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ABSTRACT

Objective: The aim of this study is to develop and validate simple, accurate, and precise spectrophotometric methods for the simultaneous 
determination of diclofenac sodium (DIC), paracetamol (PAR), and chlorzoxazone (CHZ) in ternary mixture using chemometric and artificial neural 
networks (ANN) techniques.

Methods: Three chemometric techniques include classical least squares (CLS), principal component regression (PCR), and partial least squares 
(PLS) in addition to cascade-forward backpropagation ANN (CFBP-ANN) were prepared using the synthetic mixtures containing the three drugs in 
methanol. In CLS, PCR, and PLS, the absorbances of the synthetic mixtures in the range 267-295 nm with the intervals ∆λ=0.2 nm in their zero-order 
spectra were selected. Then, calibration or regression was obtained using the absorbance data matrix and concentration data matrix for the prediction 
of the unknown concentrations of DIC, PAR, and CHZ in their mixtures. In CFBP-ANN, two layers, sigmoid layer with 10 neurons and linear layer were 
found appropriate for the simultaneous determination of the three drugs in their ternary mixture.

Results: The four proposed methods were successfully applied to the analysis of the three drugs in laboratory prepared mixtures and tablets with 
good percentage recoveries in the range of 98-102%. Relative standard deviation for the precision study was found <1%.

Conclusion: The four proposed methods showed simplicity, accuracy, precision, and rapidity making them suitable for quality control and routine 
analysis of the cited drugs in ternary mixtures and pharmaceutical formulation containing them.

Keywords: Diclofenac sodium, Paracetamol, Chlorzoxazone, Chemometrics, Artificial neural networks.

INTRODUCTION

Diclofenac sodium (DIC), sodium [2-(2,6-dichloroanilino) phenyl] 
acetate (Fig.  1a), is a derivative of phenylacetic acid classed as a 
non-steroidal anti-inflammatory drug, used to relieve the pain and 
inflammation in many conditions such as rheumatoid arthritis, 
osteoarthritis, and ankylosing spondylitis [1,2]. Paracetamol (PAR), 
N-acetyl-p-aminophenol (Fig. 1b), is an analgesic and antipyretic agent 
with weak anti-inflammatory property. It is used for the management 
of mild-to-moderate pain and fever [1,3]. Chlorzoxazone (CHZ), 
5-chlorobenzoxazol-2(3H)-one (Fig.  1c), is a centrally acting skeletal 
muscle relaxant with sedative properties, used as an adjunct in the 
symptomatic treatment of painful skeletal muscle conditions [1].

The combination of the three drugs is widely prescribed for the 
alleviation of the pain associated with the muscle spasm.

Literature survey reveals that several methods have been reported for 
the determination of DIC in pharmaceutical and biological samples. 
These methods include spectrophotometry and multivariate  [4-6], 
fluorimetry  [7,8], voltammetry [9,10], high-performance liquid 
chromatography-ultraviolet (HPLC-UV) [11-15], liquid chromatography-
tandem mass  spectrometry (LC-MS/MS) [16-19], capillary zone 
electrophoresis [20], and densitometry [21,22]. Other methods 
were developed for the simultaneous determination of DIC in binary 
combination with PAR or CHZ that include spectrophotometry [23-25], 
densitometry [26], voltammetry [27], and HPLC-UV [28,29]. Some 
methods were reported for the simultaneous determination of ternary 

combination of the three drugs based on densitometry [30,31] and 
HPLC-UV [32,33].

The UV absorption spectra of DIC, PAR, and CHZ in methanol at 
concentrations corresponding to their ratio in the combined dosage 
form reveal strong overlap (Fig.  2). Thus, direct simultaneous 
spectrophotometric determination of the three drugs in the 
mixture is not feasible. To the best of our knowledge, no previous 
spectrophotometric method based on chemometric techniques 
and artificial neural networks (ANN) has been published for the 
simultaneous determination of the three drugs. Thus, the main 
aim of this work was to develop and validate simple and accurate 
spectrophotometric methods for the simultaneous determination of the 
three drugs in ternary mixture using chemometric and ANN techniques.

