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ABSTRACT 

Background: Etamsylate (ETS), a haemostatic drug, is formulated with mefenamic acid (MFA) for pain relief.  

Objective: The aim of this work was to develop simple, precise and accurate spectrophotometric method for the 

estimation of ETS and MFA in presence of etamsylate main impurity (hydroquinone). This method could be used in 

routine analysis in quality control laboratories.  

Methods: The two chemometric techniques include principal component regression (PCR) and partial least square 

(PLS) were prepared using synthetic mixture containing two drugs and hydroquinone all dissolved in methanol. In 

PCR and PLS the absorbance of the synthetic mixture in the range 225-235 nm with interval ∆λ=0.5 nm in their 

zero-order spectra were selected. Calibration or regression was then obtained by using the absorbance data matrix 

and the concentration data matrix for the determination of the unknown concentrations of ETS and MFA in presence 

of ETS main impurities in laboratory prepared mixtures and in pharmaceutical dosage form.     

Results: The two developed technique were successfully applied for analysis of the two drugs in laboratory 

prepared mixture and in dosage form with good recoveries percent in the range of 98-102%. Method validation was 

conducted according to ICH guidelines.  

Conclusion: The developed methods were applied for the determination of the cited drugs in laboratory prepared 

mixtures and in tablet containing the two drugs. The methods are simple and precise and can be used for routine 

analysis of the drugs in combined dosage forms in quality control laboratories. 

 

Keywords: Chemometric; Etamsylate; Hydroquinone; Mefenamic acid; Partial least squares; Principal component 

regression;Validation  

              _________________________________________________________________________ 

INTRODUCTION 

 

Etamsylate (ETS, Figure 1a) is 2, 5-dihydroxybenzenesulphonic acid-N-ethylethanamine. It is a haemostatic agent 

that maintains the stability of the capillary wall and corrects abnormal platelets adhesion. It is administered for the 

prophylaxis and control of haemorrhage from small blood vessels [1]. Mefenamic acid (MFA, Figure 1b) is 2-(2, 3-

dimethylphenyl) aminobenzoic acid. MFA is a nonsteroidal anti-inflammatory drug of the anthranilic acid derivative 

class. It is used in mild to moderate pain including headache, dental pain, postoperative and postpartum pain and 

dysmenorrhoea, in musculoskeletal and joint disorders such as osteoarthritis and rheumatoid arthritis and in 

menorrhagia [1]. Hydroquinone (HQ, Figure 1c) is 1,4-dihydroxybenzene reported in the BP as a degradation 
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product and the main impurity of ETS [2].Recently, ETS and MFA combination has been established as a dosage 

form that has a significant activity against paenstruation.  

 

 

                                      
Figure 1: Chemical structures of a) Etamsylate ETS b) Mefenamic acid MFA c) Hydroquinone HQ 

Literature review shows that several analytical methods were reported for the spectrophotometric determination of 

ETS in pharmaceutical preparations and biological fluids. These methods comprise spectrophotometric, florometric 

and multivariate [3-13], voltammetry [14], electrochemical [15-18], High Performance Thin Layer Chromatography 

(HPTLC) [19], High Performance Liquid Chromatography (HPLC) [20-25] and capillary electrophoresis [26-27]. 

Other methods were developed to determination of ETS in combination with MFA which include spectrophotometry 

[28-29], High Performance Thin Layer Chromatography (HPTLC) [30-31], and High Performance Liquid 

Chromatography (HPLC) [31-34]. 

The zero order UV absorption spectra of ETS, HQ and MFA in methanol at their nominal concentrations ratio in 

pharmaceutical dosage form shows strong overlap (Figure 2). Thus, direct simultaneous spectrophotometric 

determination of the two drugs in presence the main impurities (HQ) of ETS in the mixture is not feasible. 

Therefore, the main task of this study was to develop and validate simple, accurate, and selective methods based on 

spectrophotometric measurements and capable of determining the two drugs in presence the main impurities (HQ) of 

ETS product simultaneously with the help of different chemometric techniques. 

