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In this study, a rapid, simple, cost-effective 
and accurate spectrophotometric method 
was developed for the determination of 
sodium diclofenac in modified release 
tablets using ethanol 96% as an available 
and non-toxic solvent. Sodium diclofenac 
standard solution was scanned under UV 
(200-400 nm) in a 1 cm quartz cell to 
determine the maximum absorption 
wavelength which was 285 nm. This method 
was validated in accordance with the 
requirements of the International Conference 
on Harmonization (ICH), and the calibration 
curve showed linearity in the studied 
concentration range (5-30 μg mL-1) with 
correlation coefficient R² = 0.9993. The 
relative standard deviation of the accuracy 
studies was within the acceptable range 

(<2%). This method also achieved an excellent recovery ratio (Mean recovery ± S.D. = 100.44% ± 0.81) 
with high sensitivity (limit of detection 1.10 μg mL-1 and quantitation limit of 3.34 μg mL-1). The developed 
method applied successfully to determine sodium diclofenac in four commercial pharmaceuticals products 
(A, B, C and D) marketed locally as modified-release tablets. The product C showed the highest assay 
value 106% and product B showed the lowest value 98%. Therefore, we recommend using this method to 
quantitatively determine sodium diclofenac in pharmaceutical dosage forms.
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INTRODUCTION 
Sodium diclofenac (SD) is chemically sodium salt of [o-(2,6-dichloroaniline)phenyl] acetate.1 Its 

molecular formula is C14H10Cl2NNaO2 (Figure 1), and the molecular weight is 318.1. It is sparingly soluble 
in water and soluble in ethanol (96%).2 SD is a non-steroidal anti-inflammatory drug (NSAID)3 that 
inhibits cyclooxygenase enzymes that prevent the conversion of arachidonic acid into prostaglandins. It 
is widely used to manage pain, fever and inflammation associated with many clinical conditions, such as 
degenerative joint diseases, acute and chronic musculoskeletal disorders, sports injuries and post-surgical 
analgesia in humans and animals.4,5 It also exhibits anticancer effects.6

Figure 1. The chemical structure of sodium diclofenac.

Nausea, gastritis, skin redness and headache are the common side effects of this drug. As well, it has 
a short half-life of 1-2 hours, so it was designed as a modified-release tablet to decrease the frequency of 
drug administration, reduce unpleasant side effects and to minimize fluctuations in blood drug levels, thus 
improving patient compliance.7,8

Several different analytical methods have been recorded for the estimating of SD in dosage forms and 
bulk, like spectrophotometry,9,10 voltammetry utilizing liquid modified nanotubes,11 gas chromatography-
mass spectrometry,11 and high-performance liquid chromatography (HPLC), which is the foremost common 
process for determining SD in dosage forms and biological fluids.12-14

SD has also been determined by creating selective membrane electrodes for SD by mixing different 
plasticizers.15 Despite the accuracy of previous methods, some require sophisticated equipment and 
solvents that may be toxic to the environment and some take a relatively long time to prepare the sample.

In order to overcome the difficulties of previous techniques, save time and avoid toxic organic solvents, 
this research aimed to develop a fast, simple, selective, sensitive and cost-effective spectrophotometric 
method, which was validated in accordance with the guidelines of the International Conference on 
Harmonization ICH Q1(R2).1,16

MATERIALS AND METHODS
Instruments

Spectrophotometric determination of SD was performed using a 7315 UV-visible spectrophotometer 
(Jenway Scientific Equipment, UK) fitted with a 1 cm quartz cuvette and xenon lamp. Analysis results were 
acquired on a Windows computer system using a Jenway 73 Series. A sensitive electronic balance (model 
Sartorius ED224-S, Germany) was used to accurately weigh the materials, an ultrasonic bath (model 
Digital pro MC-PS-06A, China) and a magnetic hotplate stirrer (model AKMLAB SH-4C, China) were also 
used for homogenization.

Chemicals
SD standard powder (99.87%) from PHARMCHEM Pharmaceutical Ltd, Haryana, India, and ethanol 

96% (Merck, Germany) were used in this study. Four brands of modified SD tablets manufactured and 
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marketed in Syria were randomly obtained and coded as A, B, C and D. The labeled active ingredient of 
SD was 100 mg packaged in blister.

Preparation of standard stock solution
The standard stock solutions of SD were prepared by weighing 100 mg of standard powder and dissolved 

in 50 mL ethanol 96% in a 100 mL volumetric flask. Volume was made up to the mark with ethanol 96% to 
get a solution at a concentration of 1000 μg mL-1. The flask was sonicated for 2 min to give clear solution. 
Then, 10 mL of this solution was diluted to 100 mL with ethanol 96% to give a concentration of 100 μg mL-1.

Determination of absorption maxima
2 mL of the SD standard solution was transferred to a 10 mL volumetric flask and the volume was 

made up to the mark with 96% ethanol to obtain a concentration of 20 μg mL-1. The resulting solution 
was scanned within the UV range 200-400 nm, with ethanol 96% as blank. The spectrum displayed the 
absorbance maximum of SD at 285 nm (Figure 2).