Multivariate calibrations are widely used in quantitative spectral 
analysis for compounds with highly overlapping spectra. These 
calibrations are characterized by the higher speed of data processing 
and minimizing of calibration models errors by measuring the 
absorbance at many points in the wavelength range of the zero-
order and derivative spectra. Control analyses on pharmaceutical 
preparations using multivariate calibration methods have been proven 
to be a valid alternative to HPLC [34]. These calibrations have been 
used in many analysis methods such as spectrophotometric [35], 
spectrofluorometric [36], and voltammetric [37] methods. In this 
work, three multivariate calibration methods have been described to 
resolve the overlapping between DIC, PAR, and CHZ in their zero-order 
spectra. These methods include classical least squares (CLS), principal 
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component regression (PCR), and partial least squares (PLS). ANNs are 
computer programs designed to simulate some human brain functions 
using different algorithms, which can learn from experience. ANN 
analyses are currently perceived as an efficient and advantageous way 
to handle complex data and solve problems of non-linear calibration, 
pattern recognition, classification, prediction, and other related fields 
in analytical chemistry. Both linear and non-linear mapping functions 
can be modeled by suitably designing the network [38]. In this work, 
cascade-forward backpropagation ANN (CFBP-ANN) was used for the 
simultaneous determination of the cited three drugs in their ternary 
mixture with good accuracy and precision.

METHODS

Instrumentation
Shimadzu ultraviolet/visible spectrophotometer 1600 (Japan) 
connected to an IBM compatible computer and supported with UV 
probe software version  2.43 was used. The chemometric methods, 
CFBP-ANN, and data analysis were performed using Matlab™ software, 
version 7.9.0 with PLS-toolbox 2.0 and neural networks toolbox.

Reagents and reference samples
DIC, PAR, and CHZ (certified to contain 99.20%, 99.45%, and 99.64%, 
respectively) were kindly supplied from the central laboratory of drug 
control-Sana’a, Yemen. Intagesic MR® tablets nominally containing DIC 
(50 mg), PAR (325 mg), and CHZ (250 mg) were manufactured by G.S. 
Pharmaceutical limited, India. Methanol used was of analytical grade.

Standard solutions
Stock solutions
Accurately weighed 20 mg of DIC, 100 mg of PAR, and 125 mg of CHZ 
were transferred into separate 50 ml volumetric flasks, dissolved in, and 
completed to volumes with methanol to obtain standard stock solutions 
containing 0.4 mg/ml of DIC, 2.0 mg/ml of PAR, and 2.5 mg/ml of CHZ.

Working solutions
Accurately measured aliquots (5  ml) were transferred from each 
stock solution into separate 100  ml volumetric flasks. The volume 
was completed with methanol to obtain working solutions containing 
20 µg/ml of DIC, 100 µg/ml of PAR, and 125 µg/ml of CHZ.

Sample preparation
Twenty tablets were accurately weighed and finely powdered using 
mortar and pestle. An accurate weight of the powdered tablets 
equivalent to 50 mg of DIC, 325 mg of PAR, and 250 mg of CHZ was 
transferred into a 100 ml volumetric flask. The powder was extracted 
with 50  ml methanol by sonication for 15  minutes, completed to the 
mark with methanol, and filtered through Whatman filter paper 
discarding the first few milliliters to produce tablet stock solution 
of 0.5  mg/ml of DIC, 3.25  mg/ml of PAR, and 2.5  mg/ml of CHZ. An 
accurately measured aliquot (5 ml) from the tablet stock solution was 
transferred into a 250  ml volumetric flask and completed to volume 
with methanol to obtain the tablet working solution of 10 µg/ml of DIC, 
65 µg/ml of PAR, and 50 µg/ml of CHZ.

Construction of the training set
Twelve mixtures of DIC, PAR, and CHZ were prepared by transferring 
different aliquots of their working solutions into a series of 10  ml 
volumetric flasks and completing the volume with methanol (Table 1). 
The ratio of the three drugs in their combined dosage form was taken 
into consideration during the construction of this set. The absorbances 
of these prepared mixtures were then scanned between 260 and 
400 nm with 0.2 nm intervals against methanol as a blank.