 

 
 

Figure 2: Zero order absorption spectra of ETS (10 μg/ml), HQ (3 μg/ml) and MFA (10 μg/ml) in methanol 

 

In recent years, multivariate calibrations, such as Principal Component Regression (PCR) and partial least square 

(PLS) started to be applied to the analysis of the analytical data obtained in all the instrumentations. The same 

methods and their algorithms have been applied to the simultaneous spectrophotometric determination of drugs in 

the pharmaceutical formulation containing two or more compounds with overlapping spectra. The main advantages 

of these techniques are the higher speed of processing data concerning the values of concentrations and absorbance 

of compounds with strongly overlapping spectra. Besides, the errors of calibration model are minimized by 

measuring the absorbance values at many points in the wavelength range of the zero-order and derivative spectra. 

Analytical methods using multivariate calibrations and their applications include the spectrophotometric, 

chromatographic and electrochemical methods for determinations of analytes in the mixtures [35]. 
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In this part, the chemometric methods applied are PCR and PLS using factor analysis then using a subset of the 

resulting factors to complete the regression modeling [36]. These multivariate calibrations were useful in spectral 

analysis because the simultaneous inclusion of many spectral wavelengths instead of single wavelength greatly 

improved the precision and predictive ability [36]. 

 

EXPERIMENTAL SECTION 

 

Materials and Solvents 

ETS and MFA pharmaceutical standard substances were supplied by Quality Control Lab-Ministry of Health- 

Sana’a, Yemen, with certified purities of 100.35% and 99.77%, respectively. Hydroquinone standard substance was 

purchased from El-Nasr Pharmaceutical Chemicals, Co, Cairo, Egypt. Sylate M
®
 tablets were manufactured by 

Shweiz (Emcure Pharmaceuticals Ltd, India, Batch No.SKT6112, each tablet claims to contain 500 mg ETS and 500 

mg MFA).Methanol used was of analytical grade. 

 

Instrumentation 

Shimadzu ultraviolet/visible spectrophotometer 1600 (Japan) connected to an IBM compatible computer and 

supported with UV probe software version 2.21 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.  

 

Preparation of Stock and Working Standard Solutions  

Stock Solutions 

Accurately weighed 100 mg of ETS, 100 mg of MFA and 20 mg of HQ were separately transferred into three 100 

ml volumetric flasks, dissolved in and completed to volume with methanol to produce stock solutions of (1 mg/ml), 

(1 mg/ml) and (0.2 mg/ml), respectively.  

 

Working Solutions 

Accurate aliquots (10 ml) were transferred from each stock solution into three separate 100 ml volumetric flasks. 

The volume was completed with methanol to obtain working solutions of (100 µg/ml), (100 µg/ml) and (20 µg/ml) 

for ETS, MFA and HQ, respectively. 

 

Sample Preparation 

Ten tablets of sylate M
®
 were weighed, ground and mixed well. Accurately weighed amount of the powdered tablets 

equivalent to 100 mg ETS and 100 mg MFA was transferred into a 100 ml volumetric flask and 50 ml methanol was 

added. The solution was sonicated for 15 min and completed to volume with methanol, then filtered by filter paper 

discarding the first few milliliters to produce tablet stock solution of (1 mg/ml) of ETS and (1 mg/ml) of MFA.  

Ten ml of this stock solution was transferred into a 100 ml volumetric flask and was completed to volume with 

methanol to obtain the tablet working solution of (100 µg/ml) of ETS and (100 µg/ml) of MFA. 

 

Construction of the Training Set 

Twelve mixtures of ETS, MFA and HQ were prepared by transferring different volumes of their working solutions 

into a series of 10 ml volumetric flasks and completed to volume with methanol, (Table 1). The absorbance of these 

mixtures were then scanned between 200 and 400 nm at 0.5 nm intervals with respect to a blank of methanol. 

 

Construction of the PCR and PLS Models 

Two multivariate calibration models (PCR and PLS) were constructed using the obtained data. In these methods, the 

absorbance data matrix for the training set concentration matrix was obtained by measuring the absorbance between 

225 and 235 nm at 0.5 nm intervals. Calibration or regression was then obtained by using the absorbance data matrix 

and the concentration data matrix for the determination of the unknown concentrations of ETS and MFA in 

laboratory prepared mixtures and pharmaceutical dosage form.  

