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Abstract 
 
In this study, different types of mother wavelets from continuous wavelet transform (CWT) methods were proposed for simultaneous 

determination of oxazepam (OXA) and clomipramine (CLO) which are used to treat anxiety and major depressive disorder, respectively. For 

this purpose, the first derivative spectra obtained from overlapping absorption spectra were processed by various mother wavelets. Sym8, 

meyer, gaus5, and db6 were found to be appropriate for processing of the derivative UV spectra. To evaluate the performance of the proposed 

methods, the analytical validation parameters were investigated through the analysis of synthetic binary mixtures from two drugs. Calibration 

graphs in the linear concentration ranges of OXA (10-50 µg/mL) and CLO (12-25 µg/mL) were obtained (r>0.991). The capability of the 

proposed CWTs was also tested which gave good satisfactory results. 
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INTRODUCTION 
 
Oxazepam (OXA) and clomipramine (CLO) belong to 

benzodiazepine and tricyclic antidepressant class, 

respectively. OXA, 7-chloro-1,3-dihydro-3-hydroxy-5-

phenyl-1,4(2H)-benzodiazepin-2-one, is a commonly used 

anxiolytic drug and ligand of the GABAA benzodiazepine 

receptor. Moreover, it is widely used as an antidepressive and 

sedative drug and also as a drug in anti-alcoholic therapy. [1-3] 

OXA is excreted in bile and urine in the form of glucuronide 

conjugates. [4] CLO is a typical tricyclic antidepressant with a 

wide clinical spectrum being used in major depressive, panic 

and obsessive-compulsive disorders. In spite of new atypical 

drugs such as those of the SSRI group (fluoxetine, 

fluvoxamine, etc.), CLO is still the reference compound in the 

treatment of this psychiatric disorder. [5-7] Many of the 

benzodiazepines are also used in combination with 

antidepressants in the management of depression. [8]    

Determination of OXA and CLO with several analytical 

methods such as HPLC-DAD [9]  ,voltammetry [10], HPTLC 

[11], LC [12], and simple spectrophotometry [13] have been 

developed. In this study, continuous wavelet transform 

(CWT) and derivative spectrophotometry (DS) methods were 

used for simultaneous determination of OXA and CLO in 

laboratory prepared mixtures. Wavelet transform (WT) 

methods are newer than the derivative method for signal 

processing and the most efficient signal analysis tools used 

today. [14,15] WT is a strong tool in spectral studies including 

signal de-noising [16], baseline correction,[17] and signal 

processing. Therefore, it can be applied as a powerful 

technique in analytical purposes. [18-21] CWT is fast, selective, 

sensitive and it provides a higher signal to noise ratio than the 

classical derivative approach.  

The main goal of this study was simultaneous determination 

of two drugs OXA and CLO. A strong overlapping was seen 

between absorption spectra of OXA and CLO. Therefore, 

routine spectrophotometry is not suitable for simultaneous 

determination of these drugs. Based on the obtained results, 
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the combined DS1 and CWT methods can effectively solve 

this drawback. [22, 23]  

MATERIAL AND METHODS 

The standard stock solutions of OXA and CLO were prepared 

by dissolving 10 mg of each drug in 100 mL of methanol. The 

calibration solutions of OXA (10-50 µg/mL) and CLO (12-

25 µg/mL) were prepared from the stock solutions. In this 

study, all of absorption spectra and their first derivative 

spectra were recorded by shimadzu UV-160A double beam 

within range of 200-350 nm. After entering the derivative 

spectra information in the MS-Excel, these details were used 

to apply different CWTs in MATLAB software 9.3(R2017b). 

The commercial brands of SOBRIL (OXA 10 mg) and also 

ANAFRANIL (CLO 10 mg) were used for analysis.  

THEORETICAL BACKGROUND  

Wavelet transform method 
WT is a powerful tool to process different signals in electrical 

engineering, chemistry and physics. In signal processing 

aspect, WT is a mathematical method that converts signals 

into various coefficients with different resolutions. CWT is 

defined as 𝑊𝑓(𝑎, 𝑏) = ∫ 𝑓(𝑡) 1√a Ψ(𝑡−𝑏𝑎 )𝑑𝑡+∞−∞  (1) 

where 𝑓 (𝑡) is desired signal (time-domain function) and  Ψ𝑎,𝑏 

(𝑡)  is the wavelet corresponding to scale parameter 𝑎 and 

translation parameter 𝑏 as 

Ψ𝑎,𝑏 (𝑡) = 1√|𝑎|  Ψ (𝑡−𝑏𝑎 )                𝑤𝑖𝑡ℎ 𝑎, 𝑏 𝜖 𝑅, 𝑎 ≠ 0        (2) 

As shown in (2), parameter 𝑎 plays the role of scale for 

mother wavelet Ψ(𝑡). In other words, increasing and 

decreasing scale parameter 𝑎 expands and shrinks mother 

wavelet Ψ(𝑡), respectively. According to (1), wavelet 

coefficients are calculated for different values of 𝑎 and 𝑏. 