Construction of CLS, PCR, and PLS models
From the obtained data, three multivariate calibration models 
(CLS, PCR, and PLS) were constructed. The absorbance data matrix 
and the concentration data matrix were used for the calibration 
and regression. The obtained calibrations were then used for 
determination of the unknown concentrations of DIC, PAR, and CHZ 
in their ternary mixtures and in pharmaceutical dosage form. For CLS 
model construction, non-zero intercepts were used. The model was 
constructed by the feeding of the Matlab™ with the absorbance and 
concentration matrices of the training set, and then, K matrix was 
calculated. For PCR and PLS methods, PLS-toolbox 2.0 software with 
the training set absorbance and concentration matrices was used for 
the calculations.

Selection of the optimum number of factors to build the PCR and 
PLS models
For the selection of the optimum number of factors, cross-validation 
method was used leaving out one sample at a time [39]. PLS and PCR 
calibration on eleven calibration spectra were performed, and using 
this calibration, the concentration of the sample left out during the 
calibration process was predicted. This process was repeated 12 times 
until each training sample had been left out once, and all samples 
concentrations were predicted. The predicted concentrations of the 
three drugs in each sample were compared with the true concentrations 
in this calibration samples, and then, root-mean-square error of cross-
validation (RMSECV) was calculated for each method. The optimum 
number of factors was selected by visual inspection.

Fig. 2: Zero-order absorption spectra of diclofenac sodium 
(1.0 µg/ml) (a), paracetamol (6.5 µg/ml) (b), and chlorzoxazone 

(5.0 µg/ml) (c) in methanol

Fig. 1: Chemical structures of diclofenac sodium (a), 
paracetamol (b), and chlorzoxazone (c)

cba

Table 1: The concentrations of different mixtures of DIC, PAR, 
and CHZ used in the training set

Sample No. DIC (µg/ml) PAR (µg/ml) CHZ (µg/ml)
1 1.6 9.4 8.5
2 1.6 10.4 8.0
3 1.6 11.4 7.5
4 3.2 21.8 15.5
5 3.2 20.8 16.0
6 3.2 19.8 16.5
7 4.8 30.2 24.5
8 4.8 31.2 24.0
9 4.8 32.2 23.5
10 6.4 42.6 31.5
11 6.4 41.6 32.0
12 6.4 40.6 32.5
DIC: Diclofenac sodium, PAR:Paracetamol, CHZ:Chlorzoxazone
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=
PRESSRMSECV 

n
� (1)

Where PRESS is the predicted residual error sum of squares and n is the 
number of calibration samples [40].

PRESS = ∑ (Ypred–Ytrue)2� (2)

Where Ypred and Ytrue are predicted and true concentrations in µg/ml, 
respectively.

Construction of CFBP-ANN
The same training set (Table 1) that used in CLS, PCR, and PLS was also 
used for training the CFBP-ANN model created in Matlab™, version 7.9.0. 
CFBP-ANN which contains sigmoid layer with 10 neurons and another 
linear layer was found appropriate for the simultaneous determination 
of the three drugs in their ternary mixture (Fig. 3).

Construction of the validation set
To evaluate the prediction performance of the proposed four methods 
(CLS, PCR, PLS, and CFBP-ANN), nine different mixtures of DIC, PAR, 
and CHZ were prepared by transferring different aliquots of their 
working solutions into 10  ml volumetric flasks and completing the 
volume with methanol. The ratio of the three drugs in tablets was 
taken into consideration during the preparation of these mixtures. The 
concentrations of the three drugs in these prepared mixtures were 
predicted using the suggested techniques.

Analysis of DIC, PAR, and CHZ in Intagesic MR® tablets
The four methods were applied to the determination of DIC, PAR, and 
CHZ in commercial tablets. Further dilutions of the working tablet 
solution with methanol were carried out to obtain concentrations 
of 1.6-4.4 µg/ml of DIC, 10.4-28.6 µg/ml of PAR, and 8.0-22.0 µg/ml 
of CHZ. Standard addition technique was carried out to prove the 
accuracy of the proposed methods. The percentage recoveries of the 
drugs in the pharmaceutical dosage form and added standards were 
calculated.

