5
	107.7

	8
	8
	7.97
	8.02
	8.01
	8.27
	99.6
	100.2
	100.2
	103.4

	4
	5
	4.00
	5.10
	4.08
	5.09
	100.1
	102.0
	101.9
	101.9

	6
	5
	5.98
	5.09
	6.37
	5.08
	99.6
	101.7
	106.2
	101.6

	8
	5
	8.07
	5.13
	8.17
	5.08
	100.8
	102.7
	102.2
	101.6

	10
	5
	10.03
	5.08
	10.10
	5.18
	100.3
	101.5
	101.0
	103.6

	
	
	
	
	
	Mean
	99.9
	101.1
	102
	104

	
	
	
	
	
	SD
	0.70
	1.04
	1.89
	2.10

	
	
	
	
	
	RSD
	0.70
	1.03
	1.85
	2.03


SD =Standard deviation and RSD=Relative standard deviation
The above numerical results indicate that the accuracy and precision of the results obtained by FWT-CWT were higher than those obtained by the direct CWT method.

The limit of detection (LOD) and the limit of quantitation (LOQ) were calculated by using the standard deviation of slopes of the linear regression equations were presented in Table 1.
4.5. Tablet analysis 

The determination of OLM and HCT in a commercial tablet formulation was performed by using FWT-CWT and direct CWT. We show the determination results of the related compounds in Table 3.
Table 3. Determination results of OLM and HCT in tables by the proposed methods 
	 
	mg/tablet

	
	FWT-MEXH CWT
	MEXH CWT

	No.
	OLM
	HCT
	OLM
	HCT

	1
	20.34
	25.21
	19.58
	24.95

	2
	19.89
	25.16
	18.74
	24.39

	3
	20.60
	25.39
	19.67
	24.52

	4
	20.38
	24.97
	19.82
	24.58

	5
	20.28
	25.08
	19.90
	24.63

	Mean
	20.30
	25.16
	19.54
	24.61

	SD
	0.26
	0.15
	0.47
	0.21

	RSD
	1.27
	0.61
	2.38
	0.84


SD =Standard deviation and RSD=Relative standard deviation

5. CONCLUSIONS

In this study, the combined use of FWT and CWT approach was applied to the quantitative resolution of the overlapping UV bands for the spectral multicomponent analysis of OLM and HCT in tablets. To compare the results of FWT-MEXH CWT method, the direct CWT was subjected to the analysis of binary mixture containing related compounds. By analyzing the obtained results we conclude that our new proposed FWT-CWT method gives better results than those obtained by the classical CWT approach. 
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