Figure 2. UV spectrum of sodium diclofenac (200-400 nm).

Validation of diclofenac UV-spectrophotometric assay
The developed method was validated by evaluating its linearity, accuracy, precision, sensitivity and 

robustness according to the Q2 (R1) Recommendations of the (ICH) and USP Validation Guidelines.1,16–18

Linearity
Linearity is the capability of a method to deliver results which are directly proportional to the concentration 

of the analyte. Linearity was specified by pipetting out 0.5, 1, 1.5, 2, 2.5 and 3 mL from the stock solution (100 
μg mL-1) into a 10 mL volumetric flask and diluted to the mark with ethanol 96%. The final concentrations 
of these solutions were 5, 10, 15, 20, 25, 30 μg mL-1 respectively. The absorbance of each solution was 
measured at wavelength 285 nm and ethanol 96% was used as a blank. The observations were recorded 
and graphically presented.14,16,17
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Precision
The precision of the analytical process expresses the relative agreement (degree of dispersion) between 

a set of measurements taken from numerous samples of the same homogeneous sample under the given 
conditions. In this method, precision was studied as interday and intraday variations. Interday precision 
(intermediate precision) was determined by analyzing the SD solution 20 μg mL-1 for 3 days during a period 
of one week. Intraday precision (repeatability) was determined similarly, but the analysis was performed 
five times on the same day. The absorbance of each solution was measured and recorded as the relative 
standard deviation to obtain the variance.18,19

Accuracy
The accuracy of an analytical method expresses the proximity between the concentration found and 

the expected concentration, which was determined by preparing solutions of three concentrations 15, 20, 
25 μg mL-1. The absorbance of the solutions was measured at 285 nm and the results were expressed in 
terms of recoveries (%). Mean of actual concentration ± (RSD%) and standard deviation were calculated.16

Robustness
The robustness of an analytical method could be a degree of its capacity to stay not influenced by little, 

but deliberate changes in method parameters and provides a sign of its reliabilityduring normal use. In this 
study, the absorption maxima was decreased and increased 2 nm with the solution of 20 μg mL-1, for 5 
times. The RSD% was calculated.20

Limit of Detection (LOD)
It is the smallest amount of analyte which can be identified and unnecessarily quantified. It has been 

calculated by Equation 1.17

	 LOD = 3.3 × S.D./Slope 	 Equation 1
where: S.D. = Standard Deviation and Slope = the slope of the calibration curve

Limit of Quantitation (LOQ)
It is the lowest concentration of the sample that could be determined with acceptable accuracy and 

precision. It was calculated by Equation 2.17

	 LOQ = 10 × S.D./Slope 	 Equation 2
where: S.D. = Standard Deviation and Slope = the slope of the calibration curve

Analysis of a marketed dosage forms
Standard solution

100 mg of SD standard was added to a 100 mL volumetric flask containing 50 mL ethanol 96%. The 
flask was sonicated for 2 min to give a clear solution and the volume was made up to mark with ethanol 
96%. 2 mL of this solution was diluted to 10 mL with ethanol 96% to give a standard solution of 20 μg mL-1.

Sample Preparation
Twenty tablets of four different modified-release SD tablets were weighed accurately and powdered 

using a mortar and pestle. After calculating the average weight of one tablet, powder weighted as the 
equivalent of 100 mg SD was added to a 100 mL volumetric flask containing 50 mL ethanol 96%. The 
flask was sonicated for 2 min to give a clear solution and volume was made up to mark with ethanol 96%. 
From this, 2 mL was taken and diluted to 10 mL with ethanol 96% that gives 20 μg mL-1 solution and the 
absorbance of the solution was measured at 285 nm.
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Procedure
The prepared standard and sample solutions were scanned in a spectrophotometer at 285 nm in 1 cm 

quartz cell, using ethanol 96% as a blank solution. The concentrations were calculated by substituting the 
absorbance values in the linear regression equation.20,21

Statistical analysis
Microsoft Excel 2010 was used to process the data, where the regression equation and the correlation 

coefficient of linearity were calculated, moreover the mean, standard deviation (S.D.) and relative standard 
deviation (RSD) that were calculated to check the precision, accuracy and robustness of the method.

RESULTS AND DISCUSSION
The analytical technique in this work based on ultraviolet spectroscopy was developed for the estimation 

of SD in its pharmaceutical dosage forms. It is a low-cost process and requires simple equipment compared 
to the chromatography methods mentioned in the United States and British Pharmacopoeia.2,18 Ethanol 
96% was chosen as a solvent, as it is a good solvent for SD2 in addition to its availability and non-toxicity 
compared to other organic solvents. This method did not require a long time to complete the analysis which 
took 20 minutes to estimate and quantify SD compared to the HPLC method in USP 41 NF 361 which took 
about 50-60 minutes, thus a larger number of samples can be analyzed in a relatively large time.

Method validation
Linearity

The linear regression information for the calibration curves showed an excellent linear relationship over 
the concentration 5-30 μg mL-1 for SD. The regression equation was found to be Y= 0.0399X + 0.0247 
(Equation 3) where the correlation coefficient R² = 0.9993. (Figure 3, Table I).