For PCR and PLS methods, the training set absorbance and concentration matrices together with PLS-toolbox 2.0 

software were used for the calculations. 
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Selection of the Optimum Number of Factors to Build the PCR and PLS Models 

The cross validation method was used, leaving out one sample at a time, to select the optimum number of factors 

[37]. 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 twelve 

times until each training sample had been left out once. The predicted concentrations of the two drugs in each 

sample were compared with the actual concentrations in this calibration samples and Root-Mean-Square Error of 

Cross-Validation (RMSECV) was calculated for each method. It indicates both the precision and accuracy of 

predictions. It was recalculated upon addition of each new factor to the PLS and PCR models. 

 

RMSECV=√PRESS/n                                                                                                           (1)  

Where, PRESS is the predicted residual error sum of squares and n is the number of calibration samples [38] 

PRESS=Σ(𝑌𝑝𝑟𝑒𝑑 − 𝑌𝑡𝑟𝑢𝑒)2                                                                                              (2) 

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

 
Table 1: The concentrations of different mixtures of ETS, MFA and HQ used in the training set 

 

Sample No. 

ETS MFA HQ 

Conc.(µg/ml) Conc.(µg/ml) Conc.(µg/ml) 

1 10 9.6 3 

2 10 10 2.92 

3 10 10.4 2.84 

4 20 19.6 2.52 

5 20 20 2.44 

6 20 20.4 2.36 

7 30 29.6 2.04 

8 30 30 1.96 

9 30 30.4 1.88 

10 40 39.6 1.56 

11 40 40 1.48 

12 40 40.4 1.4 

 

Construction of the Validation Set 

To evaluate the prediction performance of the proposed chemometric models, nine different aliquots of the working 

solutions equivalent to (100-400 µg of ETS and 96-404 µg of MFA) in presence of (14-30 µg of HQ) were 

transferred into a series of 10 ml volumetric flasks and completed to volume with methanol and procedure under 

construction of the training set was repeated. The suggested models were applied to these mixtures to predict the 

concentrations of ETS and MFA. 

 

Analysis of ETS and MFA in Sylate M
®
 tablets 

The two chemometric models were applied to simultaneous estimation of ETS and MFA in commercial tablets. 

Different aliquots of the tablet working solution equivalent to (130-330 µg) of ETS and (130-330 µg) of MFA, were 
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transferred into a series of 10 ml volumetric flasks and completed to volume with methanol. The spectra of the 

prepared solutions were scanned and the procedure was followed up as mentioned previously under construction of 

the training set. The developed models were applied to calculate the concentrations of ETS and MFA. The 

experiment was repeated using standard addition technique. 

                           

RESULTS AND DISCUSSION 

PCR and PLS 

The data of absorbance in the wavelength range 225-235 nm with the interval 0.5 nm were chosen as it provided the 

high amount of information of the two drugs in the binary mixture even in presence of some impurities while data 

from 200 nm to 225 nm and above 235 nm were rejected.  

For PCR and PLS techniques, before constructing the models, the choice of optimum number of factors was very 

important stage. If the number taken was less than the required number, meaningful data that would be necessary for 

the calibration might be ignored. On the other hand, If the number of factors taken was more than the required 

number, more noise could be added to the data. Selection of the optimum number of factors was performed by visual 

inspection. Three factors were selected visually and found suitable for both PCR and PLS methods as shown in 

Figures 3, 4. 

 

         Figure 3: RMSECV plot as a function of the number of principle components used to construct the PCR model for ETS and MFA 

 

   Figure 4: RMSECV plot as a function of the number of principle components used to construct the PLS model for ETS and MFA. 

Accuracy 

The accuracy was assessed by applying the proposed chemometric methods obtained for the simultaneous 

determination of ETS and MFA in presence of HQ in laboratory prepared mixtures (in a ratio similar to that of the 

pharmaceutical dosage form) and the mean percentage recoveries were calculated (Table 2). Accuracy of the method 

was also confirmed by recovery studies from tablet at different levels of standard additions. Good mean percentage 

recoveries were obtained, indicating there was no interference from the co-formulated drug or the frequently 

encountered tablet excipients (Table 2). 
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Table 2: Recovery results obtained from the simultaneous determination of ETS and MFA in synthetic mixtures (validation set), Sylate 

M® tablet and standard addition using PCR and PLS technique 

Item 
Principal Component Regression (PCR) 

Partial Least Square  

(PLS) 

ETS MFA ETS MFA 

Solvent Used                                                   Methanol 

Wavelength 

Range 
                                                 225-235 nm 

                 Results 

Recovery% in 

laboratory 

prepared mixture 

(Validation set) 