Essentially, we fix scale parameter 𝑎 to a desired value and 

calculate wavelet coefficients for different values of 𝑏. By 

different scale parameters, wavelet coefficients are achieved 

for different resolutions. However, the various types of 

mother wavelets are designed with different properties. In this 

paper, we used some types of mother wavelets such as Symlet 

(sym8), Daubechies (db6), meyer and Gaussian (gaus5). In 

this paper, the capability of CWTs to extract data has been 

evaluated for simultaneous determination of OXA and CLO 

in combined formulation. 

RESULTS AND DISCUSSION 

Absorption spectra 
In the present study, the absorption spectra of OXA (10-50 

µg/mL) and CLO (12-25 µg/mL) were obtained in range of 

200-350 nm (Figure 1). According to this Figure, the 

simultaneous determination of the drugs in their mixture by 

the classical absorbance measurement method is not possible 

due to the strong overlapping absorption spectra. Therefore, 

developing new methods such as DS and CWT is necessary 

to the quantitative resolution of them.

 
Figure 1 – The absorption spectra of OXA (----): 10, 20, 30, 40, 50 µg/mL and CLO (⎯): 12, 14, 15, 20, 25 µg/mL. 

Derivative Spectrophotometry (DS) 
As mentioned before, OXA and CLO showed an overlap 

spectra, therefore; they cannot be analyzed using zero order 

absorption measurements. The DS method can find the 

concealed peak in initial absorption spectra and also provide 

the amplitude and suitable spectra shape. The combination of 

derivative and WTs increases the number of zero-crossing 

points as well as obtains a higher sensitivity and selectivity as 

compared to the original derivative or wavelet spectra. 

https://en.wikipedia.org/wiki/Daubechies_wavelet
https://en.wikipedia.org/wiki/Daubechies_wavelet
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In this study, DS1 for OXA and CLO was derived from the 

absorption spectra of two drugs. The DS1 spectra of OXA and 

CLO are shown in Figure 2. DS1 amplitudes at 240 nm (zero-

crossing of CLO) and at 229 nm (zero-crossing of OXA) were 

chosen for simultaneous determination of OXA and CLO, 

respectively. The calibration graph and analytical parameters 

are shown in Table 2.

 

 
Figure 2 – First-order derivative spectrophotometry of OXA (----): 10, 20, 30, 40, 50 µg/mL and CLO (⎯): 12, 14, 
15, 20, 25 µg/mL. 

Derivative Spectrophotometry-Continuous wavelet 
transform (DS-CWT) 
CWT method is  one of the most efficient signal processing 

technique for overlapping peak resolution and also for 

optimizing the derivative peaks which are obtained from 

absorption spectra. It has the advantage of signal 

amplification compared to DS method. So, expect that the 

combination of DS to CWT can improve the calibration graph 

and validation parameters in simultaneous determination 

purposes. After studying different CWT families to DS1 

spectra, several mother wavelets (sym8, meyer, gaus5, db6), 

were selected for applying to DS1 in simultaneous 

determination of OXA and CLO at specified concentrations 

of binary mixtures. Figures 3-6 illustrate the DS1-CWT 

spectra of the standard calibration series for OXA and CLO. 

The zero-crossing points found in this method are reported in 

Table 1. Linear regression analysis and the corresponding 

statistical data for the developed DS1-CWT methods are 

summarized in Table 2.

 
Figure 3 – Wavelet transform of first-order derivative spectra using sym8, OXA (----): 10, 20, 30, 40, 50 µg/mL and 

CLO (⎯): 12, 14, 15, 20, 25 µg/mL. 
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Figure 4 – Wavelet transform of first-order derivative spectra using meyer, OXA (----): 10, 20, 30, 40, 50 µg/mL and 

CLO (⎯): 12, 14, 15, 20, 25 µg/mL. 

 
Figure 5 – Wavelet transform of first-order derivative spectra using gaus5, OXA (----): 10, 20, 30, 40, 50 µg/mL and 

CLO (⎯): 12, 14, 15, 20, 25 µg/mL. 
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Figure 6 – Wavelet transform of first-order derivative spectra using db6, OXA (----): 10, 20, 30, 40, 50 µg/mL and 

CLO (⎯): 12, 14, 15, 20, 25 µg/mL

 

Table 1- Zero crossing points found in DS1-CWT 
methods for simultaneous determination of OXA and 
CLO. 

Method Compounds Wavelength (nm) 

DS1-sym8-CWT 
OXA 

CLO 

243 

230 

DS1-meyer-CWT 
OXA 

CLO 

275 

263 

DS1-gaus5-CWT 
OXA 

CLO 

281 

256 

DS1-db6-CWT 
OXA 

CLO 

259 

244 

OXA: Oxazepam; CLO: Clomipramine; DS1: First-order derivative 

spectrophotometry. 