Figure 3. Calibration curve of sodium diclofenac.
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Table I. Calibration curve data for sodium diclofenac

Sample No Drug concentration 
(μg mL-1)

Mean Absorbance ± S.D. 
(n = 5) RSD %

1 5 0.229 ± 0.002 0.79

2 10 0.422 ± 0.002 0.37

3 15 0.623 ± 0.002 0.37

4 20 0.804 ± 0.002 0.26

5 25 1.019 ± 0.002 0.18

6 30 1.231 ± 0.006 0.48

Precision
Precision studies have shown good results meeting ICH requirements for intraday and interday 

precision. The RSD% value for intraday precision absorbance was 0.37%, while it was 0.72% for interday 
precision as mentioned in Table II. Thus, the RSD% values match the acceptance criteria (less than 2%), 
which confirms that the developed method has good precision.

Table II. Results of the precision studies

Absorbance at 285 nm

Sample No Intraday Precision 
(Repeatability)

Interday Precision 
(intermediate precision)

1 0.802 0.807

2 0.796 0.802

3 0.801 0.794

4 0.804 0.794

5 0.802 0.796

Mean Absorbance ± S.D. (n = 5) 0.801 ± 0.003 0.798 ± 0.006

RSD % 0.37 0.72

Accuracy
The accuracy of the studied process was confirmed by calculating the relative error, individual recovery 

and the mean recovery value of SD in its solutions, where the absorbance of nine solutions was measured 
at a wavelength of 285 nm belonging to three different concentrations (15, 20, 25 μg mL-1) and three 
replicates for each concentration. The mean recovery was 100.44%, which corresponds the acceptance 
criteria (minimum of 98.0% and maximum of 102.0%) and the RSD% value for recovery was 0.80% as 
shown in Table III and this confirms the good accuracy of this method. 
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Table III. Accuracy results

Sample no Accuracy level
Theoretical 

Concentration 
(μg mL-1)

Actual 
Concentration 

(μg mL-1)
Relative error Recovery %

1 75% 15.00 14.894 -0.706 99.294

2 75% 15.00 15.207 1.380 101.380

3 75% 15.00 15.111 0.738 100.738

4 100% 20.00 20.134 0.671 100.671

5 100% 20.00 19.911 -0.447 99.553

6 100% 20.00 20.259 1.293 101.293

7 125% 25.00 24.848 -0.608 99.392

8 125% 25.00 25.216 0.863 100.863

9 125% 25.00 25.191 0.765 100.765

Mean ± S.D. 100.44 ± 0.81

RSD % 0.805

Robustness
The robustness of the developed method was examined by deliberately changing in the maximum 

absorption wavelength. The mean absorbance, relative standard deviation and standard deviation was 
calculated. The mean RSD% in this method was 0.601, that confirms the robustness of the method and 
the absence of significant changes in the absorbance values (Table IV).

Table IV. Robustness results

Absorbance

Concentration (μg mL-1) at 283 nm at 285 nm at 287 nm

20 μg mL-1 

0.802 0.809 0.801

0.812 0.803 0.802

0.808 0.814 0.813

0.804 0.808 0.809

0.803 0.816 0.811

Mean Absorbance ± S.D. (n = 5) 0.806 0.810 0.807

S.D. 0.004 0.005 0.005

RSD % 0.50 0.64 0.67

mean RSD % 0.601
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Limit of quantification (LOQ) and Limit of detection (LOD)
The sensitivity of this method is ascertained by calculating the LOQ and LOD. Depending on the slope 

value = 0.0399 from Equation 3 and applying both Equations 1 and 2, the LOQ and LOD were calculated 
to be equal to 1.10 μg mL-1 and 3.34 μg mL-1, respectively. These findings show that the method has good 
sensitivity. 

Analysis of SD in the marketed dosage forms
The absorbance of the studied samples was recorded at the wavelength 285 nm. From the linear 

regression equation drug concentrations were calculated. The percentage of the amount of SD in its dosage 
forms ranged between 98% and 106% as clarified in Table V and Figure 4, which matches acceptance 
criteria (90 - 110% in USP 41 NF 36)1. As a result, this method could be used to quantitatively determine 
SD in its pharmaceutical dosage forms. 

Figure 4. Assay of different brands of sodium diclofenac.

Table V. Results of sodium diclofenac determination in commercial formulation

Code Dose (mg/tab) Absorbance at 285 nm Assay %

A 100 0.837 102%

B 100 0.806 98%

C 100 0.859 106%

D 100 0.835 101%

CONCLUSIONS
In this study, a simple spectrophotometric method based on UV spectroscopy has been developed in 

order to the estimation and assay of SD in the bulk and modified release tablets. The proposed method 
was validated and found to be a linear, accurate, reproducible, fast, simple and economical method, 
which does not require the sophisticated instruments and equipment used in chromatography method. 
Ethanol 96% was used as a solvent, which is available, non-toxic and low cost compared to other solvents. 
Therefore, it is recommended to use this method effectively to quantitatively determine sodium diclofenac 
in its pharmaceutical dosage forms for routine quality control.
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