RESULTS AND DISCUSSION

CLS, PCR, and PLS
The absorbance data in the wavelength range 267-295  nm with the 
intervals 0.2  nm were chosen as it provided the highest amount of 
information about the three drugs of this ternary mixture while the 
data below 267 nm and above 295 nm were rejected.

CLS model was constructed with non-zero intercept. The non-zero 
intercept allows an additional degree of freedom when k matrix is 
calculated. This provides an additional opportunity to adjust the 
effects of the extraneous substances [41]. The CLS method requires 
all components in the calibration samples to be known. For the PCR 
and PLS techniques, selection of the optimum number of factors 
was a very important step before constructing the models. If the 
number of factors retained was more than the number required, 
more noise would be added to the data. On the other hand, if the 
number retained was less than the number required, meaningful 
data that could be necessary for the calibration might be ignored. 
The optimum number of factors was selected by visual inspection. 
According to the Figs. 4 and 5, two factors were found suitable for 
both PCR and PLS methods.

CFBP-ANN
The choice of the suitable ANN was done by trying different types of ANNs 
that included CFBP, Elman back propagation, and radial basis networks. 
The CFBP-ANN was selected as it gave good results concerning accuracy 
and precision. Bayesian regulation training function (TRAINBR), 
gradient descent learning function (LEARNGD), and MSE performance 
were optimal for the simultaneous determination of the three drugs in 
their ternary mixture.

Accuracy
The accuracy was assessed by the recovery study of the three drugs 
in their laboratory prepared mixtures (validation set), and good mean 
percentage recoveries were calculated (Table  2). Accuracy of the 
methods was also confirmed using standard addition technique to 
Intagesic MR® tablets. Good mean percentage recoveries were obtained, 
indicating the absence of excipients interference and a good accuracy of 
the methods (Table 3).

Precision
The precision of the methods was assessed by studying intra- and inter-
day variation using three concentrations (2.4, 3.0, and 3.6 µg/ml) of DIC, 
(15.6, 19.5, and 23.4 µg/ml) of PAR, and (12.0, 15.0, and 18.0 µg/ml) 
of CHZ, representing 80%, 100% and 120%, respectively, in triplicate 
during the same day and on three consecutive days. The calculated 
values of % relative standard deviation for the three drugs 
concentrations were found to be <1% for intra- and inter-day precision, 

Fig. 3: Architecture of the used cascade-forward backpropagation 
network

Fig. 4: Root-mean-square error of cross-validation plot as a 
function of the number of principle components used to construct 
the principal component regression model (a) diclofenac sodium, 

(b) paracetamol, and (c) chlorzoxazone

c

ba

Fig. 5: Root-mean-square error of cross-validation plot as 
a function of the number of principle components used to 

construct the partial least squares model (a) diclofenac sodium, 
(b) paracetamol, and (c) chlorzoxazone

c

ba
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indicating that intra- and inter-day precisions of the methods as shown 
in Tables 4 and 5.

Selectivity
The selectivity of the four methods was evident by the good mean 
percentage recoveries obtained from the laboratory prepared mixtures 
(validation set) and from the combined dosage form (Intagesic MR® 
tablets) without any interference from the tablets excipients.

Statistical analysis
Statistical analysis of the recovery results obtained from the laboratory 
prepared mixtures using the four proposed methods and reference 
method for each drug was performed using one-way ANOVA. The 
calculated F values were ˂ the critical one and p values were ˃0.05, 
confirming the absence of significant difference between them 
concerning accuracy and precision as shown in Table 6.

CONCLUSION

The four proposed methods (CLS, PCR, PLS, and CFBP-ANN) can 
be used for the simultaneous determination of DIC, PAR, and CHZ in 
synthetic ternary mixtures and pharmaceutical dosage form containing 
them without interference and without the need for previous physical 
separation of them. Multivariate calibration models were built from 
the spectral and concentration data matrices. Verification of the 
calibrations, carried out with the aid of a synthetic set of mixtures of 
the three drugs, produced satisfactory results showing simplicity, 
selectivity, and rapidity. Hence, the proposed methods can be used for 
quality control of the cited drugs.
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