100.89 ± 1.092 100.91 ± 1.083 100.87 ± 1.094 100.91 ± 1.082 

Recovery% in  

(Sylate M® 

tablet) dosage 

form 

101.42 ± 0.905 101.43 ± 0.891 101.43 ± 0.901 101.47 ± 0.887 

Recovery% of 

standard added 
99.74 ± 1.722 99.72 ± 1.649 99.75 ± 1.715 99.74 ± 1.657 

  

Precision 

The intraday and interday precision was determined by calculating the values of (%RSD) using three different 

concentrations (12, 24 and 38 µg/ml) of ETS and (12, 24 and 38 µg/ml) of MFA in triplicates during the same day 

and on three consecutive days in binary mixtures and results are displayed in (Table 3). 

Selectivity 

The two methods selectivity was evident by the good mean percentage recoveries obtained from the laboratory 

prepared mixtures (validation set) and from the formulated dosage form (Sylate M
®
 tablets) without any interference 

from the used excipients in tablets. 
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Table 3: Intra-day and inter-day precision results of the simultaneous determination of ETS and MFA in presence of ETS degradation 

product (HQ) using PCR, and PLS chemometric techniques 

Item 

Intra-day Inter-day 

ETS MFA ETS MFA 

PCR PLS PCR PLS PCR PLS PCR PLS 

12 µg/ml 

Recovery % 98.6 98.66 98.66 98.72 97.98 98.03 98.01 98.36 

SD 0.246 0.196 0.247 0.196 1.541 1.536 1.543 1.537 

RSD% 0.25 0.198 0.25 0.198 1.573 1.567 1.574 1.567 

24 µg/ml 

Recovery % 99.11 99.11 99.15 99.15 99.33 99.41 99.38 99.44 

SD 0.404 0.404 0.404 0.404 0.904 0.905 0.906 0.907 

RSD%  0.408 0.408 0.407 0.407 0.91 0.91 0.91 0.911 

38 µg/ml 

Recovery % 99.71 100.5 99.7 100.49 100.78 100.77 100.78 100.77 

SD 0.652 0.222 0.651 0.222 1.092 1.086 1.091 1.086 

RSD% 0.653 0.221 0.653 0.221 1.082 1.078 1.084 1.079 
*SD: Standard deviation; RSD: Relative standard deviation; ETS: Etamsylate; MFA: Mefenamic acid; 

 PCR: Principal component regression; PLS: Partial least squares 

 

Statistical Analysis 

All results obtained from the proposed methods were statistically compared with those obtained from reported 

reference method [21, 39].The student t-test and F ratio test were applied. The obtained values of t and F were less 

than the values tabulated, confirming that the difference between the developed and reported methods is 

insignificant in terms of accuracy and precision (Table 4). 

Table 4: Statistical comparison between the results of the proposed methods and the reference methods for the determination of ETS                      

and MFA in presence (HQ) 

Statistical  

Parameters 

ETS MFA 

Reference 

Method** 
PCR  PLS  

Reference 

Method*** 
PCR  PLS  

Recovery%  100.35 100.89 100.87 99.77 100.91 100.91 

± SD 1.065 1.092 1.094 1.154 1.083 1.082 

± SE  0.476 0.489 0.49 0.516 0.484 0.484 

RSD%  1.061 1.083 1.085 1.157 1.073 1.072 

n  5 5 5 5 5 5 

Variance  1.134 1.194 1.198 1.333 1.173 1.172 

t (2.306)*  0.785 0.767 

  

1.61 1.611 

F (6.388)* 1.053 1.056 1.136 1.139 

  SD: Standard deviation, SE: Standard error, RSD: Relative standard deviation     * Figures in parentheses are the corresponding 

theoretical t and F values at p=0.05;  ** RP-HPLC method [21]; *** USP HPLC method [39] 

                                                                        

                                                                           CONCLUSION 

 

The proposed methods (PCR and PLS) can be used for simultaneous estimation of ETS and MFA in presence of 

ETS degradation product (HQ) in laboratory prepared mixtures and pharmaceutical dosage form containing them 
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without interference with each other and without the need for previous physical separation of the two drugs. 

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 two compounds, produced satisfactory 

results showing simplicity, sensitivity, selectivity and rapidity. Hence, the developed methods can be used for 

quality control of the cited drugs in ordinary laboratories. 
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