METHOD VALIDATION 

Validation studies showed that the proposed DS1-CWT 

methods were successfully applied for determination of OXA 

and CLO in laboratory prepared mixtures. These methods 

were assessed by linearity, precision and accuracy. Assay 

results are presented in Table 2. A good linearity was 

obtained in the concentration ranges between 10-50 µg/mL 

for OXA and 12-25 µg/mL for CLO according to their 

correlation coefficients (r ˃ 0.991).  By using the standard 

deviation (SD) based on the data of the samples and the 

components of line equation such as intercept and slope of the 

straight-line, limit of detection (LOD) and limit of 

quantitation (LOQ) were calculated that these parameters 

were suitable in DS1-CWT methods. In order to evaluate the 

application of the proposed methods, the analysis of 4 

synthetic mixtures was performed. These results are reported 

in Table 3. It was indicated that the mean recovery results and 

the related RSDs provided by the DS1-CWT appeared to be 

similar or a little higher than those of DS1 method.

 

Table 2- Linear least square analysis and statistical results. 

Parameter DS1-sym8-CWT DS1-meyer-CWT DS1-gaus5-CWT DS1-db6-CWT DS1 

 OXA CLO OXA CLO OXA CLO OXA CLO OXA CLO 

 (nm) 243 230 275 263 281 256 259 244 240 229 

Range 

(µg/mL) 
10-50 12-25 10-50 12-25 10-50 12-25 10-50 12-25 10-50 12-25 

m 0.0168 0.032 0.014 0.0275 0.0151 0.0151 0.0124 0.0275 0.0072 0.0178 

n 0.0293 0.4104 0.0264 0.3671 0.0317 0.3364 0.0253 0.3598 0.0162 0.1556 

r 0.999 0.995 0.999 0.996 0.999 0.999 0.999 0.995 0.999 0.991 
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SE (r) 0.0082 0.0256 0.0141 0.0050 0.0067 0.0074 0.0055 0.0044 0.0074 0.0044 

SE (m) 0.0002 0.0023 0.0004 0.0004 0.0002 0.0006 0.0001 0.0004 0.0002 0.0004 

SE (n) 0.0085 0.0434 0.0148 0.0086 0.0070 0.0126 0.0057 0.0075 0.0078 0.0075 

LOD 0.879 1.720 0.908 1.556 0.952 0.746 0.933 1.656 1.043 2.350 

LOQ 2.931 5.734 3.029 5.189 3.176 2.488 3.112 5.520 3.476 7.834 

OXA: Oxazepam; CLO: Clomipramine; CWT: Continuous wavelet transform; m: Slope of the straight-line; n: y-intercept of the straight line; r: 

Correlation coefficient; SE: Standard error; LOD: Limit of detection; LOQ: Limit of quantitation; DS1: First-order derivative spectrophotometry. 

 

Table 3 - Recovery data of OXA and CLO in the synthetic mixtures by applying the signal processing 

developed methods. 

Mixture (µg/mL)  DS1-sym8-CWT DS1-meyer-CWT DS1-gaus5-CWT DS1-db6-CWT DS1 

OXA CLO OXA CLO OXA CLO OXA CLO OXA CLO OXA CLO 

10 15 103.4 96.5 97.4 98.3 97.5 101.3 96.3 102.3 98.3 99.8 

20 20 101.6 97.3 100.9 99.6 99.6 102.4 100.8 97.9 102.1 96.5 

15 5 98.5 100.2 102.4 101.3 98.2 99.8 101.3 99.7 101.8 101.2 

20 10 100.9 98.9 100.1 100.7 100.2 100.3 98.5 100.4 99.3 102.3 

mean 101.1 98.2 100.2 99.9 98.8 100.9 99.2 100 100.3 99.9 

SD 1.75 1.43 1.81 1.14 1.07 0.99 1.99 1.57 2.28 2.18 

RSD% 1.73 1.45 1.80 1.14 1.08 0.98 2.00 1.57 2.27 2.18 

OXA: Oxazepam; CLO: Clomipramine; CWT: Continuous wavelet transform; SD: Standard deviation; RSD: Relative standard deviation. 

CONCLUSION 

The analysis of OXA and CLO showed that the absorption 

spectra of two drugs had a strong overlap. In this study, DS 

or CWT methods and also the combined DS1-CWT were 

proposed and used for signal processing and finding the zero-

crossing points. CWTs have many advantages over DS such 

as a more zero-crossing, amplification of peaks and 

improvement of signal to noise. Furthermore, applying CWTs 

on the derivative spectra improved the accuracy and precision 

with good satisfactory results for simultaneous determination 

of OXA and CLO without chemical separation